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A COMPARATIVE ANALYSIS OF
TRADITIONAL AND SMART STORAGE
SYSTEMS

Sinan OZTAS!

1. INTRODUCTION

The rise of globalization, digitalization, and e-commerce
has made logistics and storage processes one of the strategic
focal points of the business world. The increasing variety of
products, shorter delivery times, and the transformation of
customer expectations are driving companies to seek faster,
more reliable, and more traceable storage solutions. In this
context, the manual and limited operational structures offered by
traditional storage systems are proving inadequate in the highly
competitive market conditions; they are being replaced by smart
systems equipped with high technology.

Traditional warehouse systems have formed the
backbone of logistics operations for many years. These systems,
operated with processes such as forklifts, fixed shelving
structures, manual inventory counting, and paper-based order
management, have provided convenience to businesses with low
investment costs and simple organizational structures. However,
these structures have high error rates, low data accuracy, and
high labor dependency. Especially in high-volume order
processes, time losses and lack of traceability lead to serious
inefficiencies.

! Dr. Ogr. Uyesi, Atatirk Universitesi, Miihendislik Fakiiltesi, Endiistri
Miihendisligi Boliimii, sinanoztas@atauni.edu.tr, ORCID: 0000-0002-9630-6586.
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Smart warehouse systems, on the other hand, digitalize
and automate warehouse operations thanks to the technological
capabilities offered by Industry 4. 0. Automated Storage and
Retrieval Systems (AS/RS), autonomous vehicles (AGV/UGV),
loT-based sensors, RFID systems, and Al-supported decision
algorithms enable inventory tracking, order preparation, and
shipping processes to be carried out more quickly and accurately
with less human intervention. This transformation not only
provides operational efficiency but also significant gains in data-
driven  decision-making, sustainability, and  customer
satisfaction.

The aim of this study is to compare traditional and smart
storage systems in various dimensions, analyze the sectoral
impacts of technology integrations, and reveal the strategic
outcomes of transformation in the logistics field. Prepared in
light of academic sources and sectoral applications, this article
comprehensively addresses the performance criteria, risks, and
future trends that businesses should consider when transforming
their warehouse systems.

This transformation process is not limited to large-scale
enterprises but also directly affects small and medium-sized
enterprises (SMEs). SMEs that want to maintain their
competitive advantage face various challenges in the process of
adapting to the flexibility, speed, and data-driven management
capabilities offered by smart systems. At this point,
infrastructure investments, digital literacy, human resource
training, and financial incentives play a critical role. In this
study, the position of SMEs in the digitalization process is also
addressed, and recommendations are developed for businesses
of different scales (Gen¢ & Tunali, 2022).
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2. CLASSIFICATION OF TRADITIONAL
STORAGE SYSTEMS

Traditional storage systems have formed the foundation
of the logistics sector for many years. These systems are
operational structures developed entirely based on physical
infrastructure and human resources without relying on
technology. In these systems, where warehouse organization is
determined by physical structure, product type, and transaction
frequency, manual control is essential. Here are the main types
of these systems:

2.1. Fixed Shelf Storage Systems

Fixed shelving systems are a traditional method where
specific products are stored in fixed positions on shelves.
Generally manufactured from steel or aluminum materials, the
shelves are positioned at specific heights according to their load
capacity. These systems are suitable for storing both boxed and
palletized products.

Fixed shelves allow for the categorization of products
and easy accessibility within the warehouse. However, since
shelf spacing and arrangements are predetermined, flexibility is
limited in structures with a wide variety of products. While
forklifts or ladders are required for high shelves, in the case of
small-diameter products, the shelves can turn into wasted
spaces. Additionally, stock accuracy is generally dependent on
visual inspection and manual records (Adigiizel, 2022).

2.2. Block Stacking Storage System

Block stacking systems are methods where durable and
homogeneous palletized products are stored directly on the
floor, stacked on top of each other. In this structure, shelves are
not used. Pallets are stacked in blocks, and the height limit
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varies according to the type of product, its weight, and stacking
safety.

In this system, space utilization is quite efficient because
the gaps between the shelves are minimized. However, since the
system operates on a LIFO (Last In First Out) basis, it is
difficult to manage the products according to their priority order.
Additionally, to access the bottom row pallet, the pallets above
it need to be removed, which leads to time loss and potential
product damage. This system is suitable for short-term storage,
but it is limited in terms of inventory tracking and traceability.

2.3. Drive-In/ Drive-Through Rack Systems

In these systems, forklifts enter the shelves to place or
retrieve products. Drive-in systems allow for one-way access,
while drive-through systems allow for two-way access. Shelves
are supported on rails and a large number of pallets can be
stacked on top of each other along the height.

This structure provides high-density storage. However,
since forklift operators need to maneuver in the inner shelves,
the risks to occupational safety increase. At the same time, since
individual access to products is not possible, selectivity
decreases. It is preferred in high-volume warehouse operations
with limited product variety. The installation and maintenance
of the system are more costly compared to fixed shelving
systems.

2.4. Multi-Tier Racking Systems
(Mezzanine Systems)

Mezzanine systems are based on the principle of creating
extra floors by utilizing the height of the existing warehouse
space. In these systems, second or third floors are built on steel
structures, and access to these floors is provided by stairs or
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freight elevators. The floors are usually equipped with light-duty
racks.

This system is ideal for businesses that want to increase
warehouse capacity but do not have the option for horizontal
expansion. It also allows for physical separation between
product categories. However, its high installation cost and
structure that requires attention in terms of occupational safety
can be considered disadvantages. Inter-floor material transfer
can be time-consuming, which can extend the processing time.

2.5. Open Area Storage

Open area storage is used for storing products that are
not affected by weather conditions or are only minimally
affected in an open field. It is particularly preferred for storing
materials such as pipes, concrete blocks, and steel profiles in the
construction sector.

In this system, the investment cost is extremely low.
However, security, product control, and traceability are quite
limited. Products are exposed to natural conditions such as rain,
sun, and wind. Additionally, the likelihood of product loss and
confusion is high. Therefore, open area storage is generally used
for supportive or temporary solutions.

2.6. Sequential Order Picking Systems

Sequential order picking systems are based on the
sequential collection of products from the shelves within the
warehouse. In this system, the operator manually collects the
products from the shelves along a designated route with the help
of a picking cart.

Thanks to the simplicity of the structure, it is efficient for
low-volume orders. However, it falls short in systems with large
and high-volume order flows. When the picking route is not
optimized, the staff makes unnecessary walks, leading to a waste
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of time and energy. Incorrect picking and product mix-ups can
also frequently occur.

2.7. Manual Inventory Tracking and
Document Management

In traditional storage systems, inventory tracking is
mostly done manually. Excel spreadsheets, printed forms, and
ledger entries are used in this process. This structure is low-cost
and does not require technology investment.

However, data accuracy is entirely dependent on staff
attention. Incorrect entries, stock discrepancies, and order
mistakes occur frequently. Additionally, manual document
management complicates audit processes and incurs document
archiving costs. In the transition to digital transformation, these
systems are generally considered the starting point (Sar1, Ozveri
& Senyay, 2019).

2.8. Systems Based on Forklifts and
Handling Equipment

Forklifts and other handling equipment are an
indispensable part of traditional warehouse operations.
Especially during the transportation, placement, and shipment of
palletized products, forklifts are used effectively. Additionally,
pallet jacks, stackers, and crane systems also support manual
operations.

For these pieces of equipment to operate efficiently, a
wide maneuvering area is required. Additionally, operator
training and safety measures are of critical importance. High
energy consumption and maintenance costs are disadvantages.
However, these operator-controlled systems can form the basis
of hybrid structures before transitioning to automation.
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2.9. Shelf Layout According to FIFO and LIFO

Applications In warehouse organization, it is of great
importance to arrange products according to their entry-exit
sequence. In the FIFO (First-In-First-Out) system, products are
arranged according to the principle of first in, first out, while in
the LIFO (Last-In-First-Out) structure, the last product to enter
is the first to exit.

While the FIFO structure is applied to perishable
products such as food and pharmaceuticals, the LIFO system
can be used for long-lasting products like building materials and
chemicals. In traditional systems, the control of these structures
is entirely dependent on the operators. While drive-through or
rack systems are required for FIFO, block-stacked systems are
more suitable for LIFO.

2.10. Low Cost — Low Technology Strategy

Traditional storage systems are mostly preferred due to
their low cost and simple operational requirements. Especially
for small and medium-sized enterprises, solutions based on
human resources come to the forefront instead of technology
investments.

Although this strategy provides an advantage initially, it
falls short in terms of sustainability, -efficiency, and
competitiveness in the long run. Error rates, poor traceability,
and limited analytical capacity are the main drawbacks of these
systems. Therefore, as the first step of digitalization, it is
recommended that these systems be gradually supported by
automation and data management solutions.

The comparison of traditional storage strategies is
presented below in Table 1 (Aylak & Oral, 2021).
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Table 1. Comparison of Traditional Storage Systems

System Type Basic Feature Advantage DisAdvantagee
Fixed Shelf CDEL [ Low cost, easy Low space
System arrangement, installation efficiency

manual access
Palletized Intensive
Blogksst;a;:;ked products, ground- space L F(S)f;r:é:égsre,
Y level stacking utilization P
Drive-In/Drive- Forklift enters the  High-density _desk o

Through rack storage accl ent_s » POOT

selectivity

Multi-Tier Rack

Vertical space
utilization with a

Provides space

High installation

System multi-tiered efficiency cost
structure
Open Area Ol_Jtdoor, without _Mlnlmum No data tracking
Storage infrastructure investment
. The order route is Suitable for -
Sequeptla}l Order followed low-volume Ineff|C|e_nt,
Picking : waste of time
manually. operations
. Does not
Manual Inyentory Inventory with require High error risk
Tracking Paper/Excel .
investment
Manually operated . Training needs
. . . Widespread . ’
Forklift/Handling har_1dllng and simple use maintenance
equipment cost
Hand-controlled Product age Limited
FIFO/LIFO handling control is G
. flexibility
equipment ensured.
No investment in Ease of -
Low-Cost Storage technology application Low efficiency
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3. CLASSIFICATION OF SMART STORAGE
SYSTEMS

IndustryWith the development of Industry 4. 0, digital
technologies have also led to significant changes in the storage
sector. Smart storage systems offer high speed, accuracy,
flexibility, and efficiency through the integrated operation of
automation, data analytics, artificial intelligence, sensor
technologies, and autonomous vehicles. These systems are not
only areas where stocks are stored but also centers of data-
driven decision support mechanisms. Below, smart storage
systems are classified under seven main categories, each
explained in detail:

3.1. Automated Storage and Retrieval Systems

(AS/RS)AS/RS systems (Automated Storage and
Retrieval Systems) are structures that enable the fast and
accurate placement and retrieval of products in high-rack
warehouse areas using automatic cranes, conveyors, and lifting
systems. These systems are managed by central software and
can perform stock placement, retrieval, and guidance operations
without human intervention.

AS/RS systems are generally preferred in high-volume
and high-speed warehouse operations. The system design can be
customized according to the warehouse size and product variety.
Additionally, these systems provide up to 80% efficiency in
space utilization, effectively optimizing both horizontal and
vertical areas. Despite being high-cost, it accelerates the return
on investment in the long term due to the time savings and
minimal error rate it provides.

3.2. Autonomous Mobile Robots

(AMR) and Shuttle SystemsAutonomous mobile robots
(AMR) can move within a warehouse without the need for any
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physical pathways, thanks to their advanced sensors and
mapping systems. Shuttle systems, on the other hand, are
systems that operate at shelf levels and perform fast and precise
transportation. These two systems are generally used together or
separately in order picking, transportation, and product
placement operations.

AMR systems can work safely alongside humans in the
same environment. In this respect, it offers flexible working
environments. Shuttle systems enable fast processing on high
shelves. Both systems reduce labor dependency, increase order
picking speed, and provide operational ease during peak order
periods, especially in e-commerce companies. These systems
can also continuously optimize order routes with real-time
routing algorithms.

3.3. RFID and loT-Based Inventory Management

RFID (Radio Frequency ldentification) is a system that
transmits the identity of products to readers through chips placed
on the products. This system enables the complete traceability of
product movements within the warehouse. With the Internet of
Things (IoT), RFID technology has strengthened to not only
report the product's location but also environmental variables
such as temperature and humidity.

This infrastructure allows businesses to exceed 99%
inventory accuracy. At the same time, the tracking of products
during the placement and retrieval process also facilitates
inspection and quality control processes. It is widely used in
sectors where traceability is critical, such as food,
pharmaceuticals, and textiles. Thanks to this system, human
error is minimized, and inventory costs and shipping delays are
significantly reduced (Karabacak & Aras, 2017).

10
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3.4. Artificial Intelligence Supported Decision
Support Systems

Artificial intelligence algorithms facilitate strategic
decision-making in warehouse operations through big data
analytics. It can forecast demand from historical sales data,
create the most suitable layout plans based on density analyses,
and optimize order picking processes with routing algorithms.
Additionally, it helps make more accurate decisions over time
using machine learning techniques.

Decision support systems provide real-time data to
warehouse managers to answer questions such as which order
should be processed first, which product should be placed in
which area, and which route is more efficient. These systems
can optimize energy consumption, predict maintenance needs,
and prevent bottlenecks. Especially in large-scale and high-
volume warehouses, decision support systems have become the
key to operational success.

3.5. Digital Twin-Based Warehouses

Digital twin technology is the creation of a virtual copy
of a physical system that is synchronized with real-time data.
When applied in warehouses, all in-warehouse processes can be
simulated in a virtual environment. In this way, the operational
impact of a change or system failure can be anticipated in
advance.

With digital twin technology, managers can restructure
warehouse design, identify bottleneck points, conduct capacity
planning, and test different scenarios. This technology
accelerates decision-making processes by conducting more
accurate risk analyses, especially in systems that require high
investment. Additionally, real-time data allows for instant
performance tracking.

11
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3.6. Swarm Robot Systems

Swarm robotics is a system developed by drawing
inspiration from flocking behaviors in nature, enabling multiple
robots to work in a coordinated manner without central control.
In this system, each robot independently performs simple tasks
while communicating with other robots to complete the overall
task in the warehouse collaboratively.

Swarm systems stand out for their flexibility and
resilience against failures. In the event of a robot malfunction,
the task is automatically transferred to other robots. These
systems significantly reduce processing time by distributing
tasks in parallel during warehouse operations with high
transaction volumes. They are particularly preferred in the e-
commerce and fast-moving consumer goods (FMCG) sectors
(Talih & Doénmez, 2024).

3.7. Integrated ERP-WMS Systems

The integration of enterprise resource planning (ERP)
systems with warehouse management systems (WMS) enables
the centralization of the entire logistics process. ERP systems
manage orders, invoices, production, and supply chain
management; WMS, on the other hand, controls in-warehouse
stock movements. The integration of these two systems
significantly increases corporate efficiency.

Thanks to this integration, products become traceable
from order to delivery. Additionally, errors are reduced and
inventory costs are optimized through automatic data transfer.
Thanks to real-time data analyses, sales forecasts can be made,
critical stock levels can be identified, and supply chain planning
becomes dynamic. ERP-WMS integration forms the digital
backbone of smart warehouses.

12
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systems are compared.

Table 2. Comparison of smart storage systems

System Type Core Technology Key Advantages ﬁppllcatlon
reas
. . . Industrial
AS/RS Mechanlg:al High densny, production,
Automation fast processing
e-commerce
I E-commerce,
AMR / Shuttle ~ Autonomous Flexibility, low = 4 rinution
Robotics error rate, speed
centers
RFID / 10T Sensor / . Food,
. Real-time pharmaceutica
Inventory Automatic - .
. o traceability 1, textile
Tracking Monitoring
sectors
Artificial . Demand
. Predictive forecasting, Large-scale
Intelligence - ;
Analytics route enterprises
Systems .
optimization
Digital Twin- Virtual aség}uggor?ék Smart
Based System Simulation + loT alysis, factories
mitigation
_ Multi-Robot Fault-tolerant, E-commerce
Swarm Robotics L parallel task warehouse
Coordination . .
execution automation
ERP/WMS Software-Based I_Drocess_
. : integration, All sectors
Integration Planning

decision support

4. COMPARISON OF TRADITIONAL AND
SMART STORAGE SYSTEMS

Storage systems can be classified within the framework
of various parameters such as technological infrastructure level,
operational capability, investment requirement, flexibility, data
management, and dependence on human resources. Traditional

13
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and smart storage systems are distinctly differentiated from each
other in terms of these parameters, and each offers advantages or
disadvantages for specific operational conditions (Geng &
Tunal1, 2022; Kamali, 2019). In this section, these two types of
systems have been classified in detail according to different
criteria and analyzed comparatively.

4.1. Classification According to Technological
Infrastructure

Traditional storage systems primarily involve processes
based on manual labor. The tools used in these systems are
forklifts, shelves, paper forms, and manual data entry methods.
Inventory tracking is carried out through manual counts, and
order processing is often dependent on the staff's experience
(Sar1, Ozveri & Senyay, 2019).

However, in smart storage systems, technological
infrastructure is the determining factor. RFID tags, IoT sensors,
autonomous robots, artificial intelligence algorithms, and
integrated software platforms (ERP, WMS) are among the key
components (Van Geest, Tekinerdogan & Catal, 2021). These
systems provide a high level of automation and data-driven
operations. A large portion of the processes is driven by
software, and errors are minimized.

4.2. Classification Based on Labor Dependency in
Traditional Systems, The Role of the Workforce
Is Critical

Product placement, order picking, inventory tracking,
and shipping operations are mostly carried out manually. This
situation leads to personnel errors, physical fatigue, and loss of
efficiency. Additionally, employee turnover directly affects the
system's operation (Kamali, 2019).

14
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In smart warehouses, human intervention has been
significantly reduced. Robots carry products, sensors detect
stock changes, and software determines routes and order
sequences. The workforce is more involved in tasks such as
supervision, system maintenance, and handling exceptional
situations. Thus, the system becomes more stable and scalable
(Azadeh, De Koster & Roy, 2017).

4.3. Classification By Investment Cost Traditional
Systems Generally Require Low Initial
Investment.

Warehouse operations can be initiated with simple
shelving systems, handling equipment, and limited digital
infrastructure. However, the efficiency of these systems is low,
and as they grow, disproportionate cost increases occur.

Although smart systems require a high initial investment,
they offer lower operating costs in the long run. Thanks to
factors such as the reduction in labor needs, the elimination of
losses caused by errors, and process optimization, the return on
investment is shortened. Therefore, it is a more sustainable
option for high-volume operations (Lee, 2018).

4.4. Classification by Flexibility and Scalability

Due to the fixed structure of traditional systems, their
operational flexibility is limited. When the product range
changes, the shelf layout, routes, or process steps must be
redesigned. Additionally, adapting to sudden increases in
business volume is difficult.

Smart systems, being software-based, are more easily
scalable. When order volume increases, new robots can be
added, and the system can automatically adapt to new
regulations by updating the algorithms. Especially in sectors
with fluctuating volumes like e-commerce, this flexibility

15
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provides a significant advantage (Van Geest, Tekinerdogan &
Catal, 2021).

4.5. Classification According to Data Management
and Traceability

In traditional systems, data management is done
manually. This leads to delays, erroneous records, and
difficulties in analysis. Real-time monitoring is almost
impossible, and inventory accuracy is generally low.

In smart warehouses, all processes are digitally
monitored through sensors and software. Stock level, product
location, processing time, and performance data can be analyzed
in real-time. This situation both increases the speed of
operational decisions and creates a data-driven infrastructure for
strategic planning (Oguz & Agtas, 2024).

4.6. Classification According to Risk Management
and Business Continuity

In traditional systems, situations such as employee
shortages, system failures, and document loss can directly halt
operations. Business continuity is often disrupted by crises.
Additionally, the risks to job safety are higher.

In smart systems, redundant designs are made for
business continuity. In systems like swarm robot technology,
even if one robot malfunctions, the others can continue their
tasks. Additionally, system failures can be quickly addressed
through remote monitoring and intervention. Thanks to
preventive maintenance algorithms, the risks of interruptions are
minimized (De Koster, 2018). In the following Table 3, a
comparison of traditional and smart storage systems is
presented.

16
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Table 3. Comparison of traditional and smart storage systems

Criteria Traditional Systems Smart Systems
High, RFID, IoT,
Technological Artificial
Low, manual systems -
Infrastructure Intelligence,
Robotics

High, based on physical ~ Low, automation-

Labor Dependency labor oriented

Initial Investment Cost Low High

High, continuous
improvement and
optimization

Long-Term Efficiency I;;r?(\st]:)r:/(\:/:ﬁaass'smg errors
High, adaptable via

Flexibility and Scalability =~ Limited software updates

Data Management Manual, limited Digital, real-time

Full, real-time

Traceability Limited, paper forms system tracking

Secure, high
preventive system
and fault tolerance

High-risk, labor

Business Continuity dependent

Thanks to this classification, businesses can more
consciously determine the storage system that suits their own
needs and resource structures. It should be noted that both
systems have their own unique advantages and limitations. The
correct system choice should be shaped by the scale of the
operation, product diversity, order frequency, and future growth
expectations.

5. CONCLUSION

In this study, traditional and smart storage systems have
been comprehensively compared from structural, technological,
operational, and strategic perspectives. It has been observed that
traditional systems, with their low investment cost, simple

17
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installation structure, and operation based on manual labor, still
offer an attractive solution for many small and medium-sized
enterprises. However, the high error rate, low traceability level,
and inflexible structure of these systems pose significant
limitations in the face of increasing customer expectations and
speed requirements.

On the other hand, smart storage systems stand out as
systems where digital technologies, automation, and Al-
supported decision-making processes are used in an integrated
manner. These systems not only enhance operational efficiency
but also improve the strategic management capabilities of
businesses. Thanks to modern components such as RFID, 10T,
AS/RS, AMR, digital twin, and ERP-WMS integration, it is
possible to transition to a data-driven structure while minimizing
workforce dependency.

Comparative classification results reveal that choosing
the right system is a critical decision based on business scale,
product type, business volume, and digital transformation goals.
Especially for businesses with high order volumes, the long-
term return on investment of smart systems is much stronger.
Traditional systems, on the other hand, still remain valid for
operations with lower volumes and standard product structures.

Additionally, this study emphasizes that the parameters
affecting system selection (investment cost, flexibility, data
management, labor dependency, etc. ) should be evaluated in a
multidimensional manner. Businesses need to make decisions
not only based on today's operational needs but also considering
future growth potentials and competitive conditions. In this
regard, the transition to smart systems is not only a
technological transformation but also brings about a change in
corporate strategy and culture.

18
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As a result, in today's logistics world where digitalization
and data-driven management approaches are at the forefront,
smart storage systems have become an essential requirement for
businesses to remain competitive. However, the transition
process should be carefully planned and carried out gradually
and strategically, taking into account the existing infrastructure,
personnel competence, and resources of the business. In the
future, it is expected that the more widespread use of Al-
supported autonomous systems, solutions based on energy
efficiency, and sustainable warehouse management will come to
the forefront.

19
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YONETIM SiSTEMi OLGUNLUGU iLE
SUREC PERFORMANSI ILiSKISI:
MUHENDISLiK PERSPEKTIFi

Yasemin DILBER!

1. GIRIS

Giliniimiiz is ortaminda kalite kavrami, sadece rekabet
avantaji elde etmek icin degil, ayni zamanda siirdiiriilebilir
basar1 elde etmek icin de bir gereklilik haline gelmistir.
Kiiresellesme, pazarlarin kiiresel Olgekte genislemesi, ulusal
simirlarin asilmasi, tek bir kiiresel pazarin ortaya ¢ikmast ve
diinya c¢apinda sosyal etkilesimlerin yogunlagsmast ile
karakterizedir. Sonug olarak, kapitalist sistemde var olan rekabet
yogunlasti. Sektor smirlari bulaniklagti ve miisteri talepleri
giderek daha segici hale geldi. Bu yeni kiiresel yapi, degisimi
isletmeler i¢in stratejik bir tercihten bir zorunluluga dontistiirdii.

Kiiresellesmeye bagli olarak iiretimde standardizasyonun
yiikselmesi ile iirtin bazli rekabetin 6nemi azalirken, sunulan
hizmetlerin biitiinliigli ve kalitesi on plana c¢ikmistir. Talep
giicliniin iireticilerden tiiketicilere gectigi bu ortamda, rekabet
artik fiyat lizerinden degil, miisteri memnuniyeti ve algilanan
deger ile sekilleniyor. Bu nedenle, rekabet¢i pazarlarda hayatta
kalabilmek ve basarili olmak i¢in isletmeler, {riin ve
hizmetlerini yiiksek kalite, hiz ve miisteri odakli bir yaklasimla
teslim etmek zorundadir.

Miisteri odakli bir yaklasim, yoneticilerin geleneksel
deger zinciri zihniyetini tersine c¢evirmesini ve misteri

! Ogr. Gor., Selguk Universitesi, Huglu Meslek Yiiksekokulu, Makine ve Metal
Teknolojileri Bolimii, yasemin.dilber@selcuk.edu.tr, ORCID: 0009-0004-0055-
0966.
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beklentilerini merkeze yerlestiren stratejiler gelistirmesini
gerektirir. Kalict basar1 arayan sirketler, miisteri beklentilerini
karsilamali ve yiiksek diizeyde memnuniyet saglamalidir.
Memnuniyet, sirayla, zaman i¢inde giicli bir kurumsal imaja
donilisen miisteri sadakatine yol acar. Giiglii bir imaj, sirketlere
rekabetin yiiksek oldugu ortamlarda stratejik avantajlar saglar.
Ayrica miisteri memnuniyeti, hedef kitle ile duygusal bir bag
kurma yetenegini de gelistirir. Pazarda siirdiiriilebilir basariyi
hedefleyen sirketler, mevcut miisterilerini elde tutmayi temel bir
strateji olarak onceliklendirmelidir.

Bu baglamda, kalite sadece stratejik bir avantaj degil,
ayn1 zamanda ¢agdas is diinyasinda rekabet i¢in temel bir 6n
kosul haline gelmistir. Son yillarda, kaliteyi iyilestirme
cabalarinin artmasi, bir¢ok isletmenin geleneksel yOnetim
yaklagimlarini terk etmesine ve kalite ve miisteri odakli yonetim
sistemlerini benimsemesine yol agmistir. Giinlimiizde rekabet
giiciiniin birincil belirleyicisi, miisteri taleplerini karsilayabilme
ve miisteri memnuniyetini saglayabilme yetenegidir.

Bu boliimde, farkli sektorlerde faaliyet goOsteren
isletmelerde yonetim sistemi olgunlugu ile siire¢ performansi
arasindaki  iliskinin miihendislik  bakisiyla  simmanmasina
odaklanir. Ozellikle kalite yonetim sisteminin siire¢ temelli
yapist ile dokiimantaston hiyerarsi yapisi ve iiretim siireg
yetenegine (Or. Cpk), istatiksel yaklagim ciktilar1 tizerindeki
etkileri incelenir.

2. SUREC YONETIMI

Stireg, bir hedefe ulagsmak veya bir gorevi yerine
getirmek i¢in insan, makine ve malzeme gibi kaynaklar isleyen,
deger katan ve miisteri taleplerini karsilayan ¢iktilar iireten bir
dizi operasyondur. Siire¢, kurulusun kalite politikasina ve
stratejik yoniine gore istenen sonuglar1 elde etmek igin
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stireclerin sistematik olarak tanimlanmasini, yonetilmesini ve
etkilesimini  icerir.  Siireg, tanimlanabilir,  Olgiilebilir,
tekrarlanabilir, kontrol edilebilir, katma degerli ve geri
dondiiriilebilir olma 6zelliklerine sahiptir.

Siire¢ yonetimi, girdileri ¢iktilara doniistiiren sistematik
faaliyetler zincirinin verimli ve etkin bir sekilde kontrol
edilmesini ifade eder (Evans ve Lindsay, 2020; Oakland, 2014).
Siire¢ yonetimi, organizasyon i¢inde tanimlanan is siire¢lerinin
sistematik olarak planlanmasi, izlenmesi, analiz edilmesi ve
tyilestirilmesidir. Bu kavram, siireclerle yonetim yaklagiminin
temel bir bileseni olarak kabul edilir. Siireclerle yonetim, tiim
yonetim  faaliyetlerinin  geleneksel fonksiyonel yOnetim
anlayisinin digina ¢ikilarak siire¢ odakli bir yapi igerisinde
yiriitilmesi anlamina gelmektedir. Siire¢ yoOnetiminin temel
amaglar1 arasinda kaliteli {iriin {iretimi, dogru miktarda ve
zamaninda teslimat, diisilk maliyetle iiretim gibi parametreler
yer almaktadir. Bu parametrelerin  saglanmasi miisteri
memnuniyetinin artmasina dogrudan katki saglar.

Giliniimiiz 15 ortaminda yoneticiler, miisteri beklentilerini
karsilamak ve siirdiiriilebilir miisteri memnuniyetini saglamak
icin Kalite Yonetim Sistemlerinin (KYS) etkin bir sekilde
uygulanmasina, siirekli iyilestirilmesine ve performansin
artirtlmasina giderek daha fazla odaklanmaktadir. Bu baglamda
yoneticiler, kalite ile ilgili siirecleri daha sistematik ve biitiinciil
bir sekilde ele almak i¢in siire¢ yaklasimini benimsemektedir.

2.1. Siire¢ Yaklasimi

Stireg  yaklasimi,  birbiriyle iligkili  faaliyetlerin
girdilerden ¢iktilara donistiiriilmesi i¢in sistematik bir yap1
kurulmasinin yam1 sira siiregler arasindaki etkilesimlerin
anlagilmast ve yoOnetilmesine dayanir. Kalite yOnetimi
baglaminda bu yaklasim, her bir siirecin ¢iktisinin bir sonraki
icin girdi gorevi gordiigi ve misteri ihtiyacglarina gore
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sekillenen bir siirecler zinciri olusturan bir yapiyr temsil eder.
Bu, siiregler arasinda uyum saglar ve kalite hedeflerine
ulasilmasini kolaylastirarak kalite kontrol ve siirekli iyilestirme
ortami yaratir.

KALITE YONETIM SISTEMININ
SUREKLI IYILESTIRILMESI

Ust Yonetimin
Sorumlulugu

MUSTERI MUSTERI
Kaynak Olgme, Analiz,
Yonetimi iyilestirme
. UOriin Uriin .
ISTEKLER Gergek[e§tirme MEMNUNIYET

e : Katma deger faaliyetleri
) : Bilg| akis!

Sekil 1. Siirec Bazh ""Kalite Yonetim Sistemi' Modeli

Sekil 1'de etkili bir siire¢ haritas1 gosterilmektedir. Bu
stire¢ haritas1 sadece teknik yeterlilik ile degil, ayn1 zamanda
organizasyonun i§ yapis sekli ve yapisal modeli ile de dogrudan
iliskilidir. Bu nedenle, verimli ve etkin bir siire¢ haritalamasi
ancak 1iyi yapilandirilmig bir organizasyon modeli ve siirekli
gelisime agik bir siire¢ anlayisi ile miimkiindiir. Siire¢ yonetimi
genel olarak fonksiyonel yonetim ve siire¢ bazli yonetim olmak
tizere iki temel bicimde siniflandirilir.

2.1.1. Fonksiyonel Yonetim

Fonksiyonel yoOnetim anlayisinda organizasyon yapisi
geleneksel hiyerarsik diizene gore sekillenir ve is bolimii
esasina dayanir. Bu yoOnetim bi¢imindeki temel kavramlar
hiyerarsi ve is bolimiidiir. Calisanlar belirli fonksiyonlara
(6rnegin liretim, pazarlama, muhasebe vb.) gore dzellestirilir ve
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sorumluluk alanlar1 agik¢a tanimlanir. Bu yap1, ¢alisanlardan ne
beklendigini agik¢a ortaya koyar ve organizasyon yapisinin
anlasilmasini, yonetilmesini ve kontrol edilmesini kolaylagtirir.

2.1.2. Siire¢c Bazh Yonetim

Siire¢ bazli yonetimi kapsaminda, etkili bir siire¢ akis
semasinin olusturulabilmesi i¢in belirli adimlarin sistematik bir
sekilde takip edilmesi gerekir. Bu baglamda, Sekil 15'te
gosterilen adimlar, siireglerin tanimlanmasi, analiz edilmesi,
tyilestirilmesi ve kontrol edilmesi agisindan temel yol haritasin
olusturmaktadir. Stireglerin modellenmesinde izlenen
etkilesimde olan matrisler Tablo 1'de gdsterilmistir. Siire¢ akis
diyagramlarinin olusturulmasi siirecinde bu birimler takip
edilerek, siireclerin daha anlasilir, izlenebilir ve yonetilebilir
olmasin1 saglar. Islemlerin sirasmi ve iliskilerini gostermek igin
diyagramlar ¢izilir. Bu semalar ¢izilirken semboller kullanilir.
Karar noktalarinda hangi kriterlerin, standartlarin ve normlarin
oldugu belirtilir.

2.2. Siire¢ Simmiflandirilmasi

Islevsel bir yapmin avantajlari arasinda  gorev
tanimlarinin belirginligi, uzmanlagsmanin sagladigi verimlilik ve
rollerin belirginligi yer alirken, siirecler arasi gecislerin zor
olmas1 ve departmanlar arast koordinasyon eksikligi gibi
dezavantajlar1 da vardir. Siirecler yapilarina, seviyelerine ve
ozelliklerine gore ti¢ sekilde siniflandirilir.

Yapilarina goére: ls/temel siire¢ ve destek siireci.
Is/Temel siirecler, kurulusun misyonu (varolus nedeni) ile
dogrudan iligkili olan, dis miisterilerden gelen talep iizerine
baslayan ve bir {iriin veya hizmetin dig miisteriye sunulmasini
saglayan siireclerdir. Ornekler arasinda temel iiretim siiregleri
yer alir. Destek siiregleri, isletmeyi/temel siireci destekleyen,
performansini etkileyen ve kaynaklarin optimum kullaniminm
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saglayan sirket ici faaliyetlere yonelik siireclerdir. Ornekler,
calisan se¢me ve yerlestirme alt siireglerini igerir.

Seviyelerine gore: Ust siiregler, organizasyonun ayni
kapsamindaki siiregleri entegre eden siireclerdir. Ust siiregler,
tim deger zincirini kapsayan sirketler arasi siirecler olabilir.
Ornek: Insan kaynaklar1 yonetimi siireci. Alt siirecler, siiregleri
olusturan ve bir departman iginde baslayip biten siireclerdir.
Omek: Kisisel gelisim alt siireci. Siirecler, iki veya daha fazla
departmanin faaliyetlerini kapsayan, {ist siiregleri olusturan ve
birbirleri ile etkilesim halinde olan siireglerdir. Ornek: Uretim
planlama siireci.

Ozelliklerine gore: Anahtar siiregler, kurulusun politika
ve stratejilerinin uygulanmasi i¢in belirlenen stratejik amacg ve
hedefleri gerceklestirecek {ist siiregler olan anahtar siirecler
olarak adlandirilir. Kritik stire¢ler, kurulusun kritik basari
faktorleri lizerinde yiiksek etkiye sahip olan ve yliksek diizeyde
tyilestirilmesi gereken siireclerdir. Anahtar olmayan bir islem de
kritik bir siire¢ olabilir.

2.3. Kalite Yonetim Sistemi

Kalite yonetim sistemi isletmenin standartlara uygun bir
sistem kurmasini belgeler, uygular ve siirekliligini saglayan
birimdir. Buna ek olarak, sistemin etkinligini siirekli olarak
tyilestirmeyir ve tiim KYS gereksinimlerinin organizasyon
genelinde tam olarak karsilanmasini saglamayi taahhiit eden
birimdir.

Tablo 1'de Kalite Yonetim Sistemi'nin zorunlu kildigi
stireglerin temel gereklilikleri, bu siireclerin i¢ uygulamalart ve
aralarindaki etkilesimler detayli bir sekilde verilmistir.
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Tablo 1. Siire¢ Etkilesim Matrisi

Siirec Alt Siirecler Etkilesimli Stirecler
Saty A Tlretim v p
Satig . Miigteri Memnuniyeti, Tedarik, Ul'BtlIﬂS;“E:!kfi’ lg?lmua Depo ve
Misteri fliskileri Y
Planlama Planlama Satig, Uretim, Tedarik
Tedarik Alt Yiiklenici Degerlendirmesi Satig, Uretim, Depo
L _Standart Uretim Planlama, Satinalma, Kalite Kontrol, Makine
Uretim Ozel Parga Uretinu Bal Depo ve Sevkiyat
Dig Kaynakh Siiregler i ¥
Kalite kontrol Kalite kontrol Uretim, Makine Bakimi, Kalibrasyon
Depolama ve L N
Sevkiyal Sevkiyat Deposu Uretim, Planlama, Satis
Muhasebe Faturalama Satis, Tedarik
- Personel YoetmmiEGIm Ve -
Insan Kaynaklar: Yetkinlk Desorlondirme Tiim Birimler
Makine Bakimi KalibrasyonMakine Bakim Uretim, Satinalma, Insan Kaynaklari
Dokiiman Kontroli
e , Ic Denetimler, I
Kalite Yonetimi Msteri Sikayetler, Tiim Birimler
Miigteri Iligkileri
Yanetim Incelemesi L _ - I
Girsleri ve Cikiglar: Inceleyin Tiim Birimler
(MRM) 5 Cikis Y

Isletme, kalite yonetim gerekliliklerine uygun bir
dokiimantasyon yapisi kurmalidir ve bu yapiy: etkin bir sekilde
uygulamalidir. Dokiimantasyonun hiyerarsik yapisi Sekil 2'de

gosterilmistir.

A

HEDEFLER
POLITIKASI

KALITE EL
KiTABI (KEK)

[ STRATEJIK DUZEY }

IS AKISLARI

[TAKTiK DUZEY }

[ UYGULAMA }

Sekil 2. Dokiimantasyon Hiyerarsi Yapisi
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Sekil 2’de verilen dokiiman hiyerarsi yapisina gore,
dokiimanlarin uygunlugunda su hususlar dikkate alinmaktadir:

o Nitelikler agisindan onay verilmesi,

e (GoOzden gecirilmig, giincellenmis ve yeniden
onaylanmius,

o Degisiklik ve revizyonlarin takibi,

e Yiiriirliikte olan revizyonlarin 1ilgili birimlerde
bulunmasi,

e Dis kaynakli dokiimanlarin tanimlanmasi,
dagitimlarin kontrolii,

e Giincelligini yitirmis belgelerin kullaniminin 6niine
gecilmesi,

2.4. Kalite El Kitabi

Isletmede, standarda uygun olarak dokiimante edilmis
kalite yonetim prosediirleri olusturur ve etkin bir sekilde
uygulamaktadir. Bu dokiimante edilmis Kalite Yonetim Sistemi
(KYS), sadece miisteri gereksinimlerinin karsilanmasini ve
miisteri memnuniyetinin saglanmasini saglamakla kalmaz, aym
zamanda sirketin kalite politikasinin ve kalite hedeflerinin
sistematik olarak uygulanmasini da saglar. Bu nedenle KYS,
kurulusun kaliteye olan bagliligin1 ve bu yondeki uygulamalarin
acikca gosteren biitiinciil bir yapiy1 temsil eder.

Kalite El Kitabi, kalite yonetim sistemi kapsaminda
kabul kriterlerini net bir sekilde tanimlamig ve anlasilir hale
getirmistir. Bu kriterlere uygunlugun saglanmasi amaci ile
standardin gerekliliklerine uygun kalite kayitlar1 olusturulmus
ve sistematik bir sekilde uygulanmaktadir. Bu kayitlar hem
kalite performansmnin izlenmesini hem de siireclerin
dogrulanabilirligini saglar.
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Kalite Yonetim Standardi gereklilikleri dogrultusunda
olusturulan dokiimanlar ve bu dokiimanlarin hazirlanmasi,
gozden gecirilmesi, onaylanmasit ve dagitilmast siirecleri
"Dokiiman Kontrol Prosediirii" kapsaminda tanimlanmistir. Kalite
El Kitabi'nda yer almayan detaylara iliskin agiklamalar, ilgili
prosediirlere, talimatlara veya ek dokiimanlara bagvurularak
yonlendirilir. Bu sayede belgelendirme yapisi igerisinde biitiinliik,
izlenebilirlik ve erisilebilirlik saglanmis olmaktadir.

Kalite kayitlariin  yonetimi, standart kapsaminda
izlenebilirligi ve dogrulanabilirligi saglamak icin sistematik
olarak yapilmaktadir. Kayitlarin ilgili birimlerde saklanma stiresi,
arsivde saklanma siiresi, sorumlu personel ve ilgili birimlere
dagitimi gibi hususlar ilgili boélim sorumlusu tarafindan
belirlenir. Tanimlanan bu periyot ve sorumluluklara uygun olarak
kalite kayitlar1 diizenli olarak tutulmakta, bu sayede kayit
yonetimi siirecinde tutarlilik ve erisilebilirlik saglanmaktadir.

2.5. Yonetim Sorumlulugu

Sirket yoneticileri, Kalite Yonetim Sistemi'nin (KYS)
etkin bir sekilde kurulmasi, siirdiiriilmesi ve siirekli iyilestirilmesi
icin gerekli kaynaklarin saglanmasini saglar. Yeni iiriin
gelistirme, mevcut {irlin ve siireglerin iyilestirilmesi, personel
performansinin  artirilmasi, Uretim  kapasitesinin - ve  {rilin
cesitliliginin  artirllmasi, miisteri talep ve beklentilerinin
karsilanmasi, mevzuat ve yasal gerekliliklerin yerine getirilmesi
gibi  temel faktdrler dogrultusunda  kaynak ihtiyaci
belirlenmektedir. Yoneticiler, bu ihtiyaglarin 6nemini tim
calisanlara net bir sekilde aktararak kalite bilincinin kurumsal
diizeyde benimsenmesini saglarlar. Bu ¢ercevede kalite politikasi
ve kalite hedefleri  olusturulmaktadir. Bu  amaglarin
gerceklestirilmesi i¢in  gerekli kaynaklar saglanmakta ve
yonetimin gozden gecirme toplantilar1 ile sistemin etkinligi
diizenli olarak degerlendirilmektedir.
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Kurulusun st yoOnetimi, miisteri istek, beklenti ve
memnuniyet diizeylerinin  karsilanmas1  gerektigini  kalite
politikasinda agik¢a belirtmektedir. Miisteri sikayetleri basta
olmak iizere miisteri geri bildirimleri, degerlendirilmek {izere
Yonetim Gozden Gegirme (MR) toplantilarinda sistematik olarak
toplanir ve tartisilir. Bu toplantilar sayesinde miisteri odakl
yaklagimin etkinligi goézden gecirilmekte ve gerekli iyilestirme
kararlar1 alinmaktadir.

Kalite politikas1 kurulus yoneticisi tarafindan belirlenir
ve egitimler ve bilinglendirme toplantilar1 ile tiim ¢aliganlara
iletilir. Politika, degisen kosullara veya ihtiyaclara bagli olarak
Yonetim Gozden Gegirme (YGQG) toplantilarinda degerlendirilir
ve gerektiginde giincellenir.

Kalite hedefleri, kalite politikas1 dogrultusunda dl¢iilebilir,
izlenebilir ve siire¢ bazinda olusturulur. Bu hedefler yillik
planlama cergevesinde her yilin ilk ayinda belirlenir ve {ist
yonetim tarafindan onaylanir. Yoneticiler, kalite yOnetim
sisteminin  gerekliliklerini karsilamak ve belirlenen kalite
hedeflerine ulasmak i¢in sistematik bir planlama siireci
yuritiirler.  Planlanan  faaliyetlerin  etkin  bir  gekilde
uygulanabilmesi i¢in aksiyonlar, sorumlu taraflar ve son teslim
tarihleri detaylandirilarak bir veri analiz tablosu olusturulur.
Ayrica, hedeflerin gerceklesme seviyeleri bir kiyaslama tablosu
araciligiyla takip edilmekte ve bu veriler YGG toplantilarinda
diizenli olarak degerlendirilerek siirekli iyilestirme stirecine katki
saglanmaktadir.

Yoneticiler belirli araliklarla diizenli olarak i¢ iletisim
kurarlar. Bu kapsamda, duyuru panolari, i¢ yazigsmalar ve sirket
ici bilgi sistemleri (6rn. intranet) aktif olarak kullanilmaktadir.
Ginliik operasyonel iletisim telefon, e-posta ve bilgisayar agi
tizerinden gerceklestirilir. Bu iletisim siireleri asagidaki gibidir:
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Yonetimin Gozden Gegirmesi (YGG) toplantilart:
Kurulusun kalite yOnetim sisteminin etkinligini
degerlendirmek ve siirekli 1iyilestirmeyi saglamak
amactyla diizenlenir. Yonetimin Gozden Gegirme
(YGG) toplantilari, kurulusun kalite  yOnetim
sisteminin  etkinligini degerlendirmek ve stirekli
tyilestirmeyi saglamak icin diizenlenmektedir. Bu
toplantilar, her alti aylik donemin sonunda, i¢
denetimlerin tamamlanmasini takip eden ayin son giinii
olmak {izere yilda iki kez yapilir. Toplantiya {ist
yoOnetici, birim yoneticileri ve kalite yonetim temsilcisi
katilir.  Katilmeilar, kalite yOnetim temsilcisi
tarafindan i¢ yazigmalar ile bilgilendirilir ve toplantiya
davet edilir. Kalite yOnetim temsilcisi toplanti
raportdrii olarak gdrev yapar ve tartigilan konular ve
alinan kararlar sistematik olarak kayit altina alinir.

Operasyonel Toplantilar: Bu toplantilar, kurum
icindeki operasyonel siiregleri degerlendirmek, ani
durumlar1 yonetmek ve karar alma siireglerini
hizlandirmak i¢in yapilir. Bu toplantilar iist yonetici
ve birim ydneticileri tarafindan ihtiya¢ duyulan her an
ve her yerde planlanir ve gerceklestirilir.

Kalite Yonetim Toplantilari: Bu toplantilar, kurulusun
kalite yoOnetim sistemi kapsaminda gergeklestirilen
faaliyetlerin degerlendirilmesi, iyilestirme firsatlarinin
belirlenmesi ve birimler arast koordinasyonun
saglanmas1 amaciyla diizenlenmektedir. Bu toplantilar
kalite yOnetim temsilcisi ve birim yoneticilerinin
gerekli gérdiigii her zaman yapilir.

Genel Toplantilar: Kurum iginde giindeme, katilime1
profiline ve siiresine bagli olarak farkli konularin

tartisildigl, Onceden belirlenmis bir diizene bagh
olmayan toplantilardir. Katilimcilar ve toplanti siiresi
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toplantinin kapsamina gore degisiklik gosterebilir. Bu
toplantilar sirket ici bilgilendirme, organizasyonel
gelismelerin  paylasilmasi, duyurular, calisan geri
bildirimlerinin alinmast ve genel degerlendirme
amaclariyla diizenlenmektedir. Toplantinin igerigi
giindem maddeleri dogrultusunda sekillendirilir,
alinan kararlar ve tartigmalar ilgili taraflara yazili
olarak iletilir.

3. ISTATISTIKSEL MUHENDISLIK YAKLASIMI

Kalite, hatasiz ve miisteri beklentilerini karsilayacak
veya asacak niteliklere sahip dogruluktur. Kalitenin etkileri
Tablo 2'de verilmistir. Istatistiksel siire¢ kontrolii (SPC), siireg
degiskenligini Olgmek ve yonetmek i¢in kullanilan ana
araglardan biridir (Montgomery, 2020). Cpk degeri, siirecin
spesifikasyon limitlerine uygunlugunu nicel olarak ortaya
koymaktadir (Gitlow ve digerleri, 2015).

Tablo 2. Kalitenin Etkileri

Misteri Uzerindeki Etkisi | Organizasyon Masraf
Uzerindeki Etkisi
Dogru Nitelikler Artan memnuniyet Daha vyiiksek gelir Yiiksek
Hatasiz Azalan memnuniyet Daha diigiik malivet Indirmek

Kalite yoOnetiminde {i¢ temel siire¢ vardir: Kkalite
planlamasi, kalite kontrol ve kalite iyilestirme. Her {i¢ siirecin de
ortak bir Ozelligi, ol¢iim ve verilere giivenme gerekliligidir.
Miisteri beklentilerini karsilayacak bir {iriin ve hizmet yaratmak
ve bu siirecin istenen nitelikler disinda bir ¢ikti vermemesini
saglayacak dilizenlemelerin yapilmasi ve gerekiyorsa oOnlem
alinmasi ancak somut 6l¢iim sonuglarina goére miimkiin olabilir.

Ham olarak alinan 6l¢iim sonuglart kendi baslarina bir
say1 yigimindan bagka bir sey degildir. Onlar1 anlamli kilmak, yani
verilerin sOylediklerini terciime etmek gerekir. Bu da ancak
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Olctimiin  belirli araglar  kullanilarak  sistematik  olarak
degerlendirilmesi ve ol¢lim sonuglari arasindaki iliskinin veya
iligkisizligin belirlenmesi ile miimkiindiir. Bu noktada her tiirli
tiretim siirecinin kontrolii i¢in kullanilan istatistik ve "istatistiksel
siire¢ kontrol" kavramlar1 karsimiza ¢ikmaktadir.

Istatistik kavrami bir iiriiniin tamamini kontrol etmek
yerine, iriinden 6rnek almak ve sonucglarina gore tirtin hakkinda
tahminlerde bulunmak i¢in kullanilan aragtir.

Kontrol kavrami, ger¢ek performansin Olgiilmesini ve
aradaki farka gore alinan 6nlem ile standart ile karsilastirilmasini
saglayan geri besleme dongiistidiir.

Istatistiksel siire¢ kontrolii, siirecteki degisikliklerin
Olciilmesi ve analizinde istatistiksel tekniklerin uygulanmasidir.

Istatistiksel kalite kontrol proses kalitesinin dl¢iilmesi ve
gelistirilmesinde istatistiksel tekniklerin uygulanmasidir. Bu
uygulama, istatistiksel siire¢ kontroliinii, tespit arac¢larini,
ornekleme planlarini ve diger istatistiksel teknikleri igerir.

Higbir triin veya oOzellik birbirinin aynist olamaz.
Islenmis {iriinlerin boyutlar/6zellikleri arasinda kiigiik bir fark
olsa bile birbirleri ile kiyaslandiginda mutlaka bir fark vardir.
Bu, spesifikasyonlarin neden sinirlar1 oldugunu agiklar.

Degiskenlik nedenleri bir¢ok kiiglik kaynaktan olusan ve
her siirecte tesadiifen farkli diizeylerde mevcut olan bu
degisimlerin tespit edilmesi ve diizeltilmesi zordur. Ancak
stirecteki  0zel nedenler ortadan kaldirldiktan sonra genel
nedenler zaman iginde stabil bir dagilim gosterdigi igin bu
nedenlerin azaltilmas1 gerekir. Degisikligin genel nedenlerine
ornek olarak; titresim, sicaklik, nem, voltaj dalgalanmasi vb.
Gosterilebilir. Degisimin spesifik nedenleri belirsiz bir kdkene
sahip, ongdriilemeyen ve diizensizdir. Onlem almmadig1 siirece
tekrarlarlar. Belirli nedenlerin ne zaman ortaya ¢iktigi bilinirse,
bunlar kolayca tanimlanabilir ve diizeltilebilir. Degigkenligin
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belirli nedenlerine bir Ornek olarak; takim kirilmasi, takim
asinmasi, gevseme korelasyonlari, makine bosluklari, rulman
asinmasi, malzeme sertligi, yetersiz egitimli operatdr vb.

Istatistiksel kontrol, degiskenligin belirli nedenlerini
ortadan kaldirarak siireci kontrol altinda tutmayr amaglar.
Kontrollii bir siire¢, degiskenligin belirli nedenleri ortadan
kaldirildiginda siirekli olarak dogal sinirlari i¢inde {irtinler {iretir.
Proses istatistiksel olarak kontrol ediliyorsa ve stirekli olarak
dogal simirlar iginde iirlinler iiretiyorsa, prosesin yeterliligini
belirlemek icin dogal limitler spesifikasyon limitleri ile
karsilastirilmalidir.

3.1. Istatiksel Veri Toplama ve Analizi

Istatiksel veriler, iiretimde is siirecinin veya iiriiniin
mevecut durumu hakkinda bilgi sahibi olmak, sorunun kritik
noktasint belirlemek, alternatif ¢oziimler bulmak, Ongdriilen
¢cOziimiin etkin bir sekilde calisip ¢aligmadigini belirlemek i¢in
kullanilir. Veriler iki gruba ayrilir:

- Nicel veriler: kalinlik, uzunluk, sicaklik, sertlik gibi
Olgiilebilir veriler.

- Nitel veriler: belirli bir o6zelligin varligi veya
numaralandirilmasiyla toplanan veriler. Ornek: iyi —
kotii, gecti — gecmedi, ¢atlak, kirik, ¢izik vb.

Uygun yontemlerle toplanan veriler, toplandigi gibi
kalirsa, say1 yiginlarmin disina ¢ikamaz ve siiregteki degisimler
anlagilamaz. Bu nedenle toplanan verilerin amaca uygun olarak
siniflandirilmasi,  degerlendirilmesi  ve  ifade  edilmesi
gerekmektedir. Cesitli istatistiksel teknikler mevcut durumu
anlamayi, karsilagtirmalar yapmay1 ve gelismeleri takip etmeyi
kolaylastirmaktadir. Bunlardan biri frekans diyagramidir.

Frekans diyagrami, verilerin birbirleri ile olan iliskilerini
ve egilimlerini gostermek i¢in kullanilir. Belirli bir 6zellikle ilgili
dagilimi kolayca gormemizi ve yorumlamamizi saglar. Toplanan
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veri sayisi arttikca frekans diyagramlar1 ¢izmek, okumak ve
yorumlamak zorlagir. Bu durumda, frekans diyagramlarini bir
cubuk diyagrama (histogram) doniistiirmek gerekir. Histogramlar,
tiim Ol¢lim setini, her 6l¢iimiin meydana gelme sikligin1 ve veri
setinin degiskenligini gosteren cubuk grafiklerdir. Prosesten
smiflandirilmamis  veriler toplandiginda, bu verilerin nasil
dagildigin1 ve ortalamanin nerede oldugunu goérmek ve siireci
spesifikasyonlarla karsilastirmak i¢in kullanilir.

3.2. Istatiksel Siire¢ Yontemi (SPC)

SPC yontemi, farkli sektorlerde faaliyet gosteren birgok
isletmede uygulanan ve Kalite Yonetim Sistemi (KYS)
stireclerini inceleyen nicel ve uygulamali bir arasgtirmadir.
Arastirma kapsaminda kalite yOnetim sisteminin siire¢ temelli
yapisi, belgelendirme semast, i¢ tetkik uygulamalart ve yonetsel
karar mekanizmalar1 gézlem yoluyla analiz edilmektedir.

Stireg  akislari, sahada dogrudan gozlemler yoluyla
cikarilmaktadir ve her isletmede kalite yonetim sistemi ile iligkili
stirecler;  girdi—silirec—¢ikti—kontrol ~ kriterleri mantig1 ile
modellenmektedir. Bu siiregler, standardin tiim maddeleri
referans alinarak degerlendirilir ve isletmelerin uyum diizeyleri
karsilastirmali olarak analiz edilir.

Ayrica isletmelerden elde edilen Istatistiksel Proses
Kontrol (SPC) verileri dogrultusunda, kritik {iretim siiregleri igin
proses yeterlilik katsayilar1 (Cpk) hesaplanir. Bdylece proses
performanslari olgiilebilir kalite gostergeleri ile
desteklenmektedir. Siire¢ kontrol cizelgelerinin sirket iginde
basarili ve etkin bir sekilde uygulanabilmesi igin istatistiksel siire¢
kontrolii i¢in uygun ortam yaratilarak ilgili personelin egitilmesi
gerekmektedir. Isleyisi, malzemesi, isleme yontemleri ve
makinesi iyi bilinmelidir. Kontrol edilecek ozellikler ¢ok iyi
se¢ilmelidir.
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3.3. Uretim Siireclerinin izleme ve Ol¢iimii

Isletmeler, istatiksel olarak yeterli olmayan veya kararsiz
olan karakteristikler igin kontrol planinda belirtilen reaksiyon
planin1 baglatmali ve spesifikasyonlara uyumu iizerindeki etkisini
degerlendirilmelidir. Bu reaksiyon planlari, uygun oldugunda,
Uriiniin tutulmasin1 ve yiizde yliz muayenesini igermelidir.
Kurulus tarafindan, siirecin kararli ve istatiksel olarak yeterli hale
gelmesini saglayacak bir diizeltici faaliyet plani; 6zel faaliyetler,
zamanlamayr ve atanmis sorumluluklar igerecek sekilde;
gelistirmeli ve uygulanmalidir. Gerektigi durumlarda, planlar
miigteri ile gdzden gegirilmeli ve miisteri tarafindan
onaylanmalidir. Isletmeler, siire¢ degisikliklerinin gecerlilik
tarihlerinin  kayitlarm1 muhafaza etmelidir. Onemli proses
olaylar;; Ornegin, takim degisikligi veya makine tamiri;
kaydedilmeli ve belgelenmis olarak bilgi muhafaza edilmelidir.

Istatiksel proses kontrol (SPC) ydntemi, kontrol kartlar1 ve
stireg yeterlilik katsayilarinin periyodik izlenmesiyle kullanilir.
Periyodik olarak toplanan veriler excelde girilerek Sekil 3’te
verilen normal dagilim egrileri olusturulur.
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Sekil 3. Kontrol Cizelgesi
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Sekil 3’te kontrol ¢izelge yorumlanirken kontrol limitleri
disinda isaretli hicbir nokta bulunmamaktadir; yalnizca limit
cizgisi lzerindeki isaretli noktalar hari¢ tutulmustur. Merkez
cizgisi lizerindeki noktalarin toplam sayisi, merkez c¢izgisinin
altinda yer alan noktalarin sayisina yakindir ve isaretli noktalar,
merkez c¢izgisinin lstiinde ve altinda rastgele bir dagilim
gostermektedir. Ayrica merkez ¢izgisinin herhangi bir tarafinda
yedi veya daha fazla noktanin ardisik olarak devam etmesi soz
konusu degildir. Kontrol limitlerine dogru giden yedi veya daha
fazla noktanin yukar1 veya asagi yonlii trend olusturmadigi
goriilmektedir. Noktalarin yalnizca ¢ok az bir kismi kontrol
limitlerine yakin konumlanmis olup biiyiik ¢cogunlugu merkez
cizgi etrafinda dagilmistir. Isaretli noktalarm &nemli bir kismi
merkez ¢izgisine yakin sekilde toplanmis ve diiz bir hat yapisi
gbzlemlenmemistir. Bu bulgularin hepsine olumlu yanit verilirse
proses kusursuzdur. En az birine olumsuz yanit veriliyorsa
proseste iyilestirmeler yapilmasi gerektigi goriilmektedir.

SONUC

Isletmede siire¢ yonetimi ve performans iyilestirmesine
yonelik miihendislik yaklagimlarini inceleyerek kalite yonetim
sistemlerinin etkinligi degerlendirilmistir. Siireclerin yalnizca
standartlarin gereklerini yerine getirmek amaciyla degil, ayni
zamanda isletmenin stratejik hedeflerine ulasmasina katki
saglayacak  sekilde yapilandirilmasi  gerektigini  ortaya
koymaktadir.

Arastirma kapsaminda siire¢ bazli yonetim yaklagiminin,
fonksiyonel yonetim anlayisina kiyasla miisteri memnuniyetini
artirmada ve rekabet avantaji saglamada daha etkin oldugu
goriilmiistiir.  Istatistiksel ~ siireg  kontrol  ydntemlerin
uygulanmasi, isletmelerin degiskenlik kaynaklarin1i daha net
tanimlamasina ve siireclerini kontrol altinda tutmasina imkan
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vermektedir. Bu durum hem maliyetlerin diigiiriilmesine hem de
triin/hizmet  kalitesinin  artirilmasina ~ dogrudan  katki
saglamaktadir.

Siireg  yonetimi  ve  istatistiksel = miihendislik
yaklasimlarinin entegrasyonunun bir igletmeye 6nemli avantajlar
sundugunu gostermektedir. Ozellikle endiistri ve makine
perspektifinden bakildiginda, kalite yonetim sistemleri yalnizca
bir belgelendirme araci degil, ayn1 zamanda stirekli iyilestirme
kiltiiriiniin ~ yaygimlastirllmasin1 ~ saglayan  stratejik  bir
mekanizma olarak degerlendirilmelidir. SPC, veri yonetimi ve
Onleyici faaliyetlerin etkinligi agisindan iyilestirme icin yer
oldugunu ortaya koymaktadir. Ozellikle, iiretim siireclerinde,
Olcim  sistemlerinde, egitim  seviyesinde ve  bakim
planlamasinda kullanilan makinelerin kalite ¢iktilar1 tizerinde
dogrudan etkisi oldugu gorilmiistiir.

Sonug¢ olarak, isletmelerin siirdiiriilebilir rekabet giicii
elde edebilmeleri igin siire¢ yonetimi ve performans Ol¢liimiinde
miihendislik temelli yaklasimlar1 sistematik bir sekilde
kullanmalar1 ~ gerekmektedir. Bu  yaklagim, miisteri
beklentilerinin daha etkin karsilanmasini, kaynaklarin daha
verimli kullanilmasini ve uzun vadede kurumsal basariya katki
saglayacak  sitirekli  iyilestirme  kiiltiirlinlin ~ olusmasinm
desteklemektedir ve kalite ydnetim sistemlerinin  sadece
belgelendirme odakli olmadigi ayn1 zamanda veri odakli ve siirekli
iyilestirme odakl1 bir yaklagimla ele alinmasi gerektigi bilinmektedir.
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HEDEF PROGRAMLAMA YONTEMI ILE
ETKIN SiRKET iCi PROJE LIDERi ATAMASI'

Nisanur KOLEOGLU?
Yunus EROGLU®

1. GIRIS

Modern sirketler, rekabet avantaji elde etmek ve
stirekliligi saglamak icin projelerini etkin bir sekilde yonetmek
zorundadir. Bu baglamda, dogru liderlerin projelere atanmasi
kritik bir 6neme sahiptir. Ancak, lider secimi ve gorevlendirme
stireclerinde bircok faktoriin dikkate alinmasi gerektigi i¢in bu
siire¢ karmagsik bir karar problemine doniisebilir. Lider se¢imi,
sadece bireysel yetkinliklerin degerlendirilmesi degil, ayni
zamanda bu yetkinliklerin projelerin spesifik gereksinimleriyle
uyumlu hale getirilmesini  gerektirir.  Proje  liderleri,
organizasyonun genel hedeflerine katkida bulunacak stratejik
kararlar alirken aym1 zamanda ekip tiyelerini etkin bir sekilde
yonlendirmelidir. Bu gereklilikler, lider se¢im siireglerini daha
karmasik hale getirmistir.

Bu c¢aligma, liderlerin bireysel yetkinliklerini projelerin
gereklilikleriyle eslestirerek yenilik¢i bir hedef programlama
modeli dnermektedir. Hedef programlama, birden fazla hedefin
ayni anda optimize edilmesini saglayan etkili bir matematiksel
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yontemdir. Bu yOntem, projelerin gereksinimlerine uygun
liderlerin se¢imini ve atanmasini sistematik bir yapiya oturtarak
karar verme siireclerinde Onemli iyilestirmeler sunmaktadir.
Ayrica, literatiirde yer alan liderlik kriterlerini ve projelerin
gereksinimlerini sistematik bir sekilde ele alarak, sirketlerin
proje yonetimi performansini arttirmayr amaglamaktadir. Bu
yaklasim, organizasyonel hedeflere daha hizli ulasmay1 ve is
stireclerini optimize etmeyi miimkiin kilmaktadir.

2. LITERATUR TARAMASI

2.1. Liderlik ve Proje Yonetimi

Giintimiizde liderlerin projelerdeki basariya katkilari,
yalnizca teknik yeterlilikleriyle sinirli kalmamaktadir. Liderlerin
ekip i¢indeki sosyal dinamikleri yonetme, catisma ¢dzme ve farkl
bakis agilarin1 bir araya getirerek ortak hedeflere yonlendirme
gibi becerileri de giderek onem kazanmaktadir. Ornegin, yapilan
bir caligmada, liderlerin kriz yonetimi becerilerinin, &zellikle
belirsizlik igeren proje ortamlarinda proje basarisini artirmada
belirleyici oldugunu gostermistir. Bu ¢alismada, liderlerin
esnekliginin  ve  adaptasyon  yeteneklerinin,  degisken
gereksinimlere sahip projelerde kilit rol oynadigi vurgulanmistir
(Zheng, Yuan, van Dijke, De Cremer, & Van Hiel, 2020).
Liderlerin stratejik diisiinme becerileri de son donemde literatiirde
one cikan bir diger 6nemli unsurdur. Stratejik diisiinme yetenegi
yiiksek liderlerin, proje siireclerini daha iyi yoneterek ekiplerini
bagartya yonlendirme konusunda iistiin performans sergiledigi
bulunmustur. Stratejik diisiinebilme yetenegi, liderlerin yalnizca
mevcut sorunlart ¢ézmekle kalmayip, aym1 zamanda gelecekte
ortaya cikabilecek zorluklar1 6ngérmelerine ve bu dogrultuda
proaktif stratejiler gelistirmelerine olanak tanir (Y. Yang, LI,
Liang, & Zhang, 2021). Ekip motivasyonu iizerine yapilan
arastirmalar da, liderlerin projelerdeki bagariya olan katkilarini
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aciklamak i¢in Onemli bir dayanak olusturmaktadir. Ekip
tiyelerinin motivasyon seviyelerini yiikseltmek, proje hedeflerine
ulagsmada kritik bir faktordiir. Bu baglamda, bir caligmada,
motivasyon odakli liderlik tarzlarmin, ekip performansi
tizerindeki etkisi incelenmis ve liderlerin empati, seffaflik ve
takdir mekanizmalarin1 etkili bir sekilde kullanmasinin ekip
icinde gl¢lii bir baglilhlk olusturdugu ortaya konmustur
(Hardeman, Homan, Chantarat, Davis, & Brown, 2022).

Liderlik becerilerinin KOBI performans: iizerindeki
etkisine odaklanan bir c¢alismada, liderlik becerilerinin
gelistirilmesinin  hem finansal hem de finansal olmayan
performansin artirilmasinda kritik bir rol oynadigi ortaya
konulmustur. Arastirmaya gore, liderlik tarzi, KOBI'lerin
basarisin1 dogrudan etkileyen 6nemli bir faktor olup, liderlerin
paydaslara duyarli olmasi, ekip icinde birlik olusturmast ve
caliganlara  yetki devretmesi gibi  ozelliklerin  KOBI
performansina olumlu katki sagladigi belirtilmistir. Bunun yani
sira, etik liderlik uygulamalarinin benimsenmesi, 6zellikle borg
yonetimi gibi is operasyonlarinda, KOBI'lerin siirdiiriilebilir
basarisina katki saglamaktadir. Etik davramisin, diirtstliik,
adalet, seffaflik ve etik degerlere uyum gibi unsurlar1 igerdigi
vurgulanmigtir (Kuan, 2021). Liderlerin iletisim becerileri ise,
proje yonetiminde basariy1 etkileyen bir diger temel faktordiir.
Etkili iletisimin ekip {yeleri arasindaki koordinasyonu
giiclendirdigini, bilgi akisini hizlandirdigini ve yanlis anlamalari
azalttigin1 vurgulamaktadir. Bu ¢alismada, liderlerin agik ve net
bir iletisim stratejisi benimsemelerinin, ekip iiyelerinin hedeflere
yonelik uyum i¢inde calismasini sagladigi ve proje sonuglarim
tyilestirdigi belirtilmistir. Ayrica, liderlerin dinleme becerileri,
ekip tiyelerinin goriis ve onerilerini dikkate alarak Kkarar
stireclerine dahil edilmesini kolaylastirmakta ve bu da proje
stireclerine  katilmi artirmaktadir (Ngo, Trinh, & Nguyen,
2022).
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Karmagik projelerde liderlerin adaptasyon yetenekleri,
degisen kosullara hizla uyum saglamay1 gerektirir. Yapilan bir
arastirma, adaptasyon yetenekleri yiiksek olan liderlerin, hizli
degisim gosteren proje gereksinimlerine ve beklenmeyen
zorluklara karsi daha etkili ¢ozlimler gelistirdigini ortaya
koymustur. Bu liderlerin esneklikleri, ekiplerin moralini yiiksek
tutarken, proje performansini artirici bir etki yaratmaktadir (N.
Yang, Chen, & (Frank) Wang, 2024). Ayrica, liderlerin karar
verme siireglerindeki etkileri de son yillarda detayli bir sekilde
arastirtlmistir. Liderlerin veriye dayali karar verme becerilerinin,
projelerin planlanmast ve wuygulanmasinda daha az hata
yapilmasini sagladigi bulunmustur. Bu tiir liderlerin hem teknik
hem de insani boyutlar1 dikkate alarak dengeli kararlar aldig1 ve
bu kararlarin ekiplerin genel performansina olumlu katki

sagladig belirtilmistir (Kaur & Singh, 2024).
2.2. Hedef Programlama

Cok amagh karar verme siireclerinde, alinmasi1 gereken
kararlar ¢ogunlukla birden fazla amaca ydnelik olma niteligi
tasir. Bazi amaglar birbiriyle uyumlu olabilirken, digerleri
arasinda celiskiler ortaya ¢ikabilir. Bu tiir durumlarda, tiim
hedeflerin es zamanl olarak saglanabilmesi i¢cin ¢ok amach
karar verme problemlerine uygun programlama modellerinin
kullanilmas: gerekmektedir. Bu modellerden biri olan Hedef
Programlama, ozellikle cok amacgli karar verme problemlerinin
¢oziimiinde yaygin bir yontem olarak one ¢ikmaktadir (Tamiz &
Jones, 1997). Hedef programlama yaklasiminda, amag kriteri
dogrudan maksimizasyon veya minimizasyon seklinde ele
alinmaz. Bunun yerine, belirlenen hedeflerden olan sapmalarin
minimize edilmesi hedeflenir. Dogrusal programlamada bu tiir
sapmalar "aylak degiskenler" olarak adlandirilirken, hedef
programlama baglaminda bu degiskenler daha anlamli bir rol
istlenir. Sapma degiskenleri, hedeflerden pozitif ve negatif
yonde gerceklesen sapmalar1 temsil edecek sekilde iki boyutta

44



Endiistri Miihendisligi Degerlendirmeleri

modellenir. Hedef programlamada amag¢ fonksiyonu, yalnizca
bu sapma degiskenlerine dayanarak olusturulur ve karar verme
siirecinde bu sapmalarin minimize edilmesi esas alinir. Bu
yaklasim, birden fazla amacin es zamanli olarak optimize
edilmesi gereken durumlarda etkin bir ¢6ziim yontemidir (E. H.
Ozder, 2015).

Hedef programlama, karar vericilerin istek ve
beklentilerini agik bir sekilde ifade eden amaglarin matematiksel
bir model igerisinde ele alinmasimi saglayan bir yaklasimdir.
Hedef, bu amacglarin somutlagtirllarak sayisal degerlere
dontistiiriilmiis halidir. Modelde yer alan karar degiskenleri, karar
vericilerin belirli bir problemi ¢ézmek icin degerini bulmak
istedikleri bilinmeyenleri ifade eder ve genellikle xj semboliiyle
gosterilir. Amag¢ fonksiyonu, belirlenen hedeflerden sapmalarin
minimize edilmesine yonelik olusturulan matematiksel bir
ifadedir. Hedef kisitlari, ulasilmasi istenen hedef degerlerini
temsil eder ve bu kisitlar esnek kisitlar olarak adlandirilir; ¢linki
hedeflerden sapmalar olabilmektedir. Buna karsilik, sistem
kisitlar;, sapmaya izin verilmeyen, kesin ve mutlak olarak
saglanmast gereken kisitlar1 ifade eder. Bu kisitlar, modelin
¢Ozlim siirecinde oncelikli olarak dikkate alinmalidir.

Modelde kullanilan sapma degiskenleri, di+ ve di—
sembolleriyle gosterilir ve belirli hedeflerin ne 0lgiide
basarildigini temsil eder. Bu degiskenler, gerceklesen deger ile
hedeflenen deger arasindaki farki ifade eder ve hedeflerin ne
kadar sapma ile yerine getirildigini analiz etmek i¢in kullanilir
(B. Ugakcioglu, 2017). Bu yaklasim, birden fazla hedefin
optimize edilmesi gereken karar verme problemlerinde etkin ve
esnek bir ¢6ziim yontemi sunar. Ayrica, hedef programlama ile
Analitik Hiyerarsi Stireci (AHP) gibi diger karar destek
yontemlerinin  birlikte kullanimi, lider sec¢imi siireclerinde
yaygin bir uygulama haline gelmistir. Ozellikle, liderlerin
yetkinliklerinin farkli agirliklarla degerlendirilmesi gerektiginde,
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bu iki yontem arasindaki entegrasyon, karar verme siirecini daha
giclii hale getirmektedir (Rocco, Morris, & Poell, 2024).
Bulantkk AHP yontemi kullanilarak gerceklestirilen  bir
calismada, bes aday arasindan en uygun akademik personelin
se¢cimi optimize edilmistir. Bu ¢alisma kapsaminda, adaylar hem
akademik hem de bireysel faktorler temelinde detayli bir sekilde
degerlendirilmistir. Analiz sonuglarina gore, degerlendirilen
kriterler dogrultusunda ikinci adayin en uygun se¢cim oldugu
belirlenmistir (Erkan & Erdebilli, 2012).

3. METODOLOJi

Bu model, liderlerin yalnizca teknik becerilerini degil,
projelerin basarisi icin kritik olan diger niteliklerini de dikkate
almayr amaglamaktadir. Model, varsayimsal olarak 5 proje ve
10 lider aday1 {izerine kurgulanmistir. Her bir liderin,
projelerdeki basariy etkileyen kisisel ve profesyonel nitelikleri
kapsamli  bir  sekilde  degerlendirilmistir.  Liderlerin
degerlendirilmesinde su temel kriterler kullanilmistir:

Liderlik Ozellikleri: Lider adaymin, ekip ydnlendirme,
karar alma ve stratejik hedeflere ulasma konusundaki
yetkinliklerini ifade eder. Liderlik becerileri, projelerin basariya
ulagsmasinda temel belirleyicilerden biridir.

Kisisel Ozellikler: Liderin giivenilirlik, 6z disiplin,
kararlilik ve stresle basa c¢ikma gibi 6zelliklerini igerir. Bu
ozellikler, ozellikle karmasik ve uzun vadeli projelerde liderin
etkisini artirmaktadir.

Ekip Calismasi1 Deneyimi: Lider adaymin ekip tliyeleriyle
etkili bir is birligi i¢inde calisabilme ve takim dinamiklerini
yonetebilme becerisini 6lger. Bu kriter, projelerin uyum icinde
ilerlemesini saglamak i¢in 6nemlidir.
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Acil Durum Kriteri: Kriz anlarinda hizli ve dogru
kararlar alabilme kapasitesini ifade eder. Bu, liderin degisen
kosullara uyum saglayabilmesi ve beklenmedik durumlari
yonetebilmesi agisindan kritik bir 6zelliktir.

Iletisim Becerisi: Liderin, proje ekipleri, paydaslar ve {ist
yonetimle etkili bir iletisim kurabilme yetenegini degerlendirir.
Iletisim becerisi, bilgi akisin1 hizlandirarak yanlis anlamalarin
Oniine geger ve proje hedeflerine odaklanmayi kolaylagtirir.

Modelin  kurgusunda, her bir projenin farkl
gereksinimleri goz Oniine alinarak, liderlerin bu kriterlerdeki
yetkinlikleri bir uygunluk matrisi tizerinden degerlendirilmistir.
Projelerin liderlerden beklentileri su sekilde 6zetlenmistir:

Yeni Uriin Gelistirme Projesi: Yiiksek liderlik 6zellikleri
ve kisisel ozellikler gerektirir.

Pazarlama Stratejisi Projesi: iletisim becerilerine ve
ekip caligmasi deneyimine dncelik verir.

Insan Kaynaklar Ilyilestirme Projesi: Liderlik, kisisel
ozellikler ve iletisim becerilerinde yiiksek seviyede yetkinlik
talep eder.

Finansal Planlama Projesi: Acil durum kriteri ve ekip
calismasi deneyimine odaklanir.

Dijital Doniigiim Projesi: Teknik bilgi ile liderlik ve
iletisim becerilerinde denge saglar.

Her bir liderin yetkinlikleri ve projelerin ihtiyaglar
arasindaki  uyum, bir uygunluk matrisi  araciligiyla
degerlendirilmis ve lider-proje eslestirmeleri bu matris temel
aliarak yapilmistir. Bu yaklasim, projelerin gereksinimlerini en
1yl karsilayan liderlerin atanmasini saglayarak, projelerin basari
oranini artirmay1 hedeflemektedir.
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3.1. Kullanilan Veriler

Bu calisma kapsaminda, liderlerin projelere atanmasinda
kullanilacak karar verme siirecinin bilimsel ve sistematik bir
yaklagimla vyiiriitiilmesi amaglanmugtir. Liderlerin, projelerdeki
basarisini etkileyen farkli niteliklerin analiz edilmesi ve her bir
liderin belirli kriterler {izerinden degerlendirilmesi i¢in bir Tablo
1 olusturulmustur. Bu tablo, liderlerin sahip oldugu yetkinliklerin
sayisal olarak ifade edilmesine ve projelerin gereksinimlerine
uygun liderlerin segilmesine olanak saglamaktadir. Liderlerin
liderlik ozellikleri (LO), kisisel dzellikleri (KO), ekip calismasi
deneyimi (CD), kriz yonetimi becerisi (KYB), iletisim becerisi
(IB) ve ortalama puan (OP) gibi énemli faktorler, projelerin
basar1 oranini artiran temel unsurlar olarak belirlenmistir.

Tabloda yer alan her bir lider, bu kriterler agisindan
sistematik bir degerlendirmeye tabi tutulmustur. Projelerin
gereksinimleri dogrultusunda liderlerin yetkinlik diizeylerinin
Olciilmesi, projelerde ihtiya¢ duyulan liderlik 6zelliklerinin en
iyi sekilde karsilanmasini saglamay1 amaglamaktadir. Ozellikle
farkli projelerin gerektirdigi niteliklerin ¢esitliligi, lider-proje
uyumunun saglanmasinda kritik bir rol oynamaktadir. Bu
baglamda, olusturulan tablo hem projelerin ihtiyaglarinin hem
de liderlerin yetkinliklerinin analitik bir ¢er¢evede ele alinmasini
miimkiin kilmaktadir.

Tablo 1. Lidere ait 6zellik degerlendirmesi

LO KO ECD KYB IB OoP

L1 4 4 5 7 2 4,4
L2 3 4 5 2 6 5,6
L3 7 2 3 4 3 3.8
L4 2 2 3 5 3 3,0
L5 1 4 4 5 3 3,4
L6 5 5 3 3 3 3.8
L7 6 7 9 7 5 6,8
L8 3 3 2 2 3 3,0
L9 4 5 5 5 5 4.8
L10 3 2 4 7 4 4,0
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Projelerin bagar1 oranini artirmak ve projelere en uygun
liderlerin atanmasini saglamak amaciyla, her bir projenin belirli
kriterlere olan ihtiya¢ diizeylerini sistematik bir sekilde
degerlendirmek igin Tablo 2 olusturulmustur. Bu tablo,
projelerin gereksinim duydugu liderlik niteliklerini analitik bir
yaklasimla degerlendirmek i¢in bir temel saglamaktadir. Her bir
proje, igerik ve hedefleri dogrultusunda farkli liderlik
yetkinliklerini onceliklendirmektedir. Tablonun
hazirlanmasinda, projelerin basartyla yliriitiilmesi i¢in gerekli
olan lider o6zellikleri ve yetkinlikler titizlikle analiz edilmistir.
Bu tablo, projelerin gereksinimlerini biitiinciil bir yaklasimla ele
almakta ve liderlerin bu ihtiyaglara uyum diizeylerini analiz
etmeye olanak tanimaktadir. Lider-proje eslestirmesinde
kullanilan bu sistematik yaklagim, projelerin gereksinimlerini en
uygun lider yetkinlikleriyle eslestirerek basari oranini artirmay1
hedeflemektedir.

Tablo 2. Projelerin kriterlere gore ihtiyaclar

LO KO ECD KYB iB
Yeni Uriin Gelistirme (P1) 7 7 5 5 3
Pazarlama Stratejisi (P2) 5 3 6 9 7
Finansal Planlama (P3) 5 5 3 9 3
Insan Kaynaklar1 (P4) 9 8 7 5 9
Dijital Doniisiim (P5) 7 3 5 7 3

Liderlerin projelere uygunluk tablosunu olustururken,
her liderin sahip oldugu yetkinlikler ile projelerin gereksinimleri
arasinda bir karsilastirma yapilmigtir. Bu siirecte, kriterlerin
projeler iizerindeki onemi dikkate alinarak agirliklandirilmis bir
puanlama ydntemi kullanilmustir. Liderlik Ozellikleri kriteri,
projelerin basariya ulagsmasinda 6nemli bir rol oynadigi i¢in en
yiiksek agirliga sahip olup, toplam degerlendirme igerisinde
%30 oraninda etkili olarak belirlenmistir. Kisisel Ozellikler, bir
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liderin bireysel kapasitesini ve projenin gereksinimlerini
karsilayabilme potansiyelini yansittig1 i¢cin %20’lik bir agirliga
sahiptir. Benzer sekilde, bir liderin Ekip Calismasi Deneyimi de
projelerin takim dinamiklerine uyum saglamasi acgisindan %20
oraninda 6nemli kabul edilmistir. Kriz Yonetimi Becerisi, kriz
yonetimi ve hizli karar almay1 gerektiren durumlar i¢in yine
%20 agirhginda degerlendirilmistir. Son olarak, liderlerin
Iletisim Becerisi, projelerde etkin bir bilgi akis1 ve koordinasyon
saglama agisindan %10’luk bir agirlik ile modele dahil
edilmistir. Liderlerin projelere uygunlugu, liderlerin bireysel
beceri puanlart ile projelerin kriter gereksinimlerinin bir ¢arpan
etkisiyle birlestirilmesi sonucu hesaplanmistir (Denklem 1).

Uyj = Y= (Lik * Py 1)
Burada: Uij: i. lider ile j. proje arasindaki uygunluk
skoru, Lik: i. liderin k. kriterdeki puani, Pjk: j. projenin

kriterdeki agirhigi ve k = 1,2, 3,4, 5 degerlendirme kriterlerini
temsil etmektedir.

Liderlerin projelere genel uyumu ise denklem (2)’de
goriilecegi lizere 1-9 arasinda oOlceklendirmek amaciyla
normalize edilmistir.

Ui
Nij - max(]Uij) *9 (2)
Burada: Nij : i. lider j. proje ¢ifti i¢in normalize edilmis

skoru, Uij, uygunluk skorunu, max(Uij) tim uygunluk skorlar
arasindaki en yiiksek degeri, Katsayr 9 ise Ol¢eklendirme
amaciyla kullanilan degeri temsil etmektedir. Boylece normalize
aralik 0-9 dlgegine doniistiiriilmistiir.

Liderlerin  projelere  uygunlugunu  Tablo  3’te
gosterilmistir. Puanlar, liderlerin yetkinliklerinin projelerin
gereksinimleriyle eslesme diizeyini ifade etmektedir. Bu sayede,
projelere en uygun liderlerin atanmasi hedeflenmektedir.
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Tablo 3. Liderlerin projelere uygunluklar:

P1 P2 P3 P4 P5
L1 7.0 7.4 7.6 5.2 7.8
L2 6.3 6.5 6.1 5.1 6.3
L3 7.4 6.2 6.8 5.6 7.8
L4 6.1 6.1 6.7 43 6.5
L5 6.0 5.6 6.2 4.2 6.0
L6 7.2 6.4 7.8 5.4 6.8
L7 7.3 6.7 6.5 6.7 6.9
L8 6.0 6.8 7.4 4.2 7.2
L9 75 7.1 7.3 6.1 7.1
L10 6.1 7.1 7.1 45 7.3

Kurumsal projelerin  basarisi,  yalnizca  teknik
gereksinimlerin Kkarsilanmasiyla degil, aynm1 zamanda dogru
liderlerin dogru projelere atanmasiyla dogrudan iliskilidir. Bu
dogrultuda, projelerin stratejik Onemine, organizasyona
katkisina ve gerektirdigi liderlik yetkinliklerine goére bir
degerlendirme yapilmistir. Bu ¢alismada, Tablo 4’te goriilecegi
tizere her proje i¢in 1-10 arasinda bir 6nem derecesi belirlenmis
ve projelerin  Onceliklendirilmesi  saglanmistir. ~ Projelerin
onceliklendirilmesi, sinirlt liderlik kaynaklarimin en verimli
sekilde dagitilmasi1 saglamak, organizasyonel hedeflere
ulagsmay1 hizlandirmak ve stratejik 6neme sahip projelere dogru
liderleri  yonlendirmek i¢in  krittkk bir adimdwr. Bu
onceliklendirme yaklagimi, proje liderlerinin atama siirecini
optimize etmeye ve organizasyonun stratejik hedeflerine en
uygun liderleri yonlendirmeye yardimci olacaktir.
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Tablo 4. Projelerin 6nceliklendirmeleri

Puan Gereken Yetkinlikler
Yiiksek liderlik
Yeni Uriin Gelistirme (P1) 9 ozellikleri, kisisel
Ozellikler

fletisim becerileri, ekip

Pazarlama Stratejisi (P2) 8 L
calismasi deneyimi
Liderlik, kisisel

Finansal Planlama (P3) 8 Ozellikler, iletisim
becerileri

Insan Kaynaklar1 (P4) 7 Acil durum k“tpf“’.eklp
calismasi deneyimi

Dijital Déniisiim (P5) 7 Teknik bilgi, liderlik ve

iletigim becerileri

3.2. Matematiksel Model

Bu calismada, liderlerin farkli projelere en uygun sekilde
atanmasini amaclayan ¢ok kriterli bir optimizasyon modeli
gelistirilmistir.  Model, hem projelerin belirli yeterlilik
diizeylerini saglama gereksinimini, hem de liderlerin is
yiiklerinin dengeli dagilimini dikkate almaktadir.

Modelde agagidaki karar degiskenleri tanimlanmastir:

Xij € {0,1}: Eger lider i, proje j’ye atanmissa 1,
atanmadiysa 0 olur.

Penaltyij > 0: Lider i’nin proje j’nin gereksinimlerini
karsilayamamasi durumunda uygulanan ceza degeridir.

di+, di— > 0: Lider i’nin is ylki{iniin ortalama is
yiikiinden fazla (di+) veya az (di—) olma durumlarini ifade eder.

Bu degiskenler, liderlerin atanma durumlarini, yeterlilik

sapmalarmi ve is yiikii dengesizliklerini sayisal olarak temsil
etmektedir.
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Calismada kullanilan parametreler ise asagidaki gibidir;

Sij: Lider i’nin proje j i¢in sahip oldugu toplam yeterlilik
puani.

Tjk: Proje j’nin k kriterindeki minimum gereksinim
diizeyi.

wy: Kriter kK’nin agirligidir; 6rnegin, liderlik veya iletisim
becerisi gibi.
L- : Ortalama lider basina diisen proje sayisidir. Bu

modelde toplam 5 proje ve 10 lider bulundugundan L~ = 0.5
olarak alinmistir.

a, p, y : Sirastyla, uygunluk farki, ig ylikii sapmasi ve
yeterlilik cezasima verilen agirliklardir. Bu katsayilar, karar
vericilerin hangi amaci ne kadar 6nemsediklerini ifade eder.

Amag, liderlerin projelere atanmasindaki toplam
uyumsuzlugun minimize edilmesidir. Bu uyumsuzluk, her
liderin sahip oldugu yetkinliklerin, projelerin gereksinimleriyle
ne kadar ortiistiigli ile olgiiliir. Bu uyumsuzluk, her lider-proje
eslesmesi icin bir uyumsuzluk degeri hesaplanarak toplamda
minimize edilir. Bu amag Denklem (3)’te ifade edilmistir.

minZ = 11=01 lezl 215<=1Wk' |Tk - Sijl'Xii +
B X2 (df +di) +yXi2 Xj, Penaltyy (3)

Amag fonksiyonundaki bilesenler asagidaki sekilde
sekildedir:

Uygunluk  Farki: 1k terim, liderin  proje
gereksinimlerinden ne kadar sapma gosterdigini 6lger. Sapma ne
kadar azsa, atama o kadar isabetlidir. Bu farklar mutlak deger
bi¢ciminde hesaplanir ve kriter agirliklar1 ile carpilarak 6nem
sirasina gore katkilart belirlenir.
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Is Yiikii Dengesizligi: Ikinci terim, her bir liderin proje
dagiliminda ortalamadan ne kadar saptigini gosterir. Burada
amag, bazi liderlere ¢ok fazla, bazilarima ise ¢ok az gorev
verilmesini  engelleyerek dengeli bir is yiki dagilm
saglamaktir.

Yeterlilik Cezasi: Ugiincii terim, bir liderin proje icin
gereken toplam kriter puaninin altinda kalmasi durumunda

modelin ceza uygulamasimi temsil eder. Bu ceza sayesinde,
sistem yetersiz eslesmeleri caydirir.

Modelin kisitlart ise asagidaki gibi belirlenmistir:

i1=01 Xl] = 1 ) V] € {1, ,5} (4)
1 X <3, Vie{1,..,10} (5)
Xy — L =df —di v (6)

215(=1 Wk - SI]XI] + Penaltyi]- = 215(=1 Wk- T]kX” Vi,j

(7)
Xi; € {0,1}, Penalty; >0, di",di =0 (8)

Her proje i¢in sadece bir lider atanabilir. Her projenin
yalnizca bir lideri olmalidir, bu da her projenin yalnizca bir
liderle eslestirilmesi gerektigini belirtmektedir. Formiilasyonu
Denklem (4)’de verilmistir.

Liderlerin toplam c¢alisma yiikii dengelenir. Liderler
arasinda adil bir is yiikii dagilimi saglanmalidir. Her liderin ayni
anda en fazla ti¢ projede gorev alabilmesi saglanir. Bu, liderlerin
asirt 1§ yilkkline maruz kalmasini engeller. Formiilasyonu
Denklem (5)’te verilmistir.
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Denklem (6), her bir liderin toplam proje yiikiiniin
ortalama degerden sapmasini pozitif ve negatif bilesenlerine
ayirir. Boylece model is yiikii dagilimint dengeli tutmaya calisir.

Denklem (7), her liderin belirli bir projeye atanabilmesi
icin gerekli minimum yetkinlik seviyesini karsilamasini saglar.
Kisit, liderin bir projeye atanip atanamayacagini belirlerken,
liderin yetkinliklerinin  bu minimum seviyeyi saglayip
saglamadigini kontrol eder.

Modelin degigkenleri ikili (atanmig/atanmamis) ve
stirekli (ceza, sapma) degiskenlerdir. Denklem (8)’de belirlenen
tanim kiimeleri bu tiirleri netlestirir.

Bu yap1, karar vericilere hem projenin ihtiya¢ duydugu
liderlik kriterlerinin karsilanmasimni hem de liderlerin adil bir
sekilde gorevlendirilmesini saglayacak bicimde esnek ve giiclii
bir karar destek sistemi sunmaktadir.

4. SONUC VE TARTISMA

Bu caligmada, liderlerin projelere atanmasini ¢ok kriterli
karar verme yapisinda ele alan matematiksel bir optimizasyon
modeli gelistirilmistir. Model, liderlerin projelere atanmasinda
iic temel hedefi birlikte optimize etmeyi amaclamaktadir.
Yetkinlik gereksinimleri ile lider uygunlugu arasindaki farki
minimize etmek, 1§ yiikiinii liderler arasinda dengeli dagitmak ve
minimum yetkinlik kosulunu saglamayan atamalar i¢in ceza
tanimlamak. Gelistirilen model, 10 lider ve 5 projeden olusan bir
veri kiimesinde test edilmis ve tiim projelere birer lider atamasi
basariyla gergeklestirilmistir.

Hedef programlama yontemi ile gelistirilen model,
birden fazla hedefin ayni anda optimize edilmesini saglayarak,
liderlerin projelere atanmasinin sadece uyumlulugunu degil,
ayni zamanda projelerin gereksinimlerini karsilayan en verimli
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¢Oziimiin bulunmasini da saglamaktadir. Model, liderlerin belirli
projelerdeki potansiyel performansini ve proje gereksinimlerinin
karsilanabilirligini Olcerek, sirketlerin karar alma siireglerini
daha nesnel ve hesaplanabilir bir temele dayandirmistir. Bu tiir
bir optimizasyon, proje yonetimindeki karmagikliklar1 ve
belirsizlikleri azaltarak, organizasyonlarin daha stratejik ve
bilingli ~ se¢imler = yapmalarina  olanak  tanimaktadir.
Optimizasyon sonucunda elde edilen lider-proje eslesmeleri
Tablo 5’te verilmistir.

Tablo 5. Projelere lider atanma durumu

Projeler Atanan Liderler
Yeni Uriin Gelistirme (P1) Lider 10
Pazarlama Stratejisi (P2) Lider 4
Finansal Planlama (P3) Lider2
Insan Kaynaklar1 (P4) Lider 7
Dijital Doniigiim (P5) Lider 5

Her proje icin sadece bir lider atanmis ve bu kisit tam
olarak saglanmistir. Model, 10 lider arasindan yalnmizca 5’ini
atamis, kalanlar1 atamamistir. Bu durum, ¢6ziimiin yalnizca
uygunluk puanmna degil, ayn1 zamanda yetkinlik seviyesini
saglama ve is yiikii dengesine dayandigini gosterir.

Sekil 1°de her bir liderin atandigi projedeki toplam
agirlikli uygunluk puami ile projenin gerektirdigi yetkinlik
seviyesi arasindaki farki gostermektedir. Bu sekil, modelin nasil
calistigin1 agiklamak agisindan 6nemlidir; zira bazi projelerde
(mesela Proje 4), gereksinimler ¢ok yliksek olmasina ragmen
lider havuzundaki segenekler simirli kalmis ve model bu
durumda en az cezayi verecek atamay1 tercih etmistir.
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Sekil 2. Proje zorlugu ve lider uygunlugu

Sekil 2’de, projelerin zorluk diizeyleri ile atanan
liderlerin uygunluk skorlar1 karsilagtirmali olarak sunulmustur.
Bu analiz, 6zellikle yiiksek zorluk seviyesine sahip projelere en
yiiksek uygunlukta liderlerin atanmasi yoOniindeki model
egilimini gostermektedir. Korelasyonun genel olarak pozitif
yonli olmasi, modelin temel hedef fonksiyonlariyla tutarli
sonuglar iirettigini gdstermektedir.

Sonug¢ olarak gelistirilen model, yalnizca her projeye
lider atanmasini garanti altina almakla kalmamis, ayn1 zamanda
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cok boyutlu karar kriterlerini dikkate alan esnek ve gergekei bir
yap1 sunmustur. Atamalar hem liderin bireysel yeterliligi hem de
proje gereksinimlerinin toplam dengesi g6z Oniine alinarak
gerceklestirilmistir. Model, farkli lider havuzlar1 veya degisen
proje gereksinimlerine uyarlanabilecek sekilde genellenebilir
yapidadir.
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NEUROERGONOMICS AND MENTAL
WORKLOAD: A BIBLIOMETRIC ANALYSIS
WITH A BERT TOPIC MODELING

Nazmiye ELIGUZEL!

1. INTRODUCTION

Contemporary work environment, marked by rising
automation and intricate human-machine interactions, has
highlighted the issue of cognitive overload, emphasizing its vital
role in maintaining safety and efficiency in modern workplaces.
Although being a young science, Human Factors and
Ergonomics has  experienced  rapid  conceptual  and
methodological advancement. The "cognitive revolution,” a term
that emerged in the United States during the peak of
behaviorism, underscores how a succession of pivotal cognitive
studies from the 1950s profoundly influenced ergonomics and
other disciplines (Miller, 2003). This cognitive shift
subsequently facilitated the emergence of neuroergonomics, a
field that integrates neuroscience methodologies with ergonomic
concepts. Neuroergonomics, characterized as the study of brain
function and behavior in occupational settings (Parasuraman,
2003), is improbable to trigger a comprehensive "neuroscience
revolution" that displaces conventional human factors and
ergonomics ideas and methodologies. Neuroscience is a
scientific field that encompasses the anatomy, physiology,
biochemistry, and molecular biology of the nervous system,
with particular emphasis on the interplay between the

! Asst. Prof. Dr., Gaziantep Islam Science and Technology University, Faculty of

Engineering and Natural Sciences, Department of Industrial Engineering,
nazmiye.eliguzel@gibtu.edu.tr, ORCID: 0000-0001-6354-8215.
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neurological system, behavior, and learning. It is a branch of
biology that focuses on the brain and the central nervous system.
Neuroergonomics examines the brain, the paramount element of
the nervous system, and endeavors to apply insights and
advancements from neuroscience to the work environment
(Biyikli & Kizilkaya Aydogan, 2015). Neurophysiological
instruments, such as electroencephalography and magnetic
resonance imaging along with associated conceptual
understandings, are anticipated to refine and elucidate critical
yet ambiguous concepts, including mental workload (Cegarra et
al., 2017). These approaches enhance our comprehension of
cognitive processes and provide avenues for the development of
adaptive, brain-inspired human-machine systems. Human
mental workload is arguably one of the most commonly
referenced multidimensional concepts in Human Factors and
Ergonomics, receiving increasing attention in both Neuroscience
and Neuroergonomics (Longo et al., 2022). It is a multifaceted,
dynamic, and individual-specific phenomenon, reflecting the
complex interaction between task demands, cognitive resources,
and environmental factors. Although neuroergonomics and
mental workload have gained growing scientific attention, a
comprehensive understanding of how these research streams
have evolved conceptually, thematically, and collaboratively
remains limited. Previous works have largely concentrated on
experimental studies or domain-specific applications without
examining the overall intellectual structure of the field. To fill
this gap, the present study employs a bibliometric analysis to
explore the scholarly landscape of neuroergonomics and mental
workload. Using the Bibliometrix package in R, the analysis
identifies key contributors, influential journals, collaboration
patterns, and thematic evolution within the field. This systematic
approach provides a comprehensive understanding of how
research in neuroergonomics and mental workload has
developed conceptually and collaboratively over time. In a
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complementary step, we also applied BERTopic (using
Sentence-BERT embeddings, UMAP dimensionality reduction,
and class-based TF-IDF) to extract latent topics and keyword
clusters at the document level, thereby revealing coherent
thematic structures, such as EEG-based performance modeling,
vigilance under environmental demands, and fNIRS-based
prefrontal workload assessment and enabling triangulation
between network-level bibliometric patterns and text-level
themes. Together, the bibliometric indicators and BERTopic
results clarify who contributes, how research networks are
structured, which themes dominate the literature, and where
emerging directions and conceptual intersections lie within the
neuroergonomics—mental workload nexus. Before presenting the
results, we briefly outline the theoretical underpinnings of
neuroergonomics and mental workload, highlighting how their
integration shapes contemporary human factors research.

2. THEORETICAL FRAMEWORK

To thoroughly understand the conceptual framework and
thematic evolution of neuroergonomics and mental workload
literature, a robust comprehension of the theoretical foundations
of these interconnected concepts is essential. This section is
initially explore the foundational principles and methodologies
of neuroergonomics, then addressing different aspects of mental
workload. Ultimately, it is examine the synergy generated at the
intersection of these two fields and how this combination
influences contemporary human factors research.

2.1. Foundation Principles of Neuroergonomics

Neuroergonomics is the examination of brain and
behavioral functions within occupational settings, emphasizing
the comprehension of neural mechanisms that govern perceptual
and cognitive processes including perception, attention,
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memory, decision-making, and planning in relation to practical
technologies and environments (Hardy, 2021). It combines
principles from ergonomics, neuroscience, and human factors to
produce significant insights into brain activity and human
behavior in real-world contexts (Mehta & Parasuraman, 2013).
Neuroergonomic measurement approaches are fundamentally
dependent on brain imaging techniques. Commonly utilized
brain  imaging  techniques in  the literature are
Electroencephalography (EEG), Positron Emission Tomography
(PET), functional Magnetic Resonance Imaging (fMRI), and
functional Near-Infrared Spectroscopy (fNIRS) (Adem et al.,
2019). EEG records neural activity through voltage fluctuations
on the scalp and can monitor continuous brain wave patterns, or
oscillations, across different frequency bands that reflect mental
states, as well as event-related potentials generated in response
to external stimuli (Brandt-Rauf & Ayaz, 2024). The PET
approach provides active brain areas by assessing neuronal
metabolic activity (Adem et al., 2019). fMRI measures brain
blood flow and elucidates the regions engaged during cognitive
tasks (Adem et al., 2019). fNIRS is a technique that yields
insights into brain activity by detecting the concentrations of
oxyhemoglobin and deoxyhemoglobin in tissues (Biyikli &
Kizilkaya Aydogan, 2015). These neuroimaging techniques
collectively offer significant insights into the brain systems that
underpin human cognition and performance, establishing the
empirical basis of neuroergonomic research.

2.2. Mental Workload

Mental workload is typically described as the amount of
cognitive effort necessary to accomplish a task (Babaei et al.,
2025). The concept of mental workload emerges when operators
encounter intricate activities necessitating split or continuous
concentration, whereby minor mistakes can yield significant
repercussions. It is similarly pertinent in repetitive tasks, when
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diminished stimulus impairs alertness and performance.
Consequently, optimal, not minimal, cognitive workload levels
are crucial for attaining peak human performance (Prasetyo &
Iridiastadi, 2025). Mental workload significantly influences
performance in high-risk sectors such as aviation, transportation,
medicine, and construction (Diarra et al., 2025). In the medical
field, increased mental workload among physicians has been
correlated with heightened error rates (Byrne, 2013; Mazur et
al., 2014). In the construction sector, mental workload functions
as a psychological stressor (Umer, 2022) that may lead to
accidents caused by inattentional blindness (Chen et al., 2016).
Similarly, in extensively automated industrial environments, the
intricacy of tasks and the existence of several human-machine
interactions  significantly increase mental workload and
perceived stress among operators (Kumar & Lee, 2022).
Maintaining an optimal level of mental workload is therefore
essential not only for minimizing human error but also for
enhancing situational awareness, decision-making, and overall
system reliability.

2.3. Interrelation of Neuroergonomics and
Mental Workload

Mental workload has long been linked to ergonomics
and human factors research focused on performance in safety-
critical environments (Young et al., 2015). All human activities
involve cognitive processing and therefore entail some level of
mental workload (Longo et al., 2022). Mental workload in
human factors research has two primary functions: evaluating
the relationship between humans and task or system demands,
and forecasting performance deterioration in safety-critical
scenarios. However, the discipline encounters difficulties in
establishing a reliable correlation between workload metrics and
performance results due to the intricate dynamics of human-task
interaction. A further challenge is in the persistent dependence
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on resource models with limited capacity to elucidate these
linkages (Dehais et al., 2020). Over the past three
decades, significant progress has enhanced our comprehension
of the brain systems that govern attention and human
performance. This advancement has been primarily driven by
the emergence of advanced and portable neuroimaging
technologies that provide non-invasive monitoring of the "brain
at work." Neuroergonomics has emerged as a multidisciplinary
discipline that investigates the correlation between brain
function and human performance in both occupational and
everyday contexts, stemming from these technological
advancements. The main aim is to integrate theories and
principles from ergonomics, neurology, and human factors to
enhance our comprehension of how neurological processes
affect behavior and performance in everyday environments
(Dehais et al., 2020; Parasuraman, 2008). The intersection of
neuroergonomics and mental workload provides a
comprehensive framework for examining the cognitive
mechanisms underlying human performance. This synergy
enables the conversion of neural insights into practical
ergonomic applications, bridging the gap between brain research
and real-world task design.

3. METHODOLOGY

This research maps the academic field of
neuroergonomics and mental workload using a bibliometric
analysis utilizing the Bibliometrix package in R, identifying
principal contributors, prominent publications, collaborative
networks, and topic progression. In conjunction, we utilize
BERTopic, employing Sentence-BERT embeddings, UMAP,
and class-based TF-IDF to extract document-level latent topics
and keyword clusters, therefore uncovering cohesive thematic
structures.
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3.1. Bibliometric Analysis
A Scopus query run on October 05, 2025 with the

targeted terms ‘“neuroergonomics” and “mental workload”
generated a dataset of 102 items. Using the open-source
Bibliometrix package in R and its Biblioshiny frontend (Aria &
Cuccurullo, 2017), we carried out all bibliometric and network
analyses to provide a reproducible and comprehensive portrayal
of the literature. Figures 1-6 depict yearly publication output,
average citations per year, most relevant words, emerging trend
topics, keyword co-occurrence networks, and the major thematic
structures in the field.
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Figure 1. Documents per year in the field
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Average Citations per Year
Citations

Figure 2. Average citations per year

Figure 1 and Figure 2 delineate the evolution of the field
from its inception to its maturity. The output consists of three
phases: Formative (2003-2014) characterized by few and
irregular publications (<3 papers/year); Growth (2015-2018)
marked by a significant increase to over 12 papers by 2018; and
Mature  (2018—present) exhibiting consistent  although
fluctuating high output influenced by conferences, special
issues, and funding cycles. Citations exhibit a Lifecycle of
Impact: an initial peak around 2008, influenced by some key
works during a period of low volume, followed by
normalization and maturity (2009—present) as publication counts
increase and average impact stabilizes. A recent minor decline
probably indicates a citation lag for more recent publications.
The field transitioned from a niche driven by a few important
publications to a stable, well-established community

characterized by high, consistent output and moderated average
citations.
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Figure 3. Most relevant words in the field

Figure 3 presents the dot plot of the top 10 keywords in
neuroergonomics and mental workload shows a clear hierarchy
consistent with prior analyses. (1) Human-centric focus:
“human” (39) leads, supported by “human experiment” (23),
“humans” (23), “adult” (21), “female” (20), and “male” (20),
indicating participant-based studies. (2) Methodological core:
“electroencephalography” (35) and “EEG” (25) total 60
mentions, confirming EEG as the dominant neurophysiological
tool. (3) Outcomes of interest: “task performance” (20) and
“cognition” (18) underscore performance and cognitive states as
primary dependent variables. Overall, the field centers on EEG
applied to human subjects to assess cognition and task
performance, defining the domain’s core structure.
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Figure 4. Trend topics over time in the field

Figure 4 indicates trend topics (2008—present) by plotting
keywords against time: dot position = average publication year,
size = frequency, and horizontal line = span of use. Three phases
emerge. (1) Early foundations (pre-2016): “review” (~2010) and
“eye movements” (~2013) dominate, reflecting consolidation
via behavioral measures before widespread neurophysiology. (2)
Mature core  (R2016-2019): large, frequent terms,
human/humans/human experiment and
electroencephalography/EEG  cluster here, alongside the
maturation of task performance, ergonomics, and brain-
computer interface. (3) Recent/emerging (2020—present): right-
shifted terms—performance, physiological measurement,
procedures—(avg. >2022) signal broader performance
constructs, multimodal physiology, and more standardized
protocols. Notably, fNIRS peaks around 2021, indicating rising
adoption relative to the slightly earlier EEG peak. Overall, the
field progresses from foundational synthesis, through EEG-
centered consolidation, to methodological expansion.
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Figure 5. Keyword co-occurrence network in the field

Network analysis indicates a three-cluster organization
of the field. The Human Performance and Cognition cluster
(green) forms the conceptual core, represented by terms such as
human, task performance, cognition, mental performance, and
eye tracking, and it maintains strong ties to the other clusters,
underscoring the ultimate focus on evaluating the human
element. The EEG-Based Methods and Applications cluster
(blue) is centered on electroencephalography (EEG) and
connects to brain—computer interface, machine learning,
human—computer interaction, and stress, highlighting
computational approaches that classify states such as stress and
cognitive load from EEG data. The fNIRS and Neuroimaging
cluster (red) focuses on functional near-infrared spectroscopy
(fNIRS), closely associated with neuroimaging, prefrontal
cortex, neurophysiology, and hemodynamics, and emphasizes
hemodynamic responses—particularly in the prefrontal cortex—
relevant to executive functions and workload assessment.
Collectively, this structure shows that two primary
neurophysiological measurement technologies, EEG and fNIRS,
are applied to a shared conceptual core of human performance
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and cognition, with human task performance operating as a
critical bridge between methodological advances and practical
applications—evidence of the field’s strongly interdisciplinary
integration of engineering and neuroscience within human
factors.
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Figure 6. Thematic map in the field

Figure 6 displays a thematic map positioning research
themes by Relevance (Centrality) on the x-axis and
Development (Density) on the y-axis. Higher centrality denotes
themes that are more integral and connective; higher density
indicates stronger internal coherence. Four quadrants emerge.
Motor Themes (upper-right) are both central and well
developed: clusters such as human/human experiment/humans
and ergonomics/neuroimaging confirm a mature, human-
centered experimental core. Basic Themes (lower-right) are
important but less cohesive, with
electroencephalography/EEG/task performance functioning as
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foundational, cross-cutting tools. Niche Themes (upper-left) are
specialized yet well developed, e.g., brain—-computer
interface/human factors/electrophysiology coherent but more
peripheral. Emerging/Declining Themes (lower-left) are weakly
developed and  marginal; clusters like  cognitive
monitoring/human—-machine  interaction/multimodal likely
indicate emerging fronts, while the fNIRS cluster (brain/near-
infrared spectroscopy) appears as an emerging or less integrated
methodology relative to EEG. Overall, the map depicts a
mature, human-subject core grounded in EEG and task-
performance analysis, alongside specialized niches (e.g., BCI)
and nascent multimodal directions.

3.2. BERT Topic Modeling

BERT, introduced by Devlin et al. (2018) in 2018, is a
transformer-based model consisting of stacked encoder blocks
that utilize attention mechanisms to capture linguistic context.
The text undergoes tokenization, with each token being assigned
a contextualized vector in BERT's output. Utilizing Sentence-
BERT embeddings, UMAP for dimensionality reduction, and
BERTopic  with  class-based TF-IDF, our analysis
decomposed the corpus into three primary topics: EEG-based
modeling of cognitive function, vigilance and task performance
under environmental constraints, and fNIRS-based evaluations
of prefrontal workload.

First topic — EEG Markers of Cognitive Workload and
Performance in Applied Settings: Framed as “EEG Markers of
Cognitive Workload and Performance in Applied Settings,” this
stream uses EEG to quantify cognitive processing and task
performance in realistic or semi-ecological, ‘“work-like”
environments. The research focuses on task demands, attentional
allocation, learning outcomes, and performance prediction,
typically extracting power-spectral indices (e.g., alpha-theta
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dynamics), event-related potentials, and connectivity measures,
then mapping these features to performance with supervised
models. Applications encompass operator state monitoring,
evaluating training efficacy, designing adaptive human-machine
interactions, and forecasting performance in safety-critical
contexts.

Second topic — Vigilance and Task Performance under
Environmental Constraints: The topic can be summed up as
"vigilance and task performance under environmental
constraints,” focusing on sustained attention paradigms where
environmental factors, such as noise, complexity, or
multitasking affect vigilance, speed-accuracy trade-offs, and
fatigue. This approach  methodologically integrates
psychometric vigilance assessments with reaction-time and
accuracy measurements, as well as oculomotor indicators (e.g.,
saccade latency, fixation metrics), occasionally in conjunction
with physiological signals. The insights guide control room
operations, flight simulation, and surveillance duties, directing
rest break design and adaptive interface regulations.

Third topic — fNIRS-Based Evaluations of Prefrontal
Workload: The topic titled “fNIRS-based evaluations of
prefrontal workload” measures prefrontal cortex activation
during cognitive activities, focusing on working memory,
situational awareness, and the impacts of display modality. The
resulting applications encompass real-time workload monitoring
for human-machine interaction design, training evaluation, and
dual-task assessment in environments conducive to motion-
tolerant sensing.

In summary, the combined bibliometric and topic
modeling analyses reveal that research on neuroergonomics and
mental workload has evolved into a mature, multidisciplinary
domain grounded in the integration of neuroscience and human
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factors. The bibliometric results highlight a human-centered
experimental foundation, dominated by EEG and increasingly
supported by fNIRS, while the topic modeling findings
demonstrate three coherent research streams addressing
cognitive  workload = measurement,  vigilance  under
environmental constraints, and prefrontal activation patterns.
Collectively, these results underscore a clear way toward
multimodal, context-aware, and data-driven approaches that
advance the understanding of how neural activity and cognitive
performance interact in complex operational settings. This
convergence of neurophysiological measurement and applied
ergonomics not only enriches theoretical insight but also lays the
groundwork for adaptive, brain-informed system design in
future human-machine interaction research.

4. CONCLUSION

This study provided a comprehensive mapping of the
neuroergonomics and mental workload research domain
utilizing a combined bibliometric and topic modeling
methodology. The bibliometric study delineated the intellectual,
collaborative, and thematic framework of the area, uncovering a
robust human-centered basis supported by neurophysiological
techniques such as EEG and fNIRS. The results demonstrate
that research has evolved from initial behavioral studies to a
developed, interdisciplinary field connecting neuroscience,
human factors, and ergonomics. The topic modeling analysis
clarified the conceptual structure of the literature by revealing
three predominant research directions: EEG-based modeling of
cognitive workload and task performance, vigilance and
attention within environmental constraints, and fNIRS-based
assessments of prefrontal activation and workload. These topics
collectively demonstrate the increasing transition towards
multimodal, ecologically valid, and data-driven methodologies
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for comprehending cognitive processes in  everyday
environments.

Overall, the results emphasize that neuroergonomics
serves as a bridge between neuroscience and applied
ergonomics, providing methodologies and structures for
evaluating and enhancing human performance in complex
systems. Subsequent research should further this integration by
utilizing artificial intelligence and real-time neurophysiological
data to create adaptive, brain-informed systems that improve
safety, productivity, and well-being in more automated
workplaces.
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ZIHINSEL IS YUKU OLCUMUNUN
ONEMI VE NASA-TLX YONTEMIi

Ozge MUCUK'
Bahar OZYORUK?

1. GIRIS

Glinlimiiz c¢alisma ortaminda is yiki tanimi, hem
calisanlarin refahin1 hem de is verimliligini etkileyen ana
unsurlardan biri haline gelmistir. Eskiden is yiikii denildiginde
genellikle fiziksel giig, enerji harcamasi ve bedensel caba akla
gelirdi fakat sanayi devriminin getirdigi teknolojik degisim ile
birlikte, makineler insanlarin fiziksel ylikiinii 6nemli ve biiyiik
Olclide azaltmistir. Bu gelisme, is yiikii kavraminin akisinm
fiziksel ¢cabadan zihinsel ¢abaya dogru evirmistir.

Modern caligma ortamlarinda ¢alisanlar artik fiziksel
giicten ¢ok dikkat, hafiza, problem ¢ézme ve karar verme gibi
becerilerini gelistirmek zorunda kalmaktadir. Bu sebeple is
yiikiiniin  degerlendirilmesi sadece yapilan isin Olciisiiyle
miktariyla degil, calisan kisinin zihinsel kapasitesine olan
etkisiyle de iliskilendirilmektedir. (Young & Stanton, 2002).

Isletmeler  verimliligi  artirmaya, ¢alisanlar ise
istlerindeki is yiikiinli azaltarak daha dengeli ve calisilabilir bir
diizen kurmaya ¢abalamaktadir. Bu nedenle, is yiikiiniin dogru
Olclilmesi hem {iretkenligi yiikseltmek hem de calisanlarin
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tilkenmislik, stres ve hata riskini azaltmak agisindan biiyiik
Onem tasir. (Hart & Staveland, 1988).

Zihinsel is yiikii, calisanin bir gorevi yerine getirirken
harcadig1 biligsel ¢cabanin, mevcut zihinsel kapasitesiyle olan
iliskisini tanimlar. Bagka bir deyisle, c¢alisanin dikkat, hafiza,
karar verme ve problem ¢O6zme becerilerini hangi Olgiide
kullandigiyla ilgilidir. (Eme¢ & Akkaya, 2018). Zihinsel is
yiikiiniin  yiiksek olmasi, performansin diismesine, hata
oranlarinin artmasina ve tiilkenmislik hissine yol agabilirken;
disik diizeyde olmasi da motivasyon kaybit ve dikkatin
dagilmas1 gibi kotii sonuclar dogurabildigi goriilmektedir.
(Gonen Ocaktan, Karaoglan & Akga, 2021).

Bu sebeple, zihinsel is yiikiiniin 6l¢lilmesi hem caligan
verimliligini artirmak hem de is giivenligi ve refahin1 saglamak
acisindan biiyiilk 6neme sahiptir. Literatiirde zihinsel calisma
yiikiinli degerlendirmek amaciyla fazlasi ile yontem gelistirilmis
olsa bile, NASA-Task Load Index (NASA-TLX) yontemi,
pratikligi ve ¢cok boyutlu yapisit nedeniyle en yaygin kullanilan
yontemlerden biri olmustur. (Hart & Staveland, 1988; Tosun &
Yilmaz, 2023).

NASA-TLX yontemi ¢alisanin bir isi yerine getirirken
hissettigi yiikii alt1 boyutta degerlendirir: zihinsel talep, fiziksel
talep, zamansal talep, performans, ¢aba ve rahatsizlik. Bu
boyutlar, calisanin ise iligkin 6znel algisini yansitir ve zihinsel is
yiikiiniin farkli yonlerini derin bir sekilde analiz etmeyi saglar.
(Colak & Esen, 2023).

Ulkemizde yapilan degisik arastirmalarda NASA-TLX
yontemi havacilik, saglik, miihendislik ve yazilim alanlarinda
yaygin olarak kullanilmistir. Ornegin; saglik sektoriinde yapilan
bir ¢alismada, doktorlarin zihinsel is yiikii diizeylerinin 6zellikle
“zaman baskis1” ve “performans beklentisi” alt boyutlarinda
yiiksek oldugu goriilmiistiir. (Tosun & Yilmaz, 2023).
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Bu kitap boliimiinde is yiikii kavrami ve zihinsel is
yiikiiniin Onemine binaen O&l¢lim yontemlerine deginilerek
NASA-TLX yonteminin diger zihinsel is ylki Ol¢im
yontemlerinden belirgin farklarindan bahsedilecektir.

2. 1S YUKU NEDIR?

Is yiikii, basit bir tanimla calisanin isini yaparken
harcadig1 fiziksel, zihinsel ve duygusal cabalarin tamamudir.
Ancak bu kavram sadece yapilan isin miktarini degil, kisinin o
isi nasil algiladigim1i  da kapsamaktadir. (Cakici, 2013)
Gilintimiizde ise gelisen teknoloji ve dijitallesmenin etkisiyle is
yiikii fiziksel cabadan ¢ok zihinsel ¢abaya evrilmistir.

Turhan’a (2001) gore is yiikii; calisana verilen gorevlerin
sayisi, zorlugu, siiresi ve karmasikligr gibi etmenlerle belirlenir.
Gorevlerin bu yonlerden yogunlagmasi, ¢alisanin algiladig ytikii
artirir. Uysal (2015) bu durumu iki boyutta agiklar: niceliksel is
yiikii, yapilmasi1 gereken is miktarini; niteliksel is yiikii ise isin
zorluk derecesi ve biligsel caba diizeyini ifade eder.

Her calisan aslinda ayni olan isleri farkli sekilde
anlayabilir. Deneyim, bilgi, stresle basa ¢ikabilme, ilgi alan1 ve
motivasyon gibi kisisel faktorler is yiikii hissini direk etkiler.
(Kanbur, 2016). Bu sebeple is yiikii sadece gorevlerin sayisiyla
degil, calisanin psikolojik ve biligsel becerileriyle de ilgilidir.

Asir1 is yiikiliniin olmasi1 ¢alisanda yorgunluk, hata oram
ve stres diizeyini fazlasiyla artirirken, ¢ok diisiik 15 yiikii de
siradanlik ve iste motivasyon kaybina neden olabilir. (Tath &
Akin, 2017). Bundan dolay1 is yiikiiniin ¢alisganin kapasitesine
gore dengelenmesi hem calisgan refah1 hem de is verimliligi
agisindan oldukga 6nemlidir.
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3. ZIHINSEL i$ YOKU OLCUM
METODOLOJILERI

Zihinsel is ylikiiniin dogru bir sekilde Ol¢iilmesi hem
calisan performansinin hem de sistemin dogru analiz
edilebilmesi i¢in ¢ok dnemlidir. Giliniimiizde zihinsel is yiikiinii
belirlemek i¢in kullanilan yontemler genel olarak ii¢ ana grupta
toplanir: 6znel (subjektif) yontemler, fizyolojik yontemler ve
performans temelli yontemler. (Colak & Esen, 2023; Eme¢ &
Akkaya, 2018).

3.1. Oznel Yontemler

Oznel yontemler ile calisanin kendisinde hissettigi is
yiikiinlii degerlendirir. Bu yontemler calisanlarin deneyimlerini
dogrudan Olger bu sebeple hizli ve uygulamasi kolaydir. En
yaygin kullanilan yontemlerden biri NASA-TLX yoOntemidir.
NASA-TLX; zihinsel, fiziksel ve zamansal boyutlarin yan1 sira
performans, caba ve rahatsizlik boyutlarii da degerlendirir.
Ankete katilanlar bu boyutlara 0 ile 100 arasinda puan verir ve
sonugta genel zihinsel is ylikiiniin puan1 elde edilmis olur. (Hart
& Staveland, 1988).

3.2. Fizyolojik Yontemler

Fizyolojik yontemler, c¢alisanin gorevi yaparken
gosterdigi bedensel tepkileri ve ugrasini Olgerek zihinsel is
yiikiinii dolaylt bicimde hesaplamayr amaglar. Kalp atis hizi,
deri iletkenligi, goz hareketleri, beyin dalgalar1 (EEG) ve kan
basinci gibi biyolojik bulgulari kullanir. Keles (2022) tarafindan
yapilan ¢alismada, cerrahlarin zihinsel is yiikii diizeyleri islevsel
beyin goriintilleme (fNIRS) yontemiyle degerlendirilmis ve
operasyon siiresince artan biligsel cabanin beyin aktivitesine
dondiigli goriilmistiir. Bu tiir yontemler bize yliksek dogruluk
saglar fakat uygulama siireci karmasik ve oldukc¢a maliyetlidir.
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3.3. Performans Temelli Yontemler

Performans  temelli  Ol¢iimler, c¢alisanin  gorevi
tamamlama siiresi, hata orani veya tepki siiresi gibi sonuglara
odaklanir. Temel olarak 1is yiikkii arttikca performansin
diisecegini savunur. Elbette bu iliski her zaman dogrusal
degildir. Baz1 durumlarda deneyimli bir ¢alisanin yogun gegen is
temposunda  bile istikrarli  bir sekilde ¢alisabildigini
gosterebilmektedir. Bu nedenle, performans temelli yontemler
genellikle 6znel veya fizyolojik yoOntemlerle birlikte
kullanilmaktadir ki bizlere dogru sonug versin. (Génen Ocaktan,
Karaoglan & Akca, 2021)

4. NASA-TLX YONTEMININ DiGER
YONTEMLERDEN EN BELIiRGIN FARKLARI

Zihinsel is yilkiini O6lgmek i¢in kullanilan degisik
yontemler olmasina ragmen NASA-TLX (Task Load Index) bu
yontemler arasinda en kapsamli ve uygulanabilir olanidir. Bu
yontemin en Onemli farki ise is yikiinii tek bir boyutta degil,
birbirinden farkli alti bilesenden degerlendirmesidir: zihinsel
talep, fiziksel talep, zamansal talep, performans, caba ve
rahatsizlik. Bir den fazla boyutlu yaklasim, is yiikiinii yalnizca
“ne kadar zorlayictydi1?” seklinde degil, ‘“hangi yOniiyle
zorlayictyd1?” biciminde analiz etmeyi saglar. Bu yoniiyle
NASA-TLX, diger tek boyutlu ya da genel degerlendirme
yontemlerinden farklidir. (Hart & Staveland, 1988).

Bir diger onemli fark ise NASA-TLX yonteminin
katilime1 merkezli bir degerlendirme yapisina sahip olmasidir.
Katilimcilar, her alti boyutu da hem 6nem derecesine hem de
kendi algilarina gére puanlar. Bu 6zellik sayesinde bu yontem
diger yontemlere gore daha 6znel ve kisiseldir. Her c¢alisanin is
yiikiinii farkli algilayabilecegi gergegi goz Oniine alindiginda, bu
yaklasim Ol¢limiin  giivenilirligini artirmaktadir. (Eme¢ &
Akkaya, 2018).

84



Endiistri Miihendisligi Degerlendirmeleri

NASA-TLX yontemini uygulamakta oldukc¢a kolaydir.
Fizyolojik yontemler (6rnegin EEG, kalp atim hiz1 ya da goz
hareketi Olgiimleri) yiiksek dogruluk sunsa da, laboratuvar
kosullar1 ve maliyet agisindan zorluklar barindirir. NASA-TLX
yontemi ise kisa slirede uygulanabilen, diisiik maliyetli ve genis
katilimer gruplarinda bile kullanilabilirdir. Bu yonleri ile hem
akademik caligmalarda hem de saha uygulamalarinda tercih
edilmektedir. (Colak & Esen, 2023).

Yontemin bir diger belirgin farki ise veri analizine olan
esnekligidir. NASA-TLX verileri, yalnizca ortalama puanlarla
degil; agirliklandirilmis skorlarla da analiz edilebilir. Giincel
calismalarda bu veriler, bulanik mantik ve ¢ok kriterli karar
verme  yaklagimlariyla  birlestirilerek ~ yorumlanmaktadir.
Boylece, klasik 6znel 6l¢iim yontemlerinden ¢ok daha analitik
bir yap1 ortaya g¢ikmaktadir. (Gonen Ocaktan, Karaoglan &
Akga, 2021; Colak & Esen, 2023).

Ozetleyecek olursak NASA-TLX yonteminin diger
yontemlerden temel farklari; ¢ok boyutlu yapisi, 6znel katilimi
esas almasi, uygulama kolayligi, analitik esnekligi, diisiik
maliyete sahip olmast ve sonuglar1 ile is tasarimina katki
saglayan yonleridir.

5. SONUC

Zihinsel, fiziksel ve zamansal taleplerin yani sira
performans, ¢aba ve rahatsizlik gibi alti boyutu igeren NASA-
TLX yontemi c¢alisanda olusan 1is yikiini kolaylikla
Ol¢ebilmektedir. Giliglii  yonii  farkli  meslek gruplarinda
kolaylikla uyarlanabilmesidir. Saglik, iiretim, havacilik, yazilim
ve mithendislik gibi alanlarda bir ¢cok ¢alisma yapilmistir.

Bunun yani sira, NASA-TLX verilerinin ¢ok kriterli
karar verme ve bulanik mantik gibi analitik yontemlerle
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birlestirilebilmesi, yontemi giincel veri analiziyle de uyumlu
hale getirmistir. (Gonen Ocaktan, Karaoglan & Akca, 2021).

Zihinsel is yiikiinliin dogru olarak dl¢iilmesi, modern is
ortamlarinda sadece bir arastirma konusu degil, ayn1 zamanda
insan verimliligini ve is giivenligini korumanin temel kosuludur.
Ciinkii her gorev, calisan iizerinde farkli diizeylerde zihinsel
baski olusturur ve bu baskinin 6l¢iilememesi, hem performans
kaybina hem de tiikenmislige yol agabilmektedir.

Bu baglamda NASA-TLX yontemi, zihinsel is ylikiini
degerlendirmede en etkili araglardan biri olarak One
cikmaktadir. Yontem; zihinsel, fiziksel, zamansal talep,
performans, ¢aba ve rahatsizlik gibi alt1 farkli ag¢idan analiz
yaptig1 i¢in sadece “darbogaz var mi?” sorusunu degil,
“darbogaz nereden kaynaklaniyor?” sorusunu da yanitlar.
Boylece arastirmacilara ve yoneticilere yalnizca bir Olgiim
sonucu degil, karar verme ve iyilestirme firsat1 da sunar.

NASA-TLX yonteminin en degerli yani ise Ol¢limii
insanin algisina gore sonuglandirmasidir. Calisanlarin kendi
deneyimlerini yansitmalarina imkan taniyarak, is ylkiiniin
kisisel boyutlarin1 gériiniir kilar. Bu sayede, ayn1 gorevin farklh
calisanlar icin farkli zorluk seviyesine sahip oldugunu ortaya
cikarir. Bu sonu¢ gorev dagilimi, vardiya planlamasi ve is
tasarimi gibi siireglerde dnemli bir yol gdsterici olur.

Sonu¢ olarak NASA-TLX yontemi zihinsel is ylikiinii
Olcmekten ote, insan1 merkeze alan bir degerlendirme yapar.
Calisanin zihinsel kapasitesiyle gorevleri arasindaki dengeyi
goriiniir hale getirir. Bu denge saglandiginda yalnizca iiretkenlik
degil, calisan refah1 ve kurumsal siirdiiriilebilirlik de artar.
Kisacasi, NASA-TLX yontemi zihinsel yiikiin sayisal bir
degerden ibaret olmadigini, dogru olgiildiigiinde is yasamini
daha saglikli ve verimli hale getirebilecek bir gii¢ oldugunu
bizlere gostermektedir.
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ARTIFICIAL INTELLIGENCE
TRANSFORMING ENERGY SYSTEMS:
A CONCEPTUAL AND INTERDISCIPLINARY
PERSPECTIVE

Kiibra Nur SAHIN'

1. INTRODUCTION

The global energy transition, climate action initiatives,
and the digitalization of infrastructure are key forces reshaping
conventional energy systems. In recent years, population
growth, industrialization and the widespread adoption of
technology have substantially increased global energy demand.
The rising energy demand has intensified the environmental
burden of fossil fuel-dominated energy production, accelerating
greenhouse gas emissions thereby amplifying the risks linked to
global climate change.

Technological advancements particularly the emergence
of Internet of Things (loT) based sensors and communication
devices have enabled real-time, high-resolution monitoring of
energy consumption and generation. The integration of I0T data
with artificial intelligence (Al) and cloud computing
technologies has facilitated the development of smart grids.

A smart grid is essentially an electricity distribution
network that integrates operational, informational, and
communication technologies into a unified system. It enables
real-time, two-way information exchange at every stage, from
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energy production to consumption, thus creating a sustainable,
secure, and energy-efficient network.

Smart grids utilize advanceded information technology
platforms such as 10T sensors, cloud analytics, and distributed
control algorithms to transform the traditional transmission and
distribution network into a network that can both be traced and
controlled in real time.By measuring generation, storage, and
consumption at every node continuously with high frequency,
the network operator is able to monitor and also control the grid
operations, thereby ensuring the reliability and resilience of the
grid in spite of the inherent variability of renewable resources
such as wind, solar, and biogas.

Their core functions include enabling the active
participation of end-users, ensuring the full integration of
distributed energy resources and storage units, and supporting
wide-area communication infrastructure such as servers,
gateways, and network systems.

To coordinate all their compontences simultaneously in
real time, smart grids require comprehensive energy
management systems which perform demand-response and
dynamic pricing operations to optimizing both energy utilization
and coordination.

In this context, loT-enabled smart grids encourage the
adoption of renewable energy technologies and contribute to
reducing the carbon emission by enabling real time monitoring
the grid operations. Decarbonizing energy networks not only
accelerates progress toward climate objectives but also paves the
way for a sustainable, intelligent, and resilient energy future.

Due to the constant flow of real-time data and the
increasing complexity of decentralized energy systems,
traditional control and optimization techniques are becoming
more ineffective. Systems with the ability to learn, adapt, and
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make decisions on their own are vital for managing such
dynamic and stochastic environments. The loT-enabled smart
grids systems are enhanced by artificial intelligence (Al), that
transforms massive data streams into practical information that
facilitates autonomous, adaptive, and intelligent energy
management.

2. CONCEPTUAL FOUNDATIONS OF Al IN
ENERGY SYSTEMS

2.1. From Automation to Intelligence

The development of energy systems demonstrates an
ongoing transformation from rule-based and mechanical
automation to intelligence that is adaptable and learning-based.
Early electrification automation was mostly dependent on
deterministic control rules and fixed control parameters, which
were established to maintain grid efficiency and stability under
clearly defined and quite predictable circumstances. Traditional
optimization methods, programmable logic controllers (PLCs),
and supervisory control and data acquisition (SCADA) systems
were developed to react to disruptions or variations in demand
using pre-programmed responses. Despite being effective in the
context of centralized energy generation and unidirectional
power transmission, these traditional techniques offered limited
flexibility in addressing the stochastic variability introduced by
the intrinsic characteristics of renewable energy sources.

Power systems nowadays operate in a completely
different environment due to the growing use of distributed
energy resources (DERs), prosumer engagement, and
bidirectional energy flows. These advancements resulted in
environments that are more complex than those that can be
handled by classic energy management frameworks, with high
data intensity, frequent uncertainty, and real-time decision
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requirements. The consequence is a shift from classic automated
architectures to intelligent architectures in energy management
systems. Data-driven decision-making has been made possible by
the digital transformation of the energy sector, which has been
fueled by advancements in computational power, communication
protocols, and sensing technologies (Wang, 2011).

In this regard, Al based approaches serves as the
enabling approach for reaching the next level of adaptability.
Artificial intelligence, through the use of perception,
reasoning, and learning, radically changes energy management
beyond what is possible with deterministic control logic
approaches. The evolution of a system from automation to
intelligent management is essentially the expansion of the
energy networks which are resilient, adaptive, and robust and
can, therefore, achieve the technical, environmental, and
economic goals of future energy systems simultaneously. In
fact, the use of Al in energy systems is a paradigm shift that
takes them out of their traditional static, rule-based frameworks
and turns them into dynamic, evolving ecosystems which
continuously improve their efficiency by employing
intelligence for data analysis.

2.2. Dimensions of Artificial Intelligence in
Energy Systems

Perception, reasoning, and action are three interconnected
elements that can be used to conceptualize Al in energy systems.
These factors combine to create the framework for intelligent
behavior in sophisticated data driven systems (Russell & Norvig,
2022).

Perception is a term which referes the ability of the
system to senese and comprehend its working environment.
With the real time data of the grid infassturucuture gathered
through 10T sensors and communication devices enable
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perception in smart grids (Davis, 2008). Effective perception
provides the informational foundation for adaptive
management by bridging the digital and physical layers of
girds.

Reasoning refers to the analytical and cognitive
processes by which Al systems convert raw data into usable
knowledge. ML, DL, and RL models are widely used to uncover
hidden patterns, detect causal linkages, and produce forecasting
(Ghahramani, 2015). Forecasting, anomaly detection, optimal
power scheduling, and real-time  decision support
mechanisms are all developed with reasoning in energy systems.

Perception and reasoning insights are translated into in
action that represents the decision and control functions of Al.
Intelligent controllers convert analytical findings into adaptive
actions such as demand response, distributed power
generation coordination, or storage planning using optimization-
based decision systems. This process functions independently in
comprehensive  Al-based systems, guaranteeing effective
performance in both decentralized and complex systems.

These dimensions are connected by feedback loops,
which is referred as cognitive loop (Albus, 1991). Through
continuous learning and engagement, the system can improve
its performance and evolve in time. As a result, Al builds a
foundation for resilient, sustainable, and self-optimizing energy
systems.

Al in smart grids redefines the concepts of optimization
and control by integrating cognitive processes into energy
management. In that way, these systems become proactive and
responsive instead than reactive, striking a balance between
sustainability goals and operational efficiency. As discussed in
the next section, this conceptual framework provides the
foundation for comprehending how Al changes traditional
decision and optimization paradigms.

93



Endiistri Miihendisligi Degerlendirmeleri

3. DECISION AND OPTIMIZATION
FRAMEWORKS

3.1. Classical Decision Paradigm

Traditional energy management systems have mainly
employed rule-based and deterministic optimization techniques
for decision-making. The purpose of these traditional
paradigms was to provide grid reliability, cost reduction, and
stability in comparatively anticipated circumstances. Decision-
making processes in centralized power systems were usually
focused on single-objective optimization, which aims to
minimize loss or cost while meeting operational and physical
requirements (Conejo, Carrion, & Morales, 2010). Methods
including rule-based control logic, dynamic programming,
linear programming, and mixed-integer linear programming
(MILP) comprised the analytical foundation of energy
management systems. Based on static demand and generation
projections, deterministic algorithms carried out scheduling
and dispatch while Supervisory Control and Data Acquisition
(SCADA) platforms acquired data.

Despite their success in traditional, centrally coordinated
grids, these methods were created with the fundamental
assumptions of perfect knowledge, limited uncertainty, and
fixed decision windows (Bertsimas & Tsitsiklis, 1997). These
assumptions limit system flexibility when addressing distributed
generation, prosumer engagement, and variations in renewable
energy generation. The inability of deterministic optimization to
dynamically incorporate uncertainty makes it challenging to
handle stochastic inputs, including wind speed, solar irradiance,
and changing market pricing (Morales et al.,, 2014). The
significance of these limits increases as energy systems move
toward decentralization.

94



Endiistri Miihendisligi Degerlendirmeleri

With the introduction of stochastic and robust
optimization  frameworks, which incorporated worst-case
scenarios or probabilistic distributions into decision-making
processes, uncertainty was partially addressed (Ben-Tal &
Nemirovski, 2002). Although the flexibility of these models was
increased, they are still dependent on pre-established statistical
structures and are unable to instantly adjust to changing
conditions. Similarly, although rule-based control systems are
straightforward to establish, they rely mostly on specific
knowledge and need to be adjusted frequently when grid
circumstances change. Therefore, rather than anticipating changes
through learning or predictive intelligence, classical decision
models typically function in a reactive manner, responding to
changes after they occurred.

In conclusion, classical optimization and control
techniques have a solid mathematical basis but are inevitably
restricted in terms of responsiveness, scalability, and flexibility.
They are unable to effectively manage distributed and data-
intensive modern energy ecosystems due to their reliance on
centralized processing and assumptions. These limitations
underscore the need for cognitive and adaptive decision systems,
where learning and real-time adaption capabilities are added to
classical models by Al, an evolution discussed in the following
section.

3.2. Cognitive and Adaptive Decision Systems

The drawbacks of traditional decision framework require
the use of cognitive and adaptive decision systems as energy
systems  evolve  toward increased  decentralization,
unpredictability, and interactivity. Such installations combine
statistical analysis, Al, and feedback elements with energy
management systems in a way that allows them to learn from
past instances, adjust to new circumstances, and also make
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decisions by themselves in real-time (Siano, 2014). Cognitive
decision frameworks interactively revise their internal models
through perpetual data acquisition and learning, thereby, they
are able to improve the quality of their choices over a period of
time as compared to deterministic optimization that is dependent
on preset parameters.

A major component of decision-making in dynamic
scenarios is not knowing the precise details beforehand and
having to acquire the knowledge through experience. These are
circumstances where the strategies of the algorithms keep
changing based on the outcomes they receive.. Among these,
deep reinforcement learning (DRL) and reinforcement learning
(RL) have become powerful models for energy management in
real time. Reinforcement learning (RL) systems work by
interacting with their surroundings, getting feedback in terms of
rewards or penalties, and then adjusting control policies as
necessary (Mnih et al., 2015; Wei, Wang, & Zhu, 2017). RL and
DRL methods have been used in smart grids to control demand
response, manage battery energy storage systems, improve
energy dispatch, and coordinate distributed generation (Glavic,
Fonteneau, & Ernst, 2017). Energy systems with integration of
these techniques can shift from reactive control to proactive
intelligence.

Human-in-the-loop mechanisms is another characteristic
that can be integrated in Al-driven decision-making
frameworks. Complicated and highly sensitive operations can be
enhanced by human expertise, which may help to ensure moral
alignment, precision, and accountability). For real-world
implementation in energy infrastructure, trust and accountability
are fostered by this mutually beneficial interaction between
human judgment and machine learning.
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Essentially, cognitive and adaptive decision systems
represent the fusion of decentralized optimization, supervision
by humans, and artificial intelligence. Such systems reinterpret
the concepts of control and coordination in modern energy
management by facilitating cooperation among autonomous
entities and learning from ongoing feedback. They provide a
substantial advancement over the constraints of traditional
optimization frameworks through providing the theoretical and
technological basis to develop resilient, sustainable, and
reliable energy ecosystems.

3.3. Integration of Al with Energy Management
Systems (EMS)

Energy Management Systems (EMS) typically refers to a
system in charge of the monitoring, coordination, and control of
the smart grid operations such as generation, storage, and
demand-side operations. The EMS is the agent that remotely
controls the whole network. Therefore, it is directly responsible
for the decision-making of operational scheduling, dispatch, and
demand response to ensure stability and efficiency over the
entire grid. Traditionally, EMSs have relied on centralized
optimization and rule-based control methods for performing
these main functions only.

However, the increasing integration of renewable energy
sources, distributed generation units, and the active participation
of prosumers that have raised issues that need comprehensive
and proactive real-time management strategies. The growing
decentralization and data-intensiveness of the modern smart
grids require continuous learning and adaptation of decision-
making skills. To address these challenges, Al based EMSs
carry out in real-time the functions of forecasting, optimization,
anomaly detection, and autonomous control that are crucial in
maintaining grid reliability, flexibility, and resilience.
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The rise in energy demand coupled with distributed
energy sources may require costly and community-disrupting
infrastructure upgrades. Modern EMSs equipped with Al-driven
analytics and predictive capabilities can optimize existing assets
in a more effective way. Thus, they can reduce the need for
major infrastructure upgrade and investments.

Supervised, unsupervised ML and reinforcement
learning (RL) algorithms have distinct but supportive roles in
Al-based EMS designs. Supervised and unsupervised ML
approaches are frequently used for load prediction, where
models analyze historical consumption data to provide accurate
short and long-term demand profiles. Managing supply and
demand equilibrium, minimizing operating expenses, and
storage needs all depend on precise load forecasting. On the
other hand, reinforcement learning based adaptive scheduling
enables EMSs to continuously interact with their surroundings
and learn the best control strategies (Mnih et al., 2015). RL
based systems achieve dynamic optimization under uncertainty
by iteratively improving dispatch and demand-response methods
through feedback obtained from the environment. This feedback
can be reward or penalty. In contemporary smart grids, ML and
RL work together to provide the analytical foundations for
predictive and autonomous energy management.

To improve scalability and coordination across several
decision layers, Al based EMSs typically build in a distributed,
hierarchical structure. At the local level, energy management
systems for residential or commercial properties optimize
demand, schedule appliances, and predict loads to reduce
expenses and increase efficiency. Through multi-agent
communication frameworks, Al enables prosumers to share
energy, trade with one another, and coordinate distributed
resources at the community level. This concept known as peer-
to-peer trading. (Zhao, Lv, Gao, Tang, & Zhou, 2024). Higher-
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order intelligence integrates feedback from local and community
systems to manage stability, frequency regulation, and system-
wide balancing at the grid level. Distributed intelligence is
supported by this hierarchical design, in which independent
agents cooperate to preserve grid stability and maximize
efficiency.

Al driven EMSs can be used for a variety of essential
tasks. Al based models can forecast consumption patterns and
initiates real time pricing mechanisms to balance generation and
load in demand response). They can predict output of renewable
energy sources and dynamically optimizes power distribution to
minimize effect of renewable integration. Algorithms are
instrumental in forecasting charging and discharging cycles in
energy storage management thus, optimizing battery life and
efficiency. Identifying anomalies and performing predictive
maintenance are some of the ways by which Al enhances fault
detection, thus, preventing failures that eventually threaten the
stability of the grid. Al driven agents are also very essential in
decentralized market design and energy trading where they can
independently coordinate trades in peer to peer networks or
negotiate deals.

The integration of artificial intelligence (Al) in an energy
management system (EMS) has a very significant positive effect
on the system. EMS becomes a system for effective
decentralized resource management, since it improves
flexibility, adaptability, and resilience. Al based EMSs optimize
power flows and reduce losses to make energy more affordable
for community and the system more energy efficient. Moreover,
after allowing some degree of functional independence, and
ensuring human control via human-in-the-loop techniques, Al
powered EMSs are also instrumental in minimizing fluctuations
in the grid that result from the variable nature of renewables,
thus stabilizing the grid.
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However, there are several challenges to overcome while
using Al in EMSs. Maintaining data standardization and quality
across the grid remains a challenge for these systems. Since the
distributed systems share confidential information via public
networks data privacy and security are important concerns.
Moreover, the energy and computational complexity of Al
models may restrict their scalability. Finally, to retain
interpretability  and transparency in  the Al-based decision-
making models, explainable Al (XAI) strategies should be
implemented (Luo, Wu, Zhou, & Wang, 2024).

4. CONCLUSION

One of the major paradigm shifts in modern engineering
and sustainability research is the deployment of Al to
revolutionize energy systems. The chapter has elaborated the
progression of the next generation smart energy systems that
utilize Al from being automated to having cognitive and
adaptive intelligence capabilities. It is emphasized how Al helps
in the evolution of smart energy systems from the traditional,
unchanging, centralized models to dynamic, decentralized, and
learning-driven structures that exist in real-time.

In terms of technical aspects, Al driven models improve
forecasting, scheduling, and decision-making in energy
management systems. These intelligent energy
management frameworks preserve grid flexibility, efficiency,
and reliability while optimizing generation, storage, and demand
operations in real-time. Additionally, decentralized decision-
making at the household and community levels is made possible
by hierarchical and multi-agent designs, which facilitate peer-to-
peer (P2P) energy trading and distributed resource coordination.
Al models offer the computational and analytical foundation for
developing robust, effective, and sustainable energy systems
through these methods.

100



Endiistri Miihendisligi Degerlendirmeleri

In addition to their technological advantages, Al based
energy systems show how engineering, data science, and social
intelligence are interconnected. Social intelligence brings about
ethical awareness, human involvement, and societal trust; data
science intelligence facilitates learning, prediction, and
adaptation; and engineering intelligence guarantees system
stability and control. These elements work together to create the
framework for energy systems that are human centered,
transparent, and morally consistent while maintaining a balance
between social and environmental responsibility and technical
growth.

The development of intelligent energy management in
the future relies on Al ecosystems that are transparent,
cooperative, and ethically driven. New avenues for development
include explainable Al (XAl) for traceability and
interpretability, edge and federated learning for decentralized
operation, and hybrid human-Al collaboration. At the same
time, ethical governance and policy co-design will be essential
to ensure Al-driven  accomplishments  support  long-term
sustainability, equality, and integration throughout the global
energy landscape.

The integration of artificial intelligence, data science,
and human understanding ultimately represents a systemic shift
toward robust, sustainable, and resilient energy infrastructures
rather than only a technological breakthrough. These intelligent
systems will shape the energy landscape of the future and
further the shared goal of a more intelligent and sustainable
energy future by balancing social principles with computational
accuracy.
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FROM GRAPH MEASURES TO
EXPLAINABLE SUMMARIES

Sena AYDOGAN?
Fatma SENER FiDAN?

1. INTRODUCTION

With the spread of information technologies, the volume
and variety of data increase exponentially (Vercellis, 2009).
Sole data is not useful anyway, thus it should be transformed
into useful information. Data holds great importance due to its
capacity to store valuable information. Extracting useful
information from the data, also known as knowledge discovery,
is a popular research domain in the information era. Knowledge
discovery methods are categorized into two primary groups:
descriptive techniques and predictive techniques. The most basic
descriptive technique is summarization. Essentially, statistical
summarization yields limited measures, such as the mean,
standard deviation, or mode, related to the data. Linguistic
summarization is proposed by Yager (1982) as a novel tool for
summarizing data in a human-friendly manner.

The raw data can be in the form of a matrix, a network,
or a time series. A network holds more information than a
matrix or a time series because of its data structure, which
consists of the relationships between objects. Therefore, network
data is a complicated research domain for knowledge discovery
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studies. Data in various domains, including social networks,
financial markets, information technology, and biological
systems, is not only composed of discrete components; rather, it
encompasses intricate and significant relationships between
these components. It is becoming increasingly crucial to
analyze these relationships in order to understand how systems
operate and identify key components. In this context, network
analysis techniques are particularly effective for identifying
communities and key players, modeling relationships, and
examining information flows (Barabasi, 2016).

Many systems in the real world reflect the complex
network definition, as they consist of objects and relationships
among them. According to the application area, objects can be
humans, products, biological cells, or animals, while the
relationship among them can be friendship, product flow,
biological net, or relatedness. These networks are the subject of
graph theory (Bondy & Murty, 1976). By analyzing the
structures composed of nodes and the connections between
them, both theoretically and visually, network analysis makes
complex interactions visible and quantifiable (Newman, 2010).
However, platforms like Gephi (Bastian et al., 2009), one of the
most popular analysis tools, often produce outputs that are
difficult for non-technical users to fully comprehend due to their
complex graphs and technical jargon. As a result, the potential
advantages of network analysis are not fully understood.

Through the use of linguistic summarization techniques,
this study seeks to make network analysis results more
accessible and technical outputs more comprehensible. This
will enable decision-makers and subject-matter experts to
quickly and accurately analyze critical data on network
architectures. Before discussing the difficulties of directly
interpreting Gephi findings, this study will first cover the basic
concepts and application domains of network analysis
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techniques.  Lastly, it will demonstrate how the linguistic
summarization technique can be utilized to enhance the
comprehensibility and accessibility of network analysis results.

The remaining sections of the study are organized as
follows: The second section presents the related works from the
literature about network analysis and linguistic summarization in
explainability studies. The third section defines measures in
network analysis and proposes a linguistic summarization
framework. The fourth section presents the results from Gephi
outputs and their application to linguistic summarization, along
with a brief discussion on technical outputs and human-friendly
summaries. The final section concludes the study by presenting
the findings and offering suggestions for future research.

2. RELATED WORKS

Network analysis, a method that examines node and link
structures, is crucial for understanding complex relationships in
various domains, ranging from biological networks to social
networks (Newman, 2010). A multitude of measures and
technical outputs are produced by the investigation of huge and
complex networks, such as social networks. However, these
outputs make sense only to domain experts, which makes
network analysis hard to understand for decision-makers from
various domains. In this regard, linguistic summarization
methods contribute to more interpretable results by expressing
technical measures in a human-friendly way. Although there are
limited studies on direct linguistic summarization of network
data, related works are described in this section.

Ngo et al. (2005) presented an approach to analyzing
videos using graph modeling. In their study, each video segment
is modeled as a node, and scene structure is inferred based on
the similarities between nodes. Unlike traditional time-series
analysis, Ngo et al. (2005)’s model provides content-based
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summarization. The generation of figurative explanations and
topological narratives is still behind the linguistic summarization
of scene transitions.

Community structures and central nodes in social
networks are summarized in Riondato et al. (2017)’s study,
which aims to minimize information loss while summarizing
graphs. The authors present quality guarantees statistically after
the summarization. These summaries can serve as the basis for
conveying information to users; however, they still lack
linguistic expression.

Containing millions of nodes and links, large-scale
networks are hard to visualize, summarize, and analyze.
Rodrigues et al. (2013) proposed the GMine system to analyze
large networks, which uses a multi-level hierarchical graph
representation, graph partitioning, subgraph extraction, and
visualization tools. The proposed system is tested efficiently on
social networks. Even if it exports meaningful information from
the networks, the method does not present linguistic summaries.

Yong et al. (2021) proposed a new method based on
weighted locality sensitive hashing to efficiently summarize
billion-scale graphs. Nodes are grouped based on their
similarity, and the summarization process is made
computationally cost-effective. This method paves the way for
practical usability of social network analysis outputs; however,
it does not focus on the interpretability or human-friendly output
generation from the network.

Alamsyah et al. (2016) use graph-based text analysis to
summarize telecommunication data. This study is in the
intersection of social network analysis and natural language
generation. Telecommunication data is represented in a network
structure, and communications are analyzed through network
analysis. However, the study's outputs are not transformed into
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natural language phrases and are not easily understood by non-
technical users.

Social role mining is one of the important topics for
understanding the operation of the network. In Abnar et al.
(2015)’s research, social roles (i.e., leader, bridge, etc.) in a
network are dynamically extracted based on their structural
features. The method follows the social roles in a timely manner
and supports a better understanding of the network. Even if the
study consists of interpretable components, the paper does not
study the linguistic definition of the social roles.

Lin et al. (2008) contribute to the summarization of
dynamic social networks, particularly in terms of the
relationships among actors, actions, and concepts. It has been
successfully applied in e-mail traffic, social networks, and
communication networks. However, the authors do not merge
their study with text generation from the outputs.

Alamsyah et al. (2017) proposed a graph pruning method
based on the K-core, a density-related measure. Relatively less
important nodes are eliminated quickly, and the remainder of the
network is the core. The summarization of the core ensures
computational effectiveness and is tested on large social
network scenarios. However, it does not present the
summarization results to the user in text reports.

Pouzols et al. (2008) proposed to linguistically
summarize network traffic data, which has a large volume of
complex data. The technical measures, such as bandwidth and
packet density, are not easily understandable to non-technical
users. Using fuzzy rules, linguistic summaries are generated
about network traffic flow. It helps non-technical users to
understand technical measures of the network. Although it
summarizes the technical metrics of the network flow, it does
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not provide information about the statistical metrics of the
network itself.

Social and economic networks contain some
uncertainty, and the obtained results should present linguistic
phrases which is easy to understand for decision-makers. Geng
et al. (2020) is a rare study that transforms technical network
analysis into natural language. The authors have tested their
methodology on an international trade network, with a
particular focus on trade links between trading countries. As in
the previous study, it lacks information about statistical
measures of the network itself.

In another study, supply chain networks are
investigated, since they are multi-dimensional and contain
uncertain information. Aydogan et al. (2021) utilize linguistic
summaries as a support tool for decision-makers prior to
strategic decisions. The paper generates human-friendly
summaries for different supply network designs. Thus,
decision makers see the possible results of each design. The
study demonstrates that the linguistic summary results serve
not only as an explanation but also as a decision support tool.
As in the previous study, it lacks information about statistical
measures of the network itself.

The concept of explainability is becoming increasingly
significant in data analysis and artificial intelligence systems.
The system's dependability is increased, and the accuracy of
the decisions made is supported when users comprehend the
reasons behind and methods by which the model or analysis
results were produced (Doshi-Velez & Kim, 2017).
Explainability research can be viewed as a supplementary field
in this regard, as a greater variety of consumers can
comprehend and interpret complex and technical results when
they are explained in natural language.
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According to a survey of the literature, network analysis
tools are quite effective at creating technical outputs; however,
little effort has been made to make these outputs accessible to a
wider audience. In comparison, the majority of linguistic
summarization research has focused on tabular or statistically
based data; however, there remains a dearth of thorough
investigations into the linguistic summarization of network
analysis results.

The purpose of this study is to add to the body of
knowledge on linguistic summarization strategies for explaining
network analysis results. Thus, both technical and non-technical
users will be able to comprehend and interpret complicated
network architectures more easily.

3. METHODOLOGY

This study aimed to make network analysis outputs
explainable using linguistic summarization techniques. The
methods are discussed in three stages: data source selection,
network analysis, and the proposed linguistic summarization
framework.

3.1. Data Source

The dataset used in this study features a network
structure commonly employed in social network analysis. The
graph dolphins contains an undirected social network of
frequent associations between 62 dolphins in a community
living off Doubtful Sound, New Zealand, as compiled by
Lusseau et al. (2003). The dataset contains a total of 62 nodes
and 159 links. Nodes represent dolphins in the relevant system,
while links represent the relationships between dolphins
observed together. In other words, if two dolphins are observed
in the same social group, in the same area, or during the same
time period, a connection has been identified between them. It is
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undirected, meaning it indicates a reciprocal relationship; if
dolphin A and dolphin B are observed together, there is a link
between them.

The dolphin dataset is one of the most widely cited
network examples in the network analysis literature. The
dataset's basic properties are as follows. The network type is
defined as a social network, since it is based on the relationships
between dolphins observed together. There are 62 dolphins and
159 undirected links, indicating a reciprocal relationship
between the dolphins. Most nodes can reach each other on the
network, so that the network structure is a connected
component. Since each dolphin is not connected to all the other
dolphins, the network density is relatively sparse. As for
community structure, there are distinct groups between male and
female dolphin communities.

Upon examining the structure and properties of the
network, the dataset is suitable for analysis using graph theory
and social network analysis methods. In our study, this dataset is
used both to extract structural features and to interpret the
resulting metrics.

3.2. Network Analysis

A network is a figurative representation of a system,
where nodes represent the objects within the system, and links
represent the relationships among them (Estrada, 2011).
Network analysis examines the elements (nodes) in complex
systems and the relationships (links) between them. This
approach allows us to understand not only the components of a
system but also the structure and dynamics of the interactions
between these components. Used in a wide range of fields, from
social sciences to engineering, from biology to computer
science, network analysis reveals the structural properties of
networks through measures such as centrality, density, and
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community structure (Wasserman & Faust, 1994; Newman,
2003).

Technically, a network G = (N,L) is defined as an
ordered pair of nodes N, and links L defined on nodes set. n is
the number of nodes (i = 1,...,n)and 1 is the number of links
(i,j). If the direction of the relationship from one node to
another is specified, it is called a directed graph; otherwise, it is
called an undirected graph. Since the subject of this study is
undirected graphs, the definitions will be applied to undirected
graphs. The maximum number of links in undirected graphs is
n(n — 1)/2. If there is a link between two nodes, then these two
nodes are referred to as neighbors. Graphs can be represented by
an adjacency matrixA,.,. The adjacency matrixA,,, iS a matrix
consisting of aj; elements that take the value 1 if there is a link

between nodes i and j, and 0 otherwise.

Given a network, the goal is generally to identify the
central node, determine the widespread interactions between
nodes, and recognize similar nodes. For these purposes,
statistical measures used in network analysis can be grouped
under two headings: node-level and network-level (Wasserman
& Faust, 1994). Degree, betweenness, closeness, and
eigenvector centrality measures are measured at the node level,
while diameter, radius, average shortest path distance, average
degree, and density are network-level measures.

Degree is a centrality measure that indicates the number
of neighbors to which a node is connected, as defined in Eqg. (1).
The more neighbors a node has, the more important that node is
within the network.

n

deg; = Z ajj,0 < deg;<n 1)

j=1
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Betweenness is a measure of how well a node lies
between other pairs of nodes, which is calculated as Eq. (2). It
aims to determine the role of a node in transferring information
across the network.

(Gst(i))
b= ) 2)

s#i#t

where o_strepresents the number of shortest paths between
nodes s and t, and o_st (i) represents the number of shortest
paths between nodes s and t, passing through i.

Closeness is a measure of the average distance from a
node to other nodes, calculated as in Eq. (3). It aims to identify
the node with the potential to spread information most rapidly
throughout the network.

c = n—1

I ©)
where d(j, i) represents the shortest path length between nodes
jand i.

The degree is based on the principle that every link
connecting a node is equally important, and the more neighbors
a node has, the more important it is considered. However, nodes
with strong relationships should be considered more important.
Eigenvector centrality defines a node as important if it is
connected to other important nodes and is calculated using Eq.

(4). It aims to determine the degree of influence a node has on
the network.

113



Endiistri Miihendisligi Degerlendirmeleri

n

1
€ = XZ aij € 4)

j=1

where e_i is the centrality of node i, and A represents the largest
eigenvalue of the adjacency matrix.

The node with the largest eccentricity value determines
the network's diameter, while the node with the smallest
eccentricity value determines the radius. The diameter and
radius can be calculated using Eq. (5) and Eqg. (6).

D = max{€;:i € N} (5)
R = min{€;:i € N} (6)

where € _i is the largest distance between a node and others,
namely eccentricity value, and calculated as Eq. (7).

€= rrllflx d(i,j) @)

The average shortest path distance is calculated by
averaging the shortest path distances between all pairs of nodes
in the network and can be calculated using Eq. (8).

~ 1 .
d= n(n—1) Z Q) (8)
2

i>]
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The average degree is calculated as the average of the
degrees of all nodes in the network, as shown in Eq. (9).

n
— 1
== deg.
deg HZ eg; 9)
1=

Density is defined as the ratio of the number of available
links (m(G)) in the network to the maximum number of possible
links (mpyax (@)), and is calculated as Eq. (10).

m(G)

PO = @’

0<p<1 (10)

where my,., (G) takes the value n(n—1)/2 in undirected
networks.

When nodes and links are directly displayed with
numerical outputs, complex network architectures often become
unintelligible. As a result, visualization tools enable users to
rapidly understand the network structure by visually presenting
linkages and structural aspects. Gephi is an effective tool that
enables users to group nodes, examine network structure, and
identify key players (Bastian et al., 2009). Nonetheless,
research in the field highlights that these types of visualizations
necessitate technical expertise and often require specific
interpretation (Mishra et al., 2025). As a result, more strategies
are required to reach a larger audience and highlight the
potential advantages of network analysis.

3.3. Proposed Linguistic Summarization Framework

Linguistic summarization, proposed by Yager (1982), is
a descriptive technique and is based on Zadeh (1975)’s fuzzy
quantifiers. The aim of linguistic summarization of a dataset is
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to extract precise and easy-to-understand information from it.
Generally, two sentence structures are used in linguistic
summarization based on absolute and relative quantifiers
proposed by Zadeh (1983). The first one is a type-l quantified
sentence structure: “Q Y A [TD]”. Here, Q is the quantifier, Y is
the object, A is the summarizer, and TD is the truth degree of the
sentence. The second one is a type-1l quantified sentence
structure: “QBY A [TD]”. Here, B is the pre-summarizer in
addition to the definitions of the type-I quantified sentence. The
truth degree is calculated by Eq. (11) and Eq. (12) for type-I
quantified sentences and type-lIl quantified sentences,
respectively.

M
TD = pq (Z HA(W?)) (11)

m=1

M m m
D = pq <2m=1 uA(Vkl)@uB(VkZ)) (12)

¥=1 UB (Vg)

where vy is the value for k. attribute of m. object. p, is the
membership degree of summarizer A, pqis the membership
degree of quantifier Q. Since there is a pre-summarizer B in
addition to the summarizer A, in type-Il quantified sentences,
there are two attributes related k; and k,. ® is a t-norm operator
used for the intersection of two fuzzy sets. The minimum
operator is used in this study as a t-norm operator.

A linguistic summarization framework is developed to
explain the outputs from network analysis. Primarily, the
outputs of the network analysis are directed to domain experts.
By using linguistic summarization, numerical outputs are
transformed into easy-to-understand summaries. Thus, a bridge
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is established between complex network measures and
explainable information. The framework consists of two main
components: quantified sentences and templates for the top
node. The quantified sentences summarize the dataset in a
generic way by using fuzzy sets defined over numerical outputs
of the network analysis. Templates provide a summary text
about the top node. For example, “the most central node in the
network is Dolphin X, has a total of Y links, and belongs to the
community Z.”

This framework ensures that technical network analysis
outputs are converted into human-friendly natural language
texts. In the application phase of the study, all results from the
network analysis will be summarized in natural language using
the developed quantified sentences and templates for the top
node.

4. RESULTS AND DISCUSSION

This section presents the results of the analyses
performed on the network analysis and the linguistic
summarization approach.

4.1. Outputs from the Network Analysis

In the context of social networks, nodes represent
persons or actors, while links reflect their interactions. Thus,
network analysis reveals macro-scale structural patterns in
systems while also enabling us to assess the value of nodes or
actors at the micro-level. The data is imported into Gephi, and
various measurements are taken to expose the network’s
structural features. The network representation of the dolphin
dataset is presented in Figure 1.
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Figure 1. The network representation of the dolphin dataset

Network-level summary statistics of the dolphin dataset
are calculated using Gephi and presented in Table 1.

Table 1. Summary statistics of the dolphin dataset

Measure Value
Number of nodes 62
Number of links 159
Average degree 5.129
Diameter 8
Average Path Length 3.357
Reciprocity 1
Density 0.084
Average Clustering Coefficient 0.303
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According to the summary statistics, the average degree
indicates that a node is connected to approximately 5 other
nodes on average, which suggests that the network is highly
connected and has diverse communication channels. The density
value 0.084 indicates that approximately 8% of all possible
connections have occurred. There is a moderate level of
connectedness. Based on the diameter value, it can be said that
the shortest path between the two farthest nodes in the network
is 8 steps. Reflecting the small-world characteristic, the average
path length is 3.357, which means that it takes approximately 3
steps to reach any two nodes on average. Since the network is
undirected, the reciprocity value equals 1. The average
clustering coefficient indicates a moderate probability that the
nodes’ neighbors are also connected. This suggests the existence
of community structures.

Within the scope of node-level network analysis, basic
measures such as degree centrality, betweenness centrality,
closeness centrality, and eigenvector centrality are calculated
using the Gephi software. Table 2 presents the centrality
measures for the dolphin dataset sample.

Table 2. Node-level centrality measures of the dolphin dataset
(sample table)

i deg; C; b; e;

1 6 0.347 34.921 0.443

2 7 0.252 38.237 0.330
3 5 0.313 29.448 0.276
4 1 0.249 0.000 0.093
5 1 0.269 0.000 0.120
6 8 0.271 96.709 0.377
7 12 0.377 113.409 1.000
8 7 0.339 60.925 0.533
62 6 0.363 40.929 0.478
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Based on Table 2, the degree measure varies from 1 to
12. Dolphin 7 has the highest degree in the network. The highest
closeness is found in Dolphin 7. Lower closeness values, i.e.,
dolphin 2, signify far points in the network. Dolphin 7 has a
high betweenness value, which means it is a bridge on the
network. In contrast, Dolphins 4 and 5 have a betweenness value
of 0, indicating that these dolphins are not on the critical path.
Eigenvector centrality also confirms that Dolphin 7 is the most
important node in the network.

To examine the structural features of the dolphin
network, the authority, PageRank, community classes, clustering
coefficients, and triangle numbers of nodes are calculated using
Gephi and presented in Table 3 for a sample dataset.

Table 3. Structural features of the dolphin dataset (sample table)

Modularity Clustering Number of

I

Authority PageRank

Class Coefficient  Triangles
1 0.129 0.017 0 0.333 5
2 0.012 0.024 1 0.524 11
3 0.075 0.015 0 0.400 4
4 0.029 0.005 3 0.000 0
5 0.039 0.005 2 0.000 0
6 0.015 0.026 1 0.500 14
7 0.316 0.032 2 0.258 17
8 0.164 0.020 3 0.238 5
62 0.143 0.017 4 0.267 4

In Table 3, authority and PageRank reflect the
importance of nodes. Dolphin 7 has the highest authority and
PageRank values, indicating it is an authority node in the
network and has the highest probability of being visited
according to the random walk model. The modularity class
reflects community memberships. There are different
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communities in the network. For example, Dolphin 5 and
Dolphin 7 are in the same community (class 2). The clustering
coefficient and the number of triangles reflect the local density
of nodes in the dolphin dataset. Dolphin 2 and Dolphin 6 have
the highest clustering coefficients, which means their neighbors
are also frequently connected to each other. As for Dolphins 4
and 5, their neighbors do not form a triangle, so the clustering
coefficients are zero. The full versions of Tables 2 and 3 are
given in Appendix 1.

Community classes in the network are summarized in
Table 4. As a result of the community detection of the dolphin
dataset, there are 5 communities. Among these communities, the
smallest is class 0, comprising 7 nodes, while the largest is class
2, comprising 17 nodes. There are no communities that are too
large or too small. Thus, it can be said that the communities are
evenly distributed in terms of the number of members.

Table 4. Communities and their members of the dolphin dataset

Number of
Class Nodes Members
0 Dolphin 1, Dolphin 3, Dolphin 23, Dolphin 38, 7
Dolphin 43, Dolphin 50, Dolphin 59.
Dolphin 2, Dolphin 6, Dolphin 10, Dolphin 16,
1 Dolphin 26, Dolphin 27, Dolphin 35, Dolphin 37, 15
Dolphin 44, Dolphin 51, Dolphin 53, Dolphin 54,
Dolphin 56, Dolphin 58, Dolphin 60.
Dolphin 5, Dolphin 7, Dolphin 9, Dolphin 14, Dolphin
2 28, Dolphin 29, Dolphin 31, Dolphin 32, Dolphin 33, 17

Dolphin 36, Dolphin 39, Dolphin 40, Dolphin 42,
Dolphin 46, Dolphin 47, Dolphin 49, Dolphin 55.

Dolphin 4, Dolphin 8, Dolphin 11, Dolphin 15,
3 Dolphin 17, Dolphin 18, Dolphin 24, Dolphin 30, 12
Dolphin 41, Dolphin 45, Dolphin 48, Dolphin 52.

Dolphin 12, Dolphin 13, Dolphin 19, Dolphin 20,
4 Dolphin 21, Dolphin 22, Dolphin 25, Dolphin 34, 11
Dolphin 57, Dolphin 61, Dolphin 62.
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4.2. Linguistic Summaries of the Network Analysis
Outputs

Quantifier is defined with ‘few’ trapezoidal fuzzy
number few = (0,0,0.25,0.5), ‘about half® triangular fuzzy
number about_half = (0.25,0.5,0.75) and ‘most’ trapezoidal
fuzzy number most = (0.5,0.75,1,1).

Degree is defined with three triangular fuzzy numbers as;

degow = (1,1,5.129),

degmedium = (1,5.129,12) and

degnigh = (5.129,12,12).

Eigenvector centrality is defined with three triangular
fuzzy numbers as;

elow = (0,0,0.5),

€medium = (0,0.5,1) and

enigh = (0.5,1,1).

Closeness centrality is defined with three triangular
fuzzy numbers as;

Clow = (0.178,0.178,0.307),

Crmedium = (0.178,0.307,0.418) and

Chigh = (0.307,0.418,0.418).

Betweenness centrality is defined with three triangular
fuzzy numbers as;

bjow = (0,0,71.887),

Dedium = (0,71.887,454.274) and

bhigh = (71.887,454.274,454,274).
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Authority is defined with three triangular fuzzy numbers

as;
authority;,,, = (0.002,0.002,0.099),
authorityeqium = (0.002,0.099,0.536) and
authoritypign = (0.099,0.536,0.536).
PageRank is defined with three triangular fuzzy numbers
as;

PageRank,,, = (0.005,0.005,0.016),
PageRanK peqium = (0.005,0.016,0.032) and

PageRanky;g,, = (0.016,0.032,0.032).

Clustering coefficient is defined with three triangular
fuzzy numbers as;

clustering;,,, = (0,0,0.259)
clusteringeqium = (0,0.259,0.667) and
clusteringy;gnh = (0.259,0.667,0.667).

Number of triangles is defined with three triangular
fuzzy numbers as;

triangle;,, = (0,0,4.597),
triangleyeqium = (0,4.597,17) and
triangley;gn, = (4.597,17,17).

Using these fuzzy summarizers and fuzzy quantifiers, all
the possible summaries that can be generated from type-I
sentence structures are generated, and their truth degrees are
calculated using Eq. (11). The linguistic summaries having a
truth degree greater than 0.70 are listed in Table 5.
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Table 5. Linguistic Summary Results of the Network Statistics of
the Dolphin Dataset

Linguistic Summary TD
A few of the dolphins have a low degree of centrality 0.822
A few of the dolphins have a high degree of centrality 1.000
Most of the dolphins have a medium degree of centrality 0.886
A few of the dolphins have a high eigenvector centrality 1.000
About half of the dolphins have a medium eigenvector

. 0.933
centrality
A few of the dolphins have a low closeness centrality 1.000
A few of the dolphins have a high closeness centrality 1.000
A few of the dolphins have a high betweenness centrality 1.000
About half of the dolphins have a low betweenness

. 0.850
centrality
About half of the dolphins have a medium betweenness

. 0.802
centrality
A few of the dolphins have a high authority 1.000
About half of the dolphins have a low authority 0.726
About half of the dolphins have a medium authority 0.887
A few of the dolphins have a low PageRank 0.868
A few of the dolphins have a high PageRank 1.000
Most of the dolphins have a medium PageRank 0.938
A few of the dolphins have a low clustering coefficient 0.757
A few of the dolphins have a high clustering coefficient 1.000
About half of the dolphins have a medium clustering

L 0.968

coefficient
A few of the dolphins have a high number of triangles 1.000
About half of the dolphins have a medium number of 0.740

triangles
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Table 5 shows linguistic summaries and their truth
degrees for various centrality and structural measures on the
dolphin dataset. Truth degree values above 0.7 indicate that the
summaries accurately reflect the dataset. Based on degree
centrality, most dolphins in the network have a moderate degree
of links. Conversely, a small number of dolphins are the focal
point of the network. Eigenvector centrality also confirms that a
small number of dolphins stand out not only in terms of the
number of links but also in terms of their relationships to
important nodes. Closeness centrality reveals that there are a
few nodes at the edges of the network, either highly central
(high closeness) or highly peripheral (low closeness).
Betweenness centrality results indicate that a significant portion
of the network does not share the role of transferring node, with
only a small number of dolphins acting as bridges. We can
conclude from that that there are more clustered communities in
the network. Authority-related summaries suggest that a small
number of nodes hold an authority position in terms of
information flow. PageRank-related summaries support the fact
that most dolphins are of moderate importance, with only a few
dolphins having high visibility. Both low and high clustering
coefficient indicates that some parts of the network have very
tight triangular ties, while others have almost no ties, which is
also confirmed by triangle-related summaries.

Based on degree centrality and eigenvector centrality, the
most central node in the network is Dolphin 7, which has a total
of 12 links and belongs to community 2. Based on betweenness
and closeness centrality, the most central node in the network is
Dolphin 31, which has a total of 7 links and belongs to
community 2. Based on the PageRank measure, the most visited
node in the network is node 7, also known as Dolphin 7. In
summary, Dolphin 7 is the most central node in terms of degree,
eigenvector, and PageRank measures. Dolphin 31 is the most
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significant node in measures of betweenness and closeness,
which eases the accessibility of inter-nodes.

4.3. Discussion

The technical table on network analysis contains
numerical measures, such as degree, betweenness, authority, and
clustering coefficient. A technical table shows the exact value
for each node, i.e., Node 2, degree 7, eigenvector centrality
0.330, closeness centrality 0.252, authority 0.012, PageRank
0.024, modularity class 1, clustering coefficient 0.524, and
number of triangles 11. The advantage of a technical table is that
its having sensitive and detailed information. The disadvantage
of this approach is that it requires expert knowledge to interpret
the values of the measures.

Natural linguistic summaries of network analysis results
transform numerical values to categorical values using fuzzy
sets as low, medium, and high. For example, “most of the
dolphins have a medium PageRank [0.938]”. The advantage of a
linguistic summary is that it is accessible, understandable, and
interpretable. The disadvantage of it is that it loses the
sensitivity of numerical findings.

While technical outputs present the network’s structure
numerically, linguistic summaries provide the same information
in a human-friendly format. For non-expert users, linguistic
summary results convey information in a more understandable
format. For expert users, technical tables should be supported by
linguistic summaries.

5. CONCLUSION

This study proposes a framework for transforming
technical network analysis measures into human-friendly,
linguistically accessible summaries. First, network analysis
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measures are explained. Second, a brief description of linguistic
summarization techniques is provided. Lastly, a well-known
public dataset is used to show the effect of the proposed
framework. Technical results and linguistic summary results are
compared to each other. Their advantages and disadvantages are
discussed. The results of the study confirm that while technical
tables are extremely useful for domain experts, they might be
difficult to understand for non-technical users. Linguistic
summaries, on the other hand, present complex network
structures in an intelligible manner, thereby increasing the reach
of network research to a broader audience.

This study shows that linguistic summarization not only
describes current technical outcomes but also provides an
equitable approach to information access. As a result, network
analysis is not only useful for researchers and technical users; it
may also help legislators, educators, and administrators make
decisions. For example, examining social networks in an
educational domain can be explained to a wider audience, i.e.,
students or faculty members, through human-friendly
summaries.

In summary, this study shows how network analysis can
be made more accessible from both academic and applied
viewpoints. The linguistic summarization approach reduces
obstacles to information access by democratizing complex data,
making it a valuable tool for application in various industries.
Future research can broaden the suggested framework's
application area by evaluating its scalability and performance
across various network types.
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Appendix 1
id [deg, | ¢ | b | e |Authority | PageRank Mog:ﬁ:ty g:;:;?i Nergfber
Triangles

1| 6 |0347| 34921 [0.443| 0.129 0.017 0 0.333 5
2| 7 |0252| 38237 [ 0330 0.012 0.024 1 0524 11
3| 5 |0313| 29448 | 0276 | 0.075 0.015 0 0.400 4
4| 1 |0249| 0000 |0093| 0.029 0.005 3 0.000 0
5| 1 [0269| 0000 |0.120| 0.039 0.005 2 0.000 0
6| 8 [0271| 96709 | 0.377 | 0.015 0.026 1 0.500 14
7| 12 |0.377|113.409 | 1.000 | 0.316 0.032 2 0.258 17
8| 7 |0339| 60925 [0533| 0164 | 0.020 3 0.238 5
9| 6 [0330| 6048 |0.658| 0.208 0.017 2 0.600 9
10| 9 |0.310]209.169 | 0.357 | 0.018 0.032 1 0.222 8
11| 7 |0337| 27.184 | 0.646 | 0.202 0.019 3 0524 11
12| 8 |0372(390.384|0.357| 0.042 0.025 4 0.143 4
13| 4 |0316| 24365 |0.185| 0.021 0.013 4 0.500 3
14| 9 |0391|187.842 [0627| 0184 | 0025 2 0.139 5
15| 6 |0333| 23242 |0.650| 0.207 0.017 3 0533 8
16| 1 |0237| 0000 |0.059| 0.002 0.005 1 0.000 0
17| 3 |0333| 77.194 | 0.287| 0.087 0.010 3 0.333 1
18| 6 |0313| 13511 |0610| 0.193 0.017 3 0533 8
19| 3 |0255| 3.009 |0.111| 0.006 0.012 4 0.667 2
20| 3 |0277| 7.983 [0.109| 0.009 0.011 4 0.667 2
21| 5 |0316| 53503 [0.193| 0.016 0.017 4 0.400 4
22| 5 |0.365]|122.165[0.295| 0.068 0.015 4 0.300 3
23| 4 |0282| 16603 [0.152| 0.040 0.013 0 0.167 1
24| 9 |0323]119.919 [0673| 0212 0.026 3 0.250 9
25| 5 |0323] 60.482 [0.209| 0.041 0.015 4 0.300 3
26| 1 [0237| 0000 [0.059| 0.002 0.005 1 0.000 0
27| 3 |0216| 60.000 [0.119| 0004 | 0.013 1 0.333 1
28| 10 |0.365|104.615 [ 0.882 | 0.281 0.028 2 0.333 15
29| 5 |0316| 59.831 [0.438 | 0.139 0.016 2 0.300

30| 1 |0245| 0000 [0.093| 0.029 0.005 3 0.000 0
31| 7 |0418|454.274 |0.486 | 0.133 0.021 2 0.048 1
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id | deg; | C; b; e; | Authority | PageRank Modularity Clustfer-ing Nurgfber
Class Coefficient Triangles
32| 11 |0.399 | 253.583 | 0.959 | 0.301 0.030 2 0.236 13
33| 8 [0.330| 82995 | 0.624 | 0.197 0.024 2 0.286 8
34| 3 [0308| 4344 |0.256 | 0.079 0.010 4 0.333 1
35| 2 |0.335]129.046 | 0.132| 0.021 0.008 1 0.000 0
36| 8 |[0.404|261.964|0.690| 0.208 0.022 2 0.250 7
37| 5 [0.298| 42550 | 0.289 | 0.015 0.016 1 0.600 6
38| 6 |0.330| 53.359 |[0.308| 0.081 0.018 0 0.333 5
39| 7 |0.337]114.980 | 0.598 | 0.190 0.022 2 0.238 5
40| 4 |0311| 22.029 |0.260| 0.078 0.013 2 0.167 1
41| 11 |0.347| 74.427 | 0.908 | 0.285 0.029 3 0.309 17
42| 2 |0.256| 5.505 |0.095| 0.030 0.009 2 0.000 0
43| 6 |0.339]| 42459 |0.319 | 0.080 0.017 0 0.400 6
441 1 |0.233| 0.000 |0.063| 0.002 0.005 1 0.000 0
451 1 |0.249| 0.000 |0.093| 0.029 0.005 3 0.000 0
46| 2 |0.247| 1700 |0.076 | 0.023 0.009 2 0.000 0
471 7 |0.351| 61.142 | 0.698 | 0.218 0.019 2 0.238 5
48| 10 |0.330|154.959 | 0.667 | 0.211 0.031 3 0.244 11
49| 4 |0.343| 35199 | 0.411| 0.130 0.012 2 0.333 2
50| 2 |0.260| 2.183 [0.108| 0.034 0.008 0 0.000 0
51| 7 |0.324181.393|0.345| 0.023 0.022 1 0.381 8
52| 2 |0271| 1606 |0.167| 0.052 0.007 3 0.000 0
53| 2 |0213| 0.250 |[0.081| 0.003 0.008 1 0.000 0
54| 9 |0.302|154.095|0.387 | 0.017 0.030 1 0.361 13
55| 1 |0.249| 0.000 |0.086| 0.027 0.005 2 0.000 0
56| 4 |0238| 8016 |0.191| 0.007 0.014 1 0.500 3
57| 5 |0.343| 37.209 | 0.371| 0.112 0.015 4 0.300 3
58| 1 |0.178| 0.000 |[0.021| 0.536 0.006 1 0.000 0
59| 3 |0.302| 25977 [0.172| 0.052 0.011 0 0.000 0
60| 6 |0.268| 53.752 [0.305| 0.012 0.020 1 0.533 8
61| 5 |[0.365|216.377|0.247 | 0.043 0.016 4 0.200 2
62| 6 |0.363| 40.929 [ 0.478| 0.143 0.017 4 0.267 4
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