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Abstract:

Quantum science and technology are increasingly recognised as critical areas of research
and development with profound implications for various scientific fields and practical
applications. Quantum science explains experimental observations of subatomic
phenomena, thereby enhancing our fundamental understanding of the entire system of
concepts based on the principles of quantum theory. Quantum computing has the
potential to bring about a radical transformation in computational methods. The
development of fundamental tools such as quantum chemistry, quantum cryptography,
and quantum machine learning, along with advanced applications like quantum biology,
quantum finance, quantum sensing, weather forecasting, and quantum space science, is
expected to exert a significant global impact. This review provides a broad overview of
developments and highlights the importance of research with diverse possible
applications in the field, offering solutions across sectors.
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INTRODUCTION

The United Nations has declared 2025 as the International Year of Quantum Science and
Technology (IYQ). It is a global initiative designed to celebrate the past (100
anniversary), increase public awareness of the importance of quantum science and its
applications, and plan for the future of quantum technology for the benefit of mankind
(IUPAC, 2025). Quantum mechanics, quantum computing, materials science (including
superconductors and quantum dots), and quantum communications are the major

branches of study. The primary reactions in photosynthesis (light-harvesting), enzyme-
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catalysed processes, brain function, olfaction, and avian magnetoreception can be
explained using the principles of quantum theory. Quantum theory, as an emergent
framework, explains semiconductor electronics, superconductors, lasers, spectral lines,
the photoelectric effect, and blackbody radiation (Bongaarts, 2015; Schleich et al., 2016;
Wang et al., 2020;). The molecular dynamics, chemical kinetics, ultra-fast molecular
transitions, and molecular orbitals can be described by quantum mechanics. It is
essential to rebuild trust in science, encourage quantum science education and training
opportunities, and promote investment in quantum research activities to boost research
and development in the emerging field. The objective of this paper is to present an
overview of an emerging field of quantum science and technology based on conventional
knowledge and a qualitative survey of recent advancements and workforce requirements.
The scope of the manuscript encompasses perspectives on a wide range of
multidisciplinary topics and is expected to have a lasting impact on various technologies
and industries. This paper is organised in the following sections: introductory inputs,
activating the archives, quantum science in everyday life, future technological
developments, public awareness and education, quantum progress perspectives, rewiring

the quantum workforce, establishing a quantum ecosystem, and concluding comments.
Activating the Archives

In this section, we examine the early development of quantum science, which
contributed significantly to the evolution of our understanding of the quantum
world. Quantum mechanics deals with microscopic entities such as atoms, molecules,
ions, solids, nuclei, and electrons (particles) and can explain the photoelectric effect,
blackbody radiation, atomic spectra, and the Compton effect (Le Bellac, 2011; Levine,
et.al, 2009). The method consists of finding the wave function of a particle or a system
with discrete states on a microscopic scale. The absorption, emission, and stimulated
emission of photons occur when their quantum energy matches the energy gap between
the initial and final states. The energy of oscillating particles in matter is quantised.
Quantum is the smallest discrete unit of a phenomenon, such as a photon for light or an
electron for electricity. Light is always absorbed or emitted in discrete amounts of
energy, and only the probability of physically observable events is predictable. Quantum
physics studies particles at the atomic or subatomic levels, explaining their wave-particle
duality and the unique interactions of photons and matter. The timeline of major

milestones in quantum science is shown in Table 1.
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Table 1

Timelines of significant developments in quantum science (Peacock 2007)

Year Description

1900 Concept of quantized energy to explain blackbody radiation
1905 Photoelectric effect explanation (wave-particle duality)
1909 Single-photon interference demonstration

1913  Atomic model

1924  Wave nature of matter

1925  Matrix mechanics formulations

1926 Wave mechanics development

1927 Uncertainty principle

1927  Wave-like behaviour of electrons

1950 Quantum electrodynamics

1982 The idea of quantum computing

1994  Algorithm to revolutionise cryptography

2001 Shor's algorithm on a 7-qubit quantum computer
2019  Quantum computer performing complex calculations

2025 Research and developmental activities

The quantum numbers specify the properties of atomic orbitals and electrons in orbitals
(Piela, 2013). Four quantum numbers, principal (n), azimuthal (angular) (I), magnetic
(m), and spin (s) quantum numbers, are used to differentiate between electrons in an
atom. The principal quantum number gives the size of the electron orbital, and the
azimuthal quantum number provides the shape of the electron orbital. The
orientation/disposition of an electron orbital is given by the quantum number, while the
spin quantum number gives the electron spin. The principal quantum number labels the
electron energy level or shell number, and possible values are n = 1, 2, 3..The azimuthal
quantum number indicates the orbital type, such as s, p, d, f, depending on / = 0, 1,
2...n-1. The magnetic quantum number m suggests the orbital subtype and can have
values between +/, ...-1, 0, 1, and - / (integers). The spin quantum number indicates the
electron spin values of +/-1/2 (up or down). These quantum numbers can describe the
energy, angular momentum, and spin of an electron and explain atomic structure and

properties.

The energy of a molecule consists of translational, rotational, vibrational, and electronic
energy (Di Lauro, 2020; Yardley, 2012). Translational energy is a small amount of
energy stored as kinetic energy. In theory, it is quantised, but the quantum effects are
so small that they are not observable in practice. The rotational (kinetic energy
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associated with the tumbling motion of molecules), vibrational (oscillatory motion of
atoms or groups within a molecule), and electronic (energy associated with electronic
transitions - absorption/emission) energy are quantised and have definite
rotational/vibrational/electronic energy levels. The spacing between the quanta of the
energy level for different motions is different. Molecular energy has broad implications,
and it can affect material properties, chemical reactions, the structure of molecules, and
the behaviour of organic devices. Molecular kinetic energy (MKE) directly impacts phases
(solid/liquid/gas) and phase transitions involving their movement and interactions.
Molecular energy levels play a crucial role in the electrical conductivity and electronic
properties of semiconductor and thin film materials. The energy absorbed/emitted by

molecules during electronic transitions determines their optical properties and color.

Molecular potential energy (MPE) with specific bonds and a particular geometric structure
determines its stability. The activation energy required to break and make bonds dictates
the reaction rates. The energy landscape of a reaction determines the possible reaction
trajectories and final products. Molecular energy is fundamental to understanding the
thermodynamics of chemical processes, including entropy, enthalpy, and Gibbs free
energy. The MPE determines the stability of different conformations and isomers.
Molecular rotations and vibrations can only exist at specific energy levels (quantised).
Studying molecular energy levels through ultraviolet-visible, infrared, and Raman
spectroscopy provides scientifically meaningful information about molecular structure and
dynamics. Molecular energy levels (ionisation energy and electron affinity) are essential
for optimising charge transfer in organic solar cells. They are crucial for designing
charge-transport and emission layers in organic light-emitting diodes (OLEDs). Molecular
orientations in thin films can significantly impact energy levels and electronic device

performance.
Quantum Science in Everyday Life

Quantum science is deeply intertwined with the fabric of everyday life (Carroll, 2022;
Grandy, 2010; Vedral, 2011). We can explain how plants capture sunlight to convert it
into energy through photosynthesis. Even the color of the sky is explained by a quantum
mechanical effect of the scattering of sunlight by air molecules, which causes the sky to
appear blue. The glow of hot objects, such as a toaster or light bulb filament, is due to
the quantum mechanical effect of electrons emitting light at certain wavelengths. The
quantum tunnelling effect is believed to play a role in some enzymatic reactions.
Superconductivity and superfluidity phenomena are macroscopic manifestations of
quantum mechanics. Quantum processes in birds’ brains might contribute to their ability
to navigate long distances. Quantum mechanics provides a deeper understanding of the

universe, revealing the underlying principles that govern the behaviour of matter and
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energy at the smallest scales. Insights on how the universe works at the tiniest level help

us understand the natural world.

Quantum science plays a crucial role in modern electronics, medical imaging, and lasers.
The operation of everyday electronics such as transistors and microchips relies on the
quantum mechanical behaviour of electrons in semiconductors. Light-emitting diodes
(LEDs), found in devices from screens to lighting bulbs, emit light based on quantum
electronic transitions within the material. Microprocessors, crucial components in
computers, rely on the quantum mechanical properties of materials to function. Magnetic
Resonance Imaging (MRI) machines use the quantum phenomenon of nuclear magnetic
resonance (proton NMR) to generate detailed images of internal organs, aiding in medical
diagnosis. Medical lasers used in various procedures, including surgery and vision
correction, utilise the quantum principle of stimulated emission. Electron microscopy
utilises quantum mechanics to understand the structure of materials at the atomic level,
which is crucial in materials research. Lasers, which are used in everything from barcode
scanners to laser pointers, are a direct application of quantum mechanics. It is
fundamental to the operation of fiber optic cables, enabling high-speed data
transmission. Highly accurate atomic clocks used in Global Positioning Systems (GPS)
systems rely on the atomic quantum properties to maintain their precise
timekeeping. Quantum cryptography offers the potential for unbreakable encryption
methods where the key information is sent using polarised photons. Semiconductor chips
in smartphones rely on quantum mechanics to control the flow of electrons, enabling
data processing and storage. In essence, quantum science provides the underlying

principles that make these technologies possible and efficient.
Future Technological Developments

Quantum science is poised to revolutionise numerous industries through advancements
in computing, sensing, and communication (Coccia, 2022; Garcia de Arquer et al., 2021;
Hossain, 2023; Moller & Vuik, 2017). Quantum computers faster than classical ones
could solve complex numerical problems, impacting fields like drug discovery and
materials science. Quantum simulations can model molecular interactions with
unprecedented accuracy, accelerating the development of new drugs and
therapies. Quantum computing can aid in the design of new materials with tailored
structure and properties, potentially leading to breakthroughs in energy storage and
catalysis. Quantum sensors promise breakthroughs in medical imaging, navigation, and
environmental monitoring. Highly detailed images of the brain and body structures can
revolutionise the diagnostics and treatment of complex neurological disorders. A more
accurate and robust navigation system can overcome the limitations of GPS. Secure

communication channels based on quantum entanglement, unbreakable encryption
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through quantum key distribution (QKD), could become a reality, enhancing
cybersecurity. Quantum sensors can be used for precise measurement of diverse
environmental parameters, contributing to precise weather forecasting, climate
monitoring, and precision agriculture. Quantum computing as a service will allow
businesses to access quantum processing power without large upfront
investments. Building a quantum internet would allow for secure and instantaneous
communication between quantum computers and other devices. Military applications
include developing advanced military hardware, such as autonomous systems and
sensors. These examples of anticipated future breakthroughs, including quantum-
enhanced Al and advanced quantum sensing, indicate the potentially powerful impacts of
quantum science in various fields. Research continues in quantum computing, quantum
cryptography, communication, sensing, and other quantum technologies, with significant

investments and developments in hardware and algorithms.

Quantum computers, which utilise qubits that can exist as one, zero, or both
simultaneously  (superposition), enable fast parallel calculations. Quantum
communication uses these qubits and the special properties of quantum systems, like
superposition and entanglement, to transmit information securely and enhance
communication protocols like QKD, quantum dense coding, and teleportation (Singh et
al., 2020; Luo et al., 2023). It is useful in modern unbreakable encryption, digital
healthcare, data security, and cybersecurity. Research is underway on quantum repeater
protocols to enable long-distance quantum communication and their application to
improve 6G mobile networks. Quantum science and technology have many applications
including electronics (transistors), medical imaging (MRI scanners), quantum computing
in financial modeling, drug development, weather forecasting, quantum sensing
technologies, disaster management (tsunamis, droughts, earthquakes, floods), climate
change data collection, quantum simulators, ultra-precise measuring devices
(magnetometers, gyroscopes, interferometers), and squeezed light to detect
gravitational waves (Oi et al., 2017; Schleich et al., 2016; Wang & Song, 2020). In
summary, quantum technology has applications in research in fundamental physics,
secure communications, disaster management, aerospace engineering, pharmaceuticals,
cybersecurity, advanced manufacturing, and weather prediction (Acin et al., 2018).
Applications of quantum mechanics in various modern sciences include quantum
materials, quantum optics, quantum sensors, quantum computing, next-generation AlI,

and quantum cryptography.

Quantum dots, wires, and wells are nanostructures that exhibit quantum confinement in
all three dimensions (0D system), in two dimensions (1D system), and in one dimension
(2D system), respectively (Harrison & Valavanis, 2016). Quantum confinement is the

trapping of particles and restricting their motion [confinement: 3 (X, y, z)]. Quantum
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dots contain electrons and holes confined within a limited volume and exhibit
semiconducting behaviour because of their small size. Quantum wires act as a potential
well, confining electrons and holes in two dimensions [confinement: 2 (X, y)]. Quantum
wells transmit electrons of any energy above a certain level [confinement: 1 (z)]. The
drastic changes in properties in such ultrasmall structures are observed because of the
quantum-mechanical nature compared to the corresponding bulk structure (3D system)
[confinement 0]. The extreme case of the size reduction process in which all three
dimensions reach the nanometer range (1-100 nm) is called a quantum dot. If only two
dimensions are so reduced while one remains large, the resulting structure is called a
quantum wire. Suppose one dimension is reduced to a nanosize, a quantum well
structure results. Based on the spatial distribution of preformed nanoparticles, we can
have 0 (clusters), 1(nanotubes, fibers, rods), 2 (thin films, coats), and 3 (polycrystals)
dimensional nanomaterials that exhibit remarkable properties due to inherent
nanostructures (Paras et al., 2022; Ross et al., 2016; Yang et al., 2021). Examples of
nanomaterials in products include automobiles, clothes, textiles, electronics, toys,
cosmetics, sports items, food additives, pharmaceuticals, and household products. The
remarkable difference in the properties of nanomaterials compared to corresponding bulk
materials is due to the size effect. For instance, opaque to transparent in copper, inert to
catalysts in platinum, stable to combustible in aluminum, solid to liquid in gold, and

insulator to conductor in silicon is because of their nano-size.

A quantum state of matter is an arrangement of particles describing their interactions
with each other. Superconductivity and Bose-Einstein condensate are some examples of
this state of matter. They can be exotic and extreme, including room-temperature
superconductors, diamonds, and novel semiconductors that can reveal more about the
phenomena in the multiverse. Quantum sensing technology using quantum systems to
collect motion data, electric/magnetic fields, and imaging has many applications in
healthcare, civil, and military areas. Two molecules, photons, or electrons can become
entangled to remain connected even when separated by large distances (quantum
entanglement). The use of ‘magic wavelength optical tweezers’ to create a highly stable
environment that supports long-lasting quantum entanglement of molecules paves the
way for next-generation quantum technology. The modern states of matter include
quantum spin liquid, a disordered state that preserves its disorder even at very low
temperatures, supersolid state in which a solid can move without friction but retains a
fixed shape, string-net fluid state in which atoms have an unstable arrangement like a
liquid but have a pattern of solid, and heavy Fermion material state of a specific state of
the intermetallic compound, containing elements with 4f electrons in vacant orbitals. The
advancements in quantum biology may play a role in DNA mutations and can lead to
groundbreaking research in biomedical sciences. Further research on colloidal quantum
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dots, quantum information technologies, quantum encryption, and quantum beam
science could lead to major breakthroughs and disruptive innovations soon. Major

application areas of quantum technology are summarised in Figure 1.

Figure 1
Major application areas of quantum technology
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Quantum lithography computation magnetometers,
Ghost imaging Secure encryption gyroscopes,
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Public Awareness and Education

Public awareness and education initiatives are crucial for fostering a deeper
understanding and relevance of quantum science and technology (Gutorov et al., 2025;
Holincheck et al., 2024; Seskir et al., 2024). The IYQ-2025 aims to increase public
awareness of its importance through various events and activities worldwide. The IYQ will
include the setting up of four thematic hubs in academic and national research and
development institutes on quantum computation, quantum communication, quantum
sensing and metrology, and quantum materials and devices, with broad support from the
international scientific community and national governments. These efforts involve

making quantum science more accessible and understandable to a wider audience,
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including those outside the scientific community. Emphasising the impact of quantum
science on everyday technologies like smartphones, computers, and magnetic resonance
imaging (MRI) can make it more relatable. Encouraging participation from diverse
groups, including women and those from developing countries, is essential for building a
more inclusive quantum future. Social media events, conducting quizzes/puzzle games
on quantum concepts, faculty development programs, research collaborations,
developing quantum curricula, developing online/offline educational resource materials,
faculty exchange programs, public lectures and talks, global education fair/expo, and
workshops on quantum-related fields are all essential for advancing quantum education.
Public awareness and quantum literacy campaigns, technical exhibitions, and outreach
activities in quantum technologies can spark curiosity and encourage individuals to learn
more about quantum technologies. Higher education initiatives like incorporating
quantum science courses in various science/engineering disciplines can help build a
skilled quantum workforce for the future. Introducing learners to different perspectives
and diverse experiences enhances intellectual capabilities, leadership qualities, and
critical thinking processes in higher education institutions. Quantum knowledge initiative
with the best policies, overall quality education process, and the right trajectory could be
the game changer of the future. Understanding quantum science can lead to a greater
appreciation for its potential in addressing global challenges like healthcare and climate

change.
Quantum Progress Perspectives

Quantum mechanics (QM) reveals that matter and energy exist in discrete packets called
quanta (Kramers, 2018). Subatomic particles exhibit wave-particle duality. There is
uncertainty in the precise determination of position and momentum simultaneously. Two
or more particles can become entangled and share the same fate, though they are far
apart. Quantum technologies include lasers, transistors, medical imaging, quantum
computing, quantum optics, quantum condensed matter physics, quantum information
theory, device engineering, quantum simulation, and quantum sensors. They have
applications in fields like communication, manufacturing, medicine, modern electronics,
MRI, computation, and precise and sensitive sensors for measuring various physical
parameters (Schleich et al., 2016). Quantum field theory combines quantum mechanics
with special relativity to describe the fundamental forces and particles of nature (Peskin,
2018). Modern perspectives explore its profound implications for understanding the

multiverse.

Modern research areas include quantum chemistry, quantum gravity, topological
insulators and superconductors, quantum materials, quantum dynamics, simulating

molecular systems, and quantum information. Quantum technologies include quantum
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sensors, quantum metrology, quantum imaging, and quantum gravity. Further research
on high-temperature quantum superconducting materials and exploring their unique
properties deepens the understanding of underlying mechanisms and paves the way for
synthesising a broader class of such special materials with practical applications in
modern electronics and energy-efficient technologies (Yao & Ma, 2021). Recent advances
include new quantum particles (fractional excitons), progress in quantum entanglement,
logical qubits (- 0, 1, or a mixture of both at the same time), quantum computing with
advancements in qubit technology and quantum algorithms, quantum testing,
cryptography, secure and reliable communications, quantum statistics, and quantum
sensors. New advancements in microelectronics, quantum computing, and quantum
communication are paving the way for a deeper understanding of the quantum
world. These advancements include energy-efficient microelectronic devices, quantum
computer operating systems, and quantum machine clusters for high-end
computation. Additionally, techniques like redox gating, intracellular sensing and
mapping, sophisticated error mitigation, quantum satellite links, quantum magnetism,
and quantum spin models from nanographene are also contributing to this progress
(Mohseni et al., 2017).

The role of water in supporting life involves its role as a universal solvent to dissolve a
wide range of substances essential for biochemical reactions, temperature regulation with
its high specific heat capacity, and important nutrient transport in cells to thrive
(Thimmappa, 2023). Water is also present in various forms in subsurface oceans and
exoplanets, suggesting the possibility of extraterrestrial life. At the quantum level,
molecules of water exhibit phenomena such as superposition, where they exist in
multiple rotational and vibrational states simultaneously, and quantum entanglement
occurs between water molecules through hydrogen bonds. Superconductors and
quantum dots can be joined to make hybrid devices for quantum simulation in the solid
state, quantum computing, and electrical power generation. They can also create
transistors, tunable couplings, spin-photon couplings, and electrical qubit driving (De
Franceschi et al., 2010; Van Dam, et.al., 2006). Quantum time travel breakthrough
research enables scientists to reverse the flow of time, and it is possible to control (speed
up, slow down, or reverse) tiny particles (photon/electron) within quantum systems
(qubit) in real time (Baumeler et al., 2019; Phillips, 2025). A rewind protocol in quantum
processors can be used to reverse unwanted errors, saving time and energy. The
application of quantum computing principles and techniques to improve the performance
and capabilities of Al algorithms, using superposition and entanglement properties, is an
emerging field to solve complex numerical problems. Recent research reveals that
compact metasurfaces can act as powerful building blocks for scalable quantum optical

networks and could offer ‘lab-on-a-chip’ capabilities for basic science (Yousef et al.,
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2025). Gold nanoclusters can mimic gaseous trapped atoms in quantum performance,
offering scalable and tunable building blocks for next generation quantum computers and
a variety of quantum applications using spin polarisation property (Foxley et al. 2025;
Smith et al., 2025).

Establishing a Quantum Ecosystem

Building a coherent and robust quantum ecosystem based on the firm foundations of the
evolution of quantum science, its present trajectory, and its applications in strategic
sectors such as healthcare, hardware, electronics, defence, computing, advanced
manufacturing, nanotechnology, cognitive technology, and biotechnology has the
potential for startups in quantum technologies. Building portable cardiac scanners,
cellular-level cancer simulation/drug lifecycle modeling, molecular understanding of drug
pathways, 3D heart mapping, ultra-sensitive cardiac quantum sensors, and other
portable diagnostic tools leads to a new era of predictive, curative, and safer healthcare.
Quantum roadmap must include talent hunt and quantum skill development, research
and development infrastructure, cross-sector collaboration, nurturing quantum/deep-tech
startups, industry-institute partnerships, and strong policy support. Quantum skilling
educational programs (quantum education) in higher education institutions/universities
to build a technical future workforce in software, hardware, and applied research.
Teachers must be trained in quantum content teaching methods and a dedicated
quantum teaching center to give a flavour of the quantum system should be established
across the world. Access to a variety of tools, diverse pedagogical practices, 21%-century
learning materials, proactive learner engagement, and contextually relevant education
policy would pave the way for quantum knowledge production. Initiatives aimed at public
awareness and promoting quantum literacy, including educational programs, exhibitions,
and outreach activities, would add value, and the global quantum calendar can extract
tangible gains in decoding the language of the quantum world. Private-public
partnerships in quantum research and a uniform quantum education framework for all
nations can eventually bring dreams into reality. Breakthrough innovations in this
strategic frontier field and quantum solutions fundamentally transform the way the global
industries solve their most complex challenges. Key enablers include single window
regulatory clearances, allocation of land and licenses for industrial activities, stamp duty
concession/exemption, continuous power supply, skilled manpower, physical

infrastructure, good connectivity, and tax holiday for formative years.
Rewiring Quantum Workforce

The driving force for the quantum workforce is the increasing relevance and latest
technological advancements in the emerging field of quantum technologies and changing
demands (Aiello et al., 2021; Hughes et al., 2022; Gerke et al., 2022; Greinert et al.,
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2023; Kaur & Venegas-Gomez, 2022). It requires a well-educated and skilled workforce
trained in quantum hardware and software, and other relevant quantum topics, as it
moves from research laboratories to industrial applications. Quantum computing, with a
projected market size of 8.6 billion USD by 2027, will experience rapid growth and a big
economic impact in diverse sectors. Corporations are investing billions of dollars to
develop and commercialise quantum technologies fully. Higher education must be
geared up to provide quantum literacy education through structured learning programs,
more interactive and engaging content, and specialised skills with an interdisciplinary
approach involving physics, computer science, mathematics, and engineering. Building
and nurturing a quantum workforce for a quantum computing revolution requires a
national and global strategic plan fast enough to avoid severe shortages or quantum

winter in the quantum workplace.

Interdisciplinary collaboration of communicators, business developers, policymakers,
technicians, physicists, and engineers, and continuous learning will be crucial to bridge
the knowledge gap between different disciplines. Quantum researchers, engineers,
technicians, software developers, business developers, communicators, and policymakers
- all require a strong foundation in quantum mechanics to make a meaningful difference.
Addressing the multi-faceted ethical and societal implications of quantum technology is
vital in powering sustainable progress (Aboy et al., 2025). Thus, theoretical background,
practical applications, and soft skills are essential for the future of the quantum
workforce. Investment in setting up a practical computing laboratory and a ‘national
mission on quantum technologies and applications is needed to tap the vast potential
unfolding beyond the limits of classical computers. Outcome-focused incentives to attract
research talent from across the globe are required to thrive in quality quantum research
outputs. Further financial support and contributions/advancements in this emerging field
of the quantum world will shape the future of strategic applications and human
resources. It is essential to leverage advanced technologies to provide actionable insights
to power businesses in real-time and create an ecosystem where individual interests are
aligned with the best-in-class and tailor-made solutions for larger projects. It is
important to stay updated on the latest technological advancements and shape young
minds for a sustainable quantum future, reflecting a commitment to creating a positive

and enduring impact on society.

CONCLUSIONS

JOTCSC, Vol. 10, Issue 2, 2025. pp. 121-138.



Thimmappa, B. H. S. 133

A qualitative study on the impact of quantum science and technology involving adoption,
challenges, and strategic applications will provide more valuable insights into the
emerging field. Answering the W's, including quantum science explanation (what),
history and future of quantum science (when), applications to
nanomolecules/nanomaterials (where), advantages of using it in molecular design (why),
enabling quantum technologies including products, processes, and systems (how) will
provide deeper insights into quantum science and technology. Quantum mechanics
successfully explains the properties of microscopic particles, and we have witnessed
spectacular advances in chemistry, physics, biology, and medicine to transform our
world. The rapidly advancing quantum science and technology have the potential to
redefine the industrial landscape, lead to innovations in materials science, and improve
quality of life. The ability to assemble large atom arrays quickly (milliseconds), free of
any defects, and reliably opens up new trajectories toward building a sustainably faster
and scalable modern quantum computer. In the context of education, a constructive
global strategic perspective that emphasises the role of quantum education in balancing
human experience and development, particularly in the context of the changing

dimensions of research, is essential.

Quantum computing can lead to a paradigmal shift in data analysis faster than classical
computers and threat detection via more secure quantum encryption techniques.
Quantum technologies can provide solutions to sustainable energy, faster information
transmission, medical diagnostics, climate change monitoring, and geological exploration.
Recently, prominent technology firms have started investing in the applications of
quantum technologies. There is a gap between research advancements and commercial
applications, and academia and industry. It is challenging to create an innovative
ecosystem in quantum technology, fostering collaboration between academic institutions
and industries, and advanced training to generate human power for teaching and
research in this modern age of quantum mechanics. Recent developments in the field
include quantum-centric computers to simulate quantum chemistry, the use of artificial
intelligence to solve challenges in quantum chemistry, setting the stage for quantum
chemistry in space, and using high-performance quantum computing to advance drug

discovery.
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Ozet:

Kuantum bilimi ve teknolojisi, cesitli bilimsel alanlar ve pratik uygulamalar tGzerinde
derin etkileri olan kritik bir arastirma ve gelistirme alani olarak giderek daha fazla
o6nem kazanmaktadir. Kuantum bilimi, atom alti olgulara iliskin deneysel goézlemleri
aciklayarak kuantum teorisinin ilkelerine dayali kavramsal sistemin tamamina dair
temel anlayisimizi gelistirmektedir. Kuantum hesaplama, hesaplama ydntemlerinde
kokli bir doénisim yaratma potansiyeline sahiptir. Kuantum kimyasi, kuantum
kriptografisi ve kuantum makine 6grenimi gibi temel araglarin gelistiriimesi; kuantum
biyolojisi, kuantum finansi, kuantum algilama, hava tahmini ve kuantum uzay bilimi
gibi ileri uygulamalarla birlikte, 6nemli bir kliresel etki yaratmasi beklenmektedir. Bu
kisa derleme, alandaki gelismelere genis bir bakis sunmakta ve c¢esitli olasi
uygulamalarla arastirmalarin énemini vurgulayarak farkl sektdrlerde ¢ézimler Giretme
potansiyelini ortaya koymaktadir.

Anahtar kelimeler: Kuantum bilimi, kuantum teknolojisi, kuantum hesaplama,

kuantum sensorler

Sorumlu yazar: Dr. B.H.S. Thimmappa
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Abstract:

This study examines the extent to which the 5th Grade Science Curriculum, developed
within the framework of the Tirkiye Yizyili Maarif Modeli (Century of Tlrkiye Education
Model, 2024), aligns with Seligman’s PERMA model. The research was conducted using
the document analysis technique, one of the qualitative research methods, and
systematically analyzed the interdisciplinary components and skills included in the
curriculum units. The findings revealed that the program is highly integrated with the
well-being indicators of positive emotions, engagement, positive relationships, meaning,
and accomplishment. In particular, it was observed that students’ cognitive, social, and
emotional development is supported through interdisciplinary interaction, game-based
learning, and values education. The results indicate that the PERMA model can provide
an effective framework for the design of contemporary curricula.
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EXTENDED SUMMARY

Introduction

Hope consists of an individual’s goals, the capacity to generate pathways toward those
goals, and the agency to initiate action. A goal is a product of individual cognitive
processes, the focal point of human thought, and at the same time, the cornerstone of
Snyder’s theory of hope. The process of goal formation directs individuals toward various
behaviors and is closely associated with the effort devoted to achieving those goals as
well as personal evaluations regarding their value (Liu & Huang, 2013). Psychologist
Snyder, who conducted extensive and systematic research on hope over many years,
argued that hope is the most fundamental personal strength and that other positive
character traits are built upon it (Snyder, 2000). Numerous studies have revealed that
hope constitutes a critical psychological resource in preventing psychological disorders

and in coping with stress.

Individuals with high levels of hope tend to set more goals, and with the attainment of
each new goal, subsequent goals become increasingly complex and ambiguous. Pathways
thinking refers to one’s confidence in generating multiple strategies to reach a goal and
in overcoming encountered obstacles. This thought process functions as an intrinsic
strategy or a mental roadmap (Snyder, 2002). Generally, individuals with high hope
develop more concrete, feasible, and alternative-rich strategies compared to those with
low levels of hope. Moreover, hope serves as a protective factor for psychological well-
being (Griggs, 2017). Mental health constitutes one of the cornerstones of a nation’s
stability, social peace, and sustainable development, and it directly influences the overall
happiness and productivity of society. Students, who strive to find their way in complex
social environments, face various challenges due to rapidly changing societal structures
and increasing competitiveness. However, positive psychology-based interventions
aimed at enhancing hope can serve as effective support tools for alleviating depressive

symptoms (Hergenrather et al., 2013).

The idea that well-being can be sustained in multiple ways has laid the foundation for the
development of multidimensional approaches (Coffey et al., 2014). Seligman’s well-being
theory is also multidimensional and comprises five key elements (Seligman, 2018).
These elements are: positive emotions, engagement, relationships, meaning, and
accomplishment. The acronym “PERMA,” derived from the initials of these components,
names the model (Forgeard et al., 2011; Seligman, 2012). Well-being cannot be
explained through a single factor; each element contributes to this construct in different
ways. Within the PERMA model, each component is expected to exhibit three essential
properties. First, each element should contribute to an individual’'s well-being. Second,

individuals should pursue these elements not merely as a means to another end but as

JOTCSC, Cilt 10, Say! 2, 2025. Sayfa 139-166



Ciftgi, B. & Aydin, A.

intrinsically valuable in themselves. Third, each element should be independently
definable and measurable (Seligman, 2012). While there are many indicators of well-
being, the pursuit of these five elements arises from individuals’ intrinsic motivation
(Coffey et al., 2014).

Positive emotions, constitute the first element of both Seligman’s well-being and
authentic happiness models. In this framework, unlike earlier theories, life satisfaction
and happiness are highlighted as core components of positive emotions. These emotions
are evaluated through subjective measures based on individuals’ lived experiences
(Seligman, 2012). This dimension represents the hedonic (pleasure-oriented) aspect of
well-being, encompassing feelings such as joy, contentment, and comfort (Khaw & Kern,
2015). Positive emotions foster development, facilitate action, and nurture hope and
optimism about the future. Furthermore, they enhance productivity in professional life,
support physical health, and strengthen the quality of social relationships (Kun et al.,

2017). Experiencing positive emotions plays a key role in improving quality of life.

Engagement, another dimension within PERMA, refers to an individual's deep
psychological connection with a given task or activity (Khaw & Kern, 2015). Immersion in
an activity with focused attention indicates high engagement and is often associated with
the flow experience (Higgins, 2006). Flow is a state in which thoughts and emotions align
toward a goal, integrating the self with the activity (Csikszentmihalyi, 1990). Similar to
attachment, this experience can only be assessed through subjective self-reports,
typically after the experience has ended, as awareness during the flow state itself is low
(Seligman, 2012).

Relationships, play a central role in psychological well-being. High-quality and supportive
social connections enhance emotional resilience, help regulate stress responses, and
positively contribute to learning processes. Social interactions cultivate empathy, trust,
and mutual support mechanisms, allowing individuals to utilize their emotional and
cognitive resources more effectively. In educational settings, strengthening this
dimension can be achieved through structured collaborative activities, peer feedback,
and conflict-resolution training. Such practices improve classroom climate, encourage
students to take risks, and foster active participation. The effectiveness of these practices
can be evaluated using both quantitative scales and qualitative observational methods
(Seligman, 2012).

Meaning, refers to individuals’ tendency to situate their actions and experiences within a
broader system of purpose and values. Perceiving the significance of an activity or
learning goal in personal and societal contexts enhances Ilearning motivation,
perseverance, and resilience in the face of difficulties. Educational practices that cultivate
meaning often involve relating lesson content to students’ life priorities, societal needs,

Tiirkiye Kimya Dernegi Dergisi Kisim C: Kimya Egitimi
Journal of Turkish Chemical Society Section C: Chemistry Education (JOTCSC)



142 Pozitif Psikoloji Perspektifinden 5. Sinif Fen Bilimleri Dersi Ogretim Programi
5th Grade Science Curriculum from a Positive Psychology Perspective

and personal values. Project-based learning, community service, and reflective practices
serve as effective strategies for this purpose. Meaning-oriented approaches promote
deeper and more sustainable engagement with learning, and outcomes can be assessed
through reflective writing, project outputs, and rubrics evaluating contextualization skills
(Seligman, 2012).

Accomplishment, encompasses the sense of competence, progress, and satisfaction that
arises from achieving one’s goals. Reaching desired outcomes and materializing one’s
efforts reinforce self-efficacy, sustain motivation, and pave the way for new learning
initiatives. In educational contexts, accomplishment should not be defined solely by final
exam results but also by ongoing progress, incremental achievements, and the creation
of tangible products. Effective practices include goal-setting and monitoring, process-
oriented portfolios, regular positive feedback, and tools that allow students to visualize
their own progress. Assessment should thus focus on both performance and the learning

process itself (Seligman, 2012).

In Tlrkiye, studies on positive psychology—based interventions have demonstrated their
significant contributions to psychological well-being. For instance, Eryilmaz (2012)
revealed that the “Goal Expansion Group Guidance Program” developed for adolescents
supported their processes of defining life purposes and enhanced their life satisfaction.
Similarly, Eryillmaz (2015), in a one-group pre-test-post-test study with university
students, found that positive group psychotherapy was effective in reducing depression
and negative affect. Keven-Akliman and Eryilmaz (2017) reported that group-based
positive psychotherapy helped adolescents develop positive body images and coping
strategies related to body concerns. Qualitative data further indicated improvements in
self-esteem, self-care, body acceptance, optimism, and mental control. Another notable
contribution comes from Kaya’s (2019) doctoral dissertation, which focused on a group
counseling program based on the contextual positive psychology approach. The
program’s effects on well-being, depression, anxiety, stress, and experiential avoidance
were experimentally examined. In addition, Glldal and Satan (2020) reported that a
mindfulness-based psychoeducation program enhanced high school students’ awareness
levels, improved character strengths such as perseverance, prudence, and love of

learning, and partially contributed to academic achievement.

In 2024, the Ministry of National Education updated curricula across all grade levels
under the title Tirkiye Yizyili Maarif Modeli (MEB, 2024). The model adopts a holistic
approach that integrates knowledge, skills, values, and actions, emphasizing the
reduction of content load, deepening of core concepts, strengthening of interdisciplinary
connections, and linking learning to real life. Guided by a common framework, the model

integrates 21st-century competencies—such as critical and creative thinking, problem
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solving, communication, collaboration, digital and media literacy—with national, moral,
and universal values. Its assessment and evaluation framework is structured around
process- and performance-based approaches and employs multiple forms of evidence.
The aim of the science curriculum is to enable students to effectively acquire
fundamental scientific concepts and process skills, while developing inquiry,
collaboration, critical thinking, data literacy, and technological literacy. Additionally, it
seeks to raise individuals who can reflect sustainability, environmental, and health

awareness in their daily life decisions (MEB, 2024).

Currently, the literature lacks studies directly connecting positive-psychology—-based
interdisciplinary components of science curricula with the dimensions of the PERMA
model. This study therefore seeks to contribute to the literature and open new academic

pathways.

The aim of this research is to determine the extent to which the components of the
PERMA model, shaped by the positive psychology approach, align with the 5th Grade
Science Curriculum updated in 2024 within the framework of the Tirkiye Yiuzyili Maarif
Modeli. Specifically, the study seeks to investigate not only the cognitive but also the

affective and social dimensions of the curriculum.
Accordingly, the research seeks to address the following questions:

1. To what extent does the 5th Grade Science Curriculum, developed within the
2024 Turkiye Yuzyih Maarif Modeli, align with the components of Seligman’s
PERMA model?

2. How are the interdisciplinary components, which encompass the Ilearning
outcomes of the 5th Grade Science Curriculum, structured in terms of supporting

students’ psychological well-being?
Method

This study was conducted using the document analysis method, one of the qualitative
research techniques. In line with the objectives of the research, this method—referred to
as document analysis—entails the planned and systematic examination of various types
of written materials, such as books, academic publications, curricula, official or private
documents, and newspapers (Blylkoztirk, 2017; Yildinm and Simsek, 2013; Morgan,
2022). The document analysis method is considered a highly valuable technique for
monitoring transformations and developments in a given field through documents
selected in accordance with the research topic (Kiral, 2020). As one of the qualitative
research methods, document analysis enables researchers to gain a comprehensive and
in-depth understanding of their research questions. By drawing on existing written
documents, researchers can obtain valuable and detailed information to address complex
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questions. In light of these advantages, the document analysis method was chosen for
the present study. This method not only supports the aims of the research but also
ensures that the study is grounded in a robust and well-substantiated methodological
framework (Yildirrm and Simsek, 2013).

Within the scope of the Tilrkiye’s Century of Education Model, the relevant documents
consist of the 2024 Primary Education 5th Grade Science Curriculum (MoNE, 2024),

which was accessed through the official website of the Board of Education and Discipline.

The data obtained in the study were analyzed through the content analysis method.
Content analysis is a technique with multifunctional applications that can transform
quantitative data into qualitative insights and enables the objective and systematic
examination of both verbal and written materials (Tavsancil & Aslan, 2001). Within this
framework, the contents of the 5th grade science curriculum were first categorized
according to the themes identified in line with the research questions. These categories
were also employed as evaluation criteria during the analysis process. Based on these
themes, the program’s content was examined, and the data were organized into
categories by considering similarities, differences, and innovations, subsequently
presented in tabular form. In the final stage, the information in the tables was compared

and subjected to interpretive evaluation.

Validity and reliability hold a crucial place in qualitative research. To ensure the reliability
of the analysis process, the opinions of two science teachers holding doctoral degrees in
the field were consulted. To measure and determine reliability, the formula developed by
Miles and Huberman (1994), Reliability = Consensus / (Consensus + Disagreement), was
employed. The calculation revealed an agreement rate of 89% between the researcher
and the experts. This ratio indicates a high level of consensus and suggests that the
analysis results can be considered reliable. Furthermore, the identified disagreements
were revisited to achieve reconciliation, thereby reinforcing that the analysis results are

both reliable and replicable.
Results and Discussion

In this study, the 2024 Science Curriculum for 5th grade, developed within the
framework of the Tlrkiye Century Maarif Model, was examined through the lens of Martin
Seligman’s PERMA model (Positive Emotions, Engagement, Relationships, Meaning,
Accomplishment), with a particular focus on its well-being-oriented structure. The
findings indicate that the curriculum moves beyond a traditional instructional approach
aimed solely at cognitive development, by also prioritizing students’ affective, social, and

psychological well-being.
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Each unit is multidimensionally associated with the five components of the PERMA model.
For instance, the unit "Our Neighbors in the Sky and Us” supports the accomplishment
dimension through scientific inference and modeling skills, while the units “"Let’s Explore
Force” and "A Journey into the Structure of Living Things” contribute to the development
of positive emotions. Group work, game-based learning, and interdisciplinary interactions
consistently foster students’ active engagement and strengthen their social relationships
throughout the program. Particularly, the meaning dimension is reinforced through
themes such as sustainability, environmental awareness, and values education, which

allow students to develop a deeper sense of commitment to learning.

These findings are consistent with Coffey et al.’s (2014) research on the developmental
course of well-being and Forgeard et al.’s (2011) conclusions regarding the applicability
of the PERMA model in educational contexts. Moreover, the structured integration of
psychological concepts such as hope, meaning, and self-regulation within the curriculum
supports the claims of Griggs (2017) and Hergenrather et al. (2013) concerning the role

of positive psychology in education.

Research conducted in the Turkish context further substantiates these results. Demirci et
al. (2017) adapted the PERMA-based scale into Turkish and demonstrated that the
model’s five dimensions reliably predicted students’ well-being. Their study reported that
all dimensions of the scale were positively and significantly correlated with psychological
well-being, with positive emotions, relationships, and meaning showing particularly
strong associations with life satisfaction. These findings provide evidence that PERMA is
not only a theoretical construct but also a measurable and applicable framework in

educational settings.

Similarly, Gimls et al. (2022) showed that a PERMA-based positive psychology program
produced significant improvements in students’ positive emotions, meaning, and
accomplishment. Such results reinforce the view that the curriculum aims not only at
knowledge transmission but also at enhancing students’ psychological resilience and

subjective well-being.

The findings are also aligned with contemporary learning theories. Skills such as self-
regulation, empathy, creativity, and open-mindedness contribute not only to individual
achievement but also to social awareness, sustainable living consciousness, and social
responsibility. This demonstrates that science education is evolving into a structure that
does not merely transmit knowledge but also imparts values and integrates learning with
life. The program’s student-centered, multidimensional design, which supports the full
potential of the individual, can thus be regarded as a powerful example of the

intersection between positive psychology and education.

Recommendations
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Based on the findings of this study, it is evident that curricula should be structured not
only to focus on cognitive achievements but also to support students’ psychological well-
being. In this context, it is recommended that theoretical frameworks grounded in
positive psychology, such as the PERMA model, be integrated into the planning and
implementation processes of curricula. Particularly in science education, fostering positive
emotions, promoting active engagement in learning, establishing meaningful social
relationships, and attributing personal meaning to learning should be considered

fundamental components for sustained achievement.

For teachers to play an active role in this process, it is essential that teacher education
programs and in-service training include topics such as positive psychology, hope, well-
being, and values-based education. Learning materials should not be limited to the mere
transmission of knowledge; rather, they should be enriched through activities such as
games, problem-solving, collaboration, and interdisciplinary interaction, thereby enabling

students to establish emotional and social connections with the subject matter.

Furthermore, the development of well-being-oriented support programs for students
through school counseling and guidance services will contribute to the holistic nature of
the learning process. In shaping educational policies, not only academic achievement
indicators but also students’ levels of well-being should be taken into account; in this
regard, measurable indicators should be established, and the effectiveness of practices

should be systematically monitored.

Future research should comparatively examine the effects of PERMA-based instructional
approaches across different age groups, socio-cultural contexts, and disciplines. Mixed-
method studies will more clearly reveal the applicability of the model and its contribution
to student development. In this way, the scientific foundations for the multidimensional
advancement of the education system will be strengthened, supporting the development
of students not only as knowledge learners but also as individuals who are self-aware,

seek meaning, collaborate, and live fulfilling lives.
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Ozet:

Bu calisma, 2024 yil Tirkiye Yazyili Maarif Modeli kapsaminda gelistirilen 5. sinif Fen
Bilimleri Dersi Ogretim Programi’nin, Seligman’in PERMA modeli cercevesinde ne dlciide
ortlstigund incelemektedir. Arastirma, nitel arastirma yontemlerinden dokiman analizi
teknigiyle yuaritilmus; oOdretim programi kapsamindaki Unite iceriginde yer alan
programlar arasi bilesenler ve beceriler sistematik olarak analiz edilmistir. Bulgular,
programin pozitif duygular, katiim, olumlu iligskiler, anlam ve basar gibi iyi olus
gostergeleriyle yiiksek diizeyde bitinlestigini ortaya koymustur. Ozellikle disiplinler arasi
etkilesim, oyun temelli 6grenme ve dederler egitimi yoluyla 6grencilerin bilissel, sosyal ve
duygusal gelisimlerinin desteklendigi gortlmustir. Elde edilen veriler, PERMA modelinin
cagdas oOdgretim programlarinin tasariminda etkili bir yapi sadlayabilecegini
gbéstermektedir.

Anahtar kelimeler: Pozitif psikoloji, Tlrkiye ylzyill maarif modeli, fen bilimleri, perma,
Seligman, ¢agdas o6gretim programi

Sorumlu yazar: Burak CIFTCI, brkcftc71@gmail.com

GIRIS
Umut; bireyin hedefleri, bu hedeflere ulasmak igin yollar gelistirme kapasitesi ve eyleme
gecme iradesinden olusur. Hedef; bireysel zihinsel silreglerin bir Grdnd, insan
dislincesinin odak noktasi ve ayni zamanda Snyder'in umut kuraminin temel yapi tasidir.
Hedeflerin olusturulmasi, bireyleri gesitli davraniglara yodneltir ve bu hedeflere ulasmak
icin gosterilen gaba ile hedeflerin dederine iliskin bireysel degerlendirmelerle yakindan
iliskilidir (Liu ve Huang, 2013). Umut konusunda uzun yillar boyunca c¢alismalar yiriten
psikolog Snyder, bu alandaki en kapsamli ve sistematik arastirmalar gerceklestirmistir.

Snyder, umudu en temel kisilik gicl olarak gérmekte ve diger olumlu kisilik 6zelliklerinin
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de bu glce dayandigini ileri slirmektedir (Snyder, 2000). Yapilan gok sayida arastirma,
umudun bireylerin psikolojik rahatsizliklari 6nlemede ve stresle bas etmede kritik bir

psikolojik kaynak oldugunu ortaya koymustur.

Umut dlzeyi ylksek bireyler, daha fazla hedef koyma edilimindedir ve her yeni hedef
gerceklestirildiginde sonraki hedefler daha karmasik ve belirsiz hale gelmektedir. Yol
disilincesi, bireyin hedefe ulasmak icin birden fazla ¢6zim gelistirme ve karsilastig
engelleri asma becerisine olan glveninden olusur. Bu dlislince, bireyin igsel bir stratejisi
va da ulasim plani niteligindedir (Snyder, 2002). Genellikle yiksek umut diizeyine sahip
bireyler, disik umut dizeyindekilere kiyasla daha somut ve uygulanabilir stratejiler
gelistirir ve bu stratejiler daha fazla alternatif icerir. Ayni zamanda umut, bireyin
psikolojik iyi olusu icin de 6nemli bir koruyucu etkendir (Griggs, 2017). Ruh saghdgi; bir
Ulkenin istikrari, toplumsal huzuru ve sirdlrilebilir kalkinmasinin ana yapi taslarindan
biri olup ayrica yasam kalitesini belirleyen bir unsur olarak toplumun genel mutlulugu ve
verimlilii Uzerinde dogrudan etkilidir. Ogrenciler, karmasik sosyal ortamlar icinde
yoOnlerini bulmaya calismakta ve hizla dedisen toplumsal yapi ile artan rekabet kosullari
nedeniyle cesitli gicliklerle karsilasmaktadir. Bununla birlikte umudu ylkseltmeyi
amaglayan pozitif psikoloji temelli mudahaleler, bireylerin depresif belirtilerini

hafifletmede etkili bir destek araci olabilir (Hergenrather ve ark., 2013).

Yasamda iyi olusun farkli bicimlerde strdurllebilecedi diistincesi, cok yonlla yaklagimlarin
gelistiriimesine zemin hazirlamistir (Coffey ve ark., 2014). Seligman’in iyi olug kurami da
¢ok boyutlu bir yapiya sahiptir ve bes temel unsurdan olusur (Seligman, 2018). Bu
unsurlar; pozitif duygular (positive emotion), katiim (engagement), olumlu iliskiler
(relationships), anlam (meaning) ve basar (accomplishment) seklinde siralanir. Bu
Ogelerin bas harflerinden meydana gelen “"PERMA” ifadesi, modelin adini belirlemektedir
(Forgeard ve ark., 2011; Seligman, 2012). lyi olus yalnizca tek bir unsurla aciklanamaz;
her bir 6ge bu yapiya farkh yénlerden katki sunmaktadir. PERMA modelinde yer alan her
bilesenin ¢ temel 6zelligi bulunmasi beklenir. Bunlardan ilki, her unsurun bireyin iyi olus
diizeyine katki saglamasidir. ikinci &zellik, bireylerin bu unsurlardan herhangi birine
ulasmayi yalnizca baska bir unsuru elde etmek amaciyla dedil kendi basina degerli
bulduklarn igin istemeleridir. Ucglinci ve son 6zellik ise her bir bilesenin birbirinden
badimsiz olarak tanimlanabilir ve &lcllebilir nitelikte olmasidir (Seligman, 2012). lyi
olusun bircok goOstergesi olmasina ragmen bu bes unsurun kullanimi, bireylerin igsel

gldiyle bu 6gelere ulasma isteginden kaynaklanmaktadir (Coffey ve ark., 2014).

Pozitif duygular, Seligman’in hem iyi olus hem de 6zgin mutluluk modelinin ilk dgesidir.
Bu modelde, 6nceki kuramdan farkli olarak yasam doyumu ve mutlulugun, pozitif
duygularin temel bilesenleri oldugu o6zellikle vurgulanmaktadir. Bu duygular, 6znel

Olgltlerle dederlendirilir ve bu Olglimler bireyin o anki deneyimlerine dayanir (Seligman,
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2012). Bu bilesen, iyi olusun hedonik (haz odakh) boyutunu temsil eder ve keyif,
memnuniyet, rahathk gibi olumlu duygulan kapsar (Khaw ve Kern, 2015). Pozitif
duygular gelisimi destekler, bireyin eyleme gecmesini kolaylastirir ve gelecede dair umut
ile iyimserlik duygularinin olusmasini saglar. Ayni zamanda is hayatinda (retkenligi
artirir, fiziksel saghgi destekler ve sosyal iliskilerin kalitesini giglendirir (Kun ve ark.,
2017). Olumlu duygularin deneyimlenmesi, yasam kalitesinin artirlmasinda kilit rol

oynamaktadir.

Katihm (engagement), PERMA cercevesinde yer alan diger bir boyuttur ve bireyin bir
durum ya da faaliyetle derin bir psikolojik bag kurmasini ifade eder (Khaw ve Kern,
2015). Kisinin bir isle mesgul olup ona odaklanarak yogun bir dikkat sergilemesi, yliksek
dizeyde bag kurdugunu gosterir ve bu durum genellikle akis (flow) deneyimiyle
baglantilidir (Higgins, 2006). Akis, bireyin dislince ve duygularinin belirli bir hedefe
yOnelerek uyum igerisinde gerceklestigi ve benligin yasantiyla bitlnlestigi bir durumdur
(Csikszentmihalyi, 1990). Badglanma gibi bu deneyim de sadece bireyin 06znel
gozlemleriyle dederlendirilebilir. Kisi akis halindeyken dislinsel ve duygusal olarak
farkindalik dizeyi dislik olur; bu nedenle dederlendirme sirecleri deneyim sonrasinda

yapilabilir (Seligman, 2012).

Iliskiler (Relationships): Bireyin psikolojik iyi olusunda sosyal baglarin rolii merkezi bir
konumdadir. Nitelikli ve destekleyici iliskiler duygusal dayanikhhdi artirir, stres yanitlarini
dizenlemeye yardimci olur ve 6dgrenme slreclerine olumlu katki saglar. Sosyal
etkilesimler; empati, given ve karsilikli destek mekanizmalarini gelistirir. Sonug¢ olarak
birey hem duygusal hem de bilissel kaynaklarini daha verimli kullanir. EGitim ortaminda
bu boyutun glglendirilmesi, 6gretmen-6grenci ve akran iligkilerinin niteligini hedef alan
uygulamalarla (6rnedin yapilandiriimis is birligi etkinlikleri, akran geri bildirimi, catisma
¢6zUmU egditimi) mumkindir. Bu mudahaleler sinif iklimini iyilestirerek 6grencilerin risk
almasini ve aktif katihmini tesvik eder. Etkililigi 6lcmek igin hem nicel 6lgekler hem de

gbdzlemsel nitel veri toplama yéntemleri kullanilabilir (Seligman, 2012).

Anlam (Meaning): Anlam boyutu, bireyin eylemlerini ve deneyimlerini daha genis bir
amag veya dederler sistemi icinde konumlandirma egilimini ifade eder. Bir etkinligin veya
6grenme hedefinin kisisel ve toplumsal baglamda ©neminin algilanmasi, 6grenme
motivasyonunu ve silrekliligini artirirken zorluklar karsisinda dayanikhligi da destekler.
Egitimsel uygulamalarda anlam yaratma, ders igeriklerinin 6grencilerin yasam 6ncelikleri,
toplumsal ihtiyaglar ve kisisel degerlerle iliskilendirilmesi yoluyla saglanir. Proje-temelli
6grenme, toplum hizmeti etkinlikleri ve dlizenli yansitici uygulamalar bu amacla etkili
araglardir. Anlam odakh yaklasimlar 6grencilerin 6grenme sirecine daha derin ve

surdurlebilir bigcimde angaje olmalarini saglar. Edinilen kazanimlarin
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dederlendirilebilmesi  igin  6dgrencilerin  refleksiyon vyazilari, proje gciktilan ve

baglamsallastirma becerilerine yonelik rubrikler tercih edilebilir (Seligman, 2012).

Basari (Accomplishment): Basari boyutu, bireyin belirledigi hedeflere ulasma sirecinde
edindigi yeterlik, ilerleme ve bunun getirdigi tatmin duygusunu kapsar. Hedeflenen
sonuglara erisim ve cabanin somutlagsmasi; 6z-yeterlik inancini giglendirir, motivasyonu
strdlrir ve yeni 6grenme girisimlerine zemin hazirlar. EGitim baglaminda basari yalnizca
nihai sinav sonuclariyla degil sire¢c boyunca gosterilen gelisim, kigclk adimlarla hedefe
ulasma ve somut Urin olusturma Uzerinden de tanimlanmalidir. Bu nedenle etkili
uygulamalar arasinda hedef belirleme ve ilerlemeyi izleme ydntemleri, slire¢ odakh
portfolyolar, dizenli olumlu geri bildirimler ve 6drencinin kendi ilerlemesini
gorsellestirmesine imkan taniyan araclar yer alir. Dederlendirme hem performans hem de

o6grenme slrecinin kendisi Uzerine odaklanmalidir (Seligman, 2012).

Tlrkiye'de pozitif psikoloji temelli muidahalelere yodnelik vylritilen calismalar, bu
yaklasimin bireylerin psikolojik iyi olusuna 6nemli katkilar sundugunu gostermektedir.
Ornegdin, Eryilmaz (2012), ergenlere yénelik gelistirdi§i “Amaclari Genisletme Grup
Rehberligi Programi”nin yasam amaci belirleme sireclerini destekledigini ve yasam
doyumlarini artirdigini ortaya koymustur. Benzer sekilde Eryilmaz (2015), Universite
ogrencileriyle gerceklestirdigi tek grup on test-son test desenli galismada, pozitif grup
psikoterapisinin depresyon ve olumsuz duygulanimi azaltmada etkili oldugunu
bulgulamistir. Keven-Akliman ve Eryilmaz (2017), grupla pozitif psikoterapi
uygulamasinin ergenlerin olumlu beden imaji gelistirmelerine ve bedenle ilgili basa ¢ikma
stratejileri kazanmalarina katki sagladigini belirtmislerdir. Nitel verilere dayal analizlerde
ise programin benlik saygisi, kisisel bakim, beden kabull, iyimserlik ve zihinsel kontrol
gibi alanlarda o6grenciler Uzerinde olumlu etkiler yarattigi gézlemlenmistir. Bu alanda
yapilan bir diger énemli galisma, Kaya’nin (2019) baglamsal pozitif psikoloji yaklasimina
dayali grupla psikolojik danisma programina odaklanan doktora tezidir. Programin iyi
olus, depresyon, anksiyete, stres ve yasantisal kaginma Uzerindeki etkileri deneysel
olarak incelenmistir. Buna ek olarak Gildal ve Satan (2020), “bilingli farkindalik” temelli
gelistirilen bir psikoeditim programinin lise &6drencilerinin farkindalhk dizeylerini
artirdidini; sebat, sagduyu ve 6grenme sevgisi gibi karakter giiglerinde gelisim sagladigini

ve akademik basariya kismen katki sundugunu raporlamistir.

Milli Egitim Bakanligi, 2024'te tim kademelerde 6gretim programlarini “Tirkiye Ylzyili

Maarif Modeli” basligi altinda giincellemistir.

“Model; bilgi, beceri, deder ve eylemi birlikte ele alan bltlincil bir yaklasim
benimseyerek igerik yukinl azaltma, temel kavramlarda derinlesme, disiplinler arasi
baglantilari glglendirme ve 6grenmeyi yasamla iliskilendirme hedeflerini 6ne gikarir.

Ortak bir gerceve metinle tiim derslerin 6gretim programlarina yon veren model; elestirel
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ve yaraticl dlisinme, problem ¢6zme, iletisim, is birligi, dijital ve medya okuryazarhgi gibi
21. ylzyll yetkinliklerini milli, ahlaki ve evrensel dederlerle butinlestirir. Olcme-
dederlendirme anlayisi slire¢ ve performans temelli, c¢oklu kanit yaklasimiyla
yapilandirilmistir. Fen bilimleri 6gretim programinin amaci; 6grencilerin fen bilgisi temel
kavramlarini ve bilimsel slre¢ becerilerini etkin bicimde edinmelerini; sorgulama, is
birligi, elestirel disinme, veri okuma ve teknoloji okuryazarligi becerilerini
gelistirmelerini saglamak ayrica strdirilebilirlik, cevre ve saglik bilincini glnlik yasam

kararlarina yansitabilen bireyler yetistirmektir.” (MEB,2024)

Fen bilimleri mifredatinda yer alan pozitif temelli programlar arasi bilesenler ve PERMA
modeliyle ilgili boyutlar literatiirde yer almamaktadir. Bu calisma ile literatire katki

saglanmasi ve yeni akademik yollar acilmasi hedeflenmektedir.

Bu arastirma, pozitif psikoloji yaklasimi cercevesinde sekillenen PERMA modelinin
bilesenlerinin, 2024 yil Turkiye Ylzyih Maarif Modeli kapsaminda giincellenen 5. sinif Fen
Bilimleri Dersi Ogretim Programi ile ne dizeyde értiistigini belirlemeyi amaclamaktadir.
Calisma, ogretim programinin yalnizca bilissel degil ayni zamanda duyussal ve sosyal

gelisimi destekleyici yonlerini de incelemeyi hedeflemektedir.
Bu dogrultuda arastirma, asadidaki sorulara yanit aramaktadir:

1- 2024 yih Tarkiye Yuazyih Maarif Modeli kapsaminda gelistirilen 5. sinif Fen Bilimleri
Dersi Ogretim Programi, Seligmanin PERMA modelinin hangi bilesenleriyle ne

Olcide 6rtismektedir?

2- 5. sinif Fen Bilimleri Dersi Ogretim Programi’nda yer alan 6§renme ciktilarini
kapsayan programlar arasi bilesenler, 0Odrencilerin psikolojik iyi olusunu

destekleyici nitelikler bakimindan nasil yapilandiriimistir?

YONTEM

Bu bélimde arastirmanin modeline, veri kaynadina, verilerin toplanmasi ve analizine ait
bilgilere yer verilmigtir.

Calismanin Deseni/Modeli

Bu calisma, nitel arastirma yoéntemlerinden biri olan dokiiman incelemesi ydéntemiyle
gerceklestirilmistir. Arastirmanin hedefleri dodrultusunda kitap, akademik vyayinlar,
O0gretim programlari, resmi ya da 06zel belgeler, gazeteler gibi farkli tlrdeki yazili
materyallerin planli ve sistematik bicimde analiz edilmesini kapsayan bu yoénteme
dokiiman inceleme ydntemi adi verilmektedir (Buylkoéztirk, 2017; Yildinm ve Simsek,
2013; Morgan, 2022). Dokiiman inceleme ydntemi, arastirma konusuna uygun sekilde
secilmis belgeler aracihidiyla s6z konusu alanla ilgili dénisim ve gelismeleri takip
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edebilme acisindan oldukca dederli bir teknik olarak degerlendirilmektedir (Kiral, 2020).
Nitel arastirma ydntemlerinden biri olan dokiiman incelemesi, arastirmacilarin arastirma
sorularini kapsamli ve derinlikli bicimde kavramalarina olanak tanimasi agisindan oldukga
etkili bir tekniktir. Var olan yazili dokiimanlardan faydalanarak arastirmacilar, karmasik
sorulara yanit bulmak amaciyla degerli ve derinlemesine bilgiler elde edebilmektedirler.
Bu avantajlar dogrultusunda s6z konusu calismada dokiman inceleme yodntemi tercih
edilmistir. Bu yontem, yalnizca arastirmanin amacglarini desteklemekle kalmamakta ayni
zamanda calismanin giglid ve temellendirilmis bir metodolojik yapiya dayanmasini da
saglamaktadir (Yildinm ve Simsek, 2013).

Veri Toplama

Tirkiye Yizyih Maarif Modeli kapsaminda hazirlanan 2024 ilkégretim 5. Sinif Fen Bilimleri
Dersi Ogretim Programi (MEB, 2024) ilgili dokiimanlar olup programa Talim ve Terbiye

Kurulu Baskanhginin resmi internet sitesinden ulasiimistir.
Veri Analizi

Arastirmada elde edilen veriler, igerik ¢ozimlemesi ybntemi dodrultusunda analiz
edilmistir. Icerik ¢éziimlemesi; nicel verileri nitel héle getirebilen, cok yénli islevleri
bulunan ve hem s6zliU hem de yazili materyallerin nesnel ve sistematik bigimde
incelenmesine imkan taniyan bir analiz teknigidir (Tavsancil ve Aslan, 2001). Bu yéntem
kapsaminda ilk olarak arastirma sorularina uygun olarak belirlenen baslklar
dogrultusunda 5. sinif fen bilimleri dersi 6gretim programinin igerikleri kategorilere
ayrilmistir. Bu kategoriler ayni zamanda analiz stirecinde dederlendirme 6lgiti olarak da
kullanilmistir. Belirlenen bu basliklar temelinde programlarin igerigi incelenmis; ortaya
¢itkan benzerlikler, farklihklar ve vyenilikler dikkate alinarak veriler ilgili kategorilere
yerlestirilmis ve tablolar halinde sunulmustur. Son asamada ise tablolarda yer alan

bilgiler karsilastirilarak yorumlayici degerlendirmeler yapilmistir.

Nitel arastirmalarda gecgerlik ve glivenirlik dnemli bir yere sahiptir. Bu kapsamda, analiz
slirecinin guavenirligini saglamak amaciyla alaninda doktora derecesine sahip iki fen
bilimleri 6gretmeninin gorislerine basvurulmustur. Gulvenirligi 6lgmek ve belirlemek
amaciyla Miles ve Huberman (1994) tarafindan gelistirilen Gilvenirlik = Gorls birligi /
(Gorls birligi + Gorts aynligr) formald kullaniimistir. Yapilan hesaplama sonucunda
arastirmaci ile uzmanlar arasindaki uyum orani %89 olarak belirlenmistir. Bu oran, biylk
6lgiide gorls birligine ulasildigini ve analiz sonuglarinin givenilir kabul edilebilecegini
gostermektedir. Ayrica ortaya c¢ikan gorts ayriliklari yeniden dederlendirilerek uzlasi
saglanmasina calisilmistir. Bu uzlasi, analiz sonuglarinin givenilir ve tekrarlanabilir

oldugunu gostermektedir.
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BULGULAR

Arastirma sorularina goére verilerin analizi ile elde edilen bulgulara bu bélimde detayh
olarak yer verilmistir. S6z konusu bulgular asagida basliklar hélinde ve tablolarla sirasiyla

sunulmustur.

Tablo 1

"Gokyliziindeki Komgsularimiz ve Biz” Unitesinin Programlar Arasi Bilesenleri ile
Seligman’in PERMA Modeli Arasinda Ortak Noktalar

Programlar Arasi PERMA

Bilesenler Ogesi Aciklama (Ortak Nokta)

Ogrencilerin bilimsel c¢ikarimlar yaparak ve
Basari model olusturarak basari duygusunu
yasamalari saglanir.

Bilimsel Cikarim Yapma,
Bilimsel Model Olusturma

Bilgi Toplama, Bilgi
Okuryazarhgi, Veri Anlam
Okuryazarhgi

Bilgi toplama ve veriyi anlamlandirma suregleri,
o6grencinin 6grenmeye anlam katmasini saglar.

Merak duygusu, arastirma hevesi ve kendini
Gercedi Arama, Soru Sorma, Pozitif tanima slreci 6drencinin 6grenmeden keyif
Kendini Tanima Duygular almasina ve olumlu duygular gelistirmesine
katki saglar.

Iletisim, Is Birligi, Grup calismalari, is birligi ve yardimlasma ile

Sorumluluk, Yardimseverlik Higkiler olumlu sosyal iligkiler gelisir.

Oyunseverlik, Gorsel Oyun, gorsel sanatlar ve goézlem gibi
Sanatlar ile Disiplinler Arasi Katillm etkinliklerle derse aktif katihlm ve akis hali
Etkilesim, Bilimsel G6zlem yasanir.

Karsilastirma ve akil vydritme becerileri,
Anlam 6drencinin 6grenilen kavramlar arasinda bag
kurarak anlamlandirmasini sadlar.

Karsilastirma, Timevarimsal
Akil YUratme

Dederlerle desteklenen tutumlar sayesinde
Basari 6grenciler gcaba gosterir, basari elde eder ve
durist galismanin édnemini kavrar.

Caliskanlik, Durustlik,
Adalet

Tablo 1’de "“Gokylzindeki Komsularimiz ve Biz” Unitesine ait programlar arasi
bilesenlerin, Seligmanin PERMA modeli ile nasil ortistiglu sistematik bicimde
sunulmustur. Bu baglamda 6grencilerin bilimsel ¢ikarim yapma ve model olusturma gibi
bilissel beceriler yoluyla basari duygusunu deneyimledikleri gérilmektedir. Ayni zamanda
bilgi toplama, veri okuryazarlidi ve akil yiritme gibi etkinlikler, 6grencilerin 6grenmeye
anlam yuklemelerine olanak tanimaktadir. Merak, soru sorma ve kendini tanima suregleri
ile ogrencilerin olumlu duygular gelistirmeleri desteklenirken iletisim, is birligi ve
yardimseverlik gibi sosyal-duygusal beceriler araciligiyla iliskiler boyutu gliclenmektedir.

Ayrica oyun, gozlem ve sanat yoluyla saglanan disiplinler arasi etkilesim 6grencilerin
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derse aktif olarak katilimini saglayarak katilim 0Ogesini 6n plana gikarmaktadir. Bu
bltinsel yapi, 6grencilerin hem akademik hem de duygusal yonden gelisimlerini

destekleyen gok boyutlu bir 6grenme ortaminin olustugunu goéstermektedir.

Tablo 2

"Kuvveti Taniyalim” Unitesindeki Programlar Arasi Bilesenler ile PERMA Modeli Ogeleri
Arasinda Ortak Noktalar

Programlar Arasi Bilesenler P(_;E;eh/sl? Acgiklama (Ortak Nokta)
Operasyonel Tanimlama, Kuvveti 6lgme, bilimsel model kurma ve akil
Bilimsel Model Olusturma, Basar1 ylritme slrecleri 6grencinin basarisini ve
TUumevarimsal Akil Yiritme 6zguvenini artirir.

Merak, Soru Sorma, Ozgiin Pozitif Merak, soru sorma ve 06zgln dustinme

o6grencinin 6grenmeye duydudu keyfi artirir,

Dlstnme Duygular pozitif duygular gelistirir.

. Is birligi, iletisim ve yardimlasma 6§renciler
Iliskiler arasinda gigli, olumlu iligkiler kurulmasina
katki saglar.

Iletisim, is Birligi, Sorumluluk,
Yardimseverlik

Bagimsizlik, Agik Fikirlilik,
Teknoloji ve Tasarim Disiplinler
Arasi Etkilesim, Sanat
Okuryazarhgi

Bagimsiz calisma, acik fikirlilik ve tasarim
Katilim etkinlikleri derse aktif katilm ve akis
deneyimi kazandirir.

Bilgi ve veri toplama, bilgiyi analiz etme
slregleri o6grencinin kavramlari
anlamlandirmasina ve 6dgrenmeye anlam
katmasina yardimci olur.

Bilgi Okuryazarhdi, Veri

Okuryazarlidi, Bilgi Toplama Anlam

Sabirla ve adalet duygusuyla calismak,
Caliskanlik, Sabir, Adalet Basar1 Odgrencinin oOzdisiplini ve kalici basariy! elde
etmesini destekler.

Tablo 2, “Kuvveti Taniyalim” (nitesinde yer alan programlar arasi bilesenler ve
becerilerin, Seligman’in PERMA modeliyle hangi acgilardan ortlistigini sistematik bigimde
ortaya koymaktadir. Unitede yer alan operasyonel tanimlama, bilimsel model olusturma
ve akil ylaritme gibi Ust dizey bilissel beceriler, 6grencilerin 6grenme sirecinde basari
duygusunu yasamalarina olanak tanimaktadir. Ayni sekilde merak, 6zglin disinme ve
soru sorma gibi 6dgrenmeye yoénelik icsel glduleyici unsurlarin, 6grencilerin pozitif
duygular gelistirmesini destekledigi gérilmektedir. Iletisim, is birli§i ve yardimlasma
temelli etkinliklerin 6grenciler arasinda anlaml iliskiler kurulmasina katki sagladigi;
bagimsizlik, acgik fikirlilik ve tasarim temelli disiplinler arasi uygulamalarin ise 6grencilere
katilm ve akis hali yasattigi dikkat cekmektedir. Bunun vyani sira bilgi ve veri
okuryazarligi becerileriyle desteklenen bilgi toplama sireglerinin, 6grencilerin 6gGrenmeye

yonelik anlam olusturma duzeylerini artirdigi anlasilmaktadir. Ayrica sabir, caliskanlk ve
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adalet gibi deder odakli davranislarin, 6grencinin 6zdisiplin gelistirmesine ve 6grenmede
istikrar saglamasina katki sunarak basari boyutunu tekrar destekledigi vurgulanmaktadir.
Bu bulgular, “Kuvveti Taniyallm” Unitesinin sadece kavramsal bilgi aktarimiyla sinirh
kalmadigini ayni zamanda 6grencilerin duygusal, sosyal ve bilissel gelisimlerine bitiancl

bicimde hizmet ettigini gostermektedir.

Tablo 3

“"Canlilarin Yapisina Yolculuk” Unitesinin Programlar Arasi Bilesenleri ile PERMA Modeli

Ogeleri Arasindaki Ortak Noktalar

PERMA

Programlar Arasi Bilesenler dgesi Aciklama (Ortak Nokta)

Hicre, doku, organ gibi vyapilan
Siniflandirma, Yapilandirma Basari siniflandirma ve yapilandirma,
o6grencinin basari hissini glgclendirir.

Merak etme, arastirma ve sorular

o Pozitif o SR R
Merak, Soru Sorma, Gergegi Arama sorma ogrencinin 6grenmeye yonelik
Duygular s 2 R
pozitif duygular gelistirmesini saglar.
_ _ Empati kurma, iletisim ve is birligi
Empati, Iletisim, Is birligi, Sorumlu A yoluyla gugll, olumlu sosyal iliskiler
Iliskiler ]
Karar Verme, Sorumluluk olusur; sorumluluk paylasimi
saglanir.
Oyun, odaklanma, sistematik

Oyunseverlik, Odaklanma, Sistematik
Olma, Gorsel Sanatlar ve Bilisim Katilim
Teknolojileri ile Disiplinler Arasi Iliski

disinme ve disiplinler arasi
etkinlikler 06dgrencinin derse aktif
katilhimini artinir.

Bilgi Okuryazarhdi, Dijital

Okuryazarlk, Gorsel Okuryazarlik, Veri Bilgi toplama, karsilastirma, elestirel

disiinme gibi beceriler 6grencinin

Okuryazarlidi, Bilgi Toplama, Anlam o
. kavramlar arasinda anlamh baglar
Karsilastirma, Tartisma, Elestirel
L 7 kurmasina yardimci olur.
Disuinme

Dederler; 6grencinin sorumlu, sabirli
Basari ve duyarlh davranarak basariya
ulasmasina katki saglar.

Caliskanlik, Duyarlilik, Sabir, Saghkl
Yasam, Saygi

Tablo 3 incelendiginde, “Canlilarin Yapisina Yolculuk” (initesinde yer alan programlar arasi
bilesenler ve etkinliklerin, PERMA modelinin bes temel dgesiyle cok boyutlu ve anlamh
bicimde iliskilendirilebildigi gorilmektedir. Ogrencilerin hiicre, doku ve organ gibi yapilari
siniflandirma ve yapilandirma siregleri, basari duygusunu destekleyen ifadeler arasinda
yer almaktadir. Bunun yaninda merak etme, soru sorma ve arastirma davranislar,
ogrencilerin 6grenme slrecine yonelik olumlu duygular gelistirmesini saglamakta ve
Positive Emotion boyutunu beslemektedir. Unite kapsaminda empati, iletisim, is birligi ve
sorumluluk alma gibi sosyal-duygusal becerilere de yer verildigi, bu durumun 6grenciler
arasinda olumlu iliskilerin kurulmasina katki sundugu ve Relationships boyutuna hizmet
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ettigi anlasilmaktadir. Ayrica oyun temelli etkinlikler, disiplinler arasi baglantilar ve
sistematik disinmeye yo6nelik uygulamalar sayesinde 6grencilerin derse aktif katilimlari
arttinlmakta, bu da katihm &gesini desteklemektedir. Bununla birlikte bilgi, dijital ve
gorsel okuryazarlik gibi becerilerin gelistiriimesine olanak taniyan etkinlikler sayesinde
ogrencilerin bilimsel kavramlar arasinda anlamli baglar kurarak 6grenmeye anlam
yukledikleri gorilmektedir. Degerler egitimi kapsaminda caliskanlik, sabir, duyarhlik ve
saygl gibi kavramlara yer verilmesi ise 6dgrenci davranislarinda sorumluluk ve 0z

dizenleme becerilerini pekistirerek tekrarlarla basari boyutuna katki saglamaktadir.

Tablo 4

"Isigin Diinyasi” Unitesindeki Programlar Arasi Bilesenler ile Seligmanin PERMA Modeli
Arasindaki Ortak Noktalar

PERMA

Programlar Arasi Bilesenler dgesi Aciklama (Ortak Nokta)

Gozlem yapma, siniflandirma ve genelleme
Basari becerileri 6grencinin bilimsel basar ve 06z
yeterlilik duygusunu artirir.

Bilimsel Gozlem, Siniflandirma,
Siniflandirma, Genelleme

Oyun temelli ve gorsel etkinliklerle
Katim 06drenciler derse daha fazla odaklanir ve
“akis” deneyimi yasar.

Oyunseverlik, GOrsel Sanatlar ile
Disiplinler Arasi Iligki

Sistematik calisma ve 06z dlizenleme
Kendini Dlzenleme, Sistematik Anlam becerileri, 6grencinin 6grenme sireglerini
Olma anlamlandirmasini  ve disiplinli olmasini
saglar.

Bilgi Okuryazarlidi, Dijital
Okuryazarlk, Kalttr
Okuryazarhgi, Veri
Okuryazarlidi, Bilgi Toplama

Farkli  tirde okuryazarhklar ve bilgi
Anlam toplama, 6dgrencilerin 6grendiklerini gercek
hayatla iliskilendirmelerine olanak tanir.

Bagimsiz 06grenme ve kendi bilgisini
yapilandirma siireci, 6grencide 6zgliven ve
icsel motivasyonu destekler.

Pozitif

Bagimsizlik, Yapilandirma Duygular

) . Sinif igi iletisim ve grup galismalar
Iletisim, Sorumluluk Iliskiler sayesinde olumlu sosyal iliskiler kurulur,
sorumluluk bilinci gelisir.

Caliskanlik ve miuitevazi bir tutumla
Caliskanlik, Mltevazilik Basari calismak, bireysel gelisim ve igsel basari
duygusuna katki saglar.

Tablo 4'te go6ruldugu Uzere, “Isigin DUnyas!” Unitesinde yer alan programlar arasi
bilesenler, Seligman’in PERMA modelinin tim boyutlariyla uyumlu bir sekilde 6¢grencilerin
gok yonla gelisimini desteklemektedir. Bilimsel gdzlem ve siniflandirma gibi temel
beceriler, 6grencilerin basar ve 6zglven duygusunu pekistirirken, oyun ve gorsel sanat

temelli etkinlikler derse katihmi artirmakta ve 6dgrencilerde “akis” deneyimi
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yasatmaktadir. Sistematik calisma ve 6z diizenleme becerileri 6grenme slireclerine anlam
katmakta, farkh okuryazarlik tirleri 6grencilerin bilgiyi gergcek hayat baglaminda
anlamlandirmasina olanak saglamaktadir. Bagimsizlik ve yapilandirma, pozitif duygularla
0zglvenin gelisimine katki sunarken, etkili iletisim ve grup calismalarn olumlu sosyal
iliskiler ve sorumluluk bilincini gliclendirmektedir. Bu buitincil yaklasim, 6grencilerin
akademik basarilarinin yani sira sosyal ve duygusal gelisimlerini de destekleyerek fen

bilimleri egitiminin etkinligini artirmaktadir.

Tablo 5

"Maddenin Dodasi” Unitesi Programlar Arasi Bilesenler ile Seligmanin PERMA Modeli
Arasindaki Ortak Noktalar

PERMA

Programlar Arasi Bilesenler dgesi Aciklama (Ortak Nokta)

Siniflandirma, Bilimsel Cikarim
Yapma, Bilimsel Model
Olusturma, Coziimleme,
Yapilandirma

Deney yapma, siniflandirma, c¢ikarim ve
Basari model olusturma yoluyla 6grenciler kendi
o6grenme slirecinde basari hissi yasar.

Merak ve sorgulama gibi edilimler,
o0grencide olumlu duygular uyandirarak
ogrenmeye keyifle katiimi tegvik eder.

Merak, Gergedi Arama, Soru Pozitif
Sorma Duygular

Yaraticihk, Oyunseverlik,
Bilimsel G6zleme Dayali Tahmin,
Sosyal Bilgilerle disiplinler arasi
iliski

Yaraticilik, oyun, tahmin ve disiplinler arasi
Katim entegrasyon 6&dgrencinin aktif katiim ve
dikkatini artirir.

Bilgi Okuryazarlidi, Dijital
Okuryazarlik, Goérsel
Okuryazarlk, Kalttr
Okuryazarhgi, Veri Okuryazarhgi

Farkh tlrde okuryazarhklarla o6grenciler
Anlam oOdrendiklerini hayatla iliskilendirir, bilgiyi
daha derinlemesine anlamlandirir.

Azimle calismak, sabirll olmak ve 6zglven
Basar1 gelistirmek &dgrencinin basari duygusunu
pekistirir.

Oz Guven, Azim ve Kararlilik,
Sabir, Ozgurlik, Caliskanhk

Grup calismalari, sosyal farkindalik, dostluk
ve yardimlasma gibi unsurlar 6grencilere
olumlu sosyal iligkiler kurma becerisi
kazandirir.

Iletisim, Is birligi, Dostluk, ]
Yardimseverlik, Sosyal Iliskiler
Farkindalik

Elestirel disiinme ve tartisma gibi ylksek
Tartisma, Elestirel Dislinme, dliizey beceriler 6grencilerin 6grendiklerini
; Anlam
Elestirel Bakma sorgulamalarina ve daha anlamli hale
getirmelerine yardimci olur.

Tablo 5'te yer alan bulgular, *Maddenin Dodas!” Unitesinin programlar arasi bilesenlerinin,
Seligman’in  PERMA modelinin temel 0Ogeleriyle glgli bir sekilde iliskilendigini
gostermektedir. Ogrenciler deney yapma, siniflandirma, cikarim ve model olusturma gibi

bilimsel slreglerle basari duygusunu pekistirirken, merak ve sorgulama davranislari
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o6grenmeye yonelik pozitif duygularin olusmasina zemin hazirlamaktadir. Yaraticilik, oyun
ve disiplinler arasi entegrasyon, 6grencilerin derse aktif katilimini ve dikkatini artirmakta
ayrica farkl okuryazarlik becerileri ile elestirel dlisinme ve tartisma slregleri, 6grenilen
bilgilerin anlamlandiriilmasina ve glnlik yasamla iliskilendirilmesine katki saglamaktadir.
Sosyal farkindalik, iletisim ve is birligi gibi unsurlar ise olumlu sosyal iliskilerin gelismesini
desteklemektedir. Bu cok boyutlu yaklasim, 6grencilerin hem bilissel hem de duyussal
alanlardaki gelisimini bitlncil bicimde destekleyerek fen egitiminde etkinligi

artirmaktadir.

Tablo 6

“Yasamimizdaki Elektrik” Unitesinin Programlar Arasi Bilesenleri ile Seligmanin PERMA
Modeli Arasindaki Ortak Noktalar

Programlar Arasi Bilesenler Pcf;eh:f\ Aciklama (Ortak Nokta)
Siniflandirma, Hipotez Hipotez kurma, gbézlem vyapma, deney
Olusturma, Deney Yapma, Basari tasarlama ve problem c¢dézme silregleri

Bilimsel Gozlem, Problem o6grencinin basari hissini ve 0z yeterliligini
Cozme destekler.

Eglenceli deneyler, sistematik ilerleme ve
Katihm alanla ilgili uzmanlasma istedi derse aktif
katilmi ve akis hissini artirir.

Oyunseverlik, Uzmanlasma,
Sistematik Olma

Soru sorma, veri toplama ve genelleme

Soru Sorma, Bilgi Toplama vy , vy .
» BIlg P ! Anlam yoluyla 6grenciler 6grenmeyi anlamlandirir

Genelleme ve bilgiyle hayat arasinda bag kurar.
Dizenleme, Caliskanlik Duygular 3 ! GallstikG

duygular ve 6zglven olusur.

. Grup etkinlikleri ve sorumluluk paylasimi
Iliskiler sayesinde o6grenciler saghkh sosyal iliskiler
gelistirir.

Iletisim, Is Birligi, Sorumluluk,
Yardimseverlik

Elektrik devrelerini anlamlandirmak igin
bilgiye erisim, dijital kaynak kullanimi ve veri
dederlendirme slrecleri anlam insasina katki
saglar.

Bilgi Okuryazarlidi,
Okuryazarlik, Veri Anlam
Okuryazarhgi

Tablo 6’da géruldugu Uzere, “Yasamimizdaki Elektrik” Unitesinde yer alan programlar
arasi bilesenler, PERMA modelinin bes bileseniyle uyumlu bir batlnlik gdstermektedir.
Hipotez olusturma, deney yapma ve problem ¢6zme gibi etkinlikler 6grencilerin basari ve
6z yeterlik duygusunu glclendirmekte. Eglenceli deneyler, sistematik calisma ve alan
uzmanhgi arayisi derse aktif katiimi desteklerken, soru sorma ve veri toplama stirecleri
dgrenmenin anlamlandirilmasina katki saglamaktadir. Oz farkindalik ve diizenli galisma
pozitif duygularin gelismesine imkan verirken, etkili iletisim ve is birligi sosyal iliskilerin

gliclenmesini saglamaktadir. Ayrica bilgi ve dijital okuryazarlik becerilerinin kullanimi
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ogrencilerin anlam insasini pekistirmektedir. Bu kapsamh yaklasim, ¢grencilerin bilissel

ve duyussal alanlardaki gelisimini bitlncll olarak desteklemektedir.

Tablo 7

"Siirdiriilebilir Yasam ve Geri Dénisim” Unitesinin Programlar Arasi Bilesenleri ile
Seligman’in PERMA Modeli Arasindaki Ortak Noktalar

PERMA

Programlar Arasi Bilsenler dgesi Aciklama (Ortak Nokta)

Bilimsel ¢ikarim yapma, siniflandirma ve
karar verme gibi siregler 6grencinin
problem c¢dzme becerisi ve basari hissini
destekler.

Bilimsel Cikarim Yapma,
Siniflandirma, Bilgi Toplama, Basari
Karar Verme

Ogrencilerin acik fikirli tartismalara ve

Acik Fikirlilik, Soru Sorma, Katillm sorgulayici etkinliklere katilmasi, derse

Tartisma aktif katihhm ve ilgi olusturur.
Surdarulebilirlik Okuryazarhdi, Geri donisim ve silrdarilebilifdik gibi
Kultir Okuryazarhgi, Vatandaslhk Anlam deder temelli konular 6grencinin gevreye
Okuryazarligi, Sanat katki  sagladigini  hissederek anlaml
Okuryazarhgi 0dgrenme yasamasini saglar.

Kendi tiketim aliskanhklarini fark eden ve
Kendini Tanima, Kendini Pozitif dlizenleyen O0grencilerde gevre
Dazenleme, Duyarlilik, Tasarruf Duygular duyarlihdiyla birlikte olumlu duygular

gelisir.

Grup calismalann ve c¢evresel karar
strecleri, ©6grenciler arasi is birligini ve
topluma karsi sorumluluk duygusunu
artirir.

Iletisim, Is birligi, Sorumlu Karar
Verme, Sorumluluk, Sayaqi, Iliskiler
Vatanseverlik

Tablo 7'de yer alan bulgular, “Sidrdlrllebilir Yasam ve Geri D6nidsim” {nitesinin
programlar arasi bilesenleriyle PERMA modelinin tim bilesenleri arasinda gigli bir uyum
icinde oldugunu gdéstermektedir. Oncelikle bilimsel cikarim yapma, siniflandirma, bilgi
toplama ve karar verme siiregleri 6grencilerin problem ¢dézme becerilerini gelistirmekte
ve bu yolla basari hissini pekistirmektedir. Bu beceriler, 6grencilerin karsilastiklari
cevresel sorunlara analitik yaklasimlar gelistirmesine olanak tanimaktadir. Unitenin bir
diger 6nemli boyutu olan acik fikirli tartisma ve sorgulayici etkinlikler, 6grencilerin derse
aktif katihmini ve ilgisini artirarak katilim boyutunu desteklemektedir. Bu sirecte
ogrenciler, farkli bakis acilarini dederlendirmeyi 6grenerek elestirel disinme yetilerini
gelistirir ve 6grenme siirecine daha derinlemesine dahil olur. Ozellikle siirdirilebilirlik,
cevre ve geri donlstim gibi deder temelli temalarin islenmesi, 6grencilerin 6grendiklerini
yasamla iliskilendirmesine ve bu bilgileri anlamlandirmasina olanak saglar. Bu durum,
anlam bilesenini guglendirir ve 06drencilerin 6grenmelerini sadece akademik bir
yUukimlaluk olarak degil, topluma ve cevreye katki saglama sorumlulugu olarak
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gormelerini tesvik eder. Bunun yani sira 6grencilerin kendi tiketim aliskanhklarini fark
etmeleri, kendilerini tanimalar ve dizenlemeleri, gevreye karsi duyarlliklarini artirarak
olumlu duygular gelistirmelerini saglar. Bu olumlu duygular, hem bireysel farkindaligi
hem de 6grenmeye yonelik icsel motivasyonu destekler. Son olarak iletisim, is birligi,
sorumlu karar verme ve sorumluluk duygusu gibi sosyal beceriler, 6drenciler arasinda
glcla ve saglikli iliskilerin kurulmasina zemin hazirlar. Grup calismalar ve ortak cevresel
karar alma strecleri, bireylerin sosyal sorumluluk bilincini ve aidiyet duygusunu gelistirir.
Ayrica saygi, vatanseverlik ve toplumsal duyarliik gibi dederlerin de glgclendirilmesi,
ogrencilerin sadece bireysel degil toplumsal diizeyde de sorumluluk sahibi bireyler olarak
yetismelerine katki saglamaktadir. Bu ¢ok boyutlu ve butincil yaklasim, fen bilimleri
edgitiminin hem bilissel hem de duyussal boyutlarini ayni anda gelistirmekte ve

ogrencilerin surdirilebilir yasam bilincini etkin sekilde kazanmalarini saglamaktadir.

Analiz sonucunda, tim Unitelerin PERMA modelinin en az Uc bileseniyle dogrudan iliskili

oldugu gérilmustir. Ornedin:

“"Gokyiuziindeki Komsularimiz ve Biz"”: Bilimsel gikarim ve model kurma

becerileri bagar boyutunu desteklerken, merak ve kendini tanima suregleri pozitif

duygular gelistirmektedir.

e “Kuvveti Tanmiyalim”: Ozgiin disiinme ve soru sorma pozitif duygular;
disiplinler arasi tasarim calismalari ise katilimi artirmaktadir.

e “Canhlilarin Yapisina Yolculuk”: Empati, is birligi ve sorumluluk iligkiler
boyutunu gigclendirmektedir.

e "Siirdiiriilebilir Yasam ve Geri Doniisiim”: Cevresel sorumluluk bilinci, anlam

boyutunu pekistirirken grup calismalan iliskileri desteklemektedir.

Bulgular, programin vyalnizca bilissel beceriler degil sosyal-duygusal gelisimi de

hedefledigini gostermektedir.

SONUC VE TARTISMA

Bu galismada, 2024 yil Turkiye Yuzyili Maarif Modeli gercevesinde hazirlanan 5. sinif Fen
Bilimleri Dersi Ogretim Programi; Martin Seligman tarafindan gelistirilen PERMA (Positive
Emotions, Engagement, Relationships, Meaning, Accomplishment) modeli dogrultusunda
incelenmis ve 6gretim programinin iyi olus odakli yapisi derinlemesine degderlendirilmistir.
Elde edilen bulgular, programin yalnizca bilissel gelisimi hedefleyen geleneksel 6gretim
anlayisindan ayrilarak 6grencilerin duyussal, sosyal ve psikolojik iyi olusunu da

merkezine aldigini géstermektedir.
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Her bir Ginite, PERMA modelinin bes bileseniyle gok boyutlu bigimde iligkilendirilmistir.
Ornegin, “Gokylziindeki Komsularimiz ve Biz” (nitesinde bilimsel ¢ikarim yapma ve
model kurma becerileriyle basari (accomplishment) boyutu desteklenirken, “Kuvveti
Taniyalim” ve “Canlilarin Yapisina Yolculuk” Uniteleri pozitif duygularin (positive emotion)
gelisimine katki saglamaktadir. Ogrencilerin grup calismalari, oyun temelli 6grenme ve
disiplinler arasi etkilesimlerle aktif olarak derse katilmalan (engagement) ve sosyal
iliskilerini glgclendirmeleri (relationships) ise bultiin program boyunca tutarhilhik
gostermektedir. Ozellikle anlam boyutunun (meaning) sirdirilebilirlik, cevresel duyarlilik
ve dederler egitimiyle glclendirilmesi, 6grencilerin 6grenmeye yonelik daha derin bir

baghlik gelistirmesine olanak tanimaktadir.

Bu bulgular, Coffey ve arkadaslarinin (2014) iyi olusun gelisimsel seyrine iliskin
arastirmalariyla ve Forgeard ve arkadaslarinin (2011) PERMA modelinin egitim
baglamindaki islevselligine iliskin tespitleriyle ortismektedir. Ayrica umut, anlam ve 6z
dizenleme gibi psikolojik kavramlarin 6gretim programlarinda yapilandiriimis bigimde yer
almasi, Griggs (2017) ve Hergenrather ve arkadaslarinin (2013) pozitif psikolojinin

egitimdeki roltine iliskin calismalarini destekler niteliktedir.

Turkiye baglaminda yuritialen arastirmalar da bu sonuglan gliclendirmektedir. Demirci
ve arkadaglar (2017) tarafindan gergeklestirilen galisma, PERMA modeline dayali 6lgedin
Turkge uyarlamasini yaparak modelin bes boyutunun 6grencilerin iyi olusunu guvenilir
bicimde yordadigini gostermistir. Arastirmada o6lgedin tim boyutlarinin psikolojik iyi
olusla pozitif yonde ve anlamli iliskiler kurdugu ozellikle olumlu duygular, iliskiler ve
anlam boyutlarinin 6grencilerin yasam doyumu ile gigli bir badglanti gosterdigi rapor
edilmistir. Bu sonuglar, PERMA’'nin vyalnizca kuramsal dedil olgllebilir ve egitim

ortamlarinda uygulanabilir bir gergeve sundugunu kanitlamaktadir.

Benzer bigimde GUmis ve arkadaslarinin (2022), PERMA temelli pozitif psikoloji
egitiminin 6grencilerin olumlu duygular, anlam ve basari boyutlarinda anlamh artislar
sagladigini goOstermistir. Bu bulgular, programin vyalnizca bilgi aktarimi degil ayni
zamanda 6drencilerin psikolojik saglamlik ve 6znel iyi olusunu gelistirmeyi hedefledigini

desteklemektedir.

Bulgular, ayni zamanda caddas dgrenme kuramlariyla da uyumludur. Oz diizenleme,
empati, yaraticillik, acik fikirlilik gibi beceriler yalnizca bireysel basariyr dedil ayni
zamanda toplumsal duyarhlidi, strddrtlebilir yasam bilincini ve sosyal sorumlulugu da
artirmaktadir. Bu durum, sadece fen egitiminin bilgi aktaran dedil ayni zamanda deger
kazandiran, yasamla bultlnlesen bir yapiya evrildigini gostermektedir. Programin
o0grenciyi merkeze alan, ¢ok boyutlu ve bireyin potansiyelini destekleyen yapisi, pozitif

psikolojinin egitimle birlestidi glicli bir 6rnek olarak dederlendirilebilir.
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ONERILER

Bu calismanin bulgulari dodrultusunda ©6gretim programlarinin yalnizca biligsel
kazanimlara odaklanmaktan ziyade, 6grencilerin psikolojik iyi olusunu da destekleyecek
bigimde yapilandiriimasi gerektigi goriilmektedir. Bu baglamda PERMA modeli gibi pozitif
psikoloji temelli kuramsal gergevelerin 6gretim programlarinin planlanma ve uygulanma
sireclerine entegre edilmesi 6nerilmektedir. Ozellikle fen bilimleri dgretiminde
ogrencilerin olumlu duygular gelistirmesi, 6grenmeye aktif katihm gostermesi, anlamli
sosyal iligkiler kurmasi ve 6grenmeye anlam ylklemesi, kalicl basari igin temel bilesenler

olarak goérulmelidir.

Ogretmenlerin  bu siirecte etkin rol (stlenebilmeleri icin ©gretmen yetistirme
programlarinda ve hizmet ici editimlerde pozitif psikoloji, umut, iyi olus ve deder temelli
editim konularina yer verilmesi 6nem arz etmektedir. Ders materyalleri yalnizca bilgi
aktarimiyla sinirh kalmamali; oyun, problem ¢6zme, is birligi ve disiplinler arasi etkilesim
gibi etkinliklerle zenginlestirilerek 6grencinin derse duygusal ve sosyal olarak da bag
kurmasini saglamalidir. Ayrica okullarda psikolojik danismanlik ve rehberlik hizmetleri
aracihdiyla 6grencilere yonelik iyi olus odakl destekleyici programlarin gelistirilmesi,
6grenme slireglerinin btlncll yapisina katki sadlayacaktir. Egitim politikalarinin
belirlenmesinde sadece akademik basari gostergeleri degil 6drencilerin iyi olus dizeyleri
de dikkate alinmal,, bu c¢ercevede O&lcllebilir gostergeler belirlenerek uygulamalarin
etkililigi izlenmelidir.

Gelecek arastirmalarda PERMA modeline dayali o6dgretim vyaklasimlarinin farkh vyas
gruplari, sosyo-kiltiirel baglamlar ve disiplinler Uzerindeki etkileri karsilastirmali olarak
incelenmelidir. Karma yontemle yapilacak arastirmalar, modelin uygulanabilirligini ve
ogrenci gelisimine katkisini daha net ortaya koyacaktir. Boylece egitim sisteminin gok
boyutlu gelisimi igin bilimsel dayanaklar gliclenecek, 6grencilerin yalnizca bilgiyi 6grenen
dedil kendini taniyan, anlam arayan, is birligi yapan ve mutlu bireyler olarak yetismeleri

desteklenmis olacaktir.
Cikar Catismasi Bildirimi

Yazar(lar); bu makalenin arastirilmasi, yazarligi ve/veya yayimlanmasina iliskin herhangi

bir potansiyel cikar gatismasi beyan etmemistir.
Destek/Finansman Bilgileri

Yazar(lar); bu makalenin arastirilmasi, yazarligi ve/veya yayimlanmasi icin herhangi bir

finansal destek almamistir

Etik Kurul Karari/izin
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Bu arastirma igin katiimci noktasinda herhangi bir veri toplanmamis yalnizca dokiimanlar

incelenmistir. Arastirma sirasinda tim etik kurallara uyulmustur.
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Abstract: The primary aim of this study is to classify chemicals used in chemical depots
and laboratories and to develop a database/AG application, while scientifically evaluating
the impact of the AG application on students’ attitudes toward AG technology to generate
meaningful data for the use of AG technologies in education. To this end, the ADDIE
instructional design model and artificial intelligence tools were employed to classify
chemicals by application area, and an AG application and a website were developed. The
effect of the developed AG application on the attitudes toward AG technology of 20
students aged 10, 11, and 12 in the study sample was examined using a one-group
pretest-posttest design. Data from the pretest and posttest were analyzed with a paired-
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samples t-test, and the statistical significance of the results was assessed. Additionally,
the effects of age and gender on attitude scores were examined using ANOVA and
independent-samples t-tests. The data were analyzed using the JASP software. The
analyses indicated that the AG application increased the study group’s attitudes toward
AG, and these attitude scores were not influenced by gender or age. The developed
chemistry assistant AG application, website, and mobile app positively influenced AG
attitudes with a large effect size, and the use of QR codes facilitated quick access to
information, supporting user adoption and providing an educational experience overall.
The AG application, as a chemistry assistant, is considered important for helping students
understand abstract concepts in chemistry in @ more concrete manner and for making
the experimental process safer and more effective.

Key words: Augmented reality, artificial intelligence, chemistry education, VR

application

Corresponding author: Hayrunnisa KARABACAK, krbck.nisa@gmail.com

EXTENDED SUMMARY

Introduction

This study presents a comprehensive evaluation of the effective use of numerous
chemicals found in the chemical storage of Science and Art Centers (BILSEM) within the
framework of the New Education Model. The primary aim of this research is to prevent
resource wastage and stimulate students' scientific curiosity. To achieve this, an
Augmented Reality (AR) application and a website were developed using the ADDIE
instructional design model, leveraging artificial intelligence tools. The impact of the
developed AR application on students' attitudes towards AR technology was
quantitatively analyzed using dependent sample t-tests to compare pre- and post-
application attitude scores. Additionally, the effects of age and gender variables on
attitude scores were examined using ANOVA and independent sample t-tests. The data
obtained were analyzed using the JASP program. The results indicated that the AR
application significantly increased the participants' attitudes toward AR, which were not
influenced by gender or age. The developed chemistry assistant, website, mobile
application, and AR application demonstrated a positive and substantial impact on
students' attitudes towards AR. The ease of access to information through QR codes
facilitated user adoption of the application, providing an overall educational experience
for students. This AR application is considered important as it helps students understand
abstract concepts like chemistry in a more concrete manner and makes the experimental

processes safer and more effective.

Method
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The study employed a quasi-experimental design with a single group pre-test and post-
test model. The sample consisted of 20 students from the 5th to 7th grades attending
BILSEM in a central district of the Southeastern Anatolia Region during the 2024-2025
academic year. Ethical considerations were strictly followed, with necessary permissions
obtained from relevant institutions. The data collection tools included the "Attitude Scale
for Augmented Reality Applications in Middle Schools," which was validated through
exploratory factor analysis, demonstrating a good internal consistency reliability

coefficient of .83.
Data Collection

The data collection process involved administering the attitude scale before and after the
implementation of the AR application. The pre-test aimed to establish baseline attitudes,
while the post-test evaluated changes after a four-week application period. The study
utilized quantitative data analysis methods, including independent sample t-tests to

assess gender differences and ANOVA to examine age differences in attitude scores.
Data Analysis

Statistical analyses were conducted using JASP 0.18.1. Normality assumptions were
checked through descriptive statistics, with skewness and kurtosis values analyzed to
determine whether parametric or non-parametric tests should be applied. The results
indicated that the attitude scores were normally distributed for the pre-test, allowing for
the use of parametric tests. For the post-test, non-parametric tests were employed due

to the lack of normal distribution.
Results and Discussion

The findings revealed that the AR application significantly enhanced students' attitudes
toward AR technology, with a notable increase in post-test scores compared to pre-test
scores. The dependent sample t-test results indicated a statistically significant difference
(t(19) = -2.67, p < 0.05), suggesting that the application effectively improved students'
attitudes. Cohen's d analysis showed a strong effect size, indicating a meaningful impact

of the AR application on students' attitudes.

Moreover, the analysis of gender and age variables showed no significant differences in
attitude scores. This suggests that the effectiveness of the developed application is
independent of individual differences, highlighting its potential to engage a wide range of
users. The AR application provided an interactive learning environment, allowing
students to visualize complex chemical structures and processes, thereby enhancing their

understanding of abstract concepts.
The study aligns with previous research indicating that AR technology serves as an
effective learning tool in chemistry education, facilitating better comprehension of
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scientific concepts (Wojciechowski & Cellary, 2013; Dunleavy & Dede, 2014). By
providing students with hands-on experiences, the application not only made learning

enjoyable but also fostered a deeper understanding of the subject matter.
Recommendations

Based on the findings, several recommendations can be proposed for future research and
practice. First, it is suggested that further studies investigate the effects of the AR
application on diverse demographic groups to assess its scalability and adaptability. This
could provide valuable insights into how educational technologies can reach broader

audiences and cater to varying learning needs.

Second, the integration of similar technologies in educational processes should be
explored to enhance educational equity. By leveraging advancements in AR and artificial
intelligence, educational institutions can create more engaging and effective learning

environments that meet the needs of all students.

Lastly, it is essential for educators to receive training on the implementation of AR
technologies in their teaching practices. Professional development programs should focus
on equipping teachers with the skills and knowledge necessary to effectively integrate
these innovative tools into their curriculum, ultimately improving student outcomes and

learning experiences.

In conclusion, the developed AR application represents a significant advancement in
chemistry education, demonstrating its potential as an effective educational tool. Its
integration into teaching practices is recommended to enhance student engagement and
understanding of complex scientific concepts. Future research should continue to explore
the impact of educational technologies on diverse learner populations, contributing to the

ongoing development of innovative teaching methods.
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Ozet: Bu calismanin temel amaci, kimya depolari ve laboratuvardaki kimyasallari
siniflandirarak veri tabani/AG uygulamasi gelistirme ve AG uygulamasinin 6grencilerin AG
teknolojisine yonelik tutumlan Gzerindeki etkisini bilimsel yontemlerle dederlendirerek
editimde AG teknolojilerinin kullanimina dair 6énemli veriler elde etmektir. Bu amacla yola
cikilarak ADDIE 06gretim tasarim modeliyle yapay zekd araclarindan vyararlanilarak
kimyasallar kullanim alanlarina gére siniflandiriimis ve AG uygulamasi ile internet sayfasi
gelistirilmistir. Gelistirilen AG uygulamasinin c¢alisma grubundaki 10, 11 ve 12
yaslarindaki 20 6grencinin AG teknolojisine yonelik tutumlar Gzerindeki etkisi tek gruplu
dn-test/son-test tasarimi ile incelenmistir. On test son testlerden elde edilen veriler,
bagimh gruplar t-testi ile analiz edilerek elde edilen verilerin istatistiksel anlamlilik
duzeyleri karsilastinimistir. Ayrica tutum puanlarinda yas ve cinsiyet degdiskeninin etkisine
ANOVA ve bagimsiz érneklem t-testiyle bakilmistir. Elde edilen veriler, JASP programiyla
analiz edilmistir. Yapilan analizler sonucunda AG uygulamasi ile galisma grubunun AG
tutumlarinin arttigi gérdlmastiar. AG tutum puanlan cinsiyet ve yastan etkilenmemistir.
Gelistirilen kimya asistani olan AG uygulamasi, web sitesi ve mobil uygulama AG
tutumlarint  olumlu y6nde ve blylk etki derecesinde etkiledigini gostermistir.
Kullanicilarin QR kodlar araciliiyla bilgiye hizli erisimi, uygulamanin kullanicilar
tarafindan benimsenmesini kolaylastirmis ve genel anlamda 06drencilere editici bir
deneyim sunmustur. Gelistirilen AG uygulamasi bir kimya asistani olarak kullanilarak hem
o6grencilerin kimya gibi soyut kavramlari daha somut bir sekilde anlamalarina yardimai
olmak hem de deney yapma sireglerini daha glvenli ve etkili hale getirmek amaciyla
tasarlanmasi agisindan énemli gorilmektedir.

Anahtar kelimeler: Artinlmis gerceklik, yapay zeka, kimya egitimi, AG uygulamasi
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GIRIS
Teknolojinin editime entegrasyonunun saglanmasi devletlerin egitim politikalarina
yansimaktadir. Yasanan hizli teknolojik gelismeler 2000°li yillardan glnimiuze
Ulkemizdeki egitim politikalari ve editim modellerinde dedisikligi ve yenilikleri de
beraberinde getirmistir. Firsatlari Artirma ve Teknolojiyi lyilestirme Hareketi (FATIH) ile
birlikte egitim teknolojilerinde baslayan dedisim ve yenilikler Tiarkiye Ylzyilli Maarif
Modelinde (TYMM) de devam etmistir. TYMM kapsaminda hazirlanan egitim
programlarinda kavramsal anlayisi desteklemek igin etkilesimli igeriklerin ve sanal
laboratuvarlarin kullanilmasi, buytk verilerin analiz edilmesinde yapay zekéa (YZ) destekli
makine 6grenmesi ve kisiye 6zel 6grenmeleri saglamak icin yapay zeka tabanli 6grenme
metotlarinin yer aldigi gorilmektedir (MEB, 2025). Bu egitim teknolojisi uygulamalarinin,

egitimde istendik bir kalite saglanmasinda onemli roller Ustlenecedi distnitlmektedir
(Bilbiul & Ersdz, 2022; Sinap, 2024; Simsek, 2022).

Gelecede sistematik bir bakis acisi ile bakildiginda artirilmis gerceklik (AG) ve YZ gibi
gelisen teknolojilerin, egitim teknolojileri lzerinde kayda deder bir etki yaratacadi
ongoridlmektedir (Dubé & Wen, 2021; Yorik, 2024). Egitimde AG uygulamalari, 6grenme
deneyimlerini zenginlestirme acisindan 6ne c¢ikmakta; o6drencilerin bilgi, beceri ve
performansina olumlu katkilar sunmakta ayrica 6drencilerin 6grenmeye yonelik
tutumlarini olumlu yénde etkilemekte ve motivasyonlarini artirmaktadir (Chang vd.,
2022). AG teknolojisindeki ilerleme, AG’yi daha erisebilir hale getirmis ve uygulanabilirligi
onemli 6lcide artirmistir (Challenor & Ma, 2019). AG ile 6grencilerin soyut kavramlari
daha somut bir bicimde gorsellestirmesi saglanarak 6grenme sireci daha etkin hale
getirilebilecektir. YZ'nin egitimde kullanimi ile 6grenci verilerini izleme ve analiz etme,
bireysel 6drenci ihtiyaglarinin belirlenmesi, kisisellestirilmis kaynak sunumu gibi
avantajlar elde edilmektedir (Crompton & Barke, 2022; Hinojo-Lucena vd., 2019; Yildiz &
Zengin, 2025). YZ tabanli sistemler, 6dgrencilerin 6grenme slreclerini analiz ederek
onlarin zayif yonlerini belirleyebilir, bu alanlarda destekleyici materyaller sunabilir (Seuvil
& GoOkoglu, 2024) ve editimde firsat esitligi saglamanin 6nindeki engellerin kaldiriimasina
destek saglayabilir. Ogrencilerin ilerlemeleri ve 6grenme siiregleri hakkinda 8gretmenlere
anlik geri bildirim saglanmasi, editimde daha etkili sonuglar alinmasina yardimci olur.
Boylelikle YZ geri bildirim araci olarak da kullanilabilir (Yorik, 2024). Bireysel 6grenci
ihtiyacglarina gore dederlendirme veri analiz slireclerinde YZ ile birlikte makine 6grenim
(MO) tekniklikleri de kullanilabilmektedir (Tetik & Akin, 2023; Zhang & Aslan, 2021). MO
ile birlikte egitim strecinin herhangi bir asamasinda istendik amaca veri-model-tahmin

dongusu ile daha kolay erisilebilir (Sevil & Gokogdlu, 2024).
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TYMM kapsaminda hazirlanan 6gretim programlar ile Ust dlizey disinme ve bilimsel
slire¢ becerilerinin kazandiriimasinin amaclandigi ayrica 6grenci merkezli buttncal bir
egitim anlayisinin benimsendidi gérilmektedir (MEB, 2025). Ogretim programlarina YZ,
AG ve MO araglarinin entegrasyonu editim sirecleri Uzerinde derin bir etki yaratma
potansiyeli gosterebilecektir. Yapilan arastirmalar, bu araclarin fen (fizik, kimya ve
biyoloji) alaninda kullaniminin 6grencilerin bilimsel diisiinme becerilerini, performanslarini
ve basarilarini artirdigini belirtmektedir (Adams vs., 2022; Ibafez & Delgado-Kloos,
2018; Rahmat vd., 2023). Bilgi adimlarinda dederlendirme, 6grenme ve akilli kimya
laboratuvari similasyonlar gibi YZ destekli araclar kimya o6gretiminde kavramsal
tanimlamalarin daha dodru anlasiilmasini saglamakta, 06drencileri analiz ederek
kisisellestirilmis calisma Onerileri sunmakta, sanal laboratuvar ortaminda deney yapma
imkani vermekte ve geri bildirimler vererek hatalari hizli bir sekilde diizeltmektedir (Chen
vd., 2020). Bu baglamda YZ, AG ve MO araclarinin kimya gibi soyut bir disiplinin

ogretiminde etkili olabilecedi dustnulebilir.

Kimya Dersi Icin Yapay Zeka, Makine Ogrenmesi Ve Artirlmis Gergeklik

Uygulamalarinin Kullanimi

Fen bilimleri egitiminde kullanilan YZ araglari, karmasik bilimsel kavramlarin anlagiimasini
kolaylastiran etkilesimli araglardir. Kimya da ¢ogu zaman soyut kavramlar ve kompleks
yapilar iceren bir derstir (Ayyilldiz & Cubukgu, 2022). AG teknolojisi; atom yapilari,
molekiller ve kimyasal reaksiyonlar gibi soyut bilgilerin goérsellestirilerek 6grencilerin
daha iyi anlamasini saglamasi agisindan oldukga ©onemli gérilen vyenilikgi 6gretim
yontemidir (Yagc & Sentiirk, 2023). Ayrica 6grenciler, sanal ortamda kimyasal deneyler
gerceklestirme imkani buldugunda 6grenme deneyimleri daha edlenceli ve etkili hale gelir
ve soyut kavramlarin somutlastiriimasina imkan saglanirken bilimin eglenceli ylzi de
kesfedilmis olur (Colak Yazici, 2023).

MO ve YZ, 6grencilerin deneylerde karsilastiklari problemleri ve veri analizlerini daha hizl
ve dogru bir sekilde yapmalarini saglayarak deneysel 6grenme sireclerinin daha verimli
gerceklesmesine yardimci olur (Groenewald vd., 2024). Kimya derslerinde YZ tabanl
sanal laboratuvar uygulamalari, 6grencilerin glvenli bir ortamda cesitli reaksiyonlari
deneyimlemelerini saglarken gergege en yakin ortamlarda laboratuvar
deneyimlemelerinin yani sira bilgi ve becerilerini artinr (Antonio & Castro, 2025; Bazie
vd., 2024).

YZ ve MO’nin sundugu otomatik veri analizi ve siniflama imkanlari ile editim kurumlarinda
bulunan kimyasal maddelerin verimli bir sekilde yonetiimesi daha elverigli hale
gelmektedir (Chiu, 2021). Bu durum, okulda Ogretmenlerin; Universite derslik ve
laboratuvarlarda ise 6gretim Uyelerinin derslerde hangi kimyasallari kullanacaklarini daha
iyi planlamalarina olanak tanir. Ayrica Odgrencilerin ders boyunca ihtiyag duyduklan

Tiirkiye Kimya Dernegi Dergisi Kisim C: Kimya Egitimi
Journal of Turkish Chemical Society Section C: Chemistry Education (JOTCSC)



174 Yapay Zeka Destekli Artiriimnis Gergeklik Kimya Asistani Gelistirilmesi
Development of an AI-Supported Augmented Reality Chemistry Assistant

kaynaklara hizli erisimi saglanarak 6gretimin kalitesi de artirilabilecektir. Boylelikle etkin

bilgi yonetiminin saglanabilecedi disindilebilir.

Yapay zeka destekli uygulamalar, diger derslerde oldugu gibi kimya dersinde de
ogrencinin konu ile ilgili eksikliklerini tespit ederek bireysellestirilmis geri bildirim
sunmakta; kendi 6grenme hizina ve eksikliklerine gére o6grenciyi desteklemektedir. Bu
durum, kimya derslerinin daha ilgi cekici hale gelmesine ve 6grencilerin kendi bireysel
6grenme hedeflerine ulasmalarina da katkida bulunur. Boylelikle farklilastiriimis 6grenme
yontemleri de sunulmus olur (Bulus & Elmas, 2024). Fen bilimleri — kimyada kullanilan

farklilastiriimis 6grenme yontemleri olan editim uygulamalan Tablo 1’de verilmistir.

Tablo 1

Fen Bilimleri - Kimyada Kullanilan EJitim Uygulamalar

Uygulamalar Uygulamalarin Ozellikleri

Science360 Science360; bilimle ilgili en son videolari, gérselleri ve haberleri sunan bir
uygulamadir. Kullanicilar, farkli bilim dallarindaki yenilikleri ve arastirmalari
kesfedebilir. Bu uygulama ile kimya dersinde 6grenciler, bilim dinyasindaki
en yeni buluglar gérebilir. Kimyasal reaksiyonlar veya siregler hakkinda

gorsel kaynaklarla 6grenme derinlestirilebilir.

Toca Lab Bu uygulama, kimyanin temel taslan olan periyodik tablo elementlerini
(Elements) eglenceli ve etkilesimli bir sekilde kesfetmeye olanak tanir. Periyodik
tablodaki elementlerin &zelliklerini anlamaya yardimci olur. Ogrencilerin bu

uygulama ile elementleri deneyimleyerek 6grenmesi saglanir.

Science Uygulama, evde veya sinifta yapilabilecek gesitli bilim deneylerini adim adim
Experiments aciklayan bir rehberdir. Ogrenciler giivenli bir sekilde kimyasal reaksiyonlari

deneyimleyebilir. Kavramlarin somut bir sekilde anlasiimasina olanak saglar.

Socrat AI Yapay zeka destekli bir 6grenme uygulamasi olup, kullanicilarin bilimsel
sorularina aninda cevap verebilir. Kimya konularinda dogru ve hizli geri

bildirim sadlar. Ozellikle problem ¢ézme ve analiz siireclerini destekler.

Science Journal Bu uygulama, kullanicilarin  bilimsel gézlemlerini ve deneylerini
kaydetmelerini saglar. Odgrenciler deney sonuglarini sistematik olarak
kaydedebilir. Deneysel analizlerde 6grencilere bir diizen saglar. Uygulama
linki:
https://play.google.com/store/apps/details?id=cc.arduino.sciencejournal&hl
=tr&pli=1

Tablo 1'de belirtilen kimya editiminde kullanilan uygulamalar YZ, AG ve MO ile
desteklenmektedir. Bu uygulamalar ile sistematik bir 6gretim tasarimi yapabilmek igin

Analiz, Tasarim, Gelistirme, Uygulama ve Dederlendirme asamalarindan olusan ADDIE
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editim modelinin uygulayicilara destek saglayacadi dustnulebilir. ADDIE modeline gore
tasarlanan ve YZ, AG ve MO ile harmanlanmis bir program 6égrenci performanslarinda
artis saglayabilecektir (Huda vd., 2022). Bu durum, uygulama sireglerinde cesitliligi
artirarak bilgi, 6zerk 6grenme/elestirel disinmede artis, kuramsal ve pratik beceri

ciktilarinda ise gelisim gosterecektir (Chen vd., 2013; Luo vd., 2024).
Ulusal ve uluslararasi alanyazinda yapilan galismalar

Ozbudak Kiligli'nin (2016) calismasinda 8. sinif Hicre Béliinmesi ve Kalitim (nitesi icin
bitlncil yaklasimla ve ADDIE 6gretim tasarimindan da yararlanilarak yeni bir program
tasarlanmis ve uygulamistir. Bu calisma, ADDIE modelinin fen bilimleri branslarinda
uygulanabilir oldugunu gostermektedir. Ayrica teknolojik gelismeler egitim programlarina
yenilikler getirmekte ve cesitliligi artirmaktadir. Ceylan ve Segcmen (2019), 11. sinif
ogrencilerine kimya dersinde yapmis olduklar calismalarinda bilgisayar destekli 6gretim
materyali gelistirmek icin ADDIE modelini kullanmiglardir. Bu galisma, ADDIE modeli ile
bilgisayar animasyonlari olusturulabilecedini géstermekle beraber YZ, AG ve MO

araclarinin bu sirece dahil edilebilecedi konusunda arastirmacilara fikir verebilir.

Hizli bir ivmelenme gosteren YZ teknolojisi, ADDIE gibi farkli egitim modellerinin 6gretim
programlarinin uygulanmasinda ve editim slreglerinde yasanabilecek zorluklarin
asilmasinda kolaylik saglayacaktir (Arslan, 2020). Boylece YZ daha Uretken 6grenme
etkinlikleri tasarlamada ve teknoloji destekli 6grenme ortamlari gelistirmede uzmanlara
yardimci olabilecektir (Coskun ve Kiigiikali, 2021). Incemen ve Oztiirk (2024) tarafindan
gerceklestirilen “Farkli Egitim Alanlarinda Yapay Zeka: Uygulama Ornekleri” adli
calismada YZ'nin farkh editim alanlarinda uygulanabilirligi incelenmistir. YZ destekli 3
farkli 6grenme ortamlarini inceleyen bu galisma, asamalarin hangi bilimsel alanlara
uygunlugunu belirtmekte fakat bu sirecin egitim modellerine ve 6gretim programlarina

nasil entegre edilebilecedi ile ilgili yol gostermemektedir.

AG ile ilgili 29 makalenin meta analiz yontemiyle incelendigi bir calismada AG’nin 6grenci
motivasyonu, anlama ve 21. ylzyil becerilerini artirdigi anlasiimakta ayrica STEM ve oyun
temelli 6grenmelerde pratiklik sagladigi gorilmektedir (Tarmidzi vd., 2025). Ekici'nin
(2019) calismasinda artiriimis gergeklik (AG) teknolojisinin, editimde ozellikle fizik ve
kimya derslerinde nasil kullanilabilecedi incelenmektedir. Cesitli alanlarda uygulama
potansiyeli olan AG'nin, egitim ortamina egdlence ve gekicilik katmasinin yani sira maddi
tasarruf saglayabilecedi ortaya konmustur. Ancak Tirkiye'de fen ogretimi ozellikle lise
dizeyindeki karmasik konularda yeterli dlizeyde arastirma yapilmamistir. Bu baglamda
galismada Unity 3D oyun motoru ve Vuforia kltlphanesi kullanilarak gelistirilen physAR
ve ARchemist adli iki mobil artinlmis gergeklik uygulamasinin, fen bilimleri égretimine

olumlu katkilar saglayacadi o6ne surllmektedir. Bu uygulamalarin akademik basari,
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motivasyon, derslere yoOnelik tutum ve ilgi gibi boyutlarda dederli etkiler yaratacadi

distnllmektedir.

Ibanez ve arkadaslan (2017), fizik b6limi 6grencileri arasinda gergeklestirdikleri bir
arastirmada, 112 (niversite 0grencisinin elektromanyetizma konusuna yoénelik
gelistirilmis artinlmis gerceklik (AG) similatorinin motivasyon ve 6grenme (zerindeki
etkilerini incelemislerdir. Arastirma sonugclari, AG'nin 6drenci motivasyonu ve 6grenme
slirecleri Uzerinde pozitif bir etki yarattigini gostermektedir. Yu ve arkadaslan (2022),
AG'nin STEM ve oyunlastirma Uzerindeki etkilerini sistematik olarak incelemislerdir.
Calisma; AG’nin motivasyon, etkilesim ve 6grenme basarilarinda olumlu etkileri oldugunu
gostermektedir. Elkoumitti ve arkadaslari (2025), AG ve sanal gergekligin (SG) fen
bilimleri egitimi Gzerindeki etkilerini incelemislerdir. Calismanin bulgulari, AG ve SG'nin
dijital cag icin gerekli becerilerin kazanilmasinda, aktif ve 6drenci merkezli 6grenme

stireclerine hazirlanilmasinda tesvik edici etkisinin oldugunu gostermektedir.

Teknolojinin  egditime  entegrasyonu  birtakim  olumsuzluklari da  beraberinde
getirebilmektedir. Idowu (2024) tarafindan gercgeklestirilen calisma, YZ'nin firsat
esitsizligi dogurabilecedine karsin uyarilarda bulunmaktadir. Bu durumun basar farkina
yol acabilecedi ve dezavantajli gruplarda dislanmalara neden olabilecegi belirtilmektedir.
Turkiye baglaminda bu risklerin 6gretim programlarina ve dederlendirme sireglerine
yansidigi ayrica bazi etik sorunlarin yasanabilecedini belirten galismalar da bulunmaktadir
(Okstiz Gul, 2024; Temur, 2025). AG ile ilgili calismalarda ise yiliksek maliyet, teknik
zorluklar ve egitim programlari ile uyumsuzluk gibi olumsuz durumlarin yasandidi ifade
edilmektedir (Baraa Albishri vd., 2025). 2013-2023 yillan arasinda yayinlanan 47
arastirmanin incelendigi bir galismada da cihaz uyumsuzlugu, ergonomik sorunlar, kisa pil
omra, dcretli uygulamalar ve karmasik kullanim gibi sorunlar én plana c¢ikmaktadir
(Lidiastuti vd., 2024).

Egitim teknoloji uygulamalarinin avantaj ve dezavantajlarinin oldugu gérulmektedir. YZ,
AG ve MO gibi egitim teknolojileri araglarinin 6gretim programlarina entegrasyonunda bu
durumlara dikkat edilmelsi gerekir. Ozellikle ADDIE gibi tasarim modelli uygulamalar ile
bu araglarin 0gretim slregleri ile butlnlestiriimesi dezavantajlarin  etkilerini

azaltabilecektir.
Calismanin Onemi ve Amaci

Bilim ve Sanat Merkezi (BILSEM) kimya depolarinda bulunan sayisiz kimyasalin egitim
slireglerinde etkin bir sekilde kullanilmasi, hem kaynaklarin israfini énlemek hem de
ogrencilerin bilimsel meraklarini tesvik etmek agisindan blylk 6énem tasimaktadir. Bu
calismada mevcut kimyasallarin (280 gesit, 400 adet) detayli bir sekilde incelenerek her
bir kimyasalin farkli deney ve etkinliklerde nasil kullanilabilecedgi ve hangi 6grenme

hedeflerine hizmet edecedi belirlenmistir. Elde edilen bu veriler isiginda makine
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o0grenmesi ve yapay zeka tekniklerinden yararlanilarak kimyasallar ve kullanim alanlarina
iliskin temel alan bir AG uygulamasi gelistirilmistir. Gelistirilen AG uygulamasi bir kimya
asistani olarak kullanilarak hem 6grencilerin kimya gibi soyut kavramlari daha somut bir
sekilde anlamalarina yardimci olmak hem de deney yapma sireglerini daha glivenli ve
etkili héle getirmek amaciyla tasarlanmistir. Ayrica alanyazina bakildiginda AG
uygulamalarinin egitimde kullanildigi gortilmekle birlikte (Ibanez, vd., 2017; Glgli, 2021;
Mundilarto & Ismoyo, 2017; Ozmen, 2019) ADDIE 6gretim tasarim modeli ile gelistirilen
uygulamalarin ve bu uygulamalarinin etkilerinin oldugu calismalara rastlanmamistir.
Calisma bu yoénden alanyazindaki boslugu bir nebze de olsun doldurmayi
hedeflemektedir. Bu calismanin temel amaci, gelistirilen AG uygulamasinin 6grencilerin
AG teknolojisine yonelik tutumlarn Gzerindeki etkisini bilimsel yontemlerle dederlendirerek
egitimde AG teknolojilerinin kullanimina dair énemli veriler elde etmektir. Bu calismada
cinsiyet ve vyas dediskenleri dahil edilmistir cinki AG tabanh iceriklerin tutumlar
Gzerindeki etkisi demografik farkhliklara badl olarak dedisebilmektedir. Cinsiyet
degiskeni, 6grenciler arasindaki tutum varyasyonlarini incelemek ve potansiyel esitsizligi
tespit etmek amaciyla secilmistir. Yas degiskeni ise farkh sinif dizeyleri ve 6grenme
evrelerindeki tutum farklilhklarini karsilastirma ve uygulamanin gesitli yas gruplarindaki
etkililigini degerlendirme imkani saglayacagindan secilmistir. Bu énem ve amactan yola

cikilarak asagidaki sorulara cevap aranacaktir:

[l Galisma grubunun cinsiyete gbére 6n test ve son test AG tutum puanlar

istatistiksel olarak anlamli bir sekilde farklilasmakta midir?

[l Galisma grubunun AG tutum puanlan uygulama 6ncesinden sonrasina (6n testten

son teste) istatistiksel olarak anlamli sekilde farklilasmakta midir?

[l Galisma grubunun yasa goére 6n test ve son test AG tutum puanlan istatistiksel

olarak anlamli bir sekilde farklilasmakta midir?

YONTEM

Calismanin bu béliminde galismanin modeli, materyalin gelistiriimesi basligi altinda yer
alan ADDIE &gretim tasarim modeli basliklarinda kullanilacak uygulamalarin teorik
dersleri/egitimleri kimyasallarin tespiti ve listelenmesi; kimyasal fotograflarinin makine
6grenmesine entegrasyonu, kimyasal veritabaninin olusturulmasi, QR kodlarin
olusturulmasi, QR kodlar ve uygulama gelistirme, AG uygulamasi mobil uygulamanin
gelistiriimesi, internet sitesinin gelistiriimesi, calisma grubu, verileri toplama araclarn ve

verilerin analizi verilmistir.
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Calismanin Modeli

Bu calisma, yeni bir 6gretim materyalinin etkisini tek gruplu 6n-test/son-test tasarimi ile
inceleyerek gelistirme sirecini ve uygulanabilirligini dederlendirmeyi amaglamistir.
Kontrol grubunun eklenmesi, materyalin etkisini izole etmek icin faydali olsa da once
materyalin uygulanabilirligini ve pedagojik yapisal bitinligini test etmek Gzere bu ilk
asamada tek gruplu tasarim kullanimi tercih edilmistir. Calismanin ilerleyen asamalarinda
kontrolli deney tasarimi ile etki tespitine yonelik calismalar planlanmaktadir. Tek gruplu
On test-son test deneysel desen, bir gruba uygulama 6ncesinde ve sonrasinda 6lgim
yaparak uygulamanin etkisini belilemeye olanak tanir (Bayukéztirk vd., 2024).
Arastirmada kullanilan AG uygulamasinin 6grencilerin AG teknolojisine yénelik tutumlarini

nasil etkiledigini belirlemek amaciyla bu desene karar verilmistir.

Calisma sireci, materyal gelistirme ve uygulama ile etkinin dederlendirilmesi seklinde iki
bolimden olusmaktadir. Materyalin gelistiriimesinde ADDIE o6dgretim tasarim modeli
kullanilmis olup arastirmada kullanilan AG uygulamasi, 6drenci merkezli bir yaklasimla
gelistirilmistir. Bu gelistirme slrecinde 6dgretim materyallerinin sistematik olarak
tasarlanmasi igin sikca kullanilan ADDIE 6gretim tasarim modeli esas alinmistir. Kimya
dersi, oOdrencilerin bilimsel slire¢ becerilerini gelistirmelerini ve kimya kavramlarini
anlamalarini amaglayan bir ders olmasi sebebiyle kullanilacak materyallerin de bu
amaclara uygun olarak tasarlanmasi gerektiginden ADDIE &gretim tasarim modelinin
kimya dersinde materyal hazirlamak icin uygun bir model oldugu dusuntlmektedir
(Morrinson vd., 2019). Bu nedenle calismada bu tasarim modelinin uygulanmasina karar

verilmigtir.
Materyalin Gelistilmesi

ADDIE 6gretim tasarim modeli; analiz, tasarim, gelistirme, uygulama ve dederlendirme
olmak lizere bes asamadan olusmaktadir (Hookveld vd., 2002). Bu asamalar, materyalin
hem pedagojik hem de teknik acidan saglam bir zemine oturmasini saglamistir. Analiz
basamadinda Zorluodlu ve Sozbilire (2017) goére “igerik analizi verilerin toplanmasi,
toplanan verilerin kodlanmasi, kodlardan kategorileri ve temalarin olusturulmasi ve
verilerin godrsellestiriimesinden” meydana gelmektedir. Ayrica bu basamakta tasarim
basamadina veri sadlamasi, uygulama ve dederlendirme basamadgi slrecini
kolaylastirmasi amaciyla o6n test yapilabilmektedir. Tasarim basamadinda bir Ust
basamaktaki ©6gretimin amaglari belirlendikten sonra igerik segimi ve diizenlenmesi
yapilir. Daha sonra 6gretme ve 6grenme sireglerinde kullanilacak teknikler belirlenir. Bu
asamada ise alinan sonuglara gore Olcmeye yonelik aracglar kavram 6gretimine uygun
materyaller gelistirilir. Ayrica bu basamakta kavram 6gretimi ile ilgili 6gretim tasarimi
yapilir (Simsek, 2014). Gelistirme basamadinda Simsek (2014)'e goére gelistirme

basamadinda daha c¢ok “6gretmen kilavuzlari, katiimcr materyalleri, kullanim arag-
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gerecgleri” gibi seyler uretilir. Tasarim basamaginda tasarlanan materyaller gelistirilir.
Uygulama basamadinda 6gretim tasariminin 6n denemesinin yapildigi basamaktir.
Dederlendirme basamadinda ise uygulamaya son dokunuslar yapilarak dizeltmeler yapilir
ve sonuca badlanir. Tasarimi olusturan tim elemanlar islerlik bakimindan test edilir.
Tasarim, hedeflenen gruba uygulanir ve sonra dederlendirilir (Zorluoglu ve So6zbilir,
2017). Galismada, materyal “Materyalin Gelistiriimesi” bashidi altinda ele alinan ADDIE

ogretim tasarim modeliyle gelistirilmistir.

A-Analiz Basamagi: Calismada ilk olarak “konu ve hedef kitle” belirlenmistir. Kimya
alaninda soyut kavramlar olarak dederlendirilen atom, molekil yapilar ve kimyasallarin
sembolleri-formdilleri, bunlarla yapilan deney ve etkinlikler gibi konularin 6grenciler
tarafindan daha kolay anlasilabilmesi hedeflenmistir. Ogrencilerin, elementlerin atomik
yapisini gorsellestirmekte ve formdillerini hatirlamakta glclik c¢ektigi, bu kavramlar
gunlik hayattaki uygulamalarla iliskilendirmekte zorlandiklari, hangi kimyasallarla hangi
deneylerin yapilacagi, deney raporunun yaziminda zorlandiklari kurum o6gretmenleriyle
yapilan gorismeler sonucunda tespit edilmistir. Bu dogrultuda kimya dersleri kapsaminda
elementler, bilesikler, kimyasallar ve deneylerine islenmesine yonelik yapay zeka, makine
ogrenmesi ile AG uygulamasi gelistiriimesine karar verilmistir. Hedef kitlenin ortaokul
ogrencileri olmasi 6ngéralmustir. Problem durumu, kurumdaki kimya deposunda bulunan

kimyasallarda yola cikilarak tespit edilmistir (Sekil 1).

Sekil 1

Kimya Deposundaki Kimyasallar

REDMI NOTE 1055

B-Tasarim Basamadi: Dersin igerigi incelenmis ve AG teknolojisinin egitimde nasil etkili
bir sekilde kullanilabilecegi Uzerine planlamalar yapilmistir. Bu asamada kimya
derslerinde soyut olarak dederlendirilen atom ve molekil yapilari, kimyasal elementler ve
formdaller gibi konularin goérsellestiriimesine ydnelik artirlmis gerceklik uygulamasinin

detaylar belirlenmistir. Projenin hedef kitlesi olarak ortaokul 5-6-7. sinif 6grencileri
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secilmis ve onlarin 6grenme ihtiyaglan dikkate alinarak uygulama tasarimi
sekillendirilmistir.

C-Gelistirme Basamagi: Gelistirme asamasinda Unity oyun motoru ve Vuforia
katliphanesi kullanilarak artirilmis gerceklik uygulamasi gelistirilmistir. Uygulamada her
bir kimyasal element icin birer QR kod olusturulmus ve bu QR kodlar, ilgili elementin
atomik dizilim bilgisi, molekll yapisi ve kimyasal formulini iceren bir AR icerigiyle
eslestirilmistir. Ogrenciler, mobil cihazlar aracilifiyla QR kodlarn taradiginda ekranda soz

konusu elementin su 6zellikleri gorsellestirilmistir:
e Atomlann Ug boyutlu yapisi.
e Elektronlarin yéringe dizeni.
e Kimyasal semboller ve formiiller.

Ayrica oOdrenci etkilesimlerini artirmak amaciyla AG iceriginde tiklanabilir alanlar
eklenmistir. Bu alanlar, kullanicillari projede 6zel olarak tasarlanmis ve detayh bilgiler
iceren bir web sitesine yonlendirmektedir. Web sitesinde kimyasal elementlerle ilgili daha
fazla bilgiye erisim saglanmistir. Gelistirme sireci sirasinda asadidaki teknik adimlar

uygulanmistir. Bunlar:

QR kod iiretimi ve esleme: Her bir kimyasal element icin benzersiz bir QR kod
olusturulmus ve Vuforia kituphanesi kullanilarak bu kodlar artinlmis gergeklik

icerikleriyle iliskilendirilmistir.

3D Modelleme ve Gorsellestirme: Atomlarin ve molekdllerin tg¢ boyutlu modelleri Blender

gibi araglarla tasarlanmis ve Unity ortamina entegre edilmistir.

Kullanici Etkilesimleri: AG igerigine tiklanabilir butonlar eklenerek kullanicilarin mobil

cihazlar tGzerinden web sitesi gibi ek kaynaklara kolayca erisebilmesi saglanmistir.

Android APK Dénistirme: Uygulama, mobil cihazlarda calistirilabilmesi icin bir Android
APK dosyasina doénlstlrilmis ve test edilmistir. Bu gelistirme slreci sonucunda kimya
derslerini gérsellestirme ve 6grenci motivasyonunu artirma amaci tasiyan, kullanici dostu

bir artinlmis gergeklik uygulamasi olusturulmustur.

D-Uygulama Basamagi: Bu asama, kimya dersleri igin AG destekli materyalin
tasarlanip 06grencilerle bulusturuldugu sirectir. Uygulama, 0drencilerin kimyasal
elementleri tanimalarini, atomik vyapiyr anlamalarini ve etkilesimli bir sekilde
incelemelerine olanak saglayacak sekilde gelistirilmistir. Her bir kimyasal element igin
artinlmis gergeklik tabanli QR kodlar olusturulmus ve bu kodlar aracihidiyla mobil
cihazlarla tarandijinda ekranda (i¢ boyutlu gorseller, formiller ve bilgi badlantilari

saglanmistir.
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Uygulama Siirecinde Gercgeklestirilen Calismalar

Atomik yapilarin ve molekiil modellerinin gérsellestiriimesi: Her element igin (g
boyutlu atomik yapi modelleri Unity platformunda tasarlanmis ve mobil cihazlar igin
optimize edilmistir. Uygulamada QR kodlarin taranmasiyla birlikte ekrana su bilgiler
yansitilmistir: Atomlarin yéringe dizeni ve elektron dizilimi/Kimyasal elementin semboli

ve formulid/Elementin temel 6zelliklerine dair agiklamalar.

Etkilesimli deneyimlerin saglanmasi: AG icerigine tiklanabilir butonlar eklenmistir. Bu
butonlar, 6dgrencileri detayl bilgi saglayan bir web sitesine yonlendirmistir. Web sitesi,
elementlerin gunlik hayattaki kullanim alanlarini ve goérsellestirilmis bilgileri icerecek

sekilde yapilandirniimistir.

QR kodlarin hazirlanmasi ve uygulanmasi: Uygulamada her bir elemente 6zel QR
kodlar olusturulmus ve bu kodlar, fiziksel materyallere entegre edilmistir. Ogrenciler

mobil cihazlarini kullanarak bu kodlari taramis ve AG igeriklerine erismistir.

Gorsel ve fiziksel iyilestirmeler/atomik modeller ve formiiller: AG igeriklerinde
elementlerin atomik vyapilarini daha kolay anlasilir kilmak icin gorseller optimize

edilmistir. Uygulamada 6grencilerin 6grenme hizina uygun bir bilgi akisi olusturulmustur.

Alan uzmanlarinin geri bildirimleri: Uygulamanin kullanima sunulmadan &nceki
asamalarinda iki kimya ve (g fen bilimleri 6gretmeninden olusan bir uzman grubu ile is
birligi yapilmistir. Uzmanlarin geri bildirimleri dogrultusunda gorsellestirmelerde ve

etkilesimli igeriklerde gerekli diizenlemeler yapilmistir.

Mobil uygulama testleri ve android APK ciktisi: AG projesi, mobil cihazlarda
kullanilabilir bir hale getirilmis ve test asamalari tamamlanmistir. Sonrasinda uygulama
Android isletim sistemi icin bir APK dosyasina doénustirilmis ve cihazlara kurulumu

saglanmistir.

QR Kodlarin Olusturulmasi: Kullanicillarin kimyasal maddelerin bilgilerine daha kolay
hizli ulasabilmesi igin QR kodlar olusturulmustur. QR kodlari genellikle mobil cihazlar
araciigiyla taranabilen ve igerisindeki veriyi hizlica kullaniclya sunan iki boyutlu
barkodlardir. QR kodlarinin olusturulmasi, kullanicilarin dijital icerige hizh ve pratik bir
sekilde erisim saglar. Bu projede QR kodlari, Canva platformunun QR code generator

bileseni kullanilarak olusturulmustur (Sekil 2).
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Sekil 2

Canva’da QR Code Generator Bilesigini Kullanarak Kod Olusturma

AMONYUM SOLFAT W Planinizi ydkseltin 1+ 4 O

AMONYUM SOLEAT

QR Kodlar ve Uygulama Gelistirme

Bu calisma kapsaminda AG uygulamasina entegre edilecek QR kodlarin olusturulmasi ve
kullanimi Gzerinde cahsiimistir. QR kodlar, Canva platformu kullanilarak olusturulmustur.
Olusturulan QR kodlar unity de vuforia kullanilarak, QR kodlar sirasiyla unity ye image
Target olarak eklenip, her elementin QR kodunun Gzerine atom ve elektron modeli cizilip
formill eklenmistir. Son olarak Cube eklenmistir ve Android Switch Platform alinip Build

Settings ayarlari yapimistir (Sekil 3, Sekil 4).

Sekil 3

Kimyasal Maddenin QR Kodunun Uzerine Atom Elektron Modeli ve Formdiliiniin Cizilmesi
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Sekil 4

Unity’ye Vuforia’dan Image Target Eklenmesi

AG Uygulamasi-Mobil Uygulamanin Gelistirilmesi

Ogrencilerin mobil cihazlarla etkilesimde bulunarak kimyasallari taniyabilecedi bir AG
deneyimi tasarlama hedefiyle glvenli ve etkilesimli bir 6grenme ortami sunulmasi
amaclanmistir. Bu dogrultuda AG deneyiminin temel amaci, 06drencilerin kimyasal
maddeleri QR kodlar aracilidiyla taniyarak kavramlar arasindaki baglantilar kesfetmeleri
ve guvenli bir ortamda kavramsal anlayislarini gtglendirmeleridir. Uygulamanin pedagojik
temelleri icin Unity oyun motoru kullanilarak bir AG uygulamasi gelistirilmistir. Gelistirme
slirecinde o6drencilerin erisimini kolaylastiran gérsel 6geler ve yo6nergelemeler
tasarlanmis, glivenli ve kullanici dostu bir arayliz hedeflenmistir. Teknik altyapi, 6grenme

hedefleriyle uyumlu olarak asagidaki adimlar icermektedir:

QR kodlariyla kimyasallarin tanitimini saglayan bir AG akisi olusturulmus; AR goruntuleri
ve modelleri igin Hierarchy vyapisi kurularak igeriklerin hangi sirayla ve nasil
gortntilenecedi netlestirilmis; kimyasal maddelerin QR kodlari AR motoruna entegre
edilerek ekran Gzerinde etkilesimli halde goriinecek sekilde tasarlanmis; her element ve
bilesigin temel yapilar (atom modelleri, elektron modelleri gibi g6rsel temsilciler) agikca
tasarlanip gerekli agciklamalarla desteklenmis; 6grenme sirecini yonlendiren bir rehberlik
sistemi eklenerek 6grencilerin kendi kendine 6grenmesi desteklenmis; materyale erisimi
kolaylastirmak amaciyla bir web sayfasi ve badglantili bir mobil uygulama tasarlanmis;
ogrencilerin materyale istedikleri zaman erisebilmeleri ve 6grenmeyi kendi hizlarinda
sUrdirebilmeleri saglanmistir. AG uygulamasinin Android platformunda galismasini

saglayan APK paketi, sinif ve laboratuvar kullanimi igin hazirlanmistir (Sekil 5).
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Sekil 5

Unity Build Profiles Ekrani Unity Player Settings Ekrani

Android Build And Run
Bulld

Build Data

Platfor @ sha cene list, ToC 2 the list
0‘ ependenty, creae a Bulg pofiefor s | A Bl Profile
lto

Open Scene List

Geri bildirim mekanizmasi

Uygulamanin kullanicilan ile etkilesim kurarak sirekli gelistirilmesi saglanmistir. Mobil
uygulama veya Windows'un kendi kamerasin AG uygulamasinda QR kod gosterildiginde
kodun Ustlinde element veya bilesigin atom, elektron modeli ve formuli ve de bir kip
cikmaktadir. Ekranin Gstlindeki cube butonu tiklandiginda kullaniclyr vscode programinda

yazilan script sayesinde tasarlanan web sitesine géndermektedir (Sekil 6).

Sekil 6

Windows Kamerasindan QR Kodlarin Gosterilmesi

E-Degerlendirme Basamagi: Bu asamada gelistirilen AG uygulamasinin etkilerini
dederlendirmek icin 6gretim sonrasinda cesitli analizler yapilmis ve elde edilen verilerin

analiz sonuglar bulgular kisminda yer almistir. Dederlendirme, hem 6grencilerin 6grenme
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stireglerini hem de artinllmis gergeklik materyalinin kullanimini etkin bir sekilde incelemek

amaciyla gergeklestirilmistir.

Proje Ciktilari ve Uygulamanin Etkisi: Bu asamada artirlmis gergeklik uygulamasi,
ogrencilerin kimya derslerinde soyut kavramlar gorsellestirmelerini saglamis ve
dgrenmeyi edlenceli héle getirmistir. Ogrenciler, mobil cihazlariyla etkilesimde bulunarak
hem konuyu deneyimlemis hem de konulari daha iyi igsellestirmistir. Uygulamanin
sonuglari, artinlmis gercgeklik teknolojisinin egitimde ne kadar etkili olabilecegini

gdstermistir.

Gelistirilen artinlmis gerceklik uygulamasinin, kimya derslerindeki AG uygulamalarinin

kullanilmasina dair tutum puanlari icin bir 6n test ve son test uygulanmistir.

On test; uygulama ©6ncesinde &grencilerin AG tutum puanlanini belirlemek igin
uygulanmistir. Son test ise 4 haftalik uygulama sonrasinda 6grencilerin kazanimlarini ve

AG uygulamasinin etkisini 6lcmek icin yapiimistir.
Kullanilacak uygulamalarin teorik dersleri/egitimleri:

Kullanilan uygulamalarda Unity uygulamasinda Vuforia ile AG uygulamasi icin Udemy’den
AG-1 dersinin videolarindan vyararlanilmistir. Web sitesi tasarlamak igin o alanin

uzmanlarindan ders alinmigtir.
Kimyasallarin tespiti ve listelenmesi:

Kimyasallarin listelenmesi olusturulurken elementler; alkali metaller, lantanitler, gegis
metalleri, toprak alkali metalleri, aktanitler, ara gegis metalleri, yarimetaller, ametaller,
halojenler, soygazlar olarak siniflandinimistir. Bilesikler ise kovalent bag, iyonik bag,
metalik bag olarak siniflandinimistir. Kurulan web sayfasinda kimyasal maddelerin

listelenmesi Sekil 7'deki gibidir.
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Sekil 7

Kimyasal Maddelerin Listelenmesi

H

=
5B 8 8§ 8 B
E & & =
E & & 5 &
g & & & §
= . == -
8 . 8

g
8 T
L

Kimyasal veri tabaninin olusturulmasi

Kimyasal veri tabaninin olusturulmasinda yapay zekd& aracglarindan yararlaniimistir.
Kullanilan kimyasal maddelerle ilgili tim bilgilerin sistematik bir sekilde toplanmasi ve
listelenmesi amaciyla bir kimyasal veri tabani yapay zeka araci ile olusturulmustur. Bu
veri tabaninda kimyasal maddenin adi, kimyasal maddenin formdld, kullanim alanlari,
hangi siniflarda kullanildigi ve yapilan deneyler hakkinda veri tabani excel dosyasi icine
olusturulmustur. Veriler yapay zeka programlar cercevesinde glincel gevrimigi kaynak
olan OpenAl teknolojisinden Monica’dan yararlanarak olusturulmustur. Bu veri tabani

sayesinde kimyasal maddelerin 6zellikleri daha iyi anlasiimasi saglanmistir (Sekil 8).

Sekil 8

Monica- Excel Uygulama Goérseli

MONICA

Internet-WEB Sitesinin Gelistirilmesi

Web sitesinin gelistirilmesi siirecinde kodlama islemleri igin Visual Studio Code (VS Code)
kullanilmistir. VS code, Microsoft tarafindan gelistirilen agik kaynakli ve glgli bir metin

editéridir. Bootstrap 5 card igcinde web sitesinin uzantisina html kodu eklenmistir. Web
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sitesinde gorsel olarak resim bagslik ve metin eklenerek igerik diizeni saglamak amaciyla
Bootstrap 5 Cards bileseni W3schools sitesinden kullaniimistir. Xampp program, projede
web sitesinin yerel sunucuya acik olmasi igin kullaniimistir. XAMPP, Apache, MySQL, PHP
ve Perl gibi agik kaynak yazilimlarini bir arada sunan, gelistiricilerin web uygulamalarini
yerel ortamda test etmelerini saglayan bir yazilim paketidir. Bu yazilim, web sitesini
calistirmak igin gerekli batln alt yapiy! saglamaktadir. Web sitesine projedeki kimyasal
maddelerin bilgileri eklemek ve yo6netmek amaciyla cPanel kullanilmistir. Kimyasal
maddelerin bilgilerini icon kuruma ait olan cenuta alinmis alana atilmistir. cPanel,
ozellikle web gelistirme slrecinde veritabani ydnetimi, dosya yukleme ve siteye icerik
ekleme gibi temel islevlerin yerine getirilmesinde 6énemli bir aractir. Bu arag sayesinde
projedeki bilgilerin web sitesine eklenmesi ve giincellenmesi daha verimli ve hizli bir

sekilde yapilabilmistir (Sekil 9).

Sekil 9

Visual Studio(VS Code), W3 Schools, Xampp, Cpanel Uygulama Goérseli

schools

Calisma surecinde web sitesinin ¢cevrimici olarak erisilebilir olmasi bir alan adi (domain)
ve gerekli durumlarda alt alan adi (subdomain) atamasi yapilmistir. Bu islem igin

iCodeFlow domain saglayicisi kullanilmistir (Sekil 10).

Sekil 10

Icodeflow Tasarlanan Web Sitesi
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Artirilmis Gergeklik Projesinin VR Gozliige Entagrasyonu

Bu galismanin VR gozlige entegre kisminda ilk basta unity iginde build profiles sekmesine
gidilerek switch platform alinip platform visionOs platformuna gére ayarlanmistir. Daha
sonra VR go6zlugun icinde program agilarak QR kodlar kameraya gésterildiginde sanal
ortamda elementlerin atom ve elektron modeli ve formult goézikmektedir. Cube

butonuna tiklanildiginda sanal ortam icinde tasarlanan web sitesine atilmistir (Sekil 11).

Sekil 11

Sanal Ortamda AG Icinde Acilan Web Sitesi / Ogrencilerin VR Goézliikle AG Projesini
Kullanmasi

Calisma Grubu

Galisma grubu Gilineydogu Anadolu Bolgesinde bir ildeki merkez ilgesi olan 2024-2025
editim 6gretim yilinda BILSEM’e devam eden 5-6-7. sinif (10-11-12 yas) 20 égrenciden

olusmaktadir.

Tablo 2

Calisma Grubunun Demografik Bilgileri

Degisken Kiz Erkek Toplam
5. sinif (10 yas) 2 4 6

6. sinif (11 yas) 4 4 8

7. sinif (12 yas) 4 2 6
Toplam 10 10 20
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Tablo 2'ye gore kiz ve erkek sayilar esit ve toplamda 20 kisi olup bunlarin altisi 10 yas,
sekizi 11 yas ve 6’si 12 yas 6drencilerdir. Bu grubun segilmesinin nedeni veri toplama
araci olarak kullanilan Kiglk vd. (2014) tarafindan yapilan Ortaokullarda Artiriimis

Gerceklik Uygulamalari Tutum Olgedi’nin ortaokul égrencileri icin gelistirilmis olmasidir.
Veri Toplama Aracglar

Calismada veri toplama araci olarak uygulamalar, materyallerin etkiligini test etmek igin

tutum o6lcekleri uygulanmistir.
Ortaokullarda Artirilmis Gerceklik Uygulamalari Tutum Olcegi

Kiclk vd. (2014) gelistirdikleri o6lcedin gecerlik ve glvenirlik calismalarn yedi farkli
ortaokulun 5. sinifinda 6dgrenim goren 167 o6drenci (84 erkek, 83 kiz) Uzerinde
yurttilmustir. Olcedin yapi gecerligini test etmek icin acimlayic faktdr analizi yapilmis
ve 15 maddeden olusan Ug faktérli bir yapi elde edilmistir. Bu yapi, dogrulayic faktor
analizi ile test edilmis ve 6rnekleme iyi diizeyde uyum sagladi§i gorilmustir. Olgedin ic
tutarliik glivenirlik kat sayisi .83 olarak hesaplanmistir. Tium bu sonuclar, AGUTO’niin
gecerli ve givenilir bir lcme araci oldugunu gdstermektedir. Olcek 5'li likert dlcedi olarak

gelistirilmistir.
Veri Analizi

Calisma kapsaminda olusturulan materyallerin-uygulamalarin etkililigini test etmek igin
tutumlarin calisma grubundaki 20 kisiye AG tutumlarini belirlemek ve cinsiyete goére
istatistiksel olarak anlaml bir farklihk olup olmadigini incelemek amaciyla badimsiz
orneklem t- testi yapilmistir. Sinifa gore istatistiksel olarak anlamli bir farklilik olup

olmadigini incelemek amaciyla ANOVA testi yapilmistir.

Ayrica uygulamaya-deneye baslamadan dnce ve dort hafta sliren deney sirecine génulll
katihm sadlayan 20 kisiye tekrar “Ortaokullarda Artirilmis Gergeklik Uygulamalari Tutum
Olcedi” 6ntest-son test olarak uygulanmistir. Tutum &lgedinden &n-test ve son-testten
elde ettikleri puanlara yonelik istatistiksel olarak anlamli farkhliga bagimli érneklem t-
testi ile bakilmistir. Nicel veriler, JASP 0.18,1 programi ile analiz edilmistir. Testler
uygulanmadan ©6nce ilk olarak her bir analiz igin varsayim kontrolleri yapilmistir.

Analizlerde elde edilen p-dederleri %5 anlamlilik diizeyinde dederlendirilmistir (p<.05).
Normallik varsayim kontrolii:

Verilerin normal dagihm gésterme durumlarini belirlemek igin betimsel istatistiklerden
yararlanilmistir (Tablo 3). Bu istatistikler sonucunda carpiklik katsayisinin -2 ile +2
arasinda olmasi verilerin normal dadihmi go6sterdiginde (George & Mallery, 2020)
parametrik; gostermedigi zaman nonparametrik testlerden yararlanilmistir. Normallik

varsayimi igin gerekli olan betimsel analizler Tablo 3'te yorumlanmistir.
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Tablo 3

Yasa ve Cinsiyete Gére Betimsel Istatistikler

Yas Grubu (n) Degdisken On Test Son Test
10 Yas (n=6) X 50.16 53.83
ss 6.46 6.43
Min. 42.00 48.00
Maks. 56.00 66.00
Carpiklik -0.79 1.71
Basiklik -1.90 3.30
11 Yas (n=8) X 44.75 49.62
ss 5.41 5.23
Min. 38.00 44.00
Maks. 52.00 60.00
Carpiklik 0.17 1.13
Basiklik -1.72 1.17
12 Yas (n=6) X 45.16 52.33
ss 4.53 5.16
Min. 39.00 48.00
Maks. 51.00 62.00
Carpiklik -0.10 1.68
Basiklik -1.52 2.85
Cinsiyet (n) Degisken On Test Son Test
Kiz (n=10) X 45.90 50.50
ss 5.17 5.98
Min. 39.00 44.00
Maks. 54.00 62.00
Carpiklik 0.07 1.12
Basiklik -1.09 0.52
Erkek (n=10) X 47.10 52.90
ss 6.14 5.21
Min. 38.00 48.00
Maks. 56.00 66.00
Carpiklik 0.06 1.19
Basiklik -1.82 4.76

Not. Tablo, cinsiyetlere gore dn test ve son test puanlarinin betimleyici
istatistiklerini gdéstermektedir. X = Aritmetik ortalama, ss = Standart sapma.

Yasa gore 6n testte 10 yas (n=6) icin X = 50.16, ss = 6.46, carpikhik = -0.79, basikhk =
-1.90; 11 yas (n=8) icin X = 44.75, ss = 5.41, carpiklik = 0.17, basikhk = -1.72; 12 yas
(n=6) icin X = 45.16, ss = 4.53, carpiklik = -0.10, basiklik = -1.52. Son testte 10 yas
icin X = 53.83, ss = 6.43, carpikhk = 1.71, basiklik = 3.30; 11 yas icin X = 49.62, ss
5.23, carpikhk = 1.13, basikhk = 1.17; 12 yas icin X = 52.33, ss = 5.16, carpiklk
1.68, basikhk = 2.85. Cinsiyete gdre kizlar (n=10) igin 6n test X = 45.90, ss 5.17,
carpiklik = 0.07, basikhik = -1.09; son test X = 50.50, ss = 5.98, carpiklk 1.12,
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basiklk 0.52; erkekler (n=10) igin 6n test X = 47.10, ss = 6.14, carpikhk = 0.06,
basiklik = -1.82; son test X = 52.90, ss = 5.21, carpiklik = 1.19, basiklik = 4.76. Bu

nedenle cinsiyet dediskenine gore 6n test AG tutum puanlarinin carpiklik ve basiklik

dederleri -2 ile +2 arasinda olmasi normal dagilim gosterdikleri anlamina gelmektedir
(George ve Mallery, 2010). Bu nedenle 6n testte parametrik testler yapilir. Son test igin
bu dederler +2 ile -2 arasinda olmadidi icin nonparametrik test (Mann Whitney U) yapllir.
Yas dediskenine gore son test AG puanlar carpiklik-basiklik dederi -2 ile +2 arasinda
olmasi normal dagihm goésterdikleri anlamina gelmektedir (George ve Mallery, 2010). Bu
nedenle parametrik testlerden ANOVA yapilir. Son test AG tutum puanlarindan carpikhk-
basiklik degeri -2 ve +2 arasinda olmayan dederlerin olmasi sebebiyle normal dagilimdan

uzaklastigi icin boyutta nonparametrik testlerden Kruskal Wallis testi yapiimalidir.

Ayrica bagimh orneklem t testi icin normallik varsayimi icin betimsel istatistikler yapiimis
ve carpiklik basiklik dederleri 6n test (carpiklik = 0,14, basiklik= -1,38) ve son test
(carpikhik = 1,17, basiklik= 1,23) oldugunda normal dagilim gostermesi sebebiyle testin

yapilmasina karar verilmistir.

Varyans homojenligi varsayim kontrolii Varyanslarin cinsiyet dediskeni icin 6n test
AG tutum puanlar igin levene testi yapilmis ve homojen oldugu gortlmustir (6n test
Flevene; 2,39 p>.05). Varyanslarin yas dediskeni icin 6n test puanlarinin levene testi
sonuglarinin homojen oldugu gérilmistir (On test Fiewene; 0,75 p>.05). Yasa bagl son

test normal dagilim goérilmedidi icin Kruskal-Wallis H testi (non parametrik) yapilir.
Deneylerin uygulama siireci

Dort deney ilk olarak sanal gozlik, AG uygulamasi ile 6grencilere gOsterilmistir.
Oncesinde tutum puanlarina bakilmistir. Uygulama dért hafta sirmis olup tutum
puanlarina uygulama sonrasinda tekrar AG olgediyle yeniden bakilmistir. Daha sonra
gercek deney dlzenedini kurarak deneyi tamamlamislardir. Uygulamadan sonra deneyi
gerceklestirmeleri onlar igin kolaylik sadglamis ve deneyleri kolaylkla yaptiklari
arastirmacilar tarafindan gézlemlenmistir. Deneyler, BILSEM fen bilimleri ve kimya

etkinlik kitapgiklarindan alinmis ve tablolar héalinde verilmistir (Ekler- Tablo 7, 8, 9, 10).

BULGULAR

Calismanin bu béliminde gelistiriimis uygulama, Web sitesi ve telefon uygulamasinin
goruntuleri ve uygulamanin gelistiriimesinden sonra etkililigin test edilmesi sonucu elde

edilen bulgular tablolastirlarak yorumlanmistir.

Calismada olusturulan uygulamalar basit bir kullanma menisi sayesinde kolayca

kullanilabilir bir deneyim sunmustur. QR kodlarin hizli bir sekilde taranmasi ve kimyasal
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maddelere iliskin bilgilerin aninda gorintilenmesi, sistemin kullanicilar tarafindan
benimsenmesini saglamistir. AG teknolojisinin kullanimi, bilgilerin sadece metinsel olarak
degil gorsel ve etkilesimli bir bicimde sunulmasina imkan tanimistir. Kimyasal maddelerin
atom-elektron dizilimlerinin 3D olarak gérintilenmesi, kullanicilarin bu bilgileri daha iyi

kavramasina ve gorsel hafizalarina yerlestirmelerine yardimcr olmustur (Sekil 12).

Sekil 12

Mobil Uygulama Ici Gérseli (Sol), Tasarlanan Web Sitesinde Amonyum Siilfat Bilgileri
(Orta), Mobil Uygulama Ici Gérseli (Sag) Altta Unity ortaminda hazirlanan AG sahneleri

Tap to Place

Gorselde Unity ortaminda hazirlanmis AG sahneleri yer almaktadir. Sahnenin
merkezinde bir QR kod (Image Target) bulunmaktadir. Bu kod tanindiginda Gzerine bir
3D molekil modeli (atomlar ve elektronlari temsil eden yapi) eklenmektedir. Model,
kullaniclya kimyasal bilesigi gérsel olarak tanitmayi amaglamaktadir. QR kodun st
kisminda bir Canvas bulunmakta, bu Canvas’in icinde yesil renkte bir buton (Legacy
Button) yer almaktadir. Buton Ulzerinde “Daha fazla bilgi almak igin tiklayiniz.” ifadesi
yazmaktadir.  Kullanicc bu butona tikladidinda tasarlanan web  sitesine
yobnlendirilmektedir. Tasarlanan web sitesi sayesinde okutulan kimyasal madde
hakkinda daha cok bilgi elde edinilmektedir. Sahnenin teknik bilesenleri arasinda AR
Camera (QR kodun taninmasini saglayan kamera), Directional Light (aydinlatma) ve
EventSystem (buton etkilesimlerini yéneten sistem) bulunmaktadir. Sonug olarak bu
gorsel; bir QR kodun AR ile taninmasi, Uzerine kimyasal maddenin 3D bir molekdl

modelinin yerlestirilmesi ve ek bilgiye ulasmayi saglayan bir buton eklenmesi sirecini
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gostermektedir.

0 Galisma grubunun cinsiyete gore é6n test ve son test AG tutum puanlarina
iliskin t testi sonucglari istatistiksel olarak anlamli bir sekilde

farklilasmakta midir?

Calisma grubunun cinsiyete gore 6n test ve son test AG tutum puanlarina iliskin t testi

sonuglar Tablo 4'te verilmistir.

Tablo 4

Calisma Grubunun Cinsiyete Gére On Test ve Son Test AG Tutum Puanlarina Iliskin t Testi

Sonuclar

Grup n X Ss sd t-w p cohen’s d-rank b.
On test

kiz 10 45,90 5,14 18 -0,45 0,65 -0,20

erkek 10 47,10 6,54

Son test

kiz 10 50,50 5,98 18 30,00 0,14 -0,40
erkek 10 52,90 5,21

Mann Whitney U uygulanmistir.

Tabloya gore cinsiyete iliskin t testi sonuclarina bakildiginda 6n test ve son test AG tutum
puanlarinda istatistiksel olarak anlamh farklihk yoktur (tsntest (18)=0,45 teontest (18)=30
(p>.05). Yani cinsiyete gore 6n test ve son test puanlan farklilasmamaktadir. Calisma
grubu 6n test ve son test AG tutum puanlan cinsiyete gére farklilasmamaktadir. On test

ve son test AG tutum puanlari cinsiyetten etkilenmemistir.

[ Calisma grubunun AG tutum puanlari uygulama éncesinden sonrasina (é6n
testten son teste) istatistiksel olarak anlamhl sekilde farklilasmakta

mudir?

Tablo 5

AG On Test-Son Test Tutum Puanlarina Iliskin Bagimli Orneklem t Testi

n X ss sd t p Cohen’s d
AG tutum 6n test 20 46,50 5,77 19 -2,67 ]
AG tutum son test 20 51,70 5,60 0,015 0,60

AG tutum puanlarina ait 6n test-son test puanlan istatistiksel olarak anlaml sekilde
farklilasmaktadir ts, test(19) =2,67; p<.05. Yani uygulamayi kullanan calisma grubunun

son test puanlarn 6n test puanlarina gére artmistir denilebilir. Calisma grubunun 6n test
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puani ( Xsntest =46,50;ss=+ 5,77); son test puani (Xsontest=51,70;ss=+5,60)'e gelistigi
gozlenmistir. Pratik anlamlilik sinandidinda Cohen’s d glgllu iliski dizeyinde etki
gbstermektedir (Cohen, 1988). Yani AG uygulamasi cgalisma grubunun AG tutumlarini

artirmistir.

0 Galisma grubunun yasa gore o6n test ve son test AG tutum puanlari

istatistiksel olarak anlamli bir sekilde farklilasmakta midir?

Tablo 6

Calisma Grubunun Yasa iliskin ANOVA - Kruskal Wallis Testi Sonuclari

ANOVA-Yas-6n test

Varyansin Kareler sd Kareler F p n2 Post
Kaynadi Toplami Ortalamasi hoc
Gruplararasi 115,83 2 57,91 -
Grupici 517,16 17 30,42 90 017 0,18

Toplam 632,99 19

KRUSKAL WALLIS-Yas-son test

Grup istatistik sd P

Yag 2.83 2 0,24

Kruskal Wallis testi yapiimistir.

Tabloya gbére "ANOVA testi” dn testte AG tutum puanlarl yasa gore istatistiksel anlamda
anlaml farkini ortaya koymak icin kullaniimigtir. Analiz sonucunda tabloda én testte yasa
gbre anlaml farkhlik ortaya cikmamistir F(2;17)=1,90, p>.05. Yani AG tutumlar yastan
etkilenmemistir. "Kruskal _Wallis H testi” son testte AG tutumlarin yasa gére normal
dagihm goéstermemesi (zerine istatistiksel anlamda anlamlihdi sinamak igin kullaniimistir.
Analiz sonucunda tabloda calisma grubunun son test tutum puaninin yasa goére
istatistiksel olarak anlaml bir fark olmadigi goérilmektedir (Usontest=2,83; p>.05). Son test
tutum puanlan yasa goére farklihk géstermemektedir. Yani son test AG tutum puanlari

yastan etkilenmemistir.
SONUC VE TARTISMA

Bu calisma; gelistirilen kimya asistani, web sitesi, mobil uygulama ve AG uygulamasinin
AG tutumlarini olumlu yonde ve blylk etki derecesinde etkiledigini gostermistir. Bu
bulgu; AG teknolojisinin, geleneksel 6drenme ortamlarini zenginlestirerek &grenci
motivasyonunu ve katilimini artirdiginin vurgulandigi bir cok galismayla da desteklendigini
gOstermektedir (Abdullah vd., 2022; Chang vd., 2022; Ciloglu, 2022; Ruijia vd., 2025).

Kullanicilarin QR kodlar araciligiyla bilgiye hizli erisimi, uygulamanin kullanicilar
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tarafindan benimsenmesini kolaylastirmis; bu da genel anlamda egitici ve
bireysellestirilmis 6grenme deneyimi sunmustur. Bu durum, 6grencilerin aktif 6grenenler
olarak sliregte yer almasini tesvik ederek pasif bilgi alicisi olmaktan gikardidi pek gok
calisma ile de desteklemektedir (Becker, 2023, Ma vd., 2023; Rossoni vd., 2024; Unl{,
2023)

Calismada cinsiyet ve yas faktorlerinin AG tutum puanlan UGzerindeki etkisinin anlamh bir
sonug vermedigi tipki Bazie ve digerlerinin (2024) calismasi ile benzerlik géstermektedir.
Bu durum, gelistirilen uygulamanin etkinliginin bireysel farkliliklardan bagimsiz oldugunu
gbstermekte; yani bu uygulama genel kullanicl kitlesine hitap edebilme potansiyeline
sahiptir (Bower vd., 2014; Khairani & Prodjosantoso, 2023). Baska bir ifade ile bu tir bir
teknolojinin kapsayici bir egitim araci olarak kullanilabilecegi de s6z konusu olmaktadir.
Gelecek calismalarda uygulamanin farkli demografik gruplar UGzerindeki etkisinin
incelenmesi, bu tlr egitim araclarinin daha genis kitlelere nasil ulasabilecedi konusunda
onemli bilgiler sadlayabilir. Sonuc¢ olarak gelistirilen uygulama, etkili bir egitim araci
olarak dedgerlendirilebilir ve egitim silreclerine entegre edilmesi Onerilir. Gelecek
arastirmalar, farkli demografik gruplar Uzerinde bu tlir editim araclarinin etkilerini
inceleyerek genis kullanicl kitlelerine ulasma stratejileri gelistirmek igin yeni bilgiler
saglayabilir. Sonuc¢ olarak gelistirilen AG uygulamasi, etkili bir egitim araci olarak

dederlendirilmeyi hak etmekte ve egitim slireglerine entegrasyonu onerilmektedir.

BILSEM, 6grencilere bilimsel diisinme ve deney yapma becerilerini kazandirmak igin
onemli bir role sahiptir. Kimya egitimi 0zelinde eldeki kimyasal kaynaklarin etkin
kullanimi, hem editim maliyetlerini azaltmak hem de o6drencilere daha zengin bir
6grenme deneyimi sunmak agisindan kritik 6neme sahiptir. Yani calisma, AG teknolojisi
kimya egitiminde etkili bir 6grenme araci olarak kullanilabilirligini gostermesi agisindan
oénemli bir katki sunmaktadir. Ozellikl kimya gibi soyut kavramlarin égretiminde, somut
deneyimlerin saglanmasi, 6drencilerin bilimsel meraklarini artirmakta ve 6grenme

suireclerini derinlestirmektedir (Mansour vd., 2025; Ozaltun & Kahraman, 2024).

Gelistirilen AG uygulamalari, 6grencilere soyut bilimsel kavramlari daha somut bir sekilde
deneyimleme imkani sunarak 6grenme sireglerini etkin hale getirebilir. Arastirmalar, AG
teknolojisinin kimya edgitiminde etkili bir 6grenme araci oldugunu ve 0Ogrencilerin
kavramlari daha iyi anlamalarina yardimc oldugunu gostermektedir (Wojciechowski &
Cellary, 2013; Dunleavy & Dede, 2014). Ayrica AG uygulamalar, 6grenme slreclerini
daha glvenli ve etkili hale getirerek 6grencilerin deney yapma konusunda kendilerine
olan glvenlerini artirmaktadir (Kamarainen vd., 2013). Sonuc olarak bu galisma, egitim
teknolojileri alaninda yenilikci yaklasimlarin uygulanabilirligini ortaya koyarak kimya

egitiminin kalitesini artirmayi amaglamaktadir.
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ONERILER

Bu calisma, n=20 orneklem buyukliglu nedeniyle genellenebilirlik agisindan sinirlihk
gbstermektedir ve bu durum, gelecekte daha bliyik ve cgesitli 6rneklem gruplariyla olusan
calismalarla tekrar ele alinmalidir. Ayrica bu calismada egitim teknolojilerinin kimya
alanina nasil entegre edilecedi daha yogun sekilde teknik agi bakimindan ele alinmistir.
Gelecekte vyapilacak calismalarda elde edilen bulgularin kimya egitimi baglaminda
ogrencilerin kavramsal anlayisini ve 6grenme slireglerini nasil etkiledigine dair pedagojik
cgikarimlarin artirlmasi gerekli gortlmektedir. Gelecekte vyapilacak calismalar igin

arastirmacilara ayrica su dnerilerde bulunulabilir:

[0 Uygulama kullaniclarinin deneyimlerini ve geri bildirimlerini toplamak igin farkl
Olcekler, basan testleri yapilip nitel odakli odak grup goérismeleri yapilabilir. Béylelikle

uygulamanin gelistirilmesi ve kullanici ihtiyaglarinin daha iyi anlasilmasi mimkuan olabilir.

[0 Calismanin daha bilyuk orneklemle tekrarlanip ve deney-kontrol grubu iceren
deneysel arastirma modeli kapsaminda yeniden ele alinmasi, elde edilecek bulgularin

glvenilirligini ve genellenebilirligini artiracaktir.

[ Uygulamanin o6drenme sirecleri Uzerindeki uzun vadeli etkilerini belirlemek
amaciyla takip calismalar yapilabilir. Bu sayede AG uygulamalarinin kalicihdi ve egitim

sureclerindeki rolli daha iyi anlasilabilir.

[l Motivasyon gibi farkhh dediskenler ile AG tutum puanlari arasinda iliskiye

korelasyon analizine bakilabilir.

[0 Artinlmis gergeklik uygulamasi, web sitesi ve telefon uygulamasi kimyasallari
dederlendirmek, kimya deney ve etkinliklerini sistematik sekilde yapabilmek ve tehlikeli
deneylerin uygulamasini sanal ortamda goézlemek igin tasarlanmistir. Uygulama ve web
sitesi daha da gelistirilerek Universitede kimya derslerinde de kullanilabilir nitelikte

olabilir.
Cikar Catismasi Bildirimi

Yazarlar; bu makalenin arastirilmasi, yazarligi ve/veya yayimlanmasina iliskin herhangi

bir potansiyel cikar gatismasi beyan etmemistir.
Destek/Finansman Bilgileri

Yazarlar; bu makalenin arastirilmasi, yazarlidi ve/veya yayimlanmasi icin herhangi bir

finansal destek almamistir
Etik Kurul Karari/izin

Bu arastirma icin Gaziantep Universitesi Sosyal ve Beseri Bilimler Bilimsel Arastirma ve
Yayin Etigi Kurulu’ndan (07.04.2025/ 636411 sayili ve 04 numaral) etik izin alinmistir.
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Deney 1: Potasyum Klorat ile Jelibon Patlatma Deneyi

DENEY DENEYIN YAPILISI DIKKAT EDILMESI
MALZEMELER GEREKENLER
I
Potasyum Givenlik Onlemleri:Deneyi yapmadan once Givenlik: Deney,
Klorat (KCIO3): uygun glvenlik ekipmanlarini giyin. Gozltik ve dikkatli bir sekilde ve
Jelibon: eldiven takmak dnemlidir. uygun guvenlik
Isi Kaynadi: Malzemeleri Hazirlama:Test tiplne bir miktar o6nlemleri alinarak
Test TUpl veya potasyum klorat ekleyin (yaklasik 1-2 cay vyapilmaldir.  Yanic
Cam Kap: kasigi). gazlar ve ylksek
Koruyucu Isitma:Test tuplni dikkatlice i1sitin. Bu islemi sicakliklar tehlikeli
Ekipman:. bir Bunsen briloéri veya benzeri bir 1si kaynagi olabilir.
kullanarak yapabilirsiniz.Isitma sirasinda,sivi Deney Alani: Deneyi
hale gectikten sonra (zerine birkag parca iyi havalandirilan bir
jelibon ekleyin. Jelibon, potasyum klorat ile alanda yapmalisiniz.
reaksiyona girmek igin yeterince organik Atik Yonetimi: Deney
madde saglar. potasyum kloratin sonrasi olusan
dekompozisyonu baslayacak ve jelibon ile atiklarn uygun sekilde
etkilesime gececektir. bertaraf edin.Bu
Reaksiyonun Gb6zlemlenmesi:Isi  deney, potasyum
uygulandiginda, potasyum klorat jelibon ile kloratin oksitleyici
etkilesime gecerek gazlar ve isi aciga cikarir. 0Ozelliklerini ve jelibon
Bu, jelibonun patlamasina neden gibi organik
olur.Dikkatlice gézlem yapin; bu asamada maddelerin
dikkatli olun, cinkl patlama aninda yanic yanicllidini
gazlar agida cikabilir. gostermekte etkili bir
Sonuglarin Dederlendirilmesi:Reaksiyon yontemdir. Ancak,
tamamlandidinda, tlpl dikkatlice sogutun ve glvenlik her zaman
sonuclari dederlendirin. Jelibonun patlamasi, 0Oncelikli olmalidir.
potasyum kloratin oksitleyici 6zelliklerini ve
jelibonun yanici dzelliklerini gdsterir.
Sekil 13

Jelibon patlatma deneyi
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Tablo 8

Deney 2. Baryum Hidroksit ile Enerji Solunumu Deneyi

DENEY DENEYIN YAPILISI DIKKAT EDILMESI
MALZEMELERI GEREKENLER
Baryum Givenlik Onlemleri:Deneyi yapmadan Giivenlik: Deney,
Hidroksit once uygun guvenlik ekipmanlarini giyin. dikkatli bir sekilde ve
(Ba(OH),) Gozlik ve eldiven takmak dnemlidir. uygun givenlik
Su Baryum Hidroksit Coézeltisi hazirlama:Bir 6nlemleri alinarak
Seker veya test tlipline veya erlenmeyer sisesine bir yapilmaldir. Baryum
Glikoz miktar baryum hidroksit ekleyin hidroksit cilt ve goézle
Test Tuplu veya (o6rnedin, 1-2 cay kasigi).Uzerine su temas ettiginde =zararli
Erlenmeyer ekleyerek baryum hidroksiti tamamen olabilir.
Sisesi ¢bzlnene kadar karistirin. Atik  Yonetimi: Deney
Termometre Seker Eklemek:Hazirladiginiz  baryum sonrasi olusan atiklar
pH Kadidi veya hidroksit c¢ozeltisine bir miktar seker uygun sekilde bertaraf
pH Metre veya glikoz ekleyin. Bu, enerji kaynagi edin. Bu deney, baryum
Koruyucu olarak islev gdrecektir. hidroksidin enerji
Ekipman Sicaklik Gozlemi:Karigimi iyice solunumu Uzerindeki
karistirdiktan sonra termometre ile etkilerini gbézlemlemek
sicakligi 6lgiin ve not edin.Reaksiyon igin bir temel sadlar.
basladiktan sonra sicaklik dedisimlerini Ancak, gercek enerji
gbzlemleyin. Enerji solunumu sirasinda solunumu slregleri daha
sicaklik artisi gézlemlenebilir. karmasik kimyasal ve
pH Olgciimii:Deneyin basinda ve sonunda biyolojik mekanizmalar
pH seviyesini dlgin. Baryum hidroksit icermektedir.
bazik bir bilesiktir, bu nedenle pH dederi
yuksek olacaktir.
Sonuglarin  Dederlendirilmesi:Reaksiyon
tamamlandiginda, sicakhk ve  pH
degisimlerini not edin. Sekerin baryum
hidroksit ile etkilesimi, enerji solunumu
sureglerini simile eder.
Sekil 14

Baryum Hidroksit Ile Solunum-Enerji Deneyi
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Tablo 9

Deney 3. Hidrojen Peroksit ile Fildisi Macunu Deneyi

DENEY DENEYIN YAPILISI DIKKAT EDILMESI
MALZEMELERI GEREKENLER

Hidrojen Peroksit Givenlik Onlemleri:Deneyi yapmadan Giivenlik: Hidrojen
(H203): %50 Once uygun guvenlik ekipmanlarini giyin. peroksit ciltle temas
Sivi Sabun: Gozlik ve eldiven takmak énemlidir. ettiginde zarar verebilir,

Sodyum iyodir Dereceli silindir icine 50 ml Hidrojen bu nedenle dikkatli olun.
Saf Su Blylk Bir Peroksit %50 ekleyin. Ardindan da Atk Yonetimi: Deney

Kap veya Sise: {Uzerine 10 ml sivi deterjan ekleyin. sonrasi olusan atiklan
Koruyucu Hidrojen peroksit - sivi  deterjan uygun sekilde bertaraf
Ekipman karisiminin igerisine istediginiz renkten edin.

Dereceli silindir- bir miktar gida boyasi ekleyin ve dereceli

agzi incelen sise  silindirdeki karisimi  calkalayarak esit
olarak karigsmasini saglayin.
Erlenmayer icerisine 10 gr Potasyum
Iyodir ve 10 ml Saf Su ile kanstirarak
cozeltinin ¢6zlinmesini sadlayin.
Potasyum iyodir tuzdur ve suda
kolayhkla ¢ézlinmektedir.
Hazirlamis oldugumuz Hidrojen peroksit
cOzeltisi Gzerine erlenmayer igerisindeki
potasyum iyodir ¢dzeltisini hizlica dékin
ve oradan cabucak uzaklasin. Olusacak
reaksiyon sonucunda oksijen gazi agiga
cikacak ve neticesinde kdplrme
olusacaktir.

Sekill5

Fildisi Macunu Deneyi
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Tablo 10
Deney 4. Ayrimsal Damitma Deneyi
DENEY DENEYIN YAPILISI DIKKAT
MALZEMELERI EDILMESI
GEREKENLER

Damitma Giivenlik Onlemleri:Deneyi yapmadan &nce Giivenlik: Isi
Aparati uygun guvenlik ekipmanlarini giyin. Go6zlik ve kaynaklari ve
Karisim eldiven takmak dnemlidir. kimyasallar ile
Swvilari Damitma Aparatini Kurma:Damitma balonunu calisirken
Isi Kanagi diz bir ylzeye yerlestirin ve karisim sivilarini dikkatli olun.
Termometre (6rnegin, su ve alkol) ekleyin.Damitma Atik
Kiivet: balonunun st kismina sodutucuyu badlayin. Yonetimi:
Alkol Sogutucunun su dolu bir kiivete Deney sonrasi
Koruyucu yerlegstirildiginden emin olun. olusan atiklar
Ekipman Isitma:Isi kaynadini agin ve damitma balonunu uygun sekilde

yavasgca Isitin. Sivi karissm  kaynamaya bertaraf edin.

basladiginda, buhar olusacaktir.Termometreyi

kullanarak buharin  sicakhdini  6lgin.  Farkli

bilesenlerin kaynama noktalarini gézlemleyin.

Buharin Yogunlasmasi:Olusan buhar,

sogutucudan gegerek yodunlasir ve sivi hale

gelir. Sodutucu, buharin sogumasini ve sivi

olarak toplamasini saglar.

Sivilarin Toplanmasi:Yogunlasan sivi, damitma

aparatinin alt kismindaki toplama kabina akar. Ilk

olarak daha dusik kaynama noktasina sahip

bilesen (6rnedin, alkol) toplanir.Stire¢ devam

ettikce, daha yuksek kaynama noktasina sahip

bilesenler (6rnegin, su) toplanmaya

baslayacaktir.

Sonuglarin Degerlendirilmesi:Toplanan sivilari

ayri ayri gbzlemleyin. Her bir bilesenin miktarini

ve oOzelliklerini not edin. Damitma islemi

tamamlandiginda, sivilarin safligini ve ayrilma

verimliligini degerlendirin.
Sekil 16

Ayrimsal Damitma Duzenegi
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INTRODUCTION

The goals of chemistry education are related not only to students' cognition but also to
students' affect, an umbrella term for their emotions, feelings, moods, and attitudes
(Kahveci, 2015). Based on this idea, providing students with positive attitudes towards
chemistry should be an important goal of chemistry education. However, the concept of
an attitude towards chemistry is slightly vague, and it is frequently expressed and

understood poorly (Brown et al., 2014).
The Concept of Attitude

It is reported that the first person to use the term attitude in 1862 was psychologist
Herbert Spencer. Spencer used the term attitude to express the mental state of an
individual (Allen et al., 1980). The concept of attitude entered the field of social and
behavioural sciences in the early 20th century and its scientific study began at that time
(Fleck, 2015). In 1935, Gordon Allport, a well-known American psychologist, stated that
attitude was “probably the most distinctive and indispensable” concept in social
psychology (Allport, 1935). Since the 1940s in particular, social psychologists have
devoted much more time to the formation and change of attitudes than to other topics
(McGuire, 1969). The concept of attitude, which is frequently discussed in many different
branches of science such as psychology, sociology and education, has been seen as an
important concept because it gives an idea about how an individual will behave and
allows the individual’s behaviour to be understood (McKinlay & McVittie, 2008).

When the literature is examined, it is seen that there are many definitions of the concept
of attitude. There is no full consensus on a single definition among researchers who have
addressed the subject of attitude. The reason for this is that the definitions emphasize

different components of attitude.
Components of Attitude

The concept of attitude has been extensively examined by researchers over the years
(Barmby et al., 2008; Reid, 2006). A key consensus is that attitude possesses a
multidimensional structure. In line with this, social psychologists proposed the tripartite
or ABC model, defining attitude as comprising emotional/affective (A), behavioural (B),
and cognitive (C) components (Rosenberg & Hovland, 1960; Wagner & Sherwood, 1969).
This model remains the most established framework in social psychology, with Rosenberg

and Hovland (1960) being the first to mention this 3-component structure.

The cognitive component encompasses beliefs, knowledge, and thoughts about the
attitude object; the affective component reflects emotions and feelings; and the
behavioural component denotes the tendency to act verbally or physically towards the
object (Eagly & Chaiken, 1998).
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Like the cognitive and behavioural components, the emotional/affective component also
varies individually and is shaped by past experiences, with cognitive component
influencing emotional responses in many cases. However, some attitudes are driven
purely by affective component without cognitive mediation. Behavioural component
includes tendencies expressed with words and/or actions towards the object (Eagly &
Chaiken, 1998).

In conclusion, these three interrelated components—cognitive, affective, and
behavioural—create an understanding of an individual’s overall attitude, reflecting the

integration of beliefs, emotions, and actions towards an object.
Definitions of Attitudes Towards Chemistry

Attitude towards chemistry is defined in various ways in the literature, highlighting its
multidimensional nature. Klopfer (1971) focused on acceptance of chemistry knowledge,
enjoyment of learning, and interest in chemistry-related activities. Gardner (1975)
emphasized emotional aspects such as interest, pleasure, and enjoyment. Osborne,
Simon, and Collins (2003) described it more broadly, including feelings, beliefs, and
values about school chemistry, chemists, and the societal impact of chemistry. Salta and
Tzougraki (2004) viewed attitude as learned positive or negative feelings, while
Vishnumolakala et al. (2017) defined it as a general evaluation of chemistry. Cheung
(2009a) noted that various elements—such as chemistry itself, chemists, chemistry
courses, or industrial chemistry—can serve as attitude objects. Therefore, many studies
use “chemistry” as the central attitude object. Overall, these perspectives show that
attitude towards chemistry involves both affective and cognitive components and

significantly influences student engagement.

According to the tripartite attitude model (ABC attitude model) proposed by social
psychologists (Rosenberg & Hovland, 1960; Wagner & Sherwood, 1969), statements
such as “learning chemistry will help me pursue a career in medicine” (cognitive
component), “I like chemistry” (affective component) and “I read chemistry books”
(behavioural component) (Ross et al., 2018) can be considered as attitude expressions
towards chemistry. Figure 1 shows the components to be considered in the definition of

attitude towards chemistry according to the tripartite attitude model.
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Cognitive Component
(belief, knowledge,

thought/idea)
Attitude
Chemistry Affective Component Toward
(emotion, feeling) Chemistry

Behavioral Component
(action)

Figure 1

Components to be considered in the definition of attitude towards chemistry (according
to the triple/ABC attitude model)

Cheung (2009b), considering the three components indicated in Figure 1, defined
attitude towards chemistry lessons in school as liking for chemistry theory lessons and
liking for chemistry lab work, evaluative beliefs about school chemistry, and behavioural
tendencies to learn chemistry. That is, he conceptualized “attitude to chemistry lessons”
as a set of a student’s affective reactions towards, evaluative beliefs about, and
behavioural tendencies to the learning of chemistry in school. As can be understood from

this conceptualization, the components of attitude are very closely related to each other.
Research Studies on Attitude in Chemistry Education

Research on attitudes towards science education dates back to the 1960s, with seminal
works including Dutton and Stephens (1963), Perrodin (1966), and Vitrogan (1967). In
recent years, this topic has received increasing attention (Kubiatko et al., 2017; Vilia &
Candeias, 2020), highlighting the significance of students’ attitudes towards chemistry in

science education.

Attitude levels - low (negative) attitude, medium (neutral) attitude, high

(positive) attitude

Adesokan (2000) identified a prevalent negative attitude towards chemistry among
Nigerian students. Similarly, Osborne and Collins (2001) reported that British students
found certain chemistry topics, such as the periodic table, uninteresting and challenging
to memorize. Students also expressed that the subject lacked relevance to their lives or
career aspirations. Conversely, practical applications (e.g., mixing chemicals) increased
the interest of students who already held positive attitudes towards this aspect of

chemistry.

Salta and Tzougraki (2004) found that Greek high school students’ (16-17 years old)
attitudes towards the course’s difficulty and interest were neutral. Students viewed
chemistry as important for daily life but not useful for future careers. Cheung (2009a)

used a four-dimensional attitude scale to assess Hong Kong students’ attitudes towards
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chemistry, revealing a slightly positive overall trend. However, a subsequent study
(Cheung, 2009b) revealed that 70% of students aged 16-19 did not like chemistry.

Other findings varied by region. Lyons and Quinn (2010) reported positive attitudes
among Australian students, driven by perceived career benefits and personal relevance.
Xu and Lewis (2011) identified neutral intellectual and emotional attitudes among first-
year U.S. university chemistry students. In Turkey, Sezgin Saf (2011) measured neutral
attitudes, while Kahveci (2015) also found neutral cognitive and affective attitudes

among high school students.

Kubiatko et al. (2017) found that Czech students held positive attitudes towards
chemistry and saw it as relevant, but these attitudes declined during their final two years
of high school. Similarly, Erokten (2017) reported negative attitudes among Turkish first-
year university students enrolled in chemistry courses. In contrast, positive attitudes
were identified among Malaysian students aged 16-18 (Ratamun & Osman, 2017).
Montes et al. (2018) found that Chilean students displayed slightly higher affective than

cognitive attitudes towards chemistry, with overall attitudes remaining neutral.

Despite extensive research spanning decades and nations, a clear consensus regarding

students’ attitudes towards chemistry has yet to emerge.
Relationship between attitude and academic achievement

Multiple studies confirm a positive relationship between attitude towards chemistry and
academic achievement. Xu et al. (2013) demonstrated that positive attitudes correlate

with higher achievement in chemistry.

Adesokan (2000) suggested that Nigerian students’ negative attitudes stemmed from
poor chemistry performance, while Adesoji and Raimi (2004) connected this to low exam
scores. Sezgin Saf (2011) indicated that low achievers held negative attitudes, whereas
high achievers had positive attitudes. Similarly, Chan and Bauer (2014) found that high
chemistry attitudes predicted higher chemistry achievement. In another study, Chan and
Bauer (2016) showed that self-esteem and prior knowledge influenced both learning
behaviour and exam success, arguing that affective characteristics (attitude, motivation,

and chemistry self-concept) shape study habits and performance.

Montes et al. (2018) confirmed that as Chilean students’ chemistry grades increased, so
did their attitude scores. Oguz (2020) reported that Turkish students’ grade point
averages and attitudes were directly proportional. Smith et al. (2020) emphasized that
despite complex factors influencing academic achievement, attitude remained a crucial

determinant.

In summary, research across various countries consistently demonstrates a significant,

positive relationship between attitude and achievement in chemistry.
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Relationship between attitude and gender

The influence of gender on attitudes towards chemistry remains inconclusive. Several
studies reported that male students held more positive attitudes towards chemistry than
females (Brandriet et al., 2011; Vilia & Candeias, 2020). Similar findings emerged in
Hong Kong (Cheung, 2009a), the Czech Republic (Kubiatko et al., 2017), and Finland
(Kousa et al., 2018).

Conversely, other studies indicated that female students had more positive attitudes
(Can & Boz, 2012; Heng & Karpudewan, 2015). Salta and Tzougraki (2004) found no
significant gender difference among Greek students, a result also reported by Montes et
al. (2018) for Chilean students. Finally, Azizoglu (2004), Erokten (2017), and Karatas
(2020) also found that there was no significant difference in the attitudes of Turkish

students towards chemistry according to gender.

Overall, research reveals mixed results, with no clear consensus on the influence of

gender on chemistry attitudes.
Relationship between attitude and grade level (age)

Grade level also impacts student attitudes. Ratamun and Osman (2017) found that grade
level had a significant effect on the attitudes of Malaysian students (16-18 years)
towards chemistry. Cheung (2009a) reported a decline in Hong Kong students’ (16-19
years) attitudes with increasing grade level, attributing this to dislike of cookbook-style
laboratory work, lack of real-life relevance, and chemistry not being essential for

preferred university programs.

Can and Boz (2012) found that grade level significantly affected the attitudes of Turkish
students (16-18 years) towards chemistry. While attitude scores fluctuated across
grades, an overall decline was observed from 9th to 11th grade in both liking and
perceived importance of chemistry. Kubiatko et al. (2017) reported that Czech students’
attitudes towards chemistry declined in the final two years of high school. Similarly,
Montes et al. (2018) found a decrease in Chilean students’ attitudes as grade level
increased, attributing this to more complex curriculum, greater abstraction, and the use

of specific scientific language.

At the university level, Canpolat et al. (2019) found that Turkish students’ attitudes
varied by year, with first-year students showing more positive attitudes. They attributed
this to superficial learning and exam-focused study habits in later years. In contrast, icdz
(2012) found no statistically significant differences in Turkish high school students’

attitudes towards chemistry across grade levels.
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Most studies indicate a decline in students’ attitudes towards chemistry as grade level
increases, though some report fluctuations or no distinct pattern. Overall, the effect of

grade level remains unclear and inconsistent across studies.
Rationale and Purpose of the Research

Fostering positive attitudes towards chemistry remains a key goal for educators, parents,
and policymakers (Brown et al., 2014). Educational stakeholders widely agree that
promoting such attitudes is a central aim and outcome of the science curriculum (Montes
et al., 2018).

Several studies stress the importance of student attitudes in chemistry education,
warning that overlooking this factor would be a major shortcoming (Kahveci, 2015; Vilia
& Candeias, 2020; Xu & Lewis, 2011). Attitude is widely viewed as a key affective factor
influencing participation, performance, learning, achievement, and career choices, a view
supported by various studies (Brandriet et al., 2011; Karatas, 2020; Xu et al., 2013).
However, research over the past 40 years across countries has produced mixed and
sometimes contradictory findings regarding the influence of variables like gender and

grade level, leaving the factors shaping these attitudes uncertain.

Affective factors such as attitude, interest, motivation, and self-efficacy are vital in
chemistry education for their impact on learning and achievement (Vilia & Candeias,
2020). Regular assessment of these factors helps track attitude development (Cheung,
2009b), monitor changes over time, and guide improvements in teaching and learning
(Nennig et al., 2020). As Osborne et al. (2003) noted, understanding students’ attitudes

remains a research priority for educators and curriculum designers.

Despite widespread acknowledgement of the importance of such assessments, studies
explicitly examining the relationship between students’ attitudes and contextual variables
remain limited both globally (Brandriet et al., 2011; Kousa et al., 2018) and within
Turkey (Can & Boz, 2012; Kahveci, 2015; Karatas, 2020; Oguz, 2020; Sezgin Saf,
2011), where this study is situated.

In this study, high school students’ attitudes towards chemistry were investigated in
relation to various factors. Additionally, the study explored the interrelationships among
these variables, conceptualized by the authors as Gender-Achievement-Grade level

(GAG) effect. The research was guided by the following questions:
1. What is the attitude level of high school students towards chemistry?

2. Is there a relationship between high school students' attitudes towards chemistry

and their academic achievement?
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3. Is there a relationship between high school students’ attitudes towards chemistry

and gender?

4. Is there a relationship between high school students’ attitudes towards chemistry

and grade level (age)?

METHOD

This section includes information about the research permission (ethical principles),

research model, sample, data collection tool, data collection process, and data analysis.
Research Model

This study was conducted as survey research from quantitative research methods.
Survey models are research approaches that aim to describe a past or current situation
as it is. The event, individual, or object that is the subject of the research is tried to be
defined within its own conditions and as it is. It does not make any effort to change or
affect them in any way. Survey models are survey arrangements made on the entire
universe or a group, sample or sample to be taken from it to reach a general judgment
about the universe in a universe consisting of many elements (Karasar, 2008). In this
research, the opinions of the individuals forming the sample on the subject were

determined and the data was summarized and interpreted with statistical analyses.
Obtaining Research Permissions

The ethical principles determined by the American Psychological Association (2017) were
followed in the conduct of the research. Before starting the research, the following
procedures were carried out in order: preparation of the research application form,
sending the research application form to the ethics committee and obtaining the research
permission by the Ethics Committee of Science and Engineering Sciences at Balikesir
University, obtaining permission from the National Education Directorate of the province
where the research will be conducted, voluntary participation approval or parental

approval.
Sample

The sample of the research consists of a total of 495 high school students (15-18 years
old) studying in the 9th, 10th, 11th, and 12th grades of five different state schools
located in the city centre of Balikesir. General information about the research sample is

given in Table 1.
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Table 1

Distribution of the sample by high school, grade level, and gender

Schools 9th grade 10th grade 11th grade 12th grade Total (n)

Girls Boys Girls Boys Girls Boys Girls Boys

High school 1 13 16 18 10 18 6 4 17 102
High school 2 12 15 18 12 17 13 8 10 105
High school 3 14 12 14 14 10 8 5 14 91
High school 4 18 11 18 11 10 7 10 8 93
High school 5 15 13 21 7 12 14 11 11 104
Total (n) 139 143 115 98 495

The selection of the five high schools and students constituting the sample was carried
out by random sampling method. The randomly selected students were also asked to
volunteer. The reason why the number of students, as well as the number of girls and
boys, differ based on school and grade level is due to the sampling method and the

principle of volunteering.
Data Collection Tool
Attitude scale towards chemistry

The Attitude Scale Towards Chemistry (ASTC), developed by Geban et al. (1994), was
employed to assess students’ attitudes towards chemistry. Previous studies reported a
Cronbach’s alpha reliability coefficient of 0.83 for the scale (Azizoglu, 2004). In this
study, the reliability coefficient was recalculated as 0.92, indicating high internal
consistency (Shadish et al., 2002).

Likert scale is perhaps one of the easiest and most direct data collection tools used to
measure attitudes. Therefore, ASTC consists of 15 items on a 5-point Likert type that
measure students’ attitudes towards chemistry. Each scale item includes levels of
agreement that students can express their opinions as "fully agree", "agree",
"undecided", "disagree" and "fully disagree". Some representative items from the
Attitude Scale Towards Chemistry (ASTC) include statements such as: “Chemistry is a
field that I like very much” (Item 1), “Chemistry does not have a very important place in
daily life” (Item 3), and “I would like to have more class hours allocated to chemistry

courses” (Item 8).
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As reflected in these examples, the ASTC comprises both positively and negatively
worded items. Positive items were scored from 1 (fully disagree) to 5 (fully agree), while
negative items were reverse-scored to ensure that higher scores reflected more positive
attitudes. Therefore, the minimum possible total score on the scale was 15, while the
maximum possible total score was 75. To interpret these scores, students’ total attitude

scores were classified into attitude levels as follows:
e 15-30: Negative attitude
e 31-45: Neutral attitude
e 46-60: Positive attitude

e 61-75: Highly positive attitude

These classifications allowed for the determination of each student's general attitude

level towards chemistry based on their total ASTC score.

The affective, behavioural, and cognitive components of attitude identified by researchers
(Rosenberg & Hovland, 1960) were not measured separately in this study. Although the
scale encompasses items reflecting affective, cognitive, and psychomotor components,
the analyses were performed without distinguishing among these dimensions, based on
the rationale that reporting overall attitudes would provide a more comprehensive

representation of the sample.
Chemistry academic achievement

Students’ final chemistry grade averages were obtained through chemistry teachers in
five participating high schools. These final grades reflect the combination of semester
exam results, classroom performance, and end-of-year evaluations. To address the
second research question, which examines the relationship between attitude and
academic achievement, students’ grades were classified based on the Ministry of National

Education’s grading scale:

Fail: 0-49.99 score range (low academic achievement)
e Pass: 50-59.99 score range (low academic achievement)
e Moderate: 60-69.99 score range (medium academic achievement)
e Good: 70-84.99 score range (high academic achievement)
e Very good: 85-100 score range (high academic achievement)
Data Collection Process

After obtaining the necessary permissions in accordance with ethical principles, the ASTC

as a data collection tool was administered to the students who constituted the sample in
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the 2023-2024 academic year under the supervision of the class teacher and one of the
researchers in a classroom environment. The students answered the items on the scale

in 20-25 minutes. The collection of data from five high schools took 1 month.
Data Analysis

Students’ responses to the attitude scale were coded and entered into SPSS 24.0 for
analysis. Prior to selecting statistical procedures, the Shapiro-Wilk test was used to
assess data normality, as it is considered highly sensitive and effective for various

distribution shapes and sample sizes.

The attitude scores’ normality result was W(495)=0.979, p<0.001, and the chemistry
achievement scores’ result was W(495)=0.906, p<0.001, indicating non-normal
distributions for both variables. Consequently, non-parametric tests were used, including
Spearman correlation analysis, the Kruskal-Wallis test, and the Mann-Whitney U test, to

answer the research questions.
FINDINGS

The findings obtained as a result of the statistical analyses are presented under

subheadings to answer the research questions in order.
Attitude Level

To answer the first research question, "What is the attitude level of high school students
towards chemistry?", descriptive statistical analyses were conducted. The findings

obtained as a result of these analyses are given in Figure 2.
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Mean scores of students' attitudes towards chemistry by school
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When the findings were examined by the school, it was found that the mean scores of
students' attitudes towards chemistry were very close to each other. The total mean

score of the sample’s attitude towards chemistry was calculated as 51.63.

The findings regarding the students' attitude levels towards chemistry are given in Figure
3.
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Attitude levels of students towards chemistry

It was determined that 5.1% (25 students) of the students constituting the sample had a
negative attitude towards chemistry, 21.6% (107 students) had a neutral attitude,
50.5% (250 students) had a positive attitude and 22.8% (113 students) had a high
positive attitude. This finding showed that the vast majority of students (73.3%) had a

positive (positive and high positive) attitude towards chemistry.
Relationship Between Attitude and Academic Achievement

To answer the second research question, “Is there a relationship between high school
students’ attitudes towards chemistry and their academic achievement?”, Spearman
correlation analysis was conducted. As a result of this analysis, it was revealed that there
was a statistically significant relationship between students’ chemistry academic

achievement scores and their attitude towards chemistry scores (r=0.318, p<.001).

The Kruskal-Wallis test revealed a statistically significant difference in the mean ranks of

attitude scores across the different achievement levels (x2(4)=58.948, p<0.001). The
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proportion of variance in attitude scores explained by achievement level was 0.12 (n32),

denoting a moderate association between chemistry academic achievement and students

attitudes towards chemistry.

Table 2 presents the number of students (N), mean attitude scores, and mean rank
values for attitudes towards chemistry, organized by students’ chemistry achievement
levels. Both the mean attitude scores and the mean rank values exhibit a progressive
increase corresponding with higher achievement levels, indicating a positive correlation

between chemistry academic achievement and students’ attitudes towards chemistry.
Table 2

Attitude mean scores and mean ranks across chemistry achievement levels

Chemistry Achievement N Attitude Mean Score Attitude Mean Rank

Fail 53 44.30 153.34
Pass 32 45.38 180.50
Moderate 55 48.49 208.35
Good 83 49.41 226.20
Very Good 272 55.11 289.06

These findings indicate that students with higher levels of achievement in chemistry
generally exhibit more positive attitudes towards the subject. Specifically, those who
failed demonstrated the lowest mean attitude score (44.30) and mean rank (153.34),
whereas students categorized as having very good achievement displayed the highest

scores (mean attitude score=55.11; mean rank=289.06).
Relationship Between Attitude and Gender

To address the third research question, “Is there a relationship between high school
students’ attitudes towards chemistry and gender?”, a Mann-Whitney U test was
performed. The result indicated a statistically significant difference between the groups
(z=-1.994, p=.046). Female students demonstrated a higher average rank (259.89)
compared to male students (234.19).

Figure 4 presents the findings regarding the relationship between students' attitudes and

gender across different schools.
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Mean scores of male and female students’ attitude towards chemistry by school

As seen in Figure 4, it was determined that the attitude mean scores of male and female
students were different from each other by school. It was found that female students
(X=52.80) had higher attitude mean scores towards chemistry than male students
(X=50.28) in all schools constituting the sample except for one high school (high school
5).

Figure 5 includes the findings regarding the relationship between attitude and gender by

class level.
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Figure 5

Mean scores of male and female students’ attitude towards chemistry based on grade

level

As seen in Figure 5, the attitude score means of male and female students were different
from each other based on grade level. It was revealed that female students had higher
mean scores regarding their attitudes towards chemistry than male students in all grade

levels constituting the sample.
Relationship Between Attitude and Grade Level (Age)

In order to answer the fourth research question, “Is there a relationship between high
school students’ attitudes towards chemistry and grade level (age)?” Kruskal-Wallis test

was conducted.

The findings obtained from the test revealed that the mean rank values of students’
attitude scores towards chemistry varied across grade levels. Specifically, 9th-grade
students (N=139) demonstrated a mean rank of 258.36, followed by 10th-grade
students (N=143) with a mean rank of 225.81, 11th-grade students (N=115) with a
mean rank of 236.65, and 12th-grade students (N=98) who exhibited the highest mean
rank of 279.00. These results indicate that the mean rank values did not follow a
consistent upward trend with increasing grade level; instead, fluctuations were observed
across grades. Nevertheless, the Kruskal-Wallis test revealed a statistically significant
difference in students’ attitude scores towards chemistry across grade levels
(x2(3)=9.503, p=.023). The proportion of variability in the ranked dependent variable

(attitude) explained by grade level was 0.02, indicating a weak association between
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grade level and students’ attitudes. Figure 6 presents additional findings concerning the

relationship between attitude and grade level (age).
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Mean scores of students’ attitude towards chemistry by grade level

As illustrated in Figure 6, differences were observed in the mean attitude scores of
students towards chemistry across grade levels. The mean attitude scores did not
increase consistently with grade level; rather, they fluctuated. Specifically, the overall
mean attitude scores were calculated as X=52.26 for 9th grade, X=50.12 for 10th grade,
X=50.63 for 11th grade, and X=54.18 for 12th grade, respectively. These results indicate
that students in the 9th and 12th grades exhibited higher mean attitude scores towards

chemistry compared to their peers in the 10th and 11th grades within the sample.
Summary of the Findings

The findings from the statistical analyses are summarized in Table 3, which illustrates the

effects of each variable on attitudes towards chemistry using symbolic representations.
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Table 3

Summary of findings represented by symbols

Dependent Relationship | Independent

variable (R) variable Eindings

Gender (G) significant (*) Attitude (At) Female 5, > Male At

Achievement (A) | significant (*) Attitude (At) A/ At/ (or reverse)

Grade Level (G significant (*) Attitude (At) 1 2At> 9At> 1 At> 10At

L)

Figure 7 presents a graphical model illustrating the effects of each variable on attitude in
an organized manner. The effect summarized in this model is referred to by the authors
as the GAG effect. It is seen that all three variables (gender, achievement and grade

level) significantly affect the attitude towards chemistry.

R*

A i3 At

R*
Figure 7

Modelling the GAG effect

DISCUSSION

In this study, the attitudes of Turkish high school students towards chemistry were
examined in terms of several variables such as gender, grade level, and academic
achievement. Descriptive statistical analysis performed in line with the first research
question revealed that the majority of students held positive attitudes towards chemistry.
This result aligns with the goals of the 2018 chemistry curriculum, which emphasizes

both the relevance of chemistry to daily life and its societal contributions. The curriculum
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aims to help students connect emotionally with scientists, see chemistry’s practical
benefits, recognize chemistry related career opportunities, and understand chemistry’s
role in sustaining life. These objectives likely contribute to students’ generally positive

perceptions, as they foster both cognitive and affective engagement with the subject.

Supporting this conclusion, previous research highlights similar reasons for positive
attitudes. Students often report liking chemistry due to its tangible and observable
nature, enjoy participating in practical activities such as experiments, and perceive
chemistry as important for understanding the world and pursuing scientific careers
(Lyons & Quinn, 2010; Osborne & Collins, 2001; Salta & Tzougraki, 2004).

Although the majority of students showed positive attitudes, a minority exhibited
negative views. Literature identifies several factors that may explain such attitudes,
including lack of interest, fear or anxiety related to chemistry, difficulty with abstract or
memorization-heavy topics (e.g., periodic table), limited laboratory experience, and
perceptions that chemistry is irrelevant to daily life or future careers (Cheung, 2009b).
Furthermore, teacher-centered instruction and curriculum content that lacks real-life
connections can discourage engagement. While the study sample contained few students
with negative attitudes, these factors may apply to them. Recognizing these challenges is
important for educators aiming to improve chemistry education by making it more

inclusive and accessible.

The international literature is still blurry due to conflicting results regarding the attitudes
of students from different countries towards chemistry; however, this study showed that

Turkish high school students have mostly positive attitudes towards chemistry.

In line with the second research question, the Spearman correlation analysis found that
there was a statistically significant relationship between students' academic achievement
scores in chemistry and their attitude scores towards chemistry. The Kruskal-Wallis test
further confirmed that this significant relationship was positive, indicating that students
with favorable attitudes tended to achieve higher academically. This finding corroborates
earlier studies showing that positive affective orientations towards chemistry enhance
learning outcomes and academic achievement in chemistry (Montes et al., 2018; Oguz,
2020). This mutual connection indicates that fostering positive attitudes may play a

crucial role in improving student achievement in chemistry.

In line with the third research question, the study revealed a statistically significant
difference in attitudes based on gender, with female students exhibiting more positive
attitudes than male students. This was consistent across most schools and grade levels.
This finding contrasts with some traditional stereotypes that associate science and

chemistry with males (Salta & Tzougraki, 2004).
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Possible explanations for the more positive attitudes among female students include their
greater interest and enjoyment in chemistry, stronger emotional connections with
scientists, better recognition of chemistry’s relevance, and more favorable experiences in
chemistry classes (Calik et al., 2015; Heng & Karpudewan, 2015). Female students’ more
positive attitudes likely reflect the Turkish Ministry of National Education’s efforts to
promote gender equity and its integration of gender-inclusive elements into the revised
chemistry curriculum. The present study adds significant empirical evidence concerning
Turkish students, emphasizing the need to challenge stereotypes and support greater

female participation in chemistry education.

Analysis of variance via the Kruskal-Wallis test conducted in line with the fourth research
question, showed a statistically significant relationship between students' grade levels
and their attitudes towards chemistry. However, this relationship did not follow a simple
linear pattern. Instead, attitudes fluctuated across grades: 12th graders showed the
highest average attitude scores, followed by 9th graders, with 11th and 10th graders

scoring lower.

The literature attributes grade-level differences in students’ attitudes towards chemistry
to several factors, such as superficial learning, rote memorization, exam-oriented
instruction, increasing complexity and abstraction in the curriculum, the use of technical
language, perceived lack of relevance of laboratory work to daily life, dislike of cookbook-
style experiments, and students' perception that chemistry is not essential for their
preferred university programs—particularly in the final year due to exam pressure
(Cheung, 2009a; Montes et al., 2018). The explanations proposed in the present study

align with several of these factors.

Several studies have found that grade level significantly affects students' attitudes
towards chemistry (Heng & Karpudewan, 2015; Oguz, 2020; Ratamun & Osman, 2017);
however, this effect does not consistently indicate an increase with grade progression.
Instead, research has reported various patterns, including a general decline in attitudes
over time (Karatas, 2020; Montes et al., 2018), a decrease specifically in the final two
years of high school (Kubiatko et al., 2017), and non-linear fluctuations (e.g., Grade 9 >
Grade 11 > Grade 10) (Canpolat et al., 2019). These findings suggest that curriculum
developers and educators should pay close attention to maintaining student motivation

and positive engagement throughout all high school years.

Overall, the findings indicate that Turkish high school chemistry education and the
revised curriculum support generally positive attitudes towards chemistry, especially
among female students, and that positive attitudes are linked to higher academic
achievement. However, the observed fluctuations in attitudes by grade level highlight
areas for potential improvement, such as curriculum design, instructional methods, and
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student support systems, which include academic guidance, emotional and psychological

counseling, and programs that foster student engagement and motivation.

This study also underscores the critical role of attitude in chemistry learning, confirming
that affective factors are intertwined with cognitive outcomes. Attitudes influence not
only knowledge acquisition but also skill development and career choices in science
fields. Consequently, attitude research remains a vital area in chemistry education,

requiring ongoing investigation to inform effective teaching practices.

Given the mixed and sometimes contradictory findings in international literature, the
present study provides valuable insight into the Turkish context, helping to clarify some
ambiguities regarding students’ attitudes towards chemistry. Educators and policymakers
can use these results to tailor interventions that foster positive attitudes, reduce barriers

to engagement, and promote gender equity in science education.

In summary, positive attitudes towards chemistry are achievable through updated,
relevant curricula and student-centered instructional strategies. Future research should
continue to explore the complex dynamics of attitudes in diverse student populations to

support inclusive and effective chemistry education worldwide.

Despite its significance, the international literature on attitudes remains unclear, which
create difficulties in planning the effective classroom practices. The findings of this study
contribute to reducing this ambiguity by showing that Turkish students generally hold
positive attitudes towards chemistry. Moreover, the study highlights the need to consider
not only the empirical results but also the contextual factors influencing attitudes in

chemistry education.

Accordingly, a number of suggestions are presented below to guide educators/teachers,

curriculum developers, and chemistry education researchers.

SUGGESTIONS

This study utilized a Likert-type attitude scale to collect quantitative data, enabling
analysis across a broad sample and various variables, which supports the generalizability
of the findings. However, this method naturally limits data to statistical analysis. Future
research on students’ attitudes towards chemistry would benefit from incorporating
qualitative approaches, such as interviews or open-ended surveys, to provide richer, in-

depth insights through detailed content analysis.

The finding that female students demonstrate more positive attitudes towards

chemistry—an wuncommon result in the international literature—deserves further
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investigation. Additional studies are needed to better understand the factors contributing

to this gender difference and to enrich the discourse in science education research.

This study discussed students’ generally positive attitudes in relation to the updated
2018 Turkish chemistry curriculum. Further research should explore the connection
between curriculum objectives and students’ attitudes to better understand how

curricular design influences affective outcomes.

Where students’ attitudes towards chemistry are negative, curriculum revision should be
a primary consideration. Curriculum developers should explicitly include affective goals,

emphasizing attitudes alongside cognitive and psychomotor domains.

Although teachers often prioritize students’ academic achievement in chemistry, they
tend to overlook the development of positive attitudes—one of the fundamental goals of
chemistry education. To foster such attitudes, teachers should incorporate engaging and
interest-driven practices into their instruction, such as enjoyable hands-on laboratory
experiments. Sustained exposure to meaningful and enjoyable learning experiences can
lead to a more positive outlook on chemistry over time. Research supports the
effectiveness of various innovative methods in promoting positive attitudes, including
flipped learning (Mooring et al., 2016), technology-supported instruction (Su, 2008),
inquiry-based laboratory activities (Sesen & Tarhan, 2013), and process-oriented guided
inquiry learning (Vishnumolakala et al., 2017). Such evidence should motivate teachers
to adopt alternative instructional approaches, especially considering that students’

attitudes may shape future career choices in chemistry.

Finally, future research examining the effects of gender, achievement, and grade level on
attitudes might consider coining the term “GAG effect” to describe the combined

influence of these significant variables, as identified in this study.
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Ozet: Bu calismada lise 6grencilerinin kimya dersine yénelik tutumlar; akademik
basari, cinsiyet ve sinif dlzeyi degiskenleri acisindan incelenmistir. Arastirma,
Balikesir ilinde bulunan bes farkh okulun 9, 10, 11 ve 12. siniflarinda 6grenim goéren
toplam 495 lise 6grencisi ile gerceklestirilmistir. Veri toplama araci olarak “Kimya
Dersine Yoénelik Tutum Olgedi” kullanilmis ve analizlerde parametrik olmayan
istatistiksel yontemler uygulanmistir. Analiz sonuglarina goére &rneklemdeki
ogrencilerin blytk codunlugunun kimya dersine yonelik olumlu tutumlara sahip
oldugu ve kimya basarisi ile tutum arasinda istatistiksel olarak anlamli ve pozitif bir
iliski bulundugu ortaya konmustur. Ayrica cinsiyet ve sinif diizeyi dediskenlerine gére
tutumlarda istatistiksel olarak anlamli farklihiklar tespit edilmistir. Bu sonuclar, GAG
etkisi (cinsiyet, basari ve sinif dizeyi) seklinde modellenmistir. Tartisma bdélumu,
2018 Kimya Dersi Ogretim Programi ve uluslararasi literatiir temel alinarak
yapilmistir. Buna ek olarak arastirmacilar, 6gretmenler ve program gelistiriciler igin
cesitli dnerilerde bulunulmustur.

Anahtar kelimeler: GAG etkisi, tutum, akademik basari, cinsiyet, sinif dlizeyi

Sorumlu yazar: Bllent PEKDAG, Matematik ve Fen Bilimleri Egitimi Bolimi, Kimya Egitimi Anabilim Dalr.
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Abstract:

The aim of this study is to develop a highly valid and reliable achievement test that
measures ninth-grade students' level of understanding of the topics and concepts covered
in the “Interactions between Chemical Species” unit. Designed using a survey method, this
study collected data from 10 experts in chemistry education and 174 high school students,
and CVI validity values were calculated according to the Lawshe technique. The CVI value
for the second version of the achievement test, from which the opinions of two field experts
were obtained and necessary corrections were made, was found to be .95. The pilot
application of the test was then conducted with 174 high school students. The data
obtained yielded item difficulty index (IDI)=.57, item discrimination index (IDI)=.25 and
KR-20=.83. After corrections and analyses, the final version of the achievement test, which
initially contained 27 questions in the item pool, resulted in a 26-item achievement test. It
is assessed that the developed achievement test can be used as an effective tool for
determining student achievement within the relevant topic area.
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EXTENDED SUMMARY

Introduction

Chemistry is important to our lives. Education is key to raising societies aware of this. It
helps individuals solve problems, think with models, be sensitive and aware of dangers,
protect the environment and develop science and society sustainably, as well as many

general skills. Assessment is necessary to understand whether these skills have developed.

There are measurement and assessment tools in chemistry education to assess students'
understanding of topics and concepts. The most important is the achievement test. These
tests measure conceptual understanding and knowledge. It is important to establish the
validity and reliability of these tests. Developing a valid and reliable achievement test in

chemistry education is therefore important.

When developing achievement tests in chemistry education, descriptive statistics, the KR-
20 method, and the Item Difficulty Index (IDI) and Item Discrimination Index (IDI) are
commonly used for data analysis. The Lawshe technique, however, is less frequently
employed. The Lawshe technique is an important method for analysing opinions obtained
from experts. It is based on calculating the Content Validity Ratio (CVR) for each question
according to the experts' opinions, and then calculating the Content Validity Index (CVI) by
averaging these ratios. This calculation ensures that content validity is based on the
opinions of experts. However, very few studies in the literature use the Lawshe technique.

Therefore, more research is needed on the use of this technique in chemistry education.

Upon re-examining the literature, it was observed that substances and their properties
were the most widely studied topic related to achievement test development. Furthermore,
the majority of the target audience was at middle school level. The least studied topics
were high school subjects such as chemical interactions and the nature of chemistry.
Therefore, within the scope of this study, the topic of “Interactions between chemical
species” was chosen as there is little research on it in the development of achievement
tests, particularly with regard to shaping mental schemas. Carefully designed multiple-
choice or open-ended tests aimed at shaping students' mental schemas, particularly with
regard to topics related to chemical abstraction, can improve the quality of teaching. In this
context, the aim of this research is to develop an achievement test that measures ninth-
grade students' success in understanding the topics and concepts covered in the

“Interactions between Chemical Species” unit.
Method

This study used a survey to reveal people's situations, desires, values, behaviors, living

environments, beliefs and ideas. It also studied large groups regarding any problem or
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question. The survey research design was chosen to determine the achievement levels of

high school students who studied the unit "Interactions between chemical species".

The study group for this research consisted of 10 experts in chemistry education and 174
high school students. The experts' opinions regarding the achievement test prepared were
obtained first. After this, the achievement test was adjusted. Then, a pilot application of the
achievement test was conducted with 174 students in three different Anatolian high

schools.

In this study, an achievement test was developed related to the unit on "Interactions
between chemical species"”. It was based on seven learning outcomes concerning chemical
concretization (see Table 4). The test had 27 items and was developed to evaluate these
learning outcomes. After the experts evaluated the questions, the CVR and CVI validity
values were calculated. The lowest possible CVI value was .62, based on 10 experts'
opinions. The questions were revised based on this feedback. The revised questions were
then circulated to the same ten experts for a second opinion. The CVI was recalculated,
increasing to .95. The test was then given to a sample of high school students. The item
difficulty index (IDI), item discrimination index (IDI) and KR-20 values were then
examined. Since the index of each question was greater than .50, no items needed to be

removed. However, question 18 was removed because it yielded a negative value.
Results and Discussion

The validity ratio and index of the achievement test were calculated based on expert
opinions. Expert feedback was obtained twice. The values in Table 5 represent the CVI;
initial values and the CVI, values obtained after adjustments were made based on the
second round of expert feedback. Table 5 shows the CVR ratios for each question. It also
shows the CVI values calculated by taking the average of the CVR values calculated for
each question. Table 5 shows that when the CVR; value was adjusted based on the experts'

opinions, the CVR; value increased.

A pilot application was conducted with high school students to assess the reliability of the
achievement test. The KR-20, item difficulty index (IDI) and item discrimination index (IDI)
values obtained from this application were examined to determine the difficulty levels of
the questions. Table 7 shows the KR-20 and IDI values of the achievement test according

to the learning outcomes and questions.

Looking at Table 7, it can be seen that the majority of the questions are at an intermediate
level. Some questions were found to be easy, while others were difficult. Since the
achievement test was intended to include difficult, intermediate, and easy questions, all

questions except question 18 were retained.

Recommendations
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Following the development of questions related to the subject and learning outcomes within
the scope of this study, it was observed that the incorporation of opinions from subject
matter experts resulted in an enhancement of the content validity of the achievement test.
Consequently, the incorporation of perspectives from a minimum of seven subject matter
experts has been demonstrated to enhance the content validity of achievement tests.
Furthermore, the study was conducted with 174 high school students. It is acknowledged
that this number may be increased in subsequent studies. Furthermore, interviews can be

conducted with students to enrich the question bank.
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Ozet:

Bu arastirmanin amaci dokuzuncu sinif 6grencilerinin “Kimyasal tirler arasi etkilesimler”
Unitesinde yar alan konu ve kavramlari anlama dizeylerini 6lgen gecerlik ve glvenilirligi
yuksek bir basar testi gelistirmektir. Tarama yontemiyle tasarlanan bu calisma da 10
kimya egitimi alan uzmanindan ve 174 lise 6grencisinden veri toplanmis, Lawshe teknigine
gére KGI gecerlik degerleri hesaplanmistir. Alan uzmanlarindan iki defa gériis alinan ve
gerekli diizeltmelerin yapildigi basari testinin ikinci versiyonu icin KGI degeri .95 olarak
bulunmustur. Daha sonra testin pilot uygulamasi 174 lise 6Jrencisi ile gergeklestirilmistir.
Elde edilen veriler ile MGi=.57, MAI=.25 ve KR-20=.83 olarak hesaplanmistir. Hadde
havuzunda baslangicta 27 sorunun yer aldigi basar testinin nihai versiyonunda yapilan
dizeltme ve analizler sonunda 26 soruluk bir basan testi elde edilmistir. Gelistirilen basari
testinin ilgili konu kapsaminda &grenci basarilarini belirlemede etkili bir ara¢ olarak
kullanilabilecegi degerlendirilmektedir.

Anahtar kelimeler: Kimyasal tlrler arasi etkilesimler, basar testi, Lawshe teknigi

Sorumlu yazar: Dilek TEKE, dilekteke@atauni.edu.tr (Bu calisma, TUBITAK (Turkiye Bilimsel ve Teknolojik
Arastirma Kurumu) tarafindan 220K292 numarali proje kapsaminda finanse edilmistir. TUBITAK'a destegi igin
tesekkur ederiz.)

GIRIS
Kimya egitimi; bireylere problem ¢6zme, modellerle diisinme, tehlikelere karsi duyarli ve
bilingli olma, gevrenin korunmasi igin veya bilimin ve toplumun sitrdurulebilir kalkinmasina
ve birgok genel becerinin gelistirilmesine yon verir (Eilks & Hofstein, 2013, s. 7; Lai & Fong,
2023; Sweeder vd., 2023). Bu genel becerilerin gelisip gelismedigini anlamak igin bir
dederlendirmenin yapilmasi gerekmektedir. Kimya egitiminde &drencilerin konu ve
kavramlari anlama becerilerine vyoénelik pek ¢ok oOlgme ve dederlendirme araci
gelistirilmistir. Bunlardan en 6nemlisi olan ise basari testleridir. Basar testleri; 6grencilerin
bilgi dizeylerini 6lgmenin yaninda kavramsal anlama duzeylerini belirleyen yapilandiriimis
6lcme araclandir. Bu testlerin gegerlik ve glvenirliklerinin yapilmasi, 6lgme ve
degerlendirmenin dogru yapilmasi agisindan kritik bir 6neme sahiptir (Bayrakgeken, 2009,

s. 293). Bu baglamda ele alindidinda kimya editiminde gegerli ve glvenilir bir basar testi

gelistirmek oldukga énemlidir. Tablo 1’de alan yazininda yer alan bazi basari testi gelistirme
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calismalari, bu testlerin gelistirildigi konu, hedef kitle ve kullanilan veri analizleri

sunulmustur.

Tablo 1'de basari testi gelistirirken veri analizi olarak betimsel istatistik, KR-20, Madde
Guclik Indeksi (MGI) ve Madde Ayirt-edicilik Indeksi (MAI) codunlukla yapilirken Lawshe
teknigi (Akbulut vd., 2025; Giirler & Akgiin, 2023; Uciincii & Sakiz, 2020) ise az basvurulan

analizlerdendir.

Tablo 1

Kimya Egitiminde Son Bes Yilda Yapilan Basari Testleri

Orneklem

Arastirma Kimya Konusu Hedef Kitle R, Veri Analizi
Blyukluga
Ademola vd., (2023) Nukleer kimya Ortaokul 49 Betimsel istatistik, KR-20
Akbulut vd., (2025) Saf madde ve Ortaokul 204 MGI, MAI, KR-20, Lawshe
karigimlar teknigi
Avwiri (2025) Molekul yapisi ve Ortaokul 3441 Betimsel istatistik, KR-20
nikleer kimya
Belayneh & Belachew, Kimyasal kinetik ve Lise 159 Betimsel istatistik
(2024) denge
Kimyasal turler . Betimsel istatistik, MGI,
Boz vd., (2022) arasi etkilesimler Lise 80 MAI, Faktér analizi
Dag & Karamustafaoglu, Madde ve . ) . .
(2023) zellikleri Tlkokul 227 KR-20, MGI, MAI
. . o . . Betimsel istatistik, KR-20,
Glines & Nakiboglu, (2021) Doga ve kimya Lise 421 MGI, Faktor analizi
Giirler & Akgiin, (2023) Madde ve Ortaokul 300 MG, MAL, KR-20, Lawshe
ozellikleri teknigi
Hanger vd., (2021) -tly—ﬁrg?seil laboratuvar Universite 125 Betimsel istatistik, KR-20
Kadioglu-Akbulut & Kimvasal denge ve
Uzuntiryaki-Kondakci, asit-ybaz 9 Lise 154 Betimsel istatistik, KR-20
(2021)
. Madde ve Betimsel istatistik, KR-20,
Koroglu vd., (2023) szellikleri Ortaokul 268 MGI, MAI, Faktsr analizi
o Madde dongdleri Betimsel istatistik, KR-20,
Nacaroglu vd., (2020) ve cevre sorunlari Ortaokul 251 MGI, MAI, Faktér analizi
Ozkan & Yadigaroglu, o Betimsel istatistik, KR-20,
(2020) Asit-Baz Ortaokul 212 MGI, MAI, Faktér analizi
Pazar & Karamustafaoglu, Saf madde ve Ortaokul KR-20, MGI, MA
(2023) karisimlar
Betimsel istatistik, KR-20,
Sari & Cakir, (2024) Basing Ortaokul 102 MGI, MAI
Soylu vd., (2020) Madde ve isi Ortaokul 350 KR-20, MGI, MAI
Tepe & Akkuzu Given Grafik okuma Universite 128 MGI, MAI, KR-20

(2020)
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Madde ve

e ilkokul 84 Lawshe teknigi
Ozellikleri

Uclinct & Sakiz, (2020)

Lawshe teknigi, uzmanlardan alinan goruslerinin istatistiksel analizinde kullanilir. Bu
teknikte her soru icin uzmanlardan alinan goérislere gbére kapsam gegerlik orani (KGO)
hesaplanir ve KGO dederlerinin ortalamasinin hesaplanmasiyla kapsam gegerlik indeksi
(KGI) bulunur (Lawshe, 1975). Lawshe teknidi alti asamadan olusmaktadir (Yurdugilil,
2005). Alan yazinina bakildiginda Lawshe teknigi kullanilan sinirli sayida galisma vardir
(Akbulut vd., 2025; Guirler & Akgiin, 2023; Ugiinci & Sakiz, 2020). Genellikle uzman
goristine dayali yapilan calismalarda uzmanlardan alinan gdérusler nitel yollarla testlerin
gelistiriimesinde kullanilirken nicelik acisindan yapilan iyilestirme hakkinda yeterli kanit
olusturulamamaktadir. Bu ylzden Lawshe teknigi hem niteliksel hem de niceliksel kanit

sunma agisindan arag gelistirme calismalarini oldukca giiclendirmektedir.

Kimyasal tirler arasi etkilesimler; maddenin yapisini, fiziksel ve kimyasal o6zelliklerini
anlamayi saglayan temel yapi taslarindan biridir. Bu etkilesimler; atom, molekil ve iyonlar
arasindaki cekim kuvvetlerini iceren etkilesim/baglardir (Ozmen, 2004). Odgrencilerin
etkilesimleri kavramasi, kimya konularini (¢o6zinlrlik, donma noktasi, molekil geometrisi
vb.) anlamalarini kolaylastirarak kavramsal bir bitlnlik sadlamaktadir (Calik & Ayas,
2005). Taber (2001)in yaptigi calismada 6drencilerin genellikle kimyasal ve fiziksel
etkilesimleri birbirine karistirdigini ve mikroskobik (sub-mikroskobik) dizeyde kimyasal
somutlastirma yapamadigini ortaya koymustur. Bu nedenle kavramsal 6grenmeyi
destekleyen 6gretim materyallerinin kullanimi bu Unite icin oldukca 6nemlidir. Bu baglamda
ogrencilerin bu Unitedeki 6zellikle de kimyasal somutlastirma gerektiren kazanimlarina
ybnelik konular anladiklarini anlamak icin gegerli ve glvenilir basari testlerinin gelistirilmesi
alan igin dnemlidir. Treagust’a (2007) goére etkili bir basar testinde konuya 6zgl yanlis
anlamalan ve kavram vyanilgilarini da tespit edebilecek kapsamda olmalidir. Ozellikle
kimyasal somutlastirma ile ilgili konularda 6grencilerin zihnindeki semalari sekillendirmeye
yonelik 6zenle hazirlanmis coktan secmeli veya acik uglu testler, 6gretim slirecinin niteligini
artirabilir. Bu baglamda bakildiginda arastirmanin amaci, dokuzuncu sinif 6grencilerinin
“Kimyasal turler arasi etkilesimler” Unitesinde yar alan konu ve kavramlari anlama
dlzeylerini 6lcen gecerlik ve glivenirligi ylksek bir basari testi gelistirmektir. Bu amag

cercevesinde asadidaki arastirma sorularina cevap aranmistir.

v Dokuzuncu sinif 6grencilerinin “Kimyasal tirler arasi etkilesimler” tinitesindeki basari

testinin gecerligi ne duzeydedir?

v Dokuzuncu sinif 6grencilerinin “Kimyasal tirler arasi etkilesimler” initesindeki basari

testinin glvenirligi ne diizeydedir?
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YONTEM

Bu boélimde calismanin deseni, galisma grubunun 6zellikleri, veri toplama araglari ve analizi

yer almaktadir.
Calismanin Deseni/Modeli

Calismada tarama (survey) yontemi kullanilmistir. Tarama; insanlarin durumlarini,
isteklerini, dederlerini, davranislarini, yasam ortamlarini, inaniglarini ve fikirlerini ortaya
koymak icin kullanilir. Ayrica herhangi bir problem veya soru hakkinda bliylk gruplarda
calisma yapmak igin de kullanihr (Fraenkel, vd., 2012, s. 393; McMillan & Schumacher,
2012, s. 233). Bu calismada “Kimyasal tlrler arasi etkilesimler” Unitesini géren lise
ogrencilerin basar dlzeylerini belirlemek amaclandigi icin tarama yonteminin uygun olacadi

degerlendirilmistir.
Calisma Grubu

Bu arastirmanin galisma grubu 10 kimya egitimi alan uzmanindan ve 174 lise 6grencisinden
olusmaktadir. Tablo 2'de kimya editimi alan uzmanlarinin demografik o6zellikleri yer

almaktadir.

Tablo 2

Basari Testine Gériis Veren Kimya Egitimindeki Uzmanlarinin Demografik Ozellikleri

Mesleki Mesleki
Uzman Meslegi deneyimi Cinsiyeti Uzman Meslegi deneyimi Cinsiyeti
(yh) (yih
1 Akademisyen 27 Kadin 6 Akademisyen 14 Kadin
2 Akademisyen 14 Kadin 7 Akademisyen 31 Erkek
3 Akademisyen 33 Erkek 8 Akademisyen 29 Erkek
4 Akademisyen 21 Erkek 9 Akademisyen 8 Kadin
5 Akademisyen 7 Kadin 10 Akademisyen 23 Erkek

Alan uzmanlarindan goéris aldiktan sonra basarn testinde dlizenlemeler yapilmistir.
Sonrasinda (g farkli Anadolu lisesinde 174 0Odgrenciye basar testinin pilot uygulamasi

yapilmistir. Tablo 3'te bu 6grencilerin demografik 6zellikleri verilmistir.
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Tablo 3

Basari Testinin Pilot Uygulamasinin Yapildigi Lise Ogrencilerin Demografik Ozellikleri ve
2022 Yilina Ait Liselerin Merkezi Yerlestirme Puanlari ve Taban Yiizdeleri (MEB, 2022)

Liseler Ogrenci Taban Téban Tavan Tﬁvan Seviyesi
Sayisi Puan Ylizde Puan Ylzde
Birinci Lise 55 383.67 12.95 417.73 7.04 Orta
ikinci Lise 61 85.79  Serbest alim - - Disiik
Uglincii Lise 58 432.18 4.97 459.55 1.89  Ylksek
Toplam 174

Veri Toplama Siireci

Calisma kapsaminda “kimyasal tilrler arasi etkilesimler” Unitesi ile ilgili basan testi
gelistirilmistir. Basar testi Tablo 4'te yer alan ve kimyasal somutlastirma ile ilgili olan yedi
kazanima gore gelistirilmistir. Bu kazanimlari kapsayan basarn testinde yer alan sorularin
23’0 coktan secgmeli (bes secenekli) ve dort tanesi de bosluk doldurmali sorulardan

olusmaktadir.

Tablo 4

"Kimyasal Tiirler Arasi Etkilesimler” Unitesinde Soru Hazirlanan Kazanimlar (MEB, 2018) ve

Soru Sayisi

Konular Kazanimlar Soru
Sayisli
Klnjyas_al Ki: 9.3.1.1. Kimyasal tdrleri acgiklar (Radikal kavramina
Turleri o 5
girilmez).
Taniyalim
K,: 9.3.3.1. 1Iyonik badin olusumunu iyonlar arasi 5
etkilesimler ile iliskilendirir.
Guglu Ks: 9.3.3.3. Kovalent badin olusumunu atomlar arasi 4
Etkilesimler elektron ortaklasmasi temelinde agiklar.
K4: 9.3.3.5. Metalik bagin olusumunu agiklar. 3
Ks: 9.3.4.2. Kimyasal turler arasindaki zayif etkilesimleri 4
Zayif siniflandirir.
Etkilesimler Ke: 9.3.4.3. Hidrojen baglar ile maddelerin fiziksel 3
Ozellikleri arasinda iliski kurar.
F'?'ksel ve K,: 9.3.5.1. Fiziksel ve kimyasal dedisimi, kopan ve olusan
Kimyasal " v . 3
o bag enerjilerinin buyltkligld temelinde ayirt eder.
Degisimler

Konu kazanimlara gore sorularin dadihimi ve uzman goérdstnian alindigi form (Ek 1)

yardimiyla kimya editimi alan uzmanlarinin goérisleri alinmistir. Uzman goértst alma islemi
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iki asamada tamamlanmis her asamada uzmanlardan alinan nitel gorisler ve nicel veriler
analiz edilerek basar testi revize edilmistir. Uzmanlardan gelen dondtler icerige yonelik
olmustur. En gok gelen donit “atom-iyon molekil” kavramlarinin yerine “kimyasal tlrler”
kavraminin kullanilmasi olmustur. Ayrica bazi uzmanlardan da “bag” kelimesi yerine

“etkilesim” kelimesinin kullaniimasi gerektigine yonelik dénitler gelmistir.

Son olarak da lise 6grencilerine basar testinin pilot uygulamasi yapilmistir. Sekil 1'de

calisma kapsaminda hazirlanan basar testinin gelistirme slreci ayrintili olarak verilmistir.

Sekil 1

Basari Testinin Gelistirme Slreci

Soru havuzunun
olusturulmasi

Belirtke tablosunun
hazirlanmasi

Uzman goriislerinin
alinmasi

Uzman goriislerine gore
testin diizenlenmesi

ikinci kez uzman
goriusiniin alinmasi

Pilot uygulama formunun
olusturulmasi

Pilot uygulamanin
yapilmasi

Sorularin analiz edilmesi
ve testin
standarlastirilmasi

Basari testinin son
halinin verilmesi

Veri Analizi

e 27 soruluk madde havuzu olusturulmustur.

e Kimya o0gretim programina yer alan yedi kazanima gére
belirtke tablosu hazirlanmistir.

e 10 kimya editimi uzmanindan 27 soru ile ilgili gorusler
alinmistir.

e Lawshe (1975) gbére sorular analiz edilmis ve kapsam
gecerlik oranlarina bakilarak sorularin bazilari dizeltilip
uzmanlara tekrardan génderilmistir.

e 10 kimya editimi uzmanindan ve sonrasinda doért kimya
o0gretmeninden de gorls alinmistir.

e Uzmanlardan alinan gériglere gore Lawshe (1975) gore
kapsam gecerlik indeksi hesaplandiktan sonra testin ilk
sekli olusturulmustur.

e Ug farkli lisede bulunan toplamda 174 lise égrencisine pilot
uygulama yapilmistir.

e Ogrencilerden elde verilerin MGI ve MAI indekslerine
bakilarak sorular analiz edilmistir.

eBir soru testen cikarilarak 26 soruluk bir basar testi
gelistirilmistir.

Hazirlanan sorular, Tablo 2’deki uzmanlar tarafindan degerlendirildikten sonra verdikleri
gérusler kapsaminda KGO ve KGI gecerlik dederleri hesaplanmistir. Lawshe (1975)
tekniginde 10 uzman icin verilen en disik KGI dederi .62'dir. Calisma kapsaminda 10
uzmandan alinan gérislere gére hesaplanan KGI dederi ilk asamada .55 olarak

bulunmustur. Bu deder .62’den kiglik oldugu uzmanlarin verdigi donltlere gére sorular

JOTCSC, Cilt 10, Say! 2, 2025. Sayfa 235-260



Teke, D. & Sozbilir, M.

dizeltilmistir. Duzeltilen sorular ayni 10 uzmana tekrar gdnderilmistir ve ikinci kez
uzmanlardan gériis alinmistir. ikinci gériisten sonra tekrar KGI hesaplanmistir ve bu deger
.95 olarak bulunmustur. Daha sonra testin pilot uygulama asamasina gegilmistir. Bu
asamada 174 lise 6grencisi ile testin uygulamasi yapilmistir. Sonrasinda MGi=.57, MAI=.25
ve KR-20=.83 dederleri hesaplanmistir. MGI=.57 ve MAI=.25 dederleri basar testindeki
sorularin orta giclikte oldugunu gostermektedir. Bu durum basari testlerinde istenilen bir
durumdur. KR- 20= .83 dederi ise basarn testinin glvenirliginin ytksek oldugunu

gbstermektedir.

BULGULAR

Bu bdlimde basar testinin kapsam gecerligi ile ilgili olan KGO ve KGI dederleri ve testin
guvenirligi ile ilgili MGI, MAI ve KR-20 degerleri verilmistir.

Kapsam Gegerligi (Lawshe Teknigi) ile Ilgili Bulgular

Basari testinin gecerlik orani ve indeksi Lawshe (1975) tarafindan gelistirilen ve
uzmanlardan alinan gorise gore hesaplanmistir. Uzmanlardan iki kere goéris alinmistir.
Tablo 5'te verilen KGI; ilk ve KGI, de diizeltmelerin yapilip ikinci kez alinan gériislerden
elde edilen dederdir. Tablo 5te her soruya ait KGO oranlari verilmistir. Ayrica her bir soru

icin hesaplanan KGO degerlerinin ortalamasi alinarak hesaplanan KGI degerleri de

verilmistir.

Tablo 5

Basari Testine Ait KGO ve KGI Dederleri

Sorular KGO, KGO, | Sorular KGO, KGO, | Sorular KGO, KGO,
S1 .80 .87 S10 .28 .94 S19 .68 .87
S2 .68 .94 Si1 .68 .94 S20 .00 .94
S3 .60 .94 S12 .88 1.00 S21 .68 .94
S4 .68 1.00 S13 .20 .94 S22 .68 .87
S5 .76 1.00 Si14 .56 1.00 S23 .48 .94
S6 .00 1.00 S15 .28 .94 S24 .48 .87
S7 .36 .87 S16 .40 .94 S25 .68 1.00
S8 .68 1.00 S17 .56 1.00 S26 .76 1.00
S9 .76 1.00 S18 .68 1.00 S27 .60 .94

KGI;: .55 KGI,: .95
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Tablo 5’e bakildiginda KGO; dederi uzmanlarin verdigi gorisler dikkate alinip dizeltildiginde
KGO, degderinin yutkseldigi gortlmustdr.

Giivenirlik ile Ilgili Bulgular

Basari testinin glvenirligi igin lise 6grencilerine pilot uygulama yapilmistir. Bu uygulamadan
elde edilen verilerin KR-20, sorularin zorluk-kolaylik diizeylerini de belirlemek icin MGI ve
MAI degerlerine bakilmistir. Tablo 6’da basari testinin KR-20, MGI ve MAI dederleri kazanim

ve sorulara gore verilmistir.

Tablo 6'ya bakildifinda MGI degerlerine gére sorularin codunlugunun orta seviye zorlukta
oldugu gorilmustir. Bazi sorularin kolay, bazi sorularin ise zor oldugu tespit edilmistir.
Basan testinde zor, orta ve kolay sorularinda olmasi istenildigi icin 18. soru hari¢c diger
sorular atilmamistir. MAI'ne bakildifinda 18. soru eksi deferde cikti§ icin testten

cikariimistir.

Tablo 6

Kazanim ve Sorulara Gére Basari Testinin MGI, MAI ve KR-20 Dederleri

Kazanim Sorular Ilk %27 son %27 MGI MAI KR-20
S1 1.00 .81 .90 .10 .83
S2 1.00 .89 .95 .05 .83
K1 S3 .85 11 .48 .37 .82
S4 .45 .30 .37 .07 .84
S5 .90 .28 .59 .30 .83
S6 .96 .30 .63 .33 .82
S7 .90 .30 .60 .30 .83
K2 S8 .81 .28 .54 .27 .83
S9 .96 .26 .61 .35 .82
S10 17 17 17 .00 .84
S11 .98 .32 .65 .33 .82
K3 S12 .95 .23 .59 .37 .82
S13 .87 .32 .60 .28 .83
S14 .87 .29 .58 .29 .82
S15 .85 .26 .55 .30 .83
K4 S16 1.00 .81 .90 .10 .83
S17 .81 .30 .55 .26 .83
sis8 .06 .19 .13 -.06 .84
Ks S19 .64 .23 .44 .20 .83
S20 .87 21 .54 .33 .82
S21 .89 .34 .62 .28 .83
S22 .94 .19 .56 .37 .82
K6 S23 72 .15 44 .29 .83
S24 .73 .02 .38 .36 .82
K7 S25 .70 .23 47 .23 .83
S26 .98 .40 .69 .29 .83
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S27 .95 .57 .76 .19 .83

Ortalama .57 .25 .83

SONUC VE TARTISMA

Bu bélimde dokuzuncu sinif "Kimyasal Tlrler arasi etkilesimler" Unitesinde yer alan bazi
kazanimlara goére gelistirilen basari testi, gecerlik ve glvenirlik bakimindan
dederlendirilmistir. Bulgulardan elde edilen veriler dogrultusunda basari testinin, gegerlik ve
glvenirlik sartlarini sagladigi ve egitim 6gretim sirecinde kullanilabilecek nitelikte oldugu

sonucuna varilmistir.

Basari testinin kapsam gecerligi, alan uzmanlarindan alinan goritsler dogrultusunda
hesaplanarak KGI degeri .95 bulunmustur. Bu yiiksek oran, testte yer alan sorularin biyik
Olglide 6gretim programindaki kazanimlarla 6rtistiglinid ve konuyu temsil etme giclnin
ylksek oldugunu goOstermektedir. Alan yazinina bakildiginda benzer sekilde kapsam
gecerligi ytksek olan galismalarin oldugu tespit edilmistir (Akbulut vd., 2025; Gurler &
Akgiin, 2023; Uclincii & Sakiz, 2020).

Madde giglik indeksi ortalamasi 0.57 olarak hesaplanmistir. Bu deder, alan yazininda ideal
kabul edilen 0.20-0.80 aralidi icinde yer almakta ve testin orta dizeyde giglikte maddeler
icerdigini gostermektedir (Bayrakceken, 2009). Bu giglik dizeyi, testin hem distk hem
ylksek basari dlizeyine sahip 6grencileri ayirt edebilmesi acisindan olumlu bir géstergedir.
Ozellikle &grencilerin dogrudan gézlemlemesi mimkin olmayan fenomenlere (veya
olgulara) yonelik kavramlar iceren kimya konularinda orta dlizeyde glclik testleri islevsel
olarak kabul edilmektedir (Akbulut vd., 2025; Boz vd., 2022; Gines & Nakiboglu, 2021;
Kadioglu-Akbulut & Uzuntiryaki-Kondakci, 2021; Koéroglu vd., 2023; Sar & Cakir, 2024;
Tepe & Akkuzu Giliven, 2020). Bununla birlikte MAI ortalamasi 0.25 olarak bulunmustur.
MAI'lerinin .20 ve .80 arasinda olmasi sorularin yiiksek ve disiik basar diizeyine sahip
ogrencileri etkili bicimde ayirt edebildigini gostermektedir (Bayrakgeken, 2009, s. 322).
Alan yazininda benzer galimlamalar mevcuttur (Akbulut vd., 2025; Boz vd., 2022; Glnes &
Nakiboglu, 2021; Kadioglu-Akbulut & Uzuntiryaki-Kondakci, 2021; Kéroglu vd., 2023; Sari
& Cakir, 2024; Tepe & Akkuzu Gliven, 2020).

Basari testinin guvenirligini goésteren KR-20 dederi 0.83 olarak hesaplanmistir. KR-20
dederi, testin i¢ tutarliidini ortaya koymakta olup 0.80 ve Uzeri dederler yliksek guvenirlik
olarak degerlendiriimektedir (Buyukoéztiurk, 2021). Bu bulgu, testin guvenilir ve tutarl
sonuclar Urettigini; benzer kosullarda uygulandiginda benzer basari dlzeylerini
yansitacagini gostermektedir (Akbulut vd., 2025; Glines & Nakiboglu, 2021; Kadioglu-
Akbulut & Uzuntiryaki-Kondakci, 2021; Sari & Cakir, 2024; Tepe & Akkuzu Glven, 2020).
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Sonug olarak "Kimyasal tlrler arasi etkilesimler" konusuna yonelik gelistirilen basari testi;
kapsam gegerligi ve guvenirligi yuksek, giglik ve ayirt edicilik dlizeyleri uygun bir 6lgme
araci olarak dederlendirilmektedir. Ayrica bu testin dederlendirme amach uygulamalarda

etkili bir arac olarak kullanilabilecegi soéylenebilir.

ONERILER

Bu bolimde calisma kapsaminda elde edilen sonuglara yénelik éneriler verilmistir.

e Calisma 174 lise ogrencisi ile yapilmistir. Bu sayi yeni yapilacak calismalarda
artinllabilir. Hatta soru havuzunu zenginlestirmek icin 6drencilerle gorismeler

yapilabilir.

e Basan testi; farkli okullarda, farkl sosyoekonomik dlizeylere sahip olan ve farkl

bolgelerdeki 6grenci gruplarina uygulanarak genellenebilirligi artirlabilir.

e Basan testine kavram vyanilgilarini ortaya cikaran tanilayici sorular eklenebilir.
Kimyasal tiarler arasi etkilesimler Unitesinin soyut yapisi nedeniyle 6grencilerin
kavramsal vyanilgilarini  o6lgebilecek nitelikte sorular, testin tanilayici islevini
glclendirecektir.

Cikar Catismasi Bildirimi

Yazarlar; bu makalenin arastirilmasi, yazarlidi ve/veya yayimlanmasina iliskin herhangi bir

potansiyel cikar gatismasi beyan etmemistir.

Destek/Finansman Bilgileri

Bu arastirma 1002 TUBITAK Fonu (Proje No: 22K292) tarafindan desteklenmektedir.
Etik Kurul Karari/izin

Bu arastirma igin icin Atatiirk Universitesi, Egitim Bilimleri Enstitiisi kurumundan (2020-
56785782-050.02.04-E.2000082062) etik izin alinmistir.
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EKLER

Ek-1: Basar Testi

Saygideger hocam,
Atatiirk Universitesi Egitim Bilimleri Enstitiisi Kimya Egitimi Bilim Dali doktora égrencisiyim.
9. sinif dgrencilerine yonelik kimyasal somutlastirma ile ilgili kazanimlari iceren basar testi
gelistirmeye calisiyorum. Bu kapsamda sizlerin goris ve destegine ihtiyac duymaktayim.
Asadida gelistirmeye calistigim test hakkinda kisa tanitici bilgi ve hazirladigim maddeler yer
almaktadir. Zaman ayirip goruslerinizi belirtirseniz cok memnun olurum. Katkilariniz igin
simdiden tesekkir ederim. Verecediniz cevaplar gizli tutulacak olup sadece arastirma
amach kullanilacaktir.

Dilek TEKE

Amag: Bu calismada dokuzuncu sinif kimya dersi konularinda yer alan kimyasal
somutlastirma ogretiminde, 6grencilerin ihtiyaglarina goére 3B 6gretim teknolojileri ile
materyal tasarlanmasi, uzmanlarin ve materyali kullanacak 6grencilerin gorlslerinin

alinarak uygulanmasi ve dederlendirilmesi yapilacaktir.

Sizlerden dederlendirme yaparken o6ncelikle hazirlanan sorularin kazanimlarla ilgili olup
olmadigini dederlendirmeniz, ikinci olarak da ilgili sorunun gerekli olup olmamasina yénelik
bir degerlendirme yapmanizdir. Son olarak da ilgili sorunun igeriginin bilimsel agidan dogru
olup olmadiginin dederlendirilmesi yaninda yazim, gosterim ve ifadelerin uygunluklari
hakkindaki goérislerinizi paylasmanizi talep ediyorum. Oneri ve diizeltmelerinizi cikti

Uzerinde ve asadidaki formda yazabilirsiniz.
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Sorunun Ilgili

3 Teste Yen Kazanima Maddenin kullanilip kullanilamayacagina yonelik goriisiiniiz
5 Kazanimlar Alan | ___Uygunlugu
Sorular - ' I’ ' - - '
Evet Hayir Gerekli Gereksiz Ge__rekll_ faka_t Liitfen varsa duzelt_l_ne Gnerinizi bu siituna
diizeltilmeli ya da soru iizerine yaziniz.
£ Soru 1 O O O O |
®
>
s Soru 2 O O O O O
=
=
L) 9.3.1.1. Kimyasal tirleri aciklar (Radikal
S5 kavramina girilmez). soru 3 - = = = -
=
®
% Soru 4 O O O O O
>
E
x Soru 5 O O O m] O
Soru 6 O O O O O
Soru 7 O O O O O
9.3.3.1. Iyonik bagin olusumunu iyonlar arasi
5 etkilesimler ile iliskilendirir. soru 8 . = = = 0
E
by Soru 9 O O O O O
E
e
w
3 Soru 10 O O O O O
o
3
(U]
Soru 11 O O O O a
9.3.3.3. Kovalent bagin olusumu_nu atomlar Soru 12 O O O O O
arasl elektron ortaklasmasi temelinde aciklar.
Soru 13 O O O O |
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Soru 14 O O O O
Soru 15 O O O O
9.3.3.5. Metalik badin olusumunu aciklar. Soru 16 O O O O
Soru 17 O O O O
Soru 18 O O O O
Soru 19 O O O |
9.3.4.2. Kimyasal turler arasindaki zayif
n etkilesimleri siniflandirir.
% Soru 20 o m] m] O
g
= Soru 21 O O O |
i
b
>
S Soru 22 O O O |
N
9.3.4.3. Hidrojen baglari ile maddelerin
fiziksel 6zellikleri arasinda iliski kurar. Soru 23 o o o -
Soru 24 O O O O
Soru 25 O O O |
i3s3
T 'E | 9.3.5.1. Fiziksel ve kimyasal degisimi, kopan
2 >0 ve olusan bag enerjilerinin buyuklagu Soru 26 O O O O
'N E o temelinde ayirt eder.
%8
Soru 27 O O O O
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KIMYASAL TURLER VE TURLER ARASI ETKILESIMLER BASARI TESTI

Soru 1: Asadidakilerden hangisinin turl digerlerinden farkhdir?
A) B) C) D) E)

Soru 2: Asadidaki tirlerden hangisinin sinifi dogru olarak verilmigtir?

He Na* CO;
A) Atom iyon Molekdl
B) Iyon Atom Molekiil
Q) Molekdil Atom iyon
D) Atom Molekiil iyon
E) Iyon Molekiil Atom
Soru 3:
I. Argon gazi II. Kukulrt dioksit III. Flor gazi

oo O @

Yukardaki maddelerden hangilerinin kimyasal tird (en klglk yapi
tasi) molekuldir?

A) Yalniz |
B) Yalniz Il
C) Yalniz 1l
D) lvell
E) Il ve lll
Soru 4:
1. Her ikisi de kimyasal tlir olarak ayni tiirdendir.
II. 0, ve NHs diatomik molekdllerdir.

II1. 0, element, NHj; bilesiktir.

Yandaki tanecikler ile ilgili hangileri dogrudur?

A) Yalniz I
B) Ivell
C)Ivelll
D) II ve III
E) I, II ve III

NH3

m g tuz Soru 5: Oda kosullarinda saf su bulunan bardaga m gram yemek tuzu
(NaCl) ilave ediliyor. 2.durumda tuz suda tamamen g¢oziniyor.
I. Tuz ilave edilmeden 6nce bardakta molekdiller vardir.
II. Tuz ilavesinden sonra ortamda sadece iyonlar vardir.
III. Tuzlu su gdzeltisinde hem iyonlar hem de molekdller vardir.
Saf su » Tuzlu su

ifadelerinden hangileri dogrudur.
A) Yalniz I B)Ivell C)IIvelIll D)Ivelll E) I, II ve III
1. durum 2. durum

Soru 6: 30 atomu asadidaki taneciklerden hangileri ile iyonik bagli bilesik olusturur?
I. 1 tane ;7Cl atomuyla

II. 2 tane ;;Na atomuyla
III. 1 tane »oCa atomuyla olusturur.
A) Yalniz II1 B) II ve III C)Ivelll D)Ivell E) I, II ve III
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Soru 7: 17X atomu asadidaki hangi element ile iyonik bag yapar?

A)7N B) 80 C) gF D) 10Ne E) 11Na
Soru 8:
I. Lewis yapisi: Ca?*[:0:1*  Ca ve gO atomlari ile ilgili hangileri dogrudur?

A) Yalniz I B) Ivell

II. 3B yapisi: C) II ve III D) I vellI
E) I, II ve III

II1. Iyonik bag yapar.

Soru 9:
3B model Bilesik 3B model Bilesik

o@e

cacl w NaCl

Iv.

Na,0 ‘. Cao

Yukarida verilen iyonik bagh bilesiklere ait 3B modellerden hangileri dogrudur? (sO,
11Na, 17C|, 20Ca)

A) Yalniz 11 B) I, II ve III C) II ve III D) Ivelll E) II, III ve
v

I

Soru 10: NayO bilesidi ile ilgili;

I. 3B gdsterimi “‘

II. Na atomu iki elektron vermistir.

III. Oksijen atomu bir elektron almistir.

Verilenlerden hangisi/ hangileri yanhstir? (50, 1:Na)
A) Yalniz I B) II ve III C) Ivelll D) Yalniz III E) I, II ve III

Soru 11: Asadida yer alan elektron ortaklasmasi sonucu olusan kovalent bagli bilesiklerin atomlar arasi bag
turlerini yaziniz.

Molekiil Atomlar arasi bag tiirii Molekiil Atomlar arasi bag tiirii

“ 4
b ¢
. -

(%

Soru 12: }
I. Ug tane polar kovalent bag icerir.

II. Kapal formuli NH5'dir.

e

I1I. N atomunun Ug elektronunu ortak kullanmistir.
¢ 3B modeller ile ilgili hangileri dogrudur? (Mavi renk: N, Beyaz renk: H)
A)YalnizI B)YalmizII C)YalnizIII D)I, IIvelll E)IIvelll
Soru 13:
1. 2. I. 1. molekulde atomlar arasi apolar kovalent bag vardir.
II. 2. molekllde atomlar arasi apolar kovalent bag vardir.
gr_&r I1I. Her iki molekulde de elektronlar ortaklasa kullaniimistir.
Yanda gésterilen 3B modelleri ile ilgili yukaridakilerden hangileri dogrudur?
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A) II ve III B) Yalniz II C) Yalniz III D) I, II ve III E) I ve III

Soru 14: Asadida verilen molekdllerin 3B modellerine gére ortak kullaniimis ve ortak kullanilmamis elektron (e”)
sayilarini 6rnekte gosterildigi gibi yaziniz.

- - "
MOLEKUL Ortak kullanilmis e sayisi Ortak kullaniimamis &

Molekiil tiiri
sayisi

m 8 elektron 8 elektron Apolar

1. Altin atomlari arasinda metalik bag olusur.
II. Altin atomlari ve serbest olan dederlik elektronlar arasinda elektrostatik
cekim kuvveti olusur.

III. Metalik bag olusumu sonrasinda elektrigi iletemez.

Altini olusturan atomlar ile ilgili yukarida verilen bilgilerden hangileri dogrudur?
A)Ivell B) Yalniz II C) Yalniz III D) I, II ve III E) I ve III

Soru 16: Asadidaki maddelerden hangisinde metalik bag bulunmaz?

A) Gumis yuzik B) Bakir tel C) Altin D) Tahta dolap E) Aliminyum radyator
w/gsk
& — e i)
»\v \;;//

Soru 17:

I. Iyonik bag olusumu ile ilgilidir.
II. Metalik bag olusumu ile ilgilidir.

I1I. Dederlik elektronlar serbest halde hareket ederler.
Yandaki model ile ilgili olarak hangileri dogrudur?
A)Ivell B) Yalniz II C) Yalniz III D) I, II ve III E) II ve
III
Soru 19:
1.NaCl-H,0 2.HCI- H,0

@ Ay A

Her iki tanecik gifti birbiri icinde gdzunebilir.
II. 1. tanecik cifti arasinda iyon-dipol etkilesimleri olusur.

I1I. 2. tanecik cifti arasinda kimyasal bag olusur.
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Yukardaki molekadll giftleri ile ilgili hangileri dogrudur?

A)Ivell B) Yalniz II C) Yalniz III D) I, II ve III E) II ve III
Soru 20:
1.F,-F, 2.0,-NH; 3.HCI-HCI

W *°* %%

Durum 1 de molekiiller arasi etkilesim london etkilesimidir.

II. Durum 2 de molekiiller arasi etkilesim dipol-dipol etkilesimidir.

III. Durum 3 de molekdller arasi etkilesim dipol-dipol etkilesimidir.
Yargilarindan hangileri dogrudur?
A) Yalniz 11 B) Yalniz III C) Ivelll D) I, II ve III E) II ve III
Soru 21:
I.HF-HF 1I.H,0-H,0 ITI.NH5-NH3

00 29° @

Yukarida verilen tanecik giftlerinin arasinda olusan zayif etkilesim turld hangilerinde aynidir?
A) Yalniz 1I B) Yalniz III C) Ivelll D) II ve III E) I, II ve III

Soru 22: Asadida verilen tanecik ciftlerinin fiziksel 6zellikleri dedisirken hangisinde hidrojen bagi olusmaz veya
kopmaz?

Tanecik gifti Tanecik gifti Tanecik gifti
HF-NH; HF-H,0 0,-H,0
NH3-H,0 H,0-H,0
Soru 23:
1. Molekdller arasi hidrojen baglarinin olusmasi
‘\ /‘\ II. Molekdller arasinda hidrojen baglarinin kopmasi
% ¢ I11. Atomlar arasinda polar kovalent bagin kopmasi
Yukarida yer alan su molekdilleri ile ilgili yargilardan hangileri fiziksel 6zeligini
degistirir?
A) Yalniz II B) Yalniz III C)Ivell D) II ve III E)I, II
ve IIT

Soru 24: Asadida verilen molekiller arasinda meydana gelen hangi zayif etkilesim tarina olusturur?

Tanecikler Zayif etkilesim tiirii

Azot gazinin sivilagmasi (Yogunlasmasi)

Kalsiyum kloriiriin suda géziinmesi

Amonyadin suda ¢ézinmesi

Argon atomunun yogunlasmasi

Hidrojen floririin suda ¢dziinmesi

Soru 25:
Durum 1: NaCI(k) % NaCI(s_) Durum 2: NaCI(k) +787k]/mol %Na"(aq) + Cl-(aq)
sg. 000G
R — @
- +
—> 550 ¢ 0 «
-0 «@ @
I. Durum 1’de ye ek tuzu (NaCl) kimyasal 6zelligini kaybetmemistir.

JOTCSC, Cilt 10, Sayi 2, 2025. Sayfa 235-260



Teke, D. & Sozbilir, M.

II. Durum 1 ve 2’ de fiziksel degdisim olmustur.
I1I. Durum 2’de iyonlarina ayrisan NaCl -H,0 ile iyon-dipol etkilesmesi yapmistir.

Yukarida verilen tepkimelerle ilgili ifadelerden hangileri dogrudur?

A) Yalniz I1 B) Yalniz III C)Ivelll D) II ve III E) I, II ve III
Soru 26:
Durum 1: H,O) + 33,9 kj/mol ———> H,0) Durum 2: N2 + 3H, ——> 2NH3 + 92,4kj/mol
« ¢ 299 HL",'\, L"’\
- RS R ¢ ¢
I. Durum 1'de gergeklesen degisim fizikseldir.
II. Durum 2'de gergeklesen degisim kimyasaldir.
I1I. Durum 1'de olusan H,0 ile durum 2'de olusan NHs molekilleri aralarinda hidrojen badi olusturur.

Yukarida verilen tepkimelerle ilgili hangileri dogrudur?
A) Yalniz II B) Yalniz III C)Ivelll D) II ve III E) I, II ve III

Soru 27: Asadidaki olaylarin hangisi fiziksel veya kimyasal dedisimdir?
Tepkimeler Degisim tiirii

NaCl, +787k]/m0| e Na*(aq) + Cl_(aq)

\

®—0.©

2H,0¢s) + 286kj/mol ——=> 2Hy(q) + Oy

8 8o e

¢ ¢ J I,

H.O) + 33,9 kj/mol HHzo(g)

¢ &

Nz + 3Hz ﬁ 2NH3 + 92,4|(J/m0|

>y
33371

+
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