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Abstract— This study aims to enhance aircraft maintenance
training by integrating advanced Non-Destructive Testing (NDT)
techniques, such as Phased Array Ultrasonic Testing (PAUT) and
digital radiography, into aviation school curricula. While
traditional NDT methods are commonly taught, there is a
significant gap in training programs regarding advanced
techniques that offer superior defect detection and reliability. This
research addresses this gap to improve safety and efficiency in
aircraft maintenance. Interviews were conducted with five
experienced aircraft maintenance instructors from various
aviation schools, and thematic analysis was used to identify
current training deficiencies and gather recommendations for
incorporating advanced NDT techniques. Findings indicate a
strong need for advanced NDT methods in training curricula.
Instructors highlighted the benefits of these techniques and
recommended updating curricula, providing hands-on training,
and ensuring continuous professional development for instructors.
Integrating advanced NDT techniques into training programs will
better prepare future technicians, enhancing safety and efficiency
in aircraft maintenance. Future studies should focus on developing
comprehensive training modules and exploring continuous
professional development opportunities for instructors.

Index Terms—Non-Destructive Testing (NDT), Aircraft
Maintenance Training, Phased Array Ultrasonic Testing (PAUT),
Digital Radiography.

1. Introduction

A. Background of the Study

The aviation industry prioritizes safety and reliability,
making the maintenance of aircraft a critical component of its
operations. Non-Destructive Testing (NDT) techniques play a
vital role in ensuring the structural integrity and safety of
aircraft components by detecting defects and irregularities
without causing damage.
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Traditional NDT methods, including visual inspection,
ultrasonic testing, eddy current testing, and radiographic
testing, are widely used for their ability to identify potential
issues before they lead to catastrophic failures.

However, with advancements in technology, more
sophisticated NDT techniques have emerged, such as Phased
Array Ultrasonic Testing (PAUT) and digital radiography.
These advanced methods offer greater precision and reliability
in detecting defects, which significantly enhances maintenance
procedures and overall aircraft safety. Despite their importance,
many aviation maintenance training programs, particularly in
the Philippines, still focus primarily on basic NDT methods and
do not adequately cover these advanced techniques.

This gap in training presents a challenge, as future
technicians may be underprepared to handle the complexities of
modern aircraft maintenance. The integration of advanced NDT
techniques into the training curriculum is crucial for equipping
technicians with the skills and knowledge necessary to meet
industry standards and ensure the continued safety and
reliability of aircraft operations.

This study aims to address this gap by exploring the current
state of NDT training in aircraft maintenance programs in the
Philippines. Through interviews with experienced aircraft
maintenance instructors, this research seeks to identify the
challenges and opportunities for incorporating advanced NDT
techniques into the curriculum. The insights gained from these
interviews will inform recommendations for enhancing training
programs, ultimately leading to better-prepared technicians and
safer aircraft maintenance practices.

2. Literature Review

Grand View Research (2021) emphasizes the growing
significance of NDT in the aviation industry, driven by
stringent safety regulations and quality control standards. The
global NDT market is projected to expand significantly,
highlighting the critical role of NDT in ensuring aircraft safety
and structural integrity without causing damage to components.

Forsyth (2018) underscores the fundamental role of visual
inspection in NDT, noting its widespread use in initial
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examinations to detect surface defects. Despite its importance,
Forsyth points out that visual inspection is limited by its
inability to identify subsurface flaws, necessitating the use of
more advanced methods for comprehensive evaluations.

Krautkramer and Krautkramer (1990) provide a detailed
analysis of ultrasonic testing, a technique that uses high-
frequency sound waves to detect internal defects and measure
material thickness. Their research highlights the effectiveness
of ultrasonic testing in identifying hidden flaws but also
emphasizes the need for skilled technicians to interpret the
results accurately.

Blitz (1991) explores the application of eddy current testing,
particularly in detecting surface and near-surface defects in
conductive materials. His studies demonstrate the technique's
effectiveness in identifying cracks and corrosion, making it a
valuable tool in the maintenance of metallic aircraft
components.

Hellier (2012) discusses radiographic testing, which uses X-
rays or gamma rays to create images of the internal structure of
components. Hellier's research illustrates the utility of
radiographic testing in detecting internal defects, while also
noting the challenges related to safety concerns and higher
operational costs associated with this method.

Silva et al. (2018) highlights the advancements in Phased
Array Ultrasonic Testing (PAUT), a technique that offers
enhanced defect detection and characterization capabilities
compared to traditional ultrasonic methods. Their research
shows that PAUT provides detailed images and precise sizing
of defects, significantly improving the reliability of NDT in
aircraft maintenance.

Mayo Clinic Proceedings (2007) delve into the benefits of
digital radiography, an advanced form of radiographic testing.
The study demonstrates that digital radiography offers higher
resolution images and faster processing times, reducing
exposure to harmful radiation and enhancing the detection of
internal defects. These advantages make it a superior choice
over traditional radiographic methods.

Kim and Ham (2018) investigate the educational gaps in
aviation maintenance training programs, particularly the limited
coverage of advanced NDT techniques. Their study reveals that
many curricula focus primarily on basic methods, leaving future
technicians underprepared for industry demands. Kim and Ham
advocate for updating training programs to include advanced
techniques like PAUT and digital radiography.

Smith and Williams (2019) emphasize the need for
comprehensive curriculum development to effectively integrate
advanced NDT techniques. Their research suggests
incorporating both theoretical knowledge and practical
applications of advanced methods to ensure students acquire the
necessary skills for modern aircraft maintenance.

Jones et al. (2020) highlight the importance of hands-on
training in mastering advanced NDT techniques. Their studies
recommend incorporating practical sessions using state-of-the-
art equipment to enhance learning outcomes and better prepare
students for real-world maintenance scenarios.
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Taylor (2017) discusses the necessity of continuous
professional development for instructors to keep pace with
technological advancements in NDT. Taylor's research stresses
the importance of regular training and certification programs
for instructors to ensure they remain updated on the latest NDT
technologies and can effectively teach these methods to
students.

Brown and Lee (2020) explore the benefits of partnerships
between aviation schools and industry stakeholders in
facilitating the integration of advanced NDT techniques. Their
research shows that such collaborations provide students with
exposure to current industry practices and access to advanced
technologies, enhancing their practical skills and employability.

Zhang et al. (2019) demonstrate the enhanced detection
capabilities of advanced NDT techniques, which enable the
identification of smaller and more complex defects. Their
research indicates that these methods contribute to higher safety
standards in aircraft maintenance, ensuring more reliable defect
detection.

Green et al. (2018) discusses the efficiency and cost-
effectiveness of advanced NDT methods, noting that they can
lead to more efficient maintenance processes by reducing
aircraft downtime. Their studies highlight the importance of
adopting advanced techniques to maintain competitiveness and
operational efficiency in the aviation industry.

A. Statement of the Problem

Despite the critical role that Non-Destructive Testing (NDT)
techniques play in ensuring the safety and reliability of aircraft
components, many aviation maintenance training programs,
particularly in the Philippines, have not adequately integrated
advanced NDT methods such as Phased Array Ultrasonic
Testing (PAUT) and digital radiography into their curricula.
This gap leaves future aircraft maintenance technicians
underprepared to meet industry standards and tackle real-world
challenges in aircraft maintenance. The primary problem this
study seeks to address is how to effectively integrate these
advanced NDT techniques into aviation school training
programs to enhance the competencies and preparedness of
future technicians.

B. Research Questions

e What are the current gaps in NDT training within
aviation maintenance programs in the Philippines?

e How do advanced NDT techniques like PAUT and
digital radiography improve defect detection and
reliability compared to traditional methods?

e What are the perceived benefits and challenges of
incorporating advanced NDT techniques into aviation
school curricula from the perspective of experienced
aircraft maintenance instructors?

e  What specific curriculum changes and instructional
strategies are needed to effectively integrate advanced
NDT techniques into aviation maintenance training
programs?
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How can continuous professional development for
instructors be facilitated to ensure they remain updated
on the latest NDT technologies and methods?

C. Objectives of the Study

The primary objective of this study is to explore and develop
strategies for effectively integrating advanced Non-Destructive

Testing

(NDT) techniques into aircraft maintenance training

programs in aviation schools. To achieve this overarching goal,
the study has the following specific objectives:

To assess the current state of NDT training in aviation
maintenance programs in the Philippines and identify
gaps in the inclusion of advanced techniques such as
Phased Array Ultrasonic Testing (PAUT) and digital
radiography.

To evaluate the benefits of advanced NDT techniques
over traditional methods in terms of defect detection
accuracy, reliability, and overall safety in aircraft
maintenance.

To gather insights and recommendations from
experienced aircraft maintenance instructors on the
challenges and opportunities of integrating advanced
NDT techniques into the training curriculum.

To develop specific curriculum changes and
instructional strategies that can be implemented to
incorporate advanced NDT techniques into aviation
maintenance training programs effectively.

To propose strategies for continuous professional
development for instructors to ensure they stay updated
with the latest advancements in NDT technologies and
methods.

To create a framework that enhances the skills and
knowledge of future aircraft maintenance technicians,
ensuring they are well-prepared to meet industry
standards and perform efficient, reliable maintenance.
To ultimately improve the safety and efficiency of
aircraft maintenance practices through better-trained
technicians equipped with advanced NDT skills.

D. Significance of the Study

This

study holds significant importance for several

stakeholders in the aviation industry, including aviation
schools, aircraft maintenance technicians, and the industry as a

whole.

Enhancing Training Programs: By identifying and
addressing gaps in current NDT training programs,
this study provides aviation schools with valuable
insights and recommendations for integrating
advanced NDT techniques. This will lead to more
comprehensive and effective training programs that
better prepare students for the demands of the
industry.

Improving Technician Competency: The integration
of advanced NDT techniques such as Phased Array
Ultrasonic Testing (PAUT) and digital radiography
into training curricula will significantly enhance the
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skills and knowledge of future aircraft maintenance
technicians.

e This ensures that graduates are equipped with the
latest industry-standard practices, increasing their
employability and readiness to handle complex
maintenance tasks.

e Elevating Safety Standards: Advanced NDT methods
offer greater precision and reliability in defect
detection, contributing to higher safety standards in
aircraft maintenance. By training technicians in these
advanced techniques, the study helps promote safer
aircraft operations and reduces the risk of undetected
flaws leading to potential failures.

e Driving Industry Innovation: The study encourages
the adoption of modern technologies and
methodologies in aircraft maintenance training,
fostering a culture of continuous improvement and
innovation within the industry. This alignment with
technological advancements ensures that the aviation
sector remains competitive and up-to-date with the
latest practices.

e Facilitating  Professional =~ Development: By
highlighting the need for continuous professional
development for instructors, the study underscores
the importance of keeping educators abreast of
technological advancements. This ensures that
instructors can effectively teach advanced NDT
techniques, maintaining high standards of education
and training.

e Contributing to Research and Development: The
study lays a foundation for future research in the field
of NDT and aircraft maintenance training. The
insights and data gathered can inform further studies,
leading to ongoing improvements and advancements
in training methodologies and technologies.

e Supporting Regulatory Compliance: By promoting
the integration of advanced NDT techniques, the
study supports aviation schools and maintenance
organizations in meeting stringent regulatory and
safety standards. This compliance is crucial for
maintaining certifications and adhering to industry
guidelines.

3. Methods

A. Research Design

This study utilized a qualitative research design, which is
appropriate for exploratory research that seeks to understand
complex phenomena from the perspectives of those directly
involved. The qualitative approach allows for the collection of
rich, descriptive data that provides a comprehensive
understanding of the issues at hand.

B. Participants

The participants in this study were five experienced aircraft
maintenance instructors from various aviation schools in the
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Philippines such as Air Link International Aviation College,
PATTS College of Aeronautics, Philippine State College of
Aeronautics, University of Perpetual Help System DALTA
(UPHSD), and FEATI University. These instructors were
selected based on their expertise in NDT techniques and their
extensive experience in training programs. The selection
criteria ensured that the participants could provide valuable
insights into the current state of NDT training and the potential
for integrating advanced techniques.

C. Data Collection

Data were collected through in-depth, semi-structured
interviews. This method was chosen because it allows for
flexibility in exploring different topics while ensuring that key
areas of interest are consistently covered across all interviews.
An interview guide was developed to ensure a systematic
approach to the interviews while allowing for open-ended
responses. The guide included questions on the following
topics:

e Current NDT training practices.

e Perceived gaps in the training programs.

e Benefits of advanced NDT techniques.

e Challenges and opportunities for integrating
advanced techniques into the curriculum.

e  Recommendations for curriculum development and
instructor professional development.

D. Data Analysis

All interviews were transcribed verbatim to ensure the
accuracy and integrity of the data. The transcribed data were
then analyzed using thematic analysis, a method that involves
identifying, analyzing, and reporting patterns, or themes, within
the data. The process began with familiarization, where the
researcher read and re-read the transcripts to become deeply
immersed in the data. This immersion facilitated a
comprehensive understanding of the content, which was crucial
for the subsequent steps.

Next, the researcher generated initial codes to identify
significant features of the data relevant to the research
questions. Coding involved labeling parts of the text with tags
that describe their content, allowing for the systematic
organization of the data. Following the coding process, the
researcher collated these codes into potential themes, grouping
similar codes together and reviewing them to ensure they
accurately reflected the data.

After identifying the themes, the researcher refined each
theme, defining its scope and naming it appropriately. This step
involved clarifying the boundaries of each theme and ensuring
that the names clearly communicated the essence of the theme.
Finally, the researcher produced a detailed report of the themes,
supported by direct quotes from the participants to illustrate key
points. This report provided a comprehensive overview of the
findings, capturing the nuanced insights and recommendations
offered by the participants.
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4. Results
A. Key Findings

All five instructors acknowledged that their training
programs include fundamental NDT methods, but they lack
comprehensive modules on advanced techniques. One
instructor from the Philippine State College of Aeronautics
noted, "Our current curriculum is robust for basic NDT
methods, but it doesn't cover advanced techniques that are
becoming industry standards."

The main challenges identified were the lack of advanced
equipment and the need for continuous professional
development for instructors. An instructor from PATTS
College of Aeronautics mentioned, "We need better access to
advanced NDT equipment and regular training for instructors
to keep up with technological advancements."

Instructors  highlighted that incorporating advanced
techniques like PAUT and digital radiography could
significantly improve defect detection and maintenance
reliability. According to an instructor from Air Link
International Aviation College, "Advanced NDT methods
provide more accurate results and can detect smaller defects
that traditional methods might miss."

The instructors suggested updating the curricula to include
both theoretical and practical training on advanced NDT
techniques. They also recommended partnerships with industry
stakeholders to facilitate access to modern equipment and real-
world training opportunities. An instructor from FEATI
University stated, "Collaboration with industry can help us get
the necessary equipment and provide students with hands-on
experience."

Continuous training and certification programs for
instructors were deemed essential to ensure they remain
proficient in advanced NDT methods. An instructor from the
University of Perpetual Help System DALTA emphasized,
"Ongoing professional development is crucial. Instructors need
to stay updated with the latest NDT technologies and
techniques."

B. Tables and Figures

To visually represent the data, tables and figures were created
to summarize the key findings and recommendations from the
interviews. Table 1 presents the perceived gaps and challenges
in current NDT training, while Table 2 highlights the benefits
and recommendations for integrating advanced NDT
techniques. Figure 1 illustrates the percentage of instructors
who identified each key challenge, and Figure 2 shows the

suggested improvements for NDT training programs.
Table.1.
Perceived Gaps and Challenges in Current NDT Training

Challenges Frequency (n=5)
Lack of advanced equipment 5
Need for instructor development 4
Limited Curriculum Coverage 5
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Table.2.
Benefits and Recommendations for Integrating Advanced NDT
Techniques
Benefit Frequency (n=5)
Improved defect detection 5
Enhanced maintenance reliability 5
Need for curriculum updates 5
Industry collaboration for equipment 4
Continuous professional development 4

Figure 1: Key Challenges |dentified by Instructors

Limited curriculum coverage

Need for instructor development

Lack of advanced equipment

1 2 3 4 5
Frequency

Fig.1. Key Challenges Identified by Instructors

Figure 2: Suggested Improvements for NOT Training Programs

Continuous professional deveiopment

Industry collaboration for equipment

Need for euriculum updstes|

Ennanced maintenance reliability

Improved defect detection

[ 1 ] 3 [] 5
Frequency

Fig.2. Suggested Improvements for NDT Training Programs

C. Statistical Analysis

Although this study primarily employed qualitative methods,
basic descriptive statistics were used to summarize the
frequency of responses related to key challenges and
recommendations. The statistical analysis provided an
overview of the prevalence of specific issues and suggested
improvements identified by the instructors.

D. Frequency Analysis

The data from the interviews were categorized into key
challenges and suggested improvements, with the frequency of
each category recorded and analyzed.

1) Key Challenges Identified by Instructors:

All five instructors (100%) identified the lack of advanced
equipment as a significant challenge in current NDT training
programs. Additionally, the need for instructor development
was highlighted by four out of five instructors (80%), indicating
a substantial gap in professional training for educators. Limited
curriculum coverage was also a unanimous concern, with all
five instructors (100%) noting that existing training programs
do not adequately cover advanced NDT techniques.
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2) Suggested Improvements for NDT Training Programs:

The instructors unanimously suggested several key
improvements. All five instructors (100%) recommended
enhanced defect detection methods and improved maintenance
reliability through the integration of advanced NDT techniques.
They also stressed the need for curriculum updates to include
these advanced methods. Furthermore, four out of five
instructors (80%) suggested that industry collaboration for
access to advanced equipment would be beneficial. Finally,
continuous professional development for instructors was
unanimously recommended by all five instructors (100%),
underscoring the importance of ongoing training to keep
educators abreast of technological advancements.

5. Discussion

A. Interpretation of Results

The findings of this study reveal significant gaps in the
current NDT training programs for aircraft maintenance in
aviation schools. The unanimous identification of the lack of
advanced equipment and limited curriculum coverage
highlights an urgent need for updating training resources and
materials. Additionally, the high frequency of responses
indicating the need for instructor development emphasizes the
importance of continuous professional development to ensure
instructional quality. These findings directly address the
research questions by pinpointing specific areas where training
programs need enhancement.

B. Comparison with Previous Studies

The results of this study are consistent with existing research
that underscores the importance of advanced NDT techniques
in aircraft maintenance. Previous studies have highlighted the
benefits of techniques such as PAUT and digital radiography in
improving defect detection and maintenance reliability.
However, this study adds to the literature by specifically
identifying the gaps in training programs and providing targeted
recommendations for curriculum updates and professional
development, aligning with findings from Kim and Ham (2018)
and Smith and Williams (2019) regarding educational gaps and
curriculum development needs.

C. Implications

The practical implications of these findings are significant
for aviation schools and the broader aviation industry. By
integrating advanced NDT techniques into training programs,
schools can better prepare future technicians, ensuring they are
equipped with the latest skills and knowledge. This will
enhance maintenance reliability and aircraft safety. The
theoretical implications suggest that continuous professional
development for instructors is crucial for maintaining high
standards of education and adapting to technological
advancements.

D. Future Research

Future research should explore the integration of advanced
NDT techniques in a broader range of aviation schools,
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including those in different geographic regions. Studies could
also investigate the long-term impacts of updated training
programs on the quality and safety of aircraft maintenance.
Additionally, research into the development of specific training
modules and the effectiveness of various professional
development programs for instructors would be valuable in
further enhancing NDT training.

6. Conclusion

This study identified significant gaps in the current Non-
Destructive Testing (NDT) training programs for aircraft
maintenance in aviation schools. The lack of advanced
equipment and limited curriculum coverage were unanimously
highlighted by the instructors, indicating an urgent need for
updating training resources. Additionally, there was a strong
emphasis on the need for continuous professional development
for instructors to ensure they remain proficient in advanced
NDT techniques. The findings also revealed that integrating
advanced methods such as Phased Array Ultrasonic Testing
(PAUT) and digital radiography can significantly improve
defect detection and maintenance reliability.

The integration of advanced NDT techniques into aircraft
maintenance training programs is crucial for enhancing the
competencies of future technicians and ensuring the safety and
reliability of aircraft operations. This study provides valuable
insights into the current gaps and offers actionable
recommendations for improving NDT training. By addressing
these gaps, aviation schools can better prepare their students for
the challenges of the industry, ultimately contributing to higher
safety standards and more efficient maintenance practices.
Future research should continue to explore these areas to further
enhance the quality and effectiveness of NDT training in
aviation schools.

A. Recommendations

Based on the findings of this study, the following
recommendations are proposed to enhance Non-Destructive
Testing (NDT) training in aviation schools:

e Integrate advanced NDT techniques such as Phased
Array Ultrasonic Testing (PAUT) and digital
radiography into the curriculum.

e Invest in advanced NDT equipment and related
software to provide students with access to the latest
industry-standard technology.

e Collaborate with airlines, maintenance organizations,
and NDT equipment manufacturers to facilitate
access to advanced tools and real-world training
opportunities.

e Implement continuous professional development
programs, including workshops, seminars, and
certification courses.

e Upgrade existing laboratories to accommodate
advanced NDT equipment.

e Conduct regular curriculum reviews to ensure
alignment with industry standards.
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