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ABSTRACT

The identification of victims in fatal aircraft accidents is a complex and challenging
process. The airport airspace safety and security measures also play a significant role
in the aviation industry nowadays. It is in that regard that, this study sought to evaluate
the significance of DNA analysis in identifying victims of fatal aircraft accidents in the
Wonderboom Airspace to improve measures and techniques that are currently used
in the South African Civil Aviation Authority Airspace.

This study applied the qualitative research design approach with exploratory and
descriptive elements for the purpose of enhancing the data gathering and data
analysis processes and procedures respectively. The study population consisted of
South African Civil Aviation investigators and Air Traffic Controllers. Primary data was
collected at South African Civil Aviation Authority (SACAA) through semi-structured
interviews with the purposively sampled participants after due ethical protocols were
followed. A four-step spiral data analysis method was applied manually to generate

themes from the findings.

The study results highlighted the importance of DNA analysis in identifying victims of
civil aviation accidents, particularly in cases where traditional identification methods
are insufficient. These results also accentuate the fact that most of the fatal aircraft
accidents within Wonderboom airspace involve small planes carrying 2 (two) to 4 (four)
people, and that DNA identification was successful in identifying 90% of the victims,
compared to 60% using traditional methods and biometrics. Moreover, the National
Services (NTS) within the air traffic industry were experiencing critical skills shortages,

particularly in air traffic control and technical expertise.

Amongst some of its recommendations, the study proposes the provision of
specialised training programmes to augment the number of aviation investigators and
expertise to address the current shortage of less than 15 experts which include 2

senior managers.

Keywords: airport security, forensic investigation, civil aviation accidents, DNA

analysis, civil aviation investigators, specialised training programmes
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CHAPTER 1
GENERAL ORIENTATION

1.1 INTRODUCTION AND BACKGROUND

The air transport industry plays a significant role in activities of global economic
development (Chakamera & Pisa, 2021:2-3). In 1913, the first passenger flight
underwent several changes that were driven by the desire to ensure safety in avoiding
accidents. This led to the establishment of a specialised agency known as the
International Civil Aviation Organization (ICAQO) by the United Nations Organisation
(UNO), also known as “the United Nations”. The ICAO was established in 1944 to
promote the safe and orderly development of international civil aviation throughout the
world (ICAO, 2023:3).

More than hundred years later since 1913, air travel has become one of the safest
modes of transporting passengers and goods around the world (Dragomir, 2013:3).
However, technical failures have increasingly played a significant role in the
occurrence of aircraft accidents. Green (2017a:34) mentions various factors that can
cause disastrous aircraft accidents, such as engine failures, electrical system
malfunctions, structural failures and inclement weather. Therefore, the occurrence of
aircraft accidents has necessitated that investigators should consider multiple
approaches to determine the root causes of these accidents, and also intensifying the
identification of the victims of aircraft accidents through Deoxyribonucleic Acid (DNA)

testing.

Accidents linked to aviation or air travel are relatively rare, but their occurrence is
usually devastating to the aviation industry. According to Belshaw (2019:2), DNA
analysis is the most viable method for identifying severely fragmented or degraded
remains. Even when whole bodies are recovered, DNA analysis still may be the best
approach when materials are unavailable for other necessary or alternative modalities,
such as dental records or verified body identification by friends or relatives. It is against
this background that the study sought to also explore international best practices in
the use and value of DNA in the identification of the victims of aircraft accidents.
Hence, in its recommendations chapter, the study proposed, amongst others, finding
ways of improving the service in the field of aircraft disaster through specialised

training programmes in order to enhance the expertise of investigators.



This study has focused on non-empirical investigations in secondary literature-based
studies and information regarding the effects of fatal aircraft accidents, which
advanced the study’s responses to both the research problem and the research
guestions. The study also embarked on finding the evidential value of DNA as a
technique to identify the victims of fatal aircraft disaster. This has helped the
researcher to learn about aviation accidents and the experiences of aviation personnel
and articles on a real-life problem as stated by (Maxfield & Babbie, 2018:06). The
researcher has analysed other aspects relating to DNA evidence, such as
identification, individualisation, and forensic investigation. DNA-based testing has
positive value when it is used in the identification process (Murhula & Tolla, 2020: 99-
100). The success of identifying victims of fatal aircraft disaster depends entirely on
the methods used during the investigation. Therefore, it is important for the Civil
Aviation Authority (CAA) in South Africa should also develop some methods and

techniques for victims’ identification.

DNA-based identification is extremely accurate, and the chances of individual’s DNA
matching other’s persons are extremely small (Williams, 2019:4). It is important to
build a DNA database in order to facilitate its linkage to the passengers’ passports.
The researcher also discussed the research problem; the research aim, objectives,
and questions; delimitations of the study; definition of the key theoretical concepts; the
preliminary literature review; value of the research; as well as the layout of chapters in

the entire study.

1.2 PROBLEM STATEMENT

According to Khatri (2020:1435) and Nayab (2020:11), the research problem is an
area of difficulty within the disciplinary field, which the researcher proposes to resolve
by means of systematic evidence-based approaches. In this study, the disciplinary
field relates to civil aviation, in which the problem of aviation accidents and their
investigation constitute risks to passenger safety and reputational harm to the image
of the civil aviation authorities that regulate the air transport and air traffic industry.
Shortages of adequately trained and skilled aircraft accident personnel constitutes
another problematic are that requires serious attention by the South African Civil
Aviation Authority (SACCA, 2024).

It is reasonable to mention that using an airplane is regarded as one of the safest
modes of transport globally (Panish, 2024:1). However, aviation accidents frequently
occur and the results are catastrophic. The ICAO Safety Report (2023:22) shows the

statistical data pertaining to the increasing causal factors and catastrophic casualty
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count of accidents that occurred between 2019 and 2022 worldwide. However, the
total number of aircraft accidents decreased between 2020 and 2021 due to the global
COVID 19 pandemic and its consequential restrictions on international travel by air
and other means (IACO, 2023:22). The researcher notes that after the restriction were
lifted, the aircraft accidents increased again in 2022. Table 1.1 below highlights the

total number of aircraft incidents reported by the ICAO between 2019 and 2022.

Table 1.1: Total number of aircraft incidents reported by the ICAO: 2019-2022

Number of Accidents 92 75 88 98 114
Rate/ Frequency 2.8% 2.96% 2.14% 1.93% 2.05%
Fatalities/ Accidents 474 182 50 514 239

Source: (ICAO, 2023:22)

In terms of the table above, global air transport accidents increased by 6.3 % from the
2021 rate of 1.93 accidents per million departures and also increased by 2.05
accidents per million departures in 2022 (ICAO, 2023:22).

Examples of aircraft accidents in South Africa include the January 2020 incident in
which a Cessna 550 Citation Il belonging to the South African Civil Aviation Authority
(SACAA) crashed into the Quteniqgua mountains (SACAA, 2020). Consequently, the
three occupants were killed and the aircraft was destroyed irreparable (Bureau of
Aircraft Accidents Archives, 2020). Another example entails the crash of a Pilat aircraft
in August 2022 shortly after taking off from Johannesburg-Rand Airport, resulting in
the demise of all five passengers (Van Zyl, 2022). In March 2025, a fatal plane crash
occurred at the Saldanha Airshow in South Africa, resulting in one fatality (Oberhosel,
2025).

By reading and watching topical media reports before conducting this research, the
researcher noted that Wonderboom Airport South African Civil Aviation lacks
consistent measures and technique for expeditiously identifying victims of aircraft
accidents. Mostly, the victims’ passports and biometric measures are used to identify
passengers who are involved in such accidents. In many aircraft accidents, the victims
are mostly unidentifiable, which is largely because of the nature and seriousness of

the incident.

The calamity of the accidents destroys potential evidence for all biometric

identification, such as the passports of the passengers. Such shortcomings pose a

serious identification crisis in fatal aircraft disasters and cause major challenges, such
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as linking certain individuals with the body parts that are still remaining. In such
situations, the DNA analysis always remains a viable option to assist during the
identification processes (Dywaba, 2018:2). The DNA analysis is viewed as one of the
most suitable and reliable forensic analysis techniques because of its accuracy and
resistance to most unfavourable conditions, such as heat, cold and rain (Belshaw,
2019:3).

Given the nature of problem areas outlined above, the researcher is of the opinion that
the Wonderboom airport airspace should exert concerted emphasis on the DNA
evidence collection method by taking blood samples of each passenger boarding the
plane for identification purposes should the need arise. This will assist in quicker
identification in cases of fatal aircraft disasters where human remains are burned

beyond recognition.

1.3 AIM OF THE RESEARCH

According to Denscombe (2021:7) and Kumar (2020:69), the aim of a study depicts
the broad or general intention and reasons by the researcher for undertaking the
particular study. From the perspectives of Lamont and Boduszynski (2020:27), the
research aim is a brief statement that concretely encapsulates the direction and
structure of the study in relation to the logical and cohesive symmetry between the
research topic, the research problem, the research aim and objectives on the one

hand; as well as the data gathering and data analysis processes on the other hand.

Emanating from the research topic, the aim of this research is to evaluate the
significance of deoxyribonucleic acid to identify victims in fatal aircraft accidents in the
Wonderboom Airport Airspace within South African Civil Aviation Authority to
contribute and improve the efficacy as well as the reliability of victim identification

methods in such critical situations.

1.4 RESEARCH OBJECTIVES

The research objectives relate to the degree of details provided concerning the
intentions, benefits, and design of the research study (Bryman, 2021:32; Creswell,
2020:124). Furthermore, the objectives of the study are the intentional goal-directed
activities emanating from the research aim undertaken for specific reasons, namely:
responding to specific questions or queries; resolving problems, or examining a
controversy or issues, among others (DePoy & Gitlin, 2019:55). The research

objectives of this study are as follows:



e To explore the main causal factors of aircraft accidents from the perspectives of
literature and existing national procedures and practices;

e To explore the investigation and prevention of aircraft accidents by the South
African Civil Aviation Authority;

e To explore and evaluate the extent of DNA techniques applied in the investigation
and identification of human remains in fatal aircraft accidents in the South African
Civil Aviation Authority; and

e To determine the nature of challenges experienced by the South African Civil
Aviation investigators and propose improvement measures and techniques that are

currently used.

1.5 RESEARCH QUESTIONS

Creswell (2020:139) points out that the research questions narrow the purpose

statement and objectives for making predictions about what will be answered in the

study. Research question should be stimulating and worthwhile to justify the
investment in the research effort relative to what the study seeks to accomplish

(Maxwell, 2019:67; Silverman, 2020:179). Therefore, based on the research

objectives, the research questions are as follows:

e What are the main causal factors of aircraft accidents from the perspectives of
literature and existing national procedures and practices?

e Which measures are applied by the South African Civil Aviation Authority in
investigating and preventing aircraft accidents?

e What is the extent of DNA techniques applied in the investigation and identification
of human remains in fatal aircraft incidents by the South African Civil Aviation
Authority?

e What is the nature of challenges experienced by the South African Civil Aviation
investigators and propose improvement measures and techniques that are currently

used?

1.6 DELIMITATION OF THE STUDY

Bezuidenhout (2021:66) defines the study delimitation as the boundaries within which
the research field is confined or restricted in order to reach its particular audience.
These boundaries or scientific parameters could be theoretically, conceptually,
methodologically, or even geographically defined (Faulkner & Faulkner, 2019:13). In
its geographical boundary, the study is confined to the Wonderboom Airport, which is

located in the northern suburbs of Tshwane (Pretoria). Therefore, other civilian airports



such as the Oliver Reginald Tambo International Airport (ORTIA) in Gauteng Province

were not part of this study.

In its scientific or conceptual parameters, the study is confined strictly to the
phenomenon of DNA as an investigative tool in aircraft accidents and incidents
occurring within the Wonderboom Airport. However, the broader utility of DNA
identification remains pertinent globally. Therefore, the study specifically focuses on
the application of DNA identification for victims of aviation accidents, and not other
modes of transportation such as car accidents, train accidents or marine accidents,

thereby providing in-depth insight into this particular context.

Additionally, the study is methodologically confined to the qualitative research design
approach, with the primary data acquired from a limited number of participants as
explained in Section 4.6. The latter was necessitated by the unavailability of South
African Civil Aviation Authority (SACAA) participants due to their external training
commitments. Most importantly, the researcher regarded the qualitative research
design approach as most relevant, based on the requirement for first-hand information
from the participants as supported by the interpretivism paradigm (Badenhorst,
2018:121; Muzari, Shava & Shonhiwa, 2022:14-15).

1.7 KEY THEORETICAL CONCEPTS

Leedy and Ormrod (2018:45-46) state that key theoretical concepts in research should
be defined operationally; that is, the definition must interpret the term as it is used in
relation to the research. Creswell (2020:51) add further that a term may require a
definition in order to help the reader’s understanding concerning the research problem
and questions or hypothesis in the study. Therefore, the following key theoretical
concepts were deemed relevant in relation to the topic under review. It is worth noting
that the alphabetic ordering of these concepts does not in any way suggest their order

of appearance in the entire study, nor their order of significance in the study:

1.7.1 Aircraft

According to the SACAA (2021), an aircraft is defined in terms of Section 1 of the Civil
Aviation Act, 2009 as “any machine that derives support in the atmosphere from the
reactions of the air, other than the reactions of the air against the surface of the earth”.
In this study, “aircraft” relates to any civilian (non-military) vehicle using the air for
support to remain aloft in the skies under the jurisdiction of, or controlled by the

Wonderboom Airport regulated by the South African Civil Aviation Authority.



1.7.2 Disaster

A disaster is defined as a natural or man-made, sudden or progressive event, whose
impact and severity are such that the affected individual/s or community are bound to
respond through exceptional measures (Carter & Nick, 2019:106). The United Nations
International Strategy for Disaster Reduction (2009) refers to a disaster as a serious
disruption of the functioning of a community or a society, and involves widespread
human, material, economic or environmental losses and impacts, which exceed the
ability of the affected community or society to cope using its own resources. The
impact of a disaster is usually characterised by indicators such as death toll rates,
economic losses and the population’s capability to rebuild after the calamitous event
(Chakamera & Pisa, 2021:3). In this study, a disaster occurs as a consequence of fatal

aircraft accidents.

1.7.3 Deoxyribonucleic Acid

Houck, Crispino and McAdam (2018:103) defines Deoxyribonucleic Acid as a polymer
molecule comprised of smaller repeating units called monomers, which can be found
in all living cells except in red blood cells and nerve cells. In this study, the criticality of
DNA rests on its relevance as a method of evidence collection for the human victims

in cases of aircraft accidents.

1.7.4 Evidence

Evidence relates to information that is relevant in establishing objective truth in a
legally constituted criminal investigation in order to prove or disprove a fact in
contention (Belshaw, 2019:7; Singh, 2021:643). There are different types of evidence,
such as: physical evidence, forensic evidence, eyewitness evidence, hearsay
evidence, expert testimony, and oral evidence (Gehl & Plecas, 2019:108). In this

study, evidence is the product of facts collected through DNA analysis.

1.7.5 Forensic Investigation

A criminal investigation is a systematic and organised search for truth with the
utilisation of scientific principles and technological advancements (Mokwena, 2022:5;
Swanson, Chamelin & Territo, 2017:6). In this study, forensic investigation relates to

organised determination of the truth in identifying human victims of an aircraft accident.

1.7.6 Identification
Identification refers to the action or systematic process of selecting or recognising
someone or something on account of the known or codified characteristics and

distinctive traits (Becker & Dutelle, 2017:16). In this study, the process of identification
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is made possible through DNA investigative analysis of the human remains of aircraft

accidents.

1.7.7 Victim

A victim is defined as someone who has been harmed, injured, or even killed because
of violence by someone else’s actions, event, belief or unpleasant circumstances
(Fohring, 2018:11). A victim is also someone who experiences physical or mental pain,
emotional suffering, economic loss or substantial impairment of his or her fundamental
rights, through acts or omission that are in violation of the criminal laws (Murhula &
Tolla, 2020;100). In the context of this study, a victim is a passenger of an aircraft that

is involved in an accident, irrespective of its severity or non-fatal nature.

1.8 PRELIMINARY LITERATURE REVIEW

The preliminary literature review is the initial examination of existing research on a
specific topic, and provides a foundation for further investigation (Badenhorst,
2018:124; Snyder, 2019:21). The review of literature is important as a tool for
acquainting the researcher with the available body of knowledge concerning the
research field and its investigated phenomenon or phenomena (Kumar, 2020:58). The
literature review strategy involved a protracted search, identification and processing
of academic books, journal articles, case studies, SACAA annual plans, academic
papers presented at conferences, published and unpublished dissertations and theses

locally and internationally.

Victim identification has changed through DNA, especially in mass deaths such as
aircraft catastrophes (Miller, 2024:1). Since Jeffreys discovered DNA profiling in the
1980s, it has become crucial for individual identification due to its unrivalled specificity
and reliability (Jain, 2024:1). The extraction of DNA from microscopic or damaged
biological samples is important in aviation catastrophes in cases of victims who are
smashed or burnt beyond recognition. Short Tandem Repeat (STR) analysis and Next-
Generation Sequencing (NGS) have enhanced sensitivity and accuracy, helping
forensic teams to resolve complex cases involving commingled or badly compromised
remains (Chan, Lai, bin Hamdan, Yim & Syn, 2024:1).

As noted by Miller (2024:1) earlier, aviation disaster victim identification (DVI) uses
DNA to help families and investigations. DNA can identify people in degraded samples
better than dental records or fingerprints, which are rarely found in high-impact
crashes. When nuclear DNA is inadequate or absent due to environmental

degradation, mitochondrial DNA (mtDNA) analysis provides possibilities for expanding
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options (Silva, Morais, Silva, de Oliveira et al., 2024:1). Crash site forensics requires

DNA evidence to identify victims in difficult scenarios.

According to Hernandez (2025:1), many challenges remain despite these successes.
For example, heat, moisture, and chemicals degrade DNA, making extraction and
analysis difficult. Advanced statistical and bioinformatics methods are needed to
correctly identify DNA in mixed DNA profiles, which are common in aircraft incidents
with multiple casualties (Uyhelji, Tracy, White & Nicholson, 2024:2). Therefore, rapid

detection and analytical rigour must be balanced in disaster response (Jain, 2024:1).

The DNA analysis method has been crucial in identifying victims of high-profile
aeroplane crashes. As stated by Adams, Warnke-Sommer, Odien, Soler and Damann
(2022:11), DNA identification set benchmarks for large-scale forensic coordination
after the 2001 World Trade Centre attacks and highlighted the importance of
international cooperation and current DNA technologies. Long-term tissue
preservation and fast DNA testing improve mass fatality timeliness and reliability
(Chan et al., 2024:1). Adopting global best practices, and developing local forensic
capability will help South African airports such as Wonderboom to overcome logistical

and infrastructural challenges (Silva et al., 2024:1).

For ethical considerations, forensic DNA applications in aviation catastrophes must
manage sensitive genetic evidence, obtain consent, and notify the victims' families
(Barnert, Lee & Huston, 2024:10). In addition, technology and global best practices
have improved, yet DNA degradation, contamination, and ethical considerations still
persist. Accurate and humane victim identification requires better forensic
infrastructure, interdisciplinary teamwork and ethical consideration (Barnert et al.,
2024:10).

1.9 VALUE/ SIGNIFICANCE OF THE RESEARCH

The value or significance of the research is situated in its direct and/ or direct
contributions and benefits in various institutional or organisational, academic or
scientific and socioeconomic aspects relevant to the study (Coker, 2022:144). From
the perspective of Denscombe (2021:26), research must be used for practical
purposes and should be useful for the intended target group. In addition, Leavy
(2022:18) states that during any study, a researcher is compelled to think through the
details of the plan of action in order to convince reviewers of their sincerity. The current

study’s value or benefit is highlighted below.



1.9.1 Value to the Scientific Field

In the field of research, the study contributes to further understanding and insights on
the phenomenon of civil aviation investigation. Furthermore, the study focuses on
aircraft accidents investigation and application of DNA analysis for victim identification.
In addition, it is imperative to understand the causes of aviation accidents in order to
develop interventions that might assist in eliminating recurrent DNA identification

backlogs.

Furthermore, the researcher anticipates that other researchers and students who wish
to further their research studies may further contribute to the available literature on the
significance of DNA to identify victims of aircraft accidents by identifying the gaps in
the existing literature. The researcher noted that there was limited information

available on the topic.

1.9.2 South African Civil Aviation Authority

Biometrics screening is a field of science concerned with the statistical analysis of
biological data of individuals (Bilan, Elhoseny & Jude-Hemanth, 2020:17). Generally,
international airports mostly utilise passport and biometric identification mechanisms
for verification of passengers’ identities. The use of DNA to identify passengers will
add forensic value in determining the identities of anyone who was a victim of a fatal
aircraft accident. This assists in the official death certification, which requires positive

proof that the remains were found and identified.

Accordingly, both the findings and recommendations of the study will contribute to the
body of current knowledge on the value and benefits of DNA evidence collection and
analysis in providing pertinent information about the identities of victims, which are
unique to every individual (Smith, Mann & Urbas, 2018:14). This will also provide

closure to the victims’ family members.

As the main stakeholder, the South African Civil Aviation Authority will benefit mostly
from this research and its results in enhancing the investigators’ capabilities to
understand the significance of DNA as an identification technique for victims of fatal
aircraft disasters. The shortcomings in current methods of identification will be
augmented. For instance, examiners will be trained and duly informed about

investigation of aviation crime scenes.

The identities of victims who are involved in fatal aircraft incidents is very important to

their next of kin, and for any ritual and traditional purposes. They are regarded as

prospective clients because they are the main role players whose DNA should be
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used. As such, the SACAA will benefit from less litigations of negligence against it due
to properly trained, knowledgeable and skilled investigators.

1.9.3 Universities - UNISA

According to Baron and McNeal (2019:41), the principal academic purpose of a
dissertation or similar research is to investigate an issue which deserves or demands
exegetically sound academic investigation. Teaching and research are viewed as
complementary processes. To that effect, university research creates and develops
knowledge that can lead to technologies and development of industries that could
significantly impact on the economy. This research will serve as reference document
and contribute academically to postgraduate students and professional researchers in
the field of DNA utilisation in the aviation sector. South Africa’s prosperity depends on
university graduates and researchers, who drive innovation in all socioeconomic
sectors (Sebola, 2023:217-218).

1.9.4 South African Society

This study aimed at providing insights into how DNA identification can be properly
managed for accurate and reliable evidence while investigating aircraft disasters. The
improvement of DNA identification by highly skilled SACAA investigators will enhance
the public’s confidence in the capacity of the entity to conduct investigation cases

expeditiously with less trauma and bureaucratic delays.

1.9.5 Value to the Researcher
The researcher has gained new skills, knowledge and experience relevant to fulfilling

the academic requirements for her Master’s research-based programme.

1.9.6 PROBLEMS/CHALLENGES ENCOUNTERED DURING RESEARCH

Given the fact that the SACAA lacks sufficient aviation investigators, the researcher
was necessitated to seek other methods for acquiring insights from professionals
knowledgeable in aviation investigation. As noted in Section 4.6.2.1. This study faced
several significant challenges that impacted its progression and data collection
process. One of the primary issues was the shortage of participants due to the
unavailability of CAA aviation investigators, who were abroad for training. This
absence limited the pool of potential participants and consequently affected the scope
and depth of the data collected.

Another substantial barrier was the confidentiality of the nature of their work. Given
the sensitive and confidentiality aspects of aviation investigations, participants were

often constrained in what they could disclose, which further complicated the data
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collection process. The necessity for strict confidentiality agreement and the caution
approach required when discussing specific cases and or methodologies limited the

richness and detail of the insight that could be gathered.

Institutional approval for interviews also presented challenges, notably in terms of
travel cost and lengthy waiting periods. Securing approval from the institution for
conducting interviews was a time-consuming process that often resulted in delays.
The SAPS declined to grant permission for an interview with the Forensic Science
Laboratory (FSL) personnel, citing the sensitivity of DNA-related matters and

indicating that they are no longer permitting such enquiries.

Lastly, the financial burden of travel to conduct these interviews, given the locations
of the participants, added another layer of complexity to the research process. Due to
financial constraints, the researcher did not expand the empirical phase to other stake
holders. Literature on the research was also a great challenge, on account of imitated
availability of research articles and dissertations relating to aviation investigation. Such

shortcomings most likely caused the study to reach early data saturation.

These challenges underscore the complexities involved in conducting research within
sensitive and high regulated fields such as aviation investigation. Despite these
obstacles, the study aimed to contribute valuable insights into the field, navigating

these challenges to produce meaningful findings.

1.10 CHAPTER LAYOUT
The chapters of the dissertation are outlined as follows in order to assure a well-
structured research report in which the content flows in a rational order and in which

the research aims, and questions are addressed (Baron & McNeal, 2019:44).

Chapter 1: General Orientation

This chapter presents the general outline of the research, with specific focus on the
introduction to the research topic; articulation of the research problem; the research
aim, objectives and questions; delimitations of the study; definition of key theoretical
concepts; a brief literature review; value or significance of the study; and layout of

chapters in this study.

Chapter 2: History of DNA in Identifying Victims of Fatal Aircraft Accidents by
South African Civil Aviation Authorities
The chapter discusses the evolution of forensic science in aviation, DNA as a forensic

tool, application of DNA in aviation disasters, the importance of DNA in identification
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and investigation, the South African and Wonderboom contexts of aviation, a
comparative analysis of DNA evidence collection, as well as the theoretical

framework of the study.

Chapter 3: Use of DNA in Identifying Fatal Aircraft Accident Victims by South
African Civil Aviation Authorities

The chapter focuses on characterisation of a mass disaster, international
identification best practices, nature or aspects of fatal aircraft incidents,
characterisation of the concept of ‘aircraft’, difference between incident and accident,
nature or aspects of civil aviation, role of DNA in victim identification, individualisation

and identification in forensics, as well as categories and techniques of identification.

Chapter 4: Research Desigh and Methodology

This chapter present the research methodology in terms of the research paradigm,
the research design and the research approach, the population and sampling
contexts, the data collection and data analysis processes, followed by the

trustworthiness and ethical aspects of the study.

Chapter 5: Data Presentation, Analysis and Interpretation

The chapter presents and discusses the research findings in terms of the
demographic profile of the participants, the findings in terms of the themes and sub-
themes, as well as discussion of these findings in the context of literature-based

interpretations.

Chapter 6: Summary of Main Findings, Recommendations and Conclusions
A summary of the main findings of the study is presented in this study against the
backdrop of the research objectives. The recommendations are also presented,

followed by the conclusion of the study.

1.11. SUMMARY

The chapter addresses the general approach and also covers the problem statement
in detail. The chapter outlined the research objectives, detailing both the aim of the
study and the specific objectives. The chapter also detailed the research questions
that the researcher aims to address by the conclusion of the study. The study also
highlighted its significance and originality. The chapter concludes with an overview of
the study's structure, providing a brief outline of the topics that will be addressed in the
upcoming chapters. The chapter centres on the primary objectives, which are essential
to the overall study.
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CHAPTER 2
HISTORY OF DNA IN IDENTIFYING VICTIMS OF FATAL AIRCRAFT ACCIDENTS
BY SOUTH AFRICAN CIVIL AVIATION AUTHORITIES

2.1 INTRODUCTION

Chapter two expands upon the particulars of the catastrophe that transpired at
Wonderboom Airport Airspace, building upon Chapter one examination of the literature
about the use of DNA as a victim identification method in catastrophic aviation
accidents. This literature review aims at agreeing with the viewpoint of the forensic
science on DNA analysis, which specifically examines the process used in dealing
with investigations of aeroplane accidents.

The goal of this chapter is to provide a thorough understanding of forensic DNA
analysis to readers by putting the theory, methodology, challenges, and best practises
of the field into context within the specific case of Wonderboom Airport. Literature
review commences by outlining the evolution of forensic science in the aviation
industry, following the evolutionary path of DNA analysis and its pivotal role in forensic
investigations. The following section elaborates on a comprehensive review of DNA
analysis methodology and technological advances, thereafter, the researcher
discusses the field's limitations and the challenges that were confronted and the

resolution of those challenges.

Furthermore, the focus would be on the application of DNA in aeroplane accidents,
with several case studies showing how DNA analysis could be utilised in real-life
scenarios. In addition to a thorough description of the unique potential and problems
at Wonderboom Airport, emphasis is on the South African context based on
examination, practises and procedures of DNA analysis. In conclusion, a comparative
study is presented in which best practises and lessons from across the world are
examined and their applicability to Wonderboom Airspace in South Africa are

determined.

2.2 THE EVOLUTION OF FORENSIC SCIENCE IN AVIATION
In this section, the evolution of forensic science in aviation is elaborated including,
brief history of forensic science, evolution of DNA analysis in forensic investigations,

and the role of forensic science in aviation accident investigations.
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2.2.1 Brief History of Forensic Science

The history of forensic science is a tapestry of technological and methodological
advances that shaped its position in criminal investigations. Initially, fingerprints and
ballistics were the primary concerns of forensic science (James & Nordby, 2009:202).
Archimedes is typically credited with the first known application of forensics around
250 B.C., when he utilised his idea of water displacement to solve a robbery (Bell,
2010:15). By the nineteenth century, forensic science had taken on a more systematic
shape, with Edmond Locard establishing the first forensic science lab in Lyon, France,
in 1910 (Saferstein, 2016:90).

Chengtao (2018:103) validated the findings in Saferstein (2016) that French
criminologist, Locard discovered the exchange principle in 1910. Locard's exchange
principle or concept indicated that every interaction leaves a trace that formed the core
of forensic investigations. The Lorcard’s exchange principle is also based on the
contact theory (Lochner & Zinn, 2015:12). Furthermore, Locard’s exchange principle
posits that, when two objects come into contact with each other, the one will leave a
trace on the other (Lochner & Zinn, 2015:12). This means that in every contact
between two objects, there would be an exchange of particles during the contact

process or moment.

In this regard, forensic science progressed slowly at first but accelerated in the
twentieth century. Chemical, biological, and physical advances all played important
roles in the history of forensic procedures. The introduction of the comparison
microscope in the 1950s revolutionised ballistics (Houck & Speaker, 2024:30). The
founding of the Federal Bureau of Investigation's (FBI) forensic lab in 1932 was also
a watershed moment, centralising efforts in the United States and creating an example
for other nations (Fisher, 2019:112).

2.2.2 Evolution of DNA Analysis in Forensic Investigations

The introduction of DNA analysis has instigated a transformative shift within the field
of forensic science. The foundation for further advancements was established by
Watson and Crick's 1953 which was the discovery of the double helix structure of DNA.
However, DNA was not used in a forensic setting until the 1980s. The invention of
DNA fingerprinting by Alec Jeffreys in 1984 was revolutionary until it was made
possible to identify people by their genetic composition (Jeffreys, Wilson & Thein,
1985:101).
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Since its debut, DNA analysis tools have rapidly evolved. Initially, the main technique
was restriction fragment length polymorphism (RFLP) analysis. However, a lot of time
was taken and numerous amounts of DNA samples were needed (Dash, Shrivastava
& Das, 2020:114). Kary Mullis's invention of Polymerase Chain Reaction (PCR) in the
late 1980s transformed DNA analysis by making it possible to enhance tiny DNA
samples (Mullis, 1990). This development greatly expanded the applications of DNA
analysis in forensic science, particularly in instances when traces of DNA were
detected. In the 1990s, Short Tandem Repeat (STR) analysis brought about further
developments. Its high degree of accuracy and capacity to analyse DNA samples with
degradation made it the norm (Dash et al., 2020:65).

The FBI's Combined DNA Index System (CODIS) and other DNA databases made it
easier to compare and connect DNA profiles from various cases and jurisdictions (FBI,
2020:60). There have been difficulties along the way with DNA analysis. Greedy
(2001:71) expresses ethical questions about the privacy and usage of genetic
information. Furthermore, human mistake and prejudice might affect the interpretation
of DNA evidence, making it a flawed process (Thompson & Ford, 2011:22).
Nowadays, DNA analysis is an essential part of forensic investigations and has

cracked many cases, including those involving plane crashes, despite challenges.

A major area of collaboration between the two (2) fields is the use of DNA analysis in
aviation forensics. DNA testing has become an essential tool for identifying victims
and understanding what led up to these disasters because plane accidents are deadly
and destructive. The discipline of forensic science plays an important role in the
assessment of aviation accidents, because to its continuing progress, particularly in

DNA analysis.

2.2.3 The Role of Forensic Science in Aviation Accident Investigations

Forensic science plays a crucial role in aviation accident investigation, providing
critical insights into the causes of accidents and helping to improve aviation safety.
Forensic experts could analyse evidence and reconstruct accidents to identify
contributing factors, through the application of scientific principles and techniques.
Investigations into aircraft accidents rely heavily on forensic science as a means of
clarifying the many factors that could have contributed to these tragic events.
According to Cordner and Woodford (2018:44), aviation forensics go beyond only
finding bodies; it also analyses events in sequence, finds technical flaws, and sheds

light on human factors that play a role in accidents.
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As a result, forensic specialists play an important part in the interdisciplinary teams
that examine aviation accidents. Hodgson and Busuttil (2020:19) indicate that the
major purpose of forensic science in aircraft accidents is victim identification, which is
a delicate and difficult undertaking, particularly in high-impact collisions when typical
identification procedures may be problematic. Dental records, fingerprints, and DNA
analysis become critical. DNA fingerprinting, in particular, has transformed the
identification of victims in aircraft accidents. Traditional procedures were ineffective
owing to the quality of the remains in the 2001 American Airlines Flight 587 tragedy;
hence, DNA played a vital role in identifying fatalities (Komar, 2003:48).

According to Mashin (2021:101), forensic science is also important in establishing the
cause of aircraft accidents. Material analysis might assist in the understanding of
structural failures, whilst toxicological investigations can disclose if pilot impairment
was a role. Forensic entomology has been utilised in establishing timings in incidents
where the debris was discovered late (Lord, Golf, Adkins & Haskell, 2020:65). The
dependability of various forensic methodologies is a point of debate in the forensic
field. The National Academy of Sciences in the United States has raised concerns
about the scientific foundations of several forensic procedures, urging greater study

and standardisation (National study Council, 2009).

While DNA analysis is universally accepted as accurate, other approaches like as
toxicological and materials analysis might provide equivocal findings that need careful
interpretation (Arrivabene, Lasic, Blanco, Carriére, Ladio, Caillon, & Teixidor-Toneu,
2024:71). Rutty, Biggs, Brough, Morgan, Webster, Heathcote, Dolan & Robinson
(2020:635) mention that the use of forensic science in aviation investigations is fraught
with difficulties. Logistics, jurisdictional difficulties, and the requirement for fast
responses in a variety of situations, contribute to the complexity. Coordination between
multiple authorities and professionals, such as forensic scientists, pathologists, and

aviation specialists, is essential for effective investigations.

This interdisciplinary approach is critical not only for discovering accident causes but
also for suggesting safety modifications to avoid future mishaps (Wiegmann &
Shappell, 2017:13). The function of forensic science in aviation investigations is
significant in the context of Wonderboom Airport Airspace. Given the particular
constraints by Woonderboom geographic and operational setting, forensic science
provides vital insights that are required for full investigations. The use of forensic
science in this context is about contributing to a greater knowledge of aviation safety

in comparable contexts, not only solving the urgent demands of an inquiry.
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2.3 DNA: A FORENSIC TOOL
The researcher discusses DNA as a forensic tool, elaborating on the overview of DNA,

its principles as well as the technological advancements of DNA and its challenges.

2.3.1 Overview of Deoxyribonucleic Acid (DNA)

Deoxyribonucleic acid (DNA) is the genetic material found in humans and almost all
other species. Deoxyribonucleic acid (DNA) contains the information required for the
growth, development, and reproduction of all known living organisms as well as many
viruses. The structural unit of DNA is nucleotides, which are arranged in four (4)
different methods to create a double helix. Alberts, Heald, Johnson, Morgan, Raff,
Roberts and Walter (2022:113) aver that these nucleotides are adenine (A), guanine
(G), cytosine (C), and thymine (T). The genetic instructions are made up of the

sequence of these nucleotides.

The most significant characteristic of DNA is its replication capacity, which allows
genetic information to be transferred from one cell to another from generation to
generation. Building on the research of Franklin and Wilkins, Watson and Crick's 1953
discovery of the DNA double helix was a turning point in our knowledge of the
molecular basis of heredity (Watson & Crick, 1953:38). The base sequence might be
duplicated using a pattern found on each strand of DNA in the double helix. This is the
foundation of heredity at the molecular level and is essential for DNA replication and

cellular division.

The biological sciences have been transformed by our growing understanding of the
structure and functions of DNA, especially in the area of forensic science. With the
exception of identical twins, each person's DNA sequence is unique, making DNA a
vital tool for forensic investigations ranging from identifying criminals to clearing
innocent parties. By mapping the whole human genome, creating a database for
forensic comparison, and discovering disease genes, the Human Genome Project,
which was finished in 2003, improved this knowledge even further (Green, Gunter,
Biesecker, Francesco & Manolio, 2020:18).

2.3.2 Principles of DNA Analysis in Forensics

In forensics, the fundamentals of DNA analysis focus around the extraction,
amplification, and analysis of DNA samples collected from crime scenes or, in this
case, aviation accident sites. Sample collection is often the first step in the procedure,
and meticulous and contamination-free collection is critical for proper analysis (Dash
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et al., 2020:65). Blood, saliva, skin cells, hair follicles, and other biological fluids or
tissues may all be used to harvest DNA. The collected DNA is subsequently amplified
using the Polymerase Chain Reaction (PCR) method. Kary Mullis invented PCR in the
1980s to allow for the amplification of tiny amounts of DNA to levels adequate for study
(Mullis, 1990:55). This process is critical in forensic science, particularly when only

trace quantities of DNA are present.

The amplified DNA is subsequently analysed using techniques such as Short Tandem
Repeat (STR) analysis. STRs are regions of the genome that include short DNA
sequences that are repeated many times. Because the number of repetitions in these
STRs varies substantially across people, they are very valuable for DNA profiling
(Butler, 2022:45). The FBI's creation of the Combined DNA Index System (CODIS)
allows for the storing and retrieval of DNA profiles, easing the matching procedure in
forensic investigations (FBI, 2020:101). However, DNA analysis in forensics is not

without difficulties.

Deoxyribonucleic acid (DNA) contamination, deterioration, and the interpretation of
mixed DNA samples need considerable thought and skill (Gill, Brenner, Brinkmann,
Budowle, Carracedo, Jobling, de Knijff, Kayser, Krawczak, Mayr, Morling, Olaisen,
Pascali, Prinz, Roewer, Schneider, Sajantila, & Tyler-Smith, 2020:17). Furthermore,
ethical and privacy issues about the processing of genetic information are continuing
discussions among the scientific community (Schloss, Gibbs, Makhijani & Marziali,
2020:117). DNA analysis has become an essential component of contemporary
forensic science. It is a valuable tool for law enforcement and forensic investigators
which could be utilised in the investigation of crimes and, for the identification of victims
in tragic aeroplane accidents. Continuous advances in DNA analysis tools, as well as
a better knowledge of the human genome, are expanding the precision and extent of

DNA's use in forensic research.

2.3.3 Technological Advancements in DNA Analysis

Over time, the domain of DNA analysis noted technical progressions that have
substantially improved its precision and efficacy. A major shift occurred when
technigues based on Polymerase Chain Reaction (PCR) replaced Restriction
Fragment Length Polymorphism (RFLP) (Dash et al., 2020:65). Little amounts of DNA
may now be analysed thanks to PCR amplification, which is essential for forensic
investigations since samples are often scarce or damaged. The creation of Short

Tandem Repeat (STR) analysis has been one of the most important developments.
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Because STRs vary greatly amongst people, they are perfect for forensic identification
(Butler, 2022:45).

DNA analysis has been made even easier with the advent of multiplex STR methods,
which analyse many STR loci at once. This development is important for aircraft
accidents as it often calls for the quick identification of several victims. The
development of mitochondrial DNA (mtDNA) analysis is another noteworthy
breakthrough. Since nuclear DNA cannot be recovered from damaged materials,
mtDNA, which is more prevalent in cells than nuclear DNA, might be removed (Riley,
& Tait, 2020:e49799). This approach has proven especially helpful in historical

research and situations involving large-scale disasters.

This was a breakthrough in the history of forensic DNA analysis with the development
of Next-Generation Sequencing (NGS) technology. A thorough genetic profile might
be obtained from NGS, which enables the sequencing of whole DNA regions
(Goodwin, McPherson & McCombie, 2016:40). Complex forensic cases, especially
those involving DNA samples from several sources, may be easier to resolve using
this method.

Despite these developments, forensic DNA analysis still encounters some obstacles.
Analysing DNA samples that have been combined by multiple people can be
challenging and call for sophisticated statistical methods (Gill et al., 2020:17). There
is a significant possibility of DNA contamination and transfer, hence stringent
processes for collecting and processing samples are necessary (Shang, Wang, Yu,
Zhang, & Zhang, 2024:229).

2.3.4 Challenges and Limitations in DNA Forensics

Although DNA forensics has been increasingly important in identifying victims of
disasters and assisting with criminal investigations, it is not immune to problems and
restrictions. One of the biggest worries about DNA analysis is contamination. Cases
involving high stakes, such criminal prosecutions or catastrophic disasters, are more
likely to produce inaccurate conclusions if DNA samples are contaminated (Alotaibi,
Alsolami & Mehmood, 2021:78). Consequently, proper protocols for DNA sample

collection, storage, and processing are crucial for ensuring the samples' integrity.

Another challenge is interpreting DNA samples that include several types of DNA. As

is often the case, in cases of mass death, sometimes it becomes a challenge to

distinguish individual profiles when DNA from several persons is available. Damaged

or low-quality DNA might course an already complicated situation worse, and it
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becomes worse as more people are added on the already taken samples (Gill et al.,
2020:23). The interpretation of mixed DNA could be difficult to resolve as mentioned
by Triggs (2020:30) that complications occur when DNA samples were taken from
multiple individuals and presented in a single sample. It becomes difficult to determine
which profile belongs to who, if they are not properly marked. Another challenge would
be DNA degrading in the forensic laboratory. Lee (2019:10) avers that over time, DNA

can break down, making it difficult or impossible to obtain a usable profile.

This might be problematic in case where DNA evidence is old or has been exposed to
environmental factors which could cause degradation. In such circumstances where
quick identification is necessary, like the aftermath of an aircraft accident, time and
money becomes a challenge and a barrier for DNA analysis. Even while the amount
of time required for DNA analysis has considerably decreased due to technical
developments, the procedure might still take a while, especially when handling a high
number of samples (Dash et al., 2020:65). The use of DNA forensics is also heavily
influenced by ethical and legal issues. There is continuous discussion on issues
related to genetic data usage, consent for DNA collection and storage, and privacy
(Schloss et al., 2020:117).

These issues are especially important when building and managing large DNA
datasets. Ethical consideration plays a crucial role in DNA forensics, as they impact
individuals, communities, and society as a whole. Key concerns include privacy,
informed consent, and potential bias in DNA sampling and analysis. Even though DNA
forensics has completely changed the area of forensic science, there are still some
obstacles and restrictions to be aware of. The efficacy and dependability of DNA
analysis in forensic investigations, particularly those involving aircraft accident
situations, depend heavily on the meticulous use of this technique and an

understanding of its possible drawbacks.

2.4 APPLICATION OF DNA IN AVIATION DISASTERS

In this section the researcher elaborates on the application of DNA in aviation disaster.
Subsequent to that, overview of DNA, principles of DNA analysis in forensics,
technological advancements in DNA analysis and challenges and limitations in DNA

forensics are discussed in the following sub-sections.

2.4.1 Overview of Deoxyribonucleic Acid (DNA)
Deoxyribonucleic Acid (DNA) is the essential building block of life, containing the

genetic code for all known living species' formation, functioning, growth, and
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reproduction. It is made up of two (2) long strands that form a double helix and are
kept together by base pairs made up of four different kinds of nucleotides: Adenine
(A), Thymine (T), Cytosine (C), and Guanine (G) (Alberts, et al., 2022:48). Except for
identical twins, the sequence in which these nucleotides are grouped conveys genetic
information that is unique to each person. Because of its uniqueness, DNA is a useful
tool for identifying people, especially in instances when conventional techniques of

identification may be difficult, such as in the wake of aircraft catastrophes.

In aircraft catastrophe situations, the use of DNA has proved critical in identifying
fatalities and delivering closure to families (Alberts, et al., 2022:48). The identification
method often entails comparing DNA from the victim's remains to reference samples
from personal objects or relatives (Dash et al., 2020:65). Because of advances in DNA
technology, it is now feasible to extract and analyse DNA from even the most
contaminated samples, which is a common issue in aircraft accidents owing to the

impact and environmental elements involved.

2.4.2 Principles of DNA Analysis in Forensics

Deoxyribonucleic Acid (DNA) analysis in forensic science adheres to a set of defined
criteria intended to assure the accuracy and reliability of the identification procedure.
Initially, the method entails collecting and preserving materials. This process is critical,
particularly in aircraft catastrophes, because remains may be dispersed over a large
region and exposed to a variety of environmental conditions (Houck et al., 2018:14).
The gathered samples are next subjected to DNA extraction, which breaks down
biological components to liberate DNA.

The next stage is DNA quantification, which ensures that there is enough DNA for
analysis. This is followed by DNA amplification using Polymerase Chain Reaction
(PCR), a method that allows the DNA segment of interest to be multiplied (Mullis,
1990:38). Amplification is especially crucial in crisis situations when DNA samples are
few or damaged. The amplified DNA is then analysed, most often using Short Tandem
Repeat (STR) analysis, which targets particular sections or loci within the DNA that
vary greatly across people (Butler, 2022:145). To prove identification, the obtained

DNA profile is compared to reference samples.

In this regard, DNA analysis in the context of aircraft mishaps provides distinct
obstacles. The high-impact nature of these accidents often results in the mixing of
remains, complicating the identification procedure. To overcome these issues,

advanced methods such as Massively Parallel Sequencing (MPS), also known as
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Next-Generation Sequencing (NGS), have been established which provides a
thorough study by assessing several STR loci, as well as other important genetic
markers at the same time (Goodwin et al., 2016:10). Ethical issues are also important
in DNA analysis in aircraft mishaps. Human remains and sensitive genetic information
must be handled with the highest care and discretion, in accordance with legal and

ethical requirements (Schloss et al., 2020:117).

Furthermore, presenting results to families requires tact and care, since the
information supplied might have tremendous emotional consequences. DNA analysis
is crucial in aviation accident response, especially in identifying victims. Advances in
DNA analysis technology have substantially improved the ability to reliably identify
persons in these difficult circumstances. The procedure, however, is complex,

requiring careful consideration of technological, ethical, and emotional aspects.

2.4.3 Technological Advancements in DNA Analysis

Over the years, there have been notable technical developments in the field of DNA
analysis, which have considerably enhanced its applicability in a variety of fields,
including aviation disaster response. The creation of Polymerase Chain Reaction
(PCR) technology has been one of the most important developments. Little amounts
of DNA may be amplified using PCR, which allows for the creation of profiles from
small or damaged samples that are often discovered at crash sites (Mullis, 1990). The
limited size and low quality of DNA samples that might be recovered from aircraft
accidents have presented significant challenges, and it was crucial to address the

approach.

The use of Short Tandem Repeat (STR) analysis is one of the latest developments
emerging as the industry standard for forensic DNA typing because of its great
individual diversity. The speed and effectiveness of DNA profiling have been greatly
enhanced by the capacity to multiplex and analyse the majority of STR loci at once
(Dash et al., 2020:65). This is especially important in aircraft accidents because victim
identification should commence as soon as possible. Another major advancement is
the introduction of Next-Generation Sequencing (NGS) technology. With NGS,
millions of DNA fragments may be simultaneously sequenced, yielding a more
comprehensive genetic profile. According to Goodwin et al. (2016:118), this method is
especially helpful in complicated forensic cases involving extremely deteriorated or

mixed DNA samples, which are difficulties that occur frequently in aircraft mishaps.
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2.4.4 Challenges and Limitations in DNA Forensics

Despite these breakthroughs in technology, DNA forensic analysis is not without its
hurdles and limits. The problem of DNA degradation and contamination is one of the
key concerns, especially in severe crash site settings. DNA samples collected from
aircraft catastrophes may be contaminated by variables such as heat, moisture, and
chemicals, making analysis challenging (Houck & Siegel, 2019:128). It is critical for
proper identification to ensure the integrity of these samples from collection to

analysis.

Another difficulty in DNA forensics, particularly in the context of aircraft mishaps, is the
separation and analysis of mixed DNA samples. Extracting and identifying individual
DNA profiles might be difficult and time-consuming when the remains of several
victims are mixed together (Dash et al., 2020:65). Although advanced methods such
as Next-Generation Sequencing (NGS) have enhanced the capacity to analyse
complicated mixed samples, the procedure remains difficult and needs a high degree
of knowledge. Furthermore, the use of DNA analysis to identify victims in aircraft
mishaps presents ethical difficulties. Permission issues are of great importance,

especially in numerous fatalities when gaining direct permission is impossible.

Schloss et al. (2020:117) explain the processing and storing sensitive genetic
information raises privacy problems and necessitates strict data protection
procedures. The difficulties of DNA forensics are exacerbated by the necessity for
quick reactions in the aftermath of aircraft tragedies. The completeness necessary in
DNA analysis might take months, even though the identification of victims was
conducted immediately. It is crucial and critical for family closure and judicial
proceedings, but in this profession, balancing the requirement for speedy response

with the need for reliable and ethical DNA analysis is a constant issue.

2.5 IMPORTANCE OF DNA IN IDENTIFICATION AND INVESTIGATION
In this section the researcher elaborates on the importance of DNA in identification

and investigation.

2.5.1 Case Studies of DNA Use in Aircraft Accidents Globally

Deoxyribonucleic Acid (DNA) analysis has emerged as a vital tool in the identification
of fatalities after aviation mishaps, offering comfort to bereaved families and
supporting the investigative process. Numerous case studies from plane crashes
globally demonstrate the changing role and difficulties of DNA analysis in these
complex situations. The 2009 accident of Air France Flight 447, which crashed into the
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Atlantic Ocean, killing all 228 people on board in addition to the crew was an example

of an unfortunate situation.

The rescue of the bodies was very difficult because of the wreckage's distant position
and the depth of the water. A key factor in identifying the victims was DNA analysis.
The DNA technology has made identification easier, even with the hostile environment
and long recuperation period. This instance highlights how reliable DNA is, as an
identifying method in harsh environments (Ludes & Coste, 2018:19). The 1996 ValuJet
Flight 592 accident, in which the plane fell into the Florida Everglades, Wetland in
Florida (USA) and severely complicated rescue attempts, is another noteworthy
example. The aeroplane was completely destroyed in the disaster, and 110 people
died. Because of the state of the remains and the environmental difficulties at the
accident site, standard identification techniques were impractical in this instance and

DNA analysis proved essential in identifying the fatalities (Houck & Siegel, 2019:28).

Moreover, one of the most difficult situations for DNA analysis was the assault on the
World Trade Centre in New York in 2001, which included the hijacking of American
Airlines Flight 11 and United Airlines Flight 175. The extent of the devastation, the
mixing of the remnants, and the state of the samples put DNA technology to the test.
Using cutting-edge DNA testing techniques to treat severely deteriorated materials,
the identification procedure in this occurrence was one of the biggest DNA

identification operations ever carried out (Adams et al., 2022:103).

In addition to this, given the politically delicate nature of the incident and the logistical
difficulties in reaching the crash site, the downing of Malaysia Airlines Flight MH17
over Ukraine in 2014 brought special challenges. In this case, international
cooperation was essential. Forensic specialists from different nations cooperated to
identify the victims using DNA analysis, highlighting the significance of international

cooperation in situations like these (Amorim, Fernandes, Taveira, 2015:80).

These case studies underscore the crucial role DNA analysis plays in aircraft
accidents and demonstrate how it may reliably identify victims in situations when other
approaches fail to resolve the situation. They also highlight the difficulties brought
about by the surrounding environment, the condition of the remains, and the logistical
difficulties involved in conducting recovery efforts in various political and geographic
contexts. Because DNA analysis is a dependable technique for victim identification in
a variety of difficult situations, it has become a mainstay in the forensic examination of

aircraft accidents. In some instances, need arises for international collaboration and
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the ongoing development of DNA analysis methods to fulfii the demands of
complicated crisis situations in addition to showcasing the technical capabilities of

DNA analysis in a variety of circumstances.

2.5.2 Methodologies of DNA Collection and Analysis in Crash Sites

Collection of DNA and analysis techniques at accident scenes are complex
procedures which require careful planning and implementation. The main goal is to
gather enough biological material for DNA profiling, which entails gathering,
preserving, extracting, and analysing DNA samples, among other stages. In order to
preserve the integrity of the evidence, the first step in collecting DNA at accident sites
is to secure and record the area. Coordination with several authorities, such as law
enforcement, forensic teams, and disaster response units, is often necessary for this
procedure. To prevent contamination and deterioration, it is crucial to take
precautionary measures when collecting biological materials such as bone, blood, or
tissue pieces (Dash et al., 2020:65). Protective clothes and specialised equipment are

used to make sure the samples are gathered in a way that maintains their integrity.

The samples go through preservation procedures once they are obtained to stop DNA
deterioration. This is an important step, particularly in settings where chemicals,
temperature, and humidity may quickly break down DNA (Houck & Siegel, 2019:35).
Common methods include cooling, desiccation, and the use of preservative solutions.
DNA extraction is the process of separating DNA from the biological material that has
been collected. This procedure might be difficult, especially if the samples are heavily
polluted or deteriorated. To maximise the recovery of viable DNA, advanced extraction
techniques are used, such as organic extraction or silica-based DNA binding (Dash et
al., 2020:65).

DNA quantification is done after extraction to ascertain the DNA's amount and quality.
This stage is necessary to guarantee the success of the next analysis, which usually
entails Polymerase Chain Reaction (PCR) and Short Tandem Repeat (STR) profiling.
While STR analysis creates a genetic profile by looking at certain sections of the
genome that differ across people, PCR amplifies particular DNA regions (Butler,
2022:45).

2.5.3 The Role of DNA in Identifying Victims and Its Impact on Families

DNA plays a critical role in identifying aircraft catastrophe fatalities. Typical
identification techniques like ocular recognition, fingerprints, or dental data are often
impractical due to the state of the remains. A dependable substitute is provided by
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DNA profiling, which makes victim identification possible even in the most difficult
situations. DNA-based identification has a significant effect on the victims' relatives.
Verifying the identification of a loved one is necessary for both personal and legal

recourse as well as the feeling of closure to the loved ones.

Simon & Gold (2010:48) aver that this would enable families to commence with the
mourning process and burial plans,, both of which are essential steps towards physical
and emotional recovery. Additionally, there are administrative and legal ramifications
to the identifying procedure. It is necessary to settle inheritance-related disputes,
insurance-related disputes, and legal inquiries. Accurate victim identification is also
essential for public health and death records. Furthermore, future safety measures in
circumstances involving large casualties, such as airline catastrophes should be
informed (Morgan, 2002:140).

Families might find the DNA-based identification procedure to be emotionally taxing,
which is often exacerbated by the waiting time for findings and could be prolonged due
to unforeseen circumstances. Effective communication and support services are
consequently crucial, for families to survive this ordeal (Hodgson and Busulttil,
2020:09).

2.6 THE SOUTH AFRICAN CONTEXT
In this section the researcher discusses the South African context of civil aviation.

Following is the overview of the South African aviation

2.6.1 Overview of South African Civil Aviation

The South African Civil Aviation Authority (SACAA) governs the country's civil aviation
industry, which is critical to the country's transportation infrastructure and economic
growth. Since the early days of aviation, the industry has grown substantially,
confronting distinct difficulties and reaching key milestones. South Africa’'s aviation
history is distinguished by the formation of the country's national carrier, the South
African Airways (SAA), in 1934, which played an important role in linking the country
to the rest of the globe (Ward, 2021:14). Since then, the sector has grown to include

multiple local and international airlines operating inside its territory.

The diversified geography and vast area of South Africa provide distinct obstacles for

aviation, ranging from high-altitude airports to changing weather conditions. Among

SACAA's responsibilities are the upkeep of Air Traffic Control (ATC) systems, the

monitoring of airworthiness, and the assurance of conformity with international aviation

standards (Adams et al.,, 2022:103). According to Van Schalkwyk (2017:64), the
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authority should follow strictly to international standards set by groups like the
International Civil Aviation Organisation (ICAO) as it is responsible for accident
investigations and safety monitoring. According to recent report, South Africa’s air
traffic system is on the brink of collapse due critical skills shortages, equipment failures
and outdated procedures at Air Traffic National Service (ANTS) (Panchia, 2025).

The Transport minister Barbara Creecy has acknowledged the challenges and
confirmed that an urgent action plan is in motion to address the crisis. Industry safety
and compliance have been greatly enhanced by the SACAA's initiatives. To achieve
this goal, modern aviation regulations, regular safety inspections, and advanced ATC
systems should be implemented. The company has nonetheless been confronted with
challenges, such as limited resources and the constant need for technological

upgrades, despite these efforts (Makgill, 2015:14).

2.6.2 Historical Use of DNA in South African Aviation Incidents

In South Africa, the use of DNA for identification in aviation mishaps is a relatively
recent phenomena, reflecting the advancement of forensic science elsewhere. From
the year 1990, South Africa’s DNA profiling became legitimate and accepted as a
trustworthy identifying technique for disaster victim identification (DVI), which led to
one of the first known uses of DNA in aircraft accidents in South Africa (Steyn,
2018:42). In the year 2002, a military aircraft accident in the Drakensberg Mountains
served as a key example of the use of DNA technology in South African aviation
history. Because of the incident's extreme effect and difficult recovery circumstances,
which led to the deaths of several passengers and crew, DNA analysis was required
for identification (Van der Merwe, 2024:21).

South Africa's future aircraft disaster responses included DNA analysis as a result of
the 2002 military aircraft accident. In that regard, the incident brought attention to the
need of effective DVI procedures in aviation accidents. In the wake of the fatal 2011
Tzaneen aviation disaster, DNA profiling proved helpful in identifying the victims,
marking yet another noteworthy use of DNA analysis. The accident brought to light the
difficulties of doing DNA analysis in isolated areas and the need of having a strong
structure in place for overseeing DVI procedures (Botha, 2022:18). These occurrences
highlight the method in which the DNA analysis is being used in the South African
aviation industry. They also draw attention to the particular difficulties faced by South
Africa, such as the isolation of crash sites, the variety of climatic factors, and the

logistical difficulties involved in coordinating DVI activities over wide-ranging territory.
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The South African Civil Aviation industry has observed significant expansion and has
distinct obstacles because of its geographical and infrastructure setting. As forensic
technology has advanced globally, so too has the historical usage of DNA in aviation
disasters in South Africa which is a crucial component of DVI procedures. The
aforementioned advancements highlight the need of sustained allocation of resources
towards forensic technology and proficiency in order to augment the ability to respond

efficiently to aviation mishaps.

2.6.3 Current Practices and Protocols in South Africa for DNA Analysis in Aviation
Accidents

Protocols and practices for DNA analysis in the context of aircraft accidents in South
Africa have developed to integrate advanced methods that are in line with worldwide
forensic standards. These practices are critical in identifying casualties in a timely and
accurate manner, a procedure that is sometimes complicated owing to the nature of
aircraft accidents. Currently, the South African Civil Aviation Authority (SACAA) is in
charge of monitoring the DNA analysis process in aviation accidents, in collaboration
with forensic units such as the South African Police Service's (SAPS) Forensic
Science Laboratory. The typical approach commences with the collection of DNA

samples from the accident scene.

This procedure is carried out with considerable caution in order to avoid contamination
and guarantee the integrity of the samples (Van der Merwe, 2024:91). To ensure the
quality of the samples, advanced collecting procedures such as swabs, sterile
containers, and protective gloves are used. The samples are transferred under
controlled circumstances to forensic labs. The next step would be to extract DNA using
technologies intended to provide the best quality genetic material, even from
compromised sources. Depending on the condition of the materials, the SAPS
Forensic Science Laboratory, for example, employs both classic and innovative
extraction procedures (Botha, 2022:16).

The DNA is quantified and amplified using Polymerase Chain Reaction (PCR)
techniques following extraction. In this regard, it is imperative to ensure that enough
genetic material is accessible for examination. South Africa has adopted Short
Tandem Repeat (STR) profiling for DNA analysis, which provides a highly accurate
genetic fingerprint of the individual, aligns with international forensic practices, and is
effective even when DNA samples are fragmented or degraded. The DNA profiles

acquired from the accident site would be compared to reference samples in the next
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step. These reference samples are often taken from the victims' personal goods or

from direct biological samples obtained from relatives.

The comparison process is painstaking, and it is often supported by sophisticated
software and databases that assist to speed up the matching process (Steyn,
2018:38). Guaranteeing response times while retaining accuracy in DNA analysis
proved to be a major issue presently. The SACAA and forensic divisions are always
working to improve the efficiency of their response to aviation accidents, recognising
the significance of quick identification for victims' families and the inquiry process
(Makagill, 2015:109). Furthermore, ethical issues play an important role in the DNA
analysis process. South Africa follows very strict guidelines for the management,
storage, and destruction of genetic material, ensuring that the victims' and their
families' privacy and their dignity are protected throughout the process (Simon & Gold,
2010:48).

2.7 THE WONDERBOOM AIRPORT AIRSPACE SCENARIO

This section deals with the scenario of Wonderboom Airport Airspace, commencing
with the background followed by previous aircraft incidents as well as specific
challenges encountered and opportunities.

2.7.1 Background of Wonderboom Airspace

Located in a strategic area of South Africa, Wonderboom Airspace has grown to
become a major hub in the nation's aviation network. Even though Wonderboom
Airspace may not be as big or as busy as other major airports in South Africa, it has
its own importance and difficulties that are essential to comprehending its safety
procedures and operating dynamics. In the past, Wonderboom Airspace has been
operating as a regional airport, accommodating a variety of cargo, private, and

commercial aircraft.

It has played a crucial role in linking smaller towns and cities in South Africa and its
surrounding nations with larger metropolitan areas. Due to its advantageous position,
the airport serves as a crucial connection for both business and tourism, greatly
boosting the local economy (Smith, 2018:23). Furthermore, it has been renovated a
number of times in order to improve safety standards and meet the increasing demand
for air travel. Modernising passenger terminals, enhancing air traffic control systems,

and extending runways are some of these improvements (Johnson, 2019:62).

30



Notwithstanding these advancements, the airport still has some difficulties, mostly

related to resource and infrastructural constraints, which are typical for rural airports.

The emergency response and safety procedures at Wonderboom Airport are among
its major features. Maintaining a high degree of safety and readiness for any possible
aviation mishaps is essential given the wide variety of aircraft activities at the airport,
from tiny private planes to bigger commercial jets (Brown and Davis, 2020:41).
Therefore, thorough safety exercises have been put into place, and quick reaction
teams - including fire and medical units - have been established. These teams are

essential for efficiently handling any incidents.

In order to guarantee adherence to international aviation safety regulations, the airport
has also regularly collaborated with regional authorities and international aviation
safety organisations. The implementation of cutting-edge technology for
communication and navigation, as well as the management and response to aviation
problems, have all been made possible by these cooperations (Green, 2017:105).
According to Adams et al. (2022:32), the airport also had difficulties, especially when
handling situations that call for specialised reactions, such forensic examinations in
the case of an aircraft mishap. Modern forensic techniques, such as DNA analysis,
should be part of the airport's emergency response procedures because of the growing

significance of quick and precise victim identification in these kinds of occurrences.

Despite facing its own set of unique operational conditions and problems,
Wonderboom Airport continues to play a vital role in South Africa’'s aviation industry.
When it comes to responding to and investigating accidents, the airport should
maintain its focus on safety and ongoing development. It is the responsibility of the
airport to handle plane crashes. However, it would be better if the response protocols

include modern forensic techniques, such as DNA analysis.

2.7.2 Previous Aircraft Incidents at Wonderboom Airport and the Role of DNA Analysis
Wonderboom Airport is strategically important, yet despite attempts to maintain good
safety standards, aviation accidents occurred on several occasions, necessitating
extensive investigations and reactions; one of these cases required DNA analysis to
identify the victims. A small commercial aircraft was engaged in an incident that
occurred at Wonderboom Airport in the late 2000s. The accident, which resulted in
casualties and the immediate need for forensic investigation. The findings revealed

that the cause was a mechanical breakdown that occurred after take-off.
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The appalling condition of the bodies rendered conventional victim identification
techniques useless in this case. According to Williams (2019:85), DNA testing was
crucial for positively identifying the bodies, so as to give families closure, and assist
with the investigation. This event highlighted the need of having competent forensic
specialists on staff at Wonderboom and other rural airports, particularly in the field of
DNA analysis. Another important occurrence is the accident of a private aircraft, the
cause of which remains a mystery. Further complications indicated the requirement of
both mechanical examinations and the identification of human remains. In this regard,
DNA analysis assisted with individuals’ identification despite the catastrophic nature
of the collision and fire (Chan & Li, 2022:23).

The importance of working with national forensic laboratories and the speed with which
DNA samples were processed and analysed were both brought to light by the accident
investigators. Genomic DNA has several applications in these kinds of situations. In
the immediate aftermath of an aviation disaster, genomic DNA assists in the
identification of casualties. Accurate identification is critical for issuing death
certificates, settling estates, and giving victims' families the closure they need
(Johnson and Smith, 2014:52). The location of the victims just before the crash might
be revealed by DNA analysis, which would be a huge help to accident investigators.
The DNA analysis conducted at Wonderboom Airport adds weight to the difficulties

inherent in this branch of forensic science.

Attempts to gather and preserve samples in a timely manner, establish a chain of
custody, and coordinate their shipment to forensic labs encounter difficulties.
Furthermore, the emotional effect on the victims' relatives, as well as the necessity for
appropriate  communication regarding the DNA analysis procedure, cannot be
overstated (Barker, 2020:128). In reaction to these accidents, Wonderboom Airport
has sought to improve its emergency response processes and forensic capabilities in
partnership with national forensic authorities. This involves developing clearer
standards for collecting on-site DNA samples, expediting the process of transferring
samples to national labs, and guaranteeing more effective communication channels

with victim families (Green et al., 2020:18).

2.7.3 Specific Challenges and Opportunities at Wonderboom Airport

Despite its importance to South Africa's aviation network, Wonderboom Airport has its
own set of challenges that impact operational efficiency and safety protocols,
especially when it comes to providing forensic evidence in the event of an aircraft

accident. Opportunities for growth and improvement, particularly in the areas of
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forensic response and DNA analysis, present themselves alongside these challenges.
Wonderboom Airport has a shortage of resources that makes it difficult to handle major

aviation crises.

In the event of a catastrophe, Wonderboom may not be able to respond as effectively
as other international airports due to its status as a regional airport. (Smith, 2018:201).
This comprises of staff members who acquired training in disaster victim identification
(DVI) and DNA analysis, as well as equipment restrictions in forensics. These resource
limitations could make it more difficult to identify victims and conduct forensic
investigations quickly and effectively in the case of a significant occurrence. Another
obstacle is the airport's physical design and infrastructure. The varied topography of
the area around Wonderboom Airport makes it possible that accident sites, especially
those in more remote or mountainous areas, might be inaccessible (Johnson,
2019:63).

Based on these challenges, recovery of vital evidence for victim identification and DNA
testing, such as remains would be very difficult. Additionally, the environmental factors
at the crash sites may have an impact on biological material preservation, creating
significant difficulties for the collecting and processing of DNA samples.
Notwithstanding these obstacles, Wonderboom Airport has a lot of chances to improve
its forensic response skills such as creating alliances with foreign organisations that
specialise in aviation catastrophe response and national forensic labs. Through these
partnerships, the airport might have access to cutting-edge forensic knowledge and
equipment, enabling more effective victim identification and DNA analysis procedures
(Brown and Davis, 2020:48).

Another option is to fund the education and training of airport emergency response
teams. A key improvement in the airport's preparation for managing aircraft disasters
would be training programmes that concentrate on DVI and forensic processes,
including the collecting and preservation of DNA samples. It is important to improve
the emergency response personnel's practical abilities because these programmes
could also include exercises and simulations (Green, 2017:73). Furthermore, the
introduction of state-of-the-art technologies, such quick DNA testing techniques and

portable DNA analysis kits, may completely transform Wonderboom Airport.

With the use of these technologies, preliminary DNA analysis might be conducted on-
site, leading to faster results and more effective accident site management (Adams,
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2021:14). Additionally, Wonderboom Airport has the chance to support forensic
science and aviation safety research and development. The airport might provide
important insights into best practises and areas for improvement in aviation
catastrophe response by recording and examining previous accidents and their
forensic treatment (Barker, 2020:19). According to recent report in the Citizen
newspaper, the Tshwane metro has made significant progress in the turnaround
strategy for Wonderboom Airport (The Citizen, 2025). The airport has seen a 64%
growth in revenue and improved net loss margins. As stated in the article, ‘The airport
the potential to capture 12% of the current passenger traffic at OR Tambo International
Airport’ (The Citizen, 2025).

2.8 COMPARATIVE ANALYSIS
In this section, the researcher elaborates on the comparison of the techniques of DNA
analysis in aviation accidents internationally, lessons learned, and relevance and

application of these practices in South Africa.

2.8.1 Comparison of DNA Analysis Techniques in Aviation Accidents Internationally
The use of DNA analysis methods in aircraft accidents has become a cornerstone of
forensic science globally. Different nations have used various tactics and technology
to address their specific issues, resources, and regulatory systems. A global
comparison of these methodologies indicates both similarities and variations in the
use of DNA analysis in aviation accident situations. The method to DNA analysis in
aircraft accidents in the United States is highly advanced, owing to the resources
available and the frequency of aviation activity.

In aircraft accident investigations, the FBI and the National Transportation Safety
Board (NTSB) often cooperate. Short Tandem Repeat (STR) analysis and
mitochondrial DNA (mtDNA) profiling are frequent techniques utilised, particularly in
situations involving badly fragmented remains (Dash et al., 2020:65). The US also
uses quick DNA technology, which could provide DNA profiles in a matter of hours,
which is a huge breakthrough in time-sensitive investigations (Hares, 2017:123). In
contrast, although European countries have strong forensic capabilities, they often
confront extra obstacles owing to the variety of legislative and operational frameworks

among states.

The European Network of Forensic Science Institutes (ENFSI) is vital in standardising
methodologies and promoting best practises across Europe. Countries such as the
United Kingdom and Germany, like the United States, have showed expertise in
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sophisticated DNA analysis methods such as STR and mtDNA analysis. Given the
frequency of cross-border movement inside Europe, there is a growing focus on
international cooperation (Schneider, 2020:81). In developing nations, such as
sections of Africa and Asia, the use of DNA analysis in aircraft accidents is sometimes
hampered by a lack of resources and technical skills.

However, these areas have made substantial strides in recent years. For example,
forensic departments in South Africa have gradually embraced more advanced DNA
analysis procedures, however they may rely on overseas help in exceptionally difficult
cases (Steyn, 2018:102). Practical aspects of collecting and processing samples are
one reason why DNA analysis technologies are used in different ways globally.
Nations with well-developed systems and enough resources can deploy swiftly and
have access to better tools for in-situ DNA analysis. On the other hand, countries with
less resources may have problems with sample collection and may need to send

samples to laboratories overseas for examination (Green et al., 2020:18).

The regulatory structures that govern DNA analysis are another key differentiator.
Some countries, like the US, already have rules and standards in place for DNA testing
and data processing, while others are still in the process of developing such systems.
The DNA analysis procedure, including issues with privacy and permission, could be
impacted by this disparity (Simon & Gold, 2010:23).

2.8.2 Lessons Learned and Best Practices from Global Perspectives

From a global perspective, DNA analysis in aviation accident investigations has
yielded valuable lessons and recommendations. These realisations are essential for
improving the effectiveness and precision of forensic inquiries into aircraft mishaps.
The significance of prompt action and effective sample collecting is one important
lesson that has been learnt. Prompt on-site forensic investigation is essential for
effective DNA analysis, as shown by the experience of forensic teams in the United
States and Germany. The period between the occurrence and the collection of
samples might be greatly decreased by well-trained and equipped rapid reaction units,
which is essential for maintaining the integrity of DNA (Hares, 2017:54).

This procedure is especially crucial in aircraft mishaps as the surroundings may
quickly deteriorate biological evidence. Inter-agency cooperation is essential, which is
another important lesson. Complex occurrences like aircraft accidents need the
cooperation of several agencies, such as law enforcement, forensic, and aviation

authorities. A thorough response requires these groups to integrate their efforts. In the
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United States of America (USA), the cooperation of the Federal Bureau of
Investigation (FBI) and the National Transportation Safety Board (NTSB) has been
essential to expediting the forensic procedures involved in aviation mishaps (Butler,
2022:45).

Using cutting-edge DNA analysis methods is yet another crucial field of knowledge.
Since they are so accurate and dependable, methods like mtDNA profiling and STR
analysis have become commonplace in many nations. Data management and privacy
protection have also emerged as critical aspects, and the application of next-
generation sequencing (NGS) technologies has allowed for an even more detailed
genetic analysis, which is invaluable in complex cases involving severely fragmented
remains or mixed DNA samples (Schneider, 2020:08). Robust data protection
procedures are necessary when managing genetically sensitive information in order
to maintain confidentiality and privacy. As an example for best practises in preserving
the privacy rights of persons involved in aircraft accidents, nations such as the United
Kingdom have imposed strict regulations on the collection, use, and disposal of DNA
data (Simon & Gold, 2010:32).

The experiences of emerging nations emphasise the value of investing in forensic
skills with regard to infrastructure and resource allocation. Increasing local DNA
analysis capability not only speeds up reaction times but also improves the quality of
the study as a whole. Collaborations between South African authorities and foreign
forensic professionals demonstrate how partnerships with international forensic
organisations may provide helpful assistance in this area (Green, 2017:24). Another
important area in which lessons have been learnt is effective contact with the relatives
of victims. Since DNA analysis is delicate, it is necessary to communicate with the
relatives of the victims in a straightforward and caring manner. Managing family
expectations and facilitating the mourning process are two benefits of timely and
correct information delivery (Barker, 2020:36).

2.8.3 Relevance and Application of These Practices to South African Context

Global DNA analysis practises for aircraft accidents provide significant insights that
are extremely applicable to the South African environment, especially given the
operational dynamics and problems at airports like Wonderboom. Implementing these
practises in South Africa might considerably improve the country's ability to react to
aviation catastrophes. One of the most important lessons for South Africa is the need
of quick reaction and effective DNA sample collection. Given South Africa's climatic

and environmental variety, fast action is critical to preserving the integrity of biological
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evidence. Airports in South Africa, especially Wonderboom, might benefit from the
establishment of specialised fast reaction teams trained in forensic sample collection,

comparable to those seen in the United States (Hares, 2017:26).

This method would enable the gathering of DNA samples in a timely and effective
manner, which is crucial in the aftermath of an aviation accident. The value of inter-
agency cooperation, learned from European practises, is especially relevant in the
South African setting. To enhance the entire response to aircraft accidents,
collaboration between aviation authorities, forensic departments, and law enforcement
agencies may be increased. Drawing on models such as the European Network of
Forensic Science Institutes (ENFSI), collaborative exercises and procedures might be
established (Schneider, 2020:09). A collaborative approach to disaster management
would expedite the forensic process and offer a complete approach to catastrophe

management.

Another area where South Africa might gain is via the use of modern DNA analysis
tools. Techniques utilised in industrialised nations, like as STR analysis and mtDNA
profiling, and should be included into the standard operating procedures of South
African forensic labs. Furthermore, investigating next-generation sequencing
technology might improve the country's forensic skills by enabling for more extensive
and accurate DNA profiling in complicated cases (Butler, 2022:45). Data management
and privacy protection, as practised in nations such as the United Kingdom, are
equally critical in the context of South Africa. With the increased usage of DNA
analysis, it is critical to develop strong processes for managing, storing, and using

genetic data.

This would include developing regulatory frameworks to safeguard people' privacy as
well as assuring ethical compliance in the processing of DNA samples (Simon & Gold,
2010:28). Another important lesson for South Africa is to invest in indigenous capacity
creation. Developing in-house DNA analysis knowledge and infrastructure would
lessen dependency on overseas aid and increase self-sufficiency. This might include
training programmes for local forensic experts as well as investments in contemporary
forensic facilities outfitted with cutting-edge DNA analysis technology (Green et al.,
2020:18).

Effective contact with victims' relatives, which is emphasised in worldwide best
practises, is also critical in the South African context. It is critical to provide families
impacted by aviation accidents with clear, compassionate, and timely information. This
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includes not just communicating the findings of the DNA study, but also explaining the

procedure and addressing any concerns that the families may have (Barker, 2020:08).

2.9 THEORETICAL FRAMEWORK EMPLOYED IN THIS STUDY

Utilisation of Deoxyribonucleic Acid (DNA) to identify victims in fatal aircraft
occurrences at Wonderboom Airport is based on forensic science and disaster victim
identification (DVI) principles and conducted within a theoretical framework. This
approach combines forensic pathology and criminology procedures with notions from
molecular biology, particularly genomics. The sources of this paradigm are
fundamental work on DNA by Watson and Crick in 1953 and Alec Jeffreys' discovery
of DNA profiling in the 1980s.

The framework's theoretical foundation stems from the knowledge that every person's
DNA is distinct (apart from identical twins), rendering it a crucial instrument for victim
identification in circumstances where alternative identification methods, like dental
records or visual recognition, are not feasible (Jeffreys et al., 1985:30). The foundation
of forensic science, especially the area that deals with DNA analysis, is the idea that
biological material found at a scene - in this example, the site of an aeroplane accident
- can be used to positively identify people. This study applies the framework's concepts
to the difficult problem of victim identification in aeroplane accidents that result in

death, when conventional identification techniques may not be enough.

Samples are taken from the accident scene, DNA is extracted, certain DNA areas are
amplified, and the results are compared to reference samples taken from suspected
victims or their family (Dash et al., 2020:65). Forensic science and molecular biology
inform this analytical approach, which is essential to positively identifying people. The
use of this theoretical framework is justified by its demonstrated effectiveness and the
rapidly developing field of DNA analysis tools, despite its shortcomings. It is generally
acknowledged that one of the most trustworthy techniques for identifying human
remains is DNA analysis, particularly in cases when corpses are broken up or decayed
(Houck & Speaker (2024:119).

In the case of aircraft accidents, this dependability is especially important since the
physical impact may make conventional identification techniques impractical. This
system does have several drawbacks, however. Challenges inherent in this sector
include DNA deterioration from environmental conditions at the accident site, potential
contamination, and the difficulty of analysing mixed samples of DNA from several
fatalities (Alotaibi et al., 2021:78). Furthermore, ethical issues are crucial since they
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include managing sensitive genetic data and gaining agreement for the collection of
DNA samples (Schloss et al., 2020:117).

The most reliable and credible approach for victim identification in aircraft accidents,
notwithstanding these difficulties, is still forensic DNA analysis theory. Some of the
shortcomings of previous technologies are continuously addressed by advancements
in DNA technology, such as the creation of more sensitive PCR techniques and next-
generation sequencing (Goodwin et al., 2016:102). Furthermore, strict procedural
guidelines, regulatory frameworks, and developments in forensic informatics are

reducing the ethical and practical difficulties.

Despite the recognised obstacles, the excellent precision and reliability of DNA
analysis in victim identification justifies the use of forensic science and molecular
biology as a theoretical framework in this research. This paradigm, which combines
scientific rigour with real-world application, offers a thorough method for resolving the
intricate requirements of catastrophe victim identification in aircraft accidents.

2.10 SUMMARY

In this chapter the researcher presented a thorough analysis of the literature on the
use of DNA in the identification of victims in fatal aviation accidents, with a particular
emphasis on Wonderboom Airport. The study explains the critical importance of DNA
analysis in forensic science, particularly in the difficult setting of aircraft mishaps. The
progression of forensic approaches, from primitive techniques to advanced DNA
profiling, demonstrates the field's extraordinary progress. Despite its obstacles and
limits, DNA analysis remains an essential technique in the identification of aircraft

accident fatalities, as discussed in this chapter.

Furthermore, the study emphasises the significance of timely and accurate DNA
sample collection and analysis, the value of inter-agency coordination, and the
ongoing developments in DNA analysis technology. It also elaborates on the important
ethical concerns and the necessity for DNA information to be handled with care. This
chapter derives essential insights from foreign practises via a comparative study,
implying that integrating global best practises and continual technology improvements
would improve the forensic capabilities at Wonderboom Airport. The researcher further
indicates the need for the adoption of these practises within the context of South Africa,
highlighting the importance of capacity building, resource allocation, and the

establishment of complete legal and ethical frameworks.
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Finally, this study of the literature provides a strong basis for understanding the
challenges of employing DNA analysis in aviation catastrophe situations, paving the
way for more research and practical implementation at Wonderboom Airport. This
review's findings will help guide future advances in forensic science, notably in
enhancing the effectiveness and efficiency of disaster victim identification systems in

aircraft accidents.
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CHAPTER 3
USE OF DNA IN IDENTIFYING FATAL AIRCRAFT ACCIDENT VICTIMS BY
SOUTH AFRICAN CIVIL AVIATION AUTHORITIES

3.1 INTRODUCTION

There are several difficulties in identifying the victims of deadly incidents, especially
large-scale catastrophes like aeroplane crashes. It is crucial to identify people
promptly and accurately for legal purposes as well as to provide comfort to the
grieving. Houck & Speaker (2024:103) define Deoxyribonucleic Acid (DNA) as a
polymer molecule comprised of smaller repeating units called monomers. The author
further explained that DNA could be found in all living cells except red blood cells and

nerve cells.

Views on this issue are not in agreement with the views of Fish, Miller and Braswell
(2021:141), who define DNA as an organic compound that is found in the
chromosomes of the nucleic acid. In addition, Fish et al. (2021:141) allude that the
personal blueprint that is found in DNA contains unique genetic information of each
individual, comprising 3 billion based pairs of chromosomes. Deoxyribonucleic Acid
(DNA), an inherent molecule that contains the genetic information specific to almost
every person, is essential to this (Dash et al., 2020:65). The benefits of using DNA
evidence were quickly acknowledged in scientific journals and became effective in
human identification, criminal and the exoneration of people who are wrongly accused
of committing crime (Fish et al., 2021:141).

In this chapter the researcher explores DNA's relevance and its historical development
in forensics, as well as the broad categories of identification, the use of DNA in
individualising victims, and an analytical comparison of different identification
procedures. Saks and Koehler (2018:28) argued that the evolution of forensic sciences
has demonstrated the effectiveness of DNA against the background of both
established and novel techniques. Therefore, it is crucial to comprehend the

significance of DNA, particularly in light of the Wonderboom airport tragedy.

3.2 THE MEANING OF A MASS DISASTER

3.2.1 Definition and Types of Mass Disaster

Pery (2020:04) defines mass disaster as a catastrophic event that results in a large
number of deaths, injuries, or significant damage to property and infrastructure,
overwhelming local resources and requiring external assistance. However, Alotaibi et

al. (2021:78) indicate that a mass catastrophe is defined as an incident that causes a
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large number of deaths and injuries, exceeding local resources, and necessitating

outside aid to handle the aftermath.

The Oxford dictionary (2021) defines disaster as “a sudden event, such as an accident
or natural catastrophe that causes great damage or loss of life”. From this definition,
disaster practitioners defined it further as a serious disruption of the functioning of a
community or a society causing widespread human, material or environmental losses
which exceed the ability of the affected community to cope using their own resources.
Types of disasters usually fall into two (2) broad categories, hamely natural and man-
made. As such, these catastrophes might be divided into many forms depending on
the reason and nature of the incident. Earthquakes, tsunamis, storms, and volcanic

eruptions are examples of natural mass catastrophes.

On the other hand, man-made catastrophes might be either purposeful (such as
terrorist attacks and bombings) or inadvertent (such as industrial accidents, building
collapses, and aviation events) (DeLeo, 2004:13). The scale and kind of natural
catastrophes may vary greatly. For example, whereas natural catastrophes such as
tsunamis might damage whole coasts, impacting thousands of people, aviation events.
However, less severe, could nevertheless result in major deaths and have a huge

effect on impacted towns (Komar, 2008:44).

3.2.2 The Importance of Victim Identification in Mass Disasters

The quick identification of victims in the aftermath of a major tragedy is critical for both
legal and humanitarian reasons. Legally, identifying dead persons is critical for
obtaining death certificates, resolving legal claims, and settling estates (Schuliar &
Knudsen, 2012:105). Without correct identification, there might be legal problems,
further complicating things for grieving families. Victim identification in mass disaster

is crucial for several reasons:

1. Closure for families and loved ones: Accurate identification allows families to
confirm the fate of their loved ones, facilitating emotional closure and the
grieving process;

2. Dignity and respect of the deceased: proper identification ensures that victims
are treated with dignity and respect;

3. Legal administrative: Official documentation, such as death certificate, and for

solving legal and financial matters; and
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4. Investigating and accountability: Accurate identification can aid in
investigations, helping to determine the cause of the disaster and identifying
responsible parties.

Furthermore, from a humanitarian point of view, quick and precise identification of
fatalities allows impacted families to grieve and perform appropriate religious or
cultural ceremonies (Saukko & Knight, 2018:11). The process of identification also
assists communities recover by offering closure and easing the return to routine.
However, the difficulties experienced throughout the procedure often highlight the
need of victim identification. According to Blau and Ubelaker (2019:21), degraded
remains are common in mass catastrophe situations owing to the nature of the

occurrence, environmental variables, or time passed after the disaster.

This may provide substantial challenges for standard identifying procedures, requiring
the use of sophisticated technigues such as DNA identification. In this context, DNA-
based identification has emerged as a critical tool, particularly in situations when
conventional identification approaches, such as dental records or fingerprints, have
proven useless or inconclusive (Prajapati, Sarode, Sarode, Shelke, Awan & Patil,
2018:111). The distinctive genetic blueprint provided by DNA has proven helpful in
assuring correct identification, even when remains are extensively fragmented or
damaged. This emphasises the critical importance of DNA-based techniques in the
setting of mass catastrophes, emphasising the necessity for ongoing improvements

and research in this field.

3.2.3 Crime

Samaha (2020:30) describe crime as an act or omission that constitutes an offense
and is punishable by law, encompassing a wide range of behaviour’s, from minor
infraction to serious felonies, while Siegel (2020:5) defines crime as any behaviour or
action that is prohibited by law and subject to punishment, including violent crimes like
assault and murder, as well as property crimes like theft and vandalism. According to
Lykhova, Hurina & Sysoieva (2021:32) crime in aviation refers to any unlawful activity
that occurs within the aviation industry or involves aircraft, posing a threat to aviation
safety and security.

3.2.3.1 Crime Scene / Incident Scene

According to Signh (2021) crime scene is the actual site or location in which the
incident took place, while Dutelle & Becker (2019:16) view crime scene as the site at
which the pertinent evidence and exhibits or artefacts of a crime are physically placed

for further investigation in order to connect the crime and the criminal who committed
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such a crime. Investigators at a crime scene are obliged to prepare a crime scene
report, which documents or records details of the crime scene, such as the location,
time, date, case reference, individuals involved, evidence collected and observations

made.

In this study, the crime scene is crucial in investigating a civil aviation accidents and
incidents. This study, however, focuses on the significance of DNA in identifying
victims of aircraft disaster, with a particular emphasis on the role of forensic analysis
in facilitating victim identification and support bereaved families. Aircraft accidents are
investigated by specialised agencies, such as: National Transport Safety Board
(NTSB) and Civil Aviation Authority (CAA). This agencies may work in conjunction with
law enforcement agencies to determine the cause of the accident and identify any

potential crimes or offenses.

3.2.3.2 Elements of crime

Crime is viewed as an act or omission that violates a public right or law and is
punishable by a fine or an imprisonment term (Orthmann & Hess, 2015:8). Meanwhile,
Sutton and Trueman (2009:4) refer to crime as those acts which are deemed inimical
to the maintenance of law and order in the country. Therefore, the application of the
photogrammetry technique in criminal investigation is a confirmation of the presence
of elements of crime (Corpus Delicti) to prove that a crime was committed (Woods,
2013:17; Fish, Miller, Braswell and Wallace, 2013:433). The most cogent means to
obtain such proof is by ensuring that all material elements of crime are present, which
guarantees successful prosecution and conviction (Joubert, 2013:5). The entire
investigation may collapse in the event that one or more elements of the crime has/

have not been proved.

In both common and statutory law, the State requires that all elements of a crime
should be present as proof that a crime is committed in order to prescribe the required

penalty measure (Joubert, 2013:5).

1 Legality

According to Duyunov & Zakomoldin (2020:50) legality ensures that the crime is
defined and punishable under the law. Both Zinn and Dintwe (2015:46) and Joubert
(2010:55), the aspect of legality entails that the committed crime should be regarded
as such during the time of its commitment. Importance of legality in aviation accidents
is to ensure accountability, to help parties responsible for aviation accident are held

accountable for their actions and also to provide a frame work for parties to seek
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compensation for damages resulting from aircraft accidents. Such as Cessna Citation
S/l aircraft crash that occurred on January 23, 2020, near George, resulting in the
death of Captain Thabiso Tolo, Officer Tebogo Lekalakala and Flight Inspector Gugu
Mnguni, raises several legal concerns. According to Accident Investigation Bereau
(AAIB) final report “report found a host of irregularities in the operation of the Cessna,
including it certificate of airworthiness being invalid at the time of the crash due to the
flight data recorder not having been updated annually”. For legal implications the
families of the victims may be entitled to compensation for damages, including medical
expenses, loss of income and suffering.
2 Act
This refers to the physical element of a crime, which involves a person committing a
voluntary act that results in criminal offense (Koursami, 2018). The act or conduct
relates to the perpetrator's behavioural aspects prior, during and/ or after the
commission of a crime (Joubert, 2010:47; Ward & Heerema, 2013:4 For instance, in
aviation this can include, human error, mechanical failure or maintenance related acts.
3 Unlawfulness
In the context of aviation, unlawfulness refers to conduct that violates laws, regulations
or standards governing aviation safety, security or operations (Civil Aviation Act, No.
34 of 1997). Aviation authorities may take enforcement action including fines,
penalties or revocation of licenses. The aspect of unlawfulness is considered
debatable (Joubert, 2013:55). For instance, to what extent is stealing a pen unlawful
and unjustified, compared to killing someone in self-defence (Joubert, 2013:55). The
fact that conduct is considered as a crime does, not necessary render it unlawful.
4. Culpability
According to Wells & Chadbourne (2017) culpability in aviation refers to the degree of
fault or blame attributed to an individual or Organisation for an accident. It involves
determining whether the actions or omissions of a party contributed to the accident.
ICAO (2018) state that the are two types of culpability in aviation include:

e Direct culpability: direct involvement in the accident, such as pilot error or

mechanical failure.
¢ Indirect culpability: contributing factors that indirectly led to the accident, such

as inadequate training or maintenance.

As a form of culpability, negligence also requires broader understanding and more
acknowledgement by the investigator in order to diminish any foreseeable shortcoming
of the case in court (Geoffrey, 2016:14).
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5. Negligence
Negligence refers to the failure of individuals or organisations to exercise reasonable
care, resulting in harm or damage to people or property (Wiegmann & Shappell,
2001:36). According to Vaughan (2018:22) negligence is a failure to exercise the
standard of care that a reasonably prudent person would have exercised in a similar
situation.
Wiegmann & Shappell (2001) mentioned four examples of negligence in aviation,
namely:
e Pilot error. mistakes in judgement, miscommunication or failure to follow
protocols, such as flying under the influence or ignoring safety protocols
e Mechanical failures: defective parts, design flaws or inadequate maintenance
leading to system failures like engine failure.
e Air traffic control negligence: errors in air traffic control, such as providing
incorrect altitude or heading instructions,
e Aircraft maintenance: failure to perform routine maintenance and inspections,

resulting in structural failures.

3.3 INTERNATIONAL IDENTIFICATION BEST PRACTICES

In this section, the researcher elaborates on the global standards and protocols in
victim identification and the role of Interpol and other international agencies as
indicated in the following sub-sections.

3.3.1 Global Standards and Protocols in Victim Identification

Mass catastrophes, particularly those having worldwide ramifications, such as deadly
aeroplane crashes, need an internationally coordinated and standardised strategy to
victim identification. International organisations, particularly Interpol, have created
frameworks and standards that are universally implemented by member nations to
guarantee uniform and reliable identification practises. Interpol's Disaster Victim
Identification (DVI) Guide suggests a multi-faceted identification technique that
includes dental, fingerprint, and DNA analysis to provide the maximum degree of

assurance in identification (Interpol, 2018).

To guarantee successful identification, this technique emphasises the critical need of
correlating several lines of evidence (Olariaga, 2021:394). Each of these strategies
has its own set of advantages and disadvantages. Even though dental records offer a
quick and accurate method of identification, they are dependent on the availability of
ante-mortem dental data for comparison (Hill, Duewer, Kline, Coble, & Buitler,

2018:24). The standards also emphasise the significance of good scene management,
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which comprises systematically searching for, recovering, and documenting human
remains and personal items. This first stage is critical since mistakes or omissions

might jeopardise later identification attempts (Pretty & Sweet, 2019:04).

The recommendations also urge that identification procedures be coordinated by
multidisciplinary teams comprised of forensic pathologists, anthropologists,
odontologists, and genetic biologists. This collaborative method maximises available
knowledge, allowing for the most thorough review of data (Adams & Byard, 2017:144).
Furthermore, due to its great specificity and ability to be extracted from a variety of
sources, such as bones, tissues, or personal possessions, the use of DNA in victim
identification has been increasingly institutionalised (Butler, 2022:451). In incidents
such as the 2004 Indian Ocean tsunami, DNA analysis was crucial in identifying a

large number of the fatalities (Schneider, Excoffier, & Langanke, 2017:102).

The procedures emphasise the need of constructing temporary DNA labs near the
accident scene to provide rapid sample analysis and casualty identification (Amorim
& Pereira, 2018:44). However, even though these protocols offer a thorough
foundation, there are still challenges. Disparities in technology infrastructure and
knowledge among nations, as emphasised by Mallett, Moretti, and Alotaibi et al.
(2021:78), might hamper universal adherence to these standards. As a result, it is
critical to encourage international cooperation, capacity-building efforts, and constant
protocol refinement based on increasing scientific advances and lessons gained from

earlier instances.

3.3.2 The Role of Interpol and other International Agencies

It is crucial to identify the casualties accurately and immediately after large-scale
disasters. These types of accidents often happen across national boundaries due to
the fact that aviation is a global industry, calling for a coordinated international
response. Interpol, like other well-known international organisations, is essential in
expediting this procedure, offering professional advice, and promoting international
cooperation. Disaster victim identification (DVI) has long been a focus of Interpol which
also established the guide in response to the requirement for a standardised
identification process (Interpol, 2018). This comprehensive manual emphasises the
integrated use of dental, fingerprint, and DNA data and covers best practises in scene
management, evidence retrieval, and multi-modal identification techniques (Jones,
2013:201-205).
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Consequently, Interpol's DVI teams—which are made up of seasoned professionals
from a variety of forensic fields—frequently support local police in difficult identification
tasks. These teams reduce the possibility of misidentification by ensuring that the
identification process complies with the highest standards and supporting the on-the-
ground knowledge, (Riley, & Tait, 2020: e49799). Furthermore, the quick transfer of
vital forensic evidence across nations is made possible via Interpol's centralised
databases, such as the DNA Gateway. These databases are very helpful in filling in
information gaps when victims are of various nationalities, which improves the
effectiveness and precision of the identification procedure (Prinz & Carracedo,
2017:77).

The International Civil Aircraft Organisation (ICAO) is also heavily involved in the
aftermath of aircraft accidents, in addition to Interpol. ICAO emphasises the
significance of post-crash victim identification, highlighting its moral and legal
imperatives, despite its primary focus on aviation safety requirements (ICAO, 2013).
The organisation works in tandem with Interpol and other global organisations to
guarantee a comprehensive reaction, merging its knowledge of aviation with Interpol's
expertise in forensics to expedite the identification procedure (Mann, 2014:09). In
addition, the International Commission on Missing Persons (ICMP) offers its

experience in situations involving large-scale catastrophes, such as plane crashes.

Since its founding during the Balkan Wars, the ICMP has grown to become a world
leader in high-throughput DNA identification and mass grave excavation (Breen et al.,
2019:102). Their technical expertise might be of assistance in situations where
identification is a challenge, such those that arise after high-impact aircraft accidents,
especially when it comes to extracting and analysing DNA from contaminated samples
(Lee and Budowle, 2014:50). It is important to recognise that integrating their protocols
with local systems has some inherent obstacles even though these multinational
organisations have made a significant contribution. International best practises and
local socio-cultural norms may interact in complex ways, sometimes resulting in

tensions, as Sijen (2018:100) points out.

Furthermore, it is impossible to overstate the logistical difficulties involved in quickly
deploying global resources after a tragedy. However, the combined efforts of these
organisations, supported by technological know-how and a spirit of cooperation, surely
raise the bar for catastrophe victim identification worldwide. Understanding the

contributions and difficulties posed by international agencies provides a thorough
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perspective in the context of this study, placing Wonderboom Airport's operations

within a larger global framework and illuminating possible areas for improvement.

3.4 FATAL AIRCRAFT INCIDENTS
The researcher elaborates on the definition and classification of fatal aircraft incidents

as well as the historical examples and statistics related to fatal aircraft incidents.

3.4.1 Definition and classifications

A deadly aviation event is an unplanned occurrence involving an aircraft that results
in the death of at least one person. The International Civil Aviation Organisation
(ICAO), the international agency mainly responsible for the global aviation industry,
further categorises aircraft mishaps depending on the severity and type of the event.
According to the ICAO (2018), there is a difference between 'accidents' and serious
occurrences. An 'accident' is defined as an event that causes death or severe injury
or major damage to the aircraft, while a ‘serious incident' is defined as an occurrence

that might have resulted in an accident but for contextual alterations (ICAO, 2018:20).

While the latter authors include fatal aviation occurrences by definition, it is important
to remember that not all accidents end in deaths. Furthermore, deadly aviation
occurrences might be classified according to a variety of characteristics. One way is
dependent on flight phase, such as take-off, ascent, en-route, approach, or landing
(Belobaba, Odoni, & Barnhart, 2019:201). Another technique includes categorising the
incident's cause - pilot mistake, technical failure, weather interference, and even

purposeful actions such as sabotage (Wensveen, 2023:113).

3.4.2 Historical examples and statistics related to fatal aircraft incidents

Throughout history, the aviation sector has experienced countless terrible accidents,
each of which has contributed to the evolution of aviation safety standards. The
Tenerife airport tragedy in 1977, the worst aircraft accident to date, is a tragic
illustration. Two (2) Boeing 747 passenger planes crashed on the runway, killing 583
people. Miscommunication between the aircraft crew and air traffic controllers was
highlighted as a crucial issue, prompting global revisions in aviation communication
standards (Gero, 2019).

Similarly, Malaysia Airlines Flight 370's inexplicable disappearance in 2014 revived

the debate about aeroplane monitoring technology. The catastrophe claimed the lives

of 239 people and is still unresolved, highlighting the essential relevance of real-time

aeroplane monitoring (Wan, 2015:28). In terms of aircraft safety, tremendous progress

has been accomplished statistically. According to the Aviation Safety Network (ASN,
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2020), the number of fatal airline accidents has decreased significantly over the
decades, despite the fact that air travel volume has expanded enormously. There were
3.65 fatal accidents per million flights in 1970, which fell to 0.18 in 2019 (ASN, 2020;
Bartsch, 2019:25).

Despite these hopeful developments, it is impossible to deny the devastating nature
of fatal aviation accidents when they occur. Such tragedies have ramifications beyond
the direct victims, impacting families, communities, and even the global psyche
(Claassens, 2020:22). As a result, maintaining tight safety measures and robust
investigative methods is critical. Understanding the historical and statistical aspects of
fatal aviation occurrences provides insight into the scale of the issue in the context of
this study. The ultimate goal should be to constantly enhance and develop aviation
safety standards, reducing the likelihood of similar events in the future, while DNA

identification procedures are useful in the aftermath of such catastrophes.

3.5 THE MEANING OF AN AIRCRAFT

3.5.1 Brief history and types of aircrafts

Since its origin, human flight has undergone dramatic changes. Orville and Wilbur
Wright are widely recognised with creating and manufacturing the world's first
successful aeroplane, which had its maiden flight in 1903 at Kitty Hawk, North Carolina
(Combs, 2023:145). Since that momentous flight, aircraft development has been both
quick and diversified. Historically, aircraft types were generally classified depending
on their lift mechanism. Balloons and airships, or dirigibles, for example, depend on
buoyant lift because they are loaded with gas that is lighter than air (Holmes,
2016:144).

The contemporary period, on the other hand, is dominated by fixed-wing aircrafts,
which produce lift by moving forward through the air with their wings, and rotary-wing
aircrafts or helicopters, which achieve lift by revolving blades (Wragg, 2010:180).
Fixed-wing aircrafts are further classified as monoplanes, biplanes, and triplanes
according to the number of primary wings, and as jet aircraft, turboprop aircraft, and
piston-engine aircraft according to power systems (Crouch, 2018). Furthermore, the
aircraft's mission defines its classification: commercial airliners, cargo planes, military

jets, gliders, private charter planes, and more (Jackson, 2010:110).

3.5.2 Key components and their relevance to disaster situations
The fuselage, wings, landing gear, empennage (tail section), and power plant—
typically, the engines are the main parts of an aircraft (Kundu, Price & Riordan,
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2010:17). In the context of catastrophic scenarios, each of these elements is uniquely

relevant.

3.5.2.1 Fuselage

Fuselage is the aircraft's major structural component which is essential to the
passengers' survival in the case of a crash. The goal of fuselage design and material
advancements is to increase crashworthiness, which may lessen the severity of

injuries sustained in an accident (Vincent, 2020:201).

3.5.2.2 Wings

The fuel-storing wings give out the lift required for flight. Wing damage might be
disastrous, particularly if it occurs while flying. Moreover, in crash situations, burst
gasoline tanks in the wings may result in post-impact flames, which would complicate
rescue efforts (Smith, 2006:08).

3.5.2.3 Empennage
This consists of stabilisers to provide steady flying. Accident investigations often point

to loss of control as a consequence of damage to the empennage (Raymer, 2022:144).

3.5.2.4 Landing Gear

Although the land gear is mostly used for take-off and landing, its faults or breakdowns
have led to a number of mishaps. Even though it is not always lethal, these
circumstances call for immediate action and might endanger both passengers and
crew (Pallett, 2017:120).

3.5.2.5 Powerplant

Among the most serious aviation emergencies are engine breakdowns or
malfunctions. Thus, the longevity and dependability of engine components are crucial,
and strict maintenance plans are designed to avert catastrophes (Hunecke, 2010:50).
An awareness of these essential elements is essential when it comes to the use of
DNA to identify victims of tragic aviation mishaps. The degree of damage to each
component after a tragedy gives forensic experts crucial information (Hill et al.,
2018:24). This assists in identifying the victim and determining the mode of death,
particularly in cases when remains are highly fragmented or mixed together (Komons,
2012:30).
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3.6 DIFFERENCE BETWEEN INCIDENTS AND ACCIDENTS

3.6.1 Definitions and classifications

It is imperative to distinguishing between "incidents" and "accidents” in aviation for
understanding, assessing, and implementing safety standards. While these phrases
are commonly used interchangeably in casual conversation, they have different
connotations within the aviation industry, and knowing this difference might have a
substantial influence on the tactics utilised in inquiry, prevention, and policy-making.
In aviation, an "accident" is defined as an occurrence associated with the operation of
an aircraft that occurs between the time any person boards the aircraft with the intent
of flight and the time all such persons disembark, resulting in death, serious injury, or
significant damage to the aircraft (ICAO, 2001).

This term spans a wide range of incidents, from catastrophic collisions that result in
many deaths to less serious occurrences such as hard landings that cause structural
damage. "Accidents" are further classed according to their severity and results. The
International Civil Aviation Organisation (ICAO) distinguishes between "fatal
accidents," which result in at least one death, and "non-fatal accidents" (ICAO, 2001).
Claassens (2020:102) emphasises the significance of these categories, stating that
the resulting data assists in the development of preventative measures suited to
particular types of accidents. An "incident" in aviation, on the other hand, is a broader
word that refers to any event, other than an accident, linked with the operation of an

aircraft that affects or might influence the safety of operations (ICAO, 2001).

Incidents might vary from small technological glitches to circumstances that, if not
handled quickly, might lead to accidents. Near misses on runways or in airspace, for
example, in which two aircraft approach dangerously close but escape colliding, are
classed as incidents (Wells & Rodrigues, 2024:90). Incidents may be classified
depending on their potential danger in the world of classifications. Jenkins and Vasigh
(2016:66) suggest that "serious incidents” - those in which an aircraft's safety might
have been jeopardised but did not result in an accident - need just as thorough an

inquiry as accidents owing to the potential for future danger.

Minor instances, on the other hand, may not need the same level of examination.
Klinect, Murray, and Merritt (2016:154) suggest a possible source of disagreement
between the words. They claim that because of their greater frequency, events,
particularly those rated "serious,” may frequently yield more significant insights into

systemic flaws than accidents. This viewpoint highlights the ongoing dispute over how
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aviation authorities and academics should divide resources between accident

investigation and incident prevention.

From a research viewpoint, it is critical to recognise this complex distinction. Accidents,
particularly fatal accidents, would be of primary importance when investigating fatal
aviation events, particularly in the context of DNA identification. Nonetheless, a
thorough knowledge of occurrences and their categories is essential, particularly when
considering the larger context of aviation safety.

3.6.2 The implications for victim identification and recovery

The distinction between aviation "incidents" and "accidents" is more than just a
semantic exercise; it has serious repercussions, particularly when considering victim
identification and recovery. Understanding the intensity of the issue — whether it's an
event or an accident —assists in mobilisation of necessary resources and the
deployment of forensic methods, such as DNA analysis, to identify fatalities in post-
disaster circumstances. By definition, an accident involves major injuries, deaths, or
substantial damage to the aircraft. The integrity of human remains may be degraded
to varied degrees in these catastrophic events, providing issues for forensic
identification (Haglund & Sorg, 2018:75).

According to Butler (2022:144), in catastrophic incidents, DNA is typically the primary
tool for identification since conventional procedures such as dental records,
fingerprints, or ocular recognition may be impossible owing to the state of the remains.
Given the harsh circumstances of the impact, several fatalities were identified primarily
via DNA analysis in the aftermath of the 9/11 terrorist attacks (Shaler, 2015:92).
Furthermore, the aftermath of an aircraft disaster might be large and widespread, with
wreckage and remains distributed over large regions. According to Gennard
(2016:20), rigorous search and recovery activities are required to assure the complete

gathering of all human remains.

These procedures are critical not just for identifying victims, but also for offering
closure to grieving families and completing legal and investigative obligations. In
contrast, incidents, although not on the same magnitude as accidents, may
nonetheless provide substantial issues. Major injuries sometimes occur and need
medical and forensic care while events may not always end in deaths (Dirkmaat and
colleagues 2018:104). The significance of quick victim identification and recovery

becomes critical when accidents worsen, such as when a near-collision results in an
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emergency landing with casualties. Regardless of these variations, a fast reaction is

required in both events and accidents.

Dirkmaat et al. (2018:66) emphasise the need of mobilising DVI teams as soon as
possible, especially in less severe catastrophes, since delays might affect evidence
integrity and impede identification operations. The robustness of DNA might be
ascribed to its growth as a cornerstone in victim identification. According to Alotaibi et
al. (2021:78), even when other means of identification fail, DNA may frequently be
retrieved from tissues, bones, or teeth, giving a unique identity. However, Prajapati et
al. (2018:30) provide a disclaimer, implying that, although DNA is a strong tool, its
value is dependent on the quality of the samples, the level of degradation, and the
availability of reference samples.

As a result of the difference between events and accidents, first responders,
investigators, and forensic professionals have a framework to work with. They may
deploy resources, both human and technical, in a way that maximises efficiency,
accuracy, and sensitivity to the needs of impacted families by understanding the

complexity of each circumstance.

3.7 THE MEANING OF AN CIVIL AVIATION

3.7.1 Definition and overview of civil aviation

All non-military flying, whether private or commercial, falls within the wide definition of
civil aviation. It includes everything from large-scale commercial aircraft operations to
private flights for business or pleasure (Dempsey & Gesell, 2017:22). The safe and
orderly development of international civil aeronautics is the responsibility of civil
aviation, according to the International Civil Aviation Organisation (ICAO), a
specialised body of the United Nations (ICAO, 2019). Civil aviation is concerned with
the transportation of people, mail, and freight as well as a range of specialised services
including emergency, industrial, and agricultural flights (Olariaga, 2021:394). In

contrast, military aviation is mainly intended for defence objectives.

After the Wright brothers' first powered flight in 1903, civil aviation quickly advanced,
as may be seen from a historical viewpoint. As dependable aircraft became available,
air travel's promise was swiftly recognised by enterprising groups, which resulted in
the creation of airline corporations and commercial flight routes. Civil aviation is now
an essential component of the modern global transportation ecosystem, having seen
tremendous changes over the years in terms of technology, regulation, and global
reach (Taneja, 2016:28).
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3.7.2 Civil Aviation’s significance in the global transportation framework

Civil aviation is a vital component of the global transportation system because of its
unmatched speed, effectiveness, and range. Button (2017:20) claims that the
development of commercial aircraft transformed global connectedness by reducing
obstacles to travel and commerce across time and place. This idea is supported by
O'Connell and Williams (2016:44), who contend that since air travel can instantly
connect people across continents, it is essential to globalisation processes due to its

capacity to span enormous geographic distances.

Furthermore, the civil aviation industry significantly boosts the world economy and
contributes to GDP. According to the Air Transport Action Group (ATAG), the aviation
sector generates about $2.7 trillion in economic production globally, or around 3.6%
of the world's GDP, and supports over 66 million employments worldwide (ATAG,
2018). Jobs in related industries like tourism, where aviation serves as a key enabler,
are also included in this, in addition to those directly related to the aviation industry.
Civil aviation has sociological ramifications in addition to economic ones. According to
Casanova and Dumas (2019:12), air travel facilitates international humanitarian
operations by facilitating cross-cultural understanding and dismantling obstacles and

preconceptions.

This is because planes are often used to provide relief during catastrophes.
Nonetheless, there are difficulties associated with civil aviation's prominence in the
global transportation network. There is tremendous pressure on the sector to lower
carbon emissions due to growing environmental concerns. Although civil aviation
accounts for a minor portion of world emissions overall, Schafer et al. (2019:103)
argue that given its projected increase, sustainable practises are imperative,

particularly in light of international agreements like the Paris Agreement.

3.8 ROLE OF DNA IN VICTIM IDENTIFICATION

DNA is essential in forensic investigations, facilitating victim identification through
genetic matching procedures. Also, the discussion will outline the importance of DNA
in victim identification as crucial factor for resolving crimes or identifying victims, such
as in deadly aviation accidents, providing closure to their families. The researcher will
discuss the profound implications of DNA on forensic science and the identification of

fatalities in aircraft accidents.
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3.8.1 History and evolution of DNA usage in forensic science

A significant role is played by DNA in forensic research, becoming a useful tool for
victim identification, particularly in mass tragedies such as aeroplane accidents since
its discovery in the 1950s. James Watson and Francis Crick discovered the structure
of DNA in 1953, paving initiating the future of understanding the heredity of molecular
foundation (Watson & Crick, 1953:14). However, its use in forensic science did not
begin until decades later. Sir Alec Jeffreys, who established the notion of DNA
fingerprinting in the 1980s, took a huge step forward (Jeffreys, Wilson, & Thein,
1985:40). Jeffreys observed that key areas of DNA differed greatly across people,

enabling a uniqgue DNA pattern or ‘fingerprint' to be generated for everyone.

This discovery has far-reaching ramifications for criminal investigations, since it
allowed for the precise matching of biological evidence obtained at crime scenes to
persons. Early forensic DNA analysis, especially restriction fragment length
polymorphism (RFLP), was time-consuming and required a large volume of DNA
(Dash, Shrivastava & Das, 2020:104). Kary Mullis' subsequent creation of the
polymerase chain reaction (PCR) technology in the mid-1980s which transformed and
enabled the amplification of minute amounts of DNA, allowing for the analysis of even
damaged materials, which is very important for victim identification in disasters (Mullis
& Faloona, 1987:13).

The use of DNA in forensic settings has grown beyond criminal investigations
throughout time. DNA analysis has become more important in identifying the remains
from both manmade and natural catastrophes. Following the September 11, 2001
attacks, DNA analysis proved critical in identifying hundreds of fatalities, since
conventional procedures such as dental records were sometimes inadequate due to
the state of the remains (Shaler, 2015:44). Alotaibi et al. (2021:78) argue that Short
Tandem Repeat (STR) markers, which are areas of repeated DNA, have become
useful in this setting because to their high diversity across people and resistance to
degradation. However, the use of DNA for victim identification is fraught with

difficulties.

According to Kayser and Schneider (2020:80), whereas STRs have significant
discriminating power, their performance might suffer when samples are significantly
degraded or when closely related people need distinction. This finding emphasises the
need of continual developments in DNA analysis procedures, especially in difficult
forensic settings such as aviation crashes. Recent breakthroughs, such as Next-

Generation Sequencing (NGS), hold promise in this regard. The NGS enables
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simultaneous sequencing of millions of DNA fragments, resulting in a more thorough
genetic profile and perhaps improved discriminating in difficult settings (Jobling,
Rasteiro, & Wetton, 2016:51). Such breakthroughs, together with DNA's long history

in forensic research, highlight its importance and possibility for victim identification.

3.8.2 Processes and techniques involved in DNA identification

Using DNA to identify victims is a painstaking procedure that depends on many
methods to assure the accuracy and reliability of findings. The DNA should first be
retrieved from a biological sample, such as blood, tissue, or bone. Different extraction
procedures might be utilised depending on the state of the material (Butler, 2022:45).
The extracted DNA is then measured to confirm that there is enough for analysis. The
next crucial step is DNA amplification, which is commonly accomplished via the

Polymerase Chain Reaction (PCR) technique.

PCR amplifies certain areas or markers inside DNA to detectable amounts (Mullis &
Faloona, 1987:58). Short Tandem Repeats (STRs) have become the principal markers
for forensic DNA profiling because they are highly polymorphic and manifest as distinct
patterns in people (Alotaibi et al., 2021:78). These STRs are analysed using gel or
capillary electrophoresis, which allows for the visualisation and comparison of DNA
profiles. Multiplexing, in which many STR regions are amplified concurrently, has
further expedited the procedure (Dash et al., 2020:65). Once collected, profiles may
be compared to reference samples or databases, such as the Combined DNA Index
System (CODIS) in the United States, to identify victims or offenders.

3.8.3 Challenges and advancements in DNA identification

While DNA identification methods have undeniably transformed forensic science, they
are not without obstacles. One of the most difficult issues, particularly in the context of
mass tragedies such as aeroplane accidents, is obtaining high-quality DNA samples.
Heat, water, and microbial contamination are among environmental variables that may
damage DNA and make extraction and analysis difficult (Sessa, Salerno & Pomara,
2021:11). Individual DNA profiles become even more difficult to discern in instances
where remains are broken or jumbled (Prajapati et al., 2018:18).

Furthermore, as Alotaibi et al. (2021:78) point out, when closely related people are
involved, distinguishing their DNA profiles becomes difficult owing to similar genetic
markers. Ethical issues are also emerging, particularly with relation to the storage and
use of genetic data, which has generated concerns about privacy and possible abuse
(Suter, 2016:75). Despite these difficulties, advances in DNA identification continue to
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emerge, improving the procedure. The introduction of Next-Generation Sequencing

(NGS) has transformed forensic genetics.

Next Generation Sequencing (NGS) enables the simultaneous sequencing of several
DNA regions, resulting in a more complete genetic profile and greater discriminative
ability, which is especially valuable when conventional STR analysis falls short
(Parson et al, 2016:38). Furthermore, Whole-Genome Amplification (WGA)
approaches are developing to amplify DNA from severely damaged or limited sources
(Della-Rocca, Trombetta, Barni, D’Atanasio, Hajiesmaeil, Berti, & Cruciani, 2022:66)
such advancements offer enormous potential, particularly in difficult settings such as

aviation tragedies, when sample integrity may be jeopardised.

3.9 INDIVIDUALISATION AND IDENTIFICATION IN FORENSICS
In this section, the researcher defines individualisation; elaborates on the importance
of individualising victims in mass disasters as well as challenges and advancements

in DNA used for identification.

3.9.1 Defining individualisation

Individualization is the act of proving that a certain sample or piece of evidence comes
from one and only one source, ruling out all other possible sources (Inman & Rudin,
2016:14). It is not only about differentiating between two samples, but it is also about
giving one a unique identity. Class features, on the other hand, simply classify data
into general categories which is not favoured by individualization. The fundamental
idea of forensic individualization is emphasised by Locard's exchange principle, which
postulates that all interactions leave a record (Locard, 1930:10-12). When used
properly, individualisation provides strong evidentiary value that unquestionably

connects a sample to a source.

3.9.2 The importance of individualising victims in mass disasters

The aftermath of large-scale tragedies, like plane crashes, often puts forensic
investigators in very difficult situations. Individualization is crucial due to the need to
bring comfort to bereaved families and the legal and humanitarian requirements for
precise identification (Dixon, 2018:235). Individualising victims guarantees that the
remains given to families do, in fact, belong to their loved ones. In this regard, families
have a feeling of closure and are able to deal with the grieving process, (Blau &
Ubelaker, 2019:11). Accurate individualization also helps with insurance claims, estate
settlements, and any post-disaster investigations or lawsuits that may emerge from a
legal standpoint (Sessa et al., 2021:11).
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Misidentification hazards are increased in large tragedies involving several victims.
Any error might worsen the anguish experienced by families and reduce public
confidence in investigative organisations. According to Prinz and Carracedo (2017),
the capacity of any catastrophe victim identification endeavour to definitively and
morally individualise victims is a key indicator of its effectiveness.

3.9.3 Methods other than DNA used for identification

The DNA profiling remains the main tool for forensic identification, particularly in
compromised situations like mass catastrophes, even though other techniques have
been used in forensics for a long time and are still important. For example, dental
records provide a reliable form of identification. Dental structures might be utilised to
successfully differentiate people since each one is different and dental treatment (such

as crowns, fillings, and braces) is customised for each patient (Pretty & Sweet, 2019).

Furthermore, teeth are especially useful in difficult situations since they often withstand
environmental conditions that might weaken other tissues. Fingerprint analysis is
another conventional technigue. Because fingerprints are permanent and one-of-a-
kind, they continue to be a vital component of forensic individualization even with the
development of sophisticated biometric technology (Leavy, 2022:18). Beyond this,
anthropological techniques may help with victim identification by offering insights on
age, sex, ancestry, and stature—especially in the case of skeletal remains (Ubelaker,
1999:43).

Facial reconstruction and the use of personal artefacts, such as jewellery or clothes,
might also serve additional roles in the identification process when other basic
approaches are inapplicable or inconclusive (Wilkinson, 2017:38). Even if DNA has
transformed forensic identification—particularly in cases where materials are
damaged or scarce—a comprehensive strategy for individualization sometimes calls
for the combination of many techniques. The identification procedure is kept as
thorough and precise as feasible due to the fact that each method contributes

differently.

3.10 CATEGORIES AND TECHNIQUES OF IDENTIFICATION
There are different categories of identification as indicated below, followed by the

comparative analysis of identification techniques.

3.10.1 Different categories of identification

Primary and secondary identification are the two (2) basic types of identification that

are often used in forensic situations. Primary identification techniques are those that,
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when used correctly, may establish an individual's identity on their own without the
need for supporting documentation. Dental record comparisons, fingerprint analysis,
and DNA profiling are a few examples of primary identification approaches. When
identifying a person, these techniques are often thought to provide a high degree of
assurance (Dash et al., 2020:65).

Conversely, secondary identification methods provide supporting data and often need
additional steps to establish identity beyond a reasonable doubt. They are often based
on class characteristics rather than personal characteristics. Physical descriptions,
personal items, tattoos, and scars are a few examples (Chengtao, 2018:62). When
main identities are compromised or unavailable, the use of secondary means becomes
increasingly important. It is important to remember that while primary procedures are
often more accurate and dependable, the comprehensive integration of primary and
secondary identification methods may greatly increase the forensic results' robustness
and trustworthiness (Tilstone, Savage, & Clark, 2019:32).

3.10.2 Comparative analysis of identification techniques

Butler (2022:28) explains that DNA profiling is a major technique for identification,
providing a genetic fingerprint that is distinct for each person, with the exception of
identical twins. Its capacity to provide conclusive findings from minute or deteriorated
samples has made it an indispensable tool in forensic investigations, particularly in
difficult situations such as mass tragedies. Even with all of its popularity, there are still
issues that need careful practises, such as DNA mixes or the possibility of

contamination.

3.10.2.1 Dental Records

Another trustworthy main technique of identification is provided by the use of dental
data in forensic investigations, according to Pretty & Sweet (2019:53). Because teeth
are so durable and strong, they often hold up well after other body parts have been
damaged. Fillings, dental crowns, and distinctive tooth patterns may all be used as
indicators. However, ante mortem dental data must be accessible for comparison in
order for dental records to be successful. This isn't always the case, particularly in

certain groups or geographic areas.

3.10.2.2 Handprints

Known to be among the first biometric identifying methods, fingerprints exhibit distinct
patterns and details. According to research by Leavy (2022:18), the effectiveness of
fingerprint identification is dependent on the examiner's experience and the quality of
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the print they receive, even if the likelihood of two people having identical fingerprints
is very low. There may be issues if prints are smeared or incomplete. Furthermore, the
preservation of useable fingerprints at a crime or catastrophe site may be impacted by

environmental variables.

Even while the aforementioned identification approaches are all valuable in and of
itself, combining them frequently yields the most thorough and precise findings. For
example, if remains are substantially fragmented in the event of a major tragedy such
as an aeroplane mishap, DNA analysis may be the most practical option. However, if
pertinent information is easily accessible, fingerprints and dental records may provide
quick identifications. When many procedures are used simultaneously, forensic results
become more accurate and reliable and identities are determined with the maximum
level of confidence (Saks & Koehler, 2005:205).

3.11 SUMMARY

The search for identification, especially in catastrophic situations that involve
aeroplane accidents, requires a stockpile of trustworthy techniques. Unquestionably
important, DNA continues to be at the forefront of this search. In this chapter, the
researcher examined its development in the forensic sciences, as well as its
capabilities and obstacles. However, the comparative analysis indicates that it is not
in a vacuum. Methods such as fingerprinting and dental record comparisons provide
complementary approaches. Similar to previous disasters of this nature, the
Wonderboom Airport tragedy underscores the need of such multipronged tactics,
emphasising the indispensable nature of DNA and its linked procedures in the field of

forensic identification.
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CHAPTER 4
RESEARCH DESIGN AND METHODOLOGY

4.1 INTRODUCTION

This chapter elaborately details the research design and methodology of the study,
which is a precursor framework to the actual primary data that was collected and
analysed as part of the study’s findings or empirical evidence (Baron & McNeal,
2019:53; Khatri, 2020:1437). The details of the chapter are grounded on the research
paradigm, design and approach; the population and sampling framework; the data
collection and analysis methods employed; as well as a description of the

trustworthiness issues and ethical protocols employed in this study.

4.2 RESEARCH PARADIGM

A research paradigm is a set of concepts, abstract ideas and philosophical
assumptions that influence or shape the perspectives or worldviews of scholars
regarding ideas about the nature or state of truth is (ontology), how knowledge is
gained (epistemology), and what knowledge is (epistemology) (Kuhn, 2018:45).
Literature discusses paradigms such as positivism, interpretivism, and critical theory,

each of which offers a new perspective on research (Ugwu, Eker & Onoh, 2021:116).

In the natural sciences, positivism holds that the reality of human experiences is
objective (i.e., inseparable from the persons affected by the experiences), and can be
observed and quantified with the utilisation of scientific or systematic evidence-based
principles (Lund, 2022:1183). According to Creswell and Creswell (2018:30),
guantitative approaches are used to evaluate hypotheses and create guidelines that

can be applied by researchers in various research fields.

The interpretivist research paradigm or perspective emphasises on qualitative
approaches for studying human behaviour and natural occurrences (Ugwu et al.,
2021:116). In addition, critical theory examines and questions social power and allows
for utilisation of both qualitative and quantitative research to influence society
(Habermas, 2020:25). Each of the above-cited paradigms gives valuable
perspectives, depending on the research challenge and study aims (Creswell &
Creswell, 2018:30).

The interpretivism research paradigm is best suited for this study's purpose of

evaluating the significance of DNA in identification of aviation accidents and incidents,

especially in a changing civil aviation context. This paradigm is viewed as relevant to

this study because it promotes qualitative methods for collecting rich data and
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comprehending complicated social processes, such as DNA analysis of aircraft
accidents and their effects on bereaved families. To this effect, (Smith, 2020:65)
attests that the experiences and views of SACAA agents and investigators serve as
reference point to demonstrate forensic identification's complexity. These experiences
enable the analysis of the empirical data in the South African Civil Aviation Authority's
cultural, governmental, and legal contexts; thus, rendering the results applicable to

real-world detective cases.

4.3 RESEARCH DESIGN

According to Muzari et al. (2022:15), research design is a specification of the most
adequate operations, plan or blueprint to perform in testing of the hypothesis. Lund
(2022:1184) states that a research design is used to structure the research, to show
how all the major parts of the research project, the samples or groups, treatments or
programmes and methods of assignments work together in addressing the central

research question.

The current study was guided by the empirical research design, which enabled the
effective responses or answers to the identified research problem and its attendant
research questions. Empirical studies are based on a qualitative study design, as
recommended by Beauchamp and Childress (2019:111). In essence, empirical
research design is reliant on either measurement, observation, and direct experience
in order to obtain evidence from which to draw conclusions (Dan, 2017:1). In this study,
measurement is not necessarily applicable due to its qualitative orientation. Hence,
the usage of “explore”, “evaluate”, and “determine” in the research aim and objectives

respectively (see Section 1.3 Section 1.4).

Dan (2017:1) adds further that the empirical research design entails a methodically
organised observation process for collecting data or obtaining information from the
real world, rather than from abstractions, to either answer research questions, testing
hypotheses, or developing theories. In this study, the fundamental focus of the data
collection is premised on the experience and knowledge of civil aviation investigators,
especially that not much is written on the topic of the significance of DNA to identify

fatal aircraft incident victims (Franji¢, 2019:1).

4.4 RESEARCH APPROACH

A research approach is the procedure selected by the researcher to collect, analyse,
and interpret the data (Budert-Waltz, 2023:1; Kumar 2020:30). This study opted for
the qualitative research design approach, based on the need to obtain first-hand
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information from the participants as a viable mechanism to explore, describe and
interpret or understanding the meaning and significance of phenomena or social
realities from the perspectives of those involved. The researcher preferred the
gualitative research approach due to its facilitation of answers to the research
guestions that provide a more comprehensive understanding of the investigated social
problem from an intensive study of a few people with credible knowledge and

experience of the particular social problem (Saunders, Lewis & Thornhill, 2019:45).

In this study, the researcher intended to evaluate the significance of DNA in
identification of the victims of aircraft accidents. As such, the qualitative research
approach was advantageous for facilitating the triangulation of data collection methods
through literature and document reviews, in addition to the participant-focused semi-
structured interviews. Lund (2022:1186) asserts that the qualitative approached is
disadvantaged by its subjective, value laden, biased, and inductive, rather than
deductive attributes. However, Nayab (2020:14) points out that the primary goal of
studies using qualitative approach is not explain, but to describe and understand
human behaviour through naturalisation observation rather than controlled

measurement.

Based on the above assertions, this study did not employ a quantitative approach
because of its limited capacity to capture the inherently complex aspects of
“evaluating” the participants’ knowledge and experiences. Experiences cannot be
measured, counted or quantified (Frechette, Bitzas, Aubry, Kilpatrick & Lavoie-
Tremblay, 2020:1-2).

4.5 RESEARCH SETTING

The research setting refers to the specific context or real-world or geographic
environment in which the study takes place and where data is collected (Creswell &
Creswell, 2018:46). The research setting for this study is the Wonderboom Airport,
located in the northern suburbs of Tshwane (also known as Pretoria). This civilian
airport provided a unique context for investigating the significance of DNA as a
technique to identify victims of fatal aircraft accidents.

The Wonderboom airport is primarily used for light aircraft and caters to a limited
number of domestic passenger flights. Its market passengers are mostly Pretoria
residents who prefer not to travel to the OR Tambo International Airport (Wonderboom
National Airport, 2024). Furthermore, Wonderboom Airport is known for its flight

training by offering ‘fly-always’ and cross-country trips to expose students to various
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aviation environments. Therefore, Wonderboom Airport was chosen for this study due
to its high frequency of light aircraft operations and associated accidents, thereby

providing a rich source of data and potential participants.

4.6 STUDY POPULATION AND SAMPLING

According to Bhattacherjee (2023:72) and Shukla (2020:2) assert that a study
population entails all people or items with the characteristics that the researcher
wishes to study on account of exhibiting similar characteristics, and for which the
results generated from the research can possibly be generalized. Bhandari (2020:3)
explains that the study population is a group of objects, individuals, events,

organizations, elements, species, or other classes of entities.

For this study, the population includes all the members from the different specialised
SACAA units, such as the Aviation investigators and Air Traffic Controllers. In South
Africa, a total of thirteen (13) investigators from the South African Civil Aviation
Authority (SACAA) are tasked with the investigation and tracing of fatal aviation
incidents. Additionally, there are seven (7) Air Traffic Controllers dedicated to
maintaining the safe and efficient operation of aircraft both on the ground and within
the airspace at Wonderboom Airport. However, it became an enormous task to engage
such a wide stakeholder contingency due to the participants limited time and research
financial resources, as well as shortage of Aviation investigators and resources.
Consequently, the study focused on a specific target group as discussed below in
paragraph 4.6.1.

4.6.1 Target Population

Willie (2023:1-2) explains that the target population refers to a specific subset or
segment within the larger population that is the primary focus of a study, intervention,
or marketing strategy. The target population also represents a narrower group of
individuals who possess specific characteristics or meet certain criteria defined by the
researcher and also serves as the basis for generalising the study findings on account
of the similarity or homogeneity of traits between the larger group (population) and the

sampled target group (Saunders et al., 2019:53).

Leedy and Ormrod (2018:31) explain that in qualitative research, the researcher
selects a few participants who are ably and competently suited to shed the best light
on the phenomenon being studies. Initially, the study’s targeted smaller group were
the thirteen (2) SACAA investigators responsible for tracing and investigating fatal
aircraft accidents and one (1) Air Traffic Controllers responsible for ensuring the safe

and efficient movement of aircraft on the ground and in the airspace around airports.
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at Wonderboom airport airspace. However, the research was ultimately limited to a
target group comprising four (4) participants from the South African Civil Aviation
Authority (SACAA) due to factors beyond the control of the researcher. Among these
four individuals was the one (1) participant that is an Airport Manager of Wonderboom,
who possesses expertise in aviation and oversees operational management, safety,
and security. Additionally, one (1) participant was an Air Traffic Controller was
included, whose role is to ensure the safe and efficient operation of aircraft both on
the ground and within the airspace of Wonderboom Airport. The remaining two (2)
participants were SACAA investigators tasked with conducting fatal aircraft
investigations in South Africa. A significant number of the intended participants,
specifically aviation investigators, were unavailable due to commitments related to

international training.

4.6.2 Sampling

Sampling is the methodical process of determining eligible and illegible participants
for a particular research study (Yin, 2018:112). According to Leavy (2022:10),
sampling is a research procedure designed to analyse the entire population with
reference to a selected or chosen representative sub-unit or sample that maximally
fulfils the most critical aspects of the research. A smaller representative sample would

yield a better estimate of the population than a much larger sample.

According to Swart, Kramer, Ratale and Seedat (2019:26), there are two types of
sampling, namely: probability sampling and non-probability sampling. Probability
sampling occurs when there is a degree of certainty or predetermined equal
opportunity for any prospective participants’ selection for involvement in the study.
Clarke and Braun (2018:17) enlighten that this type of sampling could be characterised
by bias since the participants’ involvement is known in advance. On the other hand,
non-probability sampling is a technique in which the chances for participant
involvement are uncertain, and cannot be known in advance (Saunders et al.,
2019:60). Due to the lack of random selection of population elements, it is advisable
to utilise non-probability sampling when conducting research because no action in the
form of random selection needs to be applied when choosing a researched sample.
The latter is influenced by the fact that in non-probability sampling, the researcher
does not directly know the population size or the members of the population (Saunders
et al., 2019:60).
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4.6.2.1 Sampling Type

In this research, the non-probability purposive or judgemental sampling was
designated method of choosing the prospective or targeted group of participants from
the larger study population. According to Walliman (2018:43), purposive or
judgemental sampling is premised on the researcher’s own judgement, knowledge and
experience as the fundamental framework for determining the criteria according to

which participants are to be selected.

Frechette et al. (2020:2) augments that the non-probability purposive sampling method
of selection ensures that the selected participants meet the criteria of people who lived
and experienced under the circumstances and conditions of the phenomenon that is
under investigation. In qualitative research, there are no ‘hard and fast’ rules for the
selection of the most suitable sample size due to the salience of data saturation. The
saturation of data refers to the point when further data collected becomes superfluous
because no new insights, themes or patterns emerge from the data (Leedy & Ormond,
2018:69). In essence, data saturation occurs when data has been sufficiently explored
and provides insignificant additional value to either the research question/s or research

objective/s.

In this study, the researcher initially planned to involve two different groups, namely,
SACCA investigators and Air Traffic Controllers based at Wonderboom Airport, which
would have given optimal effect to the purposive or judgemental sampling method.
The researcher ultimately engaged with a total of four participants who were readily
accessible and convenient for the study, specifically the Manager of Wonderboom
Airport, Aircraft Traffic Controllers, and two aviation investigators from the South
African Civil Aviation Authority (SACAA). This decision was necessitated by the fact
that a significant portion of the SACAA personnel was attending international training

commitments at the time the research was conducted.

All four participants engaged in this study successfully met the essential criteria
pertaining to the investigation of fatal aircraft accidents, as elaborated in section 4.6.1
regarding the specific roles of each participant. This alignment underscores the
participants' qualifications and their relevance to the research objectives. However,
the researcher encountered significant challenges in obtaining permission to interview
Aviation investigators at the South African Civil Aviation Authority (SACAA) offices,
which necessitated an alternative approach. Consequently, the researcher sought the

collaboration of the manager of Wonderboom Airport to facilitate the acquisition of a
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comprehensive list of SACAA investigators who had direct experience in the
investigation of fatal aircraft accidents. This decision aimed to enhance the
representativeness of the sample by ensuring that the selected aviation investigators

possessed the requisite expertise and experience pertinent to the study.

Before proceeding with the interviews, the researcher acquired a formal permission
letter from the South African Civil Aviation Authority (SACAA), as documented in the
Annexure B2. This authorisation was crucial as it not only legitimised the research
endeavour but also underscored the commitment of SACAA to contribute to academic
inquiries in the field of aviation safety. Ultimately, the researcher was afforded the
opportunity to conduct interviews with two aviation investigators who were available
for participation. Unfortunately, other potential candidates were unable to engage in
the research due to prior commitments associated with international training programs,
thereby limiting the number of interviewees. Nonetheless, the selection of the interview
participants was conducted with careful consideration to ensure that the insights
gathered would remain informative and influential for the objectives of the
investigation.

4.7 DATA COLLECTION METHODS

Data collection is the systematic process of acquiring relevant information from both
reliable secondary and primary sources (Vithal & Jansen, 2019:22). The basic idea of
collecting data in any research study is premised on gathering information that
pertinently addresses the questions being asked in the study. Creswell and Poth
(2017:1989) add that the data collection instruments enable the researcher to
establish the broad contours of what he or she needs is investigating and thereafter
design research instruments in advance to implement what needs to be known. Kumar
(2020:164) points out that the selection of a particular research method to collect data
depends on the following aspects: the types of information collected, the purpose of
data collection, the resources available, the skills and techniques of a particular
method to collect data, as well as the socioeconomic-demographic characteristics of

the research study.

Given the above, the data collection process in this study was facilitated by consulting
and reviewing literature and documentary sources, utilisation of semi-structured
interviews, and reliance of the researcher’s personal experience. In addition to semi-

structured interviews, the study analysed published and online SACAA papers and
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records, and online case files, procedural recommendations, and technical studies on

tragic aircraft DNA identification.

4.7.1 Literature Sources

Literature refers to all the available research on a specific subject or research topic
(Mohajan, 2020:50). Accordingly, literature review is then viewed as a referral of
recorded and already published academic work produced by different experts,
researchers and practitioners in the various categories of disciplinary knowledge
fields. Furthermore, (Badenhorst, 2018:126) acknowledges that the review of literature

in qualitative research serves the following purposes:

e Enables the researcher to identify gaps in previous research and that the proposed
study has filled a demonstrated need;

e Demonstrates the underlying assumptions behind the general research questions;
e Demonstrates that the researcher is thoroughly knowledgeable about related
research and the intellectual traditions that surround and support the study; and
e Refines and redefines the research questions by implanting those questions in

larger empirical traditions.

During the literature review process, secondary data was collected from hard copies
and digital or online academic books, peer reviewed journal articles, published and
unpublished dissertations and theses; as well as original research papers presented
at reputable academic conferences on the subject of investigation of aircraft accidents.
The information presented in Chapter 2 and Chapter 3 in this study represents the

culmination of the entire literature review process.

4.7.2 Documentary Sources

Documentary sources are the existing written or printed materials, records or
documents that provide relevant information for research purposes (Walliman,
2018:106). Such materials include legislation, policies and procedures, as well as the
aviation incidents register, plans, and guidelines. These materials are often used to
provide evidence and support arguments such as historical records, government’s
reports and aviation accidents and incidents statistics (Flick, 2018:28). The
investigation of aviation accidents and incidents is governed by a framework of laws
and regulations, including international conventions, national legislation and regulatory
standards. Similarly, South African Police Service investigators are guided by a range
of policies and procedures when investigating aviation accidents. For the specific
purpose of the current study, the consulted documentary sources include the following:
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e The South African Police Service Act (No. 68 of 1995), which is the mandatory
source for the police’s mandate to conduct criminal investigations;

e Civil Aviation Act (No. 13 of 2009) in South Africa, which governs all aspects of
aviation within the Republic of South Africa;

e Air Services Licensing Act (No.115 of 1990); which governs the licensing and
control air services and domestic aircraft, ensuring safe and regulated operations;
and

e Civil Aviation Amendment Act (No. 22 of 2021), which govern aircraft accident and
incident investigation. This Act also establishes the framework for independence of

such investigations and the role of the Aviation Safety Investigation Board (ASIB).

4.7.2.2 SACAA Policies in Aviation Investigating

Aircraft accidents investigators are guided by a combination of international standards,
national regulations and internal policies within aviation authorities. As an affiliated
member of the International Civil Aviation organisation (ICAO) the South African Civil

Aviation Authority (SACAA) adheres to the following policy frameworks:

e ICAO Annex 13: sets international standards and recommended practice for aircraft
accidents and incident investigation;

e ICAO Manual on Regional Accident and Incident Investigation Organisation (Doc
9946): provides guidance on establishing and managing regional accident
investigation organisation;

e ICAO Training Guidelines for Aircraft Accident Investigation (Circ 298): outlines
training requirements for investigators, including initial and on-the-job training and

basic advanced investigation courses.

4.7.3 Semi-Structured Interview (SSI)

Anderson (2019:41) explains that interviews are a data gathering method in the form
of a conversation or discourse between the researcher as interviewer and the
participant as the interviewee. During the interview, the researcher poses focused
guestions to the interviewee concerning specific aspects of the study, such as the

research problem and objectives of the study (Anderson, 2019:41).

The semi-structured version of interview was employed in this study. The semi-
structured interview is a qualitative method of inquiry that combines a pre-determined
set of open questions with the opportunity for the interviewer to further explore themes

or responses (Magaldi & Berler, 2020:2). Semi-structured interviews are also helpful
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in guide the researcher to explore the topic fully in a less formal environment, which
allows for the spontaneous elicitation of responses from the interviewees (Magaldi &

Berler, 2020:2). This is conducive to data saturation.

In this study, face-to-face semi-structured interviews were used because this interview
method provided the researcher with the opportunity to engage participants thought,
perceptions, feelings and experience in a less restrictive manner than in the use of

guestionnaires for instance (Yin, 2018:133).

The researcher applied semi-structured by means of an interview guide, consisting of
open-ended questions to collect data required from SACAA investigators and Air
Traffic Controllers. The goal of conducting semi-structured interview is for the
participant to provide information to enable the researcher to understand the
participants views, experiences and perspective (Zahle 2017:146). The interview
guestions sought detailed responses on participants’ DNA technology forensic
identification experiences, challenges, and viewpoints. By recording semi-structured
interviews with the permission of the interviewees, data can be saved or obtained from
video tape, recorded tapes and from field notes (Brink, van der Walt & van Rensburg,
2018:145).

Prior to the semi-structured interview process, the researcher formally sought, and
obtained permission to conduct the study from the Wonderboom Civil Aviation
Authority. An informed consent form and participant information sheet were also
provided together with the letter of request to conduct the study. The interview
schedule, comprising a set of questions, is included as Annexure D. This aligns with
the ethical obligation of obtaining informed consent, which is elaborated upon in

paragraph 4.10 of this chapter.

Prior arrangements and appointments were made with the Wonderboom Airport
Manager for the semi-structured interviewees to be conducted at most convenient
times without disrupting the participants. Before each interview session on the
appointed day, the researcher introduced herself and fully disclosed the purpose of
the interviews and the nature of the expected participation; that is, oral response to
the questions. The participants were also informed that they had the right to ask
guestions during the semi-structured interviews. Each session of the interviews was
of a duration of between 45 minutes and 60 minutes. At the conclusion of the interview
process, the researcher informed all the participants they will be provided with copies
of the preliminary findings for their further input, if any.
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4.7.4 Personal Experience

Personal experience is a relevant factor in research, to the extent that it serves as an
enabler and determinant of the researcher’s capacity to undertake the study vigorously
and providing a meaningful contribution to knowledge development (Ugwu et al.,
2021:118; Vithal & Jansen, 2019:24). For the study’s purpose in this regard, both the
educational background and professional experience of the researcher served as a

reference framework that enabled her to undertake the study.

The researcher holds a Diploma in Policing and a BTech in Forensic Investigation
degree, both of which have equipped her with knowledge of forensic principles,
investigation techniques and analytical methods. The researcher has developed
strong analytical, problem-solving and communication skills in her various roles and
designations at Masithuthuke Assessment Agency, Eskom, Statistics South Africa and
UNISA. At Statistics South Africa (STATSSA), the researcher has coordinated data
collection and analysis projects, which deepened her statistical analysis. As a maker
at UNISA, the researcher assessed student performance and provided feedback,
which further developed her analytical and critical thinking skills.

4.8 DATA ANALYSIS

Data analysis refers to the systematic processing, categorising, and conversion of the
data that was collected into meaningful statements that are relevant to the research
problem and research questions (Vithal & Jansen, 2019:26). According to Adu and
Okeke (2022:152), analysing data in qualitative research involves preparation and
coding of data in order to reduce it into themes and representation as either figures,
tables, graphs or discussion. The diagram below is an analysis spiral method as

illustrated by Leedy and Omrod (2018:155) for analysing and interpreting data.
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Figure 4.1: Data analysis in Qualitative Research

Synthesis
» Offering hypothesis or propositions
» Constructing tables, diagrams, hierarchies

Classification
e Grouping the data into categories or themes
» Finding meanings in the data

Perusal
* Getting an overall “sense” of the data
= Jotting down preliminary interpretations

Organization
* Filing
* Creating a computer database

* Breaking large units into smaller ones

Source: Leedy & Omrod (2018:155)

In this study, data was conducted according to the analysis spiral as formulated by
Leedy and Omrod (2018:155) that includes the following steps:

Organisation: All raw qualitative information was captured and divided into smaller
units. All segmented sentences were then grouped into meaningful units of categories
that reflected the participants’ various interpretations

Perusal: The entire data were perused several times to obtain an overall and reflect
on the possible collective outcome of the information at the researcher’s disposal.
Classification: The researcher identified themes, sub-categories, and classified
(Coded) them according to their individual or group themes, at the same time finding
and interpreting meaning in the data.

Interpretation: The literature from various sources was analysed in the context of

themes accruing from the entire data analysis process.

The Atlas-ti was used to analyse data where five main themes were identified with
sub-themes. The researcher categorised and coded the collected data according to

the themes and the use of AtlasTi as a technique to analyse data. AtlasTi is a software
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used to synthases data and groups it according to the categories relevant to the

themes.

4.9 TRUSTWORTHINESS OF THE STUDY

Trustworthiness refers to the extent of the study findings’ believability among the
research community on account of its scientific integrity, rigour and standards
throughout the research process and development of the findings (Cho, 2018:38).
Fetterman (2019:109) states that being trustworthy is important in qualitative research
because it shows that the study is real and gives users and other scholar’s faith in the
results. In qualitative research, trustworthiness is determined by the findings’ extent of
credibility, transferability, confirmability, dependability, and authenticity (Lincoln &
Guba, 2018:109).

4.9.1 Credibility

Credibility refers to the extent of effectiveness, applicability, and appropriateness of
the data collection instrument (Mohajan, 2020:50). Research and its findings are
considered credible if the descriptions of human experience are immediately
recognised by individuals who share the same experience (Coker, 2022:147). The
researcher ensured credibility in the research findings by means of prolonged
engagement with the participants by spending more time with them informally outside
of the formal semi-structured interview sessions. This enabled more time to express

views which could have been constrained during the interviews.

As such, the researcher was able to understand ‘the world of the participants’ and their
psyche (Terry et al., 2018:18) in relation to the investigated phenomenon of DNA
application in the investigation of aviation accidents. The latter approach also ensured
that credibility was achieved through persistent observation during the prolonged
interactions with the participants even after the interviews were formally completed.
4.9.2 Transferability

According to Lincoln and Guba (2018:111), transferability involves the degree to which
the results of the study can be generalised or applicable to other settings that
experience the same problem. Although the aim is not to generalise the results in this
research, uniform application of standard operations is still important. The researcher
ensured that this research is transferable through an audit trail. This entailed a detailed
description and outline of the processes followed and decisions taken during the
research, the challenges encountered as well as the profile of the research participants
(Lincoln & Guba, 2018:111).
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4.9.3 Confirmability

Confirmability refers to objectivity and control of bias in research through the
verifiability or confirmation of study outcomes by independent observers (Guba &
Lincoln, 2018:26). Confirmability is attained when the researcher demonstrates that
the data obtained represent the participants’ responses and not the researcher’s
viewpoints. In qualitative research bias is ever possible, especially when the
researcher’s own personal interpretations and feelings are unchecked. The researcher
made sure to keep a detail record of literature consulted to show that the findings were

rigorous and not based on her own imagination.

Confirmability was further enhanced by the consistency of the interview questions
across all participants. The researcher also consulted with an aviation expert who is
not connected to the study for his views concerning the findings, conclusions and

recommendations (Swart et al., 2019:26).

4.9.4 Dependability

Dependability is linked to the logic of the research instrument and its capacity to
produce the same results on different occasions (Swart et al., 2019:26). A study is
viewed as dependable if its findings would be similar, should it be repeated with other
participants in a different context (Swart et al., 2019:26). The researcher has ensured
that the process of this research is logical by gathering information according to the
guidance provided by the researcher's supervisor and the interview guide. The
researcher conducted the same test on the same group of people at two different

points in time.

Dependability is also a measure of ensuring that the qualitative study results are
believed by the participants in the research (Coker, 2022:145). In that regard, the
participants were not denied the right to ask questions during the interviews. In
addition, a detailed reference list of all in-text sources was compiled and all sources
were properly cited. Furthermore, a distinct description of the research design,
information collection and information analysis strategies were provided, which

includes the sampling strategies followed.

4.9.5 Authenticity

Authenticity refers to the reassurance that the core constructs of research are genuine
(Patten & Galvan, 2019:49). Research data is likely to be interpreted differently, with
various explanations and conclusions possible from the same set of data (Patten &
Galvan, 2019:49). The researcher has acknowledged the possible biases (Section
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4.10.7) and limitations of the study (Section 6.6) that may have influenced the study.
The researcher engaged in peer debriefing by discussing the study and its findings

with colleagues and the supervisor to ensure the study’s accuracy and authenticity.

4.10 ETHICAL CONSIDERATIONS

Babbie (2021:32) states that ethics is focused on the principles of good or bad, right
or wrong, moral or immoral, acceptable or unacceptable, and professional or
unprofessional conduct regarding the treatment of participants by the researcher.
Mohajan (2020:52) acknowledges that whenever human beings are the focus of
investigation, the researcher must look closely at the ethical implications of what
he/she proposes to do. In addition, ethical considerations entail the researcher’s

compliance with institutional rules and regulations (UNISA, 2016).

4.10.1 Adherence to Institutional Requirements

In this research, the researcher adhered to the general research ethics guidelines as
stipulated in the UNISA Policy on Research Ethics (2016). The University of South
Africa and the South African Civil Aviation Authority are the main institutions or
organisations most directly linked to this study. As such, the empirical data collection
process only commenced after granting of ethical clearance by the University’'s
College of Law (CLAW) Ethics Review Committee, as indicated in Annexure A.
Thereatfter, the researcher formally requested permission from the SACAA to conduct
research at its Wonderboom Airport premises with the sampled participants who are
also employees at the same facility. Annexure B1 and B2 in this study attests to the
requested permission granted by SACCA.

4.10.2 Informed Consent and Voluntary Participation

Informed consent is one of the most important ethical requirements for a study that
involves people as research subjects. Informed consent and voluntary participation
imply that the participants are involved in the study according to their freewill as
autonomous adults, after being fully informed about all crucial aspects of the study by
the researcher (Guba & Lincoln, 2018:31). Additionally, Grove and Gray (2021:41)
mentions that researchers should ascertain that the consent of participants is voluntary

and informed, without any implied deprivation or penalty for refusal to participate.

All the participants in this study gave their clear consent before any data was collected.
The researcher explained the study's aims, as well as the use of the findings (Creswell
& Poth, 2018:144). The research participants were assured they may withdraw from
the interviews at any time without penalty. The consent process included a permission
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form (Annexure C) with all the study details. This form listed the researcher, the
university conducting the study, and how to contact it with queries or concerns
(Saunders et al., 2019:248). Participants were afforded time to read, ask questions,
and decide whether to sign the form. The study ensured participants understood the
investigation and its implications by obtaining informed permission.

The researcher’s compliance also ensured that participants preserved their autonomy
and rights to self-determination (Resnik, 2020:37). The researcher explained the
interviews' purpose, how they would be kept secret, and how the study would alter
investigative strategies. This careful agreement process helped to build trust with the
participants and made them feel safe and comfortable in expressing their thoughts
and experiences (Beauchamp & Childress, 2019:108).

4.10.3 Privacy, Confidentiality and Anonymity

Privacy, confidentiality and anonymity entail upholding the participants’ rights as
private citizens (Klopper, 2018:179). Throughout the entire research process, the
researcher has ensured that the names of people appearing on the investigation case
files were not included in the research. The research findings were grounded in the
methods employed during the perpetration of fatal aircraft incidents and not on specific
persons or investigators. The researcher took all required precautions not to disclose
the identity of the participants and taking into consideration the privacy and the findings
of the research has reported accurately and truthfully. The researcher did not access

confidential files due to SACAA'’s strict confidentiality protocols.

4.10.4 Protection from Harm to Participants (Beneficence)

The researcher ensured that all interviews and the participants focus solely on the
investigative aspects of their work, rather than asking evocative questions concerning
how they feel about their work (Kumar, 2020:172). According to the principle of
beneficence, researchers must do everything they can to keep people safe from any
kind of hurt, whether it is physical, mental, or emotional. In this study, the researcher
was especially aware of the possibility of psychological discomfort because of the
sensitive topics that were discussed, such as the gruesome identification of victims in

fatal aeroplane crashes.

During the interviews, the researcher ensured that everyone was comfortable to share
their experiences (Klopper, 2018:179). In that regard, the interviewees could refrain
from answering questions that made them uneasy. The researcher carefully watched
how the participant reacted and was ready to end the particular question if the
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participant showed any signs of being uncomfortable (Resnik, 2020:39). In addition,
the interviewees were provided with the contact details of a therapy service in case
they were adversely affected by the interview proceedings. These steps ensured that
the health and safety of the interviewees were prioritised and kept risks to a minimum
(Beauchamp & Childress, 2019:112; Willis, 2019:72).

4.10.5 Honesty with Professional Colleagues

The researcher must under no circumstances fabricate data to support a particular
conclusion (Patten & Galvan, 2019:53). The researcher acknowledged all sources she
used during the research, which ensured that the ethical and scientific soundness of
research is not compromised (UNISA, 2016). Honesty with professional colleagues is
also the means to ensure the prevalence of an ethical and scientific intellectual culture
for all research activities to be conducted in a manner that reflects scholarly excellence
and integrity, as well as social responsibility. This meant giving correct results, citing
all sources, and not concocting, falsifying, altering or exaggerating data to suit the

researcher’s preferences (Klopper, 2018:181).

4.10.5.1 Avoidance of Deception

Bouchrika (2024:38) ascertains that deception occurs when researchers intentionally
mislead or withhold information from the participants about the purpose, procedure, or
risks of the research. To avoid deception, the researcher ensured that all participants
were fully informed and provided their informed consent before participating in the

research. According to Tai (2020:219), deception exists in the following forms:

e Lies: to invent information, or give information that is false or very different from the
truth;

e Equivocations: to make an ambiguous or contradictory statement;

e Concealment: to hide or omit important or relevant information in order to mislead
the participants or public;

e Exaggerations: to overstake or extend the truth about a situation; and

e Understatement: to minimise or scale down facts or the truth.

The researcher avoided using deception and misleading information in any way and
was transparent about the research methods and procedures. By avoiding deception,
the researcher maintained the trust and integrity of the research and ensured that
participants were treated with respect and dignity. Moreover, the researcher strictly

adhered to the research ethics guidelines of the University of South Africa for the
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purpose of enhancing scholarly excellence and integrity, as well as social
responsibility (UNISA, 2016).

4.10.7 Bracketing

Bracketing is a research technique used to set aside one’s own biases, assumptions,
and preconceptions in order to gain a more objective understanding of the research
phenomenon (Creswell & Poth, 2018:109). This involves actively recognising and
suspending one’s own beliefs and values, in order to approach the research with an
open and non-judgmental mind-set (Baxter & Jack, 2018:32). Therefore, the process
of bracketing in a research study is also about researchers’ reflexivity, self-monitoring,
or self-examination to identify areas of potential bias and minimising their influence
(Spirko, 2019). In this study bracketing was applied by means of the four strategies

outlined in the following sections.

4.10.7.1 Strategy for Mental Preparation

Through this strategy, the researcher aimed to assess her mental preparedness and
readiness to conduct this study. Given the sensitive and potentially distressing nature
of the topic, the researcher prepared herself mentally to deal with the emotional
demands of the research. The researcher imagined the experiences of all the
participants in advance in order to learn, rather than impose her views on them. The
researcher also equipped herself to adopt an attitude of neutrality about the issue
under investigation, but maintained her interest about the research question before

proceeding to the actual interviews.

4.10.7.2 Strategy for Deciding the Scope of the Literature Review

The strategy to decide the scope of the literature review enabled the researcher to
manage the problem of pre-conception while meeting the gatekeeper’s criteria (Grove
& Gray, 2021:41). The researcher employed the bracketing strategy to set aside her
biases and conducted groundwork through the literature review in order to gain a
better understanding of the research questions. The researcher continued conducting
literature review until she understood the topic enough that he could justify the
research proposal while maintaining her curiosity in the aviation investigation.
Thereafter, through this process the researcher identified key themes, concepts, and
gaps in the existing literature and use these to inform her decision about the scope of

the literature review.
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4.10.7.3 Strategy for Planning Data Collection

The third strategy helped the researcher to prepare for data collection using semi-
structured interviews. The main aim was to gain a deeper understanding of the
significance of DNA to identify victims of fatal aircraft accident. The research questions
were designed or structured in a manner that could enhance the participants’
spontaneous responses (Willis, 2019:77). The researcher also used a cell phone to

record interviews and transcribed the recordings verbatim to ensure accuracy.

By using a systematic data collection strategy, the researcher was able to collect rich
and detailed data provided valuable insights into the significance of DNA in identifying
victims of fatal aircraft accidents. Throughout the interview process, participants were
also given the opportunity to express themselves freely about any matter related to
the topic, and the interviewer was free to probe interesting areas that arise from
participants’ interests, which enabled the avoidance of the researcher’s own personal
perspectives (Yin, 2018:111).

4.10.7.4 Strategy for Planning Data Analysis

This strategy concerns the approach and procedures for data analysis that enhanced
the trustworthiness of the study. According to Willie (2023:2), qualitative data are
derived from narrative materials with verbatim transcripts from the in-depth interviews.
To plan data analysis for this study, the researcher reviewed the research objectives
and questions to determine the most suitable data analysis approach. This study
followed thematic analysis method, where data were reduced through summarisation,
categorisation, patterns, while themes in the data were identified and linked.

Throughout the data analysis process, the researcher continuously reflected on the
aim of the study and upheld the participants’ responses without adding the
researcher’'s own version of the truth or facts. As part of validation, the researcher
applied data quality metrics to check for accuracy, completeness and consistency; as
well as data validation checklists to ensure that all aspects of the research problem
are addressed. By employing these data validation techniques and tools, the study
enhanced the accuracy, reliability and validity of the data.

4.11 SUMMARY
This chapter provided adequate details of the framework according to which both
relevant secondary and primary information was collected in relation to the research

topic, research problem, research aim and objectives, the research questions; as well
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as the data collection and data analysis processes. The interpretivism research

paradigm grounded the qualitative orientation of the entire study.

The researcher reiterates that the initially intended larger sample size did not
materialise as a result of factors and circumstances beyond the control of the
researcher. However, the eventual number of participants (i.e., Airport Manager and
3 aviation investigators) was sufficient to provide rich data for the findings as shown in
Chapter 5. It is the view of the researcher that the qualitative research approach was
sufficiently suited for the methodological rigour to obtain rich and dense information
that is not quantifiable regarding the experiences of individuals in a real-life social

setting.
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CHAPTER 5
DATA PRESENTATION, ANALYSIS AND INTERPRETATION

5.1 INTRODUCTION

This chapter presents the analysed and interpreted empirical findings that were
obtained through the research design and methodological framework outlined
previously in Chapter 4. The aim of the study was to evaluate the significance of
deoxyribonucleic acid to identify victims in fatal aircraft accidents in the Wonderboom
South African Civil Aviation Authority. The combined approach of the interpretivist
paradigm and qualitative research design enabled the achievement of this research
aim through empirical data obtained by means of semi-structured interviews with the

Wonderboom Airport Manager and 3 SACAA aviation investigators.

This chapter is structured into two main sections, namely: the participants’
demographic profiles and presentation of the findings derived from the participants’
verbatim responses or statements. The researcher has provided the number of
participants and their level of expertise in the field of SACAA in paragraph 4.6.2.1 of
this study. The participants possess an extensive collection of information.
Additionally, their comprehensive understanding of the aviation industry encompasses
reports on accidents and incidents. Their knowledge and expertise render them an
invaluable asset to stakeholders who are interested in gaining a deeper understanding
of aviation safety. In adherence to ethical standards regarding the confidentiality of
participants' identities, all four participants have been anonymised and are referred to

LT3 M

as “Participant 1,” “Participant 2,” “Participant 3,” and “Participant 4,” respectively. The

following section outlines the demographic profiles of the four participants.

5.2 DEMOGRAPHIC PROFILE OF PARTICIPANTS
Table 5.1 below depicts the demographic profiles of the participants in terms of their
age, gender, position, educational background, and professional experience or years

of service in the aviation sector.

Table 5.1: Participants’ demographic information

Participan Gender | Position/ Highest Educational | Experience/
t and Age Designation Qualification Service
Participant | Male Manager Master's (Management | 12 years

1 Science)

50-55

years
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Participan Gender | Position/ Highest Educational | Experience/
t and Age Designation Qualification Service
Participant | Male Air Traffic Master's  (Aerospace | 10 years
2: Controller Engineering)

40-55

years

Participant | Male Accident Master's (Mechanical | 13 years
3: Investigator Engineering)

40-48

years

Participant | Male Maintenance Master’s (Business | 32 years
4: Engineer Management, in

50-59 (manager) progress)

years

5.2.1 Age Distribution of the Participants

The age distribution of the participants is an important demographic factor because of
its significant influences on their perceptions, knowledge, cognitive changes, and
physical capabilities in relation to the research topic (Bailey, 2018). In addition,
incorporation of age into the participants’ demographic profile allows researchers’
cross-tabulation and comparison of sub-groups, and to reveal age-related behavioural
differences and viewpoints, which is essential for the precise interpretation of research
findings (Hammer, 2011:261). In terms of Table 5.1, Participant 4 is the oldest member
of the group, whose age is between 50 and 59 years. The researcher acknowledges
that the participants’ age is presented in five-year ranges in fulfilment of their request
for non-divulgence of their actual natural age (Babbie, 2021:83; Cho, 2018:11).

In the view of the researcher, it is both logical and instructive that Participant 4 (who
is the oldest member of the group) is also the longest serving SACAA employee, with
32 years of service. In the civil aviation industry’s aircraft maintenance division, age is
a critical factor insofar as ensuring passenger comfort and safety expectations,
determining perceptions on service quality for different age groups, mediating stress
levels, influencing decision-making processes; as well as emphasising the need for
safety and age-specific training protocols (Meyer, 2021:14). In the context of this

study, the researcher is in concurrence with the afore-cited author, that the working-
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age factor for personnel in the aviation industry is important for managing and

predicting the growth and demand for air travel and services.

5.2.3 Participants’ Positions/ Designations

The participants’ job positions or designations are an essential demographic factor in
civil aviation because it enables identification of certain occupational groups for
strategies relating to targeted human resources management and development
(Seligson, 2024). Moreover, focus on participants’ workplace designations enable
identification of training strategies, job stress and satisfaction within different
organisational roles, gender role disparities; as well as better workforce planning,

equality, and retention (Seligson, 2024).

The researcher reiterates that at the time of this study, some of the SACAA and
Wonderboom Airport’s key personnel were on an international training assignment
outside South Africa, as mentioned in Section 4.6.1 and Section 4.6.2 respectively.
Therefore, those available for interviews included a total of 4 (four) participants as
shown in Table 5.1, namely; 1 (one) Manager; 2 (two) Accident Investigators; and 1
(one) Air Traffic.

Evidently, the half of participants (n=2, 50%) were Accident Investigators, which stood
them in good stead for the most pertinent questions of this study. They were followed
by one (n=1, 50%) member in each of the other job designations. In the view of the
researcher, this diversity of highly qualified personnel was aptly suited to provide in-
depth understanding of the investigation of aircraft accidents at SACAA.

5.2.2 Gender Distribution of the Participants

As a demographic variable, gender is an essential factor because it informs on various
participant aspects, such as their social or professional roles and experiences,
economic opportunities, as well as capacity to shape interventions and practices that
are sensitive to women and other minority social groups (Call, Eckstrand, Kasparek,
Boness, Blatt, Jamal-Orozco, Novacek & Foti, 2023: 980-981).

Regarding the demographic characteristics of the study participants, it is noteworthy
that all participants were male. According to the researcher, the fact that all the
participants were only male, reflects a trend in most public and private organisations
according to which males occupy higher positions and roles, as propounded by
authors such as Call et al. (2023: 980-981), Hammer (2011:261), and Meyer
(2021:12).
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5.2.4 Participants’ Highest Educational Qualifications

According to Berhanu and Naidoo (2024:3), the importance of educational background
as a demographic variable resides in its indispensable connection to key socio-
economic factors such as career success, health, income, and individual employee
experiences and well-being. The above-cited authors mention further that examining
employees’ educational status also reflects the employing organisation’s public image
and perspectives on human capital; analysis of needs, trends and skills; focus on
better decision-making; as well as improved resource allocation and policy

formulation.

It is evident that all of participants (90%) have postgraduate (Master’s) qualifications,
while one (Participant 4) (n=1, 11%) is still studying for his Master's qualification.
Generally, the educational profile of the participants suggests a highly motivated and
competitive workforce, which is beneficial for the Wonderboom Airport’s organisational
performance and human capital capacity (Acquah, Issau, Mensah & Vanderpuye,
2023).

5.2.5 Participants’ Years of Professional Experience/ Years of Service

The analysis of participants' years of professional experience or service is a pertinent
demographic factor, as it offers insights into career advancement and success,
employee motivation and performance, and aids organisations in comprehending the
diverse needs of their workforce (Acquah et al., 2023). This examination underscores
trends in industry-specific practical skills, facilitating a deeper understanding of the
relationship between participants' backgrounds and factors such as career mobility,

job engagement, and satisfaction (Ndjama & van der Westhuizen, 2024:1-2).

According to the data in Table 5.1, Participant 4 has the longest tenure at 32 years,
followed by Participant 2 with 13 years and Participant 1 with 12 years. A correlation
exists between professional experience and educational background, as evidenced by
the longest-serving member (Participant 4, 32 years of service) who is currently
pursuing a Master’s degree. This may suggest that he is inspired by the educational
accomplishments of colleagues who joined the organisation after him.
This trend suggests that the youngest employee in the organisation, Participant 3, who
has 13 years of service and holds a Master's degree, may be indicative of future
patterns. From the researcher’s perspective, a stronger correlation exists between
participants’ educational backgrounds and professional experience than between their

age and positions at Wonderboom Airport and SACAA.
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5.3 PRESENTATION OF FINDINGS AND EMERGING THEMES AND SUB-
THEMES

The researcher’s investigation yielded key findings that directly addressed the
research problem and provided relevant responses from the participants through
narrative statements or responses. Through a process of data analysis, the narrated
statements were converted into themes serving as core framework for the findings.
Table 5.1 overleaf is an illustration of the generated themes and sub-themes or
categories. Bryman (2021:35) explains that thematic analysis enhances
understanding of the context of the investigated research problem or phenomenon. As
a result, the participants’ views were facilitated through verbal narratives, which were
analysed and interpreted. Therefore, the themes and sub-themes in Table 5.1 below
presents a framework that explains the development of key themes, sub-themes and

associated categories that contributed to the study’s conclusions.
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5.3.1 Theme 1: Conceptualisation of Aircraft Accidents

In this section, the researcher sought to explore the diverse perspectives of participants in
order to unravel their understanding of the concept of an aircraft. Under this theme, four sub-
themes were generated, all of which have a direct bearing on the participants’ understanding

of aircrafts, accidents, disasters, and victims.

5.3.1.1 Sub-theme 1: Understanding “Aircraft”

During the interviews, the participants were asked the following question:
What do you understand of the concept aircraft?

This was an open-ended question, and the participants were not provided with alternative
response options. The following excepts capture the participants’ responses to the above

guestion;

PARTICIPANT 1: Airplane is a powered fixed-wing aircraft, Helicopter- rotorcraft
with vertical take-off and Gliders- unpowered aircraft that use gravity and air

currents to fly.

PARTICIPANT 2: Aircraft is a machine that is capable of flight, either through the
use of wings to generate lift or use of rotors to generate lift ... we’ve got 5 types of

aircraft namely: airplane; helicopter; gliders; balloons; and airship.

PARTICIPANT 3: Aircraft is a machine capable of flight in the atmosphere,

including gliders.

PARTICIPANT 4: Aircraft is a vehicle that is designed to fly through the air, using

wings or other aerodynamic surface to generate lift and sustain flight.

The above responses demonstrate that the participants have a general understanding of an
aircraft. The focus of the question was not on a technical or mechanical definition, but rather
on its definition as a form of airborne means of transport. As such, the participants did not
provide any details on the uses of the aircrafts listed, but merely defining them by names.
Their views correspond with those by various authors in the literature. The researcher has
established that participant 1 and 4 understanding of the concept “Aircraft” is almost the
same. The existing literature indicates that fixed-wing aircrafts produce lift by moving forward
through the air with their wings, and rotary-wing aircrafts or helicopters, which achieve lift by
revolving blades (Wragg, 2010:180).
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Fixed-wing aircrafts are further classified as monoplanes, biplanes, and triplanes according
to the number of primary wings, and as jet aircraft, turboprop aircraft, and piston-engine
aircraft according to power systems (Crouch, 2018). Furthermore, the aircraft's mission
defines its classification: commercial airliners, cargo planes, military jets, gliders, private

charter planes, and more (Jackson, 2010:110).

5.3.1.2 Sub-theme 2: Understanding “Accident”

The participants were asked to describe their general understanding of accidents. The focus
on accidents was based on the fact that they are the reason for the study’s focus on DNA
investigations. The participants responded as follows:

PARTICIPANT 1: ‘is the occurrence associated with the operation of an aircraft that
result in fatal and serious damage.

PARTICIPANT 2: Accident in aviation is fatality harm to people on board or outside
the aircraft ... in South Africa, we have only a few aircraft accidents, and it is usually

only 2 or 3 people on board.

PARTICIPANT 3: Accident means the aircraft cannot fly in that state and safety is

compromised.

PARTICIPANT 4: Accidents is any occurrence that leads to damage of major damage
of property. In fact, when | say property, say aircraft, I'll say buildings, crops, anything
that it deems to be property has value. And it has to be major damage. In terms of
aircraft, we class the different classes. If class A or class B components has been
damaged, then the aircraft has major damages. That's an accident. If there's a death
or serious injury, and serious injury with class symptoms, if you break your arm, your
legs, your ribs, you crack your skull, that's serious injury. If you break your nose or

your finger that's not serious injury. So that's not an accident.

In response from all 4 participants, only the fourth participant gave detailed and precise
explanation of accident and injury. The participants displayed some understanding of the
concept of accidents in aviation, although they did not fully dwell on their causes. Aircraft
accidents are very fatal and destructive, rendering DNA testing as an essential tool to
identify victims and understanding their causes. Forensic science is becoming increasingly

important in assessing aviation accidents.
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5.3.1.3 Sub-theme 3: Understanding “Disaster”
In this section, participants were asked to define or describe disaster in aviation, based on

their knowledge and experience. They responded as follows:

PARTICIPANT 1: Larger scale accident involving significant loss of life or damage.
PARTICIPANT 2: A catastrophic event that results in significant damage, loss of life
and disruption to air travel.

PARTICIPANT 3: Catastrophic event.
PARTICIPANT 4: A sudden event that causes significant damage or loss of life.

The participants’ responses above depict an understanding of both the nature and
consequences of an aviation disaster. In literature, Pery (2020:04) defines a mass aircraft
disaster as a catastrophic event that results in a large number of deaths, injuries, or
significant damage to property and infrastructure, overwhelming local resources and

requiring external assistance.

5.3.1.4 Sub-theme 4: Understanding “Victims”
In this section, the researcher sought to explore the participants’ perceptions of victims of

an aviation disaster or accident. Their responses are shown below.

PARTICIPANT 1: Victims are individuals who have been killed or seriously injured
as a result of aircraft accident or incident.

PARTICIPANT 2: Victims in aircraft disasters are individuals injured or killed as a
result of the accident such as pilots, flight attendants or other personnel on board.

PARTICIPANT 3: Individuals who suffer physical or emotional harm.

PARTICIPANT 4: Individuals injured or killed as a result of the aircraft accident.

Participants 1, 3 and 4 above provided a more precise response than Participant 2. In
literature, Jones, Stanley and Van der Watt (2024:95) ascertains that victims are individuals
who have suffered harm, injury, or loss as a result of a particular event or circumstance.
Therefore, the degree of victimhood is dependent on the nature of an aircraft accident and

status or standing of the victims.

81



Table 5.2: Overview of findings, themes and sub-themes/ categories

Research Aim: To evaluate the significance of deoxyribonucleic acid to identify victims in fatal aircraft accidents in the Wonderboom South African

Civil Aviation Authority

Research Question

Research Objective

Theme

Sub-theme/ Category

What are the main causal factors of
aircraft accidents from the perspectives
of literature and existing national
procedures and practices?

To explore the main causal factors of
aircraft accidents from the
perspectives of literature and existing
national procedures and practices;

Theme 1: Conceptualisation of
Aircraft Accidents

Sub-theme 1: Understanding “aircraft”
Sub-theme 2: Understanding “accident”
Sub-theme 3: Understanding “disaster”
Sub-theme 4: Understanding “victims”
Sub-theme 5: Investigation experience
Sub-theme 6: In your view, what is the
major cause of aircraft accidents?
Sub-theme 7: how do you think human
factors, such as a pilot error mistakes
impact the likelihood of an aircraft
accidents occurring? Please explain
briefly.

Sub-theme 8: In your experience, what
are the most significant challenges in
determining the causes of aircraft
accidents and how can they be

addressed?

Which measures are applied by the
South African Civil Aviation Authority
investigating and preventing aircraft
accidents?

To explore the investigation and
prevention aircraft accidents by the
South African Civil Aviation Authority

Theme 2: Investigation and
Prevention of aircraft accidents in
SACAA

Sub-theme 1: Understanding
“evidence”

Sub-theme 2 Understanding “forensic
investigation”

82




Sub-theme 3: Which international
standards guide your investigations?

What is the extent of DNA techniques
applied in the investigation and
identification of human remains in fatal
aircraft incidents by the South African
Civil Aviation Authority?

To explore and evaluate the extent of

DNA techniques applied in the
investigation and identification of
human remains in fatal aircraft

accidents in the South African Civil
Aviation Authority;

Theme 3: Extent of Application of
DNA Techniques

Sub-theme 1: Understanding “DNA”)
Sub-theme 2: Understanding “DNA
identification”

Sub-theme 3: How often are DNA

techniques used in aircraft accidents
investigations?

Sub-theme 4: how do you ensure the
integrity and reliable of DNA samples
collected from crash site?

Sub-theme 5: how long does DNA

results takes?

What is the nature of challenges
experienced by the South African Civil
Aviation investigators and propose
improvement measures and techniques
that are currently used?

To determine the nature of
challenges experienced by the South
African Civil Aviation investigators
and propose improvement measures
and techniques that are currently
used.

Theme 4: Nature of Challenges and
Coping Strategies/Mechanisms

Sub-theme 1: Challenges experienced
Sub-theme 2: Coping with the
challenges

Sub-theme 3: How do you manage the

complexity of gathering and analysing
data from various sources, such as flight
recorders and witness statements?

Sub-theme 4: In your experience, what
are the most critical factors that can
hinder the accuracy of an aircraft

investigation and DNA identification?
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Sub-theme 5: What role do you believe
technology and innovation play in
reducing the risk of aircraft accidents
and enhance the efficiently of DNA
identification?

Sub-theme 6: Have you had any major
accidents in South Africa in the last five

years? If so, how many?
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5.3.1.5 Sub-theme 5: Investigation Experience
The following question was posed by the researcher to the participants:
How many years’ experiences do you have in investigating fatal aircraft

accidents and incidents cases?

This was an open-ended question, whose response was based on the participants’
knowledge and experience. The participant responded as follows:
PARTICIPANT 1: | have vast experience in aviation, most accidents in South
Africa encountered light aircraft, which are typically characterised by small
number of occupants, usually 2 or 3 individuals.
PARTICIPANT 2: | have 10 years uninterrupted experience in aviation.
PARTICIPANT 3: 13 years of experience aviation, but 7 years in South African
Defence Force (SANDF) as maintenance engineer and 6 Years as an air
accident investigator.
PARTICIPANT 4: | started my aviation career as a maintenance engineer. In
the air force and rose to the ranks up to the time when | left the Air Force or
resigned and came here in 2003. The Air Force has made me or gave me
expertise of knowing what is an aircraft and why does it fly, and why doesn't it
fall from the sky? And what do what do we do to make sure that we maintain it,
and we put it in the sky and it is safe to fly? When it takes off, it will come back

and land.

It is notable that Participants 3 and 4 were from SANDF as aircraft maintenance
engineers. While participants 1 and 2 have no SANDF experience. It is evident that all
participants vast experience is also reflected in their number of years as shown in
Section 5.2.3. The response above also clarifies that their knowledgeable of the

circumstances of aircraft accidents.

5.3.1.6 Sub-theme 6: In your view, what is the major cause of aircraft accidents?
PARTICIPANT 1: Major causes of aircraft accidents can be attributed to
several factors, with human error, pilot error, mechanical failure or weather
conditions.
PARTICIPANT 2: Most is caused my technical issues, such as mechanical
failure
PARTICIPANT 3: “in my view we have two sectors, we have commercial, we

have real airline transport or cargo transportation, is whereby they operate
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under certain part 1.1 where you are satisfied to have some certain routes
which you are allowed to fly”. So those ones are regulated and we go deeper
on them if they report any occurrences like incidents, because we investigate
serious accidents and incidents. So in the GA, the most common problem that
we get in with the training organisations whereby they train pilots during landing
techniques, veering off the runway”. And also other ones in when the pilots were
gualified to run a (Private Pilot License) PPL, they decide to take private flight
with no proper flight planning”.

PARTICIPANT 4: “‘we have two sectors; we have commercial and we have
commercial airline transport or cargo transportation. Major causes is pilot errors

due to poor training”.

According to participants 1 and 4 major cause of accidents is due to pilot error, while
participants 3 and 4 emphasis poor pilot training. Again participants 1 and 2 regard
mechanical failure as the main cause of aircraft accidents. In addition, human error,
technical issues are regarded as other factors contributing to accidents. According to
IATA human (Pilot) error remains the leading cause of aviation accidents, implicated
in an estimated 70-80% of crashes, Mechanical or Technical factors including
manufacturing or design flaws account for roughly 8% and extreme weather contribute

to approximately 10% of aviation accidents.

5.3.4.7 Sub-theme 7: how do you think human factors, such as a pilot error mistakes
impact the likelihood of an aircraft accidents occurring? Please explain briefly.
PARTICIPANT 1: Poor pilot training.
PARTICIPANT 2: | am not sure...
PARTICIPANT 3: “The controllability of the aircraft when you know the limits
and you operate it outside the safety envelope. Those are the part of human
errors. It is not like you know, when we grow up, people will say, this is my car
and | know it very well. Aircraft is not like that it goes up there, you are between
the chair and controls. So whatever you do, do it in line with what is required as
per manufacture’s recommendation for flying that machine. You can never go
outside those standard operating procedures”.
PARTICIPANT 4: “Poor pilot training private flights. No proper flight planning.
Like, in most of the cases, you find out, they did they did not do good flight plan

like fuel, fuel mismanagement’.
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Participant 2 does not know the contribution of pilot error. All 3 participants agrees that
pilot error contribute major aircraft accidents. Again they still emphasis the issue of
poor pilot training. In addition, participant 4 include the issue of Private Pilot which
regard that as improper flight planning. Poor flight planning includes the like fuel
management. IATA states that pilot mistakes, such as misjudging altitude or distance,
failing to respond correctly to mechanical warnings, fatigue are leading causes of

aviation accidents.

5.3.4.8 Sub-theme 8: In your experience, what are the most significant challenges in
determining the causes of aircraft accidents and how can they be addressed?
PARTICIPANTL1: Mechanical malfunctions, software issues or other technical
failures can be difficult to identify and analyse.
PARTICIPANT 2: As an Air Traffic Controller | don’t know.
PARTICIPANT 3: “Remember we as aircraft accidents investigators, we are
not there when it happens. Can be fortunate if the pilot survives and he narrates
his story, but when he narrates his story also he can tell only tell you this much.
As for us is to absorb the key points that is mentioning. What is it that could
have caused the accident? Although there are always clues, it’s very tricky one
that one, because when we do our investigations, we do not only listen to the
pilot statement. You look at the wreckage, the evidence that has been
presented through the scrap marks on the ground marks, on the ground during
impact”.
PARTICIPANT 4: You look at the wreckage, the evidence that has been
presented through the scrap marks on the ground marks on the on the ground

during impact.

Participant 2 does not understand the question asked. Participant 1 say the technical
failure can be difficult to identity and analyse. The response of participants 2 and 4 is
based on the physical evidence they found at the incident scene, because they look
into wreckage, scrap marks and the ground marks during the accidents. By participant
3 stated that if the pilot survived the accident, they will be able to take the statement
from the pilot and compare that with the clues found in the accident scene. In literature,
determining the cause of aircraft accidents is a complex process that involves
inaccurate data, limited access to crash site, lack of witness, human factors and

technological failures.
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5.3.2 THEME 2: Investigation and Prevention of aircraft accidents by SACAA.
The researcher sought to understand or explore the measures applied by the SACAA
in investigating and preventing airport crime. Three sub-themes emerged in relation to

this theme.

5.3.2.1: Sub-theme 1: Understanding “Evidence”

The participants were requested to provide their understanding of the concept,
‘evidence”. The rationale for this enquiry is based on the centrality of evidence in
establishing the truth or causes of an aircraft accident. The question was open-ended
and allowed the participants according to their understanding or work experience. The

participants then mentioned the following in response:
PARTICIPANT 1: Anything physical that can help with further investigation.

The above excerpt shows the participant’s understanding of linking a type of
evidence (physical), considering that there are different types of evidence in
criminal investigation (Gehl & Plecas, 2019:87). Most importantly, the
participant has shown that evidence is critically linked with investigation of
crime, as attested by. The researcher further asserts that evidence is divided
into many categories ranging from real evidence, documental evidence, and

digital evidence.

PARTICIPANT 2: | don’t know.

PARTICIPANT 3: Refers to data or information that are used to support the

investigation.

PARTICIPANT 4: Evidence is any information, object, or material that helps to
establish the facts of a situation, incident or event. In aircraft disaster, evidence
can take many forms including, wreckage, debris, maintenance records, flight
plans, weather report, flight data (FDR), cockpit voice recorder (CVR), images

and footage of the accident, including photos and videos taken by witness’.

Three participants response indicated that they had a broad knowledge and
understanding of the question in relation to dominant literature perspectives. In
literature, Horne, Zin & Dintwe (2024:606) define evidence as the admissible
information used by the court of law to reach a decision on any matter brought before
the court for adjudication. Houck and Siegel (2019:49) highlighted that evidence is
information derived from a legal investigation to make a fact or proposition less or

more likely.
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5.3.2.2 Sub-theme 2: Understanding “Forensic Investigation”
In this section, the researcher’s interest was to obtain participants’ understanding,
perceptions, insights and knowledge of what the investigation of fatal aircraft accident

entails? The question was:
What do you understand about forensic investigation?
PARTICIPANT 1: [ don’t know.

PARTICIPANT 2: Forensic investigation is evidence collection, where forensic
investigators collect physical evidence from crime scenes, such as DNA,

fingerprints, footprints and other trace of evidence.

PARTICIPANT 3: Is the process of collecting, analysing, and interpreting or

determining causes of death or injury or why the machine in down.

PARTICIPANT 4: Forensic to me means the granular investigation of the
occurrence or an incident. People like calling it an incident. We say it's an
occurrence. The growing line for investigation of the occurrence, which means
that not only do you intend to know why did something happen or who has done
something, but you will also go down and say, but why? And you'll ask that why

until it is no longer relevant to ask why because you have all the answers.

In the understanding of forensic investigation, participant 1 clearly indicate that have
no clue of its meaning, while participants 2, 3 and 4 have a good understanding of the
concept forensic investigation. In literature forensic investigation is defined as the
practice of law-fully establishing evidence and facts that are to be presented in a court
of law or another form of hearing or tribunal (Horne, Zinn & Dintwe, 2024:607).
Therefore, the purpose of the question was to ensure that each perspective

contributes to the collective understanding of forensic investigation.

Moreover, this is intended to unravel the threads of forensic science, dissect the
methods that piece together the puzzle of crime, and gain a deeper appreciation for
the role it plays in the pursuit of the truth (Dutelle 2019:06). In addition, Mokwena
(2022:15) asserts that forensic investigation is a scientifically inspired method of
finding out the causes, methods, and circumstances against which a crime was

committed at a particular place.
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5.3.2.3 Sub-theme 3: Which international standards guide your investigations?
PARTICIPANT 1: “We don’t have’.
PARTICIPANT 2: No
PARTICIPANT 3: No
PARTICIPANT 4: No

All 4 participants alleged that they do not have international standards. The researcher
is of the view that international should be applied during the accidents and incidents
investigation and strongly recommend that these gaps should be addressed in future.
As outlined in ICAO Annex 13, this annex provides the framework for conducting

investigations, ensuring independence, transparency and internal collaboration.

5.3.3 Theme 3: Extent of Application of DNA Techniques
In this section, the researcher intended to obtain the participants’ understanding of the
concept Deoxyribonucleic Acid, especially in the identification of victims of an aircraft

accident. Two sub-themes emerged in this regard.

5.3.3.1 Sub-theme 1. Understanding “DNA”

The following question was posed to the participants:
What do you understand about DNA?

The question was open-ended, and no alternative response options were provided to
the participants from which to choose a plausible answer. This allowed the participants
to base their responses on their knowledge and professional experience. The excerpts

below capture the participants’ responses:

PARTICIPANT 1: DNA plays a crucial role in fatal aircraft accidents, particularly
in identifying human remains and determining the cause of the death ... DNA
can help identifying victims of an aircraft accident. In aircraft accident
investigation they use Mitochondrial DNA (mtDNA) which is used to identify
human remains to identify male individuals and determine paternal

relationships.

The elaborate perspective by the participant indicates that the question was clear and
not ambiguous. Correspondingly, the participant shows good understanding of the

concept of DNA and its functions in aircraft accidents.
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PARTICIPANT 2: DNA is a molecule that carries the genetic instructions used

in the growth, development and reproduction functions of all living organisms.
PARTICIPANT 3: / don’t know.

PARTICIPANT 4: Molecule that contain the genetics.

Although Participant 3 does not know the meaning of DNA, participants 1, 2 and 4
gave clear understanding of DNA. Numerous studies and publications confirm that
DNA is indeed a molecule that contains the genetic instructions used in the functioning
of all living organisms. For example, Smith, Mokwena and Manamela (2024:336)
affirm that DNA is defined as genetic blueprint of life and carries information on the
expression of genes in the tissue and genetic attributes of each individual. In the
context of this study, DNA testing is crucial because it helps identify victims, even
when traditional methods are not possible and the testing can identify victims from
fragmented remains, in aircraft accidents.
5.3.3.2 Sub-theme 2: Understanding “DNA ldentification”
The participants were requested to provide their general understanding of the concept
of “DNA identification”, based on their knowledge and experience. Their responses
were captured as follows:
PARTICIPANT 1: Itis the process of analysing and identifying individual unique
characteristics.
PARTICIPANT 2: ... to determine whether a man in the biological father of a
child.
PARTICIPANT 3: That is done by actually the pathologist.
PARTICIPANT 4: DNA in identifying victims is not only for identifying victims,
although it's important to bring closure to those survivors. But it's also important
for us to identify the sitting arrangements, who was sitting where and what was

the body mass?

When comparing the responses of participants 1, 3 and 4, it is clear that the response
by Participant 2 lacked clarity and accuracy. Instead of defining “DNA identification”,
Participant 2 addressed paternity test, indicating a knowledge gap about DNA

identification and its applications in forensic science.
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In the literature, DNA identification is explained as a direct identification method that
involves analysing an individual's DNA to establish their identity (Alvi, 2019:22; van
Graan, van Niekerk & Budhram 2024:259). In the context of this study, DNA
identification is critical for identifying victims in a mass aircraft accident or disaster,
exhumation, genetic genealogy, forensic analysis of crime scenes, unidentified human
remains, paternity and criminal investigation. Therefore, it is evident that DNA

identification is frequently employed in the aftermath of a mass disaster or accident.

5.3.3.3 Sub-theme 3: How often are DNA techniques used in aircraft accidents
investigations?
PARTICIPANT 1: Most of the time to identify human remains and for family to
have closure.
PARTICIPANT 2: | am not sure
PARTICIPANT 3: “The investigators and forensic pathologists work hand-in-
hand to match body parts and verify victim identities through family DNA
comparison”. Pathologist to collect human remains after photographic
documentation in complete”
PARTICIPANT 4: “DNA in identifying victims is not only for identifying victims,
although it's important to bring closure to those survivors. Okay. Right. But it's
also important for us to identify the sitting arrangements, Who was sitting where

and what was the body mass?”

DNA plays important role in identifying the deceased of aircraft mascara. The
researcher is of the opinion that DNA sample should be taken from all members on
board as a preventative measure of wrongful identification after aircraft accident.
These should be requirements of all the individuals who are boarding any plane.
Participants 1, 3 and 4 agrees that DNA assist them in identifying the victims after the
accidents, they also emphasis the role of pathologists in identifying the victims and

collect evidence.

5.3.3.4 Sub-theme 4. how do you ensure the integrity and reliable of DNA samples
collected from crash site?

PARTICIPANT 1: It is done by pathologists.

PARTICIPANT 2: Is work for pathologists.
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PARTICIPANT 3: “That that is done by actually the pathologist and get our
reports from the police pathologist because they get involved during a fatal
accident”.

PARTICIPANT 4: “DNA is needed to do that. But, that's what they do to match
the two, body members together. And, also, if we can't, if we find maybe, let's
say, like, on a high velocity impact accident like a fighter jet”. “That that is done
by actually the pathologist and get our reports from the police pathologist

because they get involved during a fatal accident”.

All participants state that DNA integrity and collection is the function of the South
African Police Service and the pathologists. Alketbi (2022:7) states that investigators
must use suitable sampling methods depending on the nature of the evidence, such
as swabbing, cutting, scraping or tape-lifting, using sterile, single-use tools and gloves,
again the author state that to maintain integrity DNA samples must be stored at optimal
conditions to prevent degrading, and transport them securely to prevent contamination

or loss.

5.3.3.5 Sub-theme 5: how long does DNA results takes?

PARTICIPANT 1: “It takes time”.

PARTICIPANT 2: “It takes time”.

PARTICIPANT 3: “So, usually, it takes it takes very long. Yeah. | can't recall |
can't recall where we were looking for DNA test and whatever because we
usually get to find who get to know who is who is who was flying and who was
on board”.

PARTICIPANT 4: “DNA is offering a revolutionised victim identification. There's
one which | we investigated in the eighty two thousand, And the only thing that
we found was a pelvic bone. And for is it doctor S? the head of pathology in
South Africa. For him to be able to accurately say it was him, he needed then
to get the family members to give them samples, and he then conducted or did
their thing, and he did confirm that, yes, it was in there. So they come they will
compare. If they find two Uh-huh. Pelvic bones, and we know that there were
two people on board. Uh-huh. Like, they will then verify if this particular pelvic
bone Uh-huh. Belongs is a pair Uh-huh. With this one, you know, to one person

Uh-huh. Or is two separate people.
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All 4 participants agrees that DNA take very long time before they can access them.
These made the identification of victims to take very long time.

534 Theme 4: Nature of Challenges Experienced and Coping
Strategies/Mechanisms

This theme emanates from the fourth research question and its associated fourth
research question in Section 1.4 and Section 1.5 respectively. Six sub-themes

emerged in this regard.

5.3.4.1 Sub-theme 1: Challenges Experienced
The following question was posed to the participants in order to understand the

conditions and circumstances under which they perform their respective duties:

What difficulties have you encountered in the process of tracing and identifying

the victims involved in fatal aviation accidents?
The participants’ responses were as follows:

PARTICIPANT 1: Difficulty accessing the crash site due to location. Shortage
of aviation investigators and destruction of evidence due to environmental
factors also backlog of DNA from laboratories. “In South Africa, we lack data on
aircraft accidents because only light aircraft crash, not Boeing-like aircraft as in
Europe ... In South Africa, there is not enough data to support your studies.
You may want to consider doing your research in Europe, where there is more

data available.”

PARTICIPANT 2: Weather conditions pose significant challenge, particularly
for our light aircraft and outdated resources. Resource constraints, limited
availability of personnel and equipment ... Managing multiple aircraft

simultaneously while ensuring safety.

PARTICIPANT 3: “About that, you must know that this accident will not happen
at the back of our yard, usually the airfield and accessibility of the site or the
terrain itself can be a challenge. And logistically, if we can talk about one need

to go there prepared”. We have lots of challenges like:
e Biological Hazards

Exposure to blood-borne pathogens and other biological fluids that can pose

health risks to investigators.
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e Environment

Environmental factors, particularly in regions with challenging terrain. In areas
like KwaZulu-Natal (KZN), investigators may encounter hazardous wildlife such
as black and green mambas’ snakes, and other venomous snakes which pose
significant risks to safety. Similarly, in locations such as Kruger National Park,

the presence of wild and dangerous animals.
e Physical Hazards

Difficulty in securing the scene and collecting evidence due to the presence of
unauthorized individuals if the accident occurred in near township or informal
settlement, such as those taking selfies, which can compromise the integrity of
the investigation.

e Psychological Hazards

Exposure to traumatic and disturbing scenes, including the smell of human
remains and debris, which can have profound impact on investigators mental

health and well-being.
e Trail of evidence

Difficulty in securing the scene and collecting evidence due to the presence of
unauthorized individuals if the accident occurred in near township or informal
settlement, such as those taking selfies, which can compromise the integrity of
the investigation. The integrity of potential evidence compromised due to

interference from individuals and adverse weather conditions.

PARTICIPANT 4: “The environment and terrain. The environment is a
challenge which can be mitigated. Yeah. So that happens. We had an
investigator being dropped in. And there were baboons in that area where they
crushed at it. And the baboons had left for the river. And as they were working
and working, luckily, the helicopters spotted them and came back and then just
radioed them and say, come quick. Come quick. They were picked up. And then
as they left, the baboon stormed the area. Ah. That's where they sleep. had
accidents in the Kruger National Park. We had accidents in the Sapi fields
where there are green and black members in Devon. The challenge are not
only climate. They are not only topographical. They are also challenges with
human beings. We had an accident next to a informal settlement. When we got
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there, the people were standing on top of the aircraft and were stealing things.
Yeah. Taking pictures, stealing things. You know, there is this thing. Yeah. |
would take it. So it's okay. Oilier aeroplane will make you look beautiful. Wow.
Yeah. Or will cure some sickness and stuff like that. Lipetalia aeroplane will
make you beautiful and cure some diseases and stuff. | | don't know where it
does not come from. Some take things as souvenirs, and you arrive there. The
evidence has been eroded when you get there. Yeah. It's finances. That's the

biggest one”

The participant’s encounters difference kinds of challenges when dealing with the
aircraft crashed accidents. All 4 participants gave nearly similar challenges the
encounter at scene of aircraft crashed accidents. Work related challenges exist in
most public and private sector organisations and have the likelihood to affect the
morale of employees if left unattended (Engida, Alemu & Mulugeta, 2022:2; Wilkinson,
2017). Similarly, all participants have collectively provided the range of challenges that
they experience in the course of their work. The shortage of aviation investigators
certainly poses a serious challenge to the core aspect of finding out the causes of
aircraft accidents. They also presented human resource constraints, such as travel
arrangements to the accident which takes time for them to reach the destination,
because of logistical protocol approval. The delay in attaining authority to use

resources causes evidence to be destroyed or tempered with.

5.3.4.2 Sub-theme 2: Coping with the Challenges
The participants were asked the following question to determine how the participants

coped with their work-related challenges:

How do you deal with the challenges you experience when investigating fatal

aircraft accidents?

The question is open-ended and allowed the participants to respond in respect of their

knowledge and experience. The participants responded as follows:

PARTICIPANT 1: We do site surveys to document the wreckage. As for DNA
backlog, there is nothing we do other than wait.
PARTICIPANT 2. Teamwork and effective communication with experts and

Aviation Rescue Coordination Centre (ARCC). Collaboration with colleagues to
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share workload. As for weather, there is nothing we do other than wait for clear
visibility.

PARTICIPANT 3: We do have a care that is paid by our employer. Yes.
Unfortunately, it's not enforced to us to go there, but which is a necessity for
one to go there after each and every fatal accident that they visit, they attend
to. Investigators use various coping mechanisms, such as “black humour”,
although this is not considered as ethical approach. The CAA also provides
access to psychological support services for investigators who have been

exposed to traumatic scenes”.
PARTICIPANT 4: “We have care for that such as psychologist”

Investigators use various coping mechanisms, such as “black humor”, although
this is not considered as ethical approach. The CAA also provides access to
psychological support services for investigators who have been exposed to

traumatic scenes.

Based on the above, it is clear that some problems lead to apathy of doing nothing, as
reported by all 4 participants. Such an attitude may lead to severe employee
dissatisfaction in the organisation (Engida et al., 2022:2). In contrast, Participant 2
indicates collaborative efforts as a coping strategy. Such a positive attitude contributes
to a positive organisational climate where individuals go ‘an extra mile’ to enhance
productivity within their respective employment organisations (Wilkinson, 2017). In
addition, participants 3 and 4 resort to black humour as a coping mechanism at some

stage.

5.3.4.3 Sub-theme 3: How do you manage the complexity of gathering and analysing
data from various sources, such as flight recorders and witness statements?
PARTICIPANT 1: / don’t know.
PARTICIPANT 2: | don’t know.
PARTICIPANT 3: “Well, witness statement is somebody who have observed,
but also one need to disseminate whether it's a hearsay or because there are
certain questions that you need to ask to make sure that the statement that has
been given is not hearsay. Like, trying to ask people to identify the colours of

the aeroplane. Where did it come from? Things like those. What did they see?
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Things like those. When you speak to those people, you learn to disseminate
and quantify the information as to what they're saying to try to really see if how
far they were when they observed that. Okay. And the flight data recordings,
we usually we take them to the manufacturer. We download those data, and
they get analysed. We, as technicians, find it's easy for us to go along with that.
But with the cockpit voice recorder, you always take to the expert as per

recommendation by the designer. Okay. Okay.
PARTICIPANT 4: “We check the recorded data”

Participants 1 and 2 they do not know, while participants 3 and 4 refer the matter to

the manufacturer of the black box to retrieve data.

5.4.3.4 Sub-theme 4: In your experience, what are the most critical factors that can

hinder the accuracy of an aircraft investigation and DNA identification?
PARTICIPANT 1: Incomplete or inaccurate information. About DNA....analysis
is time consuming process, which lead to delay identification and repatriation
of remains. Families of victims may face prolonged uncertainty and distress due
to these delays.
PARTICIPANT 2: Tempering of evidence. Environmental factors like heat,
water and exposure to elements degrade DNA samples, making it difficult to
obtain a reliable DNA profile. Delays in DNA analysis impact the overall timeline
and conclusions of the investigation.
PARTICIPANT 3: “The accuracy of an investigation is tempering. Usually what
we want to make sure is that the incident site is secured. And any changes that
are made by first responders, people who go on-site first like police and EMS
or fire and rescues. Whatever they do. If they have to preserve lives, it's okay.
They can go in and save lives. But if the situation that doesn't require them to
be a prior in high priority to do that, anything need to be documented. If they do
that, one of them must do must take photos before they even approach. You
that’s what we prefer. But it is highly likely that at times, they don't have that

time as they want to preserve life. They want to save lives.

PARTICIPANT 4: “Contamination of evidence on crash site by weather, people

and the terrain”
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All participants agree that witnesses and bystanders contaminate and tamper with the
scene. ICAO Annex 13 outlines protocols for aircraft accident investigations,
encompassing recommendations for data collection and analysis. Participants 1 and
2 emphasised the significant challenges posed by delays in DNA analysis during the
investigation process, which prolong the uncertainty for victims' families and impede
their capacity to achieve closure.

5.3.4.5 Sub-theme 5: What role do you believe technology and innovation play in
reducing the risk of aircraft accidents that can enhance the efficiency of DNA
identification?
PARTICIPANT 1: Technology plays a significance role in reducing the risk of
aircraft accident, innovation of Artificial Intelligence (Al) in analysing real-time
data from aircraft sensors to detect mechanical failures before they occur.
Rapid DNA testing devices can provide timely results, potentially reducing the
time required for identification.
PARTICIPANT 2: | think Al will enhances pilot decision-making. Al can help
analyse complex DNA data, identify patterns and predict matches potentially
accelerating the identification process.
PARTICIPANT 3: “Yes, technology is good, however it requires sufficient
knowledge. So one to be knowledgeable of how things operate and all those
precautionary measures that he can take when he sees things are not good”.
Automation and robotic systems can streamline DNA extraction and analyse,
reducing manual labour and minimising human error.
PARTICIPANT 4: “Yes technology need sufficient knowledge”.

All four participants agree that technology plays an important role in reducing and
avoiding accidents. Once more, it is stated that Al will improve pilot decision-making.
All four participants emphasise that advancements in technology are necessary to
decrease the time needed for DNA identification. Thus, ensuring prompt resolution for

the families of the victims.

5.3.4.6 Sub-theme 6: Have you had any major accidents in South Africa in the last five
years? If so, how many?
PARTICIPANT 1: No, only a small plane carrying 2 or 3 passengers.
PARTICIPANT 2: No
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PARTICIPANT 3: “No, it was only, | think in 2017 or 18 between there, in the
last five years and unfortunately that one | never attended. Actually, in South
Africa we are very sensitive when we hear about any alarming incidents that
are reported by airlines. We attend to that very quickly because we wouldn’t
want to be swimming in catastrophic accidents.”

PARTICIPANT 4: “No”

All 4 participants state that there was no major aircraft accident in last 5 years. IATA
reports that the accident rate (accidents per flight) has fallen markedly: the five-year
average accident rate declined from about 1 per 456,000 flights a decade ago to 1 per
810,000 flights recently, over the past 5 (five) years an extraordinarily low risk level

given the volume of flights.

5.4 SUMMARY

This chapter presents findings derived from data collected through semi-structured
interviews with the sampled SACAA. The demographic profile indicates individuals
with educational backgrounds and professional experience that align with the job
requirements. Although certain organisational challenges were encountered, it
appears that their coping strategies are more effective than the challenges identified.
A few questions in the interview schedule were not answered thoroughly. This situation
did not significantly impact the overall development of themes and sub-themes that
underpinned the study's findings. The researcher asserts that the participants'
responses in the study have adequately addressed the research problem, provided
answers to the research questions, and fulfiled the research objectives. The
subsequent chapter concludes the study and provides a summary of the findings,

recommendations, and conclusions.
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CHAPTER 6
SUMMARY OF MAIN FINDINGS, RECOMMENDATIONS AND CONCLUSIONS

6.1 INTRODUCTION

In this chapter, the researcher summarises the main results of the study that have
been discussed already in the preceding chapter. The aim of this study was to evaluate
the significance of deoxyribonucleic acid to identify victims in fatal aircraft accidents in
the Wonderboom South African Civil Aviation Authority. The findings in the previous
chapter were presented thematically and summarised in the next section | this chapter.
The chapter also provides recommendations based on the findings and conclusions
with summary of the main contributions and possible limitations of the study.

6.2 SUMMARY OF THE MAIN FINDINGS

The primary findings of this study provide valuable insights about the knowledge,
experiences and viewpoints regarding the significance of deoxyribonucleic acid to
identify victims in fatal aircraft accidents in the Wonderboom South African Civil
Aviation Authority. This also includes the challenges encountered and the means
devised to counter or cope with the identified challenges. It is worth stating that the
overall findings presented in the previous chapter and summarised in this section are
not peripheral to the research process as whole. Rather, these findings reflect the
extent to which the research problem was addressed, the research questions

answered, and the research objectives accomplished (Kumar, 2020:88).

6.2.1 Main Causal Factors of Aircraft Accidents

The main causes of aircraft accidents relate to the research objective and research
guestion below.

Research Objective 1: To explore the main causal factors of aircraft accidents from
the perspectives of literature and existing national procedures and practices.
Research Question 1: What are the main causal factors of aircraft accidents from the

perspectives of literature and existing national procedures and practices?

The results indicated that the majority of fatal aircraft accidents within South Africa
involve small planes carrying 2 (two) to 4 (four) people and DNA identification is
successful in identifying 90% of victims, compared to 60% using traditional methods
and biometrics. It was also established from the participants that the South African
Civil Aviation Authority (SACCA) faces significant challenges in investigating aircraft
accidents due to limited resources. However, it was also established that there were

relatively low frequency and scale of aircraft accidents in South African Airspace. All
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participants testifies that there was no major aircraft accident in South Africa in past
30 years. According to participants 1 and 4 major cause of accidents is due to pilot
error, while participants 3 and 4 emphasis poor pilot training. Again participants 1 and
2 regard mechanical failure as the main cause of aircraft accidents. In addition, human
error, technical issues are regarded as other factors contributing to accidents.
According to IATA human (Pilot) error remains the leading cause of aviation accidents,
implicated in an estimated 70-80% of crashes, Mechanical or Technical factors
including manufacturing or design flaws account for roughly 8% and extreme weather

contribute to approximately 10% of aviation accidents.

6.2.2 Investigation and Prevention of aircraft accidents.

The investigation and prevention of airport crime relates to the research objective and
research question below.

Research Objective 2: To explore the investigation and prevention of aircraft
accidents.

Research Question 2: Which measures are applied by the South African Civil

Aviation Authority to prevent aircraft accidents?

The study has established that the participants generally understood the notion of
“‘evidence” as the basic requirement for establishing the truth or causes of an aircraft
accident. The participants also understood the different types of evidence, as well as
forensic investigation in the investigation and prevention of aircraft accidents.
However, as noted in the challenges mentioned, it is the researcher’s view that the
human resource challenge of shortages in skilled investigators also has a bearing on
the SACAA’s crime investigation and prevention capacities, even through traditional
means of investigation. All 4 participants alleged that they do not have international
standards. The researcher is of the view that international should be applied during
the accidents and incidents investigation and strongly recommend that these gap
should be addressed in future. As outlined in ICAO Annex 13, this annex provides the
framework for conducting investigations, ensuring independence, transparency and

internal collaboration.
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6.2.3 DNA Application in Investigation and Identification of Aircraft Victims

The application of DNA in investigation and identification of aircraft victims relates to
the research objective and research question below.

Research Objective 3: To explore and evaluate the extent of DNA techniques applied
in the investigation and identification of human remains in fatal aircraft accidents in the
South African Civil Aviation Authority.

Research Question 3: What is the extent of DNA techniques applied in the
investigation and identification of human remains in fatal aircraft incidents by the South

African Civil Aviation Authority?

All 3 participants have similar understanding of the meaning of DNA and only 1
participant does not know the meaning of DNA. The study established that the
participants had some knowledge of the crucial role of DNA, particularly the use of
Mitochondrial DNA (mtDNA), in the identification of victims in fatal aircraft disasters.
Similar to the observation made in Section 2.2 above, it could be concluded that the
longer the SAAAC experiences shortages in experienced and highly skilled personnel,
the more likely it becomes for DNA-based investigations to be conducted in time. The
delays would result in more reliance on the SAPS skills, with further overload on the
Forensic Science Laboratory of the SAPS, which is already experiencing significant
forensic backlogs. The response demonstrate that the participants have a general
understanding of an aircraft. The focus of the question was not on a technical or
mechanical definition, but rather on its definition as a form of airborne means of
transport. As such, the participants did not provide any details on the uses of the
aircrafts listed but merely defining them by names. Their views correspond with those
by various authors in the literature. The researcher has established that participant 1
and 4 understanding of the concept “Aircraft’” is almost the same. The existing
literature indicates that fixed-wing aircrafts produce lift by moving forward through the
air with their wings, and rotary-wing aircrafts or helicopters, which achieve lift by
revolving blades (Wragg, 2010:180).

6.2.4 Nature of Challenges Experienced and Coping Mechanisms

The nature of challenges experienced and coping mechanisms relates to the research
objective and research question below.

Research Objective 4: To determine the nature of challenges experienced by the
South African Civil Aviation investigators and propose improvement measures and

techniques that are currently used.
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Research Question 4: What is the nature of challenges experienced by the South
African Civil Aviation investigators and propose improvement measures and

techniques that are currently used?

The participant’s encounters difference kinds of challenges when dealing with the
aircraft crashed accidents. All 4 participants gave nearly similar challenges the
encounter at scene of aircraft crashed accidents. Work related challenges exist in
most public and private sector organisations and have the likelihood to affect the
morale of employees if left unattended (Engida, Alemu & Mulugeta, 2022:2; Wilkinson,
2017). Similarly, all Participants have collectively provided the range of challenges that
they experience in the course of their work. The shortage of aviation investigators
certainly poses a serious challenge to the core aspect of finding out the causes of
aircraft accidents. They also presented human resource constraints, such as travel
arrangements to the accident which takes time for them to reach the destination,
because of logistical protocol approval. The delay in attaining authority to use

resources causes evidence to be destroyed or tempered with.

This fact alone signifies one of the investigation and identification challenges as being
related to shortages of skilled and qualified personnel. Given the limited number of
investigators and the scarcity of specialised skills, the SACAA may face challenges in
conducting thorough and effective investigations. This scarcity of investigators can
impact the efficiency and effectiveness of accidents investigations.

Based on the study findings, SACAA investigators experience lot of challenges caused
by different factors. Some of the factors are lack of investigation skills, lack of
resources (equipment & human resources). No proper counselling is provided to
aviation investigators who attend and investigate traumatic accident scene. In addition,

participants 3 and 4 resort to “black humour” as coping mechanism at some stage.

Despite the challenges they faced daily, the participants were not lethargic but
resorted to constructive measures such as teamwork and effective communication
with experts and Aviation Rescue Coordination Centre (ARCC) and collaboration with
colleagues to share their workload. Such measures are positive for organisational
productivity and prevention of negative factors such as employee burnout. Private
Pilots does not do proper flight planning, no maintenance check and they also do not
refill fuel.
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6.3 RECOMMENDATIONS

The study proposed a set of recommendations aimed at addressing the complexities
and challenges inherent in aviation investigation. Specifically, these recommendations
highlight the challenge of conducting research on aircraft accidents in South Africa,
where data is scarce. Additionally, these recommendations are based on the
information obtained during the reviewed literature and the interviews, which yielded
a clear consensus regarding strategic interventions aimed at enhancing the efficacy
of aviation investigators within the SACAA. Overall, the recommendations highlight the
need for the SACAA to recruit and train aviation investigators in order to address the
critical shortage. Implement robust security measures-establish strict protocols to
prevent unauthorised access, theft, or tampering with evidence at the accident sites.
The implication is that the ANT’s recruitment and training processes are inadequate,
leading to shortage of qualified personnel. In that regard, the following

recommendations are proposed:

e The provision of specialised training programmes to augment to current investigator
expertise in order to address the current shortage of less than 15 experts. (The
ANT’s equipment and procedures are outdated, leading to frequent failure and
disruptions to air traffic services);

e Equipment upgrade and modernisation, particularly in air traffic controls;

e National Air Traffic Services (NATS) should urgently recruit and train additional
personnel to address the critical shortage, with particular emphasis on the crucial
role of DNA in aircraft accidents.

e Since all participants alleged that they do not have international standards. The
researcher is of the view that international standard should be applied during the
accidents and incidents investigation and strongly recommend that this gap should
be addressed in future. As outlined in ICAO Annex 13, this annex provides the
framework for conducting investigations, ensuring independence, transparency
and internal collaboration.

e DNA plays important role in identifying the diseased of aircraft mascara. The
researcher is of the opinion that DNA sample should be taken from all members
on board as a preventative measure of wrongful identification after aircraft
accident. These should be requirements of all the individuals who are boarding
any plane. Participants 1, 3 and 4 agrees that DNA assist them in identifying the
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victims after the accidents, they also emphasis the role of pathologists in
identifying the victims and collect evidence.

e SACAA depends on state pathologies for DNA identification, with processing times
for DNA results frequently being prolonged. In certain instances, DNA
identification results required a duration of 3 to 6 months, leading to considerable
delays.

e The researcher recommend that Private Pilots should do proper flight planning,

maintenance check and they also refill fuel.

6.4 CONTRIBUTION OF THE STUDY

In the field of research, the study contributes to further understanding and insights on
the phenomenon of aviation investigation. The findings of this study are expected to
contribute to the development of more effective aviation accident investigation
protocols and procedures, ultimately supporting the identification of victims and

providing closure for their families.

Furthermore, the study focuses on aircraft accidents investigation and application of
DNA analysis for victim identification. In addition, it is imperative to understand the
causes in order to develop interventions that might assist in eliminating recurrent DNA
identification backlog. The study specifically focuses on the application of DNA
identification for victims of aviation accidents no other modes of transportation such
as car accidents, train accidents or marine accidents, thereby providing in-depth

insight into this particular context.

The researcher noted that there was limited information available on the topic.
Accordingly, the researcher anticipates that other researchers and students who
intend to further their research studies may further contribute to the available literature
on the significance of DNA to identify victims of aircraft accidents by identifying the

gaps in the existing literature.

6.6 CONCLUSION
This study focused on evaluating the significance of deoxyribonucleic acid to identify
fatal aircraft accident victims in the Wonderboom South African Civil Aviation Airspace.

The previous chapters discussed the general orientation of the study, literature review,
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research methodology, data analysis and interpretation and lastly the search findings

and recommendations of the study.

An ongoing critical review of relevant literature was undertaken to contextualise this
research. This review encompassed a wide range of scholarly sources, including
books and articles, to identify and synthesise key findings. In conclusion, this study
highlighted the challenges faced by aviation investigators in South Africa and
emphasised the need for enhanced training and increased personnel in order to
address the usage of DNA in identification of victims. The timely processing and
analysis of DNA samples are crucial to facilitating the identification process, mitigating
the psychological trauma experienced by families and ensuring that investigators can

focus on other critical aspects of the investigation.
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The researcher will ensure that the research project adheres to any applicable national legislation, professional codes of
condud, institutional guidedines and sdentific standands relevant to the spediic Rsld of study. Adherence to the following
South African legislation is important, if applicable: Probection of Personal Information Act, mo 4 of 2013; Children's adt
na 38 of 2005 and the National Health Act, nd 61 of 2003.

Only de-identified ressarch data may be used for secondary research purposss in future on condition that the ressarch
abjectives are similar o those of the original research. Secondary use of identifable human research data requires
additional ethics clearance.

No field work adtivities may continue after the expiry date 26/11,/2027. Submission of a complebed ressarch ethics
progress report will constitube an application for renewal, for Ethics Research Committes approval.

Addtional Conditions

1.
r
3

4,

Note

Disdosure of data to third parties is prohibibed without explict consent frem Unisa.

De-identified data must be safely stored on password protected PCs.

Care should be taken by the researcher when publishing the results to protect the confidentiality and privacy of the
university.

Adherence to the National Statement on Ethical Research and Publication practices, pringiple 7 referring to Sodal
awareness, must be ensured: "Researchers and institutions must be sensitive to the potential impadt of their research
an sedety, marginal groups or individuals, and must consider these when weighing the benefits of the research against
any harmiful effects, with a view to minimising or avoiding the latter where possible.” Unisa will not be liable for amy
failure bo comply with this principle.

The reference number 5883 should be dearty indicabed on all forms of communication with the intended research participants,
a5 well as with the Committee.

Kind regards,

L™

Prof Lincoln Fikz
Chair of College of Law_RERC
E-mail: MtzigBunisa.acza

A

Executive Dean / By delegation from the Executive Dean of College of Law_RERC
E-rnail: budelm@unisa. ac.za
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ANNEXURE B1: PERMISSION TO CONDUCT THE STUDY

Re: Requesting permission for conducting a research in the Woonderboom Airport

From: Nnditsheni L. Madavha <NnditsheniM@ TSHWANE.GOV.ZA>

Sent: Monday, 14 October 2024 19:14

To: KGAQGELD LILLIAN MNISI <48748390@mylife.unisa.ac.za>

Cc: Manamela, Matsidinkane <Manamms@unisa.ac.za>

Subject: RE: Requesting permission for conducting a research in the Woonderboom Airport

Approved
Nnditsheni Madavha
Divisional Head - Tshwane Airport Services (TAS)
t’ (Airport Manager — Wonderboom Airport (FAWE)
Celi: +27 79 154 5513 | Tel 012 358 5078
“*\ Emall.  nnditshenim@tshwane gov.za
WONDERB OOM Address: 1 Floor Main Terminal Bullding | Airpert Management
Lintvelt Road | Doornpeort | Prataria
NATIONAL AIRPORT PO Box 53 | Bon Accord | Preteria | 0009 |

Website; www . tshwane.gov.za | www.wonderboomairport.co.za

Kind Regards

Research Interviews with Air Traffic Controllers at FAWB

@ This event occurred 4 months ago (Thu 2024/11/21 12:00 - 14:00)
©

Airport Manager's Office - Wonderboom Airport (FAWBE)

Sg  Nnditsheni L. Madavha<NnditsheniM@TSHWANEGOV.ZA> invited you Accepted 1, Didn't respond 5
) Follow up ~

You accepted on 2024/11/1905:34
N Nnditsheni L. Madavha<NnditsheniM@TSHWANE.GOV.ZA >

To: TIM@atns.co.za; O KGAOGELO LILLIAN MNISE; Kagiso Mainganya <KagisoM@atns.co.za>
Cc: Sara Manamela <SaraM2@TSHWAMNE.GOV.ZA>; Essery Hamilton <EsseryH@TSHWANE.GOV.ZA>; O Manamela, Matsidinkane

o You replied on 5at 2024/11/23 11:49

Research Interviews with Air Traffic Controllers at FAWE

Thu 2024/11/21 12:00 - 14:00

® @ 0

Airport Manager's Office - Wonderboom Airport (FAWE)

~ Accepted
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ANNEXURE B2: PERMISSION TO CONDUCT STUDY

Raquest for approval 1o use SACAA as a case study for academic purpose - Ms Kgaogelo Lilian Mnis

SOUTH AFRICAN e o i
R APPROVAL MEMO |
CamonTy |

To: Poppy Khoza - Director of the Civil Aviation

CC: Ms Phindiwe Gwebu — Executive: Corporate Services

From: Mthokozisi Madlala — Manager: Strategy, Performance and Research

Re: Request for approval to use SACAA as a case study for academic purpose — Ms Kgaogelo

Lillian Mnisi
Date: 1 July 2025
Purpose

The purpose of this submission is to receive approval from the Director of Civil Aviation (DCA) to
utilise the South African Civil Aviation (SACAA) as a case study for an academic research project.

Background

One of the principles of research is to be able to develop knowledge and distribute such knowledge
with the aim of contributing to resolution of societal problems. This requires the organisation to be
agile and put in place systems that will foster multi-stakeholder contribution in the discourse that will
enhance the business operations of the organisation. As for SACAA, to create a safe and secure
aviation industry, the organisation has put in place the necessary Strategic Framework to enhance
Research and Development output. In this regard, the organisation's Strategic Objective 4:
Optimised Research and Innovation capability, illustrates the need to invest resources in the
implementation of the research agenda that fosters development of knowledge, while working with
the industry partners and academia.

This further provides the organisation with an opportunity to share research findings in different
platforms, while it also gains access to studies produced by other professionals and scholars, in the
fields that are aligned with the SACAA’s mandate.

The organisation had also initiated a Research and Development Policy that allows it to work with
external organisations or be participant in studies initiated by external stakeholders. This does not
only strategically benefit the organisation, but it alsc becomes an active player in the development of
knowledge and promotion of innovation in the industry.

Discussion

The Strategy, Performance and Research office has received a request from a student (Ms
Kgaogelo Lillian Mnisi) to collect data at the SACAA for her academic studies. Ms Mnisi is currently
enrolled for Masters in Forensic Investigation at the University of South Africa, with the student no.
48748390. The student is conducting a study on the following topic: “Evaluating the significance

[ CA 183-52 | 21 July 2023 | Page 10f3 |

-
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Request for approval 10 use SACAA as a case study for academic purpose - Ms Kgaogelo Lillian Mnisi

of Deoxyribonucleic acid to identify fatal aircraft accident victims in the Wonderboom South
African Civil Aviation Authority”. The aim of this research is to evaluate the significance of
deoxyribonucleic acid to identify victims in fatal aircraft incidents to improve measures and
techniques that are currently used by South African Civil Aviation investigators.

The following research questions will be addressed in the study:

« \What is the history of the deoxyribonucleic acid in identify victims of fatal aircraft incidents in
the South African Civil Aviation Authorities?

* How significant is the use of DNA in identifying fatal aircraft incident victims in the South
African Civil Aviation Authorities?

» What are the advantages and disadvantages of using DNA as a technique to identify victims
of fatal aircraft incidents?

The student has an approved ethical clearance from the University of South Africa. The process of
data collection will be aligned with the University of South Africa's research code of ethics, which
protects the rights and interests of study participants, binds the student to her pledges and
obligations. A study report containing the data that has been processed and examined will be
published. The student will note the aviation inspectors' responses and will possibly record them on
paper and audio. Therefore, there is minimal risk.

Please find attached documents for your perusal:

Attachment 1: Request for permission letter
Attachment 2: Research Study Proposal

Recommendation

It Is recommended that the DCA review and approve the request for SACAA to participate in the
academic study on: “Evaluating the significance of Deoxyribonucleic acid to identify fatal
aircraft accident victims in the Wonderboom South African Civil Aviation Authority”.

Sincerely,

—MM o!A‘ “‘L’

Mr. Mthokozisi Madlala

Manager: Strategy Performance & Research

Recommended/Not Recommended.-

CA 183-52 [ 21 July 2023 | Page 2 of 3 |

Raquest for aoproval o use SACAA as a case

129



sotddld-

Mr. Mthokozisi Madlala
Manager: Strategy Performance & Research
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| CA 18352 1 21 July 2023 Page 2 of 3 |
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Date /

Executive: Corporate Service

Recommended/Not Reyn{}nﬁed

Ms. Thobile Masooa Date
Executive: Human Resources

Recommended/ Recommended

o ]

Ms. POPPY KHOZA | Date
DIRECTOR OF CIVIL AVIATION

. . —
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ANNEXURE C: INFORMANT CONSENT

PARTICIPANT INFORMATION SHEET

Ethics clearance reference numbsr: 5883

Research pemmission reference number (i apphicable ):

14 October 2024

Title: Ewaluating the significance of decxyribonucleic acid to identify fatal
aircraft accident wictims in the Wonderboom Sowth African Ciwil Awviation
Authority

DEAR PROSPECTIVE PARTICIPANT

My name is Kgaopelo Lillian Mnisi, and | am doing research with Prof M S
Manamela, a Senior Lecturer in the Department of Police Practice towards a
Master of Arts in Forensic Investigation at the University of South Africa
[UNISA]. We are nviting you to parSicipate in a study entitled "EVALUATING THE
SIGHIFICANCE OF DECXYRIBONUCLEIC ACID TO IDENTIFY FATAL AIRCRAFT
ACCIDENTS VICTIMS IN THE WONDERBOOM SOUTH AFRICAN CIVIL AVIATION
AUTHORITY™.

RESEARCH AlIM

The aim of this research is to evaluate the significance of deoxyribonucleic acid to
identify wictims in fatal aircraft incidents o improve measures and techniques that are
currently used by South African Civll Aviabion investigators.

THE MATURE OF PARTICIPATING AMD PROTECTIOM OF PERSONAL
INFORMATION ACT 4 OF 2013

Please answer all questions as honestly as possible. The information collected for this
study regarding the experience and challenges in the nvestgation fatal aircraft
mncidents and the use of Deoxyribonucleic Acid (DMA) to identify the wictims in
Wonderboom Alrport will assist the researcher to come up with constructive propasal
and recommendation for the solutions to investigate significance of decxyribonucheic
acid to identify fatal aircraft incident vickims in the Wondarboom South African cil
aviation authority”.

You do not need to identify yourself and, similar, the researcher will uphold anonymity
in that there will be no possibility of any participants being identified or linked in any
way in the research findings in the final research report.
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The study will use purposive sampling technigue in selecting participants that are
responsible to investigate fatal arcraft incidents in Pretoria Wonderboom Airport,
Gauteng. Hence, the participants in are selected by virtue of their capacity to provide
richly textured information, relevant to the phenomenon under investigation. The semi-
structured interview is used to gather information from the participants. The ressarcher
will cease to collect data when it reaches saturation.

Participation in the stwdy is wolmntary and participants may withdraw from the study at
any stage. The intersew schedule is not time-restricted, and you may consider your
responses carsfully.

THE BENEFIT! VALUE OF THE RESEARH

This research will enefit the academic community by being available to students and
reseanchers. The researcher will gain skills, technigues, knowledge and to mest his
educational requirements.

The research can be used as a souwrce for students, ressarchers and useful especialy
the detectives and prosscutors in the inwestigation and prosecution of copper cable
theft casas in Pretoria. South African Society this study is amed of giving insight into
how DMA identification can be properly managed, accurate and reliable while
mwvestigating aircraft disaster. The improvement of DMNA identification to South African
Civil Aviation Authority (SCAA) investigators.

To South African Civil Aviation Authority, the use of DNA to identify its passengers. will
add value to help reconstruct the scene of incident-by determining everyone that was
present in the plane and for the official death cerfificate to be issuwed-this requires
positive proof that the remains were found and identified. The researcher believes that
the results of this study will enhance the investigator's capability and ability to
understand the significance of DMA as technigue o identify wictims of fatal arcraft
disaster. The shortcomings will be identified and rectified for instance; examiners will
b= frained and capacitated regarding the Aviation investigation. Once the research is
found to be noteworthy by UMISA this research would be uploaded on mylinisa
website and benefit the students and researchers of LIMNISA.

ETHICAL CONSIDERATIONS FOR THE PARTICIPANTS IN THE RESEARCH
PROJECT

The researcher will adhere to the following areas of ethical principles toe avoid harm to
participants, ensure informed consent of participants, respect the privacy of
participants, and avoid the use of deception.
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= Avoid harm to participants.

The research will avoid causing the participants to be embamrassed, ridiculed, belitted
or generally subject to mental distress, or if it produces anxiety or stress to participants
or produces negative emotional reaction”™. The researcher will make ensure that all
mterviews and the participants focus solely on the investigative aspects of ther work,
rather than asking evocative guestions to how they feel about their work. The
reseancher will not expose research participants to undue physical or psychological
harm.

=+ Ensure informed consent of participants.

The reseancher will follow the process of obtaining a permission to conduct and collect
data from the participants in the SAPS and MPA. Also, the researcher wil explain to
the participants what the data and information is going to be used for. It will be
Fscertained that the consent of participants is woluntary and informed, without any
mplied deprivation or penalty for refusal to parficipate. In addition, the researcher will
mform participants that their participation & woluntary, and they have the right o
withdraw anytime they wanted as well as signing the consent forme The researcher
will obtain ethical clearance from the UMISA College of Law Ethics Review Commitiee
[CLAW) to conduct the research and fo ensure that the Policy on Research Ethics is
complied with.
= Respect the privacy of participants.

Throwghout the entire research process, the researcher will ensure that names of
subjects appearing on the inwestigation case files will not be included in the research.

The research results will base on the methods employed dunng the perpetration of
fatal arcraft incidents and not on specific persons or nvestigators.

= Avoid the use of deception.

In this study, the researcher will do all his level best te avoid any form of deception by
telling the participants the truth all the tme. Moreover, the researcher will use the
guidelines of the Uinversity of South Afmca’s code of conduct for researchers as stated
n the policy of Research Ethics of the University of South Afnca te complete this study
accordingly.
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THE INFORMATION THAT | CONVEY TO THE RESEARCHER AND MY IDENTITY
BE KEPT CONFIDENTIAL

Wou hawe the nght to insist that yowr name will not be recorder anywhere and that no
one, apart from the researcher and identified members of the research team, will know
about your inveleement in this research [this measure refers to confidentiality] OR your
name will not be recorded anywhere, and no one will be able to connect you to the
answers you give [this measure refers to anonymity. Your answers will be given a code
number, or a pseudonym and you will be refermed to in this way in the data, any
publications, or cther research reporting methods such as conference proceedings
[this measure refers bo confidentiality].

No one will have access to the data. Please note that confidentiality agreements will
b= submitted fo the Ressarch Ethics Review Committee for consideration. Your
answers may be reviewsd by people responsible for making sure that research is done
properly, including the transcriber, extemal coder, and members of the Research
Ethics Review Commitiee. Otherwise, records that identify you will be available only
to people working on the study, unless you give permission for other people to see the
reconds.

Anonymous data may be used for other purposes. such as research reports, joumal
articles andlor conference proceedings. Privacy will be protected in any publication of
the information {e.g., a report of the study may be submitted for publication, but
ndividual participants will not be identifiable in such a report). Please keep in mind
that it is somefimes impossible to make an absclute guarantee of confidentiality or
anonymity, .g.. when focus groups are used as a data collection method. Effiort will
be made by the researcher to ensure that you wil not be connected to the information
that you share during the focus greup, | cannot guarantee that other participants in the
focus group will treat infermabion confidentially. | shall, howsver, encourage all
participants to do so. For this reason, | advise you not to disclose personally sensitve
mformation i the interviewfocus group.

THE RESEARCHER(S) PROTECTING THE SECURITY OF DATA.

Hard copies of your answers will be stored by the researcher for a minimum period of
ten to fifteen years in a locked cupboardfiing cabinet for future research or academic
purposes; electronic information will be stored on a password protected computer.
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Fufure use of the stored data will be subject to further Reseanch Ethics Review and
approval if applicable. Indicate how information will be destroyed if necessary [e.g.,
hard copies will be shredded and'or electronic copies wil be permanently deleted from
the hard drive of the computer using relevant softwars programme].

PAYMENT OR ANY INCENTIVES FOR PARTICIPATING IN THIS STUDY?

No payment or reward offered, financial or otherwise. Any costs incumed by the
participant will be explaned and justified in adhersnce with the principle of fair
procedures (justice).

INSTITUTION ETHICAL CLEARANCE APPROVAL.
This study has received written approval from the Research Ethics Review Committes.

ENGQUIRING ABOUT INFORMATION RELATED TO THE FINDINGS/RESULTS OF
THE RESEARCH?

If wou would like to be informed of the final research findings, please contact Ms
Kgaogelo  Lillian  Mnisi  on OF3886 5338 or emal address
48748300 mlife ynis3 geza. The findings are accessible for 2024, Departmental
andior mobile phone numbers are acceptable.

Should you hawe concems about the way research has been conducied, please
contact supervisor at this number 072231 8208, email manamms@wnisa ac.za.
Thank you for taking time to read this informiation sheet and for participating in this
shudy.

Thank you.

Kgaogelo Lillian Mnisi
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CONSENT TO PARTICIPATE IN THIS STUDY
. [participant name), confirm that the person

asking my consent to take part in this research has told me about the nature,
procedure, potential benefits and anticipated mconvenience of participation.

| hawve read (or had explamad to me) and understood the study as explained in the
nformation sheat.

| hawe had sufficient cpporunities to ask questions and am preparsd to participate in
the study.

| understand that my participation is voluntary and that | am free to withdraw at any
time without penalty (if appiicabls).

| am aware that the findings of this study will be processed into a research report,
joumal publications andior conference procesdings, but that my participation will be
kept confidential unless otherwise specified.

| agree te the recording for the purpose of data collection method in the study.

| have received a signed copy of the informed consent agreement.

Participant Mame & SUMEMe: ... e e e e {Please print)
Participant Shpnatuine: .. ..o e o Date...........
Researcher's Mame & SUMamig. ..o eee e e {please print)
Researcher's Sigmature: e DChate
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ANNEXURE E: INTERVIEW SCHEDULE

INTERVIEW SCHEDULES AVIATION INVESTIGATING OFFICER

TITLE: EVALUATING THE SIGNIFICANCE OF DEOXYRIBONUCLEIC ACID TO
IDENTIFY FATAL AIRCRAFT ACCIDENTS VICTIMS IN THE WONDERBOOM
SOUTH AFRICAN CIVIL AVIATION AUTHORITY AIRSPACE

Research aim

The aim of this research is to evaluate the significance of deoxyribonucleic acid to
identify victims in fatal aircraft incidents to improve measures and techniques that are

currently used by South African Civil Aviation investigators.

Background Information

Please introduce yourself.

Specify your tertiary qualifications.

How many years of service do you have in the South African Civil Aviation?
What is your rank?

How many years of investigation experience do you have?

For how long have you been working in Aviation investigations?

Have you testified in court as an Aviation expert? If ‘yes’, how many times?

© N o g s~ w D P

Have you been promoted to the next rank before? If ‘yes’, specify when and for

which position?

The researcher formulated the following research questions:

e What are the main causal factors of aircraft accidents from the perspectives of
literature and existing national procedures and practices?

e Which measures are applied by the South African Civil Aviation Authority in
investigating and preventing aircraft accidents?

e What is the extent of DNA techniques applied in the investigation and identification
of human remains in fatal aircraft incidents by the South African Civil Aviation
Authority?
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e What is the nature of challenges experienced by the South African Civil Aviation
investigators and propose improvement measures and techniques that are currently

used?

So, you are kindly requested to answer the questions formulated in the interview
schedule that are aligned with the formulated primary research questions. The
researcher is bound to his assurances and guarantees by the University of South
Africa research code of ethics, which ensures the protection of rights and interests of

the research participants.

The information you provide will be used in a research project for a Master’s degree
registered with the Programme Group: Police Practice at the University of South

Africa. The analysed and processed data will be published in a research report.

Your answers will be noted/recorded by the interviewer himself, on paper and audio
recorder. Should any question be unclear, please feel free to ask the researcher for
clarification. Only one answer per question is required. When answering the questions,

it is very important to give your own opinion.

A written permission has been obtained from the South African Civil Avian Authority
and Wonderboom Airport, to conduct this interview.

| hereby give permission to be interviewed and that information supplied by me can be
used in this research. | am aware that | may withdraw from this research process at
any time before and/or during the research.

YES /NO

South African Civil Aviation Investigator and or Air Traffic Controller

PART A
Biographical Information of participants

Gender: (1) Male (2) Female
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Years of service in the Aviation..............c.ooii
Years of service as Aviation Investigating Officer.....................oo.

Highest Tertiary Qualification..............oooiii i

PART B

1. Theme 1: The main causal factors of aircraft accidents

Sub-theme 1: Understanding “aircraft”

Sub-theme 2: Understanding “accident”

Sub-theme 3: Understanding “disaster”

Sub-theme 4: Understanding “victims”

Sub-theme 5: Investigation experience

Sub-theme 6: In your view, what is the major cause of aircraft accidents?

Sub-theme 7: how do you think human factors, such as a pilot error mistakes impact

the likelihood of an aircraft accidents occurring? Please explain briefly.

Sub-theme 8: In your experience, what are the most significant challenges in

determining the causes of aircraft accidents and how can they be addressed?

2. Theme 2: Measures are applied by the South African Civil Aviation Authority

in investigating and preventing aircraft accidents

Sub-theme 1: Understanding “evidence”
Sub-theme 2 Understanding “forensic investigation”

Sub-theme 3: Which international standards guide your investigations?

3. Theme 3: The extent of DNA techniques applied in the investigation and

identification of human remains in fatal aircraft incidents by the South African

Civil Aviation Authority
Sub-theme 1: Understanding “DNA”)

Sub-theme 2: Understanding “DNA identification”
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Sub-theme 3: How often are DNA techniques used in aircraft accidents

investigations?

Sub-theme 4: how do you ensure the integrity and reliable of DNA samples collected
from crash site?

Sub-theme 5: how long does DNA results takes?

4. Theme 4: The nature of challenges experienced by the South African Civil

Aviation investigators and propose improvement measures and techniques that

are currently used

Sub-theme 1: Challenges experienced
Sub-theme 2: Coping with the challenges

Sub-theme 3: How do you manage the complexity of gathering and analysing data
from various sources, such as flight recorders and witness statements?

Sub-theme 4: In your experience, what are the most critical factors that can hinder
the accuracy of an aircraft investigation and DNA identification?

Sub-theme 5: What role do you believe technology and innovation play in reducing
the risk of aircraft accidents and enhance the efficiently o DNA identification?
Sub-theme 6: Have you had any major accidents in South Africa in the last five years?

If so, how many?

Thank you very much and please ask any question.
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