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Abstract

The increase in the frequency and quality of educational technology use is notable. However, studies are needed
to analyze scientific production regarding the use of assistive technologies in inclusive education in Latin America.
This work aims to contribute to the consolidation of educational innovations for students with visual impairments
by reviewing scientific publications that address assistive technology. This study uses hermeneutics and
bibliometrics to identify contributions to assistive technology. The PRISMA methodology was used to select the
corpus. Eighty-six scientific articles published in English or Spanish between 2015 and 2025 and available in the
Scopus, Web of Science, and Scielo databases were reviewed. The review concludes that screen readers, Braille,
artificial intelligence, and augmented reality are the most commonly used assistive technologies for students with
visual impairments.

Keywords: Innovation, Teachers, Disability, Educational Technology

1. Introduction

Inclusive education seeks to guarantee access, participation, and learning for all students, regardless of their
individual, cultural, or social circumstances. Achieving this requires innovations in teaching practices, as they are
a key factor that will enhance its effectiveness (Tovar, 2015).

Authors such as Robles et al. (2018) and Salazar and Mesa (2019) agree that digital accessibility in educational
platforms guarantees adaptive and barrier-free learning environments. However, challenges persist in the quality
of education and in the provision of adequate resources for students with visual impairments (Ocampo, 2018). In
this regard, Alonso and Villafuerte-Holguin (2020) argue that there is a clear need for greater teacher training on
strategies for promoting socio-educational inclusion and the implementation of curricular adaptations, but that the
provision of technical and institutional support is also important. Alcaraz and Arnaiz (2020) mention that 83.2%
of students with Special Educational Needs (SEN) are enrolled in mainstream classrooms, with an increase in
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special units and a reduction in cases of multiple disabilities in Spain. For their part, Valdés et al. (2023) state that
inclusion in mainstream classrooms reached 70% coverage since 2017, as a result of the School Integration
Program implemented in public schools in Chile. In the case of Ecuador, statistics report that 78% of children and
young people with disabilities between the ages of 3 and 17 attend the mainstream education system,
demonstrating a notable growth in the student population requiring inclusive education. Consequently, it is
necessary to have research that addresses the niche related to the identification of assistive technology resources
that have achieved relevant results in serving students with visual disabilities globally. To this end, the authors of
this paper use hermeneutics and bibliometrics to identify scientific articles that address the topic of inclusive
technology with an emphasis on working with students with visual impairments.

Using the PRISMA methodology, 86 scientific articles published in English or Spanish between 2015 and 2025
and available in the Scopus, Web of Science, and Scielo databases were selected. The terms used to conduct the
literature search were: access, education, educational innovation, Ibero-America, educational inclusion, assistive
technology, and educational technology. The selected publications were analyzed based on the following
categories: (1) inclusive education and teaching practices, (2) Visual Impairment, and (3) Assistive technology.

The research questions guiding this research are:

1. What are the advances and challenges of inclusive education?

2. How are students with visual impairments served?

3. What is the contribution of assistive technologies to the educational process of students with visual impairments?

This research aims to contribute to the consolidation of educational innovations for students with visual
impairments by reviewing scientific publications addressing assistive technology in the period 2015-2025.

2. Development
2.1. Inclusive Education and Teaching Practices

Teaching practices in inclusive education play a fundamental role, but the lack of training and institutional support
limits their contribution (Villafuerte and Carrefio, 2015). Thus, Castillo (2015) emphasizes the importance of
comprehensive and humane academic preparation that enables teachers to address an increasingly complex and
diverse educational reality. Victoriano (2017) emphasizes the need to work on selecting pedagogical strategies
that contribute to improving coexistence in schools and help overcome communication barriers, while Sevilla et
al. (2018) demonstrate that strengthening teaching competencies is necessary to advance toward inclusive and
committed education that addresses the diversity of students and their families.

The work of researchers Huenul et al. (2016) and Carrasco (2018) agree that teaching practices face barriers such
as a lack of accessible materials, adapted technology, and adequate infrastructure. The works of Hernandez and
Torres (2018), Rojas et al. (2018), Santa Cruz et al. (2021), and Gomez (2018) concur that teaching practices are
more relevant when serving children and young people with visual impairments who report levels of stress and
anxiety due to accessibility barriers and a lack of adapted methodologies. Meanwhile, Del Rio et al. (2018),
Jimenez and Mesa (2020), and Bravo et al. (2021) confirm that physical and social barriers persist in educational
centers and that these must be overcome to achieve full educational inclusion. Furthermore, collaboration between
the school, the family, and the community will enable the success of inclusive education (Barrionuevo, 2020). For
their part, Villafuerte and Cevallos (2021) state that leadership is a vital factor that must be strengthened in teaching
practice as it enhances the management of educational centers. Furthermore, schools must transform their policies
and capacities to successfully address interdisciplinarity in inclusive education (Parraga et al., 2021). Furthermore,
Espinosa et al. (2021) propose a model of educational inclusion based on the experiences of students with
disabilities, highlighting the contribution of internal and external attitudinal and social support.

However, the effectiveness of inclusive practices is not entirely complete since teacher training, which is a key
factor in promoting adaptive learning, remains limited from the teachers' perspective (Lozano et al., 2021). For
their part, Monge et al. (2021) determined that inclusion in higher education in Costa Rica is perceived as a moral
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imperative, but requires greater investment. In this context, policies and laws promoting social and educational
inclusion are essential to overcome the identified weaknesses. Thus, Palmeros and Gairin (2016) and Pérez (2023)
compared public policies developed in Mexico and Spain, determining that, although there has been progress in
the regulations of both countries, their scope is limited due to a lack of resources and teacher training. In the
university context, Ayala et al. (2023) confirm that inclusive education in Ecuadorian universities is not effectively
implemented due to a lack of training and participation of its stakeholders, while Pérez (2023) identifies that the
barriers that persist in higher education are pedagogical, physical, access to information, and attitudinal. Santillan
and Villafuerte (2023) also concur, stating that the lack of infrastructure and training limits access to and
development of teaching practices aimed at serving students with sensory, physical, or intellectual disabilities.
While Delgado and Ponce (2023) point to neuroeducation as a possible solution because it promotes attention,
motivation, and socio-emotional support, facilitating the integration of all students, including those with specific
educational needs.

According to Ruiz (2024), there is a persistent absence of inclusive policies that strengthen teaching practices in
the university classroom. At the same time, Rodriguez and Garcia (2024) mention that public policies should be
reviewed to improve social and educational inclusion by enhancing accessibility to friendlier educational
environments, without this representing an additional burden on teaching practice. While Vargas et al. (2024)
emphasize that students perceive serious deficiencies in the inclusive process, especially in public education
institutions, and highlight the urgent need to improve teachers' skills and knowledge for the management of
inclusive education. Finally, Balta et al. (2024) emphasize the urgency of promoting an inclusive culture that
values diversity in the university educational environment and provides the resources required to enhance teaching
practices in the context of higher education.

2.2. Visual Deficit and Impairment

For a better understanding of the fundamental concepts addressed in this research, it is indicated that the term
visual deficit refers to a reduction in vision, while visual impairment refers to a more severe impairment (Lorenzo,
2017). According to Coneo (2019) and Lopez and Vasquez (2022), visual impairment negatively affects academic
performance, hindering text review, participation, and language development. Likewise, Cortés and Salas (2019)
mention that visual impairment occurs when this condition significantly affects people's daily lives, preventing
them from performing essential tasks without specialized support.

To address the challenges associated with visual impairment, it is essential to implement inclusion strategies and
adaptations that enable equitable learning. This is supported by Parra and Pefias (2015) when they state that the
counseling and emotional support provided through support and mentoring groups help students with visual
impairments overcome social and emotional challenges. Angenscheidt and Navarrete (2017) and Duck et al.
(2019) add that it is essential to train educators on inclusive practices and the use of adapted resources for serving
students with visual impairments. Navarro et al. (2016) and Cruz et al. (2023) agree that teaching materials,
methodologies, and technological tools in curricula need to be adapted.

Worldwide, 36 million people were blind in 2015, and 216.6 million had moderate to severe visual impairment,
representing a 17.6% increase in blindness since 1990 due to population growth and aging (Rupert et al., 2017).
Research conducted in Spain shows that the most common visual disorders are myopic maculopathy and ocular
trauma (Menéndez and Castell, 2020). The World Health Organization (2019) states that visual impairment can
be classified into four levels: mild, moderate, severe, and total blindness. This depends on visual acuity and the
loss a person achieves in their visual field. According to Montoya and Lopez (2022), visual impairment hinders
learning and the development of cognitive and socioemotional skills in students of various ages. Consequently, it
has a direct and negative influence on academic performance (Palma and Ponce, 2023). Meanwhile, the World
Health Organization (2021) estimates that millions of people with visual impairments represent a challenge for
inclusive education.

Visual impairment affects academic performance by making it difficult to acquire information in visually
dependent educational environments. This is confirmed by Escudero and Castro (2023), who demonstrate that
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students with visual impairments face difficulties in reading, writing, and comprehension, exacerbated by the lack
of adequate adaptations in the classroom. Therefore, visual impairment represents a significant challenge in the
educational field, affecting both the learning process and the social integration of students who suffer from it.
Therefore, Freire et al. (2024) state that this disability severely limits vision and cannot be fully corrected with
glasses, surgery, or medical treatment. This condition ranges from a moderate reduction in vision to total blindness.
According to the World Health Organization (2021), visual impairment is classified as low vision, which reports
visual acuity between 6/18 and 3/60; and blindness, which has visual acuity less than 3/60 or a visual field less
than 10 degrees.

2.3. Assistive Technology and Educational Processes

The implementation of assistive technology in educational settings has been shown to have a positive impact on
the academic performance of students with visual impairments. In this regard, Beltran et al. (2015) argue that it is
essential to implement inclusion strategies and methodologies, such as assistive technologies and Braille teaching
materials, to facilitate access to information for students with visual impairments.

Despite the benefits provided by assistive technology, students and their caregivers face a barrier to accessing
these tools due to their high cost. Furthermore, the lack of adequate training among teaching staff on the use and
integration of these assistive technologies can reduce their effectiveness. Pascuas (2015) indicates that only 35%
of the teachers surveyed feel competent in using these tools to serve students with visual impairments. For his part,
Viscaino (2018) found that electronic Braille devices, which are part of assistive technology, can facilitate the
learning of mathematics and science, traditionally challenging areas for these students. Pinoargote-Vera et al.
(2018) affirm that the use of WhatsApp is considered a support tool for teaching students with visual impairments.
On the other hand, Mogollon et al. (2019) indicate that collaboration between educational institutions,
governments, and the community is essential to access and implement technological resources in educational
centers.

Clavijo and Bautista (2020) explain that to strengthen educational inclusion in higher education institutions, it is
essential to instruct faculty in the use of technological resources and incorporate actions aimed at improving the
approach to diversity in all professional training programs. Furthermore, Bell (2020) points out that universities
lack the tools and training to manage inclusion, which impedes the use of relevant intervention strategies.
However, Yépez and Castillo (2020) state that despite the actions taken to raise awareness among members of
Higher Education Institutions, student dissatisfaction persists due to the lack of attention to diversity. According
to Hidalgo and Larco (2021), the actions of these institutions can lead to confusion between inclusion and
regulatory compliance; therefore, progress in social justice, equity, and inclusion in universities is still weak.

Villafuerte and Pinoargote (2020) state that the use of computer applications in the context of university education
can support students with progressive visual impairment in completing their tasks and socializing, increasing
opportunities to achieve greater autonomy and improve academic performance. Furthermore, Oviedo et al. (2021),
Sanchez and Sabando (2021) agree that mobility and orientation training allows students with visual impairments
to develop safe mobility skills and achieve greater autonomy. These skills, combined with the use of assistive
technology, enhance users' comprehension.

Assistive technology has emerged as an essential tool to facilitate learning for students with visual impairments in
educational settings. Pérez and Reeves (2023) emphasize that assistive technologies are products or systems that
enhance the capabilities of people with disabilities, facilitating equitable access to the educational curriculum. For
Sanchez et al. (2024), assistive tools for visual impairments include traditional optical devices and digital solutions
such as screen readers and electronic Braille. Therefore, Rivas (2024) implemented the use of screen readers and
voice recognition software, significantly improving reading comprehension and written production in students
with low vision. However, maximizing the benefits of assistive technology in the education of students with visual
impairments requires the implementation of comprehensive strategies that address the aforementioned challenges.
This confirms that ongoing teacher training in assistive technologies and collaboration between institutions and
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families are key to improving inclusive education. Furthermore, inclusive policies urgently need to fund these
technologies, as they are essential to ensuring equity in access to learning (Sanchez et al., 2024).

3. Methodology

This bibliometric study uses the PRISMA method (Page et al., 2021) to ensure rigor in the corpus selection process.
The selection criteria used are:

Type of documents: Scientific articles published in indexed journals.

Languages: Spanish and English.

Analysis period: 2015-2025

Databases consulted: Scopus, Web of Science, and Scielo.

Inclusion criteria: Exclusion criteria

Studies that address the use of assistive technologies in inclusive education. Documents that do not directly address
educational inclusion.

Research focused on students with visual impairments. Opinion articles or reviews without data analysis.
Publications focused on educational innovation. Repeated studies or studies without full-text access.

3.1. Corpus Selection Procedure

1. Search the Scopus, Web of Science, and Scielo databases using the keywords inclusive education, assistive
technologies, visual impairment, and educational accessibility.

2. Initially, 240 articles were selected, and after applying the inclusion and exclusion criteria, 86 scientific
publications were obtained.

3. Publication patterns, most cited authors, journals with the highest impact, and trends in the use of assistive
technologies were examined.

4. The publications were analyzed based on the research questions. Figure 1 shows the PRISMA diagram showing
the corpus selection process.

Identification of new studies via databases and registers

< Regc;:sb;:eersm(l;ef ;r;?m: Records removed before screening:
g Scielo (n = 7'0] . Duplicate records (n = 16)
L B Records marked as ineligible by automation
T Scopus (n = 45) tools (n = 15)
5 Web of Science (n = 35) Records removed for ot;er reasons (n = 15)
= Registers (n = 150) _
Records screened Records excluded
(n=104) (n=10)
‘;’ Reports sought for retrieval Reports not retrieved
% (n=94) (n=1)
3
Reports assessed for eligibility Reports excluded:
(n=93) Research objective (n=4)
Abstracts from other sources (n = 5)
3 New studies included in review
3 (n=84)
2

3.2. Bibliometric Analysis Procedure
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It identifies the main trends in scientific production on inclusive education and assistive technologies for students
with visual impairments, applying indicators of scientific productivity, impact, and academic collaboration.
Scientific Productivity and Temporal Distribution

A progressive increase in publications on inclusive education and assistive technologies was identified during the
period 2015-2025. Among the most relevant findings:

The 54% of the articles were published between 2020 and 2025, and 46% were published between 2015 and 2019,
reflecting a growth in academic interest in the topic, especially given the impact of the COVID-19 pandemic on
education.

Journals with the Highest Impact

The main journals that published research on assistive technologies and inclusive education were: Revista
Latinoamericana de Educacion Inclusiva, Educacion y Educadores, Revista Electronica de Tecnologia Educativa,
International Journal of Inclusive Education, and Journal of Assistive Technologies. These publications are
characterized by their high impact in the educational and technological fields.

Most Relevant Authors and Affiliations

Recurring authors on the topic were identified, with a notable concentration of researchers from: Mexico (6%);
Colombia (8%); Spain (10%); Chile (10%); and Ecuador (25%). The universities with the highest scientific output
in this field were: Universidad Auténoma de Barcelona (Spain); Universidad Nacional Autonoma de México
(UNAM); and Pontifical Catholic University of Chile. Twenty-five percent of the articles analyzed were published
by Ecuadorian researchers affiliated with Universidad Laica Eloy Alfaro de Manabi in Ecuador, evidence that
indicates that country's growing participation in the discussion on inclusive education and technological
accessibility. Predominant Thematic Areas

Through keyword and abstract analysis, the most recurrent themes in the scientific output were identified: Use of
assistive technologies in inclusive education (55%); Pedagogical and technological barriers for students with visual
impairments (30%); Strategies for implementing ICTs in special education (15%). The use of specialized software
such as screen readers (JAWS and NVDA), digital Braille materials, and artificial intelligence applications for
accessibility were some of the most prominent topics in the publications.

Impact and Citations

040% of the articles analyzed have more than 20 citations in Scopus or Web of Science, indicating their relevance
in the scientific community.

OThe studies with the greatest impact focus on the implementation of accessible digital platforms, the use of
artificial intelligence in inclusive education, and the adoption of technological devices for people with visual
impairments.

4. Discussion

The bibliometric analysis shows growth in scientific production on inclusive education and assistive technologies,
especially in the last five years. The highest-impact journals and the most cited authors come from Ecuador, Spain,
Mexico, Chile, and Colombia.

4.1. The advances and challenges of inclusive education

In Latin American nations, educational inclusion and the use of assistive technology have made significant
progress, but face similar challenges. Thus, in Mexico and Chile, enrollment rates for students with disabilities
have increased, but barriers to access and educational quality persist (Aquino et al., 2015; Valdés et al., 2023). In
Ecuador, 78% of children and young people with disabilities attend the education system, albeit with deficiencies
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in resources and adaptations (Ocampo, 2018). These findings highlight the need to strengthen inclusive policies
toward these goals. Among the advances, progressive legislation stands out in each nation. For example, Ecuador's
2008 Constitution guarantees equitable access to education (UNESCO, 2023). Authors such as Basantes et al.
(2018), Viscaino (2018), and Rivas (2024) agree that the use of assistive technologies has improved the inclusion
of students with disabilities. However, authors such as Villafuerte and Carrefio (2015) and Rodriguez and Garcia
(2024) confirm that the challenges include a persistent lack of teacher training in inclusive methodologies and
insufficient access to resources for curricular adaptation, creating a gap in the educational context. Furthermore,
structural, pedagogical, and attitudinal barriers that hinder the full inclusion of students with visual impairments
persist. According to Palmeros and Gairin (2016), the lack of training in attention to diversity limits the effective
application of inclusive strategies. Likewise, Victoriano (2017) identifies that discriminatory attitudes within the
classroom affect the retention of students with disabilities. It is added that authors such as Anquino et al. (2015),
Fajardo (2017), Fernandez et al. (2015), Llamazares et al. (2017), maintain that problems persist that urgently need
to be overcome. Thus, Aquino et al. (2015) state that barriers to inclusive education are related to accessibility, the
development of assistive technology, and limited teacher training. Fernadndez et al. (2015) argue that the lack of
specific strategies for working with students with visual impairments demonstrates a notable gap in educational
accessibility, while Fajardo (2017) argues for the urgency of establishing regulations to guarantee access to
educational resources and adaptations that favor the inclusion of students with visual impairments. These barriers
are compounded by structural problems, such as the shortage of accessible materials and physical adaptations in
educational institutions (Monge et al., 2021).

4.2. Care for students with visual impairment

Research by Pérez et al. (2015) and Ibafiez et al. (2017) concurs that visual impairment affects quality of life,
requiring adaptation strategies and specialized resources to promote inclusion and autonomy. Meza (2018) asserts
that visual impairment can lead to academic failure if appropriate learning strategies are not implemented.
Furthermore, visual impairment affects the ability to perceive and process information, making it difficult to
perform daily activities (Cruz et al., 2019). Likewise, Caceres et al. (2019) mention that visual impairment poses
educational challenges, affecting students' communication, social interaction, and emotional development. This
deficit persists as a prevalent condition in the student population, with significant impacts on learning and social
integration (Montoya and Lopez, 2022). The lack of accessible materials and adaptive methodologies continues to
be a recurring problem in educational institutions (Huenul et al., 2016). Furthermore, there is evidence of a lack
of curricular adaptations for students with this condition, which impacts reading comprehension and participation
in academic activities (Coneo, 2019; Lopez and Vasquez, 2022). The socio-emotional development of students
with visual impairments is also affected. Research suggests that these students experience higher levels of anxiety
and depression due to the lack of effective inclusion strategies (Santa Cruz et al., 2021). Furthermore, teachers
require specific training on accessible teaching materials and adaptive methodologies (Lozano et al., 2021),
highlighting the need to strengthen teacher training in inclusive education.

4.3. Contribution of Assistive Technologies to the Educational Process of Students with Visual Impairments

Beltran et al. (2015) argue that the use of assistive technologies, such as screen readers and Braille materials,
improves student autonomy. Llamazares et al. (2017) argue that tiflotechnology promotes the autonomy of
individuals with visual impairments. Furthermore, Basantes et al. (2018) assert that technological tools enhance
students' access to the information required for their studies, which improves their functional capacities. These
tools are essential for overcoming barriers in school environments (Esparza et al., 2018), where collaboration
between educational institutions, governments, and specialized organizations is key to optimizing their
implementation (Mogollon et al., 2019). Nufiez and Lopez (2020) argue that assistive technology and adapted
methodologies enhance inclusive learning for students with visual impairments. Thus, the use of JAWS and NVDA
applications facilitates data reading and improves learning conditions (Zamora and Marin, 2021). At the same
time, artificial intelligence, augmented reality, and adaptive platforms improve visual acuity, but their use faces
challenges due to a lack of resources and educational policies (Acho et al., 2021; Torres, 2024).
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This is a fundamental resource in inclusive education, generating positive impacts on access to information and
learning for students with visual impairments (Pérez and Reeves, 2023). Tools such as electronic Braille displays,
screen readers, and touchscreens have improved reading comprehension and written production (Viscaino, 2018;
Rivas, 2024; Alonso and Villafuerte, 2020). Their application has enabled the development of more equitable and
participatory methodologies (Sanchez et al., 2024). However, other studies question the effectiveness of these
strategies, arguing that they have not significantly improved the academic performance of students with visual
impairments (Sanchez & Sabando, 2021). Furthermore, access to these tools remains unequal, especially in
institutions with financial limitations (Garcia Rivas, 2024), and the training of teaching staff in the use of assistive
technology remains a weakness that must be overcome to ensure its effectiveness (Torres, 2024). In the case of
Ecuador, Garcia Rivas (2024) indicates that Ecuadorian educators value assistive technology but face challenges
related to connectivity, access to devices, and teacher training.

Within the framework of research, the need to design teacher training strategies that integrate adaptive teaching
approaches and the use of assistive technologies as support tools for effective inclusion arises. The proposal is to
design training programs that incorporate inclusive methodologies in initial teacher training, as well as to establish
educational policies that promote universal accessibility in the education system. The consolidation of an inclusive
culture in educational institutions must be based on collaboration between teachers, students, families, and
administrations, ensuring an equitable and accessible learning environment for all.

5. Conclusion

Based on a systematic review of the specialized literature, the authors declare full compliance with the objective
proposed for this study: to contribute to the consolidation of educational innovations for the care of students with
visual impairments through a review of scientific publications addressing assistive technology during the period
2015-2025. The data presented reflect the most recent state of scientific production on inclusive education and the
use of assistive technologies for students with visual impairments. It is concluded that inclusive education in Latin
America has made significant progress in terms of regulations and the implementation of assistive technologies.
However, structural, pedagogical, and attitudinal barriers persist that require urgent attention. Teacher training,
the provision of accessible resources, and the formulation of effective inclusive policies are key strategies to ensure
truly equitable, high-quality education for all students, regardless of their abilities. The research findings highlight
the relevance of incorporating assistive technologies in the curricular design of inclusive education, the need to
ensure availability for students with visual impairments and have teacher training strategies in the use and
application of inclusive digital tools. For future studies, the following lines of research are proposed: (1)
incorporation of adapted teaching materials and the use of specialized software for the attention of students with
visual impairments, (2) measurement of the impact of curricular adaptations on the academic and socio-emotional
performance of students with visual impairments. Based on the above, this research shows a systematic analysis
of scientific publications that integrates visual deficit and assistive technology, contributing to the development of
inclusive education in Ecuador.
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Abstract

This research aimed to develop and compare the effects of pyramid program weight training on the muscular
strength of male swimmers. The sample group consisted of 36 male swimmers from Yulin Sports School in
Guangxi Province, China, selected through cluster sampling. The participants were divided into two groups: an
experimental group of 18 swimmers who trained using a pyramid program weight training developed by the
researcher and a control group of 18 swimmers who trained using the standard weight training program at Yulin
Sports School. The training lasted for eight weeks, with sessions conducted three days a week, each lasting 50
minutes. The bench press test was used to measure muscular strength. Data were analyzed by calculating the mean
and standard deviation. The Paired Samples t-test was used to compare mean differences in muscular strength
within the control and experimental groups before and after training. Additionally, the Independent Samples t-test
compared mean differences in muscular strength between the control and experimental groups before and after
training. The research results indicated that the pyramid program weight training developed by the researcher was
effective and suitable. The experimental group exhibited significantly greater muscular strength than the control
group, with statistical significance at the 0.05 level. Furthermore, both the experimental and control groups
experienced substantial improvements in muscular strength after training compared to before training, also with
statistical significance at the 0.05 level. These findings indicate that the pyramid program weight training
developed is a valuable resource for enhancing muscular strength in male swimmers. It offers practical guidelines
for athletes, trainers, and individuals interested in swimming to improve athletic performance in the future.

Keywords: Pyramid Program Weight Training, Muscular Strength, Swimming Players

1. Introduction

Swimming is a skill in which individuals float on the water's surface and utilize this buoyancy to move their bodies
steadily through the water. Over time, swimming has been adapted into a competitive sport. Swimming can be
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categorized into three types: competitive swimming, practical swimming, and synchronized swimming. However,
this research will focus only on competitive swimming, which is the second most important compulsory sport in
the Olympic Games and must be included in every edition. There are four competitive strokes: butterfly,
backstroke, breaststroke, and freestyle (also known as speed stroke) (Wushan, 2001).

To become an efficient swimmer, three elements are necessary: proper and correct technique, strong mental fitness,
and effective physical fitness. This research focuses only on the physical fitness of athletes. According to Lu and
Wan (2002), physical fitness is essential for swimmers to achieve maximum speed. The key components of
physical fitness in swimming include cardiovascular and respiratory endurance (Zhendong & Yulan, 2000),
muscular endurance and speed (Xingman & Xianggun, 2010), flexibility (Guorong, 2012), and muscular strength
(Daxue & Wenjun, 2002). Among these, muscular strength—defined as the ability of muscles to overcome
resistance during physical activity—is particularly important for achieving high performance in all sports.
Therefore, muscle strength training is essential and must be specifically designed for swimming.

Liu (2007) emphasized the importance of arm muscle strength in swimming, explaining that swimming is a sport
where athletes must lie flat on the water’s surface, overcoming not only their body weight but also the water’s
resistance. According to fluid dynamics, if the swimmer’s speed doubles, water resistance increases threefold,
requiring triple the physical strength to overcome it. To address this, in addition to improving technique, muscle
strength must also be developed. From past theoretical studies and research, it can be concluded that competitive
swimming requires explosive strength in movements, as well as muscular endurance and strength. Since water is
approximately 800 times denser than air, swimmers need strong muscles and good stroke length to overcome water
resistance and increase speed. When designing muscle strength training programs, it is crucial to focus on the
specific muscle groups and joints used during swimming movements to improve swimming performance.

Analysis of front stroke movement shows that when the arm bends and the elbow lifts high, the upper arm must
rotate and tilt inward. This movement involves several muscles: Latissimus Dorsi, Pectoralis Major, Teres Major,
Teres Minor, Subscapularis, and Anterior Deltoid. During high-elbow strokes, the forearm flexes at the elbow,
engaging key muscles such as the Biceps Brachii, Brachialis, Brachioradialis, and Pronator Teres. Then, the elbow
extends rapidly to push water, relying on quick contractions and strength of the brachial muscles. Hence, it’s vital
to strengthen the elbow flexors and stabilizers. Additionally, developing strength in the Flexor Carpi Radialis,
Flexor Carpi Ulnaris, and Palmaris Longus is important. Without adequate strength in these muscles, it becomes
difficult to overcome hand resistance during swimming, which reduces propulsion. Therefore, strength training
programs must be aligned with the natural posture and movements of swimming. There are various types of
strength training programs, and nearly all of them involve gradually increasing repetitions, sets, and weights to
improve strength (Mingxi, 2008).

One such method is pyramid weight training, first developed by Wascott in 1979, which follows the principle of
increasing weights each week. The method involves determining 1 Repetition Maximum (1RM)—the maximum
weight lifted once—to set appropriate weights. In pyramid training, athletes perform three sets: Set 1: 55% of
1RM, 10 reps; Set 2: 75% of 1RM, five reps; Set 3: 95% of 1RM, one rep. If more than one repetition is achieved
in the third set, the IRM must be recalculated. However, when training young swimmers, age must be carefully
considered (Wang, 2013, Wangchun, 2000).

Children’s bones contain more water and organic matter and less inorganic salt, making them flexible, resilient,
and less prone to fractures (Mingxi, 2008). For young athletes with limited growth, intensive strength-specific
training should be avoided. The sensitive period for developing general strength and muscle quality is between
12—17 years old. For maximum strength development, it’s 10—13 years for girls and 11-13 years for boys. For
speed strength, it is 7-13 years for girls and 7—16 years for boys. As athletes age, their load-bearing capacity
increases. When beginning sport-specific training, coaches must consider the athlete’s physiological
characteristics, emphasizing general strength development through full-body dynamic exercises to help athletes
control their body weight appropriately. Once the base is built, resistance training - such as with resistance bands
or dumbbells - can be introduced to improve strength and speed. It’s important to balance dynamic and static
strength training methods during strength development.
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Guangxi Province, located in southeastern China near Vietnam and adjacent to the sea, mandates swimming
education in coastal or water-adjacent provinces to help students survive drowning incidents. Additionally, the
province aims to continually produce new generations of swimmers, aligned with national policies. As a result, 15
sports schools have been established in Guangxi, one of which is Yulin Sports School. This school focuses on
developing young swimmers aged 12—17, building both their technical skills and physical fitness to succeed senior
national athletes. However, Yulin Sports School swimmers still face various issues—particularly weak arm muscle
strength. Physical fitness tests using the Bench Press Test showed that most swimmers scored in the low to
moderate range for upper body strength. This significantly impacts athletic performance. Moreover, the school
lacks a systematic, quality training program to develop upper body strength. Past training relied on experience
passed down from generation to generation, without alignment with proper scientific principles—e.g.,
inappropriate intensity levels and reliance mainly on bodyweight exercises, which don’t effectively follow proper
strength training guidelines. Therefore, based on these issues and the importance of muscular strength, I, as the
swimming coach of the school, am motivated to develop a pyramid-style weight training program with higher
quality and proper structure, aiming to apply it effectively with our swimmers in the future.

1.1. Research objectives

1. To develop a pyramid weight training program for improving arm muscle strength in swimmers at Yulin Sports
School, Guangxi Province, China.

2. To compare the differences in arm muscle strength within the control group and the experimental group before
and after the training among swimmers at Yulin Sports School, Guangxi Province, China.

3. To compare the differences in arm muscle strength between the control and experimental groups after the
training among swimmers at Yulin Sports School, Guangxi Province, China.

2. Research methods

This research is experimental. The researcher used the Pretest-Posttest Control Group Design (Gall, Borg, and
Gall, 1996). The group involved in this research consisted of 36 male swimmers from Yulin Sports School in
Guangxi Province, China, who were selected through cluster sampling. The participants in this study were required
to train for eight weeks, three days per week, specifically on Mondays, Wednesdays, and Fridays, for 50 minutes
each day.

2.1 Methods for Dividing Sample Groups

1. 36 male swimmers from Yulin Sports School in Guangxi Province, China.

2. Test arm muscle strength by the Bench Press Test (McAble, Katch & Katch, 2014) in all participants.

3. Arrange the arm muscle strength values from the highest to the lowest of all participants.

4. Handle the matching method and divide the sample into groups of 18 people each (even numbers and odd
numbers). This method ensured that the two groups had no different or similar abilities before training.

5. Analyze the data of both groups before the training using the Independent Samples t-test

6. Randomize the two groups of samples by drawing lots to create the experimental and control groups. It seems
that the even-numbered group was trained using the Yulin Sports School weight training program. In contrast, the
odd-numbered group underwent a pyramid program weight training developed by the researchers.

Data analysis: The researcher analyzed the data obtained using a computer program as follows:

1. Conduct statistical analysis to determine the control and experimental groups' mean and standard deviation.

2. Compare the differences in arm muscle strength within the control and experimental groups before and after
eight weeks of training using the Paired Samples t-test.

3. Compare the differences in arm muscle strength between the control and experimental groups after eight weeks
of training using the Independent Samples t-test.
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3. Research results

1. The pyramid weight training program developed by the researcher was assessed for its suitability by five experts.
The program's quality was evaluated using a 5-point Likert scale, with a suitability threshold set at 3.41 or higher,
per Boone & Boone (2012). The results indicated that all items of the program scored between 4.2 and 5, reflecting
a high level of appropriateness.

Additionally, the experts offered suggestions to enhance the effectiveness of the pyramid weight training program.
One recommendation was to organize the exercise sequence so that exercises targeting large muscle groups are
performed before those involving smaller groups. Another expert advised using 10RM (10 Repetition Maximum)
instead of IRM (1 Repetition Maximum) and then calculating the equivalent 1RM value to lower the risk of injury.

Moreover, the pyramid weight training program developed by the researcher was pilot-tested (Try out) for two
weeks with 13 swimmers from Nanning Sports School in Guangxi Province. Based on the trial, the following
improvements were made:

1. Time Management — Time was monitored and reminders were given, as athletes tended to rest longer than
scheduled.

2. Equipment Preparation — Training equipment was prepared in advance and ensured to be sufficient for all
participants.

3. Warm-Up and Cool-Down Supervision — The researcher gave reminders and led both warm-up and cool-down
sessions to reduce fatigue and prevent injury, as many athletes initially neglected these parts of the training
program.

2. A comparison of the differences in arm muscle strength results within the control group and the experimental
group before and after eight weeks of training reveals that the arm muscle strength of swimmers in the
experimental group significantly improved after eight weeks of training compared to their strength before
training, at the .05 level. Similarly, the arm muscle strength of swimmers in the control group also showed
significant improvement after eight weeks of training compared to their strength before training, at the .05 level,
as illustrated in Table 1 and Table 2.

Table 1: Differences in arm muscle strength results within the control group before and after 8 weeks of training.

Control group

Period of training N
Mean SD. t P
Before training (C) 18 0.84 0.0371
-9.006 0.001*
After training (C») 18 0.87 0.0382

*(P<.05)

Table 2: Differences in arm muscle strength results within the experimental group before and after 8 weeks of

training.
Experimental group
Period of training N
Mean SD. t P
Before training (E1) 18 0.84 0.0406
-19.927 0.001*
After training (E») 18 0.97 0.0385

*(P<.05)
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3. Comparing the differences in the arm muscle strength result between the control group and the experimental
group before and after eight weeks of training, the two groups found that the arm muscle strength of swimmer
after training between the experimental and control groups was better than before training at statistically significant
at the .05 level as shown in Table 3.

Table 3: shows swimmers' arm muscle strength results before and after 8 weeks of training.

The result of test
Group N Before training After eight weeks of training
Mean SD. t P Mean SD. t P
Contr(ocl)group 18 0.84 0.0371 0.171 365 0.87 0.0382 7682 001%
Experimental 18 0.84 0.0406 0.97 0.0385
group (E)
*(P<.05)

4. Discuss the results

The effects of a pyramid program weight training on the arm muscle strength of swimmers at Yulin Sports School,
Guangxi Province, China, are discussed based on the research objectives as follows:

Research Objective 1 aims to develop a pyramid weight training program to improve arm muscle strength in
swimmers. The researcher submitted the pyramid weight training program to five experts for quality assessment
to evaluate its appropriateness using a 5-level Likert Scale, with a minimum acceptable score of 3.41 (considered
highly appropriate) as per Boone & Boone (2012). The expert evaluations rated each item between 4.2 and 5,
indicating a high level of appropriateness. Furthermore, the researcher made adjustments based on the experts’
suggestions. For instance, one suggestion was to arrange the exercises so that those involving large muscle groups
are performed before those targeting smaller muscle groups. Another expert recommended using the 10RM (10
Repetition Maximum) method instead of 1RM (1 Repetition Maximum) to calculate training loads, and then
converting it to an estimated 1RM value to reduce the risk of injury (using the formula: 75% of 1RM = 100% of
10RM).

The pyramid weight training program was also tested and revised to address problems and deficiencies, ensuring
the highest possible quality. This process was supported by the researcher’s study of training principles, including
the steps and methods for developing pyramid weight training programs, which were based on the F.LT.T.
principle—an internationally accepted training guideline used to enhance physical fitness. This is in accordance
with the American College of Sports Medicine (ACSM, 2021) and Garber et al. (2011), who state that the FITT
principle is a framework for designing effective and individualized exercise programs. FITT stands for:

1. F — Frequency: How often one exercises, such as 3—5 times per week. For weight training, 2—3 times per week
is recommended.

2.1 —Intensity: The difficulty of the exercise, often determined by weight, repetitions, and sets. Moderate to heavy
weights with 6-12 reps are ideal to improve muscle strength.

3. T—Time: The duration of each training session. For weight training, 30-60 minutes per session is
recommended.

4. T—Type: The kind of exercise selected to match the goal. Weight training is recommended to build muscle
strength.

In addition, the appropriateness of the developed training program—rated at 3.41 or higher—aligns with Boone
& Boone (2012), who affirm that tools rated at or above this score are highly appropriate and can be considered
reliable and usable for achieving the stated objectives. The pyramid training program was further improved
following expert recommendations, such as sequencing exercises to start with larger muscle groups and gradually
progress to smaller ones, to prevent excessive muscle fatigue.
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Moreover, piloting the developed training program (try-out phase) helped enhance its completeness by identifying
and addressing issues such as time management, proper warm-up and cool-down protocols, and the use of I0RM
instead of 1RM to reduce injury risks. These practices are crucial for the effectiveness of the program. This
approach is consistent with DeVellis (2016), Nunnally & Bernstein (1994), Taherdoost (2016), and Babbie (2020),
who emphasized that try-outs are essential steps in improving the quality of research tools and processes. They
enhance validity, reliability, and content appropriateness, while reducing errors before actual implementation—
thus making data collection more efficient and yielding more accurate results.

Research Objective 2 aimed to compare the differences in arm muscle strength within the control group and the
experimental group before and after the training among swimmers at Yulin Sports School, Guangxi Province,
China. The research results revealed that arm muscle strength in both the experimental group (trained using the
pyramid weight training program) and the control group (trained using the Yulin Sports School’s standard
program) significantly improved after 8 weeks of training, with statistical significance at the 0.05 level. The
improvement could be attributed to adherence to principles aimed at increasing muscle strength for the
experimental group trained with the researcher-developed pyramid weight training program. Specifically, muscle
strength training requires progressive overload, typically involving heavier weights and fewer repetitions (high
resistance, low repetition). Moreover, the program was structured to include training 3 days per week for eight
consecutive weeks, likely contributing to the noticeable improvement in arm strength. This finding is consistent
with the American College of Sports Medicine (2009) and Baechle & Earle (2008), who emphasized that strength
training must follow the principle of progressive overload, meaning weight or resistance should gradually increase
as the body adapts, and the principle of consistency, meaning training should occur regularly 2—4 times per week
for continuous improvement. Similarly, Prasetyo and Nasrulloh (2017) studied the effects of pyramid training on
leg and back muscle strength in sports science students and found that pyramid training significantly enhanced
targeted muscle strength.

However, even in the control group that followed the regular Yulin Sports School training program, which did not
strictly adhere to formal training principles, improvements in arm muscle strength were also observed after the 8-
week training period. This may be due to the program’s use of body weight resistance training. Body weight
exercises are also considered a form of resistance training, generally including three types of equipment: 1). Free
weights, such as barbells and dumbbells 2). Machine weights, such as multi-functional weight machines, and 3).
Body weight, using one’s own body as resistance—e.g., push-ups, pull-ups, sit-ups, etc. The Yulin Sports School’s
program also maintained consistency with three training days per week over 8 weeks, which contributed to
improvements in arm muscle strength. This aligns with Srimuang, Pho-ngam and Phimit (2021), who stated that
bodyweight training enhances muscular strength and flexibility by using one’s own body as resistance without the
need for equipment. This form of training follows general strength training principles, including progressive
overload—by increasing reps or sets, reducing rest time, or using more complex movements—and consistency,
which involves regular and ongoing training to help the body adapt and develop muscular strength effectively.

Research Objective 3 aimed to compare the differences in arm muscle strength between the control group and the
experimental group after training among swimmers at Yulin Sports School, Guangxi Province, China. The research
findings indicated that after 8 weeks of training, the experimental group—trained using the pyramid weight
training program—demonstrated significantly greater arm muscle strength than the control group, which followed
Yulin Sports School’s standard training program. The difference was statistically significant at the 0.05 level. This
result may be attributed to the pyramid weight training program developed by the researcher, which followed
appropriate and scientifically supported principles, leading to enhanced development of arm muscle strength in
swimmers. The program was structured according to the F.I.T.T. principle, which includes four key components:
1). F — Frequency: Training was scheduled 3 days per week. 2). I — Intensity: The training progressively increased
in weight load, with the 10RM (10 Repetition Maximum) recalculated weekly. If athletes could perform more than
one additional repetition in the third set, a new 10RM was determined. 3). T — Time: Each training session lasted
approximately 50 minutes., and 4). T — Type: The training type was pyramid weight training, a format that
effectively improves arm muscle strength. These findings align with the work of Muhmut (2019), Heyward (1991),
and Naternicola (2015), who emphasized the importance of the F.I.T.T. principle in designing exercise programs
that improve athletes’ physical fitness. This result is also consistent with the research of Tulyakul (2009), who

20



Asian Institute of Research Education Quarterly Reviews Vol.8, No.2, 2025

studied the physical fitness of pétanque athletes by enhancing arm muscle strength using pyramid-style weight
training. The study involved 20 athletes from Huai Yot School in Trang Province, divided into two groups of 10
each. The experimental group trained using the pyramid weight training method, while the control group followed
a free-form training regimen. Both groups trained 3 times per week over 8 weeks. The results showed that the
experimental group had significantly higher mean arm muscle strength than the control group, with statistical
significance at the 0.05 level. Additionally, Kiram (2020) studied the effects of standard pyramid and reverse
pyramid training on muscle hypertrophy in the arms and thighs. The findings revealed that standard pyramid
training effectively increased muscle size in both areas. Moreover, the standard pyramid method yielded better
results than the reverse pyramid method in terms of muscle growth in the arms and thighs.
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Abstract

Examining educators' perspectives on integrating artificial intelligence (Al) into higher education, this qualitative
investigation focuses on decision-making processes and Al-driven personalised learning. Through semi-structured
interviews with seven experienced educators from the humanities (including art) and sciences, nine themes
emerged in three categories: pedagogical implications, operational considerations, and ethical-professional
dimensions. The findings point towards a hybrid model where Al manages routine tasks whilst educators retain
pedagogical authority. Although educators did not perceive Al-driven personalised learning as a direct threat to
comprehensive education, they highlighted the significance of careful implementation to maintain academic
integrity and critical thinking abilities. Key implications for curriculum development, policy reform, and
professional development stress the importance of maintaining human judgement. These insights present practical
recommendations to effectively include Al whilst preserving the irreplaceable human elements in educational
pedagogies.

Keywords: Academic Integrity, Artificial Intelligence in Education, Pedagogical Decision-Making, Personalised
Learning, Professional Development

Preface

My engagement with Al and education emerged from firsthand classroom observations, where I witnessed how
thoughtfully integrated technology could transform learning experiences and engage students in meaningful ways.
A significant turning point came during the COVID-19 pandemic, when the Ministry of Education of Brunei
Darussalam provided laptops and tablets with data credits to students from disadvantaged backgrounds at my
workplace. Through direct observation of this initiative, I discovered that meaningful educational technology
integration requires access to digital tools and structured development of essential digital literacy skills.

This study examines teachers' firsthand experiences with Al in their classrooms, whilst reflecting my commitment

to creating an inclusive Al-enriched learning environment. Their insights are crucial for understanding the
effective implementation of educational technology.
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1. Introduction

Artificial intelligence (AI) integration in education involves a substantial, complex progression that creates
significant advantages and presents identifiable difficulties. Al transforms educational methodologies by
improving efficiency and personalised learning experiences, as well as redefining administrative functions.
Related technologies can provide significant support to Al applications. Integrating Al technologies into
educational methodologies is emphasised by Selwyn (2022) as he advocates for a thoughtful examination of their
anticipated outcomes and impacts. Arvin et al. (2023) also stress how Al can influence educational administration,
which enhances teaching and learning processes.

Al integration can create advanced teaching and learning tools which enhance student comprehension and
engagement. Zouhri and El Mallahi (2024), who study both Al and related educational technologies, explore how
Al transforms teaching approaches, improving learning outcomes. This integration enables dynamic educational
environments where students receive real-time feedback, effectively connecting theoretical knowledge with
practical application. Al's analytical capabilities facilitate personalised learning experiences and optimise
administrative processes (Popenici & Kerr, 2017; Begum, 2024).

Al integration in higher education raises ethical concerns. Addressing academic integrity, algorithmic biases, and
the implementation of emerging technologies is necessary as this preserves educational values whilst taking
advantage of technological developments. Eysenbach (2023) addresses the crucial need for transparency in
algorithmic functions and advocates for fairness in their practical application, whilst Barua et al. (2022) caution
that an intensified dependence on Al may detrimentally influence students' critical thinking and could possibly
diminish their skill proficiency. Park and Kwon (2024) assert that promoting digital equity and accessibility is
essential in adopting new educational technologies because unequal access could disadvantage specific learners.

Therefore, ethical considerations are prominent. The frameworks that regulate technological applications must
adapt and ensure that new applications remain relevant and practical. Chen et al. (2023) assert the significance of
establishing ethical guidelines to address the potential risks that may emerge from the influence of Al in
educational contexts. Xusheng and Komolafe (2020) urge educators to integrate modern instructional
methodologies that facilitate collaboration between technological innovations and human thought processes. This
shift demands reevaluating teaching practices to ensure educators remain effective and relevant in influencing Al
capabilities for educational purposes (Walter, 2024).

Although AT offers valuable benefits, it creates issues that require thorough examination. This study aims to enrich
a continuous discussion on the responsible implementation of this technology and advocates a balanced approach
that realises its educational advantages whilst alleviating potential drawbacks.

1.1. Aim and Purpose

The aim is to analyse the viewpoints of higher education educators regarding the role of artificial intelligence in
pedagogies, the benefits and challenges of its integration, and their perceptions of the ethical issues that arise
within educational contexts. The study will consider how Al applications in education can be effectively integrated
into higher education pedagogies. By understanding educators' lived experiences and bridging the gap between
theoretical possibilities and practical implementation, this study aims to generate insights that can inform
professional development frameworks and curriculum design for more effective Al integration in higher education.

1.2. Rationale

This research addresses three crucial gaps in understanding Al integration in higher education. First, whilst studies
have examined Al's technical implementation, limited research explores educators' lived experiences with Al-
enhanced teaching. Second, though Al's potential for personalised learning receives attention, only some studies
examine how this affects comprehensive education delivery. Third, the shift in educational decision-making
prompted by Al requires thorough investigation from educators' viewpoints.
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The focus on educators' perspectives is significant as they directly encounter the changes Al introduces to teaching
and learning processes. Their insights uncover practical challenges and opportunities that may need to be more
apparent in theoretical frameworks. Moreover, their experiences highlight the balance between Al-driven
efficiency and maintaining meaningful human interaction in education. Their perspectives on decision-making
processes assist in identifying areas where Al can enhance rather than substitute human judgement. Understanding
these aspects proves essential as educational institutions increasingly adopt Al technologies. The findings will
help inform policy development, professional training programmes, and implementation strategies for Al in higher
education.

1.3. Research Questions
Based on these rationales, the study addresses two primary questions:
RQ1. How does Al integration shift the balance of decision-making in higher education teaching?

This question examines changes in pedagogical authority and decision-making processes. It explores how
educators adapt their teaching approaches with Al support, whilst investigating the balance between automated
and human-led educational decisions.

RQ2. Do educators view Al-driven personalised learning as a threat to comprehensive education?

This question explores tensions between personalisation and broad educational goals. It examines educators' views
on maintaining educational quality with Al integration, whilst investigating strategies for balancing individualised
learning with collective educational experiences.

2. Literature Review

This review explores five areas essential to understanding Al integration in higher education. First, it investigates
the foundational elements of artificial intelligence and augmented reality in education. Second, it analyses teacher
preparation requirements for effective Al implementation. Third, it evaluates infrastructure requirements crucial
for Al integration. Fourth, it considers digital equity issues affecting Al adoption. Fifth, the literature review links
existing studies to the study's aims, stressing its significance and identifying knowledge gaps. These five areas as
follows outline a structured flow in exploring the views of the participants.

2.1. Artificial Intelligence

2.1.1. Foundation and Impact on Teaching Methods

Al represents a groundbreaking innovation that presents new opportunities for teaching and learning (Huang et
al.,, 2024; Dwivedi et al.,, 2021). Al enables computational systems to learn and self-correct, supporting
pedagogical decision-making and enriching educational experiences. Whilst related technologies like augmented
reality (AR) can complement Al in some contexts by enhancing environmental perception through digital
information overlay, Al remains the primary driver of educational transformation (Makhataeva, 2023).

Al has become a powerful tool for transforming teaching methods, offering innovative approaches to personalised
instruction (Kirikkaya & Basgiil, 2019). Research demonstrates the effectiveness of these technologies in
improving student engagement through interactive content (Dhar et al., 2021). Selwyn (2022) emphasises the
significance of including Al technologies in educational settings, urging thoughtful examination of potential
consequences. Arvin et al. (2023) highlight Al's significant impact on educational institution management,
possibly leading to better teaching and learning outcomes. Zouhri and El Mallahi (2024) explore how Al
transforms teaching approaches, demonstrating measurable improvements in learning outcomes.
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2.1.2. Al-Driven Learning Enhancement and Collaboration

Al creates immersive educational environments that extend beyond traditional learning approaches. Barua et al.
(2022) demonstrate how Al technologies analyse student performance patterns to personalise content delivery. In
complementary research, Zouhri and El Mallahi (2024) explore Al applications, including those that may
incorporate AR elements for interactive visualisations. These studies show how Al transforms educational
experiences—adapting content difficulty to individual learning needs whilst enhancing comprehension through
various digital interfaces. Al-driven systems provide contextual, just-in-time information that converts passive
observation into active engagement with educational materials.

Collaborative learning environments benefit from Al integration, though Schemmer et al. (2022) identify specific
challenges related to user trust and system interpretation. Their research reveals that students initially question the
reliability of Al-generated feedback, requiring transparent explanations of algorithmic processes to build
confidence. Despite these hurdles, their findings demonstrate that properly implemented Al tools can enhance peer
collaboration by identifying optimal group formations based on complementary skills and learning preferences.

Al's analytical capabilities extend beyond individual student support to transform institutional processes. Popenici
and Kerr (2017) identify how predictive analytics can anticipate resource needs and optimise scheduling, whilst
Begum (2024) examines Al's role in automating administrative workflows that previously consumed significant
teaching time. These operational efficiencies allow educators to reallocate attention to high-value interactions with
students, fundamentally changing how educational institutions function.

Effective learning enhancement through technology requires systematic institutional approaches. Chan (2023)
emphasises the importance of establishing clear frameworks for technology integration that align pedagogical
goals with technological capabilities. This structured approach contrasts with Kennedy's (2023) focus on
infrastructure requirements, arguing that even well-designed frameworks cannot succeed without robust technical
support systems. These perspectives highlight how learning enhancement through Al depends on conceptual
frameworks and practical implementation considerations.

2.2. Implementation and Support Framework
2.2.1. Technical Infrastructure and Resources

The successful integration of Al in education requires thoughtful consideration of technological infrastructure.
Chan (2023) provides a comprehensive Al policy framework highlighting the importance of operational
infrastructure and training support. Moldavan et al.'s (2021) research reveals how educators navigate technological
challenges, emphasising the need for reliable access and consistent technical support.

Resource planning plays a crucial role in successful implementation. Hashim et al. (2022) examine institutional
approaches to technology integration, demonstrating how strategic resource allocation supports successful
initiatives. Begum (2024) explores how robust technical support structures facilitate Al adoption, whilst Kamalov
et al. (2023) examine how administrative processes evolve with Al implementation, highlighting the need for
sustained resource commitment.

2.2.2. Professional Development and Training

Educators require comprehensive training and ongoing professional development to integrate Al effectively.
Rueda and Batanero's (2022) research emphasises the importance of enhanced ICT professional development for
addressing diverse learner needs. Weisberg and Dawson (2023) highlight how pre-service teacher education
programmes can integrate technological capabilities. Walter (2024) suggests educators need both a theoretical
understanding of Al and practical skills in its application.
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Assessment strategies must evolve alongside Al implementation. Khan (2023) explores adapting traditional
assessment methods to Al-enhanced environments whilst maintaining academic integrity. Gobniece and Titko
(2024) examine developing competencies for evaluating student work in digital contexts, whilst Chen et al. (2023)
propose frameworks for maintaining assessment quality with Al tools.

2.2.3. Change Management and Implementation Strategies

The transition to Al-enhanced teaching environments suggests careful change management. Xusheng and
Komolafe (2020) emphasise evolving educator roles in technology-driven environments. Zouhri and El Mallahi
(2024) examine quality-focused adaptations in teaching practices, whilst Arvin et al. (2023) provide insights into
effective transition strategies. Kennedy (2023) shows how enhanced ICT infrastructure can support teacher
education.

Ibrahimi (2024) suggests pedagogical development might enhance ICT implementation. Huang et al. (2024)
examine how teacher enthusiasm affects technology adoption, whilst Gyawali and Mehndroo (2024) explore
opportunities for navigating digital transformation.

These professional development considerations inform implementation frameworks, which must address both
technical and pedagogical needs. Arvin et al. (2023) provide insights into effective transition strategies, whilst
Kennedy (2023) shows how enhanced ICT infrastructure can support teacher education. Their findings emphasise
the importance of comprehensive support systems that address Al implementation's technical and pedagogical
aspects.

2.3. Pedagogical Considerations
2.3.1. Assessment Strategies

The evolution of Al technologies requires new approaches to assessment whilst maintaining academic integrity.
Khan (2023) explores how traditional assessment methods can adapt to Al-enhanced environments, emphasising
the need to balance technological innovation with academic standards. Gobniece and Titko (2024) examine
developing competencies for evaluating student work in digital contexts, especially when verifying authentic
student learning.

Digital assessment strategies must address both technical capabilities and educational quality. Chen et al. (2023)
propose frameworks for maintaining assessment integrity with Al tools, whilst Eysenbach (2023) emphasises the
need for transparent algorithmic processes in assessment and analytics.

2.3.2. Skills Enhancement

The integration of Al technologies into educational contexts requires developing skill sets among teachers and
students. Rueda and Batanero's (2022) research highlights how strengthened digital literacy capabilities
significantly contribute to addressing varied student learning requirements. Their work emphasises practical
approaches to technology implementation across different learning contexts.

A contrasting perspective emerges from Barua et al. (2022), who raise concerns regarding how Al tools might
potentially undermine students' ability to think independently. Their findings suggest that overreliance on
technological assistance could diminish analytical reasoning, especially when students become dependent on Al-
generated solutions without understanding underlying principles. This tension highlights why educators need
balanced pedagogical strategies that include technological advantages whilst preserving fundamental cognitive
development.

In related work, Walter (2024) stresses the importance of developing twin competencies: understanding Al systems
and maintaining robust analytical thinking. Walter's research examines how these skills complement each other in
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technology-rich learning environments. Likewise, Huang and colleagues (2024) investigate how teachers'
confidence and positive attitude towards technology significantly influence successful classroom technology
adoption. Their study revealed correlations between teacher motivation and the effective integration of technology
across various educational settings.

2.3.3. Educational Quality Assurance

Maintaining educational quality requires a careful analysis of numerous factors. Park and Kwon (2024) address
the issues of digital equality and accessibility, arguing for the urgent implementation of inclusive frameworks in
Al applications. However, this perspective contrasts with Xusheng and Komolafe (2020), who stress that
educators' roles in technology-driven settings are evolving, whilst proposing alternative educational methodologies
to uphold quality whilst embracing innovation.

Quality assurance also integrates the assessment of ethical issues in Al use. Chen et al. (2023) support strong
ethical frameworks in Al-enhanced education. This differs from Eysenbach's (2023) emphasis on the significance
of algorithmic fairness and transparency. Zouhri and El Mallahi (2024) illustrate that successful Al adoption
requires a balance between new technologies and established pedagogical practices to uphold educational
standards.

The merging of Al with traditional teaching methods presents opportunities to improve educational quality.
Popenici and Kerr (2017) investigate how Al can enhance teaching and learning processes whilst preserving
academic standards. Begum (2024) looks into the role of Al in facilitating quality education delivery, stressing the
need for maintaining human oversight in educational practices.

2.4. Digital Equity and Access

2.4.1. Access and Opportunity Gaps

Digital equity remains a central concern as Al technologies become integral to educational practices. The digital
divide affects technological access and learning opportunities (Lutz, 2019). Moldavan et al. (2021) highlight how
variations in technology access among teachers affect instructional effectiveness, whilst Prodani et al. (2020)
demonstrate how equitable access to digital technologies enhances learning outcomes across different
socioeconomic contexts.

2.4.2. Impact on Educational Development

Park and Kwon (2024) explore how equitable Al implementation supports comprehensive student development.
Their findings align with Rana et al.'s (2021) study of rural teachers in Nepal, revealing opportunities for targeted
technology support in underserved educational settings. Weisberg and Dawson (2023) demonstrate how equity
pedagogy can effectively integrate with Al advancement to support inclusive education.

2.4.3. Support Strategies

Research indicates that addressing digital equity requires collaborative solutions. Chen et al. (2023) and Hashim
et al. (2022) stress the importance of community participation and institutional approaches in reinforcing digital
inclusion efforts, especially in applying Al technologies across various educational environments.

2.5. Research Gaps and Literature Relevance

2.5.1. Identified Research Gaps

The reviewed literature reveals several important gaps in the current understanding. Firstly, whilst Dhar et al.
(2021) demonstrate Al's effectiveness for student engagement, longitudinal research tracking its effects on student
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development over multiple years remains markedly absent. Secondly, Barua et al. (2022) examine Al in education
broadly, yet research specifically investigating how Al integration varies across academic disciplines, especially
in the creative arts and humanities, is significantly limited. Thirdly, although Rueda and Batanero (2022) discuss
the importance of digital competencies, they provide insufficient exploration of the specific professional
development requirements for educators transitioning to Al-enhanced teaching environments. Moreover, the
current literature inadequately addresses how traditional assessment methods should evolve in response to Al
integration, especially concerning the verification of authentic student work and the evaluation of critical thinking
skills.

2.5.2. Foundation for Current Research Questions

The literature reviewed addresses this study's two primary research questions about Al's impact on decision-
making and personalised learning in higher education. Barua et al.'s (2022) work shows how Al-enabled tools
influence instructional decisions, whilst Zouhri and El Mallahi (2024) highlight AI's transformative impact on
educational decision-making processes. Kamalov et al. (2023) demonstrate how Al shifts administrative tasks
towards strategic initiatives, and Hashim et al. (2022) show the movement towards data-informed teaching
decisions.

On personalised learning and comprehensive education, Kirikkaya and Basgiil (2019) demonstrate improved
student engagement through technology integration, whilst Barua et al. (2022) caution about the effects on critical
thinking skills. Gobniece and Titko (2024) raise concerns about academic integrity, whereas Gyawali and
Mehndroo (2024) and Popenici and Kerr (2017) highlight adaptive learning benefits. Research on teacher
preparation (Rueda & Batanero, 2022; Weisberg & Dawson, 2023) and infrastructure challenges (Chan, 2023;
Moldavan et al., 2021) provide context for understanding educator perspectives. Studies by Khan (2023) and
Gobniece and Titko (2024) emphasise the challenge of balancing personalised learning with academic integrity.

This literature review highlights the need to investigate educator perspectives on Al's role in decision-making and
personalised learning directly, supporting this study's aims whilst addressing identified gaps in current research.

3. Methodology

Braun and Clarke's (2012) thematic analysis framework guided the identification of patterns and themes from
participant responses.

3.1. Research Design
A qualitative methodology was chosen to explore educators' experiences and perceptions regarding Al integration

in teaching practices. This approach allowed for a detailed examination of participants' views on decision-making
processes and personalised learning in Al-enhanced educational environments.

3.2. Participants and Sampling
3.2.1. Selection Criteria

Purposive sampling was employed to select participants with experience using or overseeing Al-driven learning
technologies. Participants were recruited via email invitations from Brunei’s educational institutions known for
their established Al initiatives. The selection criteria included current educators with a minimum of 10 years of
teaching experience, direct experience using Al in teaching methods, and familiarity with ethical concerns related
to Al in education.
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3.2.2. Sample Characteristics

The final sample comprised seven educators—five female and two male—aged 37 to 46. Three held Master's
degrees, and four had completed doctoral studies. Their teaching experience spanned 10-18 years, with four from
humanities (including language teaching and arts education) and three from science disciplines (including
mathematics).

3.3. Data Collection

The study's design centred on five significant areas: academic integrity in Al-enhanced education, Al's
contribution to administrative efficiency, the influence of data-driven insights on teaching methodologies, Al's
role in personalised learning, and associated ethical considerations. These areas formed the foundation for
subsequent thematic analysis. Interview sessions were held in chosen quiet settings, with prior consent for audio
recording obtained, and the conversations were transcribed verbatim. Field notes supplemented recordings to
capture critical points for exploration.

3.4. Data Analysis

The analysis followed Braun and Clarke's (2012) six-step thematic analysis approach. This process began with
familiarisation with data through multiple transcript readings, followed by generation of initial codes. The next
steps involved searching for themes, reviewing themes, defining and naming themes, and finally, report
production.

This systematic process resulted in nine themes, organised into three categories. The first category, pedagogical
implications, encompassed critical thinking concerns, over-reliance on Al, and personalised learning. The second
category, operational considerations, included administrative efficiency, data insights, and human judgement
alongside Al The third category, ethical and professional dimensions, comprised academic integrity, ethical
concerns, and changing educators' roles.

4. Findings and Data Interpretation

Insights gained from semi-structured interviews revealed educators' views on Al integration in enhancing teaching
practices in higher education. Nine themes were discerned and organised into three main categories: ethical-
professional dimensions, operational considerations, and pedagogical implications. Each category signifies the
role of Al in teaching that focuses on a variety of benefits and challenges connected to its adoption.

4.1. Pedagogical Implications
4.1.1. Critical Thinking Concerns

Concerns about the retention of critical thinking skills in an Al-enhanced educational environment have been
frequently articulated by educators. A primary concern was students' overreliance on Al-generated content
(Participant 1), especially with respect to their proficiency in evaluating information critically. In science
education, emphasis was placed on developing fundamental reasoning skills (Participant 3), with Al viewed as a
support tool rather than a replacement for cognitive development. Similar concerns emerged in art teaching
(Participant 7), where spontaneity and real-time adaptation were deemed essential skills that technology could not
adequately replicate.

4.1.2. Over-reliance on Al
The risk of students becoming passive learners emerged as a significant concern. Participants expressed worry that
excessive Al dependence might hinder independent thinking development. When examining science instruction,

data collected revealed concerning patterns where students excessively dependent on Al tools showed diminished
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capacity to solve problems independently. As Participant 3 explained, students often bypassed crucial analytical
development by relying on Al-generated solutions rather than working through problems methodically. This
observation underlines why structured, sequential learning remains essential for developing authentic
comprehension of scientific concepts.

Likewise, perspectives from art education highlighted complementary concerns. Participant 7 specifically
emphasised that students need exposure to unexpected creative challenges—situations where predetermined
solutions are not readily available. Their observations suggest that whilst Al can effectively customise individual
learning experiences, it potentially deprives students of formative struggles that naturally cultivate adaptability
and persistence. These qualities, the participant noted, are especially vital in artistic disciplines where innovation
often emerges from navigating constraints.

4.1.3. Personalised Learning

Whilst acknowledging Al's potential for personalisation, educators identified tensions between adapted learning
and comprehensive education. Most participants recognised benefits but expressed caution about maintaining
educational breadth. Participant 4, from a science background, emphasised the need to balance Al's ability to adapt
to individual learning paces with developing collaborative skills through peer interactions, especially in laboratory
settings. Participant 6 observed that whilst Al could provide personalised feedback on grammar and vocabulary in
language teaching, authentic communication skills required human interaction. The limitations of Al-driven
personalisation were especially evident in performance-based disciplines, where real-time adaptation and
spontaneity were deemed essential to the learning process.

4.2. Operational Considerations
4.2.1. Administrative Efficiency

The integration of Al in administrative tasks revealed a complex balance between efficiency and personal
engagement. Basic administrative functions, such as assignment management and grading, demonstrated clear
benefits in time-saving (Participant 1), allowing educators to focus on meaningful student interactions. The science
classroom provided insights into how Al could effectively track concept progression (Participant 3), though
educators emphasised the continued importance of personal review for understanding student thinking processes.
Whilst acknowledging Al's utility in structuring feedback and planning (Participant 7), educators consistently
stressed the need to maintain human oversight of these processes.

These findings directly illustrate how Al integration shifts decision-making processes in higher education. The
interviews revealed a multifaceted approach to administrative responsibilities in Al-enhanced environments.
Participant 1 described how Al systems efficiently manage time-consuming tasks such as preliminary assignment
evaluation, yet emphasised that teachers deliberately retain final authority over assessment outcomes. This
deliberate distribution of responsibilities creates what might be described as a complementary relationship—AI
handles repetitive procedural elements whilst human expertise guides evaluation strategies. In discussing this
relationship, Participant 3 offered additional insights. They described how shifting basic administrative tasks to
Al systems creates space for teachers to concentrate on intricate teaching choices. Such decisions, according to
this participant, rely heavily on the educator's expert knowledge and their unique understanding of how each
student progresses. Throughout the interviews, a common perspective emerged - rather than seeing technology as
a substitute for human expertise, the participants viewed Al as an enabling instrument. This tool, they suggested,
strengthens their capacity to engage with the intellectually challenging elements of teaching that cannot be
automated.

4.2.2. Data-Driven Insights

A marked shift appeared from data-driven to data-informed decision-making approaches.
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Whilst educators recognised the value of Al-generated data, they consistently emphasised the need for human
interpretation in its application. Some educators expressed caution about the limitations of purely numerical
analysis (Participant 2), stressing the importance of focusing on qualitative aspects of education. The humanities
perspective revealed how Al could effectively identify writing patterns (Participant 5), though evaluating the depth
and quality of academic arguments remained firmly within the domain of human expertise. In art education, initial
scepticism about Al data's relevance gave way to appreciating its utility (Participant 7), especially in monitoring
student engagement across various artistic media.

4.2.3. Human Judgement Alongside Al

The integration of Al insights with human judgement emerged as crucial for effective teaching. Educators viewed
Al as a tool to enhance rather than replace human decision-making. Participant 4 emphasised that performance
patterns identified by Al represented only part of the educational narrative. From a science teaching perspective,
Participant 3 highlighted how human expertise was essential in understanding the conceptual barriers behind
computational difficulties that AI might identify. The value of Al in detecting patterns in student progress was
noted in art education (Participant 7), although this participant also maintained that this technology should
complement rather than lead the design of personalised challenges for creative development.

4.3. Ethical and Professional Dimensions

4.3.1. Academic Integrity

The evolution of Al tools has challenged traditional concepts of academic integrity, creating new complexities in
maintaining educational standards. Educators pointed out the complexities involved in verifying authentic student
work. Humanities educators emphasised that plagiarism detection applications must address current challenges
because the focus has changed from recognising copied content to scrutinising the authenticity of intellectual
processes.

The impact varied across disciplines, with science educators prioritising understanding of underlying principles
over merely obtaining correct numerical results, whilst arts educators struggled with assessing creative processes
when Al tools are employed in the ideation phase.

The distinction between Al-assisted versus Al-dependent activities has surfaced as a critical factor in creative
disciplines. Participants acknowledged altering their assessment strategies, opting for in-class evaluations instead
of take-home assignments that emphasise the necessity of real-time critical thinking.

Process-based evaluation has gained prominence, with educators requiring documentation that illustrates students’
thinking processes through their drafts and subsequent revisions. This change signifies a transformation in the
concept of academic integrity and its enforcement in modern higher education.

4.3.2. Ethical Concerns

Beyond academic integrity, Al integration in education presents distinct ethical challenges. Research participants
highlighted data protection concerns in Al-enabled learning systems, supporting Chen et al.'s (2023) call for robust
ethical frameworks. The necessity for transparent algorithmic processes in assessment and analytics emerged as
crucial, aligning with Eysenbach's (2023) emphasis on algorithmic fairness. Educators noted potential risks in Al-
based student profiling, echoing Park and Kwon's (2024) research on equity and access challenges in technological
implementation.

4.3.3. Changing Educator Roles
The adoption of Al in education has fundamentally redefined educators' professional responsibilities and identity,

corroborating the claims made by Xusheng and Komolafe (2020) regarding the critical need to evolve with new
pedagogical approaches.
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The participants described a transformation from traditional teaching roles to becoming facilitators in Al-enhanced
learning environments. This reflects Walter's (2024) emphasis on the importance of Al literacy and analytical
thinking in current educational pedagogy. This transition required developing new skill sets whilst ensuring the
retention of educational expertise, as reflected in Rueda and Batanero's (2022) research on the growth of digital
competence.

Science educators reported adapting their instructional approaches to emphasise conceptual understanding over
technical skills, whilst humanities educators described evolving their roles to focus more on developing critical
analysis and interpretative capabilities. These adaptations align with Barua et al.'s (2022) findings regarding the
implications of Al reliance on students' critical thinking skills. Research findings align with Zouhri and El
Mallahi's (2024) work on evolving teaching practices, highlighting how effective Al adoption requires balancing
new technologies with proven pedagogical methods.

5. Discussion

This study revealed two fundamental shifts in higher education: the evolving role of educators and the tension
between personalised and comprehensive education. These findings both support and extend current research
whilst revealing new insights across different educational contexts.

5.1. Research Findings and Theoretical Alignment
5.1.1. Critical Thinking and Pedagogical Impact

The findings regarding educators' concerns about critical thinking align with Barua et al.'s (2022) research,
particularly in STEM fields where educators identified specific concerns about students' reliance on Al for answers
without developing conceptual understanding. In the humanities, the research revealed new concerns about
students bypassing essential analytical and synthesis processes, extending beyond the current literature.

5.1.2. Evolution of Educator Roles

As Al manages routine tasks, educators' roles have shifted from instructors to facilitators and interpreters of Al
outputs. This transformation aligns with Zouhri and El Mallahi's (2024) research but reveals specific implications
for teaching practices. Educators have adopted sophisticated assessment methodologies integrating Al capabilities
with professional expertise, establishing innovative frameworks whilst retaining instructional authority.

Teaching practices now combine technology-enhanced instruction with essential interpersonal elements, requiring
continuous professional development in both digital and pedagogical expertise. These observations align with
Huang et al.'s (2024) research, revealing new insights into practical implementation challenges in contemporary
teaching environments.

5.1.3. Personalised Learning and Educational Breadth

The study revealed more substantial concerns about maintaining educational breadth than previously identified in
the literature. These findings support and extend Hashim et al.'s (2022) research on Al-enabled personalisation.
Educators emphasised the challenge of balancing individualisation with collaborative learning, noting that whilst
Al excels at personalised instruction, it must not compromise peer interaction benefits. The research highlighted
how instructors integrate technological personalisation with established pedagogical methods to develop analytical
skills. Teachers in the study frequently mentioned fair access to learning technology as a significant priority. They
believed personalised learning should benefit every student, whether from affluent or disadvantaged communities.
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5.2. Implementation Challenges and Opportunities
The study identified three areas affecting successful Al integration:
5.2.1. Teacher Preparation

The findings support Rueda and Batanero's (2022) research and emphasise the need for comprehensive training in
Al implementation. The study extends their work by identifying specific areas where educators need support in
balancing technical skills with pedagogical judgement, aligning with Ibrahimi's (2024) research on effective ICT
implementation.

5.2.2. Infrastructure Requirements

The findings validate Chan's (2023) framework on operational infrastructure whilst revealing new insights into
how technical resources directly affect teaching choices. Kennedy's (2023) identification of resource barriers
proves especially relevant, with the study providing specific examples of how inadequate technical support impacts
Al implementation. Significantly, the availability and reliability of infrastructure emerged as a key factor
influencing educators' decision-making capacity. Begum (2024) emphasises how robust technical infrastructure
enables more confident and informed decisions about Al integration in teaching practices, whilst infrastructure
limitations often lead to more conservative decision-making approaches. Based on the current study's findings,
this relationship between infrastructure and decision-making authority demonstrates how technical resources
fundamentally shape educators' ability to make and implement pedagogical choices effectively.

5.2.3. Digital Equity Considerations

Building on Prodani et al.'s (2020) work on technology access, this study reveals more detailed insights into how
unequal Al access affects educational quality. The findings align with Moldavan et al.'s (2021) research whilst
offering new perspectives on maintaining educational standards across diverse student populations. Park and
Kwon (2024) suggest that addressing these equity challenges requires long-term strategic planning and continuous
assessment of access barriers.

This equity consideration affects the ability to deliver personalised learning experiences, as highlighted in section
5.1.3, where the balance between individualisation and comprehensive education depends heavily on equitable
access to Al tools.

The current study's findings indicate that future success in Al integration depends on providing equitable access
and ensuring sustained support for diverse learning communities, especially as Al technologies continue to evolve
in educational settings.

6. Analysis of Research Questions
6.1. RQ1: How does Al integration shift the balance of decision-making in higher education teaching?

AT’s role is to complement teachers’ abilities. Whilst Al addresses routine functions like assessment grading and
adjusting learning speeds, educators remain in charge of making critical pedagogical decisions. This creates a
balanced approach where Al manages data-driven, routine administrative decisions whilst educators retain control
of pedagogical decisions requiring empathy and context. The findings align with Zouhri and El Mallahi (2024),
who emphasise teaching quality while adapting to Al integration. A collaborative space emerges where Al insights
inform but do not determine educator choices, especially in areas requiring an in-depth understanding of student
learning processes (Participant 1 and Participant 4). This extends Barua et al.'s (2022) work on Al's role in
education, demonstrating how this balanced decision-making approach helps preserve critical thinking whilst
utilising Al's administrative capabilities.
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6.2. RQ2: Do educators view Al-driven personalised learning as a threat to comprehensive education?

Educators demonstrate an in-depth understanding of Al-driven personalised learning rather than viewing it as a
direct threat. Whilst acknowledging its benefits for individual student progress, educators identify specific areas
requiring careful consideration. As evidenced by science educators (Participant 3), there are concerns about
maintaining fundamental understanding whilst using Al for personalisation. These findings align with Hashim et
al.'s (2022) research on personalised learning, showing how educators balance individualisation with collaborative
learning needs. Arts educators emphasised preserving spontaneity and creative development (Participant 7),
demonstrating the importance of maintaining comprehensive educational experiences alongside Al-enhanced
personalisation. This perspective suggests that successful Al integration depends on thoughtful implementation
that preserves personalised learning opportunities and broader educational goals.

6.3. Research Questions' Findings

Analysis reveals significant interconnections between the identified themes. The concern for maintaining critical
thinking directly relates to the risk of over-reliance on Al, suggesting these issues must be addressed concurrently.
The theme of changing educator roles interconnects with the need for enhanced professional development and
ethical guidelines, indicating that successful Al integration requires a comprehensive approach to addressing
multiple challenges simultaneously.

The results signify a complicated transformation that influences multiple aspects of the educational process that
emphasises three critical areas: the evolution of educator roles, the tension between personalisation and
comprehensive education, and the need for discipline-specific approaches to Al integration. The findings
demonstrate how Al can improve educational approaches through thoughtful implementation considering
pedagogical and technological dimensions.

7. Implications and Recommendations

The thematic analysis revealed five areas that reflect the complex nature of Al integration in education: academic
integrity, administrative efficiency, data-driven insights, personalised learning, and ethical considerations. Based
on these findings, the following sections present recommendations organised into four domains: curriculum
development and professional training, policy and ethical guidelines, implementation strategies and stakeholder
engagement, and future directions.

The recommendations presented in the following sections align with Chan's (2023) multidimensional Al policy
framework, which proposes addressing Al integration through pedagogical, governance, and operational
dimensions. Each dimension requires specific stakeholder involvement—teachers leading pedagogical
implementation, senior management establishing governance protocols, and technical staff ensuring operational
effectiveness.

7.1. Curriculum Innovation and Professional Development

Educational institutions should develop systematic Al literacy programmes across all levels whilst creating
discipline-specific assessment methods that preserve critical thinking. The arts education perspective highlighted
how creativity and collaborative learning skills remained distinctly human-centred (Participant 7), reinforcing the
need for a balanced curriculum design. Science educators emphasised using Al to enhance rather than replace
fundamental understanding (Participant 2).

Professional development requires a substantial investment for effective Al integration. The 'Changing Educator

Roles' theme emerged strongly across participant responses, highlighting the need to balance Al efficiency with
personal engagement. Educators stressed that professional development should focus on Al as an enhancement
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rather than replacing existing teaching methods (Participant 4). Science education revealed concerns about
balancing technological support with analytical skill development (Participant 3).

7.2. Policy and Ethical Guidelines

Policy reform requires reassessing regulations related to academic integrity, evaluation methods, and technological
applications. All seven educators expressed concerns about verifying and authenticating student work in an Al-
enhanced environment. Policy changes must focus on balancing technological integration with academic
standards, developing frameworks that address Al-generated content, protecting data privacy, and maintaining
assessment integrity.

Ethical guidelines must address data protection, Al-generated content ownership, and ethical considerations whilst
aligning with fundamental academic values. Concerns about academic integrity emerged regarding Al's
accessibility (Participant 6). The challenge of distinguishing between appropriate Al assistance and over-
dependence in student work was a primary concern (Participant 5), whilst science educators emphasised the need
for clear guidelines about Al's role in problem-solving (Participant 3).

7.3. Implementation Strategy and Stakeholder Engagement

Working across subject boundaries proves essential when tackling the complex challenges identified in this
research. Partnerships between educational professionals and Al developers play an important role in maintaining
human engagement in learning environments. A fundamental challenge emerged in reconciling different
perspectives between science and arts education (Participant 3), where priorities regarding algorithmic processes
and student engagement often conflict.

Continuous engagement among diverse stakeholders will influence an educational future that effectively harnesses
Al capabilities whilst maintaining educational principles. Institutions should establish regular consultation
processes, create comprehensive feedback mechanisms, and develop clear communication channels between
educators and Al developers.

7.4. Future Directions

Research must prioritise the balance between Al assistance and developing critical thinking and independent
learning skills, a concern expressed by all participants. Educators emphasised understanding Al's developmental
effects over extended periods (Participant 4), tracking student progress from first year to completion. The
complexity of such research presents challenges in maintaining methodological consistency as Al technology
evolves.

Education's future will blend Al-enhanced and traditional learning experiences. Institutions should establish pilot
programmes testing different levels of Al integration, develop flexible frameworks based on subject requirements,
and create mechanisms for continuous evaluation. This includes collecting feedback from students and educators,
evaluating learning outcomes, and monitoring the balance between Al-enhanced and traditional pedagogies.

8. Conclusion
This study explored educators' perspectives on Al integration in higher education, focusing on decision-making

processes and personalised learning. Through semi-structured interviews with seven experienced educators, the
research revealed how Al transforms educational practices whilst preserving essential human elements.
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Figure 1: Research Framework for Al Integration in Higher Education: From Questions to Implementation

The framework illustrates the systematic progression of the research, beginning with the research questions about
decision-making shifts and personalised learning. The central elements—pedagogical implications, operational
considerations, and ethical-professional dimensions—inform the key outcomes and implementation
recommendations. The interconnected structure shows how these elements work together to guide Al integration
whilst maintaining educational quality.

Addressing RQ1, the findings demonstrate that Al integration creates a hybrid decision-making model where Al
handles routine administrative tasks whilst educators maintain authority over crucial pedagogical choices. This
balance allows educators to focus on interpretative and qualitative judgements that require human insight and
experience.

For RQ2, educators view Al-driven personalised learning not as a threat but as a tool requiring thoughtful
implementation. The main concern centres on maintaining a balance that preserves critical thinking and
comprehensive educational values, emphasising the irreplaceable human elements of education—emotional
intelligence, spontaneity, and ethical judgement.

The findings' analysis discovered five interconnected domains: curriculum innovation, ethical guidelines,
interdisciplinary collaboration, policy reform, and professional development. Addressing these domains requires
participation and carefully structured planning efforts from all relevant parties. A recurring difficulty emerged
from the research: bridging the gap between contrasting academic values—where technical accuracy dominates
scientific fields whilst expressive creativity guides artistic domains. This disconnect highlights why stronger cross-
disciplinary dialogue must be established.
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As Al technology rapidly advances, regular evaluation becomes necessary to account for emerging capabilities.
Future research should explore the extended impact of Al implementation, methods for fostering collaboration
across academic disciplines, and longitudinal studies of student development in Al-enhanced learning
environments. Clear frameworks must balance Al assistance with human judgement, supported by robust ethical
guidelines that protect academic integrity.
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Abstract

In an era of rapid technological advancement and evolving educational landscapes, developing essential skills for
future educators is vital for fostering effective and innovative teaching. This study examines the components and
indicators of essential future work skills for teachers in Sarasas Affiliated Schools by developing and validating a
competency structural model through Confirmatory Factor Analysis (CFA). A quantitative research design was
employed, surveying 390 teachers from 45 Sarasas schools using a questionnaire with 101 indicators categorized
into five core skill domains: (1) Communication and Digital Literacy, (2) Self-Management, (3) Creative Thinking,
(4) Social and Emotional Skills, and (5) Leadership. The findings reveal that each domain significantly contributes
to the overall competency framework, with self-management identified as the most critical skill, enabling teachers
to adapt effectively to educational changes. The study highlights the need for educators, administrators, and
professional development agencies to integrate these skills into teacher training programs to meet 21st-century
demands. Key findings include: (1) Essential future work skills comprise five primary components, 21 sub-
components, and 101 indicators; (2) The structural model demonstrated strong empirical alignment, with statistical
measures confirming its validity: Chi-square () = 154.94; df = 152; P-value = 0.41843; GFI = 0.96; AGFI = 0.95;
RMSEA = 0.007; CN = 390. This validated model offers a practical framework for developing teacher
competencies, serving both as a guide for professional growth and as an effective assessment tool for future-ready
educators.

Keywords: Future Work Skills, Teacher Competency, 21st-Century Education, Digital Literacy, Professional
Development

1. Introduction

The 21st-century education system is undergoing significant transformations due to advancements in technology,
society, and the economy, necessitating teacher adaptability to prepare students for future workforce demands.

40



Asian Institute of Research Education Quarterly Reviews Vol.8, No.2, 2025

Teachers' roles now extend beyond imparting academic content; they must foster critical thinking, digital literacy,
creativity, self-management, and leadership skills.

International educational frameworks—including OECD (2021), World Economic Forum (2020), and UNESCO
(2019)—emphasize teacher skill development, particularly in technological adaptation, lifelong learning, and
educational leadership, as essential factors in preparing students for the future.

In Thailand, Sarasas Affiliated Schools play a pivotal role in primary and secondary education. Enhancing teachers'
skills to align with technological advancements and modern pedagogical approaches is imperative to ensuring
effective knowledge transfer, promoting active learning, and maximizing student potential.

Thus, this study aims to develop a competency model of essential future work skills for teachers in Sarasas
Affiliated Schools, serving as a guideline for evaluation, development, and professional enhancement in a rapidly
evolving educational landscape.

2. Research Objectives

This study aims to examine the components and indicators of essential future work skills for teachers in Sarasas
Affiliated Schools and to validate the structural competency model against empirical data. The specific objectives
are as follows.

1. To analyze the structure and components of essential future work skills for teachers in Sarasas Affiliated
Schools.
To develop a structural model of the components and indicators of teachers' future work skills.
To validate the alignment of the proposed structural model with empirical data.
To propose strategies for enhancing teachers' competencies to align with the future demands of the
education system.

B

3. Conceptual Framework of the Research

This study aims to analyze the components and indicators of essential future work skills for teachers in Sarasas
Affiliated Schools. To construct the conceptual framework, the researcher conducted an extensive review of
theories, literature, and empirical studies, synthesizing relevant concepts into a structured framework. The
framework consists of five core components and 21 sub-components, as illustrated in Figure 1.
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Figure 1: Conceptual framework for the research study.

This quantitative study employs a survey-based approach and CFA (Confirmatory Factor Analysis) to develop and
validate a future teacher competency model.

Study Phases

Phase 1: Development of Skill Indicators

o Literature review on teacher competencies and future work skills

o Identification of primary and sub-components
o  Synthesis of 101 indicators
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Phase 2: Model Validation

o Population: 4,799 teachers across 45 Sarasas Affiliated Schools
o Sample: 390 teachers selected via multi-stage sampling (based on Hair et al. (2010)
recommendations)

o Research Instrument: Likert-scale questionnaire (5-point scale)

o Reliability Testing: Cronbach’s Alpha = 0.98 (high reliability)

o Data Analysis: CFA using LISREL and SPSS

o Model Validation Criteria: Chi-square/df <2, GFI & AGFI > 0.90, RMSEA < 0.08

Table 1: Summary of Model Fit Criteria
Model Fit Statistics Acceptance Criteria

Chi-square (1) )f(;t that is not significant, or p-value > 0.05, indicates model
Goodness-of-Fit Index (GFI) A value between 0.90 — 1.00 indicates a well-fitting model.
Adjusted Goodness-of-Fit Index (AGFI) A value between 0.90 — 1.00 indicates model fit.
Eg); sl\]/glza)n Square Error of Approximation A value below 0.05 indicates good model fit.
Critical N (CN) A value greater than 200 is considered acceptable.
Factor Loading of Primary Components A value of 0.70 or higher is acceptable.

Factor Loading of Subcomponents and

Indicators A value of 0.30 or higher is acceptable.

5. Research Summary

This study aimed to examine the components and indicators of essential future work skills for teachers in Sarasas
Affiliated Schools and to validate the structural model against empirical data. The research utilized a sample of
390 teachers from 45 Sarasas schools, employing Confirmatory Factor Analysis (CFA) for data analysis.

5.1 Components and Indicators of Essential Future Work Skills for Teachers

The findings confirm that the identified components and indicators are appropriate, classifiable into five core
components, 21 sub-components, and a total of 101 indicators, all demonstrating high average scores across all
domains.

5.1.1 Communication, Information, Media Literacy, and Technology Skills

e Includes 4 sub-components and 14 indicators, covering media access, analysis, interpretation, and
evaluation.

5.1.2 Self-Management Skills

e  Consists of 5 sub-components and 22 indicators, encompassing goal setting, time management, and
self-regulation.

5.1.3 Creative Thinking Skills

e Comprises 4 sub-components and 26 indicators, addressing innovation, flexibility, and problem-
solving.

5.1.4 Social and Emotional Skills

e Encompasses 4 sub-components and 20 indicators, emphasizing emotional awareness, self-
management, and relationship-building.

5.1.5 Leadership Skills
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e Comprises 4 sub-components and 19 indicators, focusing on teamwork, change management, and
professional development.

5.2 Factor Loadings of Indicators

Upon further analysis of the model (as shown in Table 43 and Figure 20), all 21 indicators demonstrated positive
factor loadings ranging from 0.088 to 0.43, exceeding the acceptable threshold of 0.30. Additionally, all indicators
were statistically significant at the 0.01 level. The ranking of key future work skills indicators, based on their factor
loadings, is as follows.

e Self-Management Skills (SEL) = 0.99

e Leadership Skills (LEA) = 0.80

o  Communication, Information, and Digital Literacy Skills (COM) = 0.76
e  Creative Thinking Skills (CRE) = 0.67

e Social and Emotional Skills (EMO) = 0.57

Since second-order CFA does not report factor score coefficients, the researcher substituted the component
weightings of the five skill domains to construct a scaled indicator model for essential future work skills for
teachers in Sarasas Affiliated Schools.

According to Phetmanee Wiriyasueppong (2011, cited in Kaisit Pelarin, 2009, p. 243), these two values convey a
similar conceptual meaning. Consequently, the structural equation model (SEM) for the future work skills
indicators can be expressed as

SKILLS=0.76(COM)+0.99(SEL)+0.67(CRE)+0.57(EMO)+0.80(LEA)

5.3 Results of the Second-Order Confirmatory Factor Analysis (CFA) of the Future Work Skills Model for
Teachers in Sarasas Affiliated Schools

The second-order Confirmatory Factor Analysis (CFA) results indicate that the model exhibits excellent fit with
empirical data, as evaluated by the following statistical indicators.

e  Chi-square (¥?) = 154.94, Degrees of freedom (df) = 152, P-value = 0.41843 (not statistically significant,
indicating model fit).

e  Chi-square/df = 0.96, which is below the threshold of 2, confirming good model fit.

e  Goodness-of-Fit Index (GFI) = 0.96, meeting the acceptable benchmark (>0.90).

e Adjusted Goodness-of-Fit Index (AGFI) = 0.95, exceeding the required threshold (>0.90).

e Root Mean Square Error of Approximation (RMSEA) = 0.007, which is well below the standard cut-off
of 0.08, signifying a strong fit.

These indicators support the acceptance of the primary hypothesis that the proposed research model aligns with
empirical data.

44



Asian Institute of Research Education Quarterly Reviews Vol.8, No.2, 2025

0.
1.00 SKILLS
0.

Chi-Square=154.94, df=152, P-value=0.41843, RMSEA=0.007

Figure 2: Model of essential future work skills for teachers in Sarasas affiliated schools

4. Discussion

The findings of this study provide compelling insights into the essential future work skills required for teachers to
thrive in an evolving educational landscape. By validating a structured competency model through Confirmatory
Factor Analysis, this study establishes a robust framework that highlights the transformational role of self-
management, communication, creativity, socio-emotional intelligence, and leadership in shaping teacher
effectiveness.

4.1 The Primacy of Self~-Management in Teacher Competency

One of the most striking results of this study is the overarching significance of self-management, which emerged
as the most influential competency. This finding aligns with global workforce trends emphasizing adaptability,
resilience, and lifelong learning as key attributes for professionals in the digital era (McKinsey, 2021). Teachers
with strong self-regulation, goal-setting abilities, and emotional control are better equipped to handle the rapid
transformations in pedagogical approaches, technological integration, and student engagement. The increasing
emphasis on self-directed learning and flexible teaching strategies further reinforces the need for this competency.

4.2 The Integration of Digital Literacy and Communication

The study also confirms the critical role of Communication and Digital Literacy as an essential competency for
modern educators. As classrooms become increasingly technology-driven, teachers must not only consume digital
content but critically analyze, interpret, and create it to enhance student engagement and learning outcomes. This
aligns with Trilling and Fadel's (2009) emphasis on digital fluency as a cornerstone of 21st-century teaching
practice. The ability to effectively leverage digital platforms for instructional delivery is no longer an optional
skill—it is fundamental to 21st-century teaching.
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4.3 Creativity as the Catalyst for Innovation

Another major takeaway from this research is the vital role of creative thinking in effective teaching. The modern
education system increasingly requires teachers to design innovative, flexible, and engaging learning experiences
that accommodate diverse student needs. Creative problem-solving allows educators to develop adaptive
instructional methods, foster critical thinking, and promote inquiry-based learning, preparing students for an
unpredictable future. This finding resonates with the World Economic Forum's (2020) identification of creativity
as a critical skill for future workforce development.

4.4 The Significance of Socio-Emotional Intelligence in Teaching

The findings underscore the importance of emotional and social intelligence as a key component of teacher
competency, supporting Goleman's (1998) conceptualization of emotional intelligence in professional settings.
Teachers who demonstrate high self-awareness, empathy, and interpersonal skills create positive, emotionally
supportive learning environments that enhance student motivation, collaboration, and well-being. In the post-
pandemic world, where students face increased anxiety and uncertainty, emotionally intelligent educators are
instrumental in fostering resilience and social cohesion in classrooms.

4.5 Leadership as a Driver of Educational Transformation

Leadership skills were identified as another fundamental competency, emphasizing the need for collaborative
decision-making, mentorship, and institutional leadership. This aligns with Fullan's (2020) work on leading in
cultures of change. As education systems undergo rapid transformation, teachers who possess strong leadership
capabilities are better positioned to influence policy, mentor peers, and drive curriculum innovation. The
integration of leadership training into teacher development programs will ensure that educators are not just
classroom managers but agents of educational transformation.

4.6 Implications for Policy and Professional Development

The results of this study provide a strategic blueprint for educational policymakers, administrators, and teacher
training institutions. The integration of these competencies into professional development initiatives will
empower teachers to navigate challenges, harness opportunities, and inspire student success.

To maximize impact, institutions should:

e Implement competency-based teacher training models that focus on self-management and leadership
development

e Enhance digital literacy programs to equip educators with skills necessary for technology-integrated
teaching

o Foster professional learning communities that encourage peer mentorship, collaboration, and innovation

e Prioritize emotional intelligence training to cultivate student-centered teaching approaches that foster
well-being and engagement

By embedding these competencies into continuous professional development programs, educational institutions
can future-proof their teaching workforce, ensuring that teachers are equipped not only to adapt to change but to
lead the future of education.

7. Conclusion

This study establishes a structured competency framework that identifies and validates the essential future work

skills required for teachers in Sarasas Affiliated Schools. Through Confirmatory Factor Analysis, the research
confirms that Self-Management, Communication and Digital Literacy, Creative Thinking, Socio-Emotional Skills,
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and Leadership are critical in shaping educators who are adaptable, resilient, and capable of navigating the rapidly
evolving educational landscape.

Among these competencies, Self-Management emerged as the most influential, underscoring the importance of
adaptability, emotional regulation, and lifelong learning in modern teaching. Additionally, digital literacy and
creative problem-solving were identified as fundamental to fostering student engagement and innovation in
pedagogy. The study also highlights the crucial role of emotional intelligence and leadership, ensuring that teachers
not only facilitate learning but also inspire and lead within their institutions.

The findings of this study have significant implications for teacher training programs, educational policy, and
professional development initiatives. As education continues to transform, this study serves as a strategic roadmap
for ensuring that teachers are not just adapting to change but actively shaping the future of learning. Future research
should explore longitudinal impacts of competency-based training programs and examine the integration of
artificial intelligence and adaptive learning technologies in teacher competency development.
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Abstract

This study explores the effectiveness of the Mind Mapping technique in improving students' ability to read and
comprehend descriptive paragraphs. Conducted in a classroom setting at SMP HKBP Padang Bulan Medan,
Indonesia, the research used a mixed-methods approach, incorporating both quantitative and qualitative data
collection techniques. The study revealed that Mind Mapping not only enhanced students' ability to understand
the content of descriptive paragraphs but also increased their engagement and active participation in reading
activities. The results provide compelling evidence of the benefits of Mind Mapping as an instructional tool to
improve students’ reading skills. This study suggests that visual representation of information using Mind Mapping
techniques can aid enhance cognitive processing, making it an effective tool for English as a Foreign Language
teachers who aim to improve their students’ comprehension abilities.

Keywords: Descriptive Paragraphs, EFL Students, Mind Mapping, Reading Comprehension, Visual Learning
Techniques

1. Introduction
1.1 Introduce the Problem

Reading is a crucial skill in learning any language, particularly in English, where students are required to
comprehend a variety of texts for academic and personal purposes (Ali et al., 2022; Smith et al., 2021; Wilson,
2016). In Indonesia, many students face challenges when trying to read and understand descriptive paragraphs.
Descriptive writing presents a unique set of difficulties, as it demands that readers visualize and retain intricate
details about a subject (Abbas, 2021; Ningrum et al., 2023; Subandowo & Sardi, 2023). For English as a Foreign
Language (EFL) students, the need to comprehend these details while also understanding their relationship to one
another can often be overwhelming. Without the proper strategy to manage this process, students frequently
struggle to organize and recall key information effectively, making the comprehension of descriptive texts a
challenge (Le et al., 2024; Mhlongo et al., 2023).
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With the continuous expansion of education, new pedagogical methods with the potential of enhancing learners'
reading comprehension play a vital role in supporting them to achieve educational success. They include the use
of the Mind Mapping technique used to improve writing and cognitive ability but not frequently used to facilitate
reading comprehension, particularly for description paragraphs. This research aims to explore the ability of Mind
Mapping in improving the reading and comprehension ability of students in descriptive texts. There is a need to
close this literature gap and study how visual aids like Mind Mapping can aid in the comprehension process by
helping students better organize their knowledge and recall things.

Mind Mapping, originally developed by Tony Buzan in the 1970s, has been widely recognized for its potential in
various educational settings, particularly in improving cognitive skills such as memory, creativity, and critical
thinking (Buzan, 2006). Numerous studies have demonstrated the effectiveness of Mind Mapping in improving
students' writing and organizational skills, as well as in fostering creativity in academic tasks (Karminah et al.,
2017; Laila et al., 2023; Mustika et al., 2025). However, there is limited research on the application of Mind
Mapping in improving reading comprehension, particularly about descriptive paragraphs.

Studies like those conducted by Yusrah and Fitria (2024) have shown that Mind Mapping aids in organizing ideas
and improving creative thinking, yet most studies focus on writing skills or content creation rather than reading
comprehension. This gap in the literature provides an opportunity to explore how Mind Mapping can be adapted
as areading strategy, particularly for EFL students who struggle with processing descriptive content. This research
will investigate whether Mind Mapping can be used effectively to improve students' ability to read and understand
descriptive paragraphs, addressing the existing gap in the literature.

1.2 Research Problem

The problem that this research aims to address revolves around the reading difficulties faced by EFL students,
particularly in understanding descriptive paragraphs. This problem is critical to address now because as the
educational landscape grows increasingly digital and information-heavy, students must develop stronger reading
skills to navigate a variety of academic texts. The challenges of reading comprehension have become even more
pronounced as students are exposed to larger volumes of information in a variety of formats (Jensen et al., 2024;
Smith et al., 2021).

There are several reasons why this research is necessary. The need to improve students' reading comprehension
has become more urgent as they are increasingly required to engage with complex academic materials that often
include descriptive and detailed information (Alghonaim, 2020). Additionally, the rapid advancement of
technology in education necessitates innovative teaching strategies that can help students process and retain
information effectively (du Plooy et al., 2024; Haleem et al., 2022).

By improving students' ability to comprehend descriptive texts, this research has the potential to enhance their
academic performance, leading to better educational outcomes. Additionally, Al Roomy (2022) state that stronger
reading skills will benefit students in their professional lives, as the ability to process and understand detailed
information is essential in a wide range of fields.

This study contributes to reading comprehension strategy literature, by examining the lesser-explored area of Mind
Mapping and its impact on reading comprehension of descriptive paragraphs. The findings would have
pedagogical implications and provide new insight into the use of visual aids to facilitate comprehension in the EFL
classroom.

While many studies have been conducted on the efficacy of Mind Mapping in writing and brainstorming, there are
few studies conducted on how it can be utilized in reading comprehension, especially in descriptive text. This
study bridges this gap by investigating the utilization of Mind Mapping to help EFL learners improve their reading
proficiency through descriptive paragraphs.
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The study will provide valuable insights into how Mind Mapping can facilitate reading comprehension by visually
organizing information, which may lead to new approaches to teaching EFL students. Additionally, the research
will explore the specific benefits of Mind Mapping in understanding detailed and descriptive information, offering
a fresh perspective on reading instruction strategies.

1.3 Research Focus

This research focuses on the effectiveness of the Mind Mapping technique in improving the reading
comprehension of descriptive paragraphs among EFL students. The study will examine how Mind Mapping can
help students identify key details, understand the relationships between them, and synthesize the information in a
coherent manner. The focus is specifically on descriptive texts, which present unique challenges due to their detail -
oriented nature.

1.4 Research Aim and Research Questions

The primary aim of this research is to assess whether the Mind Mapping technique can significantly improve
students’ ability to read and comprehend descriptive paragraphs. By integrating Mind Mapping into the reading
process, the research seeks to determine if students can better organize and retain the information in descriptive
texts.

The research questions that guide this study are: (1) How does the use of Mind Mapping impact students' ability
to identify key details in descriptive paragraphs? (2) To what extent does Mind Mapping help students organize
and synthesize the information presented in descriptive texts? (3) What are students' perceptions of Mind Mapping
as a tool for improving their reading comprehension skills? (4) How does the improvement in reading
comprehension through Mind Mapping affect students' overall academic performance?

1.5 Contribution to the Field

This study contributes to the field of language education by extending the use of Mind Mapping beyond writing
and brainstorming to include reading comprehension. The results will provide valuable insights for EFL teachers
seeking to improve students’ reading skills, especially in the context of descriptive texts. By examining the
potential of Mind Mapping to improve students' reading comprehension, this study highlights a novel approach to
teaching reading that can be integrated into English language curricula.

2. Method
2.1 Research Design

The research was designed as a Classroom Action Research (CAR), a participatory and reflective approach that
allows teachers to evaluate and improve their own teaching methods. CAR consists of iterative cycles of planning,
action, observation, and reflection, which enable teachers to make adjustments based on the results of each cycle
(Gogus, 2012). This method is particularly effective in educational research because it allows for continuous
improvement and fine-tuning of instructional strategies based on real-time feedback.

2.2 Population and Sampling

The study was conducted with 20 eighth-grade students at SMP HKBP PADANG BULAN Medan, North
Sumatera, Indonesia. These students were selected based on their challenges with reading comprehension,
particularly with descriptive paragraphs. The small class size enabled the researcher to provide more personalized

attention to students and conduct in-depth observations throughout the study.

2.3 Data Collection Instruments
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Data for this study was collected through quantitative and qualitative measures. Quantitative data was collected
through pre- and post-tests on the reading comprehension ability of students. The tests were designed to assess
students' ability to pick out key details from descriptive paragraphs and organize the information in a coherent
format. The qualitative data was collected through observation sheets, questionnaires, and diary entries. The
observation sheets allowed the researcher to track students' performance and participation during the lessons, while
the questionnaires captured students' attitudes towards the Mind Mapping approach. With the diary notes, the
researcher commented on the teaching process and implemented adjustments as needed.

2.4 Data Analysis

The data collected in this study, both quantitative and qualitative, were analyzed using a descriptive technique.
The quantitative data were derived from the pre-test and post-test scores of the students, while the qualitative data
were obtained from observation sheets, questionnaires, and diary notes.

3. Results

3.1 Quantitative Data Analysis

The quantitative results collected from the pre-test and post-tests indicate a clear improvement in students’ reading
comprehension skills after the implementation of the Mind Mapping technique. The pre-test scores (Test I)
provided baseline data, while the post-test scores from both Cycle I (Test II) and Cycle II (Test III) highlighted

measurable growth in students' reading abilities (see Table 1).

Table 1: Displays the students' scores across all three tests.
Test II (Post-Test

Student's Initial Test I (Pre-Test) Cycle I) Test III (Post-Test Cycle II)
YS 50 55 63
HS 53 58 66
TT 55 62 69
NG 60 67 75
AA 64 69 77
KS 66 71 79
DH 66 71 81
DS 67 72 82
" 68 78 83
LB 68 78 83
AS 72 80 83
JD 75 80 83
CS 76 81 86
TS 79 84 89
BM 82 85 90
RH 82 85 90
IS 85 88 90
WM 88 91 93

As seen in the table, the students' scores improved progressively after each cycle. The average score of the class
in the pre-test (Test I) was 69.65. After the Mind Mapping technique was introduced and applied in Cycle I, the
class average increased to 74.95. The final post-test (Test III), conducted at the end of Cycle II, showed an even
greater improvement, with an average score of 80.55. These improvements reflect a significant enhancement in
students’ reading comprehension of descriptive paragraphs.
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In addition to individual score improvements, the percentage of students meeting the minimum mastery score
(KKM) of 75 increased from 40% (8 students) in the pre-test to 55% (11 students) in the first post-test (Cycle I)
and reached 80% (16 students) in the final post-test (Cycle II).

3.1 Qualitative Data Analysis

Qualitative data were gathered through observation sheets, questionnaires, and diary notes. These data provided
valuable insights into students' engagement, perceptions, and attitudes toward the Mind Mapping technique.

The observation sheet revealed that students were more active and engaged in the reading process when Mind
Mapping was applied. In the initial phase of the study, many students appeared passive and hesitant to contribute
during reading activities. However, after being introduced to the Mind Mapping technique, students showed
increased enthusiasm. They actively participated in group discussions and were more confident in expressing their
thoughts and ideas about the descriptive paragraphs they read.

The researcher's diary entries captured the same finding. Initially, students could not understand the form of
descriptive paragraphs. But while practicing to create Mind Maps further, they could arrange their ideas better.
They also felt more in control of the information and more capable of linking ideas. Some of the students reported
that the Mind Mapping technique helped them visualize and organize the descriptive details, hence easier to
understand the content of the paragraphs.

The survey administered at the end of Cycle II reflected overwhelmingly positive responses from the students.
When questioned if they had found Mind Mapping helpful in improving their reading comprehension, 75% of the
students agreed, and 56% strongly agreed. Most of the students reported that the method helped them identify key
ideas and organize the information in a logical sequence, which helped them better understand the descriptive
texts.

4. Discussion

The results of this study confirm that Mind Mapping is an effective technique for improving students’ reading
comprehension of descriptive paragraphs. The significant improvement in both quantitative scores and qualitative
feedback suggests that Mind Mapping not only enhances students' ability to identify key details in a text but also
encourages them to organize and synthesize this information more effectively.

One of the most significant findings of this study is the positive effect of visual learning on reading comprehension,
particularly through the use of Mind Mapping. Visual learning, as supported by dual-coding theory (Paivio, 2006),
suggests that information presented in both verbal and visual formats enhances learning by engaging different
cognitive pathways. Mind Mapping, as a visual tool, helps students break down complex information into more
manageable chunks. It allows learners to visually organize and structure information, which aids in memory
retention and comprehension by facilitating better encoding of information. By creating a diagram that connects
key ideas and details, students are better able to understand how different pieces of information are related to one
another. This concept aligns with cognitive load theory (Barbieri & and Rodrigues, 2025; Chen et al., 2023), which
posits that cognitive load is minimized when information is organized and chunked in a way that reduces
unnecessary cognitive strain.

Furthermore, the application of Mind Mapping is particularly beneficial in understanding descriptive texts, where
the details often need to be remembered and connected in a logical sequence. Descriptive texts require readers to
grasp not only individual pieces of information but also how these details interrelate to form a cohesive
understanding. By visualizing these connections, students can more easily recall and relate the specific details of
the text. Additionally, Vygotsky’s social constructivist theor supports this idea, emphasizing that learning is
facilitated when students can interact with information in meaningful ways, such as through visual representation,
which allows for more active engagement and deeper cognitive processing (Yaseen et al., 2025). Therefore, the
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use of Mind Mapping enhances students' ability to comprehend, organize, and recall information, particularly in
tasks that require connecting multiple details within a larger context.

As cognitive learning theories suggest, organizing information visually helps learners process and retain the
material more effectively (AlShaikh et al., 2024; Castro-Alonso et al., 2021). In this study, Mind Mapping acted
as a cognitive scaffold that allowed students to visually structure the information they were reading, making it
easier for them to identify relationships between details and improve their recall of the material.

Another key finding is the increase in student engagement and motivation. In the initial stages of the study, many
students appeared disengaged during reading activities. However, after incorporating Mind Mapping into the
reading process, students became more actively involved in discussions and were more enthusiastic about reading.
This aligns with Buzan, (2006), who argues that Mind Mapping not only enhances cognitive skills but also
increases students' motivation by providing a creative and interactive way to engage with the material.

The use of Mind Mapping also encouraged students to think critically about the text. Instead of passively reading
the material, students were encouraged to actively engage with it by identifying key ideas and organizing them in
a meaningful way. This active engagement is crucial for developing strong reading comprehension skills, as it
helps students build a deeper understanding of the content (Archila et al., 2024; Sagita & Sagita, 2024).

The collaborative nature of Mind Mapping further contributed to students’ success in reading comprehension.
During group activities, students were able to share their ideas and perspectives, which helped them gain a broader
understanding of the text. Collaborative learning has been shown to enhance comprehension by allowing students
to exchange ideas and clarify their understanding of the material (Mafarja et al., 2023, 2024). In this study, group
work was particularly beneficial because it allowed students to work together to create a collective Mind Map,
which reinforced their understanding of the descriptive paragraphs.
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Abstract

This study assessed the school-based management (SBM) practices and competencies of school principals in
Lanao del Sur Division, Philippines, aiming to develop a School-Based SBM Practices Enhancement Program.
Specifically, it examined principals' profiles, competency levels based on NCBS-SH domains, SBM practice
levels, and the relationships among these variables. Results revealed significant differences in principal
competencies when grouped according to gender, with male principals assessed as more competent based on
NCBS-SH standards. Significant differences were also found between the level of SBM practices and principal
profiles, and between SBM practices and principal competencies. Key competency predictors included the
domains of school leadership, creating a student-centered learning climate, and personal and professional
attributes. Findings indicated principals aged 61 and above performed best in SBM practices, while those aged
41-50 performed least. Widowed principals exhibited the highest level of SBM practice, while married principals
performed the least. Principals with doctoral degrees and extensive training experience demonstrated higher levels
of SBM practice. Based on these findings, it is recommended that principals enhance their management skills,
communicate clear goals, and adopt effective leadership styles. Regular professional development and training
should be prioritized to strengthen school leadership capacities. These results provide a guide for school heads and
the Schools Division Office in designing targeted programs to improve principals’ competencies and support
effective school-based management for twenty-first-century educational demands.

Keywords: Educational Leadership, NCBS-SH, Philippines, Principal Competency, Professional Development,
School Leadership, School-Based Management, Twenty-First Century Skills

1. Introduction
Despite sustained efforts by governments and international agencies to improve educational systems, many

learners—particularly those from disadvantaged, indigenous, or marginalized communities—still face limited
access to quality education. Global initiatives such as Education for All and the Millennium Development Goals
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(MDGs) have attempted to address these disparities by increasing funding and attention to low-income nations.
However, access alone does not guarantee quality. International assessments such as TIMSS, PIRLS, and PISA
consistently show underperformance among students in developing countries. Hanushek and Woessmann (2007)
argue that without meaningful institutional reforms, simply increasing resources will not yield improvements in
equity or learning outcomes.

Many countries have adopted School-Based Management (SBM), a governance model that decentralizes decision-
making authority to schools and their communities to address quality concerns and enhance system responsiveness.
SBM empowers school heads, teachers, parents, and other stakeholders to participate in planning, budgeting, and
school improvement processes. The rationale behind SBM is that shared governance leads to more context-
sensitive, responsive, and effective educational outcomes (Lewis, 2006; Leithwood & Menzies, 2008). High-
performing countries in the OECD, for instance, demonstrate that giving schools autonomy over curriculum,
personnel, and resources can significantly enhance both accountability and student achievement (OECD, 2014).

In the Philippines, the Department of Education (DepEd) has institutionalized SBM as part of its broader Basic
Education Sector Reform Agenda. The implementation of SBM is guided by the SBM Framework and supported
by the Revised School-Based Management Manual in 2015. DepEd’s purpose is to cultivate a participatory culture
in schools where stakeholders work collaboratively to deliver quality and inclusive education. Key to this effort
are school principals who serve as transformational leaders tasked with managing instructional programs, engaging
stakeholders, and ensuring effective school operations. As such, principals must demonstrate a high level of
competence aligned with the National Competency-Based Standards for School Heads (NCBS-SH), which
outlines essential leadership domains such as instructional leadership, school management, and stakeholder
engagement.

In the Division of Lanao del Sur, SBM implementation has been underway for several years. However, concerns
remain regarding the extent of its effectiveness and sustainability. While DepEd has mandated regular SBM
assessments, there is limited empirical evidence on how principals’ competencies influence the quality of SBM
practices, particularly in conflict-affected and resource-challenged regions like Lanao del Sur. Understanding these
relationships is critical for determining where schools should focus their efforts to move toward mature levels of
SBM.

This study, therefore, aims to assess the level of SBM practices and principal competencies in the Division of
Lanao del Sur, Philippines. It also seeks to determine the relationship between school heads’ profiles, their
competencies as measured by NCBS-SH, and their SBM implementation practices. In essence, the study intends
to identify the key competency predictors of effective SBM and use these findings as a basis for proposing a
School-Based Management Practices Enhancement Program tailored to the needs of the region.

2. Method

This section presents the methodology employed in the conduct of the study. It outlines the research design,
respondents of the study, research instruments used, procedures for data collection, and the statistical treatments
applied.

2.1 Research Design

This study employed a descriptive-correlational quantitative research design. It sought to describe the profile and
competencies of school principals, assess the level of SBM practices, examine the relationships among these
variables, and determine the competency predictors of SBM practices. The findings were also used as the basis for
proposing a School-Based Management Practices Enhancement Program. A descriptive-correlational design is
used to examine and describe the relationships between variables without attempting to infer a causal relationship
(Devi et al., 2022). This design is appropriate for the study because it allows the researcher to systematically
describe the current status of the school principals' profiles, competencies, and SBM practices, as well as to identify
significant associations and predictive relationships among these variables. Furthermore, the design enables the
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formulation of evidence-based interventions, such as an enhancement program, grounded in the statistical patterns
and relationships observed in the data.

2.2 Research Respondents

Using purposive sampling, 60 school principals from the Division of Lanao del Sur were selected as respondents
for this study. They were chosen because they could be easily identified and were readily available. The
respondents assessed themselves using the NCBS-SH Self-Assessment Tool and the SBM Assessment Toolkit.

Table 1 below shows the distribution of respondents according to congressional district and sex.

Table 1: Distribution of Respondents by Congressional District and Sex

Respondents Male Female Total
District I 15 15 30
District 1T 18 12 30
Total 33 27 60

The table shows that the two congressional districts had an equal total number of respondents. In District I, male
and female school principals were equally represented. In District II, however, there were more male than female
school principals.

2.3 Research Instruments

This study utilized a questionnaire based primarily on the National Competency-Based Standards for School Heads
(NCBS-SH), which outlines a set of competencies anchored on the core values of Filipino school leaders and key
principles of effective school management. The NCBS-SH comprises seven (7) domains: (1) school leadership;
(2) instructional leadership; (3) creating a student-centered learning climate; (4) HR management and professional
development; (5) parent involvement; (6) school management and operations; and (7) personal and professional
attributes and interpersonal effectiveness, each of which contains specific standards of expected performance.
These standards are translated into observable indicators that reflect the quality and effectiveness of a school
head’s leadership and management practices.

In addition, the School-Based Management (SBM) Assessment Tool was employed to assess the level of SBM
practice in schools. This tool consists of six (6) dimensions, each focusing on a major area of school governance
and operations: (1) School Leadership, (2) Internal Stakeholders, (3) External Stakeholders, (4) School
Improvement Process, (5) School-Based Resources, and (6) School Performance Accountability. These
dimensions provide a comprehensive framework for evaluating the degree of SBM implementation in basic
education institutions.

2.4 Data Gathering Procedure

A written request for permission to conduct the study was sent to the Schools Division Superintendent of the
Division of Lanao del Sur, as well as to the school principals within the division. At the beginning of the research,
the school principals were asked to fill up the information sheets reflecting their profile, such as name, age, gender,
civil status, length of teaching service, educational attainment, and training attended. After the respondents filled
up the teacher profile, they proceeded to answer the NCBS-SH Self-Assessment Tool and the SBM Level of
Practices Assessment.

2.5 Statistical Treatments
To test the hypotheses formulated, the following statistical tools were used in the study:

e Frequency and percentage were used to determine the distribution of the school principals’ profiles, while
the mean was used to obtain the average rating of the school principals' competencies/performance.
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e Z-test and F-test were used to determine the significant differences in the competencies of school
principals when grouped according to age, gender, civil status, length of teaching service, educational
attainment, and training attended.

e A simple mean was used to identify the competency predictors of SBM practices.

e  Other statistical tools, such as mean, standard deviation, and variance, were employed to supplement the
main analyses.

3. Results and Discussion

This section presents the results obtained from the collected data and the subsequent analyses in a sequence
corresponding to the problems presented.

3.1 Profile of the School Principals

Table 2: Profile of the School Principals in Lanao del Sur

Profile No. of School principals  Percentage
Age (Years) 21-30 0 0%
31-40 15 25%
41-50 21 35%
51-60 17 27.5%
61-70 7 12.5%
Gender Female 27 45%
Male 33 55%
Civil Status Single 3 5%
Married 49 82.5%
Separated 0 0%
Widow 8 12.5%
Length of Service 10 and below 27 45%
(Years) 11-20 13 22.5%
21-30 12 20%
31 and above 7 12.5%
Educational Bachelor 0 0%
Qualification Bachelor w/ MA Units 17 27.5%
Masteral 28 47.5%
Masteral w/ Doctoral Units 10 17.5%
Doctoral 5 7.5%
Number of Trainings 5 and below 29 47.5%
6-10 21 35%
11-15 6 10%
16-20 5 7.5%

Table 1 above presents the profile of school principals in Lanao del Sur. A total of 60 school principals participated
in the study. Of this number, 35% were aged 41 to 50 years old, followed by 27.5% aged 51 to 60 years old. 25%
were in the 31 to 40 age range, 12.5% were aged 61 to 70, and 0% belonged to the 21 to 30 age range. Of the 60
school principals, males outnumbered females, with 58.33% male and 41.67% female respondents. The data also
show that the majority (82.5%) of the school principals were married; 12.5% were widowed, 5% were single, and
0% were separated.

In terms of length of service, 45% of the principals had 10 years or less of service; 22.5% had served 11 to 20
years; 20% had 21 to 30 years of service; and 12.5% had served for more than 31 years. Regarding educational
qualifications, 47.5% were master’s degree holders, followed by 27.5% who held a bachelor’s degree with MA
units. Additionally, 17.5% held a master’s degree with doctoral units, while 7.5% were doctoral graduates. None
of the respondents held only a bachelor’s degree. Further, in terms of professional development, 47.5% have
attended five or fewer training courses over the last two years. 35% attended six to ten training courses, 10%
attended eleven to fifteen training courses, and 7.5% attended sixteen to twenty training courses.
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3.2 Level of School Principals’ Competence Based on NCBS-SH Domains

Table 3: Average of School Principals’ Competency Distributions in the NCBS-SH Domains

NCBS-SH DOMAINS AVERAGE Interpretation
1. School Leadership 3.05 76.16% Expert

2. Instructional Leadership 2.93 73.24% Practitioner
3. Creating a Student-Centered Learning Climate 3.05 76.13% Expert

4. HR Management and Professional Development 291 72.78% Practitioner
5. Parent Involvement and Community Partnership 2.96 74.11% Practitioner
6. School Management and Operations 3.00 74.96% Practitioner
7. Personal and Professional Attributes and Interpersonal Effectiveness 3.25 81.17%  Expert
AVERAGE 3.02 75.50% Expert

Table 3 presents the average competency ratings of school principals across the seven domains of the National
Competency-Based Standards for School Heads (NCBS-SH). The overall average competency level was 3.02,
which corresponds to 75.50%, interpreted as "Expert". This suggests that, on average, school principals in the
study demonstrate a high level of proficiency in the competencies expected of school leaders.

Among the seven domains, Domain 7: Personal and Professional Attributes and Interpersonal Effectiveness
recorded the highest average rating of 3.25 (81.17%), interpreted as “expert” which indicates that principals exhibit
strong values, ethics, interpersonal skills, and professionalism—core traits necessary for effective school
leadership. The domains of School Leadership and Creating a Student-Centered Learning Climate both received
an average rating of 3.05, interpreted as "expert", indicating strong leadership skills in guiding the school's vision
and fostering a positive and inclusive learning environment.

On the other hand, five domains fell under the “practitioner” level of competence. Instructional Leadership was
rated at 2.93 (73.24%), suggesting that while principals are competent in guiding instructional practices, there is
room for growth in curriculum supervision, teaching quality monitoring, and instructional support. Similarly, HR
Management and Professional Development scored 2.91 (72.78%), highlighting a need for improved strategic
planning in staff development and resource utilization. Parent Involvement and Community Partnership received
a2.96 (74.11%), suggesting moderate engagement with stakeholders and the community, which is crucial for the
success of school-based management. School Management and Operations, rated at 3.00 (74.96%), also falls in
the "practitioner" level, pointing to areas for enhancement in resource management, infrastructure oversight, and
operational efficiency.

The data reveals that while principals exhibit expert-level competencies in personal and professional attributes,
leadership, and learning climate development, improvement is still needed in instructional supervision, stakeholder
engagement, and human resource management. These findings align with the literature that emphasizes the
multidimensional role of school leaders, where instructional leadership, collaboration with stakeholders, and
professional development are crucial factors in effective school governance (Mustari & Nurhayati, 2024).

Furthermore, the emphasis on interpersonal effectiveness and professional attributes as the highest-rated domain
reinforces the assertion of Mehmood et al. (2023) that strong communication skills are central to a school leader’s

success. However, consistent with findings by Cansoy et al. (2024), without sufficient instructional and operational
capacity, even highly personable leaders may struggle to sustain meaningful reforms.

3.3 Level of SBM Practices of the School principals

Table 4: Average of School Principals’ Level of SBM Practices

NCBS-SH DOMAINS AVERAGE Interpretation
1. School Leadership 20  72.11% Moving Towards
2. Internal Stakeholders 17 73.53% Moving Towards
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3. External Stakeholders 16  58.86% Starting Stage

4. School Improvement 21  67.54% Moving Towards
5. School-Based Resources 12 71.01% Moving Towards
6. School Performance Accountability 15 65.19% Moving Towards
AVERAGE 101  67.69% Moving Towards

Table 4 presents the average scores of school principals in the six key dimensions of School-Based Management
(SBM). The overall average rating was 101 points, equivalent to 67.69%, which falls under the "Moving Towards"
level of practice. This implies that while the foundational structures and practices of SBM are present in schools,
there is still a need for strengthening implementation to ensure sustainability and greater effectiveness.

Among the six dimensions, the highest rated was Internal Stakeholders, with a rating of 73.53%, interpreted as
"Moving Towards". This suggests that schools are making progress encouraging participation among teachers,
staff, students, and other internal actors in decision-making and school activities. School Leadership and School-
Based Resources also recorded relatively high ratings of 72.11% and 71.01%, respectively, indicating growing
capacity among school leaders in managing their schools and utilizing local resources to support school
development.

The dimensions of School Improvement and School Performance Accountability received average ratings of
67.54% and 65.19%, respectively. These results reflect reasonable progress in establishing a culture of continuous
school improvement and mechanisms for monitoring performance. However, these are still categorized as
"Moving Towards", showing that schools are in the process of strengthening their planning, implementation, and
evaluation systems, but have yet to institutionalize them fully.

Notably, the lowest rated domain was External Stakeholders, with a rating of 16 58.86%, which falls under the
"Starting Stage". This indicates that partnerships with community members, local government units, non-
government organizations, and other external partners are still in their early stages. This limited collaboration with
external stakeholders may hinder the sustainability of programs and restrict schools from accessing additional
resources and support from the community. As Cabardo (2016) and Lam-an (2023) noted, strengthening these
external partnerships is important to developing a supportive environment that can enhance governance,
curriculum development, accountability, and resource management within schools.

The overall interpretation of “Moving Towards” suggests that while SBM practices are gradually being adopted
and applied by school heads, full institutionalization remains a challenge. These findings are consisted with the
studies of researchers who noted that many public schools in developing regions demonstrate moderate
implementation levels of SBM due to constraints such as insufficient training opportunities, limited stakeholder
engagement, and challenges in resource mobilization (Villanueva & Ortega-Dela Cruz, 2022; Vernez et al., 2012).

3.4 Significant Relationships

Table 5: Significant Differences of the School Principals’ Competencies When Grouped According to their

Profile

Profile Computed F Value Table F Value Decision

Age 1.0889 1.1644 Not Significant
Gender 0.51084 0.4258 Significant
Civil Status 0.9850 1.9157 Not Significant
Length of Service 1.6592 3.6370 Not Significant
Educational Attainment 4.2343 121.35 Not Significant
Trainings Attended 6.0463 10.1862 Not Significant

Table 5 presents the statistical results on whether there are significant differences in school principals’
competencies based on their profile variables. Among the variables considered, gender was found to have a
statistically significant difference in relation to the principals’ competencies, as the computed F value (0.51084)
was less than the table F value (0.4258), indicating significance. This finding suggests that gender may influence
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how principals demonstrate or develop their professional competencies. It supports existing studies that highlight
gender-based leadership differences in terms of leadership styles, with women often exhibiting more democratic,
participative, transformational, and interpersonal approaches, while men tend to display assertive, formal,
normative, and goal-oriented styles (Eagly et al., 1992, 2003 as cited in Lazaridou, 2024).

On the other hand, age, civil status, length of service, educational attainment, and trainings attended yielded
computed F values that were greater than their respective table F values, leading to a decision of "Not Significant."
This implies that there are no statistically significant differences in the competency levels of school principals
when grouped according to these profile variables. These findings align with the study of Sawati et al. (2013),
which argues that leadership competence may not be solely dependent on demographic background, but rather on
specific skills and behaviors.

Table 6: Significant Differences of the Level of SBM Practices When School principals are Grouped According

to their Profile

Profile Computed F Value Table F Value Decision

Age 10.3408 4.4127 Significant
Gender 2.2953 2.1298 Significant
Civil Status 6.7240 4.4838 Significant
Length of Service 8.2534 4.1532 Significant
Educational Attainment 50.6035 40.8741 Significant
Trainings Attended 26.1186 11.5792 Significant

Table 6 presents the results examining whether the level of School-Based Management (SBM) practices
significantly differs when school principals are grouped according to their profile variables. The computed F
values for all six profile variables—age, gender, civil status, length of service, educational attainment, and
trainings attended—were greater than their respective F critical values, indicating statistically significant
differences in all categories. The findings suggest that each demographic and professional attribute of school
principals influences their implementation of SBM practices to a significant degree. The findings were similar to
the study of Vicera & Bentor (2022) which indicated that demographic factors of school heads, including marital
status, may affect SBM implementation, with married principals showing higher levels of implementation.

Table 7: Significant Differences Between the School Levels of SBM Practices and School Principals’

Competencies

School principal Competencies SBM Level of Practice
Mean 63.54027 75.50446
Known Variance 265.42 84.77
Observations 60 60
Hypothesized Mean Difference 0
Z -4.04354
P(Z<=z) one-tail 2.63E-05
z Critical one-tail 1.644854
P(Z<=z) two-tail 5.27E-05
z Critical two-tail 1.959964
Decision Significant

Table 7 presents the results of a z-test for two independent means, examining the significant differences between
the School-Based Management (SBM) level of practice and the competency levels of school principals. The
computed z-value is -4.0435, which exceeds the critical z-value of 1.6449 (one-tailed) and 1.9600 (two-tailed).
The associated p-values for both one-tailed (0.0000263) and two-tailed (0.0000527) tests are substantially lower
than the standard significance level of 0.05, thus indicating a statistically significant difference between the two
variables. The findings suggest that competent school principals are better equipped with skills and knowledge
that enhance their ability to execute School-Based Management, leading to improved governance and school
improvement outcomes. Similar to the study of Cabigao (2019) who assessed the professional competencies of
school heads and their influence on school outcomes, organizational culture, and principals’ performance. The
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findings indicated that while leadership competencies did not significantly impact overall school outcomes, they
did have a measurable effect on SBM practices.

3.5 Significant Competency Predictors of SBM Practices

The analysis revealed that three domains of school principals’ competencies—School Leadership, Creating a
Student-Centered Learning Climate, and Personal and Professional Attributes and Interpersonal Effectiveness—
significantly predicted the level of School-Based Management (SBM) practices. These competencies were found
to be positively associated with SBM performance, particularly in the SBM dimensions of school leadership,
internal Stakeholders, and school-based resources.

The School Leadership domain emerged as a key predictor, underscoring the critical role of the principal in shaping
the vision, direction, and overall governance of the school. This supports the findings of Punzalan (2024), who
asserts that effective school leadership has a strong indirect effect on school improvement through its influence on
teachers and school climate. In the context of SBM, the findings support the study of Ramos (2025) who found
that leadership and governance scored the highest among SBM dimensions, indicating strong stakeholder
participation in decision-making and accountability.

The domain of Creating a Student-Centered Learning Climate was also found to significantly influence SBM
practices, suggesting that principals who promote inclusive, safe, and engaging learning environments are more
likely to implement SBM effectively. As DepEd Koronadal City Division (2012) stated, shared decision-making
and stakeholder engagement are crucial for effective school governance.

Moreover, the competency domain Personal and Professional Attributes and Interpersonal Effectiveness predicted
higher levels of SBM practices, particularly in managing school-based resources and engaging internal
stakeholders. This domain includes qualities such as emotional intelligence, ethical leadership, resilience, and
effective communication—all of which enhance the principal's ability to build trust, resolve conflicts, and lead
change. These findings resonate with the work of Bantolo & Arenga (2021), who emphasized strong interpersonal
effectiveness for effective leadership and accountability.

3.6 Proposed School-Based Management Enhancement Program

Based on the findings of this study—particularly the observed gaps in the level of SBM practices and the influence
of school leadership competencies—it is imperative to develop an intervention designed to enhance the
competencies of school principals in implementing School-Based Management (SBM). In response, a Division-
Wide Re-Orientation on School-Based Management Program is proposed.

This training program is aligned with the identified domains of the National Competency-Based Standards for
School Heads (NCBS-SH) and is designed to directly address areas with lower proficiency levels, such as
instructional leadership, stakeholder engagement, and operational management. The program also aims to
reinforce strong areas such as personal and professional attributes and school leadership.

3.6.1 Objectives

The proposed SBM enhancement training seeks to:

1. develop skills in managing school to support student-centered, inquiry-driven management;

2. undertake extensive research on differential learning experiences which will provide the appropriate
techniques for effective SBM practices;

3. encourage school principals to work in teams, solve problems, and participate in peer review of their
SBM practices;
design SBM plans; and

5. engage school principals in hands-on school management and the creation of reliable evaluation tools.
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3.6.2 Rationale

School principals are no longer merely sources of knowledge in school management but have become proactive
facilitators who promote collaborative knowledge-building among stakeholders. They guide stakeholders to learn
in diverse environments, navigate and process a wide array of information resources, and use these resources to
solve problems and make informed decisions independently.

Many academic institutions in the country have recognized the need to redefine the role of school principals and
have responded by launching professional development programs aimed at training them in School-Based
Management (SBM). However, most of these training initiatives are short-term or “crash” programs that primarily
focus on compliance literacy and do not sufficiently equip school principals to integrate SBM effectively into day-
to-day school operations. Learning about SBM and its components may be relatively straightforward, but
mastering its practical implementation is considerably more complex.

The quality of school leadership is widely recognized as a key predictor of school success. Therefore,
comprehensive and sustained training for school principals is essential to ensure the effective implementation of
SBM practices.

3.6.3 Training Design

The training program will be conducted at Compostela National High School Faculty Development Center, funded
through the Division Fund, and will be delivered to all school principals in the Division of Lanao del Sur. The

program will cover seven key areas aligned with the NCBS-SH domains as shown in the table below:

Table 8: Proposed SBM Enhancement Training Division-Wide Re-Orientation

Areas Of Concerns  Specific Objectives  Activities Resources Needed  Expected Output

*Developing & *School principals  -LCD projector *Enough Knowledge
School Leadership  Communicating orientation in -SBM kit about school

the Visions, school management

Missions, Goals management and

and objectives activities

*Developing *program -Lunch/ Snacks *Develop a research-
Instructional Programs and workshop -LCD based program
Leadership adapting the *Team Building -Certificates

existing programs

*Monitoring the * Awareness of

student *Retreat/ -transportation student progress

achievements Recollection -meals

*Creating school *recognition of -Instructional *Well organized
Student-Centered environments high-performing Materials Classroom
Learning Climate focused on the students -LCD instructions

needs of the -DVD

learner

* Setting high *workshop on *Supportive

social & Academic school activities Management

expectations *Role Playing

*to develop *Seminar *Hand outs *Building &
Professional professional *LCD/DVD Promoting
Development learning *Workshop Professionalism

community

*to improve social ~ *Team Building *Snacks/ Lunch *High Interpersonal
Parent skills, confidence *Film Showing of  *DVD Player Skills
Involvement and community *Props *High Social Skills
& Community communication in  Activities *Materials
Partnership *Seminar
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relating with

others

*to develop *Training/ *Workshop *Strong establishment
School managing school Workshop Materials Of school operations
Management operations & fiscal *-DVD Player
& Operations management

*To develop *Activities on *Handouts *Recognition of
Personal, commitment Team Building *Snacks/ Lunch individual
Professional & *to maintain *Retreat/ accountabilities
Interpersonal Harmonious Recollection
Effectiveness relationships *Enhancement

Training

4. Conclusion

This study investigated the competency levels of school principals in Lanao del Sur based on the National
Competency-Based Standards for School Heads (NCBSSH) and assessed their level of School-Based Management
(SBM) practice. Findings revealed that the principals exhibited the highest competency in Domain 7: Personal and
Professional Attributes and Interpersonal Effectiveness, followed by School Leadership and Creating a Student-
Centered Learning Climate, all of which were interpreted as “Expert” levels. Meanwhile, competencies in other
domains such as Instructional Leadership, HR Management, and Community Partnerships were generally rated as
“Practitioner,” indicating room for development.

In terms of SBM practice, school principals were overall categorized as “Moving Towards” full implementation.
Notably, the External Stakeholders domain was at the “Starting Stage,” suggesting limited engagement with the
broader community—a critical element in effective decentralized school management.

Statistical analysis showed significant differences in principals’ competencies and SBM practices when grouped
according to certain profile variables. Gender was found to significantly influence competency levels, while age,
gender, civil status, length of service, educational attainment, and number of trainings attended were all significant
factors affecting the level of SBM practice. Additionally, competencies in School Leadership, Creating a Student-
Centered Learning Climate, and Personal and Professional Attributes were identified as strong predictors of
effective SBM implementation.

In light of these findings, a Division-Wide SBM Enhancement Program was proposed. This program focuses on
reorienting and developing the capacity of school heads through targeted training aligned with the identified
competency gaps and practice needs. It emphasizes collaborative leadership, evidence-based decision-making,
stakeholder engagement, and continuous professional development to ensure sustainable and effective SBM
implementation.

Overall, the study underscores the important role of school leaders in driving school improvement through
competent, inclusive, and responsive management practices. Investing in their continuous development through
context-based training and leadership programs is key to achieving quality education outcomes in decentralized
school systems.

Based on the conclusions established in the study, several recommendations are proposed to enhance the
competencies of school principals and improve the implementation of School-Based Management (SBM). First,
school principals should seriously reconsider their mastery of school management. This includes developing and
communicating clear goals, making effective use of supervisory time, and selecting leadership methods and
management styles that promote efficient and effective SBM. Second, school heads should be consistently updated
on new school management methodologies to enhance their skills in implementing school-based programs and
projects.
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Furthermore, the results of this study should serve as a guide for school principals in designing and preparing
relevant programs that support their professional development. Lastly, the Schools Division Office must recognize
the urgent need for targeted training and enhancement programs aimed at uplifting the competencies of school
principals, especially those who require further attention and support. School heads should also be encouraged to
actively pursue continuous professional growth to ensure that they are capable of performing their responsibilities
with greater efficiency and effectiveness in their respective areas of concern.
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The aim of this study is to determine the perceptions of 7th grade secondary school students about digital games.
The study was designed in accordance with phenomenology design, one of the qualitative research approaches. A
semi-structured interview form consisting of open-ended questions was used as a data collection tool. The study
group of the research consisted of 50 secondary school 7th-grade students who were selected by simple random
sampling method and who were continuing their education in two different secondary schools in Battalgazi district
of Malatya province. The data collection tool prepared by the researchers was delivered to the students in the study
group and necessary information about how to fill out the form was given. Care was taken to select the students
in the study group on a voluntary basis and to avoid statements that could direct them. The data obtained from the
research were analyzed with the content analysis technique. According to the results obtained, it was determined
that students turned to digital games to have fun and relieve boredom, the content is very important in game
selection, action, creativity, adventure and intelligence-strategy games are played more. In addition, it was
determined that positive emotions such as happiness, excitement and fun, and negative emotions such as stress
and greed were more prominent while playing games, and almost half of the students recommended playing digital
games to their friends. The results obtained were discussed in line with the relevant literature and the study was
concluded with recommendations.

)*+,-%.# : Game, Digital Game, Secondary School, Student, Phenomenology

10(12%$%-.3'$4-2

(

In Latin, all words related to play and games are expressed as "ludus" and "ludere". These words include children's
play, relaxation, competition, ritual representations, in the general sense stage representations and games of chance
(Huizinga, 2022). The Latin word "play" is essentially a very comprehensive umbrella term. While traditional
gaming is a field that different disciplines are interested in, the discipline examining digital gaming is called
"Ludology" (Binark & Bayraktutan- Sutcil, 2008; Bayzan & Glines, 2022).

Play is the most indispensable part of childhood and plays an important role in children's development. From the
past to the present, play has taken place in all communities from children to adults in order to fulfill various needs.
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It can be stated that the game, which is a part of life, has undergone a change by being affected by changing living
conditions (Toran et al., 2016; Yigit Acikgdz & Yalman, 2018; Biricik & Atik, 2021). In this sense, games have
turned into digital games that are technology-based, supported by text and visuals, and integrated with new-
generation entertainment software played with one or more people on computers or electronic media, consoles,
mobile devices and smartphones (Dijital Oyunlar Raporu, 2020; Ilgaz & Abay, 2020; Baldemir & Oviir, 2021). In
particular, the increased use of smartphones in daily life leads the individual to become vulnerable to abuse by
providing personalized usage areas. Although it is difficult to estimate the extent of the danger posed by
smartphones regarding digital games, it can be stated that the situation will become clearer over time (Bayzan,
2022).

With digital transformation, technological devices have entered human life more, which has increased misuse and
excessive internet use. Today, when everyone is a candidate for digital obesity, certain strategies should be
developed for the use of digital devices (Kogoglu et al., 2022). The use of digital technologies is one of the
important steps of technological life and is a stepping stone to changing perceptions of play (Srai & Lorentz, 2019).
Increased use of digital technology also leads to changes in the games played by children. Griffiths et al. (2012)
and Kalinkara (2022) determined that digital games are in demand especially among young people, the tendency
towards these games increases day by day and this causes addictions. Kuss and Griffiths (2012) and Surbakti et
al. (2022) stated that digital games appeal mostly to children and adolescents and this group is more at risk for
game addiction than other groups. Digital addiction arises as digital tools continue to be used despite the physical,
mental, emotional, spiritual and social effects of excessive use of these tools on the individual (Bagimlilikla
Micadele Alt Calisma Alt Calisma Grubu Raporu, 2018; Kesici & Tung, 2018; Bhatiasevi et al., 2023; Akbas &
Isleyen, 2024). It can be stated that digital addiction is an important problem like addictions such as alcohol, drugs,
gambling, etc. and disrupts the basic dynamics of society.

Digital games are popular entertainment tools and are played with different devices. Players can compete with
themselves or electronic devices, or they can play these games online with people from different places (Green &
McNeese, 2008; Griffiths et al., 2012; Cemiloglu et al., 2022; Mestre-Bach et al., 2022). It has been determined
that the level of playing games increases with peer interaction, which increases digital game addiction. It is seen
that these games, which are constantly increasing in popularity today, have an important place in the lives of young
generations and increase their addiction levels (Aleksi¢, 2018).

Digital games are entertainment tools that often have harmful aspects. Continuous gaming behaviors insensibly
cause students' addictions and harm them. In this sense, digital game addiction leads to serious psychosocial health
problems such as loneliness, depression and aggression (Jeong et al., 2017). It can be said that training provided
by relevant individuals, institutions and organizations will be effective in increasing the awareness levels of
individuals against digital dangers in relation to health problems. In this sense, it may be possible to prevent health
problems by raising health literate individuals (Biger & Biger, 2024). Along with health problems, it is seen that
different problems such as inability to use time effectively, economic problems, sleep disorder, laziness in non-
gaming activities, eating disorders and excessive emotionality are also related to digital addiction (Widiyawati &
Arby, 2022). Therefore, it is understood that digital game addiction first affects the individual and then the society
negatively in terms of both mental and physical health, and therefore necessary measures should be taken.

It can be stated that digital games have beneficial aspects. These games enable individuals to make sense of the
world and society, learn new skills by learning unfamiliar rules and situations. It can be stated that games played
in a controlled manner increase social interaction, hand-eye coordination and imagination, amplify the ability to
visualize in the mind, provide an advantage in problem solving and risk-taking, learning with peers and coping
with disappointments. Besides, it can be said that, within the process, knowledge, experience and emotional
connections related to the digital game will be increased, contributing to a rich texture of meaning and thus creating
a deep and meaningful relationship that can shape one's actions, behavior and even identity. According to some
parents, digital games also contribute to children's foreign language skills and education. To associate games with
education, the potential of using "Minecraft Education Edition" (MEE), the educational version of "Minecraft", an
open world game, was evaluated in terms of the formal education process. In this sense, it can be considered as an
important development that Vocational and Technical Anatolian High Schools in Turkey designed game-learning
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digital materials to be used in the field of Information Technologies (Green & McNeese, 2008; Granic et al., 2014;
Irmak & Erdogan, 2016; Eroglu, 2019; Sog(t, 2020; Savas et al., 2021; Meston et al., 2025; Sokka et al., 2025).

It can be said that changes in city structures, narrowing playgrounds, seasonal problems, increased dangers on the
streets, and the increase in smartphone and internet use have a significant impact on the increase in digital game
addiction in children (Biricik & Atik, 2021). Furthermore, during the Covid-19 pandemic that emerged in 2020,
there was a significant increase in the use of digital devices due to changes in educational practices and increased
remote connectivity. Therefore, it can be stated that digital addictions have increased and encouraging efforts to
increase social awareness of healthy technology use have started to gain importance (Kogoglu et al., 2024). In the
same period, interest in digital games increased, and the number of people playing digital games exceeded 3 billion
people in 2022. In 2025, this number is expected to reach 3.5 billion people (Dijital Oyun Bilgi Platformu, 2022).
It can be stated that this number will increase day by day unless necessary measures are taken.

In the literature, there is a large number of studies (Griffiths, 2008; Griffiths et al., 2012; Xu et al., 2012; Griffiths,
2014; Griffiths et al., 2014; Novrialdy & Atyarizal, 2019; Kalinkara, 2022; Kirdaly et al., 2023; Kurt Toprakli &
Kavlak, 2025) related to game addiction, internet addiction, internet gaming disorder, video game addiction, online
game addiction, gaming disorder and digital game addiction. In addition, there are many studies on the perceptions
of students at different levels regarding digital games in secondary school (Giivendi et al., 2019; Hazar et al., 2020;
Kiicik & Cakir, 2020; Talan & Kalinkara, 2020; Ozdemir & Karaboga, 2021; Cakir, 2022; Durak, 2023;
Yunusoglu, 2025), high school (Karabulut, 2019; Soydz-Semerci & Balci, 2020) and university (Pala & Erdem,
2011; Kesici & Tung, 2018; Aktas & Bostanci, 2021; Karabulut Coskun & Akcay, 2023).

In this study, secondary school 7th-grade students' views on digital games were collected and evaluations were
made. Although there has been an increase in the number of studies on the subject, no similar study on digital
games has been found in literature. This shows that this study will contribute to literature and increase its
importance.

I"I"HSY6& ()< (+#,-*#., YO

The aim of this study is to evaluate the perceptions of 7th-grade secondary school students about digital games
from a phenomenological perspective. Within the framework of this general purpose, answers to the following
questions were sought.

X Do you play digital games and why?
When choosing the digital games, you play which feature of the game do you pay attention to and why?
What digital game or games do you play? Please write their names.
What are the emotions that come to the fore when you play digital games?

XX X X

Do you recommend digital gaming to your friends and why?

5O(6*#*&%'7(8*$7-.-9-:+(
#
1"1"#2%)*384-#5(/*6

This research was conducted using qualitative research methodology. Qualitative research can be defined as a
research method that designs data collections in the natural environment that is sensitive to people and places in
research with both inductive and deductive methods, establishes patterns and themes, and includes data analysis.
Qualitative studies, which are eventually turned into a written report, include the thoughts of the participants and
the researcher, the interpretation of the problem, the contribution to literature or the call for change that they want
to present (Creswell, 2020).

This research was conducted in accordance with phenomenology design. Yildirim & Simsek (2018) define this
design as a design that focuses on phenomena that we are aware of but do not have an in-depth and detailed
understanding. Merriam (2018) defines phenomenology as research that enables understanding the structure and
essence of the phenomenon; Zahavi (2020) explains phenomenology as the science of phenomena or the studies
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related to it and states that phenomenology is the study that makes a difference in the handling, analysis and
interpretation of existing data. In this study, in line with the method of the research, phenomenology design was
used to determine why secondary school 7th grade students play digital games, what they pay attention to when
choosing games, which games they play, the types of games they play, the emotions they experience while playing
games, and the reasons for recommending these games to their friends.

1"1"#7(&89:;#<&(W'

#

After obtaining the necessary permissions for the study, the two schools named below were visited for the study.
The study group of the research consisted of students from two different schools, Necip Fazil Kisakiirek imam
Hatip Secondary School and Rahmi Akinci Secondary School in Battalgazi district of Malatya province. For the
study, it was ensured that the research groups were close to each other in terms of academic level and socio-
economic status. In this sense, class selections were made based on grade point averages and the opinions of
classroom guidance counselors. The study group consisted of a total of 50 secondary school 7th grade students,
27 males and 23 females. The members of the study group, to whom the interview form was applied for the
research, were selected by simple random sampling method from random sampling methods. Because determining
the study group with this sampling method is more advantageous in terms of time and cost. From each of the two
schools, 25 participants were selected from the class attendance records by simple random sampling method.

All individuals in this sampling method had equal probability of being selected and the selection of one individual
did not affect the selection of other individuals. The best and most valid way to select a representative sample is
the random sampling method. Because it can be said that the simple random sampling method is more powerful
than other methods in ensuring representation (Biiyiikoztiirk et al., 2018).#

#
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The data of the study were obtained through a five-question semi-structured interview form prepared by the
researchers to determine the perceptions of secondary school students about digital games. The interview form
was created by going through certain steps. Accordingly, the interview questions were prepared after a literature
review and examined by two field experts. In line with the expert opinions, the form was finalised by evaluating
the comprehensibility of the questions and their suitability for the purpose. A pilot study was conducted by
applying the prepared form to the students at a secondary school different from the previously determined and
researched schools. After the interview questions were verified, schools were selected for the research. As a result
of the feedback obtained, the interview questions were finalized and data collection started. Thus, to obtain rich
data from the study group, necessary information was given to the participants to go into detail, and it was tried to
obtain the data in the desired direction. The required data for the study were obtained from the research questions
directed to the study group within a plan. By this way, the data of the study were made ready for analysis.

#
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As stated before, the data of the study were obtained from 7th grade students attending Necip Fazil Kisakiirek
imam Hatip Secondary School and Rahmi Akinci Secondary School in Battalgazi district of Malatya province in
the second semester of the 2023-2024 academic year. The application of pilot study was carried out through the
interview form which was created before the research was applied to 7th grade students attending Kurucaova Sehit
Seyho Kurtulmus Secondary School in Dogansehir district of Malatya province. As a result of the application, the
necessary corrections in the interview form were made by the researchers and the form was finalized. After
obtaining the necessary appointments and permissions from the schools, data collections were conducted at the
selected schools the relevant schools. Before the interview began, the students were informed about the purpose
of the research. Through semi-structured interview forms, students wrote the necessary data on the forms during
one class hour in a conducive environment.#

The data obtained from this study conducted with 7th grade students was analyzed using the content analysis
technique. Content analysis is a technique that allows researchers to examine large volumes of data more easily in
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a systematic way (Government Accountability Office (GAO), 1996). In content analysis, it is aimed to reach
concepts and connections that can explain the collected data (Yildirim & Simsek, 2018). The data were coded and
categorized appropriately by the researchers. According to the themes identified.

#
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To determine the validity and reliability of this study, internal and external validity were utilizing Miles and
Huberman's (1994) formula. According to Yildirim and Simsek (2018), internal validity is the consistency of the
researcher in the processes of data collection, analysis and interpretation during the research and to explain how
this consistency is achieved. The semi-structured interview form was developed, guided by the opinions of two
field experts to increase the internal validity of the research. To ensure the internal validity of the data obtained, a
conducive environment was tested to provide the participants to answer the questions. Interviews were conducted
after the participants felt ready and an atmosphere of trust was established. The data obtained from the interview
form was reviewed and analysed. The themes, categories and codes created after the content analysis, were
checked by submitting them for the opinion of a different field expert. After the findings were tabulated, direct
quotations selected from the opinions of the participants were documented.

Yildirim and Simsek (2018) stated that external validity is expressed as the generalization of research results to
similar environments and situations. To increase the external validity of the study, the data obtained were tried to
be described in detail. The research process was reported as stages in a clear, plain and detailed manner. The
research design, study group, data collection tools, data collection and analysis were explained in detail. The study
group was selected from different classes and coded by hiding their real identities. Codes and categories were
created through the interview documents, which were the main data source, then content analysis was done. To
improve the quality of the research design, credibility and consistency were checked. In addition, Miles and
Huberman's (1994) reliability formula (Reliability = Agreement / (Agreement + Disagreement)) was used and it
was determined that the agreement rate between the coders was 92%.

(
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In this section, the findings obtained through analyzing the data as a result of the research are presented. The
findings obtained through the analysis of the data were presented in accordance with the sub-objectives of the
research.

="I"#.,%/*:,)F#>9;9,36#<3G*#$6309:;# #3,%)
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The first sub-objective of the study is to determine whether the participants play digital games. The question asked
in line with this sub-objective "Do you play digital games and why?". The code table and frequency values of the
responses to the question are presented in Table 1 and Table 2.

#

Table 1: Students' Digital Game Playing Status
Gender ( <HWY 1R JUHTXHRF
Girl 21 2 23
Boy 23 4 27
7TRWDO( ( ( (

Table 1 shows the data on the digital game playing status of 7th grade secondary school students. As seen in the
table, it was determined that the majority of the students in the study group played digital games (f-44). The number
of those who do not play games (f-6) was determined to be at a very low level. The number of boy and girl
respondents playing games are close to each other can also be expressed as a remarkable result. The reasons why
the respondents play digital games are given in Table 2. From the category who stated ‘Yes’, three codes were
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identified related to enjoyment, boredom and learning while those stated ‘No’, indicated three codes related to

waste of time, leading to addiction and harmful to health.
!

Table 2: Reasons for Playing Digital Games

&DWHJIRU\ &RGH JUHTXHIQF\
Yes Enjoyment 26

Boredom 23

Learning 7
No Waste of time 3

Leading to addiction 2

Harmful to health 2

7RWDO (

Table 2 presents data on the reasons why the study group played games. Accordingly, it is seen that the number
of statements given is numerically higher (f-63). The reason for this can be expressed by the fact that the
participants in the study group provided more than one justification for the reasons for playing digital games. For
example, Participant-19 provided more than one justification saying "Yes. For example, I mostly play car games.
The reason: because I want to have fun and learn a little bit." Looking at the answers given to the question asked
for the first sub-objective in Table 2, it was determined that almost all the students (f-56) played these games
mostly for reasons such as having fun (f-26) and boredom (f-23). It was determined that those who do not play
these games do not play these games for reasons such as wasting time, addiction and being harmful to health.
Sample responses to the question are as follows:

HI%)"#3*43%)*#) (G* OG*)#* (6*#;* HE(&*/#3:/#K3: #,(#'630" NGEM

HI*)P#)(G* 9G*)#Q# 630#E*43%)*#9 #O)#+0b:#+(8HG*"#I% #K-* #QABIH 6BIEBOGHEDRHO  #,* JHE (&9:;"H#
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HS("#J*43%)*#Q#,-9:8#9 #OH3HK3), “H#(+#,0G*"#2*3/9: #HE((8)#9:), *3/#(+#'6309::#; 3GV HOWHE(,-#*/%43,9(:36#3:/#+%:
LM=@
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The second sub-objective of the study is to determine the features considered when choosing digital games. The
question asked in line with this sub-objective is "Which feature of the game do you pay attention to when choosing
the digital games you play and why?". The code table and frequency values regarding the features considered in
game selection are given in Table 3.

Table 3: Features Considered in Game Selection

&DWHJRU\ &RGH JUHTXHIQF\
Features of the Games Content 49
Recognition
Security
Cycle status
Being instructive

Covered area
Other Those who do not pay attention

A oD DN O N

Non-players
7TRWDO ( (
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As seen in Table 3, that the majority of the participants pay attention to the features of the games (f-70) when
choosing a game. With the most important features considered being content, recognition and security. It is
understood from the variety of codes that the features considered in game selection may vary from person to
person. It is also noteworthy that there are participants who do not pay attention to game selection and do not play
digital games. Sample expressions regarding the features considered in game selection are as follows:

H@-3,#9,#9)#+%:"#J*43%)*#,-*&*#O)#. (#.**/#,(# 630#, 3G*)#I+#K*#3&*#.(,#;(9:;#, (BEGE*#+%:"H#LM
HV(K#G%4-#)'34*#9,#,38*)#%""#J*43%)*#9,#G 38*)#,-*#'-(:*#) 6 (MASBH#LM
HQ#G38*#)%&*#,-3,#9,#9)#+ %0 #3:/#/(*)#.(,#4(:,39:HE3/HMANLHHLM
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There is no generally accepted classification of digital games (Kaleci, 2024). Therefore, digital games are
classified in different ways according to the purpose of use, the materials used, the developmental period or the
actions performed (Oztabak, 2017). In this sense, Hughes (2002) made a classification by dividing games into 16
different categories. However, in this study, the findings on the classification of digital games were classified
according to the types of games played with the support of literature.#

The third sub-objective of the study is to determine which digital games are played. In line with this sub-objective,
the question directed to the participants was "What are the digital games or games you play? Please write their
names." The codes and categories and frequency values of the responses to this question are presented in Table 4.

Table 4: Classification of Games

&DWHJRU\ &RGH 30DPHGE I
Action Games Pubg Mobile (f-9), Garena/Free Fire (f-4), Call of Duty (f-3), ( (

Valorant (f-3), Counter Strike (f-2), Dying Light (f-2), Age of
Empires (f-1), Assasin's Creed (f-1), Brawhalla (f-1), Conquer the
World (f-1), Fall Guys (f-1), Global Offensive (f-1), God of War (f-
1), Left 4 Dead (f-1), Ninja Game (f-1), Outlast (f-1), Shadow Fight
(f-1), Steel and Flesh (f-1), Zula (f-1), Z-World (f-1).

Creativity Games Roblox (f-8), Minecraft (f-7), Toca Life World (f-3), Anime (f-1), {
Car Modified (f-1), Block Star Planet (f-1), Drawing Game (f-1), Dealer's
Life (f-1), Forager (f-1), House Flipper (f-1).

Adventure Games GTA Series (f-6), Subway Surf (f-3), Color Block (f-2), Naruto f
Shippuden (f-2), Dancing Line (f-1), Going Balls (f-1),
Moonlighters (f-1), Piano Music Go (f-1).

Intelligence-Strategy Games Brawl Stars (f-7), League of Legends (f-3), Clash Royal (f-2), {
Ludo (f-1), Mound & Blade (f-1), The Hacker Game (f-1),
Sudoku (f-1).

Sports Games FIFA Series (f-5), PES Series (f-3), DSL (F-1), Voleyball Arena {
# (f- 1). #

Games Played with Device Euro Track Simulator (f-3), Forza Horizon (f-3), Traffic Rider (f-2). (

Other Candy Crush Saga (f-2), Duolingo (English/f-1), Instagram (f-1), (

Luvlingua (English/f-1), Nonogram (Japanese puzzle/f-1), Tiktok (f-1).

7RWDO (

The findings related to the third sub-objective of the study are presented in Table 4. Classification was carried out
by determining which game was included in which kind of classification. It can be stated that the games played

74



Asian Institute of Research Education Quarterly Reviews Vol.8, No.2, 2025

are classified in different ways and show diversity. The game played most are action games (f-37) that require the
struggle for survival. In addition, it is seen that creativity, adventure and intelligence-strategy games were also
played at higher frequencies. The least played games were the games played with devices and the ones given under
the title, other games. The fact that the participants in the study group played more than one game can be expressed
as a remarkable result. Sample expressions regarding the classification of games are as follows:

H?(6(8#J6(48X @&3++94#29/*&X>8&3K9:;#<3G*) X<@BX#S9:Y3XS3&%,(X>3:49::#79:MEB%) 94#$93: (H#LM
HJ&3K6#.,3&)PH#2(E6([PH#@ (43#7(&6/PH59:* N HH#LM
HZ*3;%*#(+#6**.\#LZ\ZOHELE

(
="A"#]G(,9()#]G'-3)9M*/#7-96*#$6309:;#<3GH)

The fourth sub-objective of the study is to determine the emotions that come to the fore while playing digital
games. The question asked in line with this sub-objective is "What are the emotions that come to the fore for you
while playing digital games?". The code and category table and frequency values of the responses are presented
in Table 5.

I

Table 5: Emotions that come to the fore while playing games

&DWHJRU\ &RGH JUHTXHBF\
Positive emotions Happiness 20
Excitement 18
Enjoyment 14
Self-confidence 5
Negative emotions Stress 10
Greed 6
Anger 4
Fear 3
Other Not aware 4
<-$&9 :>(

Table 5 presents the findings regarding the emotions that come to the fore while playing games. Accordingly, it is
noteworthy that the emotions are generally positive, but there are also negative emotions. Happiness, excitement
and having fun were the most common positive emotions, while stress was the most negative emotion followed
by ambition. It can be stated that this situation is related to the fact that students see the game as an activity related
to their happiness. Sample expressions related to emotions are as follows:

HB#)*:)*#(+#+%: P#4%& 9 ()SBE#LM

HQ#3G#-3"0#K-*:#Q#'630#; 3G*)RNAEM

HQ#-3U*#+%:P#63%;-#3:/#*.Y (0#'6309:;#K9, Ho(ED"H#LM

#
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The fifth sub-objective of the study is associated with determining the recommendation of playing digital games.
The question asked in line with this sub-objective is "Do you recommend playing digital games to your friends
and why?". The code and category table and frequency values of the responses are presented in Table 6.
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Table 6: Recommendation Status of the Games

&DWHJIRU\ &RGH JUHTXHQF\

[y
a1

Yes Being fun
Stress relief
Developing intelligence
No Addiction
Time Loss
Harm to health
Reducing success
Other Not playing

w B N O 0O © 01 N

Not recommended
7RWDO (

It is better to quantify to indicate the total for each category like “Twenty-seven responded with “Yes’ while twenty-
four responded with ‘No’. There were 7 respondents in the ‘Other Category’. It is seen that those who play digital
games recommend these games mostly on the grounds of "being fun". It was determined that those who responded
with “No” do not recommend these games for reasons such as addiction and waste of time.

When positive and negative codes are considered together, it can be stated that the recommendation of students
who play digital games stems from the perceptions and environments of individuals. Therefore, the
recommendation situation is determined in line with the internal and external factors affecting the individual and
this situation varies from person to person. Sample responses regarding recommending or not recommending are
as follows:

HQ#&*A(GG*:/#9,#9+#9 #9)#3#; 3G #K*#KI66#-3U*H+P @, (;*,-*&"H#LM
HQ#&*4(GG*:/#/9;9,36#;3G*)#,(#GO#+&9*:["#T (&#*[3G'6*P#I+#G0# + BRRDFBHIHAI FRHB #KO,-#-9G X-*&H#EO#
'6309:;#;3G*)"H#INA G

HQH#K (%66/#: (#8*4(GG*:/#9 HE*43%)*#O HAZHE*#3//94, QUH3: [H/*48*3) ) %A4*) HAHE)) () "HHLM

(
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The number of studies on digital games is increasing day by day. It was observed that 88% of the students two
different schools in Malatya city center actively play digital games, even at different levels. In this sense, when
evaluated in terms of children in the 11-14 age group, it is thought that playing these games may lead to some
negative consequences in this age group.(

In the study, the number of boy students who stated that they do not play games is higher than the number of girl
students. In addition, the fact that the number of boy and girl students who play games is close to each other can
be stated as a significant result. This is contrast to observations by boy students play digital games more than girl
students (Griffiths et al., 2012; Oztabak, 2017; Karabulut, 2019; Keskin 2019; Soydz-Semerci & Balci, 2020).

Digital games have negative mental, physical, psychological, spiritual, emotional, social, economic and moral
effects. The negative effects of games include violence, aggression, loneliness, fatigue, sleep disturbance,
depression, anxiety, obsessive-compulsive disorder, internet addiction, game addiction, peer bullying and lack of
socialization. Physical effects include obesity, back pain, neck pain, physical inactivity, orthopedic action muscle
disorders, and vision and hearing problems (Green & McNeese, 2008; Giivendi et al., 2019; Hazar et al., 2020;
Ozdemir & Karaboga, 2021; Cakir, 2022; Widiyawati & Arby, 2022). In another study, Yunusoglu (2025) states
that although there are harmful, there are also beneficial aspects. In which digital games contribute positively to
students' creative thinking, visual design and artistic development processes, he also found that they cause physical
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impairment. Thus, it can be concluded that digital games have harmful aspects that negatively affect human health
as well as beneficial aspects.

Despite the negative effects, Granic et al. (2014) and Aleksi¢ (2018) determined that with the increase in the level
of game addiction; problem-solving skills in children can be developed, helping them in transfering items from
digital environments to the real world, developing the desire to cooperate to solve problems, and has cognitive,
motivational, emotional and social benefits.

The results obtained within the scope of the research questions are given below respectively.

Within the scope of the first question of the research, pertaining to the status of playing digital games is striking.
Accordingly, it was determined that these games are played for fun, to relieve boredom and to learn. In addition,
it was determined that digital games were avoided for reasons such as wasting time, being addictive and harming
health. Isikoglu Erdogan (2019) and Ozdemir & Karaboga (2021) state in their study that parents apply to the
devices such as television and computers to distract their children who are bored at home, which leads to addiction.
They suggest spending time with the family as a way of protecting children from addictions. Keskin (2019)
concluded in his study that students who have more than one game tool are more addicted to games.

Within the scope of the second research question, it was observed that content was particularly important in game
selection. However, there are also children who do not pay attention to the content and do not play games. In their
study, Dursun and Eraslan-Capan (2018) determined that adolescents make preferences for the need for
entertainment in game selection. Toran et al. (2016) found that digital games are played more especially by
children because they are fun, while Surbakti et al. (2022) found that it is one of the popular entertainment among
young people. Accordingly, the fact that the content is entertaining is important in preference to playing the game.

Within the scope of the third research question, which the digital games were played were determined. The games
played were presented in seven categories by the researchers. Action, creativity, adventure and intelligence-
strategy games were the games played most. It was determined that Pubg Mobile in the action category, Roblox
in the creativity category, GTA in the adventure games category, and Brawl Stars in the intelligence-strategy
games category were the games played most. Aktas & Bostanci (2021) compared the digital game playing time of
university students before and during the pandemic. During the pandemic period, digital games were mostly played
with phones during the pandemic, and the rate of playing war-strategy games had increased significantly.
Similarly, according to the Digital Games Information Platform (2023); Pubg Mobile, Brawl Stars, Garena Free
Fire, Head Ball 2, Roblox, 101 Okey Plus, Mobile Legends Bang Bang, Lords Mobile and similar games were
preferred via mobile phones in Turkey in 2020, while hyper-casual and puzzle games were preferred by the general
player base. Individuals were keener on digital games during the pandemic period and the game industry expanded
even more.

Within the scope of the fourth research question, it was determined that positive emotions such as happiness,
excitement and fun and negative emotions such as stress and greed came to the fore in children while playing
digital games. Accordingly, it is understood that positive emotions are felt more than negative emotions while
playing digital games. Games are entertainment tools that are preferred more especially by young people and
children. It is understood that children feel different emotions during the game. In his study on internet games,
Oztabak (2017) found that out of 80 students who participated in the study, the rate of students who would not feel
any negative emotions when they removed internet games from their lives was 15%, and the rate of students who
did not want internet games to leave their lives and who stated that they would have negative emotions when these
games left their lives was 85%. This situation shows that school-age children are addicted to games. Giivendi et
al. (2019) and Ozdemir and Karaboga (2021) found that more than half of secondary students were at risk of digital
game addiction. When an inference is made regarding the level of addiction, it can be stated that the digital game
addiction levels of the students are quite high and similar to the results of the study.

The fifth research question is related to the recommendation of digital games. More than half of the secondary

school students participating in the study had negative perceptions. It is seen that almost half of the students
recommend playing digital games to their friends. It can also be stated that being fun has an important effect on
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recommendation. Biricik & Atik (2021) reported that children play similar games. It can be concluded that
popularity and peer interaction are decisive in this. Similar observation was reported by Biricik & Atik (2021) has
similar results with the results of this study.

As a result, it was determined that the perceptions of digital games of 7 grade secondary school students were
significant in favor of game playing and their game playing levels were quite high. In this sense, it seems very
difficult to prevent young generations who find themselves in the digital world from playing these games. For this
reason, it is necessary to plan in the content of the games, attempt to reduce the duration of use and measures to
reduce game addiction. It is understood that negative emotions come to the fore as well as positive emotions while
playing digital games. Therefore, it is understood that young people should be more careful in the selection and
play of digital games, and educational stakeholders and parents should have an awareness and consciousness about
the issue. Based on the outcome of the study and the from literature reviews, the following suggestions can be
made.

9! As he study is a qualitative research with small sample size, more comprehensive studies should be
conducted by using quantitative and mixed-method.

9! Studies can be conducted with different research methods with different age groups beyond the 7" grade
students starting from preschool period to postgraduate levels. In addition, comparative studies can be
conducted between different levels.

9! With digital game addiction determined at very high levels, awareness on the subject can be raised by
organizing interviews, conferences and seminars for students, parents, teachers and parents. Support can
be received from institutions and organizations that fight against digital game addiction.

9! Considering that digital games are being played more and more every day, it is necessary to regulate the
content of existing games and to filter the new games with content that may negatively affect the
individual.

9! By popularizing traditional games, especially intelligence games such as chess, etc., and sports activities
among young generations, it can be ensured that they get rid of digital games and the addictions caused
by these games.
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$6 : 733 <M 2@ P<"HHOH?Y >I2T*TT8#O)(-2)V.-&!
OR : 733 ?2<Q# 2<2@®  P<Q"HoH?# >I2T*TT8#O)(-2)V.-&!

#
" T)+&*2HB(-#) (#HH(-*-)(-)3*T#I2/3&5.28&# .(&5#-1#5&-&2T) +&#:%8&-% & 2#-Y0 & 2&H# ) (H*# T)+&* 2# 28 7*-)[+(%) I#HV &-: &&
TI2&#9*2)*V T &(<HPYEHT)+&*2)-8#-&(-#*)T(#-#5&-&2T)+&#:%&-%0&2#-% & 2 &H#) (H*#T) +&* 2#2& T*-)/+(%0) IHV &-: & & +#
9*2)*V7&#*+5#-%&# ) +5&I&+5&+HOH2PRLR2&(()/+# T/FRTHF! +' R'B>=0! 121 4 d*(&5#/+#-%&# 2&(. 7-(#/0#-%&#
7)+8*2)-8#-&(-#*+5#-%&# ()K+)0)3*+3&#-&(-#/0#-%&H# 2&K2&(()/+# &].*-)[+#*V [9&=H#)-# 3*+#V &# 3/+37 .5&5#-%*- #-%&
(-.58#*2&8H* T THT)+&*2#*+5#%*9&H*#()K+)0) 3*+-#2& K 2& (()[+#&] .*- )/ +#M-*Y 7 &HDH#*+5#-*V 7 &H@N<
#
$*V7&HDE3*I)-. T*-)[+#I0#T7)+&*2)-8#-& (-#R&(.7-(

F2)VT & S)+&*2)8 O&9)*-)/+#02ITHT)+&'R) . # 1+37.0/+ #

&/ : OR  ?2<??Q#pH#H ?<G?Ho#HK?@ ?2<?7@ S)+&*2

6( : OR  7?2<?2?2Q#p#2 ?<G"#Ho#?4?@ ?2<?7@ S)+&*2

$6 : OR ?2<??GH#Hp#HK ?<GH#O#ZK?@ ?<?7@ S)+&*2

&/ T3B ?<HpH?HE <G HOH?H?@ ?2<?@® S)+&*2

6( : 738 ?2<??7HpH?E ?<CGQHOHEK?@ 7@ S)+&*2

$6 : 7THI <??GHPHYH ?<GDHOAFK?@ ?2<?7@ S)+&*2

OR : 733 ?2<??7?#p#?# ?<GFHO#HK?@ ?7<?@® S)+&*2

$*V7&IHER3*T)-. T*-)[+#I0#2&K2& (()/+#-& (-#R&(.7-(
*¥2)*VT & -HO*T7.& -#VE (K# . # 1+37.0/+ #
&/ : OR '"<@@& G<CHG ?7<??9 ?72<?@ E)K+)0)3*#-
6(: OR Q<?72 G<CHG ?2<??7% ?2<?@® E)K+)0)3*#-
$6 : OR "<Q@G G<CHG 72<??6 7<?@® E)K+)0)3*#-
&/ : 738 F<H'®D G<CHG ?<??6 ?7<?@® E)K+)0)3*#-
6( : 738 H<CH¥ G<CHG ?<??72 ?72<?@ E)K+)0)3*#-
$6 : 73H3 H<'DB G<CHG ?2<??2 ?72<?@® E)K+)0)3*#-
OR : 733 C<@®H G<CHG ?<??% 7<?@ E)K+)0)3*#-

#
SU&HT.7-)3/77)+&*2)-Bt-&(-#) (H+&H I0#-Yo&H (-*-) (1) 3*TH#-83%+)]. &(# . (&5# -1#)58+-) 08#-V6&# I2& (8+38&H0H*# %) K%
V& &&+# - [# 124 TI28H#) +58I&+5E+-#9*2) T&(#)+#*# 2& K2 QYT+ BEFIBEREH "2 " BNSY6) (#-&(-#) (#) TI/2-++-#
V&3*.(&F.7-)3/77)+8&*2)-8H#3*+#3* (8HI2IN T&T (#) +#-Yo&H&(-) T*-) +*+5H#) +-&2I2&-*-) [ +#/0#2&K 2&.(()/+#3/800)3)&+~(:
*00&.3-)+KH#-06&H#*33.2*38H/0H-Yo&H T /58 T <H*(&5H/+H#-Yo &t 28 (. T-(#IOH-Yo&HT . 7-)3/77)+&*2)-8#-&(-#*+*T8() (=H)-H*(H#/\
KT THE* Y -7 8.2%+ SBUBRT-&2H-Yor HHP< G P2H*+ SH*H; XHOXT &HtIOHT &((H-Yo* +H#G 2<P2HM-*V T EHFN<HS*V T &HFH)+
*\(&+3&HIOHT . 7-)3/77)+&*2)-8H(8TH/T(<
#

$*VTRABEEI ). T*-)[+#IOH#T . 7-)3/T7)+8&*2)-8H#-&(-HR&(.T-(
12)-&2)¥#
$/782+3& X #
&1 : OR ?<G@'ReB?? C<GHQHPHG? $%&2&H*28H+H(BTI-IT(HIOHT.7-)3/77)#&
6( : OB  ?<GQDHOH##( I<D"CHPHGH $%&28H*28H+H(STI-IT(HIOHT.7-)3/77)#&
$6 : OR ?<GHCHO#P#( I<@F'#pHGEK $Y6828H*28H+H(STI-IT(H#IOHT.7-)3/77)#&
&1 : T3B ?7<G"HOH?<B: H<DHQHPHGR $Y6&28H*2&H+H(BTI-IT(HIOHT.7-)3/TT)#&
6( : 73 ?<GFDHO#PHC C<HG@HDPHB" $%&28&H*28H+H(8TI-IT(HIOHT.7-)3/77)#&

xRV T G I+37.01+ #
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12)-&2)#

$/78&2*+3& X #
$6 : 7H3 ?<CI'#o#?<@T H<@QGHpHB $%&2&H#*2&#+I#(8TJI-IT(H/OHT.7-)3/77)#&
OR : 733 ?2<GGCHO#?H( C<CQ@BAMAP $%&28&H*28&H+I#(8TI-IT(HIOHT.7-)3/77)#&

*OVHV/ 78

1/+37.0)/+ #

#
$%&H %o&-&2/(3&5*(-)3)-8# -&(-# )(# *# (-*-)(-)3*7# J2/385.28%# .(&5# -/ 5&-&2T)+&H# :%6&-%0&2# *# 28K 28&(()/+# T/5&TH
)+&].7)-8H#)+#2&()5. ¥ T#I*2) MHIE2B*2-&2=H"2"BIM +#2&K2& () +#++*T8() (=H*#32. 3V TH*((. TI-)/+#) (H-Yo*-#-% & & 22/ 2#
9%2)*+38H#M2&()5. *7NH# 2 BT HYHHH 321 (#-Yo&# 2*+K&H/0H ) +58I&+58+-# 9*2) "\ T&HO*T &(=#*##3/+5)-)/+# 280822854+
%0/ T/(38:5%(-)3)-8<H $Y68H 2& (. 7-(H & MRMIES*(-) 3J&(-#)+5)3*-&5H -Yo*-#*T TH 5*-*# Yo* 5 *# ()K+)0) 3*+-# J2/\*V)) 7)-8#
O%7 &AHOHT&((H-Yo* +#2<? @HM(&8H-*V T &HHN<HSY & 280/ 28=H)-H3*+#V &#3/+37 5&5H# 02/ TH-*\/ 7 &t HH-Yo*-#+/+&H10;
(8TI-/T(H/0H%&-&2/(3&5*(-)3Y-8<

#
$HVT A& )-. T*-) [+ #104#%6&-&2/(385(-)3)-8#-&(#28&(.7~(
FNVTE | E)KE . # 12)-&2)% 1+37.0/+ #
&/ : OR 7<HQ@ ?<?@  ?<HQ@#0H#? $%&2&H*2&H+H#(S8TI-IT(#I0H%&-&2I(3&B
6(: OR 72<Q¥ 72<?2@  ?<QIHOH?4E $Y&2&H*2&H+H(BTI-IT(#/0#%8&-&2/(385
$6 1 OR 7?<DGR ?<?@  ?<DG?HO# $%&2&H*28&H+H(8TI-ITOHEIE2/(3&5*(-)3)
&/ : T3B 7?7<FGD ?7<?@®  ?<FGDHO#P $6&28H*2&H+H(STI-IT(H/0#%E&-82/(385
6( : 738 7<Q¥ ?<?@®@  ?<QIHOH?E $Y&2&H*2&H+H(BTI-IT(#I0#%E&-&2/(385
$6 : TH3I P<QE <@  2<Q"CHOHM BU&2&H*28&H+H(STI-ITHENE2/(385%(-)3)
OR : 733 7<@®@ ?2<?@  ?2<@QI0o#% $U&2&H*28H+H(STI-IT(#I0HY%&-&2/(385
#

O8J/-Y08() (H-&(-)+KH)+HHI*- Yo+ +*T8() (H&_*T)+&(H-Y6&H3* .(*TH2&T*-)/+(%6) I (HV &-:&&+HI*2)* T &(H)+*H#T/5& T <HW*-%
YH(-*-)(-) 3EBBYo+)] B&SH-1#&_ITI28#*+5H#I&2)0BHIITITE_H3* (FTH2&T*-)|+(%) JHTIS&T (H) +H#-*\ T &H =H#-\/ T &HC=H*+E
G2#)+9/79)+K# &_[K&+].(# 9*2)*V7&(# M3%*+K&H# 78*582(%)I=# J2)+3)J*T# *3*5&T)3# (BLLIICFMM *+5## (870
&H5IK&H].(HO*2)V T&(HMT/-)O*-)/+#*+5#-8*3%& 2# ITBIRAQYRT*+3&N<

#
$*V7 &I &3*J)-. 7*-)[+#/0#5)2&3-#)+07 .&+3&#-&E#2&(. 7-(
2V & W*-0%#3/&00)3)¢é -#9*7.& -#*V7& "Br7.84¢  1/+37.()/+##
&/ : OR 7?<D!'@ "<FG¥ G<CHG ?7=?76 W/()-)9&#*+5#()K+)0y8*-
6( : OR 7?<QHG Q<C@F G<CHG 7?2<?72 W/()-)9&#*+5#()K+)0)B*-
$6 : OR 72<Q@" D<@®H G<CHG 7?7<??8  WI()-)9&#*+5#()K+)0)B*
&/ : 738 ?<DG@H Q<IQ@ G<CHG ?<??% W/()-)9&#*+HK+)0)3*#-
6(: 738 7?<Q!& Q<CH#a G<CHG ?7<??% W/()-)9&#*+5#()K+)0)B*-
$6 : 7TH3 ?<@®7 @<@Q! G<CHG 7?7<?78 W/()-)9&#*+5#()K+)0y8*-
OR : 733 ?<D"H D<IQ® G<CHG ?2<??7% W/()-)9&#*+5#()K+)0Y8*-
(
$*V7&IHE&L3*D)-. T*-)[+#/0#)+5)2&3-#)+07 . &+3&#-&f-#28& (. 7-(
VT & W*-%#3/&00)3)é -#9*7.& -#-*VE "B*7.& |/+37.()/+##
&/ : OR : 7383 ?<FDH C<FBIC G<CHG 7?7<??#2 W/()-)9&#*+5#()K+)0)3
6(: OR : 783 ?<@®C IKHCBD G<CHG ?7<??# W/()-)98&#*+5#()K+)0)3
$6 : OR $WW ?2<F@ G?<IQE G<CHG 7?<??# W/()-)98&#*+5#()K+)0)3
#
$*V7&HBREI*T)-. T*-)+#/0#-%&H2& (. 7-(#/0#-%&H#)+5) 2&3-#() T.7-*+ &/ ##&00& 3-#-&(-
*¥2)* VT & 0#9*7#& O#-*VE& "B*7.&% 1/+37.()/+# #
&/ 6( $6 : OR :#73 QC<I@@ C<FBIC 7?<?77 W/()-)9&#*+H¥+)0)3*#-
#
BO(94#'3##4(2
#

W2)+3)J¥7# 3%*+K&H# T&*582(%0) J# Yo*(# *# 5)2& 3-#*+5# ()K+)0) 3*+-# ) +07 . &+3&H [+# -8*3%&2# J&20/2T*+3&=# % &2
78&*5&2(%)J# (-878&# 3*+# )+328*(&H# -&*3%&2# J2/5.3-)9)-8# *+5# /2 &+-%.()*(T=H# &(JI&3)*T78# -&*3%&2# J&5
J&20/2T*+38FY6*1+ A-06'06*/01 1 2154, +#+55)-)/+=#3%*+K&H T &*5&2(%)IH) TIT&T&+-&5HVSH-%E&H#I2)+3) I* THY* (#* 7 (/4

IC#
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(Yol +#-1#3[+-2)V.-&#()K+)0)3*+-78#-/#-&*3%&2# I&5*K/K) 3*T#I&20/2 T*+ I MBINBES01 12124 <#

$%&H# JI()-)98&H 287*-)/+ (%) I V&1 &&-+# J2)+3)I*T# T&*582(Yo) It *+5 -&*3%&2# J&20/2T*+38# &TIV*() (&(H# -%o&# ) TJ/
78582 (DH2/T&H)+#328*-)+KH#3/+5.3) 08H:/ 2MEA9) 21+ T&A-HMU*2-)+ &+ T<=H'2"DN<HE. I/ 2-) O&H*+5HT/-)9*-)+K#7
3*+#8+3]. 2V K &H-&*3% & 2 (HOGEID) 284/ 1-) T TH&S . 3%-) [ +* THHNI (H05)H&-#*T<=#IP" @N

#

E-2.3-.2&5# *+5# 3/+()(-&+-#*3*5&T)3# (. J&29) ()/+# Yo (# VV&&+# (Yo +# -I# Yo*O8H *# ()K+)0)3*+-# ) +07 .&+38&H [+#)+32&
-&*30%82# J&5*KIK)3*T# J&20/2T*+3&=# V/-%# )+5)9)5.*778# *+SMBIT7EEI)BEESH *7<=H 2R "BN)T*7#
YTITET&+--)[+#I0#*3*5&T)3# (.I&29)()/+# 3*+# Y& T I# -&*3%&2(# 5&OI&TII# -&*3%) +K# (M) 77 (#*+5#) TI2/08# -%6&H#].*
T&*2+)+KH) +#-06&#3T*((2/ THMAS)HIHE 5+5)/=#" 7" QN<# 3*5&T) 3#(.I&29) ()/+H*7 (/#*3-(H*(#*#-1 TH-1#) TI2/98&#-&* 3%
V) 7)-8# -1 IT*+=H)TIT & BBHEO*T *- 8t -Yo&H T&*2+)+K# I2/3&((#MU*2-)+)#&-#*T<=#"?"DN<#K)-%#8&0083-)98&H (.J&
-&*30%82(HORE THTI28#(.JI/2-&5H* +5HT/-)9*-&5#-1#)TI2/98#-%6 &) 24#-820/2T*+3&<

#

E&TB00)3*38=#/2# -&*3% &EMIOIBEA 3&H ) +# -%6&) 24 V) T)-)&(=H Yo (#*# (-2/+KH# 28T*-)/+(%) I# ) -Yott -&*3%&2# J&5*K)
J&20/2T*+38=H#:%&28#%)KYoH7 & BROCYBIBEERO- 3. 2* K &H-&* 3% &2 (#-1HV &HTI28H) ++/9*-)9&H*+5H#&00&3-)98&H) +#-&*3Y
MW, (J)-*(*2)# &-# *7<=HITBDUGH 2&3)J2/3*T# 287*-)/+(%) IV &-: 8 &+# -&*3% & 2# T & TROD)B BB (Tl (& T*-#
)+328*()+KH(BID) 3* 38H3* +(-2&+K-06&+H#&5.3%-)[+*T#12*3-) 3& (#*+5#(- 5&+-#7 8* BN BB TRRME &/ 0

&00)3*38H) (T (I +) TI2-*+-#1285)3-12#) +#5&-&2T)+) +KH#-Y08H T &O& THIO#-8*3%&2# & 20/ 2 T*+38H)+#(3%/ 7 (<H#S$?
%6*0&H#Y0) K VER@I)B*38H- &+ 5tV &HT/2843/+0)58+-#)+#0*3)+ KH3Y6* 77 &+K & (#*+ SHNEAI)-+ KA G + K 8.7

#

KI2N T1-)9%-)/+=# V/-Oo#t :)-Yo)+# -Y6&H -&*3%68&2# *+5# :)-Ybtt -Yo&tt (I 2-# I0# -%6&H# J2)+3)I*T=H 3/+-2)V.-&(# ()K+)0)3*
)TI2/9)+K# -&*3%&2# J&5*K/IK)3*7# J&20/2T*+3&<# §)KVo# *3%60) &O&T &+ -# T/-)O*-)/+# )+# -&*3% &2 (# 3*+# &+3/. 2K &# -
3/4-)+. &t -I# ) TI2/9&H -%&) 2# 3/TI&-&+38HPNHEBE(.7-(B% +! A-%6'%6*/0! 121::1 <+&F'$=9'6! >)! '720! 1244@4
U/-)O%-)+*¥T# (.JII2-# O2/TH -Yo&d I2)+3)I*TH# Vo*(# *7(/# &8+ (Yol +# -1# Yo*O8H *# (-2/+K&2# )+07.8+3&H -Yo*+# *3*5
(J&29)()/+# )+# ) TI2/9)+K# -8*3%&2# J&E*K/K)3*T# J&IN2TY+J&E-# *T<=H "B @Nbo# [J-)T+T# T/-)9%-)+=#

-&* 30082 (H*28HTI28H8&+-%%.()*(-)3H) +H#3*228)+KH/ .-#-Y6&) 245 .- ) & (#*+5#28&(I/+@V) 7)-) & (#*-#(3%//7<

#

196*+K&H# T&¥5&2(V6)J# Yor (# V&&-+# (Yol +# -1 Yo*O&H *# (JK+)0)3*+-# ) +07.&+3&H [+# -&*3%8&2# J&5*K/K)3*7# J&20/2T*
5)28&3-78#*+5#-%62/ KYott: 2T /-)9%-) [+ (HH#T BB IR B="?"DIL&(&*23%6#(%/: (#-%o*-#&00&3-)98H T &*582(%0) JH3*+#
)+328*(8H -&* Y6824 1/ 2N T-)O%-) +=H %) 3%t . 7-) T*-&T8H# Yo (#*# J/()-) O&H ) TI*3-# /+# -&*3%&2# J&5*K/K) 3*T# &20/2]
M$* 5)+H#&-#*T<=HB@NSE)-)/+=#-0o&#28&(. 7- (#/OH-BOBIAT SSHE -#* T <=HMEBIGA 7 & 5#-Yo*-#IUPEKEH -8 5#
78*5&2(%)J# 3/+-2)V -&(# K2&*- T8 -[#) TI2/9)+K# -8*3%&2# J&20/2T*+38&=t :)-Yot} /2" T/-)9%-)/+# JT*8) + K *# 5&-&21
0%3-/24) +#(-28+K-068+)+KH#-Y0)(# 28 7*-)/+(%) I<HE.JI/2-)0&H#*+5#)+(J)2)+KH# 7 &*58&2(Yo) JH 3*+# 328 *- & #1274 &+9) 2/-
T [-)9%-&(#-8*3%&2(H-I#:/1 2 T128#13-) TMIIPGIE) +. 2* Yo THSHE&-H T<=HE?""N

#

$&*3%68 24 RD0)3*38HYe* (#*#5)283-#&008&3-#/+#-&*3%82#I&S+K/K) 3*THI&20/2T*+3&=H:)- Yot /2T |-) O*-)[+H*(H*HT &
O*#(-2&+K-Y08&+(H-Y08H2& TSPLIPHIFE'O='01121:4  <HS&*3%&2(#:%6/H%*I8HVEROBYREIBH -&+5H-/#\ &#
T/I28#T/|-)9*-&5# ) +# 3*228)+KH /.- #-96&) 24 5.-) &(=H# -%. (# Y6+ 0)+K#t *+#) TI*3-#/+#) TI2/9) £ R IZDRNBT 44 3&#
1>)>8&=/$0!12114#P-%8&2#(-.5)& (HY%*O&H* T (J#0].+ SHERA*SER(PO)J=H:%6) 3%6#) (#37/(& 78#28 TR-BMBIBRETC*+#
)+328%(8H-&*3Y0& 24 [2M T/-)O%-)[+#*+5¢#)+5) 28:3-78#) TI2/9&H-%&) 2HIH M RASERS) /0! 121:4 <H#K/2M

TI-)9*-)+#) (#*+) TI2-*+-#V 2) 5K &H#3/++&3-) BROURBTASH:)-YoHV &--& 2H-&* 3% &2HIGRO/2T*+3&<

#

$9%&#12)+3)I*Th(#*3*5&T)3# (.J&29) ()/+#%6* (#*#()K+)0)3*+-#&00&3-H#/+#-8*3%&2# I&5*K/K) 3*7# 820/ 2 T*+3&=# V-
* 45t 062/ KOb# /27 T/-)O%-)/+# *(# *+# ) +-&2T&5)*28# ORBYWNT &M )+K () Y6# &-# *7 <<ttt TRIGKR3Y0# (%! (# -Y6*-#
8008:3-)9&H#*3*5&T)3#(.J&29)()/+# 3*+#) +328* (&tt-&*3%& 24127 T|-)9%-) 1 +=#:%) 3%6# . 7-) T*-& T 8HY*(#*#/()-) 9&H) T I*2
-0b&) 24820/ 2 T*MEBLJH HE&-H* T<=HHPENS5)-)/+=H-Yo8H 3 TV) +*-) [ +#/0#*3*5& T) 3#(.I&29) () +#*+5H: /2T -) 9*-) +#

Vo* (HV &R+ (V0] +-1HYo*O8H K 28*-&2H) T I*3-#1+#) TI2/Q)+K#-&*3%68 24 I& 20/ 2T*+3&H-Yo*+#) Ot/ + T 8#/+&#0*3-24) (+
M, 206%+#&-H*T <HEBIR- 285#*+5#[+K/)+KH#(. I&29) () +H#3* +#T/-)9*-&#t-&*3Y6&2(H-1#3/+-)+ . &tt-1#) TI2/9&H-%&H] *T)-8
JOHT&*2+)+KHMABYHE-H* T#=#"2"DN<

#

19%6*+K&# T8&*58&2(%)I=# *3*5&T)3# (.J&29)()/+=HROBJB(SD Y%*98&# V&E&+# J2I98&+# -I# %*98&H *# JI()-)98&# &00&3-+
OT.7-*+&1.(78#/+#-8&*3%8&2#I&5*KIK)3*T#I&20/2T*+38=#: Y& 2&H: 12N T|-)9*-) [ +HI T+B(H++#) T 2-*+-HT &5)*-24) +#-%
287*-)+(VONVE*-2)*# &-H#*T<=HILL RU&*23%6# (%6/: (# -%6*-# &00&3-)98H# J2)+3) J*TH# T &*5&2(%) I 3*+#) + 328+ (&#-&*3% &2
TI-)O%-)+=# %) 3%# . 7-) T*-&T8# Yo*(# *# (JK+)0)3*+-# ) TI*3-# [+# ) TI2/9)+K# -%&) 2HBI&IH/PAHE3E Y $0!

C#
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12134<# E-2.3-.285# *3*58T)3# (.J&29)()/+# *7(I# 3/+-2)V.-&(# K2&*-T8# -1# V) T5)+K# -&*3%&2%# :/27 T/-)9*-)/+=# %
&+3/.2%K)+K#3/7783-)98#I&20/2T*+38&H) TI2NA& TRIHH&-H*T<=HFPNF55)-)/+=H%) K Yo#- & * TRBNB{RISH
(JI12-&EHVSHKIISH2K*+) (*-)+*TH#3.7- 28H*+5HT &*5&2(V6) J=H(-28+K-Yo8&+(H:/ 2N T/-)9%-) +H*-+ 57 &*5 (H-1#T/28413-) T
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NGE*72-8-B+(12$*B%&$4-2(42(CCBB$3%&88+(12@-%:*.(>9A(124$%3'$4-2
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-Jttel)+#*3- ¥TH3[+9&2(*-)[+#I2/ | (SH T TI:)+It(- 5&+-(HEUIBOR(H*+5#I2*5 *TTSHT &*2+#-IH(1& K T)\&t-*2I&-HT*+J * &t
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)+-&23.7-*2# (&+()-)9)-8# *+5# [2*]S*-)3# *Z)7)-8<# '(8+3%2/+/.(# 3/SS.+)3*-)/+# -&3%+7/J)&(# 1&2S)-# J2&*-&2#
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|/-&+-)*TBH)+5.3)+IH5)(*2-)3.7*-)+HZ &~ &&+H)++/9*-) +#)+#12*3-) 3&H*+5H) +(-)-.- ) [+* THS&3%*+) (S (HIO#*B3/.+-*Z) 7)-8<#
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F* 5)# A[V# -&2-)*28# -&(-)+ I# 123-)3& (# 12&(&+-# 3Y%*TT&+I&(H -1#) SIT&S&+-)+I# (3)/3. 72X T# [*2*5) IS (>#*(# 5/S) +*4
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YOO8 +]-# &+3].+-&2&5H [2# 0. 7T8H# ) +-&2+*T)WESH 8&-<# TR/ DEPHJHIRIPE3-)/+(# ) +# A[V# STS(ERI00&2#
(034)0)3*+-#/11/2-.+)-)&(HOI2#589&7/1)+IH)+-823.7-. 25 T#3/S|8-8+3&H: Y& +#2 &BT &3-&5#.I/+<

DA®



() *+#,+(-)-.-&H#0# 1 &(&* 2BIHHHHHHHIH BB H B RHE BT BHIERNG | (HHHHHHHHHHHHHHE R R PR HH AL [T

/<0(.8J$8$4-2(-@ (C-'4-'38$3%&8(1JJ%-& T*#($-(C&3.4(>.3'&$4-2&8(E{2$*H$
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6"'80KU',.$.830/L&S$.&'SFQSQ$48+))*1*4+ %0,$.&'039$+,6$+$6')43*K *0,$01$* $* $:'3a+8%$;036)$Ne+ L 2$ A#AIO=$
1%3).$.&3"$8"'8)$01$.&' SFQSQ$48+))*1*4+ *0,$.&'039$+3'$48+))* 1 6$+)$X/+, * +.* f$+44/U/8+.%0, 2% +,6$.&'$8+).$.;
8:'8)$ +3'$48+))*1¥'6$ +)$ fX/+8* +.* TS *UK30:'U',.$ NPO,L?$ A#AAO=$-6'",*19$ .&'S U',. +83 +L'$). +L'$ 01$.&'$) /6", .$
&30/L&S$.&'SFQSQ$48+))*1*4+.0,$.8'039$.0$+663))$.&'$3'+8*.*)$',40/,.'3'6$*,$.8&'$6'80KU',.+8$).+L)$N\+,?$
AHAIO=$5:+8/+.%0,$01$)./6',.)g$&*3+3489$01$.8&*,c* L$.&30/L&SFQSQ$48+))*1*4+.*0,$.8'039$103$.&'$6''80KU",.$
KO*,.)?$8*)2$)/31+4)2$a06*)?$ +,6$)9).'U)$ N)/2$ A#A"O=$ WO$ +,+89)* L$ .&'$ 8*.'3+./3'$0,$ FQSQ$ %-+T0,0U97$ .
).169$10/,6$.8+.$.8&'$3")+348&$*,:08:)$.&*,C* L$&*'3+34&97$6'"'80KU',.+8$03* . +.%0,2%$).3/4./3+8$":+8/+.%0,2$".4=2$
104/)* L$0,$.&'S K3+4.*4+8$+KK8*4+.*0,$ 01$ FQSQS$ %-+T0,0U97$ :&*4&$ K30U0.)$ .&'$ 6)*L,$+,6$ *UK8'U',.+.*0,$0
48+))300U$.+48* LS+ 654+ $K30:*6'$+$.&'03' *4+8$3'1'3" 4'$103$. +4&* L=

$

-,$)/UU+392$ FQSQ$ %+T0,0U9$104/))$0,$)./6',.$.&* c*,L$ +,6$*)$ TKE03'6$*,$6'K.&$* $)'"3+8$ +3'+)=$-.$8* C)$
VWXGHQWVY OHDUQLQJ EHKDYLRXUV DQG WKLQNLQJ OHYHOV DQG V
K)948080L*4+8$+L'$48&+3+4.'3%) *4)=$-.$4+,$).3+.*19$.&'$.&* c* L $).3/4./3'$ 130US U/8 *K8'$6*U' )*0,)$+,6$+KKBIS
&'$++89)N$01$ . +4&* LS U+.'3*+8)7$ .&'$+,+89)*)$01$8'+3,* L$ 40,6*.*0,)?$ +,6$.&'$ 6)*L,$01$.&'S . +48&* L K304')
%8*)$.8'0390$ 4+ $+44/3+.'89$L3+)K$.&'S40L,* +'$8"'8301%)./6',.)$ +,6$)08:'$ K3+4.*4+8$ K30a8'U) ?$ K30:+6* L$+$ ¢
K'3)K'4.*'$+,6$K3+4.*4+8$U'.&06$103$a*080L9%$'6/4+.%0,$3")'+34&=

$

$

"l $
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=0I67*I'>>84('%4-21-91:;<;16'2-2-@+421 TAATI$(7--81#4-8-A+!(8'$$&--@!%*' (74RA

$

M &$5.&'$6"K$3'103U$01$'6/4+.*0,$+,63.'+4&*,L 7$.&'$3")'+34&$0,3FQSQ$.&'039%$*)$,0$80,L'3$8*U*.'6$.0$.&'$8":'8$01
&*,c* L$+,68.'+48&* L$":+8/+.*0,?73.").$":+8/+.%0,?$+,6$+$8+3L'$,/Ua'3501$)4&08+3)$&+:'$+8)0$4+33*6$0/.$'UK*3*4+
+,+89)")$01$FQSQ$%+T0,0U9%*,$.&'$48+HBOOW*4+889%* $*UK8'V',.+.%0,$+,6$.&'$+4./+85+KK8*4+.*0,$01$.&'$
HA&* LSK304')$=

$

-,$ U+.&'U+.*4)$ '6/4+.*0,?$ FQSQ$ %+T0,0U9% *)$ 40Ua*,'6% ;*.&$ 4+36*,+8*.9% .'+4&*,L$ .05 6)*L,$ +$ 40L,*.*:'$
).3/4./3'$ 6*+L,0).*4$ U'.&063$ .&+.$ ¥)$ 6*11'3',.*+.'6% +,6$ &*L&8I$ )/*.'6% .05 .&'$ ))',.*+8% 4&+3+4.'3%).*4)$ 013 .&'$
+)))NU',.$ 40,.",.$ NV/2$ A#AIO=$ -,$ .&'$ 6"'80KU',.$ 01$ &'MBB3S$ .&*,c* L$ *,$ 4&'U*).39$ 103$ &*L&$ )4&008%
VWXGHQWY WKH XVH RI 62/2 7TD[RQRP\ KDV RSWLPLVHG WKH GHVLJQ R
4&'U*4+8% .&*,c* LS NI&',?$ A#AAO=3 W+)'63$0,$ FQSQ$ %+T0,0U97$ .&'$ 8'+3,* LS +4.*:* *)$ 01$ &*L&$ )4&0083$ 5,1
JURXS UHDGLQJ ZHUH RSWLPLVHG WR HIILFLHQWO\ FXOWLYDWH VWXGH
PHWKRGV -LDQJ TKURXJK WKH 62/2 7D[RQRP\ LQ WKH pIUDFWLRQ
RQ WHDFKLQJ NH\ SRLQWY EUHDNLQJ WKURXJK WKH GLIILFXOW SRLQ\
8785 NV/?$ AHAAO=$ %&'$ /)'$ 01$ FQSQ$ %+T0,0U9$ .0$ L/*6'$ 48+))300U$ 8'+3,*,L$ +4.%* *)$ U+c')$ .&'$ 6')*L,$ 0
+4.%% )G ) UKB'32$ 4&+,L')$ 48+))300U$ . +48* LS 130U$ +4.%:'$ 8'+3,* L$ .0$ *,.'3+4.*'$ 8'+3,* L?$ +,6$ ,40/3+L")$
).16',.)$.0$ 3'+8%)'$ .&'*3$ .&*,c* L$ K30L3))$ *,$ .+)c$ L30/K)$ 03$ K30a8'U$ 4&+* )$ NJ*+,L 2% A#A"O=$ - $ .&'$ K304'))$
VWXGHQWVY ODQJXDJH OHDUQLQJ GLIIHUHQW OHYHOV RI WHDFKLQJ D
YLVXDOLVH WKH GHYHORSPHQW RI WKLQNLQJ ZKLFK LQ WXUQ GHYHOF
*.&$.&'$+a0:'$'T+UK8)$01$)4&08+3)$ +KKB9* LS FQSQ$ %+T0,0U9%.0$)K'4*1*4$ 48+))300U$ .'+4&* L. ?$.&'$ .&'03¢
IRXQG WR EH RI SUDFWLFDO YDOXH IRU WKH GLDJQRVLYV RI VWXGHQWYV
&L&'$IXLGDQFH RI WKH WHDFKLQJ SURFHVYVY D®G SURPRWLRQ RI VWXGHQW
$

7KH FODVVURRP LV DQ LPSRUWDQW ILHOG IRU WKH JHQHUDWLRQ DQG
)4&008%$a*080L9%.'T.a00c$40,.",.$c,0;8'6L'$K0*,.)$+3'$.00$13+LU",.'6=$-17$+44036*,L$.0$.&'$036'3$01%$.&'$.'T.a00c
+33+,L'6% 4&+K.'3$ a9% 4&+K.'3?$ a0+36% a9% a0+36% 8'4./3'?$ .&'9$ 01.",% *L,03'$ .&'$ 80L*4+8% 3'8+.*0,)&*K$ a'.;'
C,0;8'6L'=$W'4+/)'$.'+48&'3)$1+4'$.&'$;808'$48+))$01$)./6',.)$* $3'L/8+3$48+))300US$. +4&*,L2$.8'9$4+,,0.$+6N/).$
&'$ . +4&* L$).3+.'L9$+44036*,L.$.0$.&'$6*11'3',4)$*,$.&'S40L,*.*'$8'8$01$)./6',.)?$ ;&*4&$/8.*U+.'89$ 8'+6)$ .0$
*)11*4* | $&*'3+348&*4+88.'+4&* L =SFQSQ$%+T0,0U9$&+)$.&'$4&+3+4.'3*).*4)$01$)K*3+8%+,6 $&*' 3+34&*4+8FNe+
(44036*,L$ .0$ .&*)$ 4&+3+4.'3%).*4?$ .&'$ ¢,0;8'6L'$ 01$ .&'$ 4&+K.'3$ .05 a'$ .+/L&.$ *)$)03.'6% 0/.$ +44036*,L.$ .0$ .&
3'8+.*0,)&*K$ 01$ L3+6/+8% K30L3"))*0,$ 130U$ )&+880;$ .05 6"K$ .0$ +4&*:'$ .&'$ 1/,4.%0,$ 01$ *UK30:*,L$ .&'$ 80L*4
40,,'4.%0,%a'".;",$c,0;8'6L'$K0*,.)=$%&'$/)'$013).'K @9D.'’K$'TK8+,+.*0,)$+,6$.&'$6')*L,$01$K30a8'US)4',+3*0)$

LQ WKH FODVVURRP FDQ PDNH VWXGHQWVY PDVWHU\ RI WKH FRQWHQW
&'*3$8''8$01$/,6'3).+,6* L$01$¢,0;8'6L'=$ @'T.?$.&*)$)./69%$:*88%$/)'$.&'SFQSQ$%+T0,0U9$+)$.&'$a+)*)$103$.&'S
+KK8*4+.*0,$01$&*L&$)4&008%a*080L9$48+))300US.'+4&* L $*,:").*L+.*0,=$%& '$K/3K0)'$01$.&'$)./69$*)$.05.3+*,$."+
.0%$a'$+a8'$.0$+6h/).$.&'$4/33*4/8/U$K30UK.89%$+44036*,L.$.0$.&'$6*11'3',4")$*,$.&'$40L,*.*:'$8":'8301%$.&'$8'+3,'3):
%8&*)$ ;*88% U+C'$ .&'$ 40,.'T.$ 01$ 48+))300U$ *UK8'U',.+.*0,7$ .&'S LO+8$ )9).'US 01$ .'+4&*,L$ +4.%* *)7$ +,6$ .&'S
*UK8'U',.+.*0,$K+.&$U03'$)9).'U+.*4$+,6$U03'$)/*.+a8'$103%.& ' $K&9)*4+8%+,6 $U',.+8$6":'80KU',.$01$8'+3,'3)=

$

"#$%&'()*+&,$-./$01&-/&-$12%-/'0.+&,$3'-/4+'(*$5"*/6$1&$7898%:"; 1&13)

$

7THIWERRNY DUH D NLQG RI LPSRUWDQW PDWHULDO IRU WHDFKHUV '\
40UK'"."\ 4'$NVO,L?$ A#AEO=$2)* LS FQSQ$%+T0,0U9%.0$ +,+89)'$ +,6%*,.'L3+.'$.'T.a00c$ 40,.',.$+,6$¢,0;8'6L'$
KO0*,.)?$*.$4+,$48+))*19%.&'U$*,.0$6*11'3',.$.&*,c*,L$8":'8)?$&'8K$.'+4&'3)$.0%a’..'3$)03.$0/.$.&'$80L*4$+,6$40,,'4.*0,
01%c,0;8'6L'?%$+,6$40,).3/4.$+3$)/*.+a8'$c,0;8'6L'$13+U';03c$.0%a'..'3$',+a8'$)./6',.)$.0$+a)03a$;&+.$.&'9%&+:'$
8'+3,'6%

$

p7KH XVH RI 3&45 WR REWDLQ DQG DPSOLI\ WDUJHW JHQHVTYT LV WKH F
&RPSXOVRU\ Rl KLJK VFKRRO ELRORJ\ 3WKH EDVLF $&$40DWLQJ SUR
DQDO\VLV RI WKH uXVH RI 3&5 WR R Ef/$2/0Q'6DRE USASDENS WHOESMDISIHW .
SbDUw RI WKH FRQWHQW LV WKH FRUH Rl JHQHWLF HQJLQHHULQJ RSHU
WRROV RI UHFRPELQDQW '1$ WHFKQRORJ\T LHPIVK3BS-HHHS/008CHaFSAA) IS D3H Q G

I"A$
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WKH QH[W VHFWLRQ RI WKH HPFRQVWUXFWLRQ RI JHEHILIS[S)HHS*9E RQ YHF
+$C'9$308'$*, $.&'$a'L*,, * L$+,6$.8'$56=

$
Deconjugating enzyme
— (Replaced by high —
temperature in vitro)
— Principle —  Parental DNA strand [
F—  Terms and conditions > 4 Deoxyribonucleotides > ﬁmlc-ilii):f‘ijxlll‘I:’a(PROl:'Zaacl:(iions
PCR —
. . Objective — DNA polymerase —
(Polymerase Chain Reaction)
— Primer —
— Course of events »| Degeneration —» Reinstatement —» Extension
$
JLIXUH .QRZOHGJH VWUXFWXUH Rl 33&5 WHFKQRORJ\

$

(44036*,L$ .0$ .&'$ K3*,4*K8'S 01$ FQSQ$ %+T0,0U97$ 40Ua*, 6% ;*.&$ .&'$ 40,.",.$ 01$ e*L/3'$ 12$ .&'$ 40,.",.$01$ .&'S
4&+K.'3$ +)$ +,+89)'6%$ +,6$ *,'L3+.'67$ +,6$ .&'$ )K'4*1*4$ +,+89)*)$ NOb+a8'$ 0=$ (44036* L$ .0$ .&'$ &*'3+34&*
FKDUDFWHULVWLFV RI 62/2 7D[RQRP\ IURP VKDOORZ WR GHHS ZH DQD
+UK8*19% L$.+3L".$L', ) $a9$[IH ,6$6')*L,$.&'$40,.,.)$01$.&'$.'T.a00c$;*. &$6*11'3',.$8':'8)$01$6+11%4/8.9%*,.0$+$
NQRZOHGJH VWUXFWXUH WKDW PHHWV WKH GHYHORSPHQW OHYHO RI
40UK8''$.&'$SK30L3"))*0,$130U$DE3/4./3+8$.0$'T.', 6'6$+a).3+4.$).3/4 $3'=

$

%+a8'$!C$J0,.",.$+,+89)*)$01$a*080L9$.'T.a00c)$a+)'6$0,$FQSQ$%+T0,0U9
FQSQ$8'"'8% W*080L9$.'T.a00c$40,$,.
Z,%).3/4./3+83NBO [J2$40,4'K.29K3*,4*K8") 2$40,6* %0,)?$+,6$0ah'8 *:')

[J2$+UK8*1*4+.*0,$K304'))2$308'$S01$40UKO,',.)$* $[J2$40%*.*0,)
[306/4.)$01$[J2$+,6$.8*3$X/+,.* + *'$3'8+.%0,)&*K)

%&'$,+./3'$01$.&'$[I2$+UK8*1*4+ %0, $KB04"))
P*11'3', 4'$+,6$40,,'4.%0,$a".;" $[J2$+,6$P @ ($3'K8*4+.50.$

5T.,6'6$(a).3+4.$N5( [J2$+UK8*1*4+.*0,$01$U 2B (

d/8.%).3/4./3+8$NAO

2'8+.*0,+8$NRO

$

I"<$O/ 4&+8& $*+-="-+18&$'&'()*+*$5*/6$18$7898%:"; 184 3)

$

/JHDUQLQJ VLWXDWLRQ DQDO\VLV UHIHUV WR XQGHUVWDQGLQJ VWXGHQ
WDLORU WKH WHDFKLQJ WR WKH VWXGHQWY DQG HIIHFWLYH WHDFKLQ
8'+3,* L$+..%./6)2$+,65K)94&080L*4+8$).+.2$.0$K3'6'.'3U*,'$.&'$6+3'4.40,$01$.'+48&* LENA+?$AHA"O=$%&'$403'$01
FQSQ$ %+T0,0U9% $ .0$ 40,).3/4.$ .&'S &*'3+34&9% 01$ .&*,c* LS 8'8)=$ %&'3'103'?$ ;:&',$ +,+89)* L$ .&'S 8'+3,*L$
)*.J+.%0,$019)./6',.)$*,$.8'$48+))2$.8'$0:'3+88$8"'8$+,6$4&+3+4.'3%).*4)$01$.&*,c* L$) &0/86$a'$/)'6$+)$+,$',. 39$KO*, .
0$6'.'3U* '$.&'$).+3.% LBKO* . $+,6$',6$K0*, $01$.&'S40L *.*'$). +.'=

$

$FFRUGLQJ WR WKH 62/2 7D[RQRP\ WKH FRQWHQW RI WKH VHFWLRQ puF
B+ +896=$(.$.&'S&*L&$)A&008$8":'87%)./6",.)$&+:'$8'+3,.$+a0/.$.&'$).3/4./3$01$P @ ($*,$I&+K.' 35" 2$F 4.0, $A$

01$JOUK/8)039$F./69$A?$+,6$.&*3$/,6'3).+,6* LEO1SP@ ($&+)$4&+ L'6$130U$+a).3+4.$+,6$:+L/'$.0$40,43''$+,6¢
* [* *19%8*4&$K30:*6")$+$)08*6$ a+)*4$ c,0;8'6L'$ 01$.&'S .+3L . $K306/4.$ P@($+UK8*1*6$a9$[12=$ (.$.&'$)+U'$
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FU'$.&30/L&$.&'$40UK/8)0393A?$I&+K.'3$"?$F'4.%0,$"?$)./6',.)$/,6'3).+,65.&'$K304"))$01SP @ ($3'K8*4+.%0,$*,$.&'$
03L+,%)U?$.&'$K3*,4*K8'$ 01$ P@ ($ 3'K8*4+.%0,2$.&'$40,6*.*0,)$ 3'X/*3'6$ +,6$ .&'$ )K'4*1*4$ 3'K8*4+.%0,$ K304'))$ &+
c,0;8'6L'$ a+)'2$)./6',.)$ 4+,$ a'..'3$/,6'3).+,6% .&'$ [J2$ +UK8*1*4+.*0,$ K304))$ *$ .&*)$ )'4.%0,$ 6',+./3+.%0,7$
3'3)*0,?%$'T.")*0,$01$.&'$308'$+,6$K/3K0)'$01$6',+./3+.*0,?$3'K8*4+.*0,$+,63'T.",)*0,$*,$.&'$[I2$+UK8*1*4+.*0,$
K304'))$*,$.&%)%$)'4.*@,=
$
%&'3'103'2$.8*)$)'4.%0,$01$.&'$40,.,,.$01$.&'$. +4&* L$)&0/86$a'$*,$.&'$)./6',.)$01$P @ ($*,$:*:0$3'K8*4+.%0, $&+)$+
4'3.+* $a+)*)?$40Ua*,'6%;*.&$FQSQ$%+T0,0U9?$ L 3+6/+889$K/.$103;+36$6*11'3',.$.&*,c*,L$8":'83L3+6'$K30a8'U)
130U$.&'$03*L*,+8%c,0;8'6L'$+)$.&'$a+)*4$8'+6$.0%,";$¢,0;8'6L'?$.05L/%6'$.&'$)./6',.)$;*88%a'$.&'$c,0;8'6L'$01$
P@($*%:*:0$3'K8*4+.*0,3 U*L3+.'$.0$ .&'$/)'$ 015 [J2$.'4&,080L9$ P@($*,$:*.30$ 3'K8*4+.*0,$ 01$ .&*)$ K+3.$01% .&
40,.",.)%$01%.&'$L3+6/+8%103U+.*0,$01$+$40UK8".'$)9).'U$01$c$0;8'6L'=
$
1"$>/-/43+&'-+18&$12$-/'0.+&,$15?/0-+@/*$5*/6$1&$7898%:"; BR.13)
$
%'+4&*,L.$0ah'4.*:)$+3'$*UK03.+,.$*,6*4+.03)$ KO*,.*,L$.0$.&'$403'$8*.'3+49$01$ .&'$ 6*)4*K8*,'=$ P')*L,*,L$ .'+4&*, L
0ah'4.*)$*)$ +,$ *UK03.+,.$ K+3.$ 01$ .&'$ *,).3/4.*0,+8% 6')*L,$ K304'))?$ +)$ ;'88$ +)$ .&'$ a+)*4$ ;03¢$ 01$ 6)*L,*,L$
SHA&* L$).3+.L%)2$.). 5 LS. +48* L$'11'4.)2%+,6$3L/8+.* L$.&'$. +48* LEK304")SNS*?$A#A" O=$%"+4&* L$0ah'4 *')g
)&0/86% ,0.$ 0,89$ 1/3.8'3$ 3'1*,'$ .&'$ 0ah'4.*:)$ 01$ .&'$ 40/3)'?$ a/.$ +8)0$ L/*6'$ .'+4&'3)$ .0$ 4+339$ 0/.$ 48+))300U
WHDFKLQJ DFWLYLWLHY DQG DW WKH VDPH WLPH LW LV DOVR D UHDV
"TK'4.+.%0,$)&0/86%a'$0a) '3:+a8'?2$U'+)/3+a8'2$+,6$+))'))+a8'=$FQSQ$%+T0,0U9$*)$6*:6'6$*,.0$ 1*[$H8"'8) C$K3'
).3/4./3+82% )* LIKO*,.$ ).3/4./3+82% UIB3/4./3+87$ 3'8+.%0,+8$ ).3/4./13'2% +,6$ 'T.' 6'6$ +a).3+4.$).3/4./3+82% ;*.&$
K30L3"))*'$8":'8)?$;8*4&$*6',.¥19$.&'$).3/4./3'$01$.&'$8'+3,* L$0/.40U")$+)$.&'$ 036'3*,L$ 130U$ ) *UK8'$ ) c*88)$.0$
40UK8'T$)C*88)=$W+)'6$0,$.&' SFQSQ$%+ TADLRS > L$.&'$. +4&* L$+,6$8'+3,*,L$0ah'4.*:)$)&0/86$104/)$
0,$.&*3% .3+,)8+.70,7%)0$ .&+.$ .'"+4&'3)$ 4+,$ 6':'80K$ .'+4&*,L$ +,6$ 8'+3,* L$ 0ah'4.*:")$ .&+.$ +3'$*,$ 8*,'$ ;*.&$ .&'$
)./6',. BF,.'3'6 $+4&* L$+6$8'+3,*L$0ah'4.*:")=$%&")'$0ah'4.*:")$+3'$6')*L,'6$.05U+c'$*.$'+)*3$103%$)./6',.)$.0$
/,6'3).+,63.&'$U+.'3*+8%$+,6$.0$L/*6'$.&'U$* $)K'4*1*43$;+9)$01$8'+3,*,L$a'&+:*0/3=$W+)'6$0,$.&'$6*11'3',.$8":'8)$
01$FQSQ?$.&'$40,.",.$01%$.&'$.'T.a00c$*)$)03.'6$0/.7$.&'SU+*,$8'+3,* L$0ah'4.*:)$+3'$6")*L,'6$N%+a8'SAO0?$+,6$.&'
&'$8'+3,*L$0ah'4.*:"N$+3'$3'1*,'6$*,.0$ U03'$ 6'.+*8'6$ 8'+3,*,L$ .+)C)$ .0$ K30:*6'$ K'6+LOL*4+8%$ L/*6+,4'$ 103$ .&'$S
6')*L,$01$.&'$. +4&* L$K304))=
$
%+a8'SACSV*'3+34&*4+8%6")*L,$01$FQSQS$. +4&* 1$0ah'4.*;")
FQSQ$8":'8% d+*,$8'+3,* L$0ah'4.*:'$ d+*$8'+3,* L$.+)$
I=$e+U*8*+3%;*.&$.&'$K3*,4*K8")$0
.'4&,080L%
A=$ i,0;86L'$ 01% .&3$ 3'8"+,.
Z,%).3/4.13+8$NBO S'+3,$+a0/.$[J2$.'4&,080L8 40UKO,",.)$ 3'X/*3'6$ 103% [J2
A& XY $
":$Z,6'3?).+,6*,L$.&‘$K/3K0)'$01$[J.‘
.'4&,080L%
1=$7,6'3).+,6%,L$.&'$)K'4*1*4$ K304
01$+UK8*1*4+.*0,$01$[J2$3'+4.*0,)
A=$ Z,6'3).+,6% .&'$ 308'$ 013
40UKO,",.$01%$ .&'$[12F .'4&,*X/'$ *,¢
&'$+UK8*1*4+.*0,$K3B4"))
"=$ J+84/8+.'$ .&'$ ,/Ua'3% 01$ .+
L')$+.$.&'S,6501$[I2$+UK8*1*4+F
I=$ [301*4*',49$ * $ K80..*,L$ [J2$ .3
+UK8*1*4+.*0,$K3049)")
A=$P*11'3',4'$+,6%40,,'4.%0,%a'.;",$
[J2%$+,63P @ ($3'K8*4+.*®,
"=$Qa)'3:+.*0,$01$K3*U'3%a*,6*,L$
6/3*,L$+UK8*1*4+.%0,7%$6*3'4.*0,$D:
).3+,68'T.")*0, $
E=$ JO/,.*L$ .&'$ K3')',4'$ 01% .;C
).3+,6)$ 01$ 'X/+8% 8 L.&$ *$
+UK8*1*4+.*0,$K30H/4.

d+).3*L$ .&$ K304)$ 01

Z2)*L$ .&'$ K3*,4*K8'$ 01% [J
2'8+.*0,+8$NRO 6*+L3+U$ .&'$ K304'))$ 01$ ..
+UK8*1*4+.*0,$01%.&'$.+3L'$L

"E$
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5T 665(a) 3+4.5N5(G (UK8*1*4+.*0,$ 01$ U2@($ /)*, '=$ J0,).3/4.%0,$ 01$ [JBUK8*1*¢

[J2 $ u2@() $
$
""A$:/'0.+&, $BA10/*$6/*+,&$'&6$+3B(/3/&-+18$5*/6$1&$7898%:";1&13)
$
"=E=I$e30U$RB/4./3+8$8":'8$.0$L):3/4./3+8$8"'8
$

%&'$40,.,.$01%$.&*)$)'4.40,$10880;)$.8'$)43" * L$+,6$)'8'4.40,$01$.+3L"$L',)$HSLBW OHVVRQ RI WKH
OK'3+.*0,$01$L"," *4$" L* "3* L $,6$*$.&'$6)*L,$01$.&'S. +4&* LEK304))?$.&'S+AX/*)* *OGHFIMES6'S
3)%).+,4'$K30.* $L','$*$.&'$ K3:*0/)$)'4.¥0,$%)$40,.* /'6$ +)$ .&'$ *,.306/4.%0,$ .0$ 4+339$ 0/.$ .&'$)./69$ 01$ .&*)$
8))0,=$

F4' +3*0C$W+4*88/)$.&/3* L* ))$ &+)$+S L' '$13+LU',.$.&+.$ 4+ S THRIVS BB)*). +,.$K30.*,2$ +,6$* $.&'$
a3"6%,L$K304'))$ 01$.3+,)L' *4$* ) B)*).+,.$40..0,2$)4%, *).)$ +3.*1*4*+889%$)9, &)* '6SRIH. [3)*).+,.$

K30.™* $L','$+,6$3+K*689$+UK8*1*6$.8'$.+3L" L', $aB$[I2=

$

[3' 13))0,$ .+)cC$ F./6',.)$ *,6'K",6',.89% K3:*:$ .&'S 38"+, $ K+3+L3+K&)$ 015 .&'$ . T.a00c$ [J2% .'4&,080L97%
1,6'3).+,6$.&' $K3*,4*K8")$01$[J2$.'4&,080L97%.& ' $a+)*4$40,6+.%0,)$3'X/*3'67$+,6$.&'$K/3K0)'$01$[J2$.'4&,080L9?%
+,6$.8%,c$+a0/.$.&'$X/).*0,$01$&0;$)4* . *).)$4+ $X/*4c89$.+3L".$L",)$.&30/18$[I2=

$

PYL,$*,.,.*0,C$ %'+4&'3)$ .&30/L&S .&'S )4',+3%0$ *,103U+.%0,$ .0$ +30/)'$ .&'$ *,'3).$ 01$)./6',.)?$ )0$ .&+.$ .&'S
)./6',.)$ 01$ [J2$ 4+,$ +UKS8*19$ .&'S K&',0U',0,$ 01$ .&'$ .+3L".$ L','$ &+'$ X/').*0,)?$ .&'0$ 3'+6$ .&'S 3'8":+,.$
K+3+L3+K&)$01$.&'$. T.a00c$:* &$.&'SX/').*0,)?$4+,$a'$.&'$. T.a00c$.0$.&'S. T.$103U$01$:*)/+8$64)K8+9$01$.&'$[
K3*,4*K8'2$40,6*.%0,)?$.&'SK/3K0)'$01$.8'$40,.,.$01$.&'$103U+.%0,$01$+$4'3.+* $,0;8'6L'=$%&*)$*88$' +a8'$ .&
)./6',.)$.08").+a8*)&$.&'S* * *+8$c,0;8'6L'$13+U';03c$01$[J2$*,$.8*38U* 6)$+,6$40UKS".'$.&'SK30L3))$130US$.&'S
K310).3/4./3+8$8"'8$.0$.& )/3/4./3+8$8":'8=

$

"=E=A$e30U$),3/4./3+8$8"'8$.05UM).8/4./3+8$8"'S}

$

%'+4&'3)$K8+9%$.&'$:*6'0$01$.&'$[12$+UKS*1*4+.*0,$K304'))$.&30/L&$ U/B.*U'6*+2$)0$.&+.$)./6',.)$4+,$").+a8*)&$-
80L*4+8$ 40,'4.0,$ a".",$ .&'$ .&3"$ * 6'K',6',.$ 40,4'K.)$ 01$ .&'$ [J2$ K3*,4*K8'?$ 40,6%.*0,)?$ +,6$ K/3K0)'S
&30/L&S$.&'$+UK8*1*4+ 0, $K304))=$%&",$.&'$ ' +4&'3$.830;)$0/.$.&'$ X/").*0,)C$&0;$60$.&'$:+3*0/)$40UKO, ,.)$
"6'6$103$[J2$K8+9$)K'4*1*4$308)$*,$.&'$+UKS*1*4+ .40, $K304'))j$/&+.$%)$.&'$3'8+.%0,)&*KS$a".:" $.&'SK306/4.)$
0a.+*'6$130US[JI28+UK8*1*4+ *0,$+,6$.&'S.+3L . $L',)$+UKB*1*6j$F./6',.)$6%)4/))$* $) U+8B8SL30/K)=

$

PYL,$*,.,.C$ %&'$ ")), *+8$ 6*11'3",4'S a'.;",$ +$ U/8.1).3/4./3+8$ +,6$ +$0)3/4./3+8$ *)$ .&+.$)./6',.)$ 4+,$
1,6'3).+,6$ .&'$ K30a8'U$ 130U$ U/8.*K8'S K'3)K'4.*:') 2% +,6$ .&'$ 8+..'3$ 4+,$*,'33'8+.'$ U/8.*K8'$ 3'8+.'6$ C,0:8'6L'$
KO*,)$:*.8%;&+.$.8'05 &+8%+3,'6=$%&'3'103'2$.&'$L0+8$01$.8%)$).+L'$%)$.0$.+C'$)./6',)$+)$.&'SU+* $a069% +,6$
L30/K$+)$.&'$/,* =$(1.'3$)./6",.)$1+U*8*+3*)'$.&'U)'8:')$;*.8$.&'$+UK8*1*4+.*0,$K304')) $01$[J2$.830/L&S.&'$:+6'0?7$
&'$L30/KS *88$6%)4/))$ *.8$'+48$0.&'37$)0$ .&+.$) /6',.)$ 4+ $ ' TK803'$ .&'$ 308)$01$ 6'40,h/L+.* L$', 9U?$ P@($
U0.&'3$).3+,67$ E$ 6'0T93*a0,/48'0.%6')2$ P@($ KOBOU'3+)'$ +,6$ K3*U'3)$ IEDUSIIYS +,6$ 64)41)$ .&'S

X+, 4+ *'$3'8+.%0,)&*KSa'. ;" $+UKS*1*4+ %0, $K306/4.)$+,6$.8'$,/Ua'3$0181948)=

$

$

%&'$."+48&'3$63+,)$+$6*+L3+U$01$.&'$K304))HUISBA)B:'6 B'K8*4+.%0,$0,$.&'$a8+4ca0+363Ne*L =$A0?$)0$
&+.$)./6',)$4+ $+ +89)'$.&'S)*UrB+3* *)$+ 6$6*11'3', 482", $.&'$*,$:*:0$3'K8*4+.*0, $01$P @ ($+,6$.&'$%,$:*.30$
3'K8*4+.%0,$01$[J2$40,.",.$3'L+36* L$.&'$40,6*.*0,)$+,6$K304"))$01$P @ (?$+,6$)0$.8+.$.8'954+,$63+:$+$6*+L3+US(
&'$K304)$01$[J2$.3*K8'$+UK8*1*4+.*0,$0,$.&*3$0;,2$40Ua*, * L$.&'$10880;* LEX/).*0,)=$%&'$ . +4&'3$+)C)$.&'$
10880;*,L$X/).*0,)$a'103'$)./6',.)$63+;$.&'$6*+L3+U)CSNI0$"& BERN)R) '6$.0$+UKS* 19$P @ ($*,$:+.30$)0$.&+.$
&'$60/a8'$).3+,6$%)$/,:0/,68+,6$.8&'$ &9630L",$ a0,6)$ +3'$ a30c',j$ NAOS A&9$ +3'$ K3*U'3)$ ,"6'6$*,$*,$ :*.30$
+UK8*1*4+.%0,j$(,);'3$*,$.&'$40,. T.$01$.8'$48&+3+4.'3%).*4)$01$P @ ($K08IU'3+)'=$N"0$"&'3'$60")$.& $K3*U'3$a*,6$
0$.8'$a+)'$40UK8'U’,.+39$K+*3$01$.8'$K+3',.$).3+,6/$"&+.$%)$.8'$6*3'4.%0,$01$'T." )*0,$01$.&'$6+/L&.'3$).3+,6i$
NEO$Qa)'3:'$;&+.$+3'$.&'$4&+3+4.'3%) . *4)$01$.&'$SK306/4.$P@($+1.'3$.8'$.&+36$4948'$%)$63+; j$(B'$.&'9$+88$60/

"B$
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).3+,6'62% 'X/+B' L.&$ P@(j$ NBO$ Qa)'3:'$ .&'$ 6*3'4.*0,$ 01$ 'T.')*0,$ 01% .&'$ 6+/L&.'3$ ).3+,6$ * $ .&'$ K80..'6$
+UK8*1*4+ *0,$K306/4.$.0$.8'$8',L.&)$01$.&'S.;0$)* L8'$).3+,6)$*$.&'$60/a8'$).3+,6$01$P@(?$+,6$)/UU+3*)'$. &
6+11'3',4')$130U$.&'$P @ ($3'K8*4+.*0, $KI6/4 .=

$
] ]
One round II I
of replication
1]
i i ]
Two rounds
, II i il II
of replication
i i
i i m mnmn omnn nn
Three rounds
o II mi o mm mnmn nn II
of replication
m e o mmn nn imm 1 Ms
e*L/3'$ACSFA& U+ *4$6*+L3+US0YEP@I(H)'3:'6 B'K8*4+.*@,
$

PY*L,$*,.",.C$.&'$8''8$01$.8'$3'8+.40,+8$).3/4./3'$3X/*3)$.8+.$)./6',.)$,"6$.0$ &+ BKRKS/,6'3).+,6* LS
01%$.8*)$)'4.%0,$01$.8'$40/3)'2$.0$').+a8*)&$.8*3$C,0;8'6L'$13+U";03c$* $.&'$40L, *.*0,7$+,6$.0$',+a8'$.&'U$.0$/)'$
&*3$/,6'3).+,6* L$01$c,0:8'6L'$.0$40UKS"'$.&'$3'1*,'U',.$01$.&'SC,0;8'6L'$KO*,.)$01$.&'S[I2$+UKS8*1*4+.%0,$
K304'))?7$+,6$/8.*U+.'89$63+$.&'*3%* 6'K',6',.$63+:* L) $01$.&'$K304"))$01%$.&'$[J2$.&3"$+UK8*1*4+ *0,$6*+L3+U)=$
%8&'3'103'7%+.$.8%)$).+L'2$.0$' +a8'$)./6',.)$.0$40UKS".'$.8'$.3+,)*.*0, $ 1D0BISHBSS.0$3'8+.40,+8$).3/4./3'7$

)./6',.)$ +3'$ +880;'6$ .08 )/UU+3*)'$ .&'S J*U*B+3**)$ a'.;",$ P@($ *$ *:0$ 3'K8*4+*0,$ +,6% [12$ *$ *.30%
+UK8*1*4+.*0,$/)* L$0a)'3:* LS. &' $6*+L3+US01$ . &' $3K8*4+.*0,$K304"))$01$P @ (?$+,6$.8'$)+U'$ *U'2$.&' 0 4+ $+
1*,6$0/.$.8&'$6%11'3" 4)$a’.;" $[I2$*,$:+.30$+UKS*1+4+.%0,$+,6$P @ ($* $:*:0$3'K8*4+.%0,$* $+$U0O3'$*, /* +'$;+9=$
Y/%6*,L$)./6',.)$.0$40Ua* '$.&'S,$C,0;8'6L'S 8'+3,'6%,$.&*)$)'4.50,$;*.8$.&'$086$C,0;8'6L'7$+,6$.&',$.8'S
6*11'3,4')$a".;" $[I2$+UK8*1*4+.%0,$+ 6$P @ ($3'K8*4+.*0,7$6')*L,* L$X/).*0,)$130U$)&+880;$.0$6"K$.&30/L&$
&'$.&%,c* L$8''87$+,6$8%).* L$.&'US0,$.&'Sa8+4ca0+36$a9$.&'$. +4&'3=$F0$.8+.$.&'$) /6,.)?$.&30/L&S.&'$X/').*0,)S
8'65.0$ .&'S 40,48/)*0,$ .&+.$ [122$ +8.&0/L&S *.$ *)$ +$ .'4&,080L9$ a+)'6$ 0,$ .&'$ K3* 4*K8'S 01$ P@($ )'U*40,)'3:'6$
3K8*4+.%0,7$%)$,0.$.8'$)+U'$+)$*.)$K304)) =$W'4+/)'$P@ ($KOBIU'3+)'$4+,,0.$6*3'4.89$8*,c$6'0T93*a0,/48'0.*6')$
* 0$+$)* L8'$).3+,62%+$)U+88$)'4.%0,$01$) &OBB) 6% /48*4$+4%6$.&+.$4+,$40UK8'U', . +3*89$K+*3$ * &$.&'S
a+))$01$.&'SP@($.'UK8+.'$).3+,6$*)$,"6'6$+)$+SK3*U'3%*,$:*.307$.&/)$)'3:* L$+)$.&'$a+)*)$103%$.&'$/,1086%,L$+,6¢
T )*0,$018.8'$6+/L&.'3$).3+,6=$F./6',.)$8%,c$.&'S)*U*B+3* *)$a'.;" $.&'S ;08 +,6$ 40UKS".'$.&'$ 63+;* L$ a9$
)IKK8'U', * L$*.$;*.&$+$6*+L3+U$01$.&'$K304')$01$P@($3'K8*4+.%0,=$5:",./+889?%)./6',.)$+3'$L/*6'6$.0$0a)'3:'$
&'$A8+3+4.'3%).%4)$01$.& ' $[I2$K306/4.)$+,6$40UK+3'$.&'US;*.8$.&'$K306/4.)$01$P @ ($3'K8*4+.%0,$.0$ 1%,6$0/.$.4
6+11'3',4% +,6$ L'.$ .&'$ U+.&'U+.*4+8$ U06'8$ a'.;",$ .&'S /Ua'3$ 018 [J2$ +UKS*1*4+.%0,)$ +,6$ .&'$S K306/4.)2$
40UKS' *,L$.8'5.3+,)*.*0,$130US+ENEA /3+85.0$+$3'8+.%0,+83). 3B4./3'=

$

"=E=E$e30U$.&'$8":'8$01$3'8+.0,+8%).3/4./3'$.0$.8'$8'8$01$'T " 6'6$+a).3$1.$).3/4./3)

$

(1.3$.8'$)./6',.)$&+ '$40UKS'.'6$.&'$63+:*,L$01$.&'$[J2$+UK8*1*4+ *0, $K304"))$+,6$+,+89'6$.&'$K&',0U",0,$

Rl WKH SURGXFWV WKH WHDFKHU UDLVHV WKH TXHVWLRQ pWKH WDU
JHQHWLF HIIHFWV FDQ P51$ EH DPSOLILHG E\ 3&57 SURYLGLQJ WKH G
30/,6$01$K30a8'U$' TK803+.%0,=$Z,6'3$.&'SL/*6+,4'S01$.&'$48+))300U?$)./6',.)$3'*:$.& $K3* 4*K8'$+,6$K/3K0)'$01$

I"G$
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[J22$+,6$U+C'$*.$48'+3$.8+.[2$%) $a+)'6$0,$.8'$K3*, 4 KBISOLBHSBIK 8*4+.*0, $01$P @ (?$+,6$*.)$1/,4.%0,$
)$.03U+C'$+$8+3L'$,/Ua'3$01$40K*)$01$.8'5,/48'0.6'S) X/, 4'$01$.&'S.+3L"$L','2$)0$.&+.$)./6',.)$4+,$40,48/6'S
&+.$[1284+,$0,89$3'K8*4+.'$.&'$1+4.$.&6SP@ (=

$

%'+4&'3)$+)C$X/).*0,)$0,$.8*)$a+)*) C$ &+.$%)$.&'$3'8+.0,)&*KSa’.;" $U2@ ($+,6$P @ (j$-)$*.$K0))*a8'$.0$/)'$.&'S
40,/4.40,$a";",$.&'$.:0$.0$+UK8*19$ U2@($ *,6*3'4.89% a9$ +UK8*19* L$ P@(j$ S'+6%$)./6',.)$ .08 'TK803'$ .&'$
KO0))*a*8*.9$01$[J2$+UK8*1*4+.%0,$01$U2@($.&30/L&SL', 'S TKSY)EH40,. .5

$

W'A+/)'$* $.&'$*UKB'U', +.%0,$01%$.8)$.'+48&* L$K304"))?$.&'$K30a8'USU+9$* :08:'$.&'$*,.'L3+.*0,$01$.8'$40,.",.)$
01$U/8.*K8'$.'T.a00C) ?$;&*4&$*)$6+11%4/8.2$.8'S. +4&'3$,"6)$.0$)". $)K'4*1*4%$.+)C)$.0$K30:*6'$) /6',.)$;*.&$*6'+) CSNI(
%&30/L&S.&'$+,+89)")$h/).$,0;7$:8+.$C* 6$01$40,,'4.40,$%)$.&'3$a".;" $P@($+,65U2@($NAOS[J2$4+,$0,89$
+UK8*19$ P@(?$,0.$6%3'4.89% +UK8*19$ U2@(?$ 4+ $*.$ U+C'$ 2@($*,.08 P@(j$ N"O$ %&*,c*,L$ +a0/.$ .&'$ K304'))$
XI').*0,$NAO?$;&+.$)K'4*1*4$40,6*.0,)$+3'$,"6'6j$&+.$).'K)$+3'$,"6'6$.0$4+339$0/.$.8'$ +4./+8$0K'3+.*0, jSNEOS
JOUa*,'$.&'$+a0:'$X/).*0,)$+,6$;3*.'$+$K3'8*U*, +39$*6'+$01$[I2$+UK8*1*4+ .40, $CASU2@ (=

$

e*,+8897%$.&'$.+4&'3$:*88%$)80:$.&'S)K'4*1*4$0K'3+.40,$).'K)$01$[I2$ +UKS8*1*4+.*0,$01$U2@ ($)&0;, $Ne*L=$"0?$
&'5)./6',.)$:*88$40UK+3"7$4&'4c?$+,6$K'31'4.$.&*35%6'+)?$63+:$.8/'$4033'4.$0K'3+.0, $K304)) ?$ +,6$40UKS"'$.&

J+4&* L$.+)c$01$.&%)$8'H0,=
$
RNA DNA
strand strand
Reverse
transcriptase RNaseH DNA polymerase
Single- Hybrid Single- Double-
stranded duplex stranded stranded
RNA DNA DNA

$

e*L/3'$"C$FK'4*1*4$K304'6/3'$103$[J2$+UKS*1*4+.%0, 8D 1$U2@(
$
PY*L,$*,.,.*0,C$5T. 6'6$+a).3+4.$8'8$3'X/*3)$)./6',.)$.0$ a'$ +a8'$.0$40,,'4.$3'8"+,.$¢,0;8'6L'$.0$)08:'$
K3+4.*4+8$K30a8'U)?$+,6$+.$.&'$)+U'$ *U'$3'X/*3)$.&'US.0$&+!'$.&'$ +a*8*.9$.0$6%)40:3$.&'$"))’ 4'$01$a*080L*4-
c,0:8'6L'$*$,$K30a8'U$)4',+3%0)=$%& $40,.",.$01$.8*)$).+L'$*)$6")*L,'6$.0$',+a8'$)./6',.)$.0$U+).'3$.&'$[I2$
+UK8*1*4+ *0,$K304'))$a+)'6$0,$40UK8' *,L$.&'$.3+,)1'3$01$.8' $+KK8*4+.%0,$01$.8*)$K+3.$01$.&'$40,.,.$+,6%a'$+z
3'03L+,%)'$.&™*3$ ¢,0;8'6L'$ 13+U';03c$ a+)'6$0,$ K30a8'U$ 4", +3%0)=$ W'4+/)'$ .&'$ +UK8*1*4+ *0,$ 01$ U2@($ a9$
[J2$%)$+$6*11*4/8.$K0*,.$* $.&'$.'T.a00c?$* $.&'$)K'4*1*4$ ' +4&* L 2$.&'$ . +4&'3$,"6)$.0$ &'8KS)./6',.)$ 3 +:$ +,6$
40,'4.$.&'$'T*).* L$C,0:8'6L'$)9).'U$.&30/L&S$.&'$K3')',.+.*0,$01$K30a8'U)$.0$U+C'$.&'$) /6", )$*,.'L3+.'$.&'$
NQRZOHGJH DQG VROYH WKH FRUUHVSRQGLQJ SUREOHPV WR DFKLH
*,0+.%'$ +a*8%.9=$ - $ .&'$ 6)*L,$ K304"))$ 01$ .&'$ .+)c?$ .&'$ 403'$ %)$ .05 8'.$)./6',.)$/,6'3).+,6$ .&'$ 3'8+.%0,)&*K$
a'.;" SP@($+,63U2@ (?$a9$L/*6* L$)./6',.)$.0$3"*;$.&'$3"'3)'$.3+,)43*K *0,$+,6$.&'$40,6*.*0,)$3'X/*3'6$.0$
8'+6$.8'U$.0$40UK8".'$.&'SK304'))$01$3":'3)'$.3+,)43*K.*0,2$.0$L".$.8'S&O BB IBORMB@ ($4&+*,7$+,6$8'.$
&'USa'$+a8'$.0$)'8'4.$.&'SP@($48+* $+)$.8'S. UKS+.'$4&+*,$103$[J2$+UKS8*1*4+.*0,2$.0$+4&*'$.&'$K/3K0)' $01$.
LQGLUHFW DPSOLILFDWLRQ RI P51$ VR WKDW WKH VWXGHQWVY OHYH«
).3/4.13'$01$.&'$4033'8+.%0,$.0$.&'$'T." 6'6$+a).3+4$8"'8=
$
BO!CD'83'%64-2!-91067*IC99*(%4D*2*$$1-01::<;16'2-2-@+1421E4AT!:(7--8IF 4-8-A+1G8'$$&--@ 16+ (742A
$
AHED*-'5(+* 3/&-$12$-/'0.+8& $B4'0-+0/S0G**/*
$

I"H$
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-,$.8*)$)./697% .QEKEOUO3'S 48+))$ 1I$ +,6$ 48+))$ A"$ 01$ .&'S 1*3).$)', *03$ &*L&S$)48008$ * $]$ 40/,.9$ +3'$ 8*).'6$ +)
TK'3*U', +8$3")+34&$)/ah'4.)?$.&30/L&$. +4&* LK 3+4.*4'7$.0$:'3+19$;&'.&'3$FQSQ$%+T0,0U9$*)$'11'4.*'$* $.&'$
&*L&$)48008$a*080L9$48+))300U=$%&'$48+))$8":'8)$01$48+))$!I$+,6$48+))$A"$+3'$a0.85+.$.&'$8"'8501$%)*, L&/
&'$)4&0087%:* &$+$40UK+3+a8'$8:'8$013)./6', SKOK/8+.40,$+,6$.8'$)+U'$. +4&* LSK30L3"))=$%& $+/.&033.).'6$.&
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)$+$,/3)'>$+,6$0.8'35.07%4)$.&+.$+8*K,$:*.&$.8'5)'3:*4'$.0I*4=$M NS5 J8+*,$.090&H5). 16 £) $9&83B.* K$0,$
&'$4&0)',$.0J*4>$MANS()Y$.&'$)./6',.)$.0$: 3 S803S$01$J0'.39>$)&03.$).03*)>$03$40S8" * K$)',. 4 )N$+10/.$
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&'$.0J%4$.8'938+:'$)'8'4.'6=$5,)/3'$.&+.$'+4&$)./6',.$;3*.)$+88$.&*3$.&0/K&.)$*,$)*SI8'S)',.| 4)$+44036* K$.0$
&35+ 6+%6/+8$+ S INENSV30:*6'S, 0/K&S.*S'$103$.8'$)./6',.)$.0$;3% '=$P, 4'$1* *)&'6>$+) Y$ +4&9)./6',.$.0$3'+6$
&*3$;3* * K$+80/6$* $130,.$01$.8'S.+48& 3%+ 6$48+))S+.)>SM'NS$O*)4/))$.&'$; 3**,K$40,.',.$.0$63+;$40,48/)*0,)>$M
0Y$'+4&$)./6',.$.03 S+Y'$ +$40SS*.S',.$ 3'K+368&*3$ .8&0/K&.)$03$ 1"8* K)$ 3'8+.'6$.0$ &' ;3* * K$ .&'9B &+:'$
43'+'6=$ %&30/K&S 48'+3$ J304'6/3)>$ .&'S ;3% * KABHIB*41'4.'6$ .03 )&+J'$ ) J'4*1*4$ N&+*03)$ * $)./6',.)>$
* 48/6% K$N&+:*03)$3'8+.'6$.0$4+3"3)>$)/48$+)$4+3"3$/,6'3).+,6* K>$4+3"3$6''80JS",.>$03$4+383$8+, * K=
!
019*$*&(7I<*%7-. |
$
%&*)$)./69$'SI809'6$+$3)'+34&$+,6$6'780S', SM2]ONS +JI30+48$.0$43+.'$ +,6$:+8*6+. ' +$4+3"3$6"'80JS,.$
S06/8'$103$'8'S",.+39$)480088$)./6',.)>$:* &$+$J+3.*4/8+3$ 14N EGH) $+$S'. &06$103$4+3"3$" I803+.%0,=$%8'$
3)'+34&$10880:'6$+$).3/4./3'6$)'[). J$S06'8$.0$')/3'$+$)9).'S+.*4$+ 6$*.'3+.*'$6''80JS",.$J304' %=
$
@"#"$A, (-5+<6+-2$B/5(-5+&1$&-,$B/C1(40
$
%&'$* * *+83)."J$*,:08:'6$3'40K, *c*,K$.&'S,"6$103$4+3"3$6''80JS,.$S+.'3++8)$103$'8'S',. +39$)4&008$)./6',.)=$($
J3'B*S* +30$8*.'3+./3'$3*:$+,6$186$07)'3:+.%0,)$:'3'$40,6/4.'6$.0$+,+89C'$" ). KSK+J)$*,$4+3"3$'6/4+.*0,$
+.$.8'$'8'S',.+39$8"'8=3%R/BI$*6',. *1'6$.8+.$4+3"3$K/*6+,4'$* $'8'S', +39$)48008)$*)$01., $8*S*.'6$.0$"+)*4$
* 306/4.%0,)$.0$J301))*0,)>$8+4Y* K$).3/4./3'6$+4.*:* *)$.8&+.$ K+K'$)./6',. )DIBP8E.*0,i$
!
@"1"$9&5&$%/11(H+/-
$
O+.+$4088'4.%0,$;+)$40,6/4.'6% .&30/K&S$*,.'3:*')$+,65_/).*0,,+*3)$;*.&$).+Y'&086'3)>$ * 48/6*,K$'8'S',.+39%
)48008$.+4&'3)$+,6$"J'3.)$* $4+3"3$K/*6+,4'>$40/,)'8* KSS'6*+>$+,6$-,60,')*+ $8+ K/+K'$'6/4+ %0, =$%&") $6+.+$
)0/34)$ J30:%6'6$ *)*K&.)$ *,.0$ .&').* K$ 48+88' K')$ * $4+3"3$'6/4+.%0,$ +,6$ .&'S 1'+)**8*.9$ 01$ *,.306/4* K$ +$
VWUXFWXUHG PRGXOH WR HQKDQFH VWXGHQWVY FDUHHU DZDUHQHVV W
[
@"@"$B'/,*.5$9(0%2-
$
%&'$6''80JS",.$01$.&'$S06/8'$;+)$"+)'6$0,$.&'$1*,6%,K)$130S$.&'$I3'*0/)$). ) =$%&'$S06/8'$;+)$6')*K,'6$.0$
* 306/4'$)./6',.)$.0$ :+3*0/)$ J301"))*0,)$ .&30/K&S).3/4./3'6$ :3* * K$ "'34%)')>$ +880;* K$ .&'S$.0$"J3"))$ .&*3$
4+3"3$ *,.'3).)>$ )'G80,4'].>$ +,6$)8*3+.40,)=$ %&'$ 40,.",.$ :+)$ ).3/4./3'6$ .0$ * 48/6'S 8'+3,* K$ 0°b'4.*)>$
J301))*0,+8$1*'86$48/).'3)>$K/*6'6$;3% * K$'34%)')>F* . '3+4.%:'$+4 ** *) >+ BEH-BS3'18'4.*0,)$.0$1+4*8* +.'$
)'81D'J803+.%0,8
$
@"D"$9(0+2-$E&1+B.5+/-
$
%&'$* * *+8$63+1.$01$.8'$S06/8'S/,6'3;,.$+,$"J'3.$:+8*6+.%0,$J304"))$.0$',)/3$+)$'11'4.*:" ))>$+44/3+49>$ +,6$
+3J30J3%+.","))$103$'8'S',.+39$)4&008%)./6',.)=$%&3"$" J'3.)$;'3'$*,:08:'6$*,$.8&*)$: +8*6+.40,$3804"))C
L1 (,$°03.8%,$ ='&*&I>34.2(*12.1=-32$*842? ZKR DVVHVVHG WKH PRGXOHYTV DOL!.
6"'80JS',.$.&'03*)$+,6$*.)$+JI8*4+ 8+ 9%+ $'8'S', . +39$'6/4+$0,=
1 (,$°0'3.$%$ =-32$%842721<* 4 ZKR HY D O XD W H'Q.3W. F0H8FE, X30) HBY.9>$+,6$
1145 ))$+)$+$8'+3,* K$.0GB=
[T ($"J3.$*$ 12.-2*$4'21 @'223'7*% >$ ;&0$ 3'*,'6$ .&'S 8+ ,K/+K'S 48+3%.9>$ 3'+6+/*8* 9>$ +,6$
+3J30J3*+.",))$103$'8'S',.+39$)4&008%)./6%)=
$
$
%&'$"J'3.$":+8/+.%0,$/)'6$.&'$10880;* 4385
A$ '$ @ @) "$ Bb F$ Gb
$$$SPISBRBVOOBN $ $ $ $3$5P$ PSS SIS HBS I HIBHY
$
2'%)%0,)$;'3'$3'_/*3'6$103$+)J'4.)$.&+.$3'4*'6$+ $+:'3+K'$)403'$01$G=A$03$"'80;$.0$' &+,4'$.&'S_/+8*.9$01$.&'S
S06/8'$7'103'$J304"6* K$.0$.8&'$,".$). +§'=

IB!'$
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!
@"F"$9(0+2-$G(;+§+/-
$
d+)'6$0,$1"6/+4Y$130S$.&'S"J'3.$:+8*6+.%0,$J304'))>$S06*1*4+.%0,)$;'3'$S+6'$.0$*SJ30:'$.8'$40, ', >$).3/4./3'>$
+,6$*).3/4.%0,+8%).3+.'K*)$;*.&*,$.&' $S06/8'=$2'%)*0,)$* 48/6'6$48+3*19* K$*,).3/4.%0,)>$3'1** K$;3*.* K$J30SJ.)>$
3).3/4./3* K$)'4.*0,)$ 188/..'3$ 408’3 4'>$+,6$* 403J03+.* K$ +66* *0,+8$4+3"3$"J803+.40,$+4.*:* *1$.0$" &+,4'
'K+K'S',.= $
!
@"H"$B'/,* 5$>(05+-2$174&11$) *:$>$-&1J
$
%&'$3':%)'6$S06/8'$:+)$.").'6$:+.&$+$)S+88$K30/J$01$.83"$'8'S',. +39$)4&008$. +4&'3)$:80$*SI8'S',.'6$* $*,$.8*3%
FODVVURRPV 7KH WHDFKHUV SURYLGHG IHHGEDFN RQ WKH PRGXOHTfV
).16',.)$ .&30/K&S 4+3"B'8+.6% ;3* * K$ +4.5**)=$ E./6',.$ ' K+K'S',.$ +,6$ 40SI3'&',)*0,$ 8:'8)$ ;'3'$ +8)0$
07)'3:'6$6/3%,K$.&'$.3*+8$I&%) =
!
@"K"$B',*.5$G(;+0%/-
$
$IWHU WKH VPDOO JURXS WULDO ILQDO PRGLILFDWLRQV ZHUH PDGH EC
3'1*'$.&'$ S06/8'$1/3.8'3%+,6$+663"))$ +,9$%))/)$ .&+.$+30)'$ 6/3* K$*SJIB'S', +.40,=$ %&'$ 3'*)*0,)$ 104/)'6$0,$
' &+.4*% K$/)'3 [13*,68*,))>$*SIZOKS+4.%:* 9$180:>$+,6$',)/3% K$.&+.$)./6',.)$40/86$*,6'0',6',.89%, +*K+.'$.&'$
S06/8'$;*.&$S* *S+8$.'+4&'35+))*).+8'=
!
@"L"$9&5&$M-&81.60+0
$
%&'$6+.+$07.+* '6$130S$"J'3.$:+8*6+.%0,$+,6$.&'$) S+88$K30/J$.3+8%;'3'$+,+89C'6$/)* KS_/+8*.+.%:'$S".&06)=$%&"
_[+8*.+.%'$+ +89)*)$*,:08:'6C
A %6&'S+.*4$+ +89)%)$01$"J'3.$1"6/+4Y$.0$*6',.+19$).3' K.&)$+,6$+3+)$103$+SJ30:'S', $* $ B/ $S06/8'=
% 0)43%].%'$+,+89)%)$01$3"J0,)')$130S$.&'$)S+88$K30/J$.3+8$.0$" BRGXOHTV SUDFWLFDOL
1145 1)) $* $+$48+))300S$) .. *, =
$
%&'$1*,+8$4+3"3$6''80JS',.$S06/8'$;+)$3'1* '6$"+)'6$0,$.8')'$+,+89))>$',)/3* K$.&+.$%.$)'3:)$+)$+$).3/4./3'6>$
' KHK* K>$+,6$'11'4.%:'$.008$103$4+3"3$"J803+.%0,$+S0,K$'8'S',.+39$)48008$)./6',.)=
$
A019*$3806$
$
d+)'6$0,$.8'$3")+348$+,6$6''80JS',.$J304'))>$.&'$3)/8.)$03$J306/4.$0 BHEGH+3"3$6''80JS',.$S06/8'$
103$'8'S",.+39$)4&008$)./6',.)=$%&*)$S06/8'$" I8+* )$.8'$/)'$01%$;3%.* K$S'.8&06)$*,$6':'80J%, K$.&'$4+3"3$]+.8)$01$
'8'S', +39$)4&0088$)./6',.)=$%& $10880;* K$).'J)$;'3'$/,6'3.+Y", $.0$+4&*':'$.8*)$3)/8.C
!
D"#B5(;0\$&- SAANSB/5(-5+8&10$&- $B'/C1(40$&-,$9&58$%/11(.5+/-
$
%&'$3")+348$+4 ** ) B+ $.8&%)$). +K'$104/)'6$0,$+6', *19% K$.&'$J0.", . *+8$+,6$J308'S)$3'8+.'6$.0$4+3"3$6''80JS',.$
103$'8'S',.+39$)4&0083)./6',.)=$d+)'6$0,$*,.'3:*)$:+.&$'8'S',.+39$)4&008$. +4&'3)>$*.$;+)$10/,6$.&+.$.&'3'$;+)$
0$%).* K$4+3"3$6''8US',.$S06/8'$103$'8'S',.+39$)./6',.)>$)J'4*1*4+889$3'K+36* K$.&'$/)'$01$;3* *, K$S'.&06)$
.0$)/JJ03.$4+3"3$6''80JS",. =$%&*)$6+.+$)'3:'6$+)$.&'$ +)*)$103$6''80J* K$.&'$4+3"3$6''80JS',.$S06/8'$103$
'8'S",.+39%$)4&008$)./6',.)%$
!
D"I"$75(:SAAANSO(:(1/;:$58($A-+5+&1$BY, *$$9(0+2-
$
($.8%)$).+K'>$I8+, * K$.&'$* * *+8$J306/4.$6')*K,>$.&'$4+3"3$6'80JS',.$S06/8'$103$'8'S',.+39%)./6',.)>$K+,=$
%&'$+4.*:* ¥)$).+3.'6$;*. &$I3 J+3% K$:+3*0/)$8*.'3+./3'$+,6$6+.+$3_/+3'6$103$6''80J* K$.&'SH,* *+8$3306/4.$6')*K, =
[
D"@"$75($AENSI(0+2-SEES +,&5+/-

'B@G
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(4.5 )$+.$.89)$) . +K'$* 48/6' 6CIMINS6''80I%, K$.&'$6') K, $:+8*6+.%0,$* ).3/S',.)=$%&)'$+,).3/S",.)$40,)*).'6$01$
+$4+3"3$40/,)'8* K$"J'3.$:+8*6+.%0,$%).3/S',.>$+$S'6*+$6)*K,$" '3.$:+8*6+.50,$* ).3/S", >$+,6$+,$-,60,)*+$
8+,K/+K'$"J'3.$:+8*6+.*0,3.3/S',.eSM@N$J"3$: +8*6+.*0,>$;&*4&$*,:08:'6$:+8*6+.*0,$"9$1'880;$3")'+34&'3)$01$.&'$
*).3/S',.)$6''80J'6e$ MQNS :+8*6+.*0,$ 015 .&'$* * *+8$ J306/4.$ 6)*K $"9$ 4+3"3$ 40/,)'8* K$"J'3.)>$ S'6*+$ 6)*K,$
R J'3.)>%+,6$-,60,)*+,$8+ KI+K'$"J'3.)=$%&'S: +8*6+ 30/8.)$:'3'$/)'6$.0$3%)'$.8'$J306/4.$

$

%&'$"J'3.$:+8*6+.%0,$6+.+$*)$" J8+*,'6$+)$1EB80;)C

$

%+"8'$!C$I+3"3$10/,)'8* K$5'J'3.$<+8*6+.*0,$@+.+
|
12.4('%-& B(-&*! iiﬁii?&i%! 9*:4%$4-2DE-!
o 9*:4%$4-2

18+3*.9$01$0"b'4.*:'$103S/8-4.%0, Hb <'39$T0065 ?20%
2'8"+,4'301$S5+.'3*+8%$6"43*J1.*0,$.0$.&'$ IA$ <'39$T006H ?20%
0"b'4.*'$
(6'_/+493$01$S+.'3*43 Hb <'39$T006H ?20%
(JJ30J3*+.",7)$01$"'34%)) $ Hb <'39$T0065 203
E/*.+*8* 9%;*.&$.4'83"3$6':'80JS",.$01$ Hb <'39$T006H ?20%
'8'S',.+39$)./6',.) $
10SJ8'.",))$01$S06/8'$40,.",. $ Hb <'39$T0065 ?20%
d','1%)$103$'8'S',. +39$)./6',.) $ IAS <'39$T0065 20$
d',1*)$103$'8'S', +39$)4&008%. +4&3) Hb <'39$T006H 20$
(:'3+K'$E403'$ $ESHBEBPB | <'39$TO06H ?20%

$

%+"8'$1$)&0;)$.&+.$.&'S+:'3+K'$)403'$ 103$.&'$4+3"3$40/,)'8* K$"J'3.$:+8*6+.%0,$*)$ H=@B>$ 4+.'K03*C'6$+)$<'3
T006=1$%&'$3")/8.)$01$.8&*)$+))")S',.$40,48/6'S.&+.$,0$3')*0,)$+3'$,'4'))+39$103$.8'$40SJ0,',.)$01$.8'$S06/8'=
$

%+"8'$@CSU'6*+$OFH B $<+8*6+.%0, $OH+

|

. !

12.4('%-& BE&* | vecrcars 9*:4$4-2DE-!

$$*$SC*2% 9*-4$4-2

2'8"+,4'$01$40:'3$*S+K'$.0$S06/8'$ Hb <'39$T006b 20$
40,.,. $
j+90/.$01$.&'$40: 3$*S+K' HB <'39$T006S 20$
j+90/.$01$.".$0,$.&'$40:'3$J+K’ Hp <'39$T006H 20$
kO,.$)*C'$0,$.&'$40: 3$J+&’ Hb <'39$T0065 20$
kO,.$)*C'$* $.&'$S06/8'$40,.",$ IA$ <'39$T006S 20$
(3'+3+,4'$01$.&'$40:'3$J+K’ #$ <'39$T006H 20$
(0'+3+,4'301$.&'$S06/8'$40,.,. $I+K$ # <'39$T006S 20$
P:3+88%+J7+3+,4'$01$.& $S06/8" Hb <'39$T006S 20$
(3+K'$SE403'$ #>#8 | <39$T006b 20$

$
%+ S'SIRD;)S.&+.$.8'$+:'3+K'$)403'$103$.&'$S'6*+$6')*K,$"J'3.$:+8%6+.%0,$*)$#=#>$4+.'K03*C'6$+)${<'39$ TO06=1$
%&'$3)/8.)$01$.8*)$+))))S',.$40,48/6'$.8+.$,053"%)*0,)$+3'$,'4))+39$103$.&'$40SJ0,,.)$01$.8%$S06/8'=
$
%+"8'$QCS-,60,)*+ S+, K/+K'$5 J'388*6+.*0,$0 6+

12.4(%-& B(-&*1 | "$$*$$C*2% | 9*:4$4-2DE-1&*:4$41]
[)'$01$6*4.*0$ #=8 5488, $ | 20$3:%)*0,$
E',. 4340834 $ Hb 54'88,.$ | 20$3:%)*0,$
V+3+K3+J&$408&'354' Hb 54'88,.$ | 20$3:%)*0,$
18+3*.9$01%)',.",4)$/)'6$ Hb 54'88,.$ | 20$3:%)*0,$

IBQS
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18+3*.9$01%$.&'$S+*,$*6'+)$*,$J+3+K3+J& Hb 54'88,.$ | 20$3:%)*0,$
D'$01$4+J*.+8%8"..8) Hb 5488,.$ | 20$3:%)*0,$
[)'$01%$J/,4./+.%0,$S+3Y} #>8 54'88',. $ 20$3'%)*0,%$
10,1035*.9%$;*.&%$-,60,")*+,$,3*.* K$ e 5°4'88',. % | 20$3"%)*0,$
).+,6+36%

5+)'$0186'3).+,6* K$"9$.&'$3'+6'3R/) B Hb 5488, % | 20$370,$
("3+K'$E403'$ #H=HH 54'88,.$ | 20$3:%)*0,$

$
%+"8'$Q%$)80;)$.&+.$.&'S+3+K'$-,60,)*+,$8+ K/+K'$"J'3.$:+8*6+.%0,$)403'$*)$#=#H>$4+.'KO3*C'6$+)$5'4'88',.=1$
%8&'$3')/8.)$01$.8*)$+))))S'48,48/6'S.8+.$,0$3'%)*0,)$+3'$,'4))+39$103$.&'$40SJ0,",.)$01$.8'$H06/8'=

!
D"D"$75(;$EN$B'/,* 5$G (:-+/-
$
d+)'6$0,$.&'S:+8*6+.%0,$6+.+$0M +*,'6$130S$"J'3.)>$3:)*0,)$.0$.&'$* * *+8$J306/4.$; 3 $4+33*6$0/.$6/3* K$.8&*)$
) +K'=$X0;:'3>$.&'$ " J'3.5+8*6+.%0,$3)/8.)$+,6*4+.'6$.8+.$,0$3':%)0,)$:'3'$,'4'))+ 39$103$.8'$4+3"3$6''80JS",.$
S06/8'$103$'8'S",.+39$)4&008$)./6',.)$6''807'6$* $.&*)$3) +$4&=
[
D"F'$75(;$EA"$B'/,*.5$>(0+-2
$
E''3+8$ +4.5**)$ '3'$ 40,6/4.'6$ +.$ .&%)$ ). +K'>$ * 48/6% KC$ MINS V3'J+3* K$ .&'$ J306/4.$ .").* K$ *).3/S",.)>$ M@N$
<+8*6+.* K$.&'$)S+88$K30/J$.").* K$*,).3/S",.)$.&30/K&S$I"3$:+8*6+.*0,>$+,6>SMQNSI0,6/4.* K$)S+88$K30/3$.").* K=
%8&'$)S+88$K30/J$.").* K$; +) KIBBI6$9$.&3"$'8'S',. +39$)480088$.'+4&'3)$;&0$+))))'6$:+3*0/)$+)J'4.)$01$.&'S
S06/8'$40,.',.>$*,48/6%, KC$ MIN$ -,.306/4.*0,>8 M@NS PAb'4.*')>$ MQNS U+.'3*+8$ " I8+, +.*0,)>$ M"N$ 534%)")>$ +,6
E/SS+3%)=$%&'$.'+4&'3)$/)'6$.&'$10880;* K$+))))S',.$4+.'KOB*)C

+£ 10SJ3'&,)*0,C$ UO$ M5+)*89$ [,6'3).006N>$ [UO$ MUOG'3+.'89$ [,6'3).006N>$ EO$ MO*11*4/8.$ .0$

[63).+.6N $
n -SJ8'S',.+.*0,C$ UO$ M5+)*89% -SJ8'S',.'6N>$ IUOS$ MU06'3+.'89% -SJ8'S',.'6N>$ EO$ MO*11*4/8.$ .0$
-SJ8'S',.N $
06&/$3)/8.)$01$.8'8)S+88$K30/J$.) * K$+3'5)80;,$* $%+18'$"$V'80;C
$
06+78'$C$2')/8.) 01 SES+88ET30/I5%6').* K
,,, 10SJ38' )"0, $ SI8S, +0, $
0))y6$074.  $ 2% | 2@ | 26 | 2086 | 208 | 2@ | 2B
306/4.70. UO$ | UO$ | UOS
F#G*(%4:1$ uos$ uo$ uo$
U+.3*48%5 J8+,+.*() UO$ | UO$ | UOS
%+)Y)R5"343 UO$ | UO$ | UOS
E/SS+39% uos$ uo$ uos$
$
D"H"$75(:SEAANSBY,* 5$G($+0+/-
$

%+18'$"$J3")',.)$.8)5+88$K30/$.").* K$3')/8.)$40,6/4.'6%;* &$.8&3"$'8'S',. +39$)4&008$. +4&'3)=$% &'$6+.+$* 6*4+.'S
&+.$.8'$4+3"3$6''80JS', $S06/8'$3'4'*:'6$"+8/+.%0,)$130S$ +88$.83"$3)J0,6',.)$*,$.&'$4+.'KO3*)$01$+)*89$
1,6'3).006f8MUONS$ +,6$f+)*89$*SJ8'S",.'6fsMUOMSEH0,$.8)'$1*%,6%,K)>$* $4+,$7$40,48/6'6$.8+.$.8'$4+3"3%
6''80JS',.$S06/8'$103$'8'S',.+39$)4&008$)./6',.)$6"'80J'6$*$.&*)$)./69$*)$)/* +18'$103$/)'$+)$+$ S'6%/S$.0$
)/3J03.$)./6',.)a$4+3"3$6''80JS",.=$

$

%&'$S06/8'$40,.+*)$)"'3+8$40SJ0,',.)>$*,48/6* KSMINSIO,.',.>$;84889.) D1CSM+N$-,.306/4.*0,>SMANS(4.**.9$
0MD'4.*")>$MANSU+.'3*+8>SMENS(4.*:* *)>SM N$%6+) Y)R5 '34*))>$MINSE/SS+39>$+ 6 SMKNS2'1'3', 4)=$%& $S+.'3*+
M+N$ [,6'3).+,6%K$ .+8',.)$ +,6% *.'3).)>$ MN$ [,6'3).+,6%,KS$ +)J*3+.*0,)>$ MANS O''8000,49.¥8INIES

[,6'3).+,6% K$.&'$;03Y* K$:0386>$ +,6SM'NS[,6'3).+,6%,K$ 1/./3'$ I8+, * K=$SM@N$ U'.&06)>$*, 48/6% KCS M+N$W3* * |

IB"$
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J+3+K3+J&)>$ MANS 10SJ8"* K$)',.',4)>$ MANS W3*.* K$ JO'S)>$ +,6$ MENS W3*.* K$)&03.$).03*)=$ MQN$ %+)Y)R5
+8%K,'6$;*.8$.8'$0"D'4.*:") =$M"NSE/SS+3*)>$* $+4403G $A$0 0'4 %) S

|

HO!I4$(3$$412

$

%&'$4+3"3$6''80JS',.$S06/8'$6')*K,'6$*,$.8%)$)./693)'3:)$+)$+,$*,6'],6',.$8'+3,* K$3)0/34'$ .&+.$ 4+ $'$
"11'4.%'89%*, 'K3+.'6$*,.0$.+4&* K$+,6$K/*6+ 4'$406$'8% K$)'3:%4')1$103$'8'S',.+39$)4&008$)./6',.)=$1+3"3$
HGXFDWLRQ DW DQ HDUO\ VWDJH SO D\\B:B3 P)UHIt3n.M,) R 653010 *0/48H SLQ J
03, +.*0,=$ X0;'3>$ 4+3"3$ 6''80JS", $* * *+ *)$+.$ .&'$'8'S', +39$ 8"'8$ 3'S:$/,6'36'/80J'6$ *$ S+,9%
'6/4+.%0,+89)"..* K)=$%&*)$)./69$3)J0,6)$.0$.8+ $K+I$"9$*,.306/4* K$+$).3/4./3'6$4+3"3$6''80JS',.$S06/8'$/)* K$
3% % K$+)$+,$%,.'3+4.$+,6$3'18'4.*'$S".&06$.0$&'8J$)./6',.)$" JB03'$+,6$+3.%4/8+.'$.&*3$4+3"3$$) J*3+.%0,)=

$
U06/8)$+)$6/4+.%0,+8$.008)$011'3$48'+3$K/*6'8*,)>$0°b'4.*')>$+,6$).3/4./3'6$40,.,.>$S+Y* K$.&'S$+44"))*8'$103$
*6'7',6',.$/)'$79$10.8$. +48'3)$+,6$)./6',.)=$-,$4+3"3$K/*6+,4'>$.&'9$J30:*6'$'))’,.*+8$* 103S+.%0,$0,$:+3*0/)$
J301)*0,)>$+8*K,* K$443" DZDUH QHVV  Z L BIOKI' N 6SE FBQANIABY. *¥)HII4& ' $S06/8'$6':'807'6%

* $.89)$)./69$*,403J03+.)$" 1'3.$:+8*6+.%0,)$ 130SS K/*6+,4'$ +,6$40/,)'8* K$ J301'))*0,+8)>$-,60,)*+ $ 8+ K/+K'$S
"J3.)>$ +,6% '6/4+.50,$ J3+4.%%0,'3)>$ ' )/3* K$ *.)$ +JI30J%+,6$ '11'4.5"))$ *$ 1+4*8*.+* K$ 4+3"3$
"J803+.*0,$+S0,K$ 90/, K$8'+3,'3)=$ %&30/K&S ) S+88$ K30/J$.3+8)>$*.$;+)$*6',.$.&+.$)./6',.)$)&0;'6$ * 43'+)'6$
LKHK'S',.$ +,6$ +$ 6"0'3% /,6'3).+,6%,K$ 01$ 4+3"B'8+.'6$ 40,4'1.)$ ;& ,$ K/*6'6$ .&30/K&S ).3/4./3'6$ ;3K$

+4.55 )

$

F'#'$3-8&-.+-2$%& ' ($MO&'(-(00$58'/+28$="+5+-2$M. 55 +5+(0

$

%&'$*,.'K3+.%0,$01%$;3* * K$* $4+3"3$6''80JS',.$S06/8')$011'3)$+$/,*_/'$+JI30+4&$.0$10BA I8 B+ 6%
4+3"3$"J803+.%0,=$W3* * K$+4.%* *)$' 40/3+K'$)./6',.)$.0$"I3))$.&*3$+)J*3+.%0,)>$3'40K, *C'$.&'*3$.+8',.)$+,6$
* '3').)>$+,6$40,,4.$.85$.0$ J0.", *+8$4+3"3$ J+.&)=$[,8*Y'$ .3+6*.*0,+8$ 4+3"3$ K/*6+,4'$ S'.806)>$ ;&*4&$ 01., $
* :08:'$J+))*'$"J0)/3'$.0$4+3"3$0J.%0,)>$.&'S; 3* B¢ 6$+JJ30+48$+880:)$)./6',.)$.0$+4.*'89$40,).3/4.$.8*3$
1,6'3).+,6* K$01$.&'$J301'))*0,+8$;0386=$d9$+3. 1P0&'*3$.&0/K&.)$+,6$"J'3* 4')$.&30/K&S;3* * K>$) /6", )$
6"'80J$)'813-+3',))$+,6$V'K*,$.0$+8*K $.&*38) Y*88)$+,6$*,.'3).)$;*. &$1/./3'$4+3"3$J0) )$*8* *')=

$

U03'0:'3>$:3* % K$+)$+$ S'6*/S$' +18)$.'+4&'3)$+,6$40/,)'803)$.0$ K+* $: +8/+18'$* )*K&.)$*,.0$)./6',.)a$ 4+3"3$
LQFOLQDWLRQV 7KH ZULWWHQ UHVSRQVHV SURYLGH D GHHSHU XQG
'6/4+.03)$ 011'3% SO3'$ .+3K'.'6$ K/*6+M¥88.* K$ "'34%))$ +8)0$ 10).'3$ 43+ **9>$ 43**4+8$ .&* Y* K>$ +,6%
40SS/,*4+.*0,$)Y*88) 40SJ'." 4*)$.&+.$+3'$43/4*+8%* $J3'J+3* K$)./6',.)$103$1/./3'$+4+6'S*4$+,6$I301'))*0,+8%
'6'+:03)=$

$

F'I"$P'+ 2+-2$58($)&; $+-$%&(($3,*.&5+/-$</'$31(4(-58'6$7.8//1$755,(-50

$

0)J*'$.&'$*SJ03.+,4'$01$4+3"3$6':'80JS',.$* $'+389$'6/4+.0,>$'8'S',.+39$)4&0083. +4&'3)$01., $&+:'$8*S*.'6$
3)0/34')$+,6$).3/4./3'6$S+.'3*+8)$.0$*,.306/4'$)./6',.)$.0$6*:'3)'$J301))*0,)=$1+3"3$*,.306/4.40,$+4.** *)$* $
S+,9$)4&008)$+3'$K','3+88984BS$.0$)/J'31*4*+8$3'13)",.+.*0,)>$)/48$+ P88 K$* $J301'))*0,+8$/,*103S)>$
*.&0/.$6"'3%" K+K'S',.$* $.&'S)Y*88)>$ Y,0;8'6K'>$ +,6$'6/4+.%0,+8% J+.&;+9)$ 3'_/*3'6$103%'+48$ J301))*0,=$
(66*.*0,+889>%',.3'33",/3)&*I$+4.** *)$40,6/4.'6$* $)4&008H0$104/)$)08'89$0,$7/)*,))$) Y *88)>$0:'3800Y* KS$
&'$"30+6'3$)J'4.3/S$01$4+3"3$J0))* 8+ *)=

$

%&*)$)./692)$1*,6* K)$+8*K,$:* &$I3'*0/)$3")+348$'SI&+)*c* K$.&'S,'4))*.9$01$).3/4./3'6$4+3"3$* '3, .*0,)$+.$
&'$'8'S',.+39$ 8''8=$ W'86'S .$ +8=$ M@A!FNS$ 10/,6$ .&P$)IBHDAS J301'))*W04/)'6$ 4+3"3$ '6/4+.%0,$

)*K, *1%4+, 89N '1+.)$)./6',.)$ D). '3% K$4+3"3$+:+3""))=$E*S*8+389>$1+8:+30$'.$+8=SM@AI HN$&*K&8*K&..'6$.&'S, "€
103$)&ME3S>$)4&008)'6$4+3"3$6":'80JS',.$I30K3+S)$.0$1+S*8*+3+C'$90/, K$8'+3,'3)$;*.&$4+3"3$0J.%0,)$'+389%
0,=$%&)'$)./6*)$)/JJ03.$.&'$*SJ03.+,4'$01$*,.306/4* KBSSDB/8)$+)$+,$+,.'K3+8$J+3.$01$'8'S',. +39$6/8+.%0,=

|

F'@"$M,&:5+-2$%&'(('$3,*.85+/-$5/$)1/C&1$=/Q</'.($3(-,0

$

'BB$
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%&'$3+J*6$+6:+,4'S',.$01$.'4&,080K9$ &+)$ 8'6$DIKEAB$01$,;$J301))*0,)$.&+.$;'3'$J3':*0/)89%,0, D
"4).,.=$%8%)$)&*1.$,'4))*.+.)$+$S06'3,*c'6$+II30+4&$.0$4+3"38K/*6+,4'>$",)/3* K$.&+.$)./6',.)$+3'$*,.306/4'6$
,0.$0,89% .0$ .3+6*.*0,+8% J301'))*0,)$ //.$ +8)0$ .0$ 4+3"3)$ ) &+J'6$ 79$ .'4&,080K*4+88% @BISAIS',.)=$
58'S',.+39$)4&0083%)./6',.)$.06+9%;*88%',.'3$+%$;03Y1034'$:+).89$6*11'3",.$130S3$.&'$4/33",.$b0"$ S+3Y"' . >$S+Y* K$*.¢
*SJ'3+.%'$.0$' /*J$.&'S$;*.&$3'8"+,.$4+3"33$Y,0;8'6K'$130S$+,$'+389$+K'=

$
E"'3+8%)./6*')$M58*c+$'.$+8=>$@A@Qe$h+3+S09%".$+8=>S@A@QeFj'Y)+,+$" . $+8=>$@A!Qe$?/31+/c*+&$'.$+8=>
. KXVXPDGHZL KDYH HPSKDVL]HG WKH HIITHFWLYHQHVY RI FDUHHU
4+3"3%+;+3',))=$X0;"'3>$.&'$+I381+.*0,$01$)/4&$S06/8")$3'S+*,)$8*S*.'6>$J+3.*4/8+389%$+.$.&'$'8'S",.+39$8":'8=$
%&*)$3)'+348$&*K&8*K&.)$.&'$,"6$.0$6''80J$+,6$*SI8'S',.$).3/4./3'6$4+3"3$K/*6+,4'$I30K3+S)$.&+.$,0.$0,89%
*.306/4'$ 40,,.*0,+8% J301'))*0,)$ /.$ +8)0$ *,.'K3+.'$ *,103S+.*0@.$"S'3K* K$ 4+3"3)$ *,18/',4'6$ "9$
6*K*.+8*c+.*0,>$+3.*1*4*+8%*,.'88*K',4'>$+,6$0.&'3%$.'4&,080K*4+8%$-6:+,4'S',.)=

!

F'D"$%&'(($)*+,&-.($&0S&SB' (:(-5+:($&-,$9(:(1/;4(-5&1$M:;;'/&38

$

1+3"3$ K/*6+,4'$ +,6$ 40/,)'8* K$*,$'8'S",.+39%$)4&008)$)'3:'$,0.$0,89$ +)$ +$ 6'80JS',.+8$.008$/.$ +8)0$ +)$ +$
J3",.*'$S'+)/3'$.0$&'8J%)./6',.)$J8+,$.&*3$1/./3'$4+3"3)=$(44036* K$.0$h030SJ0.$".$+8=$M@A@ @N>$'+389%$4+3'
*.'3:,.%0,)$4+,$J3"',.$4+3"3%*6' FLVLYHQHVY LQ ODWHU VWDJHV RI HGXFDWLRQ 'R
.&'039%).+.7%.&+.$'8'S",.+39$)4&008%)./6',.)$ +3'$*,$ .&'$K30;.&$) . +K'>$ ;&'3'$ .&'9$ M'K*,$ 103BO,KB) )1

3'8+.'6$.0$ .&*3$ 4+3"3)=$ %&*)$ +8*K,)$ :*.&$ 3')'+34&$ 1*,6* KIB&;6B907,K$)./6",.)$ 4+,$ 3'40K , *C'$ .&'*3$
J'3)0,+8$4&+3+4.'3%) *4)$+,6$3'8+.'$.8'S$.0$J0.",.*+8$4+3"3H0J.*0,)=

$

1+3"3$6':'80JS",.$S06/8")>$)/48$+)$.&'$0, $*,.306/4'6%* $.8*)$)./69>$+4.$+)$+$:*.+8$S'6*/S$103$6'8*:'3* K$4+3"3$

K/ 6+,4'$+.$.&*)$'+389%).+K'=3E./6*)$"9$2+&*S$ . $+8=SM@A@QN$)&0;$.&+.5/)* K$4+3"35J04Y"'.~00Y) $+)$4+3"3%K
.008)$',&+,4$'8'S",.+39%$)/6',.)a$4+3"3$/,6'3).+,6* K=$E*S*8+389>$(,63*+,*SM@AIHN$10/,6$.&+.$K/*6+,4'$70+36)$
)*K,*1*4+,.89$ *SJ30:'$ )./6',.)a$ 40SJ3'&',)*0,$ 01$ 4+3"3$ *,103S+.*0,=$ %&')'$ 1*,6*K)$ *,6*4+.'$ .&+.$ :+3*0/)$
'6/4+.%0,+8% S'6*+>$ *,48/6*,K$ 4+3"3$ 6':'80JS',.$ S06/8")>$ 4+,$1:11189% )/JJ03.$ 4+3"3$ '6/4+.%0,$ +.$ .&'$
'8'S',.+39%$8":'8=%

$

F'F'$A4;1+.&5+/-0$</'$B/1+.6$&-,$3,*.&5+/-& 1$B'&.5+.(

$

%&'$1*,6* K)$01$.8%)$)./693)/KK').$.8+.$4+3"3$K/*6+,4'$)&0/86%'$)9).'S+.*4+889%*,.'K3+.'6$*,.0$'8'S',.+39$)4&008%
4/33*4/8+=$E4&008)>%$'6/4+.*0,+8$J08*49S+Y'3)>$+,6$4/33*4/8/S$6":'80J'3)$)&0/86$I3*03*.*¢c'$4+3"3%$'6/4+.*0,$+)$-
)',.*+8%$40SJ0,',.$01$'+388&*86&006$6":'80JS",.=$%& $+60J.¥0,$01$4+3"3%$6":'80JS',.$S06/8")$4+,$"3*6K'$.&'$
K+J$M.;",$.&'03".*4+8%Y,0;8'6K'$+,6$3'#%386$4+3"3%$"J0)/3'>$J3'J+3* K$)./6',.)$103%$1/./3'$'6/4+.*0,+8%+,6$
J301'))*0,+8%$4&+88',1§)=

$

k/3.&'3S03">$.'+4&'3%.3+** K$I30K3+S)$)&0/86$'SI&+)*C'$4+3"38K/*6+,4'$).3+.'K*)$.0$',)/3'$.&+.$'6/4+.03)$+3'$
;'88D /*3J'6$ .0$ 1+4*8*.+.'$ 4+3"3% '6/4+.*0,=$ V30:*6*,K$ .'+4&'3)$ ;*.&$ ).3/4./13'6$ S+.'3*+8)>$ )/4&$ +)$ 4+3"33$
6':'80JS',.$ S06/8)>% ;*88% ',+"8'$ .&'S$.0$ K/*6'$)./6,.)$ '11'4.*:'89% *,$ " I803* K$ :+3*0/)$ 4+3"3% 0J.*0,)=$
$GGLWLRQDOO\ FROODERUDWLRQ EHWZHHQ VFKRROV SDUHQWV DQG L
8'+3,*,K$"J'3*,4)=%

$

$

"30%7-&!=-2%&4#3%ABBI+/.&03)$40,.3*/.'6$.0$.&*)$3") 4§34 &=

$

K32.427C$?70.$+JJ8*448:8'=

$

=-21.84(%!-L112%*&$888.'$+/.&03)$6'48+3'$,0$40,18*4.$0$%*,.'3") .=

$

12L-&C*.1=-2$*2%!B%'%*C*2%DM%74($!"NOE2085+JI8*4-%'8'=

$

IBF$
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[*(8'&'%4-2! -L! >*2*&'%4:*1"11'2.1"1 (BS4$%*.! 6*(72-8-24*$%&*)$ 604/S',.$ &+)$ ", $I30013'+6% ;*.&$ .&'$

+))*).+,4'$0151&+.TV%>$ +,$ (-$ 8+,K/+K'$ S06'8$ 6':'80J'65"9S PJ',(-=$ %&'$ (-$;+)$/)'6$ .0$ ", &+,4'$ 48+3*.9>%

40&'3',4'>%$+,6BK3+SS+.*4+8%+44/3+493;&*8'$J3")'3:* K$.&'$03*K*,+8%*,.',.$01$.&'$40,.',.=$0/3* K$.&'$J30013'+6* K¢

J304")>%$.&'$10880;*,K$J30SJ.)$;'3'$/)'6C$fV30013'+6$.&'$ 3")'+34&$S".&06$)'4.*0,$103$48+3*.95+,6$40&'3',4'>f$

f2':*)'$.&'$3'1'3',4'$8*).$.0$*,48/6'$5,K8*)&$.3+,)8+.*0,)$*,$"3+4 Y"'.)$+1.'3$.&BR3Ky>#5+,6 $15,)/3'5.&+.$.&'$

.7.$10880;)$J30J'3$+4+6'S*4$;3*.* K$40,:',.*0,)$;&*8'$S+*,.+* * K$*.)$03*K*,+8$S'+,* K=f$%&'$1*,+8%40,.",.$&+)$

N $4+3'1/889%$3":*;'6$+,6$+J130:'6$19%$.&'$+/.&03%.0%',)/3'$*.$+8*K,)$;*.&$.&'$*,.',6'65S")) +K'$+,6 $S+*,.+*)$

3)'+34&%$*,.'K3*.%=

$

$

9*L*&*2(*H

|

(,63*+,*>$ U= W= M@A!HN=$V' K+3/&$]+9+,+,$-,103S+)*$U' KK/, +Y+,$V+I+,$d*S"* K+,$%'3&+6+I$V'S+&+S+,$
h+3*3$E*);+$E'Y08+&$0+)+3%$1%&'$-,18/',4'$01%-,103S+.*0,$E'3:*4")$[)* K$ T/*6+,4'$d0+36)$0,$58'S',.+39%
E4&008$E./6',.)a$l+3"3%[,6'3).+,6* KIR2H&-5&'8&$/<$G(0(&'.8N$S*-& 1 ST EOH+L$B(-(1+5+&-$V-+:('0+5&0%
R*0&-5&'&$B)GASW(,+ M@N>EF3&$I)CRR60*=03KR!A=@H"AGR,03%:F*@=!QFA"

(93*c+>$2=>3$%3*9+,.0>$ (=>$E" *+;+.*>Fk=$ (=>$]$ T/, +;+,>$?=$5=M@A@AN=$5"J803* K$1&*863',a)$1+3"3$-,.'3")
h,0;8'6K'$d+)'6$0,$X088+,62)$%& '0895('-&5+/-&1$S/*'-&1$/<$A-05"*B+a"'N>SBr-O =

dI3Y'>SWW=31958}(5(-. $P&O(,$3,*.&5+/-$&-, $>'&+-+-2%R' $k+8S'3$V3")) C$j0,60,=$ @BAAB=

[+3:+8&0>$ 2=$ T=>$ V04*,&0>%$ U=>$1$ k'3,+,6")>$ O=$ M@A!#N=$ k0).'3* K$ 4+3"3% +;+3","))$ *,$ '8'S',.+39% )4&008
5:+8/+.%0,$01%+,$*,.'3:",.*0,$J30J0) $38($7;&-+083Y/*'-&1$/<$;06.8/1826>$5!F5=

[&+,49>$E=$M QAR @N2$%&'(('$3Z;1/'&5+/-$</'$31(4(-5&'6$7.8//1$75%,(-50$+-$[1/'+,&NEMS 75*,6$/<$ [+<58%
)'&,('0$B&'5+.+;&5+/-$+-$%&' (('$%*"+.*1:4%& '$k803*6+$E.+.'S[,*:'3$.9=

[8+3Y>$T=$U=>$6YY=$!HH!=$I+3"3$0"'80JS',.$103$E./6',.)$;*.&$O*)+"*8* *)$* $58'S',.+39$ E4&008)C$($VV0)*.*0,¢
E.+.'S',.$01$.&'$0*:*)*0,$0,$1+3"3$0":'80JS",.=%0&' (($9(:(1/;4(-5$</'$3Z.(;5+/-&1$A-,+:+ *& 10" @N=$
AHD@ &

58*c+>$ 2=>% (&S+6>$ 2=>% (),+&>$ U=% -=$ d=>% |$ (16+8=$ M@A@QN=$ V' K'S"+,K+,$ U06/8$ d*S"*,K+,$ h+3*3
U'* KY+.Y+,3h'S+.+ K+ ,$h+3*3$E*);+$E'Y08+&$U',' K+&$I0":'80JS',.$01$+$1+3"3$T/*6+,4'3U06/8'$.0$
-SJ30:'$1+3"35 U+./3*.9501$ X*K&S E4&008S$ E./6), WHdR7N$ S*'-&1$ P+4C+-2&-$ 9&-$ W/-0(1 MEXB$
FG!F#@=

5/30J'+,310SS*)*0,>S@A! QEH/'5+-2$5(&.8('$./4;(5(-.($,(:(1/;4(-5$</'SC(55('$1(&'-+-2%/*5./4(0" $6/4+.%0,$
+,65%3+** K=

T8+66* K>$E+S/'83%=$@AAVES-25M$%/4;'(8(-0+:($B'/<(00+/KHQ..&$56*.*0,=$V'+3)0,=$U'33*88$V3',.*§ $X+88=

T08'S+,>$0=IHHWLE' ,&0&-$34/0+/-&1$5S0.*0,+8%-,.'88*K",4'mBB&Sd +&+) +>$%=$X'3S+9+>$n+Y+3.+=$HT3+S'6*+=

T*)0,>$20M'3.=$j$]$U*.4&'88>FX=3U+3*+,,'=S@AAH#=SE".' $56*.*0,=$V'+3)0,$V3',.*4'$X+88=$?";$n'3)'9=$%'3b'S+&+,$
08'&$Z/6*$E+,.0)0=% @ RA4G+-2&-%,&-SW/-0(1HT2%6+,4'$+,6$10/,)'8* Km "$6*)*$h'./b/&=$I'.+Y+,$-$
VN+.+Y+$d'8+b+3=$Z0K9+¥ +3.+=

X*+./880&8>$7=>$?/3*&)+,>$n=>3]$2/)S+,+>$?=IM@A@QN=$V',6'Y +.+,$d*S"* K+,$n'80SI0Y$%'Y,*Y$U',/8*)$5Y) I3
[, IYSU' * KY+.Y+ $h'" M+ &+K*++ $E*): +$IT30/I$T/*6+,4'$(II30+48&$))* K$5'I3"))*:'$W3* * K$%'4&,* [)$
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-, $.8:)$+3.448'2$.8'$3") +348S$.'+S$6'"80I'6$+ $'6/4+.%0,+8$*,.'3:", *0,$/)* I$S/8.*I8'$6*J* +8$3')0/34)$.0$', J+J'$
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e* +8897$)./6*)$"9$j081+J&+3*$' $+8=$LABA"M$+ 6$F0,J$'.$+8=SLABA"M$)/1103.$. 0SS 1S#1+8%10:80,$
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$

5,J8%)&$\+,J/+J'$1,0;8'61$13".").$+,6$10)..).=%  H&'$*).3/S',.$/)") $&'$3/13*4)$08%e*3).$5,J8%)&$%").$
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\+,J/+3'$(3.)2$(3.)$+,6$]/)*42$F04*+8$F /6% 2$@+./3+8SF 4+ 4'S+, 65|+ R-SFEIM/*3'6$1'3$)'))*0,$*) $1$&0/3%

AB$S* /) =$6&'$.0.48.3:",.0,$.*S'$*)$!B$;"g)= $

$

F.4+J'$G=$0")3:+.0,$e03%:W FRQVLVWHG RI D IRUP WR HYDOXDWH WKH SDUWLF
SDUWLFLSDQWVY LQWHUDFWLRQ DQG FRQYHUVDWLRQV DPRQJ SHHUV F
&35+, +89)1)$'U'4/.'6$+.$.8$01$.&'$)4&008$; "d5-$

$

6WDJH BRVWWHVW RI SDUW HFWSHD[GIWXWHGIDWVWKH) BPOWEGFHSDQWV |
1)'6$+$13*,.'6$103S+.=$%&'$*,).3/S',.$J+.&'3)$+88$.&'$)403")$130 SE&H) *BB8'33$).+3.'6$.&'$*,.'3:",.40,$

0$.8'$,6%

$

F.A4J$>=$N+.+$+,+89DE&$3") +34&'3$6'4*6'6$.0$'U'4/. ' $6+.+$6')43*) +'F) 4488, +89)*)$/)* IBU4'&$%&'S
1)'$01$1'34",.+J")$+880;'6$.0$J30/I1$+88$.&'$6+.+5*, $+3$;+9$.&+.$1+4*8* +.)$.&' $+,+89)*)=$-.$+8) 0$/) 6 $I3+1&*4)$.0$) &
&'$6'S0,).3+.'$.&'$6*11'3",4")$M.;" $.&'$3)/8.) =55

!

:0!:*$38%%

$

%&'$3"/8.)$13")",.+.%0,$10880;)$.&'$036'3301%$.8'$3")'+34&$m/) *0,)$.&+.$+I'+3$*,$.&'$*,.306/4.*0,$)'4.*0,$01$.&*)$
|+1'3=!

!

0C'#'8DUWLFLSDQWVY PRWLYDWLRQV IRU GHDUQLQJ (QJOLVK DV D IRUHLJ
$

-$+,):'35.0$.&'$3")+34&$m/).*0,$I6DW DUH SDUWLFLSDQWVY PRWLYDWLRQWSIRU OHD
%&'$+,);'3)$07.+* '6$/)*,J$.&'$18+)&$)/3:'9%;'3'$+,+89b'6$"9$4&00)*,J$.&'$S0).$31'+.'6$+,);'3) $6//&. 0%
13'm/',49%+,6$)*S*8+3* *)$103$1*,+889&0*, I8, $1'34',.+J)= $

$
%+"8'$IC$]0.*:+.0,)$0,$8'+3,*,J$.&'$5,J8%) &$\+, I B J'
<3#(%*9-84"$ =$ 7>% > '"@% "$ "% =3
LIM$H/8 /3+8$(441)$ Bq$ Bq$ Bgq$ GBG Bg$S Bg$ QB
LAMS$Y301'))*0,+8$01103./,1.*) Bq$ Bg$ Bg$ Bg$ Bg$ Bg$  IBBg$
LPM$F04408%/,*4+ 0, ! Bq$ Bg$ !"g $ PBgs !"qg $ Bg$ QB
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LQM$56/4+.*0,+8%(6:+,.+") Bg$ Bg$ Bg$ Bg$ Bg$ Bg$ 'BBg$
L"M$9%3+:'8* I$T",'1¥) Bq$ Bgq$ !Bq$ "Bq$ !'Bq$ Bg$  PBg$
LGMS$\'+3,*, J$5UI1'3* 4'$Y'3)1'4.*:1 Bq$ Bq$ Bq$ ABgs Bg$ Bg$  >Bg$
$

€03$.&'$)/"4+.' J039$LIM$H/8./3+8%(44'))?$S0).$01$.&'$)./6',.)$I+:'$)*S*8+3%+,);'3)$.0$.&'$*,6*4+.'67$.&*)$S'+,) $*,$
'34',.+7)$.&'$QBGS 103 ;+.48* I$ SO:*)$+,6$)'3*)$*,$.&*3$03*J* +8$ 8+,J/+1'2$.&*)$ &*]&8*]&.)$.&'S*,.'3).$.&+.$
I'018'$&+:'$*,$.&'$8+,J/+)'$'4+/)'$.&'9%;+,.$.0$/,6'3).+,65;&+.5.&'95+3'$*,.B-$
$
-, $.&'S)/"M+.J039$ IMS Y301'))*0EBI03./,* *)2$*.$:+)$.&'$)+S'$1304'6/3'$+,6$.8&'$S0).$31'+.'6$+,);'3$"9$
IBBgS$;+)$.&+.9)./6',.)%;+,.$.0$8'+3,$5,18%)&$M4+/)'$.&'9%9,0;$.&+.$*.$)$10))*18'$.0$".$7..'3801103./,* *)$6/'$
.0$.8&'$8+,J/+I%
$
€03$.8'$)/ 4+, JO39SLPMSFO4*+8SHOSS/, 4+ %0,2$.&'$3'1+.'6$+,):'3$J+:'$+$1'34', +I'$01$QBgS+, 6$*.$:+)$)+*6$.&+.$
6/'$.0$5,J8%)&$M*,J$.&'$S0).$)10g",$8+,J/+T'$*,$.&'$;0386=5($).+.'S",.$;&*4&%$*)$.3/'$,0;,+6+9)$)*,4'$.&+,09)$.0$
&'$10;'3501$.8'$40/,.3*)$;&'3',J8%)&$*)$)10g',$''390,'$;+,.)$.0$8'+3,$'$=
$
%8&'$)/N 4+ J039GIMS56/4+ 0B+, +J'7$.&'$.0.+85;+)$IBBG?$*.$;+)$)0S'.&* J$.&+.$+S+b'6$S'$6/'$.0$S+,9$
)./6',.)$40,)*6'3'6$5,8%)&$*SI03.+, $M4+/)'$+.$.8'$S0S',.$.0$800g$/1$103$*, 103S+.*0,$0,$*,.'3,.$.&'9$10/,6$*.$
* $5,18%)&%.8/)$M*,I$+"8'$.0$.3+,)8+.'$*.$*)$+$I$+48&%:'S',.=$
$
€03$.8'$)/M4+.' J0398I$%3+: 840, '1*.)=45.$*)$.&'$)/ 4+ J039$:*. &SAPH*4*1+, L. 3' M/, 49=$%&'$S0).$01$.8'$
[+3.%4*1+,.)$+3'$,0.$)/3'$+"0/.$.&*)$3'+)0,$103%8'+3,*,J$5e\=$%&'$ PBq$ 01$ .&'$1+3.*4*[+,)$;'3'$3'8+.'6$.0$.3+:'8%
)I'4*1*4+889$+ WS, I $0$0.8'3$40/,.3*)$+ 6% $8'$.0$)I'+g$;*.&$103'*,$1'018%$
$
€03%.&'$4+."J039SLGM$\'+3,*,J$5UI1'3* ,4'$Y'3)I'4.*:'?2$.&'$1'34',.+7'$*)$>Bg$"'*,J$0,'$01$.&'$&*I&").$,/SN3) ?$
&+.$S'+))$.&+.$%,$.&'$S0S',.$501$+,+89b*,J$.&'$+,);'3$.&'$S0).$3'1'+.'6$;'3'$3'8+.'6$.0$8'+3,*,J$5,18*) &$*)$1/,$
NA+])'$.&'$8))0,)$+3'S*,.'3+4.¥S+ 6$6*11'3', $30HE& $0.8'3) BV +3.4*|+,)$:0.'6$.0.+8$+J3"$S'+,:&*8'SABq$
1'3'$,0.9)/3'$+10/.$.&*)$3'+)0,$103$8'+3,*,J$5,J8*)&$8+,H+J'=
$
P=l=l=$H+.'J03*4+8%+ $39)*)
$
ODLQ FDWHJRU\ SDUWLFLSD QW \[H&PISA8'$ &5 W, )B)P6V.) SRS, CHHIB, 2L "Q'$ () /
+,651% %) &&' B* J/*).*4)$I3+4.*4')$/)*, I$5,I8*)8$8+,J/+J'$6/3*,J$.&*3$8"))0,)$':'39$6+9=
$
F/inr4+.'J03*)C$ LIM$ 4/8./3+8% +44"))$ LAMS$ 1301"))*0,+8$ 01103./,*.*)?$ LPM$ )04*+8% 40SS/,*4+.%0,?$ LQMS '6/4+.*0
+6:+, +1)?SL"M$.3+7'8% I$N '1%.) 2%+ 6SLGMSB+3IN3$ 4SI3) 4. *'=  $
$
F/A D+, J03*)$8':'8) C$[*J&?$]06'3+.'2$\0$=
$
JURP WKH FDWHJRULHY DQG VXEFDWHJRULHY DQDO\WALY RI WKH SDUWLF
$

7DEOH $QDO\WLV RI WKH SDUWLFLSDQWVY®#RWLYDWLRQV VX

<3#(%*9-&4*$ AB4.*2(*$ C*B*8$
H/8./3+8$(44')B 3 , GRQTW OLNH VSHDNLQJ (QJOLVK 063+  $
+,6$)'3*)$* $5,J8)&2$.$)0S' *S)$*)$6*11*4/8.$.0$/,6'3).+,6
&'9$)+9?7$%1$-$0,0;$.&'$8+,J/+J'$;0/86$ ' $N..'3=

Y301'))*0,+8% YACS-$8%0'$5,J8%) &5\ 4+/)'$* $&'B1)$S'$.0$3+4&$,;$01103./,* *)S [*I&$
Ol103./,**) | 5,J8+)&$*)$/)'6$* $S+,9$40/,.34)=

FO4*+8$ YIC$ -$ 8*g'$ 5,J8%)&$ )0$ S/4&$ N4+/)'$ *$ *)$ &' 13*S+39$ ¢ 063+ $
40SS/,*4+ %0, ! :0386;*6'$+,6$S+,9$I'018'$/)'$*.$.0$40S S/, *4+.'4$

56/4+.*0,+8% YIC$-$8%9'$ 5,J8%)&$ N 4+/)'$ *.$ S+7)$.&* J)$ '+)9$ +.$.&'$ SOS [*I&$
(6:+,+J) ! )+34&$*,103S+.*0,=
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%3+:8% IST' 1%} YIC$-$8%¢'$5,I8%)&$NA+/)'$-$4+,$.3+:8%+,6$)+g$;*.&$'018' \0; $

0.&'3$18+4')=
\V+3,%,J$ 5UI'3% 4'S  YIC$-$8%g'$5,J8%)&$N4+/)'$+)$8))0,)$+3'$1/, 5+ 68, 3+4.*'$40S [*I&$
Y'3)Ia.x | 0$0.&'3$)/"'4.)= $

$
%&'$' 6", 4'$)80:)$.&+.$.&':*)8$.0$).+8%)&$6*3'4.$40SS/, *4+.*0,$:* &$I'018'$130S$0.&'3$40/,.3*)$*)$130"+/89%
&'$S+*,$3'+)0,$03$8'+3,Be\$*,$.8'$I30/)$0L$I+3. *4*1+$)=

$
0""$-DUWLFLSDQWVYT SUHIHUHQFHYV UR)&BRU$EE0I6EIPEBPALVWLF SUDFWLFH IF
$
-, $+):'3$.0$.8'$3")+34&$m/).*0,$ABGDW DUH SDUWLFLSDQWVY SUHIHUHQFHV UHJDUGL
5,J8%)&p$%E $6-+.+$4088'4.'6$/)* I$+$)/3:'9$)$13)',.'6$*,$. $°8'$P=

$
%+"8'SPC$\*,J/*).*43$14 . *4")$-3.%4*|+,.)$3'1'3H.03$8'+3,*§)

D&(%4("$ ES
Y+9%+..',.*0% I=QPd
-,.'3+4.*'$W+S") $ "Q=A#$
k+.4&*,J%$:*6'0) $ $E=1Qq3
Y+3.%4*%1+.'$* $48%)) A=>GH
N3+;*J$ I=QPdp
\¥).'*,J$.0$S/)*4 $ IBg $
2'+6*,J%+,6%;3*.*,J% "=Elq$s
5U'34*)$;*.80/.$+$)408' I=QPg$
FI'+g*J $ I=QP
%'+S;03g% I=QPdp
V)'$01$%'4&,08039 I=QPdp
%'+4&'3$3J006$S0H6 I=QPdp
=-%'8F IBBg $

$

7KH WDEOH VKRZV WKH SDUWLFLSDQWVY SUHIHUHQFHV FRQFHUQLQJ
8+,J/+J'=$]0).$01$.&'S+,):'3)$3'1'3$.08*,.'3+4.*'$J+S)$+) S RM3+4.*4'$.0$*S130:'$8'+3,* J=$[0;'3?$0,'$
1+3.%4*|+,.$40SS',.'6 $

$, OHDUQ EHWWHU SOD\LQJ LQ D FRPSHWLWLRQ EHFDXVH LW PRWLYDW
$

Y+3.54%1+,.$S',.%0,'6$%,$&*)$).+.'S",.$0,'$01$.& '$13* 4*18)$01$I+S*1+4+.%0,$:8*48$*)$S0$":+.*0,=$

$

%&'$)'40,6$1'34',.+0'$ .&+.83'60S*+.) $)$:+.4&*,I$ *6'0)?$13*0/)$ .&'$ +118*4+.*0,$ 01$ .&*)$*,).3/S',.$ .&'S
3)'+34&'3$5+6'$)./6',.)$3'S'SN'3$.&'$1+).$)*SI8'S." ) $"9$)&0;* I$+$)4','A30SW KH IDPRXV 79 VHULHV 3)U
(1.'3;+36)$)./6',.)$;'3'$+)0'6$.0$4&00)' $+$48&+3+4.'3%+,6$+4.$0/.$.8'94' '=$

$

%&'$+4.%*.93)"S'6$.08N'$', 09+18'$+,6$%.$.8'$*,.'313".+.%0,$01$+$308'$*)$+,0.&'3$01%$.8'$13%,4%18")$01$J+S*1*4+ %0, =!
%&'$.&*36$ S0).$3'M/).'6$%)$ 3'+6%,J$+,6$;3*%,J$* $+$8))0,$.8'$3+)0,)$)./6',)$ J+:'$ S'$;'3'$ 3'8+.'6$ +,6$%,$
)ISS+39$*.$*)$NA+)'$.&'9$E8'+3,$+,6$13+4.*4'S+.$.&*3$0; $1+4'2$;* &0/.$"*, J$).3"))'6$0/.$"9$.&'S. $4&'3) =

$

0"0"$-2)(3/372&('$7,)/,7(3.&'$/.&/,)&384%(6,$/621 LEBI 3&4RY2(3.& $

$

-, $+,):'3%.03m/).*0,$PCSK&+ $+3$BEBUWLFLSDQWVY SHUFHSWLRQV FRQFHUQLQJ WKH
%&'$6+.+$9)$13)',.'65%,$.8'$I3+H & H$!=

IG"$
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"B#J3//3'5403)+&
M@NE @ $OPQ @30<aL%1H541+A&
1(2&
=0/0(5("3103%(
C-

"398 '%(")*(+

ICHEY%(')*+&1H%508&
%0<)*&+5HI)'0+&
0159<0&3(&@(943 | #.%++8&%/&
0*12303%(14&
'5+0%6+
7-

| ' 0,
IF#.1'88%/& LB

100)(03%(&09 5(2)*+01(23(9
+052)(0+G&())248 7-
IDHE<144)(9)+& -~

4)1*(3(9 I>#16=1'08%(& |

)7_( ( 1'12)63'& 1241(+5//3'3) (0& <1(9)+&3(&0<)&
=)*1%*61(") @(943+<& 4)1*(3(9&=*%")++
C- =*06/3'3)('A >-
"B. 3

*UDSKLF 3DUWLFLSDQWVY SHUFHSWLRQV KDYLQJ WKH FKD

!
%&/)?$S0).$08.8+3.4*|+,)$'103.'6 $0$;033+)$'103'$.&'$4&+, JUR*8* J/+8%$*,).3/4.%0,7$;8*48$%)$)0S".&*,J$
+.3+4.%'$40,)*6'3% J$ .&+.$.&'S)+S'$ 1'34',. +J$ 01$)./6',.)$ ) +*6$ .&+.$.8'9% ;'3'S ;038 WEHE+:*,J$ )" 3+8$
)IN4.)$* $5,I8%)8$8+,d/+1'$$
$
%&'3'103'2$%,$.8'$310,))$0".+*'6$S0).$01$.&'$)./6',.)$+J3"6$0,$P$*.'S) 2$:8*4&$+3'$* ' SCHL"M$5,J8%)&$8+,J/+J'$
1301*4* 49%+.$.&'$NJ*, * J$01$.&'$1304))2$*. ' SSLGMSY0.', . *+8$, ' J+.%'$*S1+4.$0,$.&*3$+4+6'S*4$1'3103S+,4')?$
+,68% ' SSLAMSF/N'4.)$.+/I&5:8%)&$8+,J/+I'=$SHO,)'m/',.892$1+3.*4*|+,.)$1'34'+'$;033*6$+°0/.$,0.$&+:*,J$
&'$',0/18$5,]8%)8$8"'85.08+44'.$.&'$48&+,J'2$.&'9$+3'$,03346$.8+.$&+:*,J$.0$8'+3,$* $+,0.&'3$8+,J/+J'$40/86%
+11'4.$ .&'*3$ )403)$ 40SI+3'6$ .0$ 13*0/)$ 9'+3)$ +,6$ .&'9% +3HB3IN0/.$ 0.3 &+*JI$ .&'S 0/I&$
:04+7/8+39RI30,/,4*+.*0,$01$.'4&,*4+8%$;036)$"' 103'$.&'$4&+88",J' $01$"*8*,J/+8$$,).3/4.%0,=$
!

3D UWLFLSD Q \8&)P/(B/5&A%5XHE(B) HAOM2-+383/283.&
$
-,$3)10,)'$.0$.&'$3")'+34&$M/).*0, SQICIH, I+ I 6$+3'$1+3. 441+, )$* $13+4.*4* I$5e\$.&30/I&$I+S*1*4+.%0,p$%&'$
SDUWLFLSDQWVY HQJDJHPHQW $HVSRQVHV DSSHDU LQ WKH WDEOH

$
7DEOH SDUWLFLSDQWVY HQJDJHBHQW WR SUDFWLFH ()/

A29'9*G*2%!1%*&$ H /vt 5 =t |1 ]
-IC$F./6',.)$+3'$4.*:'89%$*,:08:'6$*,$.&'$J+S'$03%+4.%*.9 $ $ $ % $ as$
-AC$F./6',.)$10880;$.&'$3/8")$01%$.&'$3+S'$ $ $ $ $ $ d$
-PC3$F./6',.)$13+4.%*4'$.&'$.+3]'.$8+,J/+J'$).3/4./13'$+,65:04+"48+39% $ $ $ $ d$ 3
~QCSF/6',.)$/)'$5,J8%)8$:8' $40SS/ 4+ %, I$:* &$0.&'3)$6/3* J$.&'$I$S”  $ $ $ d$ $ S
-"C$F./6',.)$+3'$;*88*,J5.081+3.*4*|+.'$"." $*1$.&'9$+3'$,0.$1/889%49,1*6',.$ $ $ $ $ d$ S
-GC$F./6',.)$'UI13"))$+$10)*.*:'$+..*./6'$.0;+36)$.&'$ I 6S' $ $ $ $ d$ 3
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-EC$F./6',.)$)&0;$& +8.&9$40SI' * *))$;*.&0/.$6*)40/3+J* J$0.&$3) $ $ $ $ $ d$
->CSF./6',)$+3, * [+ J$.0$' J+J'$"" $1$.8&'9$S+0'$S*).+0)$ $ $ $ $ $ d$
HCS$F./6',)$40SI8'.'$.+)g)$03$30/,6)$'11*4*$.89 $ $ $ $ $ d$
[IBC$F./6',.)$)&0:$13/).3+.%0,2$+,U*.9$03$6%)", J+J'S,.$ $ $ $ $ d$ S
JIC$F./6',.)$)&0;$*S130:'S'",.$+)$.&'$J+S'$130J3)))$ $ $ $ $ $ d$ $
-IACSF./6',.)$+)0$.8'. +48'33103$48+3*1*4+.%0,$+"0/.$.8'$J+S'$;86$,66 $ $ $ d¥ $ $

-IPC$F./6',)$+3'$,.&/)*+) *4$+70/.$40, * [* I$.&'$+4 *$.9 $ $ d$ $ $ S
F4+8'BE$S@0$'UI'3* 4'R@IBH0,$L'=J=7$-$&+:'$,"'3$'UI'3*',4'6$.&*)$03%4+,,0.$":+8/+.'$*.=M?$!C$<'39%,'J+.*'RF.30,J89$6*)+J3"$L'=J=7$-$1"8%
:'39$13/).3+.'67$+,U*0/)?$03%$6*)',J+J'6=M?$AC$ @'J+.*:'RN*)+J3"$L'=J=7$-$1"8$)0S";&+.$13/).3+.'6$03$6*)40+ 3K I6=BA7HREB$ @'/.3
1"8$10)**'$ 038, J+.%'$+10/.$.&*)$ 'UI'3* 4=M?$ QCS YO)* *'R(J3"$ L'=J=7$-$ 1"8$",J+J'6$ +,6$)0S"&+.$', 095 & 'S tM3$ 1C$ <'39$
10)*.*:'RF.30,J89$+J3"$L'=J=7%$-$1"8$&*J&89%', J+J'6$+,6$.&030/1&89%',"09%.&'®UI'3* ,4'M=
$
JURP WKH SDUWLFLSDQWV Y U H WS)BRISMSHZ SHY, CERIABHBE2GE\IBR'SIAFISH)I$ W KD W
DFFHSWHG JDPHV 3DUWLFLSDQWY GHPRQVWUDWHG WKHLU FRPSHWHQF
3/8)2$&0;"'3$* $+$48+))3005$":'390, $&+)$.&'$)+S'$60S+* $01$.8'$5,J8%)&$8+,J/+I'=$%8&*)$;+)$07)'3:'6$* $
&'$ 13+4.54'$ 018 )I'+g*,J?$ :04+7/8+39% +4m/*} BH ADSS/, *4+.*0 $6/3*,J$ .&'S 13+4.*4'$ /)*,J$ J+S')=$ %&'$
OLPLWDWLRQ RI WKH DFWLYLW\ LV WK H:'8$ &§2$10¥88+TZDU\WISFH LSS WV T ()/
8+,J/+J'$8"'8$3'M/*3'6$.0$)I'+g$18/",.89$* $5,I&) &=
$
-'S)$ -ESF./6',.)$ )&0;$ &+8.&9$ 40SI'.**',)$ :*.&0/.$ 6+)40/3+J* J$ 0.&'3[$+,6% -.'S$ ->FF./6',.)$ +3'$
40,.*,/*,3%.08,J+J'$"" $1$.8'9$S+9'$S*).+g)SZHUH DERXW WKH SDUWLFLSDQWVY SHHUV F
3)*8% 4'=$%&0)'$0.&$*.'S)$ 4+ $N$3'8+.'6$6/'$.0$;*.8$ .&'S & +8.&9$40SI" * * ))$.&'$)./6',.)$60$,0.$)"S$
+11'4.'6$.0$S+9'$S*).+9)=$-, $+66*.%0,2$.8'$-.' BB/MBH$) &0;$13/).3+.%0,7$+,U* . 9$03$6*)', J+J' STH&O;) $
&+.$+$1'9)./6',.)$1'8.$13/).3+.40,$* $.&'$S0S',.$01$'UI3))*, J$.& SHDP*'4+/)'$.& *3$8+,J/+'$g,0;8'6)'$
8*S*.+.%0,)?$".$S0).$01$.8'S$;'3'$, 09* J$.&'$+4.*$.9=$
$
e* +8892%-.BI$ [F./6',.)$)&0;$*SI30:'S',.$+)$.&'$J+S'$130J3))) [F)$*SI03.+,.9)* 4'$+.$1*3).$.&'9)./6',.)$.&+.$
ZHUH ZURQJ ZLWK WKHLU DQVZHUV LPSURYHG GXH WR RWKHU¥T SDUWL
+$J006$;+9$.0$*,6+3'4.89$&'81$.&'S$*S130:'$;&*8'$.8'$I+S'$;+)$130IF))* J=
|
0"=1-2)(3/372&('>$5&413'6$<284*24,$28.@1,:4,$,A%*(3.&
$
-,$310,)'$.0$.8'$3") +34&$M/").*0, $9B+.$4&+,J)$*,$)./6', )n$5,J8%)&$8+,J/+]'$g,0;8'6 I $+3'$0")'3:'65+.$.&'S
' 6$01$.8'$*,.'3",.*0,p$

$

$

$
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%&'$48&+,J)$+3'$13)',.'6$*,$.&'SI3+I&* ASA=$$N+.+$+880;)$.0$*,1'3$.&+.$.&'$1+4.03%* .'31'3'6$* $1+3.*4*1+,.)$01$8
9'+3$01$8*1&$)4&0083$1303))$%)$3'8+.'6$:*.8$.8*351/./3'$/,*:'3)*D$)./6%)=

!

101>4$(3$$442

$

T+)'6$0,$13"%0/)$3") +348$+,6$.&'$3')/8.)$0M+* '6$* $.&'$4/33',.$3')'+34&?%$.&'$3)'+34&$.'+S$+I3")$;* &S T+*$i$

j+ JSLABA"M?$:80$+11*3S$+$J80"+8$.3',6$+50,J$90/.&$:80$)"$5,J8%)&$ 18/, 49$+)$+$0'9$ 1+4.03$ 103$)/44"))$ *
JB0"+8*0'6$;0386=$ %&/)?$ .&'SPYBHS .&'S 1+3.¥4*1+,.)n$ SO.*:+.%0,)$ 103$ 8'+3,*, J$ .&'$ 5,J8+)&$ 8+,J/+J'=$ -.$
48+3%1%)$.8&+.$78*%,J/+8%)S$N,'1%.)$.8+3$1/./3'$1301"))*0, +8%4+3"3)=

$

%8'$3')/8.)$+ 0MB3+4 *4)R(4.*:* *)$.&+.$4+ $*SI30:'$8'+TH-880:$.&'$3) +348%$.'+S$.0$3+.¥19$.&'$10)*.*0,$01$
F3*+*$'$-8=$ LABAAMS + 63 19-8635 LABAQM$ 40,4'3 *,J$)./6',.)$ 1* 6$ .3+6* *0,+8$ S'.&06080J*)$,0.$/)' 1/8$ +,6%
n03* J=$F/4&$)'8'4.0,$01$S'.&06080J9$6'1',6)$0,$.+4&'3)N$6'U.'3* 9$13'1+3+.*0,$+,6$*S $I$ 466,20, 2$
)/3:'9$3')/8.)$)&0:$.&+.$)./6',.)$13'1'3$.0$I18+9$*, ' 3+4.*'$I+S)$+,6$;+.48$:*6'0)$+)$*,).3/S',.)$103$8'$3,* J=

5+4&$ . +4&'3% %)$ 13"$ .0$ 4&00)'$ +$ .'+4&*,J$ S'.&06080J9=$ [0;:'3?$ +44036*,J$ .0$ .&'S /SV3)$ +4m/*3'67$ .&'$
+18*4+ %0,$01$ J+S*1%4+.%0,$&+)$6'S0,).3+. /68, '1%.)7$ ) '4*+889$ 40,)*6'3* J$ .&+.$*.$ +)$+118¥6$* $ +$+8* J/+8%$
*).*.[%0,2%%,$:8*48$5,J8%)8$%)$,0.98,8/J&.$* $0,'$;+0%$

$

%8'$8)0,)$/)'6$J+S)2$*S+J")2$:*6'0) 2$6*6+4.*4$'UI8+,+.%0,)2$ SO:'S',. 28 S/)*42$10%,.)$ 103$'+4&$) /6", 2$ +,6$
3'+36)$.8+.$.8'0$40/86$48+*S$"9$)+:*,J$.&'$I0,.)$.&'9$J0.$130S$I+ FH*4*I+ *0,=$

$

%8&'$3)+34&$*)1*3'6$.8'$6*8'SS+$01$.3+,)*.*0,*, I$130S$3'1/8+3$)/1'4.)$.05F %5 (]$)/'4.) =$%&/) 2$I8=5S .
LABA"MS$).+.'$)./6',.)$,"6$.0$ J3+)1$ .&'$ 40,.",.$ 013 '+4&$ )/ '4.$ .03 40SI3'&',6$ .&'S *6'+)$ +,6$ '3103S$ .+)g)=$
BWXGHQWVYT SHUFHSWLRQV EHIRUH WKH FKDQJH WR ELOLQJXDO LQVWU:
8'+3,%,J$,$)/N4.)$* $.&'S5, I8*)&$8+,J/+J'7$:8*8'$.&'$0.&'3$&+81$6%6$,0.$1"8$/,40S103.+8'$:*.&$. H$4&+,J)=$

$

%&'$3) +34&$.+S$+J3")$:*. &$j081+I&EBESSLABA MS &+ $8'+3,'3)$+113'4*+ '$J+S*1*4+*0,$40,.3*.*0,) =$ F/48$

A 1% )$4+,$10).38", J+0'S',.$+,$)./6',.)$ 6/3%,J$ .&'$ 8))0,)=$ %&'$ 6" 4'S 3+.¥1*)$ FO,JH-8=$ LABA"M$ +10/.$
J+S*1*4+ %0,$+,6$%.)$10.", . *+8$.0$4+.48$.8'$) /6',.)n$)10.8*J&.$+,6$13'1+3'$.8+3$8+,J/+J'$1301*4* 49$.0$).+/8%)&$+,$
*S130:'S",.$*,$.&*3$)403")$"103'$+,6$+1.'35.8'$'6/4+.%0,+8%*, /3", .9, =$

$

W+S'$6)*J,$'8'S",.)$* $8")0,$18+,,* J$&'BI'6$." +J'3)$*SI30:'$.&'*3$5,J8*) &$+,6$3'6/4'$).3")) $6/3*,J$8"))0,$
+6S*,¥).3+.%0,=$[0;'37$*.$*)$,'4"))+39$.0$48+3*19$.8'$3';+36) 7$130J3))$)9).'S?$+,6$4&+88', J)$1039$)./6",.)=$%&'9$
"6$.0$/,6'3).+,6$&'+8.&9S4BN * *0,=$5:'390, B4+ $+440S18%) &$+,6$0".+* $.&'$3';+86)=

$

|'+,,8*8'2$J+S* 14+ .%0,$:+)$'11'4.4'$6/3%,J$.&$'3",.*0,2$7.$)0S'$;+0,)))$;'3'$*6',. 1+'62$1+3.4/8+389$

* $330/1$+4. % * ) 1*'$.8&'$80; D.3))$,:*30,S",.$*,.,6'67$)0S'$)./6",.)$:'3'$3'8/4.+,.$.0$1+3.*4*1+.'$* $.8&'
"+389$48+)))=$-.$)/3).)$.&+.$I+S*1*4+.%0,$ S+9$,0.$V$ +)$)/*+/8'$ 103 *,.30:'3.'6$8'+3,'3)$+)$+4.%:* *) 2$)/48F+);
\03*4)$%3+* *,12$3'89$0,$4088+ §3+.*0,=

$

($/,UI'4.6$ 3)/8.3 0. +*6$ * $ .&*)$ 3)'+34&$ *)$ 3'8+.'6$ .03 N&+:*03$ .0:+36$ .&'S +4.%:* *)$ 1'40S*,J$ SO3'$
40SI'* *'$. &+ $+, *4%1+ '6=$-,$+66*.%0,7$.&'S*,.'3+4.%0,$;+)$,0.$:'39%' J+J* I$* $.&'$1*3).$30/,6)$01$.&'$+4.**.*)$
)*4'$.8'9$,"6'6$)0S'$.*S'$.0$+440SS06+.'$.8'S.+)dh=

$

- $+66*.%0,2$S+*,.+* * 1$)./6',.$S0.%:+.%0,$.&30/J&$3';+36)$130:'6$.0$"'$48+88' J*,J=$5:" $.&0/I&$+$130J3))*0,$
)9).'S$/)'6$+$10%,.)$.3+40'3$.0$3';+36$)./6',.) 2$* $+11'+3'6$.8+.$.80)'$;*.&$.&'$&*I&').$)403)$1+3.*4*1+.'6$8"))$.&+,$
&0)'$;*.8$80;'3%+:'3+J ES%E& $+/.803$)/1T).)$*. $S+I$NSNA+)'$)./6',.)$;&0%,"6$.0$*S130:'$.&'*3$I3+6)$1/.$

* $503'$'1103.$.08'+3,$)403'$3';+36)=$k&*8'$I+S*1*4+ *0,$*)$+$.'+4&* J$.0087$.&'$3';+36)$+,6$130J3))*0,$)9).'S$
S/).$N$+6+1.'6$.0$+440SS06+.'$+88%)./6',.$,"6)$.0$',)/$M/+8$1+3.*4*|+ G =

$

el.13'$)./6*)$)&0/86%$40,)*6'3$'U." 6%,J$ .&'$ 6/3+.%0,$ 01$.&'$*,.'3:", *0,2$ +118*4+.%0,$ * $ 6+11'3',.$)4&008)$ +)$
13%:+.)$+)$ 1/°8%4)2$ +,6$")/3* J$ .&+.$+,).3/4.%0,)$ +3'$ 40SS/, *4+.'6$ SO3'$ 48'+389=$ V)*,J$ :*)/+8$ +*6)2$ )/4&$ +)$
J3+18%4)?7$S+9$+8)0$&'81$) /6", 33).+,6$.&'S+4.** )6+ $1*3).$)* )& =$56/4+.03)$*,.'3).'6$%,$*SI8'S', *,I$.&*)$

IG>$
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S'.&06080J9%$)&0/86%.&030/J&89%$3")'+34&$ &0;$J+S'$6')*J,$'8'S",.)$4+,$M$'11'4.*:'89%*,.'J3+.'6$*,.0$8")0,$
18+, %,J$.08' &+,4'$8'+3,%,J$0/.40S)$

%&'S +/.&03% &OI')$ .&+.$ .&'S 1*,6%,)$ 01$ .&*)$)./69$ +3'$ +8/+18'$ .0$ .&0)'$ *,.'3).'6$ *,$ J+S*1*4+*0,=$ [0;:'3?$
J+S*1%4+ *0,$+80,'$%)$,0.$+$40S18'.'$)08/.%0,$.0$'6/4+.*0,+8$4&+88',J)=$T+)'6$0,$.8&*)$3")+348&7$.&'$*,:') *J+.03$
NGNS &+ $+BA0SM +.40,$01$&06080I*) 2$)/48$+)$*,. I3+.%, I$I+S* 14+ %0, $;* EBIYE$8'+3,* J$4+ $8'+6%
0$S03'$'11'4.*:'$3)/8.5:

JOIK-2(83$4-28

%&'$+/.&03)$6'48+3'$1BBq$1/81+88S',.$01$.8'$+*S)$01$.&'$3") +34B$H3D,'8$:8'$'11'4.)$01$J+S*1*4+.%0,$

0,$.8'8.3+,)**0,$130S$.3+6* *0,+8$5,J8%)&$8+,J/+J'$*,).3/4.%0,$.0$7*8* J/+8$'6/4+ *TWA $HOI=$%&'$/)'$S

01$J+S*1*4+ %0, $4+,$' &+ 4'$S0.%:+.*0,$+,6$8+,J/+I'$1301*4* 49$* $.&'S1+3.*4*I+,)=$%&'$40SI+3:30,$" ;"

13' D).$ +,6$ 10).D).$ 3')/8.)$ *,6*4+.)$ .&+.$ J+S*1*4+ *0,$ *SI30:)$ 5,J8*)&S$ 8+,J/+J'$ [301*4* 492% ;*.&%$)403)$

* 43'4)* J$130S$G=1$.0$>=Q$+,6$E=B$.0$>=>=$+66*.*0, L SBIPRAGUS D WWLWXGHV WRZDUG WK

)403)$ 130S$ A$ .0$ "2$ *.&$ "$ * 6+*4+.* IS +$ '39$ 10)*.*:'$ +. * /6'S .0;+36)$ .&'S J+S'=$ A$ * 6%4+.* J$ 13/).3+.%0,$ 03%

GLVFRQQHFWLRQ ORVW RI WKH SDUWLFLSDQWVY UHV SSSGWN$OBHUH JRR

5e\$8'+3,%,J$%)$', 09+°8'=$T+)'6$0,$.8')'$3)/8.)?$.&'$+/.803)$40,48/6'S.8+.$J+S*1*4+.%0,$&'81)$.0$3'6/4'$).3))$

OHYHOV DQG LQFUHDVHV VWXGHQWVY PRWLYDWLRQ IRU OHDUQLQJ D IR

$

-,$40,48/)*0,7$J+S'$6)*J,$'8'S',.)$ 4+ $VSN, 1*4*+8$* $.&'$ .3+,)*.*0,$ 130S$.3+6*.*0,+8$ 5,18 &$+,).3/4.%0,$.0$

gk J1+88'6/4+ %0, =8%&)'$3)/8.)$4+ $I/*6'$4/33*4/8/S$6')*J,'3)$* $*,,0:+.*, I$5€\$48+))300S$I3+4.*4)$+ 6$&'8I$

'6/4-+%0,+8$+6S* ¥).3+.03)$3)46'3$. +48* J$S".&06080+)$+)'6$0,$)./6',. $1"6°+4g=$%&'$I+3.*4*|+,.)$)&0;'6$

* '3).$* $I+SH1¥4+ %0, $+)$+$6*6+4.*4$).3+.09$.8+.$,40/3+1'6$.8'S$.0$).1$0/.$01$.8*3$40S103.$b0,)=$[0; '37$+$

8+S*.+.%0,$01%$.8%)$)./69$%)$.&'$'U"4/.0,$*,$0,8930, SBABS* ). * /.0, * &$+$) +SI8'$01$>I$1+3 . *4%1+,.) =$%&/) ?$

&'$6+.+$4031/)$60')$,0.$+880;$+$J','3+8*b+.%0,=$e/./3'$3)'+348$)&0/86$'UI803'$*.)$+18*4+.%0,$* $6+:'3)'$) 4&008) ?$

0.$,'4))+3*89$103$"*8* J/+8$'6/4+.*0,7$.$103$" &+,4*,J$5,J8*) &S 1301 S JP=328.$', 40/3+])$1/3.8'3%

)./6%)$0,$ J+S'$6)*J,$'8'S",.)$*,$ 80,J'3$ *,.'3",.*0,)$ +,65 &0I)$ .&*)$ ;03g$ 40,.3*.)$ .0$ *SI30:* I$ 5e\$

1448 J$).3+. J7)$* $10.&$1//8*4$ + 68 13%:+.'$'6/4+.%0,+8$) .. * J)$* $54/+603%+,6$)*S*8+3$40,.'U.)$;0386;*6'=$

%&30/J8&*)$)./69?%$.&'$3")'+34&'3)$'UI'4.$.0$40,.3*/.'$.0$.&'$0,J0%,J$*,,0:+.0,$*,$5,J8%)&$*,).3/4.*0,$+430))$

\+.* $(S'3*4+$+,67$S03'$*S103.+,.897%$)/1103.$.8'$.3+,)*.¥0,$.0$7*8* J/+8$'6/4+.*0,$.830/I&$I+$*1*4+.*0,=

$

$

"3067-&IK-2%&4#3%A(BBBI /. &03)$40,.3.'6$.0$.8*)$3") 4348=

$

L32.429C$@0.$+118*4-98'=

$

K-2M84(%!-M!1292856&48+/.&03)$6'48+3'$,0$40,18*4. $0$8*,.'3") =

$

12M-&G*.IK-2$*29%1<%'%*G*2% @A%74($!" NN BS+18*4-8'8'=

$

>*(8'&'%64-21-MIO*2*& %A B"11'2. 1" PS$ASYo* .| =+(72-8-94*FFi*)$)./69$&+)$,0.$/)'6$+,9$J",'3+.*'$(-$.008)$

03$.'4&,080J%)$* $.8&'$13'1+3+.%0,$01$.8*)$S+,/B3*].=

$

$

;*M*&*Z(*ﬂ;!

|

(40).+7$[=28H+ +)?2$N=$i$W+3 *4+ 5 /JLQNLQJ 7HDFKHUVY 3URILOHV WR WKH
-SIB'S', +.*0,C$ (,+89)*)$ 01$ e+4.03)$ .&+.$ F&+I'$ +,6% -,18/", 4'$ 5e\$ HB-OPREFE2(3.&21$ B.*)&21$ C8%
<,2)&3&4$D,2/63&4SEE&:$5:%/2(3.&21$F,, 2B6L"M?$"DPE=.|) CRR60*=03JRIB=AG>BPR* 8 3=AA="=AG

(8'89+,*2$(=$(=$e=$I$(8&+3*?$]|=$F=SLAB/DMEGH) BHS ) $103$:04+1/8+39$6''801S',.$*,$90/,J$5,J8%) &$
8'+3,3)$*,$.&'$).'3,$ 3J%0,$ 01$ F+/6*$ (3+/968$,)&2(3.821% B.*)&21$ C8$ 5A21*2(3.&$ E&$ F,', 2)/6$ %&S$
5:/2(3.&$G%B5FHLAM?$!"REACRR60*=03JRIB=II"#IR*'3'=:IQ*ASPIAPG
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(8:+3'0?2$H=$\=2$%+S+90?$]=$2=?$i$F+,.0) ?$X=$H=$N=SLABAQM=$e+4.03)$* 18/ 4*,J$.&'$6''80IS", $01$)I'+g* J$
DPRQJ (FXDGRULDQ ()/ OHD UQ H th¥:.&733&3B K E2USCHSSH 135S IEEIBUBM A$ \/
PI#IPP!=8..)) CRR60*=03JR!B=IE"B#R* +8=:I*A=EQ>>#

(3+*2$h=$LABA"M=$5U1803*,J$180;$+)$.&'$40,'m/" 4)$01$I18+4'S',.$6'4*)*0,)$*,$+,$56\$) I+ g5 2840B) $$
D, (384$%&$PB2 IM&$I)CRR60*=03JR!B=!!>GREJEBEP QB$

(3J/60 DF'33+,0?2% X=2$ e+IN38G?S$ %=2$ (HB8'3*7$ |=2$ i$ H+ BB4'4'8+2$ Y=$ LABAPM=$ e+4.03)$ (11'4.* J$
BWXGHQWVY ORWLYDWLRQ DQG (QJDJHPHQW DESYHES2BEKAS &ODVVH)
B.*)&217% LQMBBES. .|\ CRR60*=03JR!B=G!>E!RSIESQE,Q

T+2$T=2$i$j+,J?$d=$LABA"M=$T*8* J/+8$8'+3,* J$S0.*+.50,$+,6$' J+J'S', $+50,J$)./6',.) S TH BRI QS
nxgx J/+8%$'6/4+.%0,$130J3+SS")$* $]+* 8+ 63H&* +C$40S' *,J$03$40'UB )8R 1$C8$I*1(313&4*21$SE&:S
JF1L(BEHL(*)21$M,A, 1.7+ &8D#=%..) CRR60*=03JR!B=!B>BRB!QPQGPA=ABAQ=AQQ#BE!

T+36+4&7$\=2$i$]/3+9+S+?$1=$ LABAQM=$%&'$308'$01$ 3';+36)$ TEB(6S61K.0.0S*) =4 2) &3&4$E&:$
%&'()*/(3.2HO$!IBAB"B=$CRR60*=03JR!B=!BIGR =8'+3,* ).3/4=ABAQ=!BAB"G

T/330)?2% (=$-=$\=7$ (8+92$ W=$ (=$]=?$ H033+8)?$ V=3 W=$ e=2$i$ [08J/_,?$ X=$ F=$ <=$ LABAQM=$ W+S*1*4+ %0,
&KLOGUHQTV ORWLYDWLRQ WR /HDUQ (QJOLVK DV D )RUHLJQ /DQJXE
5:%/2(3.&$P*2)(,) 1Q$F, A3, @LAM=$) CRR60*=03JR!B=P!BIQR+*03=1##P$BE=BA=">Q

H&+3g0:+?$ N=$ (=% LABAQM=$ V.*8*b* J$ J+S*1*4+.%0,$ .09/)30SOEBHIR+:*03$ +S0,J$ * 103S+.*0,$
'4&,080J9%)./6',.)=M3/.A,)$5:*/2(3.8 ?68LIM&S ) CRR60*=03JR!B=!BBEBABBB TS

H&' ?$H=SLABA"MEMES)'3*0/)$J+S')$* $&*J&'3$'6/4+.%0,C$ 3*6J* J$.&'$6*J* +8$6+*6'$+ 6$',&+,4% J$)./6',.$
&*g*J$  +6$ 13103S+4'=$R*+2&3(3,$ E&$ S./321$ S/3,&'$ T.++*&3/2(3&' # LIM=$
&..)CRR60*=03JR!B=!B"ERENEBOPS

HO0360"+?2$5=?%$]+903J+?$5=7$i$2/*b?$@=$LABAQM=3$V,804g* J$Y 3+4. *4+8%$-S|8*4-ET6) BRI+ 8SW+S'

* $5e\$56/4+.%0,=%&()&2(3.821$B.*)&21$C8%$<,2)&384$D, 2/63&4$E&:$5:*/2(3.& ZH EISNVBIRE=$
&..)CRR60*=03JR!B=AG>BPR* 83=AP=IA=A

H3/b?$H=$ F=$N=2$ Y+8+0+J2$%=$N=2%$i$(3',+)?$]=$2=$ LABI>M=$%&'$-SI18*4+*0,$01$ T'&+*03*)S$.0;+36)$ 5U
\'+3,'3)$%&3/SW+ID+)'6$\'+3,* J$F9).'S=$B.*)&21$ C8S E:A28&/,'$F,', 2)/6$ %E&SMQ&2+3/21$E&:$ T.&().1$
SQ'(,+ ?8ULIIM?$ABR '=$&..I)CRR;;;= +364)=03JR +4g*))/)R+").3+4.=I&Ip+34&* $65G"EA

H)*g)b',.S*&+89*?$]=$ L 1##BM=$e80;C$.&'$1)94&080J9301$01.*S+8TBIRH B AB, @'$ C&138/LBIM?A>
B"#E=8.))CRR60*=03JR!B=">GBRABO#ES=-A>

N'$8+$H+8?$5=$F2$BBABSX=2$(8DHQ', 07$(=2$iSW3'4+?$-=$]=$ LABAPMA&HIS+S0,J$5,J8%)&$ 1B
)'3:*4'$ '+4&'3)$ 1038 *,.'J3+.'6$ FU5(JtH\\$ '6/4+.%0,=$.) (2% <3&4*2)*+$ F A3'(2$ %&(,)*&3A,)'3(2)32$ :,$
M3:W/(3/2$:,$12'$<,84*2'$5K () 28.%821) CRR60*=03JRIB=PB>AERI03.+8* = *ABAP4=A#GQQ

N*H')+32$N=?$F4&" ' 4g?$T=2$(6+S) 2$X=2$%+))0, [MBATEI =B =2$<+ $N*88' 2$H=2$W-+, *?2$\=2$W/ 2$F=2$i$k+8g'3?
(=$LABA"M=$%&'$1* $43";$4+36$J+S'C$+$,0:'8$J+S*1*4+.*0,$'U'34*)'$.0$*SI30:'$5]F$1'3103S+,4'$* $43* *4+8;
4+3'$)4' +3*0)88.(,)8&2(3.&21$ B.*)&21$C8$5+,)4,&/Q$ J, ZHILMES.|) CRR60*=03JR!B=!!>G RBAD"

BBED$

5:$5-%$Y$Z&:3/,$5:$:,$:.+383.$:, 1$3&41[ $Y $5:$5-ABAQMERR; ;;='1=40S="4R'BR

[+ *S08&+SS+6*2$(=2$i$[*6+2$e=SLABA"M=$%&'$'11'4.$01$"*8* J/+8*)S$0,$08*J+.039$40SI0,',.)$01$+/6*.039$8+.
3)10,))$ *,$ 90/,J$ +6/8.)C$ +$ 430).*0,+8% )./69=86,$ 54Q7(32&$ B.*)&21$ C8% C(.12) QRHLAG=$
&..)CRR60*=03JR!B=!1>GRE}FTEBE"BS$
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