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ABSTRACT

In serial murder investigations lacking forensic evidence, investigators need valid and
reliable ways of linking crimes committed by the same offender. The underlying principles
of crime linkage are based on the observed consistent, yet unique behaviours, demonstrated
by offenders across crimes. The purpose of crime linkage is to assist in investigations by
identifying whether two or more crimes are likely to have been committed by the same
offender, and provide similar-fact evidence in legal proceedings, connecting crimes at trial
even when forensic or other evidence only partially links an offender to a series of crimes.
This study examined behaviour consistency and distinctiveness among serial murder
offenders in South Africa using solved and unsolved (yet forensically linked) murder series.
The study aimed to empirically test the underlying principles of crime linkage research using
an ecologically valid sample. The study’s novel approach of including unsolved murder
series addresses limitations and criticisms regarding the ecological validity and reliability of
previous crime linkage research. Data were collected from original case files of the South
African Police Service’s (SAPS) Investigative Psychology Section (IPS), and a sample of
21 murder series with a total of 126 victims was identified. Crime scene behaviours were
coded using a binary system to indicate presence (1) or absence/missing (0) of a behaviour.
Jaccard’s coefficient was used to measure similarity of crime pairs quantitatively. Results
indicated that linked crime pairs were significantly larger than unlinked crime pairs, across
all datasets. Binary logistic regression analysis with resulting Receiver Operating
Characteristic (ROC) and Area Under the Curve (AUC) indicated effective discrimination
accuracy between linked and unlinked crime pairs when all crime scene behaviours were
considered (AUC = 0.87). While the study found support for the underlying principles of
crime linkage, it also revealed variability among offenders’ behaviour. Behavioural domains
influenced by victim-offender interaction proved less effective at differentiating between
linked and unlinked crime pairs. Future research should focus on refining the
operationalisation of crime scene behaviours to improve linkage accuracy. By using original
police case files and incorporating unsolved series, this research strengthens the ecological
validity and reliability of crime linkage research, providing valuable insights for

investigative and legal contexts.

Key words: crime linkage, serial murder, behavioural consistency, behaviour

distinctiveness
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CHAPTER 1: INTRODUCTION

1.1 CHAPTER PREVIEW

This chapter introduces the study by providing an overview of the research and a general
orientation to the content and structure of the chapters that follow. It begins by describing
and presenting the underlying principles of crime linkage through the examination of crime
scene behaviours, while addressing the limitations and criticisms of previous crime linkage
research. Thereafter, the research problem is introduced followed by the aims and objectives
of the study and potential significance and impact on crime linkage research understanding
of serial murder. The chapter concludes with an outline of the subsequent chapters, by

providing a structural framework for the research study.

1.2 RESEARCH CONTEXT AND BACKGROUND TO THE STUDY

South Africa has one of the highest number of serial murderers recorded per country in the
world (Aamodt et al., 2023). As a result of the high cost to life, as well as state resources,
apprehension and early detection of serial murder offenders is crucial to prevent further
possible victimisation (Pakkanen et al., 2021; Woodhams & Davies, 2021; Yaksic, 2024).
Although the most reliable form of connecting crimes to the same offender is through
scientific forensic evidence such as Deoxyribonucleic Acid (DNA), ballistic evidence,
fingerprints, and digital evidence (Grubin et al., 2001), Davies and Woodhams (2019) state
that the process is expensive, time consuming, and sometimes such evidence is even absent
from the crime scene. For example, forensic evidence such as DNA may be unavailable due
to possible forensic awareness of the offender, degradation of evidence at the crime scene,
and/or a result of poor police work (Labuschagne, 2012; Salfati, 2019; Salfati et al., 2015b;
Sorochinski & Salfati, 2010; Yaksic, 2024). As a result, investigators need alternative
methods which are valid and reliable to assist them in linking and connecting crimes
(Woodhams et al., 2019).

Crime linkage, a form of behavioural analysis, is the practice of identifying and connecting
seemingly unrelated crimes to the same unknown offender based on crime scene behaviours
(Bennell & Canter, 2002; Canter, 1995; Woodhams & Bennell, 2015a; Woodhams et al.,
2007). Research has demonstrated that serial offenders can be linked to crimes based on

crime scene behaviours that are similar, yet unique at each crime scene, which form the



underlying principles of crime linkage (Canter, 2000; Horning et al., 2015; Knoll et al.,
2009; Pakkanen et al., 2021; Ressler et al., 1995; Salfati et al., 2015a; Salfati & Bateman,
2005; Santtila et al., 2008; Skott et al., 2021). These crime scene behaviours exhibit
consistency across crime scenes, establishing a similar pattern in behaviour. However, these
crime scene behavioural patterns are unique and distinct to the offender, differentiating them
from other offenders who commit similar types of crimes (Bennell & Canter, 2002;
Woodhams et al., 2019).

The purpose of crime linkage is to identify patterns and possible connections between crimes
based on behavioural evidence which may not be readily apparent, to assist law enforcement
such as investigators, to effectively allocate resources, and obtain specific or more useful
information which may have been previously overlooked or unidentified (Bennell & Canter,
2002; Davies & Woodhams, 2019). By linking offenders based on their crime scene
behaviours, investigators can connect crimes for the purpose of investigation, prosecution,
and conviction (Labuschagne, 2015b). As a result, linking crimes based on behavioural
evidence is advantageous as it is proactive in nature, more cost effective, and immediately
available once the crime is discovered (Davies & Woodhams, 2019; Labuschagne, 2015a).
Crime linkage has become a valuable investigative tool in police investigations and court
proceedings by providing similar fact evidence, especially when forensic evidence is lacking
(Davies & Woodhams, 2019; Ewanation et al., 2023; Labuschagne, 2015a). Similar fact
evidence is a legal rule of evidence concerning the admission of prior misconduct of an
accused in court, admissible when the unique patterns between the prior acts and the present

or current charge, demonstrate a strong logical connection (Acorn, 1991).

Due to the serious implications and consequences of incorrectly linking crimes based on
behavioural evidence, it is imperative that crime linkage be thoroughly researched (Brooks
& Greenberg, 2021; Sorochinski, 2024). This includes establishing that the underlying
principles and methodologies have been tested in the most valid and reliable way. As a result,
guantitative methods have been used to determine the accuracy of crime linkage by
determining the similarity and distinctiveness of crime pairs (Bennell et al., 2023). In
particular, Jaccard’s similarity coefficient has been a common method used to quantify the
level of behavioural similarity between crime pairs (Bennell & Canter, 2002; Pakkanen et
al., 2021; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a). Jaccard’s similarity

coefficients with outcomes closer to one (1) indicate perfect similarity, and outcomes closer



to zero (0) indicate no similarity in crime scene behaviours between crime pairs (Bennell &
Canter, 2002). In addition, logistic regression analysis is the preferred and most common
method used to predict linked status, and Receiver Operator Characteristic (ROC) graphs to
determine the accuracy of models as indicated by the Area Under the Curve (AUC) in
predicting crime pairs by distinguishing between ‘linked’ (crimes committed by the same
offender) and ‘unlinked’ (crimes committed by different offenders) crime pairs across
various thresholds (Bennell et al., 2021). As a result, it is important that the impact, and the
application of different threshold levels on error rates in practical applications, are provided
(Ewanation et al., 2023; Woodhams et al., 2019).

1.3 RESEARCH PROBLEM STATEMENT

While the principles underlying crime linkage have been tested empirically using several
crime types such as serial sexual offences, burglary, theft, and robbery (Bennell et al., 2014;
Fox & Farrington, 2018), few studies have tested the underlying principles of crime linkage
among serial murderers (Melnyk et al., 2011; Pakkanen et al., 2021). Consequently, the
generalisability of the principles of crime linkage across crimes, is questionable. In addition,
there has also been variability in the data which suggest that not all offenders maintain
consistency in their crime scene behaviours (Bennell et al., 2021; Woodhams &
Labuschagne, 2012a). For example, contextual and situational factors such as how a victim
reacts or resist(s), or whether someone interrupts the offender during the criminal act, can
impact on an offender’s behaviour pattern (Salfati, 2019; Sorochinski & Salfati, 2010;
Woodhams et al., 2019; Woodhams & Labuschagne, 2012a). As a result, behaviours
considered within the control of the offender display more consistency across crimes (Salfati
et al., 2015a). As an offender gains confidence and experience in committing crimes, they
adapt and ascertain what works and what does not work in order for them to be able to
effectively carry out their crimes, and escape detection (Hazelwood & Warren, 2003;
Woodhams et al., 2007). This is also commonly referred to as modus operandi (MO)
(Hazelwood & Warren, 2003). However, an offender’s MO can also evolve or destabilise
and change over time (Turvey & Freeman, 2012a). This highlights the complexity and
nuanced nature of offender’s behaviour/s, and the challenge in establishing reliable links

between crimes (Salfati, 2019; Tonkin et al., 2012b; Woodhams & Labuschagne, 2012a).



Furthermore, much of the criticism and limitations of previous crime linkage studies are
related to the samples which have been used as they are arguably not representative of what
occurs in practice and, therefore, lack ecological validity (Pakkanen et al., 2021; Woodhams
and Labuschagne, 2012a). Ecological validity refers to the application and generalisability
of theory and research to real-world contexts (Schmuckler, 2001). For example, a criticism
and limitation is that the majority of crime linkage research studies have only utilised solved
crime series (Pakkanen et al., 2021; Woodhams et al., 2019). It has been suggested that these
series were more consistent and similar in nature, and, therefore, easier to link to an offender,
and hence were solved (Bennell & Jones, 2005; Burrell et al., 2024; Woodhams &
Labuschagne, 2012a). This is viewed as a limitation, as investigators are typically
investigating unsolved crime scenes with an unknown perpetrator (Tonkin et al., 2012b).
Therefore, due to the dissimilarity in crime scene behaviours, they are not connected and go
unsolved (Bennell & Jones, 2005). This demonstrates the importance of testing the
underlying principles of crime linkage using ecologically valid samples (Davidson &
Petherick, 2021; Pakkanen et al., 2021; Woodhams et al., 2019). To the researcher’s

knowledge, no crime linkage research has been conducted using unsolved murder series.

There is a need to address this gap by testing the underlying principles of crime linkage on
a sample of serial murder cases in South Africa which included solved and unsolved murder
series. By examining behaviour similarity and distinctiveness of serial murder offenders’
behaviour using original police case files, and using samples of solved and unsolved murder
series, enhances the ecological validity of the findings of the study and findings of crime
linkage research (Pakkanen et al., 2021). In addition, due to variability among offending
behaviour, the study assesses whether certain functional behavioural domains were more
effective at linking crimes, or whether a combination of all MO crime scene behaviours is
more useful for linking purposes during the investigative phase. There is an opportunity for
research to further provide performance metrics as well as a range of different thresholds, to
determine error rates which are necessary and useful for the trial phase, such as in legal

proceedings (Ewanation et al., 2023).

1.4 PRIMARY AIM AND OBJECTIVES OF THE RESEARCH

The primary aim of the research study is to determine whether behaviour consistency and
distinctiveness exists among a sample of serial murder offenders in South Africa based on



crime scene behaviours. However, the outcome was two-fold as through achieving the

primary aim of the study, the underlying principles of crime linkage were also tested using

unsolved murder series, enhancing ecological validity of crime linkage research. In addition,

the study utilised a pragmatic functional behavioural domain approach to determine whether

target selection, sexual behaviours, violence and control behaviours, or crime scene

characteristics are more useful at linking crimes, or whether a combination of all crime scene

behaviours are more effective for linking purposes.

As a result, the objectives of the study are the following:

To compare the descriptive statistics of behavioural variables between solved and
unsolved murder series samples.

To determine whether behavioural consistency and distinctiveness exists among a
sample of South African serial murder offenders by assessing similarity and
distinctiveness of all crime scene behaviours using quantitative methods.

To compare the behaviour similarity and distinctiveness of offenders between solved
and unsolved murder series using all crime scene behaviours.

To identify whether functional behavioural domains or whether including all MO
crime scene behaviours are more effective at linking crimes, by comparing behaviour
similarity and distinctiveness of each domain.

To compare the functional behavioural domains between solved and unsolved
murder series.

To apply arange of decision thresholds to determine performance outcomes and error
rates which can be useful and applicable for the investigative and trial phases.

To compare and contrast performance outcomes and error rates between solved and

unsolved cases.

By achieving these objectives, the study sought to answer the following research questions:

Do serial murder offenders in South Africa display consistent yet distinct crime scene
behaviours?

How do solved and unsolved murder series compare with regard to behaviour
consistency and distinctives when all crime scene behaviours are considered?

Avre certain functional behavioural domains more useful at connecting crimes, or are

all crime scene behaviours more effective for linking purposes?



e How do solved and unsolved crimes compare within these domains?

e What are the practical implications of various decision thresholds and how are they
beneficial during the investigative and trial phase?

e What are the error rates and how do these decision thresholds compare between

solved and unsolved cases?

1.5 SCOPE OF THE STUDY

This research adopts a positivist approach to investigate and explore the behaviour
consistency and distinctiveness among serial murder offenders in South Africa. As a result,
the scope of the study is limited to exploring and examining the underlying principles of
crime linkage through quantitative analysis. The purpose of the study is not to identify, infer,
or speculate on the psychological profile or personality characteristics of offenders, nor to
determine the reason or possible causation for the offender to become a serial murder
offender. In addition, the specific outcomes such as frequency of variables will not be
explored to determine trends or themes, as the sample is limited. Therefore, frequency
outcomes of the specific behavioural checklist variables used in this study should not be
generalised to all serial murder offenders in South Africa, nor to other countries.
Additionally, aspects such as a cost-benefit analysis at determining the cost of linking a
crime or not linking a crime, is outside the scope of the study. Lastly, due to the sensitivity
and confidential nature of the study, the researcher will not expound upon specific cases or

details regarding the crime scenes, and only aggregated data is reported on.

1.6 SIGNIFICANCE OF THE STUDY

This is the first known research study to date globally to include unsolved murder series in
testing the principles of crime linkage among serial murder cases. The inclusion of unsolved
murder series as well as using original police case files, will enhance the ecological validity
of crime linkage research, which will be a significant contribution to the field of investigative
psychology and crime linkage (Ewanation et al., 2023; Pakkanen et al., 2021; Woodhams et
al., 2019). By testing the underlying principles of crime linkage using a sample which
reflects practical investigative challenges, this study provides a more accurate assessment of
the effectiveness of linking crimes using behavioural evidence. This is the first study to use
the gold standard methodology of crime linkage research in the analysis of serial murder

cases in South Africa as well as the Global South. It achieved this by using Jaccard’s



coefficient to determine similarity of crime pairs; binary logistic regression analysis to
predict the linked status of crime pairs; Leave-One-Out Cross-Validation (LOOCV) method
to cross validate the results, and ROC and AUC to assess the accuracy of the predictions
(Bennell et al., 2014; Burrell et al., 2024; Tonkin et al., 2012b; Woodhams et al., 2019). In
addition, by examining and comparing offenders’ behaviour within functional behavioural
domains (such as target selection behaviours, sexual behaviours, crime scene dynamic
behaviours, and violence and control behaviours), this research explores serial murder
offenders’ behaviour consistency and distinctiveness within these behavioural domains to

determine the effectiveness of each behavioural domain at linking crime pairs.

In addition, through examining the behaviour distinctiveness and consistency of serial
murder offenders in South Africa using crime scene behaviours, this study further
contributes to crime linkage research by providing a uniquely South African analysis, as
crime linkage is an area of research which is predominantly examined in Europe, the United
Kingdom (UK), and the United states of America (USA) (Melnyk et al., 2011; Pakkanen et
al., 2021; Tonkin & Woodhams, 2017). Therefore, this study will contribute towards the
understanding of validity and reliability of crime linkage as an investigative tool for serial
murder offences both internationally as well as in South Africa. The study provides valuable
insights that may inform the development of effective investigative strategies, enabling law
enforcement to effectively identify, and apprehend serial murder offenders based on
behavioural evidence. In the current context of DNA backlogs in the SAPS Forensic
Sciences Laboratories (FSL) (Machisa et al., 2023; Parliament of South Africa, 2025), it can
be argued that the scientific development of crime linkage based on behavioural analysis is
becoming both relevant and necessary in serial murder investigations and subsequent
prosecutions. DNA might not be present in a case, or due to backlogs there are significant
delays in obtaining results, whereas crime scene behaviour is present and immediately
available in each case (Davidson & Petherick, 2021; Salfati, 2019).

1.7 DEFINITION OF KEY TERMS
1.7.1 Area Under the Curve

The Area Under the Curve (AUC) is a common system of measurement used in research,
such as crime linkage, to determine the relative accuracy of a binary classification logistic
regression model (Hanley & McNeil, 1982; Hosmer & Lemeshow, 2000; Swets, 1973). In



this research, the AUC represents the likelihood that a randomly selected linked crime pair
will have a higher probability of being linked compared to a randomly selected unlinked
crime pair (Bennell & Canter, 2002; Bennell & Jones, 2005).

1.7.2 Correct Rejections

Correct rejections, also referred to as true negative (TN), refer to crimes which were
predicted to be unlinked and were in fact committed by different offenders (Ewanation et
al., 2023). In other words, the linked prediction is correctly rejected, as the crime was
committed by a different offender (Woodhams et al., 2019).

1.7.3 Crime Linkage

Crime linkage, also commonly referred to as crime linkage analysis, case linkage,
comparative case analysis, or linkage analysis (Rainbow, 2015), is the forensic practice of
identifying crimes which may have been perpetrated by the same offender using behavioural
evidence (Bennell & Canter, 2002). The process involves analysing and identifying
behavioural patterns exhibited at crime scenes, comparing them to identify similarities
across crime scenes, and connecting them based on behavioural information (such as the MO
of the offender) (Bennell et al., 2015; Tonkin, 2015).

1.7.4 Criminal Profiling

Criminal profiling, often referred to as offender profiling, is the practice of inferring
characteristics of an unknown offender based on the analysis of crime scene information
(such as crime scene behaviours), in order to assist in investigations (Crabbé et al., 2008;
Turvey, 2012a).

1.7.5 False Alarms (FA)

False alarms (FA) are also often referred to as false positives (FP) or 1-specificity as plotted
on the x-axis on the ROC curve (Ewanation et al., 2023). False alarms (FA) refer to crimes
which are incorrectly identified as linked, as the crime was committed by a different offender
(Bennell et al., 2015).



1.7.6 Hits (H)

Hits is also referred to as sensitivity and true positive (TP) which is indicated on the y-axis
of the ROC curve (Bennell & Canter, 2002). Hits (H) occur when a crime is predicted to be
linked, and this prediction is accurate as the crimes were committed by the same offender
(Woodhams et al., 2019).

1.7.7 Jaccard’s Coefficient

Jaccard’s coefficient is a similarity index which measures the level of similarity and/or
dissimilarity of two variables (Bennell & Canter, 2002). In crime linkage research, it is used
to determine the degree of similarity of crime pairs based on behaviours displayed at crime
scenes. The range is from zero (0) which indicates no similarity, to one (1) which indicates

complete or perfect similarity (Bennell & Canter, 2002).

1.7.8 Linked Status

The linked status or linkage status refers to whether a pair of crimes are considered to be
linked, when a crime has been committed by the same offender, or unlinked, when the crime
has been committed by different offenders (Ellingwood et al., 2013; Woodhams et al., 2007).

1.7.9 Misses

Misses (M), also referred to as false negatives (FN), refer to a model incorrectly classifying
a crime pair as unlinked, when in fact the crime pair was committed by the same offender
(Bennell & Canter, 2002). In other words, the model missed an opportunity to correctly link

a crime pair committed by the same offender (Woodhams et al., 2007).

1.7.10 Murder Series

A murder series, often referred to as serial murder, homicide series, serial homicide, or the
sensationalised term serial killings in other countries, is a set of related murders (unlawful
killing) as they are acts committed by the same offender (Holmes & Holmes, 1998). The
study uses the Federal Bureau of Investigation (FBI) and the South African Police Service
(SAPS) definition of serial murder which is: at least two murders committed on two separate
occasions by the same offender(s) (Labuschagne & Salfati, 2015; Morton & Hilts, 2008).



1.7.11 Receiver Operating Characteristic

The Receiver Operating Characteristic (ROC) is a statistical analysis used to evaluate the
overall discrimination accuracy of a binary classification model (Swets, 1988). The output
curve illustrates the diagnostic ability of a binary classification system at various threshold
settings, as the curve plots the true linkage status against the false positive rate (Bennell &
Canter, 2002).

1.7.12 Threshold

A threshold is the value, or point, at which a decision is made to classify a crime pair as
either linked or unlinked, based on the model’s predicted probability output value (Bennell
etal., 2007). A strict threshold implies that the number of false alarms is minimised, whereas
a lenient threshold suggests that the number of hits are maximised (which often corresponds

with a high false alarm rate) (Ewanation et al., 2023).

1.8 OUTLINE OF THE STUDY

Following the conventional monograph ‘block’ format, this research study is presented over
six chapters and uses the Harvard referencing style as stipulated and required by the
University of Witwatersrand (WITS) Faculty of Health Sciences style guidelines for a
Doctoral thesis. The first and current chapter introduces the context of the research,
providing a brief overview of the field of crime linkage before outlining the primary aim,
objectives, and significance of the research study. The second chapter explores the current
understanding of serial murder, demonstrating the complexity in defining serial murder, and
how offender profiling and particularly crime linkage are valuable research and investigative
tools in the investigation process and apprehension of serial offenders by linking crime
thorough behavioural evidence. The existing theory underpinning crime linkage is presented,
namely the behaviour consistency and distinctiveness of offenders, as well as the
methodologies used, and empirical studies which have tested these two assumptions.
Limitations of existing research is presented such as the generalisability and ecological

validity of studies which have assessed and tested the principles underlying crime linkage.
The third chapter presents the methodology used in the study to achieve the research aims
and objectives of the crime linkage approach and statistical analysis used to assess and

determine behaviour similarity and distinctiveness. Issues of validity and ecological validity
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are addressed, as well as the ways the researcher chose to reduce/limit them. Chapter four
presents the main findings and results of the study, first by presenting the descriptive
statistics, followed by the results of the statistical analysis, and contingency tables which
demonstrate the outcomes of a range of decision thresholds used. Following the results
chapter, the fifth chapter presents a discussion of the findings of the research study,
highlighting the insights gained through a detailed analysis of the results. Lastly, chapter six
concludes the study by summarising the main findings and value of the research, before
addressing limitations of the study, and providing recommendations and opportunities for

future research.

1.9 CHAPTER CONCLUSION

This chapter presented an introduction and context for the research study. The underlying
principles of crime linkage were introduced, and how these core assumptions are particularly
relevant and applicable to the study of serial offenders. The chapter provided an overview
and outlined the development of crime linkage research as well as limitations of previous
crime linkage research studies, and how the researcher aims to address these limitations. The
significance of the research study as well as the scope of the study were presented. The
chapter concluded by presenting the outline of the study, and the approach used by the
researcher to address the research objectives. The following chapter will explore serial

murder and crime linkage.
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CHAPTER 2: LITERATURE REVIEW

2.1 CHAPTER PREVIEW

This chapter provides a comprehensive review of the literature on serial murder, highlighting
the lack of consensus regarding the definition of serial murder, and what constitutes a murder
series. The researcher provides the different definitions available, including the one chosen
for this study and the reasons behind its choice. Although the underlying psychological
motivations and psychological profile of the offender are not the primary aim or subject of
the study, a brief background on the research of serial murder and offender profiling, which
include psychological motivations and psychological profiles of murder series, is important
to consider for the development of certain crime scene behaviour/s which have been
identified as useful for linking serial murder cases. How crime scene behaviours link the
same individual to multiple crimes is explored through crime linkage, before the implications
and limitations of the practice of crime linkage is discussed. Lastly, the gap in literature is

identified and the primary aims of the study is presented.

2.2 SERIAL MURDER: A MORBID CURIOSITY

Serial offenders have a cost to human life as well as state resources, and an impact on the
communities where they occur, therefore, it is important to apprehend serial offenders as
soon as possible in order to protect society and prevent future victimisation (Woodhams &
Davies, 2021a). There has been a growing media and public interest as well as an increase
in the volume of research in attempting to understand serial murder offenders and their
offending behaviour (Knoll et al., 2009). Morbid curiosity is a term given to the fascination
in subjects and topics which usually involve death, or some form of emotional terror
(Harrison & Frederick, 2022). Whether single or multiple victims, there is a natural intrigue
and curiosity regarding the psychology of someone who systematically targets and murders
another human without apparent motive, a concept which is difficult to understand and
comprehend (De Wet & Potgieter, 2015). This morbid curiosity, particularly regarding
crimes such as serial murder, has become a popular genre amongst professionals as well as
the public, with true-crime and fictional accounts growing in number and popularity in
books, television, streaming and film (Harrison & Frederick, 2022; Knoll et al., 2009;
Yaksic, 2022; Yaksic, 2024). The fascination and intrigue likely stem from the fact that,
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according to Kelleher and Kelleher (1998), serial murderers look, act, and sound just as

everyone else.

In addition, offenders who have murdered multiple victims are seen as even more distinct
and unique, in comparison to offenders who have murdered a single victim (Wright et al.,
2008). Serial murder is a global phenomenon, and research and studies on serial murder have
emanated from the USA (Burgess et al., 1986; Douglas et al., 1986; Hickey, 2012, 2016;
Holmes & Holmes, 2002; Keppel, 2000; Keppel & Birnes, 2018; Keppel & Walter, 1999;
Ressler et al., 1986, 1995), Europe (Harbort & Mokros, 2001; Pakkanen et al., 2021; Santtila
et al., 2008; Sturup, 2018), the UK (Jenkins, 1991; Flynn et al., 2024; Gresswell &
Hollin, 1994), Australia (Eichinger & Darjee, 2021; Kocsis et al., 2002; McKinley &
Petherick, 2021; Mouzos & West, 2007), India (Deepak, 2021), and South Africa
(Hodgskiss, 2004; Horning et al., 2015; Labuschagne, 2001, 2021; Labuschagne & Salfati,
2015; Salfati et al., 2015a, Salfati et al., 2015b; Sorochinski et al., 2015).

Due to the impact on society and fascination with this type of crime, these research studies
have been conducted in order to understand this complex and heterogeneous crime by
exploring risk factors, possible aetiology, and causation of serial murder offenders (Allely
et al., 2014; Singer & Hensley, 2004; Wright & Hensley, 2003; Yang, 2023). In addition,
research has explored the underlying motivations, psychological characteristics, and crime
scene behaviours of serial murder offenders, in order to assist law enforcement during
investigations (Douglas & Munn, 1992; Douglas et al., 2013; Ressler et al., 1995). Another
important aspect is identifying potential risk factors for an individual to develop into a
potential serial murder offender which researchers have analysed through the progression of
serial murderers’ life histories (Keatley et al., 2021; Marono et al., 2020). Although serial
murder is not a new occurrence, there has been increasing curiosity and intrigue which
developed steadily from the 1980s when the term serial killer was first popularised for
describing this type of crime (Keppel, 1995).

2.2.1 Brief History of the Term and Prevalence of Serial Murder

According to Petherick et al. (2022), James Brophy was the first person to label this type of
offender as a serial murderer and who published the book: The Meaning of Murder in the
UK in 1966, and 1967 in the USA. However, Robert Ressler, a deceased FBI agent who
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joined the FBI in 1970, stated that he was the first person to introduce the term serial killer
(Ressler & Shachtman, 1992) after conducting the first study on serial murder in the USA
(Ressler et al., 1986). Regardless of who developed the term, Ressler and colleagues brought
attention to this type of multiple victim murderer through the publication of literature such
as the Crime Classification Manual, which was first published in 1992 (Douglas et al., 1992;
2013), and Sexual Homicides: Patterns and Motives (Ressler et al., 1995). Researchers,
professionals, and the public alike, are fascinated by how an individual may deliberately
harm another person, without apparent reason or provocation, deriving pleasure, and
satisfaction from the act, or multiple acts, while still appearing ‘normal’ and functional to
the outside world (Davies & Woodhams, 2019). Although serial murder typically has low
occurrence rates, especially in comparison to other crime types (Yaksic, 2023), it has a
significant impact on society and the communities which they directly impact (Davies &
Woodhams, 2019).

While the term may only have been coined in the latter half of the 1900s, serial murder itself
is not a new or recent development (Morton & Hilts, 2008) nor a crime type which is limited
to certain countries. Haggerty (2009), Hodgskiss (2004), and Wilson (2004) suggest that
there was a global increase in serial murder and violent crime during the 1980s and 1990s,
as a result of societal and cultural influences. It has been suggested that the rise and peak in
the number of serial murder cases during the 1980s and the 1990s was a result of media
attention and the sensationalising of serial murder offenders (Haggerty & Ellerbrok, 2011;
Haggerty, 2009; Wilson & Seaman, 2007; Wilson, 2004).

Despite the interest in serial murder, it is still an uncommon type of crime with a prevalence
of between 1 and 2% of all murder estimates in countries such as the US and Europe (Knoll
et al., 2009; Morton & Hilts, 2008; Pakkanen et al., 2021; Sturup, 2018). Interestingly, as
the growing interest and fascination in serial murder peaked between the 1970s and 1990s,
there has reportedly been a global decline in the number of murder series since then (Yaksic,
2023). The reported decline could be attributed to the early apprehension of individuals, who
may have escalated into becoming a serial murder offender, given the opportunity. This
could largely be due to advances in forensic sciences and investigation by law enforcement
such as increased surveillance, advanced technology, as well as advances in scientific
methods such as through DNA, which have all contributed to the decline in this specific

occurrence (Yaksic, 2023).
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Interestingly, McKinley and Petherick (2021) suggest that the increase in technology and
greater acceptance of sex work has enabled individuals to gain online access to material
which satisfies deviant fantasies and desires, and/or to connect individuals who share similar
fantasies in order to act out and appease devious sexual fantasies, either online or in person.
As a result, this could mitigate instances where an individual may abduct a victim to act out
certain devious fantasies, and who commits murder to avoid detection (Yaksic, 2023), which

Freeman and Turvey (2012) refer to as a precautionary act.

Aamodt et al. (2023) regularly update one of the largest databases regarding the information
pertaining to the number of serial murderers per country, which is referred to as the Serial
Killer Information Centre which is research based at Radford University. According to the
latest report from Aamodt et al. (2023), South Africa most recently ranked sixth in the world
with regard to the number of serial murderers per country, after the USA, UK, Russia, Japan,
and India. However, it can be argued that these statistics may not be reliable or a true
representation, as a result of a lack of consensus regarding the definition used to define a
murder series, and differences in how information is stored by law enforcement, which then
pose challenges for cross country comparisons (Aebi, 2010; Buil-Gil et al., 2025; Yaksic,
2023). For example, different countries utilise different definitions for serial murder, and
South Africa utilises a broad definition which could also suggest the high rate (Hickey, 2006;
Hodgskiss, 2004; Labuschagne, 2021). In addition, SAPS is reported to be one of the few
law enforcement agencies globally, which accurately keep up-to-date records and report on
the serial murder offences occurring within the country, which could also possibly result in
the high rate (Labuschagne, 2021).

However, the drop in South Africa’s international ranking from fourth in 2020 (Aamodt et
al., 2020), may also be impacted by the fact that the last updated records done by the
Investigative Psychology Section (IPS) of serial murder in South Africa was done in 2016
(Myburgh, 2023), as well as the inclusion criteria for the Radford report. For example, one
of the criteria for murder series to be included in the reported statistics is that the identity of
the (serial) murderer is known to law enforcement, and that the name of the offender and the
number of victims in the series has been made public (Aamodt et al., 2023). Therefore,
although these statistics are interesting, and perhaps provide an overview of solved murder
series, they are limited as they do not reflect what is occurring in natural databases due to

excluding (unsolved) series. For example, Labuschagne (2017) reported that there were
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approximately 160 murder series in South Africa, yet Aamodt et al. (2023) report 129
identified murder series. Furthermore, these statistics are also likely underreported, as some
countries may have not made the information public, are not accurately reporting or
disclosing their own statistics, and/or as a result of poor record keeping (Aamodt et al., 2023;
Labuschagne, 2021; Yaksic, 2024).

Although there has been great interest in the study of serial murderers since the 1980s, there
is still some confusion regarding what constitutes or defines a serial murderer, and the
concept of serial murder has been a subject of extensive debate among researchers, leading
to a lack of consensus on its precise definition (Castle & Hensley, 2002; Farrell et al., 2013;
Heide & Keeney, 1995; Keeney & Heide, 1994). As a result, serial murder, which appears
to be a unique type of violent and aggressive crime (Pakkanen et al., 2021), continues to
attract discussion and debate among those who try to define what represents a murder series
(Kelleher & Kelleher, 1998). However, in order to study and determine serial offenders’
behaviour using crime linkage, a description and understanding of how academics and
practitioners have tried to define serial murder needs to be expanded upon, before the

definition used for the purposes of this study is presented.

2.2.2 Definitions of Serial Murder

Serial murder forms one of the subcategories of multiple victim murders (Petherick et al.,
2022) and is often confused with spree and mass murder (Fox & Levin, 2014; Meloy &
Felthous, 2004; Messori, 2016). Heide and Keeney (1995) describe spree murder as “The
killing of three or more victims in different locations but within the context of one event” (p.
301). Mass murder can be defined as a single incident or event, during which there is the
intentional murder of three or more victims in the same location (Fox & Levin, 2014; Meloy
& Felthous, 2004). The key difference between serial murder, mass, and spree murder, is
that in a serial murder, there is a time interval, often referred to as an emotional cooling off
period between each murder (Haggerty, 2009; Ressler et al., 1986; Skrapec, 2001a). In one
of the earliest definitions of serial murder proposed by Egger (1984), he suggested a number
of characteristics such as: two or more victims are murdered; each murder occurs in separate
incidents (such as geographical locations); the victim and offender are not acquainted;
victims are usually vulnerable (such as sex workers, or homeless individuals); the offender’s

main intention and motive for the murders is not in order to steal material items, but to exert

16



power and dominance over their (often vulnerable) victims. Egger (1984) further stated that
victims may have some significance to the offender, and, as a result of this shared symbolic
meaning, they may often share similar characteristics. In other words, there may be
consistency in the ‘type’ of victim that the serial murder offender chooses to target (Egger,
1984).

Similarly, Holmes and De Burger (1985) stipulated repetitive one-on-one stranger murders,
which are intrinsically motivated, as they are not motivated by external reasons such as by
economic or material factors. Heide and Keeney (1995) further excluded murders which
were politically motivated, or which were part of military activities. However, Heide and
Keeney (1995) defined serial murder as having three or more victims murdered in separate
incidents over an extended period, with the murder activity chosen by the offender, and
which occurs in civilian contexts. The National Institute of Justice (NIJ) defined serial
murder as, “A series of two or more murders, committed as separate events, usually, but not
always, by one offender acting alone” (Newton, 2000 p. 205). Skrapec (2001a) defined serial
murder as, “Three or more murders committed by the same person over a period of time

where the primary motivation of the offender is personal gratification” (p. 22).

In 2005, due to the difference in opinion and understanding on what defines a serial
murderer, the FBI held an international symposium in order to reach consensus and
understanding amongst the delegates which included various international law enforcement
agencies, researchers, clinicians and academics (Labuschagne, 2021). The FBI Behavioral
Analysis Unit (BAU) defines serial murder as, “The unlawful killing of two or more victims
by the same offender(s) in separate events” (Morton & Hilts, 2008, p. 9). Other researchers,
such as LaBrode (2007), further suggest that a serial murderer must murder at least two
victims, and there must be a cooling off period between the murders. He also postulates that
the victims are usually strangers to the offender, and that the murders are unrelated. Canter
(2010) broadly described serial murder as multiple murders committed by the same
individual with a cooling off period between the crimes. Dr Micki Pistorius (2018) a South
African counselling psychologist who worked as a profiler for the SAPS for six years, and
who started the Investigative Psychology Unit (IPU) in 1997 (later restructured and

expanded to the IPS in 2011), provided the following definition for serial murder:
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A serial killer is a person or persons who murders several victims, usually
strangers, at different times and not necessarily at the same location, with a
cooling-off period in between. The motive is intrinsic; an irresistible
compulsion, fuelled by fantasy which may lead to torture and/or sexual

abuse, mutilation and necrophilia (Pistorius, 2018 p. 75)

Most recently, Petherick et al. (2022) proposed a definition which includes the following
four criteria: two or more murders committed by the same offender; the offences have been
linked reliably; the murders are separate offences and there is a period of no offending
between each murder; the motives for these murders are for personal gratification, and not

corporate, institutional, or organisational in nature (Petherick et al., 2022).

However, while several definitions of serial murder have been proposed, each has its own
set of criteria and limitations. Despite these efforts, defining serial murder remains
challenging due to several factors. One of the challenges encountered is the victim count,
which varies across definitions. Additionally, the requirement for victims to be strangers and
the inclusion of a cooling-off period further complicates the definition (Yaksic, 2023).
Labuschagne (2021) notably points out that criteria and characteristics are often confused
when it comes to defining serial murder. He states that this is a limitation as, for example, a
characteristic is that serial murder offenders are usually male, they typically target strangers
and are often sexually motivated (Labuschagne, 2021). These definitions are often describing
characteristics of common features, and not criteria for defining a murder series
(Labuschagne, 2021). When these characteristics (usually prefaced by words like ‘often and
‘typically’) are elevated to criteria status the definition becomes vague or limited in use
(Labuschagne, 2021). However, as seen from the definitions provided above, most of the
definitions include number of victims, motivation of the offender, and time interval between
murders, and linkage (Petherick et al., 2022). Before presenting the definition used in this
study, each of these aspects will be explored further below, highlighting various limitations

and shortcomings of existing definitions which can limit the application of the definition.

2.2.3 Criticism and Limitations of Definitions

2.2.3.1 Victim Count
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One of the most discussed criteria amongst the differing opinions in the definition of serial
murder offenders is related to the victim count as it is seen as one of the defining
characteristics of serial murder (Fridel & Fox, 2018; Holmes & Holmes, 2013; Labuschagne,
2021). While the symposium facilitated by the FBI reached general consensus of specifying
two or more victims in 2005, Fridel and Fox (2018) suggest that the victim count criterion
should revert back to a minimum of three or more murdered victims to meet the criteria of a
murder series. They argue that by only including two victims in the definition this distorts
and conflates the population of serial murder offenders (Fridel & Fox, 2018). Furthermore,
they argue that there is a difference between serial murder offenders who murder three-to-
seven victims, and those that murder eight victims and above, as they reportedly differ with
regard to severity, motive, use of torture, and presence of a co-offender (Fridel & Fox, 2018).
Labuschagne (2021) disagrees and counters this argument by stating that all murder series
started out with two-victims, however, there was a progression to a three-victim, and eight-

victim murder series.

Chai et al. (2024) suggest that the prolificity of a serial murder offender is not just impacted
by the victim count, but the rate at which the offender commits the murders, as this is likely
going to be a strong indication of the criminal intensity of the offender. Petherick et al.
(2021) hold a similar perspective to Labuschagne (2021) as they agree that definitions which
include a threshold of three or more victims would be counterproductive as, “Such a
threshold ignores a critical feature of the serial offender: the crimes are prone to repetition”
(p. 12). Labuschagne (2021) also suggests that most individuals do not ever commit one
murder, let alone two therefore, if someone has committed two murders, that is already a

small, yet very distinct group of individuals.

Yaksic et al. (2021) further suggests that specifying a victim count to more than one victim
may even be problematic, as an offender may not have had an opportunity to commit more
murders as a result of early apprehension, and, therefore, their murder series could not
progress further due a lack of opportunity to do so. Vincent et al. (2024) agree with Yaksic
et al. (2021) and suggest that there should be a classification for murderers who murder two
victims to be classified as potential serial murderers as they argue that the two-victim count
was for law enforcement purposes and not for researchers. Therefore, it would be difficult
to infer than an individual should only be classified as a serial murder offender if they have
three or more victims (Yaksic, 2018, 2023), as Adjorlolo and Chan (2014) suggest that the

19



intention of the offender should be more important to consider than the actual victim count.
Put differently, some offenders may have intended to murder more victims yet were caught
by law enforcement before they were able to continue with their murder series
(Labuschagne, 2021; Petherick et al., 2022; Williams, 2023). In addition, specifying a higher
victim count could result in a delay of the activation of specialised police resources, such as
the implementation of a task force, and consultation with experts in the field of serial murder
(Labuschagne, 2021; Petherick et al., 2022).

2.2.3.2 Cooling off Period

Turvey (2012b) described the cooling off period as, “the interval during which the offenders
psychologically disconnect, separate, or compartmentalise themselves from the behaviours
and motives that led to, or culminated in, homicidal behaviour and then reintegrate back into
their non-criminal lives and activities” (p. 543). Turvey (2012b) further argues that there is
no way of predicting whether the offender may seek out another victim the following day,
or whether there will be an extended period of dormancy. Therefore, this emotional cooling-
off period varies and can range from a day, week, month, or even years (Burgess, 2006;
Sutton & Keatley, 2021). In South Africa, one serial murder offender is known to have
committed three murders over a period of 21 years with 17 years between the first and second

murder, and four years between his second and third murder (Labuschagne, 2021).

Sorochinski and Salfati (2010) suggest that the time range or interval between crime series
should be explored further. They suggest that there may be changes in an offender’s
behaviour during the cooling off period due to learning and development such as through
incarceration, the media, or through individual changes in temporary context of the
offender’s life (Sorochinski & Salfati, 2010). Due to the difficulty in quantifying a cooling
off period, some researchers suggest that spree and serial murder are the same phenomenon,
and difficult to classify separately (Osborne & Salfati, 2015; Yaksic et al., 2021). Petherick
et al. (2022) succinctly summarises the above by stating: “the non-offending period may not
be dictated by a cooling-off from the offending itself, but rather an enforced period of
dormancy by factors outside of their control” (p. 15). Petherick et al. (2022) posit that what
the time period between each murder means to the offender, is more important than the
duration of time itself. Therefore, although there does appear to be consensus that there is a

time interval or separation of time between murders in order to differentiate them, including
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a cooling off period in an operational definition is problematic, as it is a subjective process
for each offender, difficult to quantify, and can only be ascertained after speaking with the
offender (Petherick et al., 2022).

2.2.3.3 Motive

Researchers and practitioners often refer to the intrinsic motivation of the offender when
defining serial murder (Adjorlolo & Chan, 2014; Egger, 1984; Mouzos & West, 2007;
Petherick et al., 2022; Pistorius, 2018; Skrapec, 2001b). This is because victims of serial
murder offenders are often strangers to them (Chan et al., 2015; Haggerty, 2009; Pakkanen
et al., 2015b; Ressler et al., 1995). As a result, serial murder is referred to as a
psychologically motivated crime, as there seems to be an intrinsic motivation to commit
these types of crimes (Hazelwood & Warren, 2003). In other words, there is no apparent
external motivation to commit the act, other than an inner desire and impulse to do so
(Pistorius, 2018). This suggests that the offender is not primarily motivated by external
factors such as financial reasons, but by an inner desire and need to do so. For example, in a
series of armed robberies where victims are murdered; these murders could be viewed as
precautionary acts that the offender took to reduce being caught and identified by the victim,
but were not the primary motive of the offender, as the primary motive was externally driven

in the form of monetary gain (Freeman & Turvey, 2012; Petherick et al., 2022).

Although there does seem to be somewhat consensus that serial murder is not primarily or
solely focused on external gratification, there is reportedly an over emphasis on the sexual
motives of serial murder offenders (Bateman & Salfati, 2007; Harbort & Mokros, 2001,
Kraemer et al., 2004; Morton & Hilts, 2008). The problem with including motive in the
definition of serial murder is that motive, particularly during the initial stages and during the
course of investigations, is not always evident or immediately apparent (Petherick et al.,
2022). Turvey (2012a) also refers to the principle of unintended consequences, where the
crime scene may not have been found in the way the offender had intended. In addition,
Turvey (2012a) suggests that offenders can have multiple motives which can be across
crimes, as well as having various motives within one particular crime (Kraemer et al., 2004;
McKinley & Petherick, 2021; Morton & Hilts, 2008). Freeman and Turvey (2012) refer to

this as the principle of motivational dynamics. In addition, motivations of the offender can
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be influenced and impacted by substance use, the offender’s mood, the offender’s mental

state, and response from the victim (Turvey, 2012a).

A limitation of murder series is that valuable information in determining the possible motive
of the offender through the verbal and nonverbal behaviours of the offender which could
have been gained from the victim cannot, of course, be ascertained when the victim is
deceased. As a result, investigators often rely on crime scene behaviours to infer or
hypothesise the motivations of an offender (Freeman & Turvey, 2012). This of course, can
be problematic, as the offender may deliberately stage crime scenes by taking items from the
scene to disguise their true motive, or display victims in certain positions (often referred to
as staging), in order to mislead investigators (Freeman & Turvey, 2012). In addition, it has
been found that serial offenders are often more forensically aware before and after their
murders in comparison to once-off murder offenders (Chan et al., 2015; Pakkanen et al.,
2015b), and, as a result, may not leave any evidence which suggest or reveal the true motive/s
of their crime (Beauregard & Bouchard, 2010; Petherick et al., 2022; Petherick & Ferguson,
2009). Furthermore, even if a motive is ascertained, this does not necessarily assist in
identifying the offender, and could also delay task teams being activated, due to multiple or
different motives across crimes (Labuschagne, 2015b).

2.2.3.4 Victimology/Stranger Victims

Further criticism of Egger (1984), LaBrode (2007), and Pistorius (2018) definitions are the
suggestion that serial murder offenders target strangers. As mentioned previously,
Labuschagne (2021) states that this is not a criterion for being defined as murder series, but
a likely characteristic of serial murderers. While research suggests that serial murderers often
target strangers in comparison to once off murders (Chan et al., 2015; Pakkanen et al.,
2015b), not all serial murderers target strangers, or only strangers. For example, in South
Africa, there are cases of murder series where the offender and victim have known one
another. Previous research on serial murder offenders in South Africa has shown that most
serial murderers in South Africa are from rural, and often low-income groups (Labuschagne,
2021). As a result, they often target victims in the area which they are familiar with, and, as
a result, may know some of their victims due to small population size in that specific town
or area (Labuschagne, 2021). Therefore, including a criterion which states that the victim
and offender must be strangers is problematic, particularly within the South African context.
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For example, Stewart Wilken was convicted for committing multiple murders and he knew
some of the victims. One victim was his own daughter, another victim was an ex-girlfriend’s
son, but his victimology included stranger sex workers and stranger street children
(Labuschagne, 2021).

2.2.3.5 Linked Murders

In order to address the concerns of the cooling off period, victim count, and motive, Petherick
et al. (2022) proposed two or more linked murders in their definition of serial murder.
Petherick et al. (2022) further expounded upon what they identify and refer to as hard and
soft linkage. They referred to hard linkage such as forensic evidence such as DNA evidence
therefore, the crimes can reliably be determined as linked. Whereas Petherick et al. (2022)
referred to soft linkage as the analysis of the behavioural evidence of the crime scene through
examination of the MO, and signature of the offender displayed across crimes (which will
be discussed further under the crime linkage section of this chapter).

Despite creating a novel approach to include linkage in the definition of serial murder,
identifying who is qualified to determine whether a crime scene is linked through
behavioural evidence, may be problematic (Petherick et al., 2022). For example, in the South
African context, there is no qualification to become a ‘profiler’ per se, and many
investigators and or members of the police service may have vast experience, yet are without
formal qualifications (Labuschagne, 2021). Therefore, determining who or what constitutes
someone to be able to reliably link crimes through behavioural evidence, may be problematic
and needs to be explored further. In addition, it could be argued that the offender is still a
serial murderer, even if law enforcement is not aware of the murders or connection between
them, let alone being able to reliably link them to the same offender. Nevertheless,
Petherick’s definition of serial murder appears to be one of the more useful definitions when

providing criteria of serial murder.

2.2.4 Definition Used in this Study

Given the above-mentioned challenges, and in order to study serial murder, an operational
definition must be utilised. Therefore, this study adopts a definition consistent with the SAPS
definition which is the same offender(s) commits two or more murders on separate occasions

(Labuschagne 2021). This definition was selected because it is consistent with the definition
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utilised by the FBI BAU (Labuschagne & Salfati, 2015), which is the unlawful killing of
two or more individuals by the same offender/s in separate incidents (Morton & Hilts, 2008).
This definition was also chosen for its inclusive approach to align with the study’s objectives.
Furthermore, this broad definition of serial murder allows for cases to be included based on
the core criteria of murder series, and not excluded if they were based on descriptive
characteristics of serial murder offenders, which can be limiting (e.g. “usually target

strangers”) (Labuschagne, 2021).

Additionally, for the purpose of consistency, and producing valid and reliable research, a
broad definition does not limit the sample based on specific criteria which have not reached
a formal consensus internationally (Labuschagne, 2021). Despite the complex and
multifaceted nature of defining serial murder, with various researchers offering different
perspectives, understanding these definitions are valuable for the subsequent analysis of
psychologically motivated crimes. Although this study uses a positivist approach and does
not attempt to determine why or how people become serial murderers, it is interesting to
consider some of the possible underlying psychological motivations and aspects of murder
in general. Exploring the underlying psychology of serial murder offenders can assist in
understanding the psychology informing certain behaviours which result in consistent yet
unique crime scene actions, which are necessary for determining crime linkage (Woodhams
& Toye, 2007). The following section will present some of the most common typologies and
classification systems of serial murder and murder typologies before examining serial
murder within the South African context.

2.2.5 Serial Murder Classification Systems

Psychologically motivated crimes are usually not motivated by external factors, such as
financial motives, but by a primary motive to commit the crime for reasons such as control,
thrill, or enjoyment (Labuschagne, 2021; Pakkanen et al., 2022). Exploring the
psychological motivations underlying serial murder is important to better understand and
comprehend serial murder offender’s behaviour. Researchers have attempted to understand
the underlying motivations of serial murder offenders (Fox & Levin, 2014; Ressler et al.,
1995; Roberts et al., 2007). One method that researchers have utilised is to develop and
provide categories on which to base the ‘type’ or nature of the murder series (Hodgskiss,

2004). By systematically categorising serial murder offences based on the offence type, one
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can identify the factors which contribute to the specific and developmental offence patterns
(Canter, 2004). Owing to identifiable patterns of behaviour, several classifications or
typologies have been developed; some of the most widely recognised will be discussed

further in the following section.

2.2.5.1 Organised, Disorganised, and Mixed Typologies

Ressler et al. (1986b) initially developed a two-fold classification system and stated that
there are two distinct types of serial murderers namely, the organised serial murderer and
the disorganised serial murderer. This typology was developed after FBI agents interviewed
36 convicted serial murder offenders and analysing data from 118 victims (Hazelwood &
Douglas, 1980; Ressler et al., 1986a). According to the FBI, all serial murderers, regardless
of sex, method, or motive, fall into one of these two categories (Ressler et al., 1995). This
two-fold typology assisted in generating psychological profiles of the offender committing
the crime/s as the typology generates inferences which can be made from details of the crime
scene behaviour (Ressler et al., 1995). It was reported that the organised murderer usually
is socially and sexually competent, with above-average intelligence, has a stable (often
skilled) employment history, and is able to regulate their emotional reactions during the
crime (Douglas et al., 1986). This implies a high level of ordered thought due to the lack of
evidence left behind at a murder scene which is reported to demonstrate a well-planned
murder (Douglas et al., 2013). The disorganised serial murderer type usually exhibits
average-to-below-average intelligence, undeveloped social skills, an erratic work history,
and a history of sexual dysfunction. The disorganised murderer usually leaves behind a
disorderly crime scene, one which is ‘sloppy’ and does not appear to be well-planned

(Douglas et al., 1986; 2013).

Douglas et al. (2013) reported that some offenders may not be identifiable as being either
organised or disorganised due to multiple factors. For example, there may be more than one
offender involved, there may be unexpected or unplanned events which occur during the
attack, or the victim may fight back and, as a result, there is an escalation in the level of
violent behaviour. Therefore, an offender may be classified as being mixed if there is poor
concealment of the body, despite evidence where there may have been some planning

involved. Douglas and colleagues suggest that an offender classified as ‘mixed’ may be
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involved in substance use, is young, the crime scene is usually in disarray, with an excessive

amount of manual force, and violence used on the victim (Douglas et al., 2013).

Canter et al. (2004) strongly suggests that there is a lack of empirical validity to the
disorganised and organised typology as these categories are not mutually exclusive, and an
offender may exhibit features of more than one of the categories. Canter et al. (2004) further
argued that the two-fold typology lacks theoretical underpinnings, conceptual analysis, and
that human behaviour is too ambiguous and too complex to be classified into one of two
specific categories. Furthermore, Canter et al. (2004) stated that this typology has suffered
from ‘the Hollywood effect’, as it has become a point of reference and disseminated in
popular movies and television shows, which is outdated, and lacks empirical support. This
has further compounded the problem, as it has become a conceptual model underpinning
psychological profiling and is therefore being utilised in police investigations and court room
expert testimony, despite having unsubstantiated theories and models and many
methodological flaws in the research (Canter et al., 2004; Canter & Wentink, 2004).
Additionally, they criticised the development of the additional mixed typology, as he argues

that it further undermines support for the original dichotomy.

2.2.5.2 Holmes and Holmes Motivation-based Typology

Holmes and Holmes (1998) developed a motivation-based typology, expanded from serial
rape typologies. This classification system was used by law enforcement to classify serial
sexual offenders in the USA in the 1980s and 1990s. According to them, there are five types
of murderers: visionary, mission-oriented, hedonistic, control-oriented, and predatory
(Roberts et al., 2007; Simons, 2001). Visionary sadistic murderers are the most uncommon
of the murderers and are usually considered psychotic or insane. The individual has
delusions and/or hallucinations which instruct them to kill (Roberts et al., 2007). These
murders are usually carried out in a specific location or area, victims are usually strangers,
are randomly selected, and the method of killing is focused on the act of murder, which is

spontaneous and disorganised in nature (Holmes & De Burger, 1985).
According to Holmes and Holmes (2002), the mission-oriented sadistic murderer focuses on

killing individuals who he/she deems undesirable and feels as though he/she is doing the
community a service by eradicating these individuals (Simons, 2001). Mission-oriented
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offenders are typically driven to establish a subjective group or regime which they believe
Is superior to that of others (Roberts et al., 2007). Victims are typically strangers, non-
random, specifically selected, and the murders are usually carried out in a concentrated or
specific geographical location. The method of these murders is planned, organised, and
focused on the act (Holmes & De Burger, 1985; Pistorius, 2018).

Hedonistic serial murder offenders murder for the thrill as well as for the pleasure of the
crime (Simons, 2001). Roberts et al. (2007) state that these offenders are committing these
murder/s as an expression of their personal pleasure (Roberts et al., 2007). There are three
subtypes of hedonistic serial murderers namely lust, thrill, and comfort. Lust hedonistic serial
murder offender’s murder for sexual gratification, victims are strangers, the offenders are
organised and have planned the murder as they are process focused, which means that they
enjoy the process of planning and carrying out the murder (Holmes & De Burger, 1985).
Thrill hedonistic serial murder offender’s murder for the sensation and thrill such as media
sensation, the victims are strangers and non-specific, the murders occur spontaneously and
are disorganised while the location is often dispersed (Pistorius, 2018). Lastly, comfort
hedonistic serial murder offender’s murder for financial gain, victims are non-specific,
strangers to the offender, the geographical location is often concentrated and committed in
a specific area while the method of the murder is planned, organised, and focused on the act
of murder itself (Holmes & Holmes, 2002).

Control-oriented serial murder offenders receive gratification and pleasure from having
power over their victims. They develop a fantasy about having complete power and control
over their victims’ destiny and have a need for attention. Although victims are strangers to
offenders, they are specifically selected based on certain qualities or physical attributes. The
murders are organised, planned, and process-focused, while the geographical locations of
crime scenes are often dispersed (Holmes & Holmes, 2002). Predatory sadistic murderers
are attracted to the ‘hunt’ and subsequent murder of the victim. They view murder as a sport

or recreational activity (Simons, 2001).

Canter and Wentink (2004) attempted to validate the model of Holmes and Holmes (2002)
through empirical validity; however, they did not find support to validate or support the
categorisation. Hodgskiss (2004) also found that this typology may not be valid or applicable

to serial murder offenders in South Africa, as the expressed motives and characteristics of
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the crime scenes contradict the inferences suggested by the Holmes’ model. Salfati and
Bateman (2005) further stated that the Holmes and Holmes model is too vague, and that

there is often an overlap between one or more of the behaviours under each typology.

2.2.5.3 Keppel and Walter’s (1999) Classification System

Keppel and Walter (1999) extended the Groth et al. (1977) rape classification system to
include serial sexual murder/murderers. Keppel and Walter (1999) postulated that serial
sexual offenders such as murderers and rapists, are motivated by either power or anger.
These two underlying motivations resulted in the development of four types: anger
retaliation, power-assertive, anger-excitation, and power-reassurance (Bennell et al., 2013).

Keppel and Walter (1999) suggest that the power assertive rape murderer identifies as being
superior to others and wants to show and exhibit this superiority to his victim. Although the
offender plans to rape their victims, the offender does not necessarily plan to murder them;
however, because of the increase in aggression needed to control the victim, they
accidentally cause the victims death (Bennell et al., 2013). The power-reassurance rape-
murderer needs to assure himself that he is in control and that he is powerful. However,
Keppel and Walter (1999) argue that the offender cannot fulfil this fantasy, often due to
impotence, and thus, to reassure himself that he is powerful and in control, ends up
murdering the victim despite this not being the initial plan or primary motive. Keppel and
Walter (1999) argue that the anger-retaliation rape-murderer has an underlying hatred and
anger towards women and, as a result, plans to both rape and murder their victim. The
murders are usually excessive in aggression which is used to exhibit an overkill, and sexual
assault and rape are violent. Keppel and Walter (1999) postulate that the anger-excitation
rape-murderer derives sexual satisfaction and pleasure from the suffering of the victim, and

the offender plans to rape and murder the victim prior to the attack.

One of the notable criticisms of this model is that it is limited to serial sexual murders, and
not all serial murderers are sexually motivated (Salfati et al., 2015). Furthermore, Bennell et
al. (2013) attempted to validate Keppel and Walter’s (1999) model through empirical
validity. They found no evidence to support the four themes of serial sexual murderers. They
reported that they did not find high co-occurring characteristics and behaviours in the model
and further argued that this suggests that the model is invalid (Bennell et al., 2013). Although
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Keppel and Birnes (1998) suggested that typologies are solely theoretical exercises, Hodge
(2000) argued that typologies and classification systems have been useful in offender
profiling by linking an offender’s characteristics to crime series. To address the lack of
empirical support for the above-mentioned classification systems and typologies, Salfati and
Bateman (2005) developed a thematic based classification of murders through empirical

studies.

2.2.5.4 Instrumental and Expressive Murders

Salfati (2000) described expressive versus instrumental categories of murder. Instrumental
murders are due to the underlying motivations of money or sex and is typically linked to
theft, robberies, violence, or burglaries. Victims’ bodies are not hidden, and biological or
forensic evidence is left behind, such as traces of blood, semen, or weapons. Salfati and
Bateman (2005) postulate that personal gain is the main driving force and motivation behind
instrumental aggressive murderers, which results in the victim being used as an object to
achieve this, and a ‘means to an end’. Whereas expressive murders are typically linked to
physical attacks, rape, and arson (Salfati, 2000). The offender/s will mutilate, dismember,
and use extreme violence, using multiple weapons and/or strangulation/suffocation (Roberts
et al., 2007). Expressive murderers usually derive pleasure and satisfaction through the
interaction with the victim as well as harming the victim (Canter, 2004). Although empirical
studies provide numerous benefits, these two categories are not specific or exclusive to serial
murder, are criticised for being too broad, and have yet to adequately incorporate situational
influences (Snook et al., 2008).

Despite the typologies and classification systems, serial murder offenders are considered a
heterogenous and complex group of offenders (Pakkanen et al., 2021). As a result, serial
murder is difficult to understand (Canter, 2004; Bennell et al., 2013; Hickey, 2013; Holmes
& Holmes, 2002). In addition, studies have examined whether there are cross cultural
differences among serial murder offender’s behaviour, and whether these typologies are
generalisable. For example, Hodgskiss (2004) argues that some of these typologies are not
applicable or generalisable when applying them in the South African context, as level of
education, poverty, employment record, vehicle ownership, are dissimilar to what has been
found amongst the US serial murder population. As a result, the following section will
explore serial murder studies conducted in the South African context, comparing similarities
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and differences between other countries through examining characteristics of serial murder

offenders, crime scene actions, and offending behaviour.

2.2.6 Serial Murder in South Africa

In South Africa, the earliest official record of a serial murder offender was in 1936 where
the offender, Cornelius Burger, murdered five sex workers in separate incidents, after having
contracted a Sexually Transmitted Infection (STI) (Boberg, 1957; Labuschagne, 2021;
Pistorius, 2012). However, shortly after the international development of theoretical
concepts and research into serial murder, South Africa began to see an increase in the number
of cases in the 1990s (Labuschagne, 2021). This does not suggest that serial murder did not
occur before; however, it does give rise to an understanding and exploration of serial murder
offenders and the environment (Hodgskiss, 2004; Labuschagne, 2001). According to
Hodgskiss (2004), “serial murder functions as a symptom of highly disruptive or badly
managed social change” (p. 72). Haggerty (2009) suggests that serial murderers did not
develop solely due to individual psychopathology and proposed six social and cultural
preconditions in which serial murder offenders flourish. Haggerty (2009) suggests that poor
social connection and increased social isolation; the fascination in celebrity culture and the
growth of mass media; a society with a strong emphasis on individuality which celebrate
individual achievements; the belief that society can be engineered; cultural denigration and
an increased tolerance for violence; and increased victimisation opportunities (Haggerty,
2009).

Haggerty (2009) further indicated that there are certain conditions in the environment in
which serial murder flourishes such as social inequality, poverty and, political unrest. South
Africa has a number of these conditions especially due to the social unrest and political
upheaval experienced during apartheid, and rapid change in society from apartheid to post-
apartheid era which resulted in high rates of urbanisation and mobility (Labuschagne, 2021).
Poverty further compounds the issue as it enables serial murder offenders to engage with
victims more easily, as the offer of employment is a common tactic used to easily lure
victims away to secluded locations (Hodgskiss, 2004; Labuschagne, 2021; Sorochinski et
al., 2015; Woodhams & Labuschagne, 2012b). In addition, the high crime rate in South
Africa suggests that a significant amount of the population has been exposed to violence and
crime (Hodgkiss, 2004). The overall high rates and increase in crime, as well as poor and/or

30



ineffective government services, enable a breeding ground for anonymity, an environment

in which serial murder offenders thrive (Hodgkiss, 2004; Labuschagne, 2001).

2.2.6.1 Studies of Serial Murder in South Africa

There has been a small, yet growing body of academic research examining serial murder in
South Africa (De Wet & Potgieter, 2015; Horning et al., 2015; Labuschagne, 2006;
Labuschagne & Salfati, 2015b; Sorochinski et al., 2015), many have been unpublished
Master’s and Doctoral research studies (Barkhuizen, 2006; Collaros, 2019; Del Fabbro,
2006; De Wet, 2006; Hodgskiss, 2001; Labuschagne, 1998, 2001; Pistorius, 1996, 2018).
The first study on serial murderers in South Africa was conducted by Micki Pistorius in
1996. Her Doctoral study examined the origin and development of male serial murderers
according to a psychodynamic framework, namely, Freud’s theory of psychosexual
developmental phases and the typology of the psyche, using two South African cases
(Pistorius, 1996). Thereafter, Labuschagne (1998, 2001) examined the interactional style of
serial murderers by applying an interactional theoretical framework in his Masters and
Doctoral studies. Labuschagne (2001) suggested that serial murder is a result of the
communication and interaction with others. Therefore, it is an interaction or communication
between a person, event, or ‘thing’, which varies from case to case. Hodgskiss (2004)
focused on the behavioural characteristics of South African serial murders. He conducted
his research on comparing the application of classification systems on South African serial
murder offenders based on the classification systems utilised internationally. Del Fabbro
(2006) analysed serial murder from a family systems theory approach in her unpublished
Doctoral research. The aim was to further explore the development of a serial murderer
within the South African context (Del Fabbro, 2006).

Ultimately, four of these studies had an underlying similarity: that the aetiology of the serial
murderer is located from within the offender. Hodgskiss (2001, 2004) interviewed serial
murder offenders (n = 13) to examine characteristics and behaviours, later comparing the
findings to international typologies. De Wet (2006) interviewed two (n = 2) serial murder
using a psychosocial approach (2006), while Barkhuizen (2006) used an interpsychic object
relations approach. Most recently, Collaros (2019) examined the psychogeography of serial
murder offenders (n=15) through a qualitative approach using semi-structured interviews.
Knight (2007) succinctly states:
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All of these theories go in some way to contribute to the conceptualisation of
serial killers’ behaviours, but in isolation they maintain a focus on certain
aspects while necessarily ignoring other aspects. It is for this reason that there
is a consensus that what makes a serial killer is a combination of many
complex and interrelated neurological, social, physiological, environmental,

and psychological factors (p. 22).

To date, the largest study of serial murder offenders in South Africa and their crime scene
behaviours was conducted by the SAPS IPS in South Africa in collaboration with the John
Jay College of Criminal Justice Department of Psychology, which is a senior college of the
City University of New York (CUNY) (Horning et al., 2015; Labuschagne & Salfati, 2015;
Salfati et al., 2015a, 2015b; Sorochinski et al., 2015). The sample consisted of 33 solved
murder series which occurred between 1952 and 2007 and made use of police case files
which increased ecological validity of the findings of these studies (Labuschagne, 2021).
Data were coded using the Homicide Profiling Index © (HPIv4). These studies examined
the characteristics and behaviour consistency of victims, offenders, and crime scene actions

some of which will be discussed next.

2.2.6.2 Victims, Offenders, and Offence Characteristics

While the stereotype of serial murder offenders is that they are highly intelligent, single
White males (Yaksic, 2023), the public’s perception of serial murder developed
predominantly through outdated research, entertainment, and the media, which have then
been converted into stereotypes (Yaksic 2023). For example, serial murderers in South
Africa were found to be 66.7% Black, 24.2% White, and 9% Coloured (Salfati et al., 2015b).
The majority of the offenders (60%) were in relationships, and only 39% were single
(Horning et al., 2015). With regard to employment, at the time of arrest, 34.5% were
unemployed, while 55.2% were employed as labourers (Horning et al., 2015). Only 38.3%
had a high school level of education and almost all (89.3%) of the serial murder offenders in
the sample had a criminal history (Horning et al., 2015). Offence histories ranged from
violent (57.1%), sexual (35.7%), property-related (64.3%), and ‘other’ types of previous
criminal histories (35.7%) (Labuschagne, 2021). This demonstrates the criminal versatility
of offenders which means that offenders are able, and do, commit other types of crimes, and
do not stick to certain crime type (Turvey, 2012a). As a result of previous criminal histories

and prior offence experiences, offenders may gain forensic awareness and therefore, use
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avoidance and detection strategies to evade further arrests (Chopin et al., 2019, 2020;
Eichinger & Darjee, 2021; Reale et al., 2020, 2021).

Labuschagne (2021) states that the demographics of serial murder victims reflect the
proportions of the country’s demographics. In the largest study of South African victims of
serial murder offenders, Horning et al. (2015) and Sorochinski et al. (2015) found that the
majority of victims were Black (77.5%), unlike in the US where 50-70% of victims were
White and only 35.9% were Black (Sorochinski & Salfati, 2010). Similarly, victims of serial
murderers in France and Canada were also found to be predominantly White (James et al.,
2018). However, in the South African sample, White victims compromised only 7.7% of the
sample and 11.7% were Coloured, 2.3% were Indian, and only 0.7% were Asian (Salfati et
al., 2015b). This highlights the differences found between countries with regard to victim
demographics, as a result of the ethnic and racial composition of each country (Chopin &
Beauregard, 2021a). In the South African sample, most of the victims in the sample were
female (64.9%) and 35.1% were male (Salfati et al., 2015b). This is consistent with findings
from the USA where the majority of victims in the sample were female (81%) and 18.5%
were male (Sorochinski & Salfati, 2010). Not all offenders murdered all their victims in the
South African sample, and 51.5% of offenders had at least one surviving victim in a series,
which is consistent with Sorochinski and Salfati (2010) study where 19.3% of victims

survived.

Sorochinski et al. (2015) found that cultural factors impact on the planning of serial murder
offenders in the South African context in comparison to other countries such as the USA.
They found that most of South African serial murderer’s crime scenes occurred outside
(78%) for example in open veld/grounds (Sorochinski et al., 2015), whereas the majority of
serial murders in the USA and Canada occurred in urban areas and in structures such as
buildings (Hickey, 2016; James et al., 2018). Whereas in Korea, victims of serial murderers
were mostly found within their residences (Sea et al., 2019). For South African offenders,
outdoor locations are likely due to the highly compacted, urban areas such as informal
settlements, and high levels of security measures such as guarded community living areas as
a result of the high crime rate in South Africa (Hodgskiss, 2004).

South African serial murderers were also found to be from low-income groups and therefore,

did not have access to vehicles (Salfati et al., 2015a). As a result, it is necessary for offenders
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in South Africa to lure victims to (often preselected) isolated locations, to reduce the chances
of being heard or seen (Labuschagne, 2021; Sorochinski et al., 2015). Due to these isolated
outside locations, there is often a delay in recovering victim’s bodies (Labuschagne, 2021).
Consequently, there is often degradation of forensic and physical evidence due to the natural
environment of South Africa such as high temperatures (which increase rates of
decomposition of the body), as well as animal activity such as scavenging (Sorochinski et
al., 2015). The above examples highlight how cultural differences across countries can
impact on serial murder offence characteristics and crime scene behaviours (Chopin &
Beauregard, 2021a).

South African serial murder offenders were found to either plan the murders in advance, or
not at all and generally had two location sites for committing their crimes in comparison to
the USA who have three locations and took part in pre- and post-planning (Sorochinski et
al., 2015). In South Africa, the first location is the one where the offender meets the victim
(Hodgskiss, 2004), and the second location is where the offender ultimately lures the victim
to murder them, leaving their bodies at the same location (Sorochinski et al., 2015). This is
different to serial murder offenders in the USA where there are three locations which are
important for the offender (Hickey, 2016). The first location is where they meet the victim,
the second location is where they murder the victim, and the third and final location is the
body disposal site (Sorochinski et al., 2015). In South Africa, most serial murder offenders
brought their weapons to the scene (76.1%) contrary to Sorochinski and Bateman (2005)
where a weapon was brought to the scene in 43% of cases in the USA. Salfati et al. (2015b)
found that in their study on South African serial murder victims; 30.2% victims were
murdered from gunshots, 27.6% were murdered by blunt force, 25.7% were strangled, and
10.8% were stabbed.

The Salfati et al. (2015b) study found that the average age of victims of serial murders in
South Africa were 31 years old, which is similar to victims in Europe who were 35 years old
in Italy (Pakkanen et al., 2015b), 26 years old in Australia (McKinley & Petherick, 2021),
and 30 and 27 years old in France and Canada respectively (James et al., 2018). Most of the
victims were strangers to the offender (73.3%), similar to findings from Hickey (2016) where
70% of victims were strangers to offenders in the USA. Labuschagne (2021) also reports
that most serial murders in South Africa have a sexual theme or nature to them (65.7%).
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However, Salfati et al. (2015b) stated that serial offenders are often motivated by a variety

of reasons, and it is not only an inherently sexually motivated crime.

Although sex workers are often targeted by serial murder offenders (Sorochinski & Salfati,
2019), few victims were sex workers (4.5%) in the South African sample (Salfati et al.,
2015b); whereas 22% of victims of serial murder offenders in the USA sample were sex
workers (Salfati & Bateman, 2005). This is likely due to the high unemployment rate within
South Africa, as 40.3% of victims in the South African sample were unemployed, and
therefore, vulnerable to leave with a stranger offering (false) employment. Victims were
often lured away with a con story (47%) by offering false employment, a common MO found
within the serial murder sample, and particularly in serial sexual assaults (rape) (77%)
(Woodhams & Labuschagne, 2012b).

Vulnerable victims, those with low social control (Egger, 1984; Horning et al., 2015; Salfati
& Bateman, 2005), such as female victims, children, pensioners, and unemployed persons
are consistently selected across serial murder offenders both locally, as well as
internationally (Salfati et al., 2015a; Sorochinski & Salfati, 2010). These studies highlight
the importance of apprehending and linking serial murder offences early on, which leads to

the next section of criminal profiling, and most importantly, crime linkage.

2.3 CRIMINAL PROFILING: BEHAVIOURAL EVIDENCE ANALYSIS

Criminal profiling is often referred to as offender profiling, investigative psychology,
criminal evidence analysis, psychological profiling, and behavioural investigative advice
(Petherick & Turvey, 2012a). Although these terminologies are used interchangeably, they
are all classified under the broader term of profiling (Fox & Farrington, 2018). Using
principles from the social and behavioural sciences (such as personology and social
psychology), criminal profiling uses behavioural evidence as an approach to problem
solving, when investigators lack any formal leads (Canter et al., 2004; Holmes & Holmes,
2002). Criminal profiling is a form of behavioural evidence analysis which identifies and
infers personality characteristics of an unknown offender based on behavioural evidence
such as the offender’s crime scene behaviour, victim selection, and MO (Alison et al., 2010;

Canter, 2000, 2010; Douglas et al., 1986; Dutta & Banik, 2023; Snook et al., 2008).
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Criminal profiling is based on two main assumptions namely, the consistency hypothesis
and the homology assumption (Woodhams & Toye, 2007). The assumption of homology is
the suggestion that there will be a relationship between the crime scene behaviours of an
offender and the offender’s personal characteristics (Mokros & Alison, 2002). The
consistency hypothesis is referred to as the suggestion that people will react and behave in
stable yet consistent (similar) ways (Canter, 1994). Criminal profilers assist investigators by
identifying and providing the most likely personal characteristics of an offender, such as
inferring the underlying personality, likely demographics, and behavioural characteristics,
based off the crime actions and behaviours which are evident when analysing the crime scene
(Canter, 1994; Crabbé et al., 2008; Fox & Farrington, 2018). The characteristics of offenders
are based on inferences derived from physical, psychological, emotional, habitual, and

vocational factors (Turvey, 2012a).

Insights developed by criminal profiles regarding the offender’s state of mind and possible
motivations can assist in formulating proactive strategies in preventing future possible
crimes by predicting these crimes based on victim selection and geographical locations
(Ainsworth, 2000; Crabbé et al., 2008; Douglas et al., 1986; Holmes et al., 1988; Holmes &
De Burger, 1985; Ressler et al., 1986). Therefore, the goal of criminal profiling is to assist
in criminal investigations by providing law enforcement with a description of the type of
person/offender who would most likely have committed the offence/offences, based on the
crime scene behaviours and actions taken by the offender (Crabbé et al., 2008). In addition,
to also identify possible motivations of the offender in order to narrow down the suspect
pool (Crabbé et al., 2008; Goodwill et al., 2014; Woodhams & Toye, 2007).

The ultimate purpose of criminal profiling is to assist in investigation and legal processes by
narrowing suspect pools and providing insights into the characteristics, motivations, and
intentions of the type of individual responsible for committing the crime (Dutta & Banik,
2023; Turvey, 2012a). Criminal profilers can assist investigators by providing suggestions
related to the interviewing process and strategies (Labuschagne, 2015b). In addition, during
the prosecution phase, profilers can assist by providing similar fact evidence in court by
linking cases based on behavioural evidence, as well as suggesting trial strategies of
offenders, to the prosecution (Petherick, 2006; Petherick, 2009). Furthermore, profilers may
provide suggestions to the court regarding sentencing which pertain to the criminal
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propensity of the offender, and the level of risk the offender poses at reoffending (Chai et
al., 2024; Crabbé et al., 2008; Labuschagne, 2015b).

Petherick and Turvey (2012b) refer to nomothetic and idiographic approaches to profiling.
The idiographic approach to profiling is referred to as studying individual crimes such as a
specific case and the unique traits which accompany that particular case (Petherick &
Turvey, 2012b). The idiographic approach often uses deductive reasoning and takes unique
behaviours or combination of behaviours into account (referred to as the signature of the
offender) by analysing the crime scene and basing profiles on crime scene behaviours, victim
profiles, post-mortem reports, crime scene photographs, and witness accounts (Turvey,
2012b). Deductive reasoning is considered time-consuming and is often based on the clinical
experience and knowledge of the profiler (Snook et al., 2007). As a result, more effort is
required from the profiler as it is more detailed and takes into consideration the potential
impact of situational factors which may have impacted the offender’s crime scene behaviour
(Pistorius, 2018; Turvey, 2012a). A limitation of solely using clinical experience is that it is
often based on subjective experience and opinions, rather than being based on empirical
studies to support the opinions, which is important when providing expert evidence to a court
(Alison et al., 2003; Meyer, 2007).

The nomothetic approach to profiling is reported to be abstract, focusing on groups and
universal behaviours, using statistical methods to predict the likely behavioural patterns of
future crimes (Bennell et al., 2015; Petherick & Turvey, 2012b; Snook et al., 2007). The
nomothetic approach to profiling often uses inductive reasoning, as it relies mainly on
statistical knowledge and research findings, is more general in nature and less time
consuming than deductive reasoning (Petherick & Turvey, 2012b). An example is,
examining groups of offenders and identifying subgroups which have common
characteristics regarding the ‘type’ of person likely to commit certain types of crimes
(Petherick, 2006). Large, computerised databases have been developed and implemented,
such as the Violent Offender Criminal Apprehension Program (ViCAP) and Violent Crime
Linkage Analysis System (VICLAS), to assist with linking crimes (Burrell et al., 2024;
Rainbow, 2015).

Petherick and Turvey (2012b) report that while the nomothetic approach and inductive

reasoning is necessary and useful for generating theories about criminal and offending
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behaviour, they should not be used in isolation. Criminal profilers should ideally take both
approaches and types of reasoning into consideration, which is referred to as the structured
professional judgement approach (Bennell et al., 2015). The structured professional
judgement approach combines the general understanding of offending behaviour such as
using large, computerised databases to inform decisions, while examining the particulars of
a specific case using practitioner and investigative experience (Bennell et al., 2015; Ribeiro
& de Matos Soeiro, 2021).

Despite the popularity of criminal profiling among psychologists, criminologists, and
behaviourists, the scientific credibility such as the validity and reliability of criminal
profiling has been called into question as a result of the lack of findings from empirically
based studies to support various assumptions and theories that have been suggested (Fox &
Farrington, 2018; Snook et al., 2008). The term criminal profiling illusion has been used to
describe the popularity and consistent use of criminal profiling, despite its lack of empirical
and scientific support (Snook et al., 2007). For example, the classification and typologies
used to define serial murder offenders such as the organised/ disorganised typology have
been used in criminal investigations. These, however, lack empirical support as studies have
not been able to replicate or validate the findings (Canter et al., 2004). As a result, the
scientific credibility of criminal profiling and the accuracy of offender profiles has been
called into question (Alison et al., 2002). Research studies which have tested the reliability,
and the validity of previous classification systems suggest that profiles were based on
opinions and subjective experiences, rather than empirical and scientific support (Alison et
al., 2003; Bennell et al., 2013; Canter et al., 2004; Canter & Wentink, 2004)

To establish a more scientific, evidence-based approach to criminal profiling, Canter (1995)
developed the term Investigative Psychology. Investigative Psychology refers to the field of
operational and applied psychology which is used across the range of activities related to the
analysis, investigation, and prosecution of crimes (Salfati, 2021). Canter and Youngs (2003)
state that investigative psychology is based on the A = C equation which is the process of
linking crimes based on the actions (A) and behaviours displayed during the crime, to the
characteristics (C) of the offender. The focus of criminal profiling, behavioural crime scene
analysis and investigative psychology has been inferring the characteristics of offenders,
establishing behaviour consistency of offenders based on crime scene behaviours, and

identifying subgroups of crime types (Salfati, 2021). The main focus of investigative
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psychology is to provide empirically driven theories based on scientific evidence and support
(Salfati, 2019).

To evaluate the reliability and validity of criminal profiling, Fox and Farrington (2018)
conducted a systematic review, which consisted of 426 publications on criminal profiling
over the past four decades. They found that the scientific and statistical rigor of criminal
profiling has increased from 0% to 33% over 40 years, and that the number of peer-reviewed
publications were three times that of non-peer-reviewed studies (Fox & Farrington, 2018).
Furthermore, the vast majority of literature which has been produced on criminal profiling
in the past two decades has emanated from academics. According to Fox and Farrington
(2018), this is crucial in developing and maintaining a scientific and empirically based
discipline. This is important to note, as criticism of criminal profiling is that it lacks empirical
research to support the assumptions fundamental to the scientific methods and techniques
used (Labuschagne, 2015b; Rainbow et al., 2014; Snook et al., 2008). Despite recent
developments in the past two decades in improving the scientific rigour of criminal profiling,
there is still a lack of synthesis and agreement regarding terminology, methodologies, and

findings on criminal profiling (Fox & Farrington, 2018).

Fox and Farrington (2018) suggest that the lack of credibility associated with criminal
profiling is as a result of the lack of consistency and uniformity with regard to various aspects
of profiling, such as the basic terminology, methods, and data, which criminal profiling
research has been utilising. Fox and Farrington (2018) suggest that for criminal profiling to
be recognised as a scientific discipline, researchers should aim to scientifically test, replicate,
and consolidate the terminology to update and advance the field of criminal profiling.
Rainbow (2015) states that research and practice should not be seen as distinct and separate
practices. Therefore, in order or integrate the two, the Crime Linkage International Network
(C-LINK) was formed in 2015 to assist in enhancing collaboration and reduce the gap
between practitioners and researchers (Bennell & Woodhams, 2015). The collaboration
between research and practice is necessary for empirical research to inform practice as well
as for practitioners and clinicians investigative experience to inform research (Rainbow,
2015).

As a result, there is a growing body of literature and research focused on using scientific

methods as well as objective and replicable measures in certain subfields of criminal
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profiling. This includes evidence-based profiling (Fox & Farrington, 2018), crime linkage
(Bennell et al., 2014; Bennell & Canter, 2002; Woodhams & Davies, 2021), and
investigative psychology (Alison et al., 2010; Bull, 2019; Canter, 2000; Canter, 2004).
Investigative psychology has been implemented and applied in South Africa and has been

able to link crimes successfully based on behavioural evidence (Labuschagne, 2012; 2015).

2.3.1 Criminal Profiling in South Africa

Within the South African context, the SAPS formed the Investigative Psychology Unit
(IPU), with a single counselling psychologist employed within the unit in 1997, for the
purpose of providing formal profiling services for SAPS investigations (Pistorius, 2018). In
2011, the unit expanded into the IPS and by 2020, more than 44 individuals were employed
under the section which included various professionals, such as investigators, criminologists,
psychologists, and researchers (Labuschagne, 2021). SAPS, therefore, have one of the
largest investigative sections in the world for investigating psychologically motivated crimes
(Labuschagne, 2021). Psychologically motivated crimes are considered to be crimes which
are not economically driven such as cash-in-transit robberies or vehicle hijackings
(Labuschagne, 2021b).

The IPS often assist in investigations of crimes which are not motivated by external factors
such as financial motives (Labuschagne, 2021b; Labuschagne & Salfati, 2015).
Psychologically motivated crimes such as serial rape, serial murder, child murder, muti-
murders, intimate partner murders, child sex offences, sexual murders, and kidnappings are
investigated by the IPS (Labuschagne, 2021). The IPS have been instrumental in training of
SAPS members, investigating and assisting in solving crimes, and providing research for
international and local studies particularly, examining the characteristics and offence
behaviours of serial rape and murder series (Horning et al., 2015; Labuschagne & Salfati,
2015; Salfati, et al., 2015b; Salfati, 2015; Sorochinski et al., 2015; Woodhams et al., 2019;
Woodhams & Labuschagne, 2012a; 2012b). SAPS IPS is involved in solving multiple types
of crimes by providing expert testimony, risk assessments, sentencing reports for legal
processes, interviewing offenders and victims, crime scene analysis, as well as conducting
research into topics such as serial rape, and serial murder within the South African context
(Labuschagne 2012; 2015a; 2021).

40



Criminal profiles are primarily created as investigative tools and are useful in identifying
patterns of behaviour (Labuschagne, 2012). These profiles also assist investigative
units/sections such as the SAPS by providing similar fact evidence through linking
potentially related crimes based on crime scene behaviours (Labuschagne, 2012, 2021;
Petherick, 2006). According to Grubin et al. (2001), if crimes can be linked to the same
offender/s through crime scene behaviour/s, then it is reasonable to suggest that certain
behaviours remain consistent across a crime series, or they at least develop or evolve in a
particular way. One subcategory of criminal profiling is crime linkage, which is discussed

below, and the approach used in this study.

24 CRIME LINKAGE

Crime linkage, also referred to as case linkage or linkage analysis, links two or more crimes
to the same offender based on similar yet unique crime scene behaviours (Bennell & Canter,
2002; Labuschagne, 2012; Woodhams et al., 2007; Woodhams & Toye, 2007). Crime
linkage is a form of criminal profiling and behavioural analysis, and the method used when
crime scene behaviour is analysed within a particular series of two or more crimes
(Hazelwood & Warren, 2003; Woodhams & Toye, 2007). Although forensic and physical
evidence is the most concrete and reliable way of connecting crimes, this type of evidence
may not be available, or may be absent or missing from the crime scene (Canter, 2004). As
a result, law enforcement officials such as investigators, needs alternative valid and reliable
ways of connecting crimes, of which behavioural evidence is considered to be constantly
present and obtainable (Davidson & Petherick, 2021; Woodhams et al., 2007). The two
underlying principles of crime linkage are that offenders behave in similar, and consistent
ways across crimes, yet their crime scene behaviours are distinct and unique enough to
differentiate them from other offenders committing similar types of crimes (Bennell &
Canter, 2002; Woodhams & Toye, 2007).

Woodhams and Bennell (2015a) refer to the proactive and reactive approach to crime
linkage. The proactive approach, also known or referred to as comparative case analysis
involves the active searching of a database to identify behaviour commonalities and similar
behaviours between offences (Rainbow, 2015; Woodhams & Bennell, 2015a). However, the
profiler or behavioural analyst does not suggest whether the cases are linked or not to the
same offender, and is instead searching for behavioural commonalities (Turvey, 2012b). The
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reactive approach on the other hand, is often referred to as case linkage and crime linkage
analysis, which is when a behavioural analyst or criminologist is provided a set of cases
which investigators seek advice on determining whether the cases are linked or not, based
on similar yet unique features of the crimes (Rainbow, 2015). The ability to link cases and
provide investigative advice is based on the underlying behaviour consistency and
distinctiveness of an offender’s crime scene behaviour (Bennell & Canter, 2002). Therefore,
the purpose of crime linkage is to establish whether a crime is part of a series which has been
committed by the same unknown offender/s, thereby linking crimes and cases to a particular

crime series (Woodhams et al., 2019).

2.4.1 Theoretical Assumptions: Behaviour Consistency and Distinctiveness

As mentioned, the two underlying principles, or assumptions, of crime linkage are that an
offender’s behaviour is consistent over time, and that each offender’s behaviour has a degree
of distinctiveness or uniqueness in the crimes which they commit (Davidson & Petherick,
2021; Labuschagne, 2012; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a). In
other words, the crime scene behaviour is unique and distinct enough so that it can be
distinguished from offender’s committing similar crime types, yet similar enough in
behaviour that it can be recognised across a series of offences (Bennell et al., 2014; Davies
& Woodhams, 2019).

Behaviour consistency has been studied through the lens of social psychology and
personality psychology (Alison et al., 2002; Woodhams & Bennell, 2015b). To summarise,
the main focus of social psychology was on how the situation influences an individual’s
behaviour, whereas personality psychology’s main focus was on the individual, and how
individual stable personality traits influence the behaviour of a person (Woodhams &
Bennell, 2015b). Hodge (2000) suggests that the interpersonal style of an individual is
consistent over time and is reflected in their everyday behaviour. Initially, personality
theorists suggested that an individual would react in stable and consistent ways across
situations however, this hypothesis was not supported by findings of empirical studies,
which showed variability in behaviour in response to different situations (Barenbaum &
Winter, 2008; Mischel & Shoda, 1995). For example, serial murder offenders are known to

exhibit particular crime-scene behaviours and patterns of behaviour across crimes however,
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there has been variability in the data which is important to consider and understand (Bateman
& Salfati, 2007; Hazelwood & Warren, 2003; Salfati & Bateman, 2005).

Mischel and Shoda (1995) suggest that personality is a system which interacts with cognitive
and affective processes which means that it is dynamic, and can therefore, change according
to the situation (Mischel & Shoda, 1995). To explore this situation further, Mischel and
Shoda (1995) developed the Cognitive-Affective Personality System (CAPS) model to
understand the stability of an individual’s behaviour as well as the variance in behavioural
expressions of personality (Mischel & Shoda, 1995). They sought to understand how the
interaction of the person and the situation influence and individual’s behaviour (Woodhams
& Bennell, 2015b). Mischel and Shoda (1995) suggest that, based on learnt experiences,
individuals will respond in similar ways to situations by activating previously used cognitive
and affective strategies. As a result of individual learnt experiences, the cognitive strategies
and subsequent behavioural responses are considered unique to each person (Mischel &
Shoda, 1995).

This model is relevant and beneficial for the purposes of crime linkage in order to understand
and conceptualise the variability found in offending behaviour (Canter et al., 2004;
Woodhams & Bennell, 2015b; Woodhams & Toye, 2007). Although individual behaviours
may differ, there may be an underlying consistency with regard to the way in which an
individual responds to situations, based on cognitive strategies and affective components
used when responding to situations which remind the offender of previous learnt experiences
(Bennell et al., 2021; Mischel & Shoda, 1995). This results in an offender responding in
similar ways which are unique to them. According to Canter and Youngs (2009) and
Labuschagne (2015), individuals often react to situations in stable, yet unique ways of

reacting to situations, which Canter (1994) termed the consistency and learning hypothesis.

How consistently an offender exhibits the same or similar behaviour across their crime series
is significant in understanding the behavioural evidence for the purpose of linking crimes
(Bennell et al., 2015; Sorochinski et al., 2015; Sorochinski & Salfati, 2010; Woodhams et
al., 2019). Therefore, crime linkage combines information and integrates various aspects of
an offender’s crime scene pattern of behaviour such as the offender’s signature, MO, and
fantasy-based or ritual behaviours displayed by the offender during the crime (Labuschagne,

2012; Van der Watt et al., 2014). Each of these are relevant in understanding the behavioural
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consistency and uniqueness of serial murder offender’s crime scene behaviour which can be
used to link an offender to a series of crimes (Hazelwood & Warren, 2003; Labuschagne,
2012).

2.4.1.1 Victimology

Victimology is described as the comprehensive history of an individual who has become a
victim of crime (LaBrode, 2007). According to Schneider (2001), people are not born
victims, but are rather associated with certain lifestyles, as well as continuous reoccurring
behaviour in which an individual may find him/herself in vulnerable situations, where there
is a high risk of becoming a victim of crime. According to Ressler et al. (1995), victimology
has become one of the most valuable tools for classifying and solving violent crimes due to
the consistency among victim selection within a series, as victims of serial offenders often
share common characteristics within a series (Mouzos & West, 2007b). Research has
focused on victimology as it is understood to be important to understand why a victim was
selected or identify similarity of characteristics such as the type of victims within a series of
crimes which a serial offender target. Once this is done then a profile can be compiled of the
likely offender and possible apprehension of the offender can take place (LaBrode, 2007,
Pistorius, 2018; Salfati, 2019). Therefore, analysing victim characteristics could reveal
possible similar characteristics which assist in preventative strategies by identifying who,

why, or where, the serial offender may likely target next (Rainbow, 2015; Salfati, 2019).

Victimology assists criminal investigations by linking separate crimes or crime scenes to a
single offender, as serial offenders appear to be consistent in the types of victims they target
across crimes (Hickey, 2016; Horning et al., 2015; Ressler et al., 1986b; Woodhams &
Labuschagne, 2012a). Victimology is considered to be consistent across crimes as the choice
of target is who the offender chooses to target is considered to be within the control of the
offender, and less susceptible to external influence (Bateman & Salfati, 2007; Bennell et al.,
2021; Horning et al., 2015; Salfati et al., 2015a; Salfati, 2015; Salfati, 2019; Salfati &
Bateman, 2005).

Although serial murder offenders appear to target similar victims across crimes, research

suggests that there is variability within an offender’s murder series (Salfati et al., 2015a;
Sorochinski & Salfati, 2019), and some serial murder offenders may select different types
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of victims within a series (Sorochinski & Salfati, 2010). For example, serial murder
offenders were found to not consistently target all or only sex workers within their series,
and that victims of different ages and employment statuses were also targeted within a series
(Sorochinski & Salfati, 2010, 2019). However, while there may be variability among serial
offender’s target selection behaviours, vulnerable victims, such as those with low social
control (Egger, 1984; Horning et al., 2015), appear to be consistently targeted among serial
murder offenders across countries such as South Africa, USA, and Italy (Pakkanen et al.,
2021; Salfati et al., 2015a; Santtila et al., 2008).

To understand the variability among victimology within an offender’s series further, Canter
(1994) provided a model for understanding the underlying dynamic between the interaction
between the victim and the offender by basing the interaction on the assigned psychological
meaning. Canter (2002) suggests that the way in which an offender interacts with the victim
is largely due to the role they ascribe to the victim, and as a result, consistency of behaviour
may be victim specific. The three main roles identified by the model are victim as vehicle,
victim as person, and victim as object (Sorochinski & Salfati, 2010). Victim as person is
usually when the victim represents some unique importance to the offender (Salfati, 2015).
Victim as object is when the victim is depersonalised, and where the offender is focusing
solely on their own actions towards doing things to the victim (Salfati, 2015). Victim as
vehicle is when the victim is used as a ‘means to an end’ for the offender to satisfy their own

needs (Salfati et al., 2015a).

Therefore, despite the apparent lack of consistency among victim types, there appears to be
consistency in behaviours which are related to specific victims within a series, and therefore,
there is behaviour consistency which is victim specific (Salfati, 2019; Sorochinski & Salfati,
2010). Victimology and crime scene actions are considered the most reliable ways of
connecting and linking crimes as they are considered to be behaviours which the offender is
able to control and plan, and less susceptible to influence from situational factors (Bateman
& Salfati, 2007; Salfati, 2019). For this reason, it is important to consider other aspects of
the crime and crime scene behaviours such as the MO, and crime scene behaviours which
may provide further insight into the interaction with the victim to establish behaviour
consistency and distinctiveness which are important to link crimes (LaBrode, 2007; Salfati,
2019).

45



2.4.1.2 Modus Operandi

Modus operandi (MO) is derived from the Latin term and means ‘method of operating’
(Turvey & Freeman, 2012a). MO can be described as behaviours which allow the offender
to evade detection and thereby commit the crime successfully (Keppel, 2000; Labuschagne,
2012; Labuschagne & Salfati, 2015). In other words, MO is how, and the way in which an
offender commits a crime, and the practical and functional means of committing a crime
(Hazelwood & Warren, 2003; Van der Watt et al., 2014). If an offender is able to commit a
crime and go undetected, it is likely that they will continue to commit similar types of
behaviours, as they are able to expect or anticipate certain results and outcomes (Gee &
Belofastov, 2015; Woodhams & Toye, 2007). Therefore, because the offender has
successfully committed the crime undetected, there is consistency in their MO crime scene
behaviour (Hazelwood & Warren, 2003; Van der Watt et al., 2014). The repetitive nature of
the offender’s behaviour creates a sense of familiarity and control, which enables a sense of
confidence, thus resulting in a fine-tuned focus on the motive of the crime to fulfil the
psychological and physical needs of the offender (Hazelwood & Warren, 2003).

However, MO is considered a learned behaviour (Hazelwood & Warren, 2003). As a result,
the MO may change and evolve as the offender matures or gains more experience, such as
becoming more forensically aware (Beauregard et al., 2022). For example, an offender may
increasingly gain a better understanding of the importance of forensic evidence such as
ballistics, DNA, fingerprints, and closed-circuit television (CCTV) footage in police
investigations (Reale et al., 2020). This is applicable especially to those who have a criminal
history as they have had previous contact with law enforcement (Beauregard & Bouchard,
2010; Beauregard & Martineau, 2014). Furthermore, Chopin and Beauregard (2021b) found
that serial offenders displayed more forensic awareness than once-off offenders. As a result
of this forensic awareness, offenders used avoidance and detection strategies to evade
detection and discovery (Beauregard & Bouchard, 2010; Chopin & Beauregard, 2021b). For
example, an offender who has previously been convicted for sexual assault through DNA
evidence which connected him to the crime from seminal fluid found on a victim, may as a
result, start using condoms; or an offender whose fingerprints were found at a crime scene
may start wearing gloves at a crime scene, turn their mobile phone off so that they cannot be
tracked or traced by signal towers, and cover their face to conceal their identity (Chopin et
al., 2022; Chopin & Beauregard, 2024; Reale et al., 2022).
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However, as an offender begins to grow in confidence and experience in committing crimes
successfully without being discovered, their MO is unlikely to change and/or evolve
(Beauregard et al., 2022; Chopin et al., 2022; Douglas & Munn, 1992). Internal factors
which may impact on an offender’s MO include age, maturity, education, life experience,
mood, and substance use (Turvey & Freeman, 2012a). Situational factors and external
circumstances which may impact an offender’s MO include the interaction with the victim
such as, the behavioural response of the victim, victim availability, and the interruption of
the crime by a witness (Douglas & Munn, 1992; Hazelwood & Warren, 2003; LaBrode,
2007; Turvey, 2012a).

The method of luring victims away with a ‘con story’ by falsely offering employment has
been a highly effective MO for serial offenders in South Africa (Hodgskiss, 2004). The
results of the con-story were also found in Woodhams and Labuschagne (2012b) study on
victims of serial rape. Interestingly, the first recorded South African serial murderer’s MO
in 1936 is notably similar to current day MO exhibited by current serial murder offenders
(Labuschagne, 2006; 2021). This similar type of MO namely, using a ruse to lure vulnerable
victims, is also consistent with Beauregard et al. (2022) analysis of MO.

There may be a change in the usual pattern of violent behaviours such as an increase in the
levels of aggression (escalation) displayed at the crime scene (Salfati, 2019), or changes in
various MO behaviours, as serial offenders are said to act out ‘trial runs’ of their underlying
fantasy (Van der Watt et al., 2014). For example, even though an offender may fantasise
about committing certain sexual acts or levels of violence, they may only start to act those
out later in their series as they start to gain more confidence, as a result of not being
apprehended, and remaining undetected (Crabbé et al., 2008; Van der Watt et al., 2014).
Although some crime scene behaviour may be viewed as typical in criminal MO behaviour,
it is the combination of these MO behaviours where a unique signature, trademark, or ritual
may be identified (Labuschagne, 2006, 2012). Therefore, the change in an offender’s
behaviour can also be vital to investigators for linking purposes to suggest that a crime is
likely to have been committed by the same offender due to the unique combination of crime
scene behaviours (Douglas & Munn, 1992; Hazelwood & Warren, 2003; Labuschagne,
2012).
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2.4.1.3 Fantasy and Ritual

Fantasy is relevant because it is reported to be the underlying intention and blueprint for the
behaviour, and as the offender tries to repeat the fantasy, there is similarity/consistency
displayed in crime scene behaviour across crimes (Keppel, 2000). The fantasy is also unique
to the offender, and as a result, the crime scene behaviours that manifest from the fantasy
are unique, distinguishing them from other offenders who commit similar types of crimes
(Hazelwood & Warren, 2003; Van der Watt et al., 2014). Although ritualistic behaviour may
evolve, or more evidence thereof may be exhibited during the crime, as the offender gains
confidence, the theme will persist (Crabbé et al., 2008). Fantasy is reportedly more useful at
linking crimes with offenders who plan their offences, rather than impulsive offenders
(Hazelwood & Warren, 2003).

Unlike the MO which is largely functional, ritual behaviour/s serve to act out the internal
psychology and fantasies of the offender (Hazelwood & Warren, 2003). The fantasy of an
offender often plays a significant role in psychologically motivated crimes such as serial
murder offenders. Ritualistic behaviour is symbolic and unique to the fantasy of serial
murder offenders (Hazelwood & Warren, 2003; Van der Watt et al., 2014). However, ritual
behaviour may evolve or escalate as the offender loses control at the frustration of not being
able to achieve the fantasy (Sorochinski & Salfati, 2010). For example, the level of violence
used in a crime to achieve the same psychological intensity or experience (Hazelwood &
Warren, 2003). Although ritualistic behaviour may be unnecessary to successfully commit
the crime, it is highly significant for the offender to express their primary fantasy and
motivation for the crime in order to satisfy their psychological gratification and purpose
(Crabbé et al., 2008; Hazelwood & Warren, 2003; Schlesinger et al., 2010).

According to Hazelwood and Warren (2003), the offender’s fantasy will impact the choice
of behaviours which they use to control the victim, the violence the offender inflicts on their
victim, and the verbal interaction between the victim and offender by what is said to the
victim. This is also why it is important to consider the model proposed by Canter regarding
the interaction with the victim, as the behaviours may be consistent with specific victims
(Sorochinski & Salfati, 2010). As mentioned previously, serial offenders are said to have
‘trial runs’ (Van der Watt et al., 2014). Therefore, as the offender gains confidence in playing

out their fantasy, they may discover different fantasies as they experiment in different crimes
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which could account for the variability of an offender’s crime scene behaviour/s (Salfati,
2019; Van der Watt et al., 2014). In addition, they may also become more confident as they
are able to successfully evade detection and apprehension, which could account for the
change and variability in some of the behaviours which may not be necessary in order to

complete their crimes (Salfati, 2019).

2.4.1.4 Signature

The signature of an offender is described as the unique combination of behaviours which are
evident in two or more crimes, which suggest that the same individual/s are responsible for
a series of crimes based on the distinct crime scene behaviours (Bateman & Salfati, 2007;
Hazelwood & Warren, 2003). The signature of an offender is an action which is not
necessary to commit the crime, however, it is an action which satisfies the internal emotional
and psychological needs of the offender (Crabbe et al., 2008). Douglas and Munn (1992)
described signature as the ‘calling card’ of an offender. “Signature is viewed as a highly
individualized and unique combination of habitual aspects of offending behaviour derived
from the fantasy and motive for a series of crimes perpetrated by a single offender”
(Hazelwood & Warren, 2003 p. 597). As a result of the unique internal fantasies of offenders,
offenders will respond in stable yet distinctive and unique ways when responding and
reacting to situations (Hazelwood & Warren, 2003). Not only is signature helpful to
investigators in gaining insight into the psychological motivations or personality traits of the
offender, it also serves as an insight into interview strategies for investigators to utilise once

the offender/suspect is in custody (Van der Watt et al., 2014).

Signature is highly relevant to crime linkage, as the signature of the offender does not change
and is therefore, consistent (Keppel & Birnes, 2018). This is unlike the offender’s MO which
may evolve and change over time as the offender becomes more efficient and experienced
at committing their offences or is impacted by situational influences such as substances or
the mood of the offender (Crabbé et al., 2008; Hodgskiss, 2004; Pistorius, 2018). However,
Gee and Belofastov (2015) suggest that although the sexual fantasy is static, complexity can
emerge. In addition, the signature of an offender may be difficult to detect at a crime scene
(Pistorius, 2018).
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Pistorius (2018) stated that signature is not only expressed as a physical representation or
behaviour, but it can also be a verbal expression or ‘scripts’ for the victims to say. As a
result, the behaviours related to the signature of the offender may be absent or not apparent
to investigators at the crime scene (Salfati, 2019). The reason why this is important to
consider, is that investigators may often find crime scenes in the way the offender intends
for others to find it, thereby eliminating behaviours which may indicate or suggest actual
crime scene behaviours (Turvey, 2012a). This is often the case in linking crimes such as
serial sexual murders, as there is often limited forensic and observed sexual activity at crime
scenes (Bateman & Salfati, 2007; Salfati, 2019). Lack of observable sexual activity may be
as a result of an offender deliberately removing evidence from the crime scene, using
avoidance and detection strategies (Reale et al., 2020). However, certain environments may
naturally degrade evidence, as in the case of serial murder offenders in South Africa, with
victim’s often being disposed of in isolated, outdoor environments which reduce physical
and forensic evidence due to animal activity (scavenging) and the hot climate. Therefore, it
is important to consider the natural environment and the geographical and spatial patterns of

crimes to link crimes (Labuschagne, 2015b).

2.4.1.5 Spatial Patterns and Crime Proximity

When examining the behaviour consistency of spatial patterns of offenders, the term
geographic profiling was developed in the 1970s relating to a process of locating an
offender’s likely residence by analysing the spatial patterns of serial offences crime scenes
(Bennell et al., 2007; Berezowski et al., 2023; Canter & Larkin, 1993; Snook et al., 2004;
Snook et al., 2005b). Geographic profiling is not only useful in determining whether a crime
is committed by the same offender and locating the approximate residence of the offender,
but also beneficial at linking crimes, locating clandestine graves or body recovery locations,
bringing a sense of closure to victims’ families, and possible identification of additional
victims (Berezowski et al., 2023; Canter et al., 2017; Rossmo, 2019; Rossmo & Summers,
2015).

Canter and Larkin (1993) developed the term Circle Theory of Environmental Range
(CTER), which predicts an offender’s residence utilising the geographical locations of the
known crime scenes of linked crimes. The criminal range of an offender is referred to as the

location of the offender’s residence, and the location of the crime (Ackerman & Rossmo,
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2015; Rossmo, 2019; Rossmo & Summers, 2015). Tonkin et al. (2011) found that violent
offenders had the shortest median distance of committing their crime in relation to their
residence in comparison to property crime. This is reportedly due to a sense of familiarity,
comfort, and control which an offender is likely to have when committing their crimes (Reale
et al., 2021). Berezowski et al. (2023) reported that serial murder offenders tend to have a
criminal range of between nine and 40 kilometres in which they commit their crimes.
However, according to Berezowski et al. (2023), while an offender may control the
geographic and environmental factors; due to their victim choice and selection, the victim
inadvertently establishes the temporal and spatial factors. Therefore, the offender takes into
consideration the relevant risk factors, and target selection behaviours into account when
committing their crimes in geographic comfort zones (Berezowski et al., 2023; Canter et al.,
2017; Curtis-Ham et al., 2021).

International research studies have found that serial murder offenders tend to have
‘geographic comfort zones’ in which they either approach their victims and/or commit the
murders (Canter & Larkin, 1993; Labuschagne, 2021a; Snook et al., 2004; Snook et al.,
2005a). Locations which are familiar to an offender are often targeted as the offender has
prior knowledge of escape routes, enabling the offender to reduce and mitigate risk of being
caught (Deakin et al., 2007; Nee, 2015; Reale et al., 2020; Reale et al., 2021). Corresponding
with international research findings, geographic comfort zones of South African serial
murder offenders was supported by findings of Collaros (2019) who, in her unpublished
Doctoral study, found that the serial offenders (n = 15) whom she interviewed used a route-
following model of environmental learning (Collaros, 2019). Examples of some South
African serial murderers who committed their series in geographic comfort zones are; the
Brighton Beach axe serial murderer, Phindile Ntshongwana; Richard Nyauza the Quarry
serial murderer and, Sipho Twala the Phoenix sugarcane serial murderer (Labuschagne,
2021; Pistorius, 2018). As a result, geographic locations, temporal, and spatial proximity
appear to be useful at linking and connecting crimes (Berezowski et al., 2023; Tonkin et al.,
2011).

2.4.2 The Importance of Crime Linkage

There are several benefits to crime linkage, for example, the ability to effectively pool police
resources to form a proactive rather than reactive investigation style and approach
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(Woodhams et al., 2008). Not only is serial murder costly in terms of human life, but the law
enforcement resources involved in serial investigations are also costly (Alison et al., 2002;
Grubin et al., 2001; Woodhams & Toye, 2007). In addition, the analysis of forensic
evidence, if available, is both costly as well as time consuming (Woodhams & Davies, 2021).
Therefore, it is imperative that these types of offenders are apprehended as quickly and as
efficiently as possible (Woodhams & Davies, 2021). According to Yaksic (2023), serial
offenders are not a more sophisticated type of offender with mysterious and elite abilities,
as often speculated and presumed. However, they do appear to display greater forensic
awareness in comparison to once-off offenders (Chan et al., 2015; McKinley & Petherick,
2021). However, Yaksic (2023) postulates that serial offenders often rely on ‘luck’ to evade
apprehension, as well as poor police work such as linkage blindness. Poor police work may
also be due to substandard investigations as a result of lack of resources and/or ineffective

communication between various departments (Bennell et al., 2012; Egger, 2002).

In addition, the standard method of practice for linking crimes through forensic evidence,
such as DNA, ballistic, and fingerprint analysis, and results from post-mortem autopsies,
may not be available at the crime scene, or if it is available, results and findings may take
months to become available to investigators or prosecutors (Davies & Woodhams, 2019;
Labuschagne, 2012). As a result, being proactive during the investigation stage and being
able to detect potentially linked crimes based on crime scene behaviour, is not only
important, but also a necessity (Salfati, et al., 2015). Resources can then be utilised to
identify a minority of crimes or murders which are suspected of being committed by the
same offender (Davies & Woodhams, 2019).

Therefore, crime linkage is predominantly used to identify whether one or more crimes are
committed by a single offender and provides investigators in different precincts/districts a
better focus for their investigations (Labuschagne, 2012). It is also used as similar fact
evidence in legal and court proceedings, where forensic evidence may be incomplete or
lacking (Horning et al., 2015; Labuschagne, 2015b). Crime linkage is not only useful in
pooling law enforcement resources effectively in the detection of linked crimes and
apprehension of the offender, but it is also a way to limit further victimisation and number
of future victims (Woodhams & Davies, 2021). Furthermore, it may be able to provide
surviving victims and the families of victims a measure of closure (Slater et al., 2015). For

example, forensic evidence may not be available to link an offender to a particular crime.
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However, through linkage analysis derived from the behavioural evidence available at the
crime scene, it is determined that the same offender is responsible for the crime
(Labuschagne, 2015a; Labuschagne, 2015b). This allows victims’ families to see justice
being served despite the lack of forensic evidence (Davies & Woodhams, 2019). Crime
linkage is used to inform decisions during operational and legal processes (Winter et al.,
2013), which will be discussed further below.

2.4.2.1 The Investigative Phase

In terms of investigations, crime linkage assists investigators in determining which crimes
are likely to have been committed by the same offender (Labuschagne, 2012). Labuschagne
(2015) states that crime linkage analysis should be continuously updated as new evidence
becomes available, and particularly while waiting for results from laboratories which can
take months. In such cases, crime linkage is particularly useful when forensic evidence may
be lacking in some of the cases in a crime series (Davies et al., 2019; Labuschagne, 2012).
During the initial stages, behavioural commonalities may be identified. According to Grubin
etal. (2001), for consistency among crimes to be reliable and not merely coincidental, certain
techniques are required for any successful case comparison. These techniques include a) the
identification of relevant features of an offence, b) based on these identified features, a valid
procedure to compare and determine the degree of similarity between them, and c) a means
and way to calculate whether any similarity is more than a random event or merely
coincidental (Grubin et al., 2001).

Crime linkage aids and assists investigators in determining which crimes should be included
or excluded in a series, as well as to assist them in deciding how to focus their investigations
in examining crimes which have been committed similarly in terms of crime scene behaviour
(Labuschagne, 2012). Turvey (2012Db) refers to this as the investigative link and allows for
the allocation of additional investigative resources. In other words, by identifying a murder
being part of a murder series, the strategy of investigation may change, task teams can be
activated, experts can be consulted, and communication with the public on safety
notifications regarding victim and geographical targeting information can be disseminated
(Petherick et al., 2022). Further analysis may find that there are unique behaviours, with
limited behavioural dissimilarity, shared across two or more cases which Turvey (2012b)
refers to as a probative link.
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Crime linkage also allows resources to be allocated and used effectively, as investigators are
aware of where they need to focus their attention and resources (Labuschagne, 2012).
Additionally, investigators may be able to determine which cases should be included or
excluded in a series, based on crime scene behaviours (Davidson & Petherick, 2021). South
Africa suffers from a backlog and overburden of the system in terms of DNA and forensic
analysis (Machisa et al., 2023; Parliament of South Africa, 2025). Therefore, despite not
having forensic evidence speedily available, it is still imperative to identify the behavioural

elements of the crime scene (Van der Watt et al., 2014)

Criminal profiling has the added benefit of potentially being able to prevent future crimes
being committed by the same offender by identifying the possible location/s, and/or time of
a potential crime committed by the same offender, thereby reducing future potential victims
(Hazelwood & Warren, 2003; Salfati, 2019). However, incorrect linkage made can be a
waste of state resources (Labuschagne, 2006). Crime linkage can potentially reduce further
future victimisation of an offender by linking an individual/s to a series which may lack
forensic evidence thereby assisting in the aggravation of sentencing an offender with greater
criminal propensity (Chai et al., 2024; Labuschagne, 2012). Not only is crime linkage
beneficial to investigators, as it assists by organising and condensing large amounts of
information into a concise framework, but it can also inform efforts to potentially link a
series of crimes in the legal process which will now be briefly presented (Hazelwood &
Warren, 2003; Woodhams & Labuschagne, 2012a).

2.4.2.2 The Trial Phase

Crime linkage is beneficial in legal proceedings as it can be presented as evidence in court
to demonstrate when a single offender is responsible for a series of crimes (Labuschagne,
2015a). Grubin et al. (2001) report that when examining crime scene similarities, the
frequency of a behaviour is important to consider in order to determine whether a particular
behaviour occurred by chance or by coincidence. When a crime demonstrates highly unique
and consistent behaviours, it can be termed a substantial link (Turvey, 2012b). Crime linkage
has been used to assist decision making in courts, such as in convicting an offender (Davies
et al., 2019; Hazelwood & Warren, 2003; Labuschagne, 2012). For example, if an offender
is linked to multiple crimes, the court may find this to be an aggravating factor used when
sentencing the offender, as the offender may pose a higher risk of reoffending (Petherick et
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al., 2022). Therefore, crime linkage is used to strengthen the case against an offender,
protecting society at large (Porter, 2014). Furthermore, crime linkage may also be a means
to exclude certain cases or clear a suspect accused of committing a crime (Porter, 2014).
Crime linkage has been used successfully in South African legal contexts by providing
similar fact evidence in court by linking crimes based on similar, yet unique, crime scene
behaviours (Labuschagne, 2012; 2015). For example, the following cases have been linked
through behavioural evidence in South Africa by providing similar fact evidence which was
accepted by the courts: the Quarry serial murderer (State v. Nyauza, 2007); the Knysna
serial murderer (State v. van Rooyen, 2007); and the Newcastle serial murderer (State v.
Sukude 2006). Using human judgement (deductive, idiographic approach), linkage analysis
is a reactive process which involves the following five stages used by practitioners and
clinicians to provide an expert opinion on whether cases can be considered linked
(Labuschagne, 2012). Although each stage is distinct, they are inter-related activities
(Hazelwood & Warren, 2003; Labuschagne, 2012):

i) Obtaining all documentation relevant to the case.

i) Establishing the noteworthy crime scene behaviours.

iii) Review and classify all MO and ritualistic behaviours.

iv) Determining whether there is a unique or unusual behaviour, or sets of

behaviours (the offender’s signature), across each crime scene.
V) Compiling a written report to investigators or prosecutors with the above-

mentioned analysis.

Using this process, the psychologist working for the IPS were able to effectively demonstrate
to the courts that the crimes were committed by the same offender based on consistent yet
unique behaviours (Labuschagne, 2015b). Information used to link cases were crime scene
and autopsy photographs, sworn statements, medic-legal autopsy reports and laboratory
reports, visiting the crime scenes (post-fact), consulting with the investigator officer,
considering and identifying MO behaviours, signature, and ritual behaviours, as well as
taking geographic and spatial factors into consideration (Labuschagne, 2012). However,
while the expert opinion regarding linkage analysis was considered in South African courts
under the legal principle of similar fact evidence and expert evidence (Labuschagne, 2015a),
there are various legal standards and sets of principles which need to be met in other
countries, such as the USA (Tonkin & Weeks, 2021). In the USA these standards are referred

to as the Daubert (1993) Standards. Daubert standards are the judicial set of principles used
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by courts to determine whether evidence is deemed reliable and admissible to the court
regarding the methodologies used, ensuring that they have been based on sound scientific
principles (Davies et al., 2019; Pakkanen et al., 2015a). Pakkanen et al. (2015a) list the
following six standards and principles which evidence needs to meet in order to be
considered admissible to the court:

1. Reliability of the methods used.

2. The methodology has been published after undergoing peer review.

3. Error rates have been established.

4. There is general acceptance among the scientific community regarding the validity

and reliability of the method.

o

Standards of practice are met.

6. Applicability of the case (fit) to the methodology used.

In some countries, crime linkage has not been ruled as admissible in court due to criticism
regarding the reliability and validity of methods and samples used (Pakkanen et al., 2015a;
Woodhams et al., 2019). As a result of these serious implications and in order to enhance
the practical applicability of crime linkage, it is important that crime linkage research using
valid, empirically based samples, is conducted to inform evidence-based practice (Davies &
Woodhams, 2019). Some of the approaches, methods, and empirically based studies will

now be discussed.

2.4.3 Crime Linkage Research

Crime linkage research studies have been conducted on a range of offence types including:
arson (Ellingwood et al.,, 2013); commercial robbery (Woodhams & Toye, 2007);
commercial burglary (Bennell & Canter, 2002; Bennell & Jones, 2005); residential burglary
(Melnyk et al., 2011; Tonkin et al., 2019; Tonkin et al., 2012a); personal robbery (Burrell,
2022; Burrell et al., 2012); serial murder (Melnyk et al., 2011; Pakkanen et al., 2021); sexual
offences (Bennell et al., 2021; Davidson & Petherick, 2021; Grubin et al., 2001; Winter et
al., 2013; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a); and across different
crime types (Tonkin et al., 2012b).

Fox and Farrington (2018) conducted a meta-analysis of crime linkage studies produced
between 2002 and 2016. They found that of the studies related to criminal profiling, crime
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linkage studies had the highest level of scientific quality as indicated by an overall AUC of
.83 (95% CI =.76 - .89), which is considered excellent (Fox & Farrington, 2018). The AUC
indicates the overall level of predictive accuracy, with values closer to one (1) indicating
perfect discrimination ability for the model to correctly predict outcomes, while values less
than .50 suggest that the model performs worse than chance (Bennell & Canter, 2002). This
suggests that crime linkage is successful at linking crimes committed by the same offender
based on similar yet distinctive crime scene behaviours (Fox & Farrington, 2018). Since
then, research on the theory of crime linkage has increased over the past decade by using
ecological valid samples and data which closely reflect naturalistic police investigations and
settings (Davies & Woodhams, 2019). According to Bennell et al. (2015), there are three
main levels of analysis used to crime linkage namely: the domain approach, the MO
approach and, the thematic approach (Bennell et al., 2015; Tonkin, 2015). Which approach
is chosen and the subsequent methodology utilised, will depend on the researcher, with
regard to the sample and what the focus and purpose is of the study.

Linking crimes through the MO approach is usually conducted by analysing all the
individual and idiosyncratic behaviours of the crime scene (Porter, 2014). Methods to
determine the accuracy of MO behaviours to link crimes are Bayesian modelling, MO-based
clustering procedures, general algorithmic approaches, and similarity coefficients (Bennell
et al., 2015). In Fox and Farrington’s (2018) meta-analysis of the 34 crime linkage studies
(n = 34), outstanding levels of linking accuracy were found to be higher for interpersonal
crimes such as serial murder (n = 1; AUC = 0.96), across crime types (which included sexual
crimes) (n=2; AUC =0.90), and serial sexual offences (n = 8; AUC =0.86) as indicated by
the AUC values. Whereas property related crimes displayed lower, yet still acceptable levels
of discrimination accuracy for car theft (n =7; AUC =0.72), burglary (n=11; AUC =0.73),
and robbery (n =5, AUC = 0.84) (Fox & Farrington et al., 2018).

Analysing all crime scene MO behaviours is helpful as it provides the overall consistency of
offending behaviour, rather than focusing on individual or specific behaviours or groups of
behaviour considering that the variability of an offender’s behaviour may be due to
interaction with the victim and situational contexts (Woodhams et al., 2019). Originally, MO
was thought to be stable however, as an offender gains experience due to maturity or learning
and situational factors such as the interaction with the victim, the MO may change and/or

evolve over time (Hazelwood & Warren, 2003), consistent with the learning hypothesis
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(Canter & Youngs, 2003). As a result, researchers determined that examining behaviours
under psychological themes may be more useful at linking crime, as the interaction with the
victim and offender can then also be considered (Bennell et al., 2009; Bennell & Canter,
2002).

The thematic approach categorises the cases into different themes and then measures and
determines whether crimes in the series exhibit the same theme or not (Davies & Woodhams,
2019). Sorochinski and Salfati (2010) suggested that, instead of examining individual and
idiosyncratic behaviours, behavioural patterns as well as patterns of change should be
explored. According to Bennell et al. (2015), the basis of grouping behaviours based on the
thematic approach are empirically driven. The themes are derived from statistics which use
clustering procedures and related to psychologically meaningful themes (Bennell et al.,
2015). Statistical methods used to test the thematic approach are multidimensional scaling,
principal component analysis, and cluster analysis (Bennell et al., 2015). Crime linkage
studies have indicated that there are higher levels of consistency for behaviours which are
considered within the control of the offender such as planning behaviours, which are less
situation-dependent (Bennell & Canter, 2002; Tonkin et al., 2019). However, behaviours
which are impacted by the interaction with the victim (Canter, 2004; Morton & McNamara,
2005), and less in the control of the offender, were found to be less consistent across crimes
(Davies et al., 2018; Woodhams & Toye, 2007).

According to Bennell et al. (2015), the functional domain approach is the balance between
the MO approach and the thematic approach. MO behaviours are examined but are grouped
into certain domains based on their assumed function (Tonkin et al., 2012a). Statistical
methods commonly used for the analysis of the functional domain approach are logistic
regression analysis (Bennell et al., 2015) and classification tree analysis (Tonkin et al.,
2012c). Bennell and Canter (2002) argue that different domains of MO behaviour set out in
terms of their functionality, may assist in identifying which functional domains prove to be
more useful and accurate for the purpose of crime linkage, and which functional domains
are less helpful and effective at linking crimes (Bennell & Canter, 2002). Using all MO
behaviours was found to be more accurate when analysing interpersonal crimes such as
murder and sexual assaults (Bennell et al., 2010; Melnyk et al., 2011; Woodhams &
Labuschagne, 2012a;), while spatial and temporal factors were found more useful for

property related serial crime, such as robbery and burglary (Burrell et al., 2024; Tonkin &
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Woodhams, 2017). To date, however, no study has examined serial murder offenders using
the functional domain approach. According to Salfati (2019), only four empirical studies
have examined linking crimes based on the behaviour consistency of serial murder offenders

using psychological themes. These are discussed below.

2.4.3.1 Empirical Studies Linking Serial Murder Based on Behaviour

Consistencies

In one of the first studies to quantify behaviour consistency, Salfati and Bateman (2005)
studied serial murderers (n = 23) in the USA to determine whether they could successfully
categorise serial murder offenders’ behaviours into expressive and instrumental themes from
69 murders. Salfati and Bateman (2005) suggested that there are benefits in shifting focus
from individual features to themes of behaviour, as themes of behaviour would be able to
factor in behavioural changes due to the interaction with the victim or change in situation/s.
Although they found consistency in theme dominance in 13-16% of the series, the levels of
consistency were low. They suggested that further research should be done in order to
determine which variables are impacted by the interaction with the victim and/or situational
factors and remove them from the themes (Salfati & Bateman, 2005). Santtila, (2008)
however, stated that the themes are too general, and the model lacks testing the predictive

accuracy of determining whether they will be useful at differentiating between offenders.

Shortly after, Bateman and Salfati (2007) were the first study to examine whether individual
signature behaviours or subgroups are more useful at linking crimes. They found that
behaviours which were the most common (high frequency behaviours) in a series were also
high frequency behaviours across series and therefore, were not useful at differentiating
between offenders (Bateman & Salfati, 2007). As a result, only five out of the 35 behaviours
were identified to be highly consistent across crimes but were unique enough at
distinguishing them from other series (Bateman & Salfati, 2007). Therefore, they suggested
focusing on shifting to theme-based and type-based crime scene behaviour/s, as they found
low levels of consistency when focusing on individual and isolated features of crime scene
behaviour. Bateman and Salfati (2007) identified six groups of behaviours related to the
literature on signature behaviours of serial murderers, which included sexual behaviours,
body disposal behaviours, forensic awareness behaviours, theft, mutilation, and weapons
used. The results indicated that behaviours related to planning and control were the most
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consistent and useful at linking crimes, although behavioural consistency was still low
(Bateman & Salfati, 2007). They further highlighted findings from previous research which
suggested that behaviours which are outside the offender’s control are influenced by
situational characteristics, which is why factors which are within the offender’s control are
more consistent across crimes (Bennell & Canter, 2002; Salfati & Bateman, 2005). Bateman
and Salfati (2007) found the sexual component of serial murder offenders to be the least
consistent and reliable for linking crimes. This highlights that not all serial murder offenders
are sexually motivated, and that observable evidence of sexual activity is often non-existent

or unavailable at the crime scene (Salfati, 2019).

Sorochinski and Salfati (2010) later examined the behaviour consistency of 19 murder series
(n =19) in the USA by exploring three different themes of behaviour namely: planning (pre
and post), wounding (goal directed and process oriented), and offender-victim interaction
(victim as vehicle, person, and object). Regarding planning, 42.1% were found to be
consistent in using the same pre and post planning strategy theme. Notably, most of the
changes were found between the first and second offence, and therefore, were considered a
transition and learning process (Canter & Youngs, 2003; Salfati, 2015). Few offenders were
found to be consistent with regard to wounding behaviours as only 31.5% displayed thematic
consistency, replicating findings from Salfati and Bateman (2005) study. Sorochinski and
Salfati (2010) suggested that this was as a result of the interaction of the victim, and that
changes in behaviour were attributed to cognitive strategies used to respond to situational
and contextual influences (such as the reaction and resistance from the victim), and as a
result, may have been ‘victim specific’ (Mischel & Shoda, 1995; Salfati, 2015; Sorochinski
& Salfati, 2010). In addition, victim interaction appeared to display the most consistency,
particularly victim as vehicle theme which was consistent among 57.9% of the series. This
study demonstrated the consistency of inconsistent behavioural patterns of serial murder
offenders over the course of their series (Sorochinski & Salfati, 2010). This highlighted
important considerations in understanding behaviour variability among offenders, and why
it is important to include all victims within a series for the purposes of crime linkage research
(Salfati, 2019).

Within the South African context, Salafti et al. (2015) conducted a similar approach to
Sorochinski and Salfati (2010) by exploring the planning, wounding, and victim interaction

behaviour consistency of 30 serial murderers in South Africa who had a total of 283 victims.
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Salfati et al. (2015a) combined the findings from Horning et al. (2015) who examined
victim-interaction (victim as person, vehicle, and object), and Sorochinski et al. (2015) who
examined violence (goal directed and process oriented), and planning (pre and post)
behaviours, to determine consistency of themes as a series progressed. Salfati et al. (2015a)
found that victim as vehicle was the more dominant theme among victim type interaction,
using victims as ‘a means to an end’. However, as series progressed consistency decreased,
suggesting victim resistance and/or situational influences which impacted the behavioural
response of the offender (Salfati et al., 2015a). While lower levels of consistency were found
for victim as object, the theme remained consistent across crime. This suggests that the
interaction with the victim is useful for classification purposes as behaviours displayed may
be specific to the victim, corresponding with findings from Sorochinski and Salfati (2010)

study.

Interestingly, although most offenders target vulnerable victim as the beginning if their
series, they changed patterns as series progressed, which Salfati (2019) interprets as the
offender gaining confidence at not being apprehended, and thus taking more risks. Levels of
violence displayed the lowest levels of consistency (37%) across crimes, consistent with
Sorochinski and Salfati (2010) study. The majority of offenders changed wounding patterns
between the first and second offence, indicating that the response from the victim impacts
the type of wounding behaviours used (Salfati et al., 2015a). In terms of planning, most
South African serial murderers engaged in pre-planning their offences, with little post-
planning. This is understood to be as a result of the low socioeconomic status of serial murder
offenders in South Africa, who are often on foot and cannot transport victim’s bodies
(Sorochinski et al., 2015). Therefore, they plan their crimes in advance and choose crime
scene body disposal sites which will naturally conceal their crimes and destroy forensic
evidence. These preselected body disposal sites are often in hot, outdoor, and secluded
locations which serve as natural post offence strategies to destroy evidence through natural
degradation of crime scene evidence (Sorochinski et al., 2015). This means that South
African offenders do post offence planning during the pre-planning stage (Salfati et al.,
2015a; Sorochinski et al., 2015).

While these studies have been referred to as behavioural linking studies, Burrell et al. (2024)
most recently stated that while these studies examined behaviour consistency, they lack

providing a prediction of linked status of crimes. As a result, they lack examining
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distinctiveness, one of the core assumptions of crime linkage. Burrell et al. (2024) therefore
argue, that in order to examine the assumptions of crime linkage, both behaviour consistency
as well the distinctiveness of an offender’s behaviours need to be examined and determined
using the steps in methodologies discussed below (Burrell et al., 2024). As a result of this,
few serial murder studies have empirically tested the underlying assumptions of crime
linkage by examining both behaviour consistency as well as distinctiveness of serial murder
offenders (Pakkanen et al., 2021).

2.4.4 Methodologies Used to Test the Underlying Principles of Crime Linkage

Walklate (2013) posits that crime is viewed as an event rather than a process, and therefore,
can be measured and quantified using statistical analysis. Burrell et al. (2024) state that while
there may be different methodologies used to approach crime linkage, they all ultimately
measure the i) similarity of crimes, ii) predict the linkage status, and iii) test the accuracy of
these predictions. To further examine the different methodologies used in crime linkage
research, Burrell et al. (2024) conducted a study to explore the most common methods used,
by examining 77 crime linkage studies (n = 77). Table 2.1 provides a summary of the
methodologies used to achieve these measures according to Burrell et al., (2024). In order
to meet the criteria to be included in the study, crime linkage studies had to test the behaviour
consistency and distinctiveness of crime pairs by determining behaviour similarity,
predicting linkage status, and measuring the accuracy of these predictions (Burrell et al.,
2024).

To determine similarity of crimes, Jaccard’s coefficients were found to be the most common,
with 45% (n = 35) of the studies utilising this method. Using Jaccard’s coefficient, studies
have been able to successfully determine that linked crime pairs have significantly higher
levels of behavioural similarity in comparison to unlinked crime pairs, providing support for
one of the assumptions of crime linkage which is behaviour consistency and similarity across
crimes (Bennell et al., 2021; Bennell & Canter, 2002; Davidson & Petherick, 2021; Melnyk
etal., 2011; Pakkanen et al., 2021; Tonkin et al., 2012a; Woodhams et al., 2019; Woodhams
& Labuschagne, 2012a).

62



Table 2.1

Summary of Methodologies Used by Researchers to Test Crime Linkage.

Measurement Methodologies Used

¢ Human Judgement (Labuschagne, 2006);

i) To Preprocess Lo .
) P Similarity metrics (such as Jaccard’s similarity coefficients and

g::zrzri:i?]e taxonomy scales) (Bennell et al., 2021; Melnyk et al., 2011; Pakkanen et
Similarity of al., 2021b; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a);
Crimes y o Mokken Scales (Santtila et al., 2008a);
e Temporal and spatial measures (Borg & Boldt, 2016; Markson et al.,
2010; Tonkin et al., 2011; Tonkin et al., 2012b).
i To Predict ¢ Human judgement using case files (Labuschagne & Salfati, 2015);
1) Iirc:ke:iestl;:tus o Statistical methods such as logistic regression and multidimensional
. scaling (Bennell et al., 2021; Bennell & Canter, 2002);
and series o . . .
. ¢ Discriminant Function Analysis (Santtila et al., 2008);
membership

e Bayesian approaches (Pakkanen et al., 2021; Salo et al., 2013);
o lterative Classification Trees (Bennell et al., 2021).

iii) To Determine ¢ Hit rates (Santtila et al., 2008);
the accuracy of Position on a ranked list (Porter, 2014);
linked e ROC and AUC values (Bennell et al., 2021; Bennell & Canter, 2002;
predictions Burrell, 2022; Davies et al., 2019; Melnyk et al., 2011; Pakkanen et al.,
2021; Woodhams & Labuschagne, 2012a).

To predict the linked status or series membership, logistic regression was found to be the
most common, as 35% of the studies also used this method (Bennell et al., 2015; Bennell &
Canter, 2002; Burrell et al., 2024). Logistic regression is used as it is considered to be one
of the most widely understood statistical method to predict series membership (Bennell &
Canter, 2002). To determine the accuracy of predictions, Burrell et al. (2024) found that 48%
(n=37) of the crime linkage studies used ROC and AUC to measure and assess the accuracy
of linked predictions (Burrell et al., 2024).

ROC is a popular method in crime linkage research as researchers are able to determine and
set various decision thresholds among a range of outcomes (Ewanation et al., 2023). ROC
and accompanying AUC values provide relative measure of linking accuracy by indicating

the percentage of times linked crime pairs will have higher probability scores than unlinked
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crime pairs (Bennell & Canter, 2002; Ewanation et al., 2023). ROC with accompanying
AUC values is considered the gold standard of crime linkage research (Bennell et al., 2015;
Burrell et al., 2024; Ewanation et al., 2023). There are only two studies which have tested
the principles of crime linkage empirically using a sample of serial murderers using the
above-mentioned ‘gold standard’ methodology of crime linkage (namely using ROC and
AUC).

Bennell et al. (2014) assessed levels of accuracy among fourteen (n = 14) crime linkage
studies and found AUC values which ranged from 0.45 to 0.96. AUC values are interpreted
using the following preestablished guidelines (Hosmer et al., 2013; Hosmer & Lemeshow,
2000): Outstanding (AUC > .90); Excellent (.80 < AUC < .90); Acceptable (.70 < AUC <
.80); and Ineffective (AUC <.70). Within that range, 14% were within the outstanding range,
49% were within the excellent and acceptable ranges, and 36% were ineffective (Bennell et
al., 2014) as demonstrated in Figure 2.1 below.

B Qutstanding (AUC > .90)

m Excellent (.80 <AUC <.90);
Acceptable (.70 <AUC <.80)

[neffective (AUC <.70)

Figure 2.1 Accuracy of crime linkage studies examined by Bennell et al. (2014)
according to AUC value Interpretation.

Serial murder studies which have empirically tested the underlying principles of crime
linkage will now be presented in chronological order, including studies which have enhanced
the ecological validity of crime linkage by addressing issues regarding sample bias.
Although two of these studies are not related to serial murder, they are the first two studies
to test the underlying principles of crime linkage using unsolved cases, which is important
to present in relation to the aims and objectives of the current study (Woodhams et al., 2019).
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2.4.5 Empirical Tests of Crime Linkage

The Santtila et al. (2008) study is perhaps one of the first studies to test the principles of
crime linkage using serial murder cases by examining behaviour consistency and
distinctiveness using a sample of solved serial murders in Italy (n = 23). Mokken scaling
was used to determine similarity of crime, and discrimination function analysis to predict
the series membership of 23 offenders. Five scales were found related to motivation, and two
scales were related to planning behaviours. In relation to planning, forensic awareness was
found in over half of the sample, suggesting that planning behaviours remain consistent,
even though there may variability regarding the type of individual behaviour displayed.
Sexual motivations were found in less than a third of their sample, once again highlighting
that not all serial murderers are sexually motivated (Bateman & Salfati, 2007; Santtila et al.,
2008). The LOOCV method was used to validate the results and predict the accuracy
(Woodhams & Labuschagne, 2012a). The accuracy of linked predictions found a hit rate of
62.9%, which meant that almost 63% of the predictions were correctly assigned, while 6.2%
could be expected due to chance (Santtila et al., 2008). The first limitation of this study is
the ecological validity of the sample, as it only used a small number of solved serial murder
cases (Davies & Woodhams, 2019). A second limitation is that it did not use original police
case files (Pakkanen et al., 2021). These are considered limitations as it has been suggested
that solved cases are behaviourally more unique and similar, which made them easier to link
and therefore solve (Bennell & Jones, 2005). In addition, using original police case files
would have enhanced mirroring naturalistic police settings and ensure the accuracy of the
data (Pakkanen et al., 2021).

As stated previously, the first study to test the principles of crime linkage using the gold
standard methodology of crime linkage using a sample of serial murder offenders was
Melnyk et al. (2011) who examined all crime scene behaviours from 79 murder series with
237 victims. They coded 39 behaviours based on the organised and disorganised behaviour
typologies, which included planning, control, and ritualistic behaviours. Jaccard’s
coefficient was used to determine similarity of crime pairs, and behaviour consistency was
observed as linked crime pairs were significantly more similar than unlinked crime pairs
(Melnyk et al., 2011). This finding is consistent with results from previous crime linkage

research (Bennell & Canter, 2002). Logistic regression was used to predict series
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membership, and the accuracy of linked prediction was tested using ROC to determine
discrimination accuracy between linked and unlinked crime pairs (Melnyk et al., 2011).

The AUC was calculated to determine the specificity and sensitivity of the model’s
predictions to correctly classify crime pairs and resulted in an AUC of .96 (95% CI = .94 -
.98) which is considered to be ‘excellent” (Hosmer et al., 2013) at discriminating between
linked and unlinked crime pairs (Melnyk et al., 2011). This suggests that serial murder
offenders display consistent and similar behaviours across crimes yet are distinct enough to
be able to discriminate and distinguish from other crimes committed by different offenders
(Melnyk et al., 2011). It is important to report that the AUC value of .96 indicates that linked
crime pairs will have higher similarity coefficient scores 96% of the time compared to
randomly selected crime pairs committed by different offenders (Ewanation et al., 2023).
Limitations of the study concerned the sample, as only solved serial cases were included
(Pakkanen et al., 2021). This is seen as a limitation as it has been suggested that solved series
were behaviourally similar yet unique, which is why they were easier to link, and therefore
solve (Bennell & Jones, 2005). Furthermore, it has been argued that solved cases are not
representative of what occurs in naturalistic settings, as investigators are faced with crimes
committed by unknown perpetrators, without knowing if they are part of a series of crimes

committed by the same individual/s (Woodhams & Labuschagne, 2012a).

To address one of the limitations of crime linkage research which have been criticised for
only using solved series, Woodhams and Labuschagne (2012a) tested the principles of crime
linkage among a sample of solved and unsolved (but linked forensically) serial sexual
offenders. The sample consisted of 119 victims resulting from 22 serial sexual offenders (n
= 22 series) in South Africa. The study used all MO crime scene behaviours and coded
behaviours dichotomously to indicate presence (1) or missing/absence (0) of a crime scene
behaviour (Bennell & Canter, 2002). Jaccard’s similarity coefficient of crime pairs were
calculated using B-LINK (Bennell & Canter, 2002). They found that offences which were
committed by the same offender (linked crime pairs) displayed higher levels of behaviour
similarity than offences which were committed by different offenders (unlinked crime pairs),
based on the Jaccard’s similarity coefficient scores (Woodhams & Labuschagne, 2012a).
However, behavioural similarity for crime pairs that were linked first using MO (M = .51,

SD = .11) revealed greater behavioural similarity in comparison to crimes which were first

66



linked through evidence such as DNA (M = .47, SD =.11), although the difference was small
(Woodhams & Labuschagne, 2012a).

Thereafter, LOOCV was done to cross validate the data, before using logistic regression
analysis with resulting ROC and AUC value to determine discrimination accuracy
(Woodhams & Labuschagne, 2012a). Youden’s index was calculated to determine the
maximum number of correct linked cases (hits/sensitivity) with the corresponding lowest
number of false alarms (1-specificity) (Bennell et al., 2009). This resulted in a Jaccard’s
coefficient value of 0.35 which produced the highest number of hits while reducing the
number of false alarms (Woodhams & Labuschagne, 2012a). Low levels of behaviour
similarity of linked crime pairs are similar to findings of research studies which also used
Youden’s index as a cut-off point (Davidson & Petherick, 2021). For example, the Bennell
et al. (2009) study had a Jaccard’s coefficient of 0.33 and a hit rate of 72%, Slater et al.
(2015) had a Jaccard’s coefficient of 0.24 with a hit rate of 79%, and Davidson and Petherick
(2021) had a Jaccard’s coefficient of 0.33 and a hit rate of 86.6%. This demonstrates that
high levels of behavioural similarity are not necessary for linking crimes (Bennell et al.,

2009).

Overall, however, Woodhams and Labuschagne (2012a) found that the model achieved
‘excellent’ levels of discrimination accuracy (AUC = .88, 95% CI = .86 - .90) when all
crimes were considered. This provides further support for the assumption of crime linkage
that crimes can be differentiated from one another (Bennell & Jones, 2002). Therefore, the
study was able to successfully determine that crimes committed by the same offender
displayed significantly more similar behaviours (suggesting behaviour consistency). In
addition, crime pairs could also be differentiated from one another (indicating
distinctiveness) with excellent discrimination accuracy (Woodhams & Labuschagne, 2012a).
In addition, Woodhams and Labuschagne (2012a) conducted further analysis using two
randomly selected crime pairs per offender to determine if prolific offenders overinflate
linking accuracy which had previously been suggested (Bennell & Canter, 2002). However,
the model still achieved significant and adequate levels of predictive accuracy (AUC = .77,
95% Cl =.67 - .87). This finding was important for crime linkage research, as it demonstrates
that prolific offenders do not obscure the data and inflate linkage accuracy in crime linkage
research (Bennell & Canter, 2002). They did find however, that as series progressed, there

was greater behaviour consistency in 77% of the cases (7/9), as indicated by similarity of
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crime pairs MO behaviour from the first to the last crime pair. This also suggests that there
Is a process of learning and experience which takes place (Woodhams & Labuschagne,
2012a). Limitations of the study was the small sample size (n = 22), and only including serial
offences (Woodhams et al., 2019).

Salo et al. (2013) extended the Santtila et al. (2008) study and examined all crime scene
behaviours of 19 serial murder offenders (n = 19 series) in Italy who had a total of 116 cases,
all of which were solved. They coded 92 variables dichotomously to presence (1) or absence
(0) of crime scene behaviour and used a Bayesian approach to determined series membership
(Salo et al., 2013). To assess the prediction accuracy, the LOOCV method was used
(Woodhams & Labuschagne, 2012a). The study found that when examining all 92
behaviours, the model achieved a classification accuracy of 83.6%, which was significantly
higher than what could be expected by levels of chance, which was 5.3% (Salo et al., 2013).
Interestingly, they found that the same level of predictive accuracy (83%) was achieved
when the model was reduced to only 15 variables. Similar limitations to the Santtila et al.
(2008) study were found regarding the sample size, only using solved series, and not using
original police case files (Pakkanen et al., 2021). This was the first study to use a sample of
serial murder offenders using the Bayesian model, which is becoming increasingly more
popular in crime linkage research as it is known to be more practitioner-orientated (Burrell
et al., 2024).

To address the limitations of crime linkage studies which have been criticised for having
small, solved, and serial samples, and to further enhance ecological validity of crime linkage,
Woodhams et al. (2019) conducted what is to be considered the largest international and
ecologically valid crime linkage research of sexual crimes using all MO behaviours. Their
study included 668 serial sexual offences and 92 unsolved cases (which were linked
forensically through DNA). Data were collected from five countries, including South Africa,
and Cohen’s kappa was used to establish interrater reliability within datasets and to reduce
coding bias (Woodhams et al., 2019). Jaccard’s coefficient was used to assess similarity of
crime pairs which determined that linked crime pairs were significantly larger than unlinked
crime pairs, confirming behaviour consistency of offenders (Woodhams et al, 2019).
However, variability of offending behaviour was found as indicated by minimum and
maximum Jaccard’s coefficient scores, which is consistent with previous studies
(Woodhams et al., 2019; Woodhams & Labuschagne, 2012a).
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Woodhams et al. (2019) used logistic regression to predict the linked status of crime pairs
before using the LOOCV method to validate the results, as done in previous studies (Tonkin
et al., 2012a; Woodhams & Labuschagne, 2012a). To test the relative accuracy of linked
predictions, discrimination accuracy of crime pairs was assessed using ROC and AUC, as
done in previous crime linkage research (Bennell & Canter, 2002; Tonkin et al., 2012a;
Woodhams & Labuschagne, 2012a). Linked crime pairs were significantly different
compared to unlinked crime pairs for solved as well as unsolved crimes. In addition,
excellent discrimination accuracy was found for solved crimes (AUC = .86, 95% CI = .86 -
.87) and, although the predictive model still achieved acceptable levels of discrimination
accuracy (Hosmer et al., 2013) for unsolved crimes, the AUC decreased slightly to .79 (95%
Cl = .77 - .81). Overall, the model achieved excellent discrimination accuracy when both
solved and unsolved series were included with an AUC of .86 (p < .001, SE =.003, 95% CI
=.86 - .87). After consulting with practitioners regarding the decision threshold which would
be most useful in practice, Woodhams et al. (2019) implemented a 15% false alarm rate
which still resulted in a very large number of incorrect linkages made (over 500 000). This
suggests that different offenders (unlinked crime pairs) may display high levels of behaviour
consistency, and that the same offender (linked crimes pairs) may display inconsistent
behaviours. In other words, this highlights the variability in offending behaviour and that the
principles of crime linkage are not applicable or true for all offenders (Woodhams et al.,
2019).

In a more recent study of serial murder which tested the underlying principles of crime
linkage, and to address criticisms of previous crime linkage research studies for only
including serial offences, Pakkanen et al. (2021) conducted a study using serial murderers
and once-off ‘hard to solve’ solved murders in Italy. The sample consisted of 23 serial
murder offenders (n = 23 series) which had a total of 116 murder victims, and 45 once-off
murder victims. Data were collected from media reports such as newspaper articles, journals
in libraries, and internet searches. Eighty-nine variables were coded dichotomously from all
MO behaviours to indicate presence (1) or absence (0) of a crime scene behaviour. Using
Jaccard’s similarity coefficient and the Bayesian method, as done in the Salo et al. (2013)
study, linked crime pairs of serial murder offenders had higher probability values of being
linked than once-off murders. Despite Pakkanen et al. (2021) predictions for their study, the
overall level of accuracy, as determined by the AUC value, increased from .88 (95% CI =

.81 - .93) when only serial murderers were included, to .90 (95% CI = .81 - .94); when all

69



once-off and all serial offences were included, despite an initial decrease to .85 (95% CI =
.76 - .91); and when 30 once-off cases were added to the sample (Pakkanen et al., 2021).
This means that serial murder offenders were able to be differentiated from once-off
offenders, supporting previous findings of serial murder research (Chan et al., 2015;
Pakkanen et al., 2015b). As a result, this finding suggests that serial murder offenders can
be considered a heterogenous group (Pakkanen et al., 2021).

Using one decision threshold, Pakkanen et al. (2021) used Youden’s index (as done in
Bennell & Jones, 2005; Slater et al., 2015; Tonkin et al., 2011) to maximise the number of
hits, while reducing the number of false alarms. However, although there was an increase in
the sensitivity to identify correct series, they did find that there was an increase in false
positives in linked decisions, which indicated decreased specificity (Pakkanen et al., 2021).
This has implications for court proceedings as this could result in a false conviction as a case
may be incorrectly identified as being positively linked in a murder series, where in fact the
crime is not linked (Pakkanen et al., 2021). Ewanation et al. (2023) posit that existing crime
linkage research, such as the Pakkanen et al. (2021) study, limit the application of crime
linkage as they have only applied and reported on one decision threshold. This is considered
a limitation as different types of error rates and false alarms will be acceptable and necessary
during different phases of the investigative and trial stages (Ewanation et al., 2023).
Therefore, Ewanation et al. (2023) have suggested that future crime linkage research should
apply a range of decision thresholds, demonstrating and reporting on the different
performance outcomes which are necessary and applicable during different stages of the

investigation.

Therefore, while the Pakkanen et al. (2021) study is one of the few studies examining crime
linkage among serial murder offenders, and the first to compare and test the principles of
crime linkage between serial and once-off murders, it lacks ecological validity in other
aspects which could be considered limitations. For example, it only included solved crimes,
and did not use original police case files, reflecting natural investigative settings (Woodhams
& Labuschagne, 2012a; Woodhams et al., 2019). In addition, Pakkanen et al. (2021) did
state that their findings may have been because of cultural implications due to mafia related
murders, and therefore, the generalisability of their findings to other countries is likely
limited.
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2.4.6 Difficulties and Limitations of Crime Linkage
2.4.6.1 Practical Limitations

From a practical and investigative perspective, Keppel (1995) stated that contamination of
crime scenes affects crime linkage. Contamination of a crime scene include environmental
factors such as the weather and animal activity, which is a particularly relevant limitation in
the South African context (Sorochinski et al., 2015). Due to body disposal location sites
being in secluded, outdoor locations, the environment in which serial murder offenders
operate naturally degrades forensic evidence as a result of animal activity such as
scavenging, and increased body decomposition due to high temperatures of the natural
climate in South Africa (Sorochinski et al., 2015).

In addition, poor crime scene analysis or investigations, and limited knowledge regarding
the identification and linking of crime scene behaviours further compound the issue
(Labuschagne, 2015b) which Egger (1984) refers to as linkage blindness. Linkage blindness
is essentially the inability to link together crimes committed by the same person (Egger,
1984). There are several possible reasons for this failure, including ineffective police
investigations, poor investigation strategies, lack of communications between law
enforcement agencies, forensic databases not being connected, and lack of knowledge or
training, to name a few (Egger, 1984; Yaksic, 2023). Additionally, investigators may be
overworked and dealing with a large number of cases at one time, as is the case in South
Africa, and investigators may lack knowledge of how to identify nuanced crime scene
behaviours (Van der Watt et al., 2014).

Variability in offending behaviour contributes to the challenge of correctly linking crimes,
and incorrectly connecting crimes can result in wrongful convictions (Sorochinski et al.,
2023; Woodhams et al., 2019). In addition, the accuracy of crime linkage is going to be
impacted by the quality of the data and where it is obtained from (Bennell et al., 2021). If
the quality of the investigation and documentation of the crime scene is poor, this will impact
on the quality and accuracy of being able to link crimes (Bennell et al., 2021; Ewanation et
al., 2023). This can result in the offender not being apprehended, incorrect arrests being
made, cases not being linked, and cases being withdrawn from prosecution. Incorrectly
linking crimes is a waste of (often limited) state resources (Labuschagne, 2006). SAPS has
been accused of linkage blindness in some of their investigations in serial rape cases (Van
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der Watt et al., 2014). For example, a serial rapist was active in a small geographical area
using the same and consistent MO, yet police investigators reportedly made no effort, and

failed, to connect, and link these cases (Van der Watt et al., 2014).

2.4.6.2 Limitations of Previous Crime Linkage Research

A criticism of crime linkage is its lack of ecological validity and the generalisability of the
findings of previous research (Bennell et al., 2021; Davidson & Petherick, 2021; Ewanation
et al., 2023; Pakkanen et al., 2021; Tonkin et al., 2012b; Winter et al., 2013; Woodhams et
al., 2019; Woodhams & Labuschagne, 2012a). Woodhams and Labuschagne (2012a) argue
that crime linkage research studies have used samples which have not been a true
representation of what is found in naturalistic settings such as investigative and police
settings. For example, the majority of crime linkage research has utilised small samples of
solved crime series, whereas in practice, crime linkage is applied to unsolved crimes in
criminal investigations (Woodhams & Labuschagne, 2012a). Therefore, a major criticism
and limitation of crime linkage research are the samples which have been studied, as they
are not representative of what police investigators face in practice (Bennell et al., 2014;
Pakkanen et al., 2021; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a).

For example, it has been suggested that there may have been sample bias in previous crime
linkage studies as studies have often only included solved and serial crimes (Cooper &
Meterko, 2019; Davies et al., 2019). This is viewed as a limitation as offenders who have
been convicted of a serial offence which might have been solved in part because of the
uniqueness and distinctiveness of the crime scenes, and those which have not been solved or
convicted might be in part due to their lack of uniqueness or distinctiveness (Woodhams &
Labuschagne 2012a). In other words, suggesting that unsolved cases were less similar and/or
distinct, and therefore, more difficult to link and solve, as opposed to solved cases which
possibly display more consistent and unique behaviours, making them easier to link, and
therefore, solve (Bennell & Jones, 2005). As a result, it has been suggested that studies may
overestimate that crimes are linked based on the literature and research on solved serial
offences (Woodhams & Labuschagne, 2012a). Therefore, there has been a concern regarding
the findings of crime linkage, as to whether they are generalisable, ecologically valid, and
applicable to unsolved series still under investigation (Davies et al., 2012; Sorochinski &
Salfati, 2010; Tonkin et al., 2017; Woodhams & Labuschagne, 2012a).
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As mentioned, the first study to address one of the major criticisms of crime linkage research
regarding the ecological validity of samples by including unsolved linked crimes (confirmed
through DNA) was Woodhams and Labuschagne (2012a) who examined serial rape in South
Africa. In crime linkage, it is important to have data which has an element of ground truth
when testing and examining the principles of crime linkage (Burrell et al., 2024; Woodhams
et al., 2019; Woodhams & Labuschagne, 2012a). For example, in solved cases researchers
know that an offender is linked based on being convicted for the crimes. However, in
unsolved cases, the offender has not yet been identified or apprehended. Therefore,
Woodhams and Labuschagne (2012a) addressed this concern for unsolved crimes by
including cases where an offender was not yet caught or apprehended however, cases were
linked forensically through DNA. This is because, if cases are connected based on being
linked thorough forensic evidence such as DNA, researchers can be certain that the same

offender is responsible for the crimes (Woodhams & Labuschagne, 2012a).

As a result, linking unsolved crimes through DNA establishes the ground truth needed to
determine the accuracy of linked predictions which is necessary for crime linkage (Burrell
et al., 2024). This is because researchers can be confident that those crime were in fact
committed by the same person (Burrell et al., 2024; Woodhams & Labuschagne, 2012a). As
presented earlier, Woodhams and Labuschagne (2012a) were able to successfully test the
underlying principles of crime linkage research as linked crime pairs displayed greater
similarity than unlinked crime pairs, and the model achieved excellent discrimination
accuracy (AUC = 0.88). In addition, Woodhams et al. (2019) conducted a much larger,
international study using unsolved sexual offences (Woodhams et al., 2019). The finding of
this study, which is considered one of the largest ecologically valid samples, found further
support for the hypothesis that linked crimes are more similar than unlinked crime pairs
using Jaccard coefficient (Woodhams et al., 2019). In addition, the model was able to
successfully distinguish between linked and unlinked crime pairs (Woodhams et al., 2019).
Unsolved cases were once again measured by the AUC and the model’s ability to distinguish
offender’s behaviour was considered acceptable (AUC = .79, 95% CI = .77 - .81). This
supports the consistency and distinctiveness hypothesis underpinning crime linkage (Bennell
& Canter, 2002). To date however, no study has conducted crime linkage using unsolved

murder series.
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Regarding the criticism of only serial crimes being examined, Pakkanen et al. (2021)
addressed this concern by including once-off murders into their sample of serial murderers
and found that linkage accuracy was not impacted. Against their expectations, they found
that linked crime pairs could be effectively discriminated from unlinked crime pairs, and that
overall linkage accuracy increased to ‘outstanding’ levels of discrimination accuracy
(Pakkanen et al., 2021). Pakkanen et al. (2021) notably highlight that once-off murders are
more likely to be solved and at a quicker rate, as a result of being committed by people who
are known to the victim and who may have a close relationship with them. Whereas in serial
murder cases, victims are often strangers to the offender and can often be more challenging
to solve (Chai et al., 2022). Therefore, they suggest it is uncommon that investigators will
request for assistance in linking crimes, or that the courts will seek expert testimony
regarding the opinion on linking these cases. As a result, Pakkanen et al. (2021) state that it
would be futile to base crime linkage models on once-off offences. However, the
counterargument is that it is unknown whether a case is in fact a once-off crime (Woodhams
et al., 2019). As a result, it is important that studies include these samples, to test and

determine whether once-off offences impact on the accuracy of linking serial crimes.

A further challenge in crime linkage research is referred to as the class imbalance problem,
which results in low base rates of crime linkage research (Woodhams et al., 2019). Low base
rates are common and a natural limitation at present in crime linkage research, as the number
of linked crime pairs are understandably lower than unlinked crime pairs in crime databases
which creates this issue of the class imbalance problem (Ewanation et al., 2023; Woodhams
etal., 2019). This is because the population of serial offenders in limited (Slater et al., 2015).
As aresult, it has been suggested that cost-benefit analysis should be conducted (Woodhams
et al., 2019; Woodhams & Labuschagne, 2012a). However, a cost-benefit analysis involved
in crime linkage would be incredibly challenging and difficult to measure, as it is difficult
to quantify the value of human life (Ewanation et al., 2023). For example, the cost of not
correctly linking a crime could result in further victims, while incorrectly attributing crimes
to an individual could result in waste of state resources, wrongful conviction, and possibly a
harsher sentence for an offender as the sentence is based on the perceived risk and criminal
propensity of being labelled as a serial murder offender (Davies et al., 2021; Labuschagne,
2015a; Labuschagne, 2006, 2012; Sorochinski, 2024; Woodhams & Toye, 2007).
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As mentioned previously, for evidence to be submitted to a court in some countries, there
are certain standards which must be met which are referred as the Daubert (1993) Standards
(Pakkanen et al., 2015a; Tonkin & Weeks, 2021). Meyer (2007) reviewed the techniques
used of expert evidence regarding behaviour evidence analysis in court and found that as a
result of not being based on empirically driven data and research, did not meet the legal
standards for being considered as scientific based methodology, and cannot be used as
evidence in court. Therefore, one of the ways in which crime linkage research is limiting the
practical application of their findings is by not reporting error rates, which is important and
necessary when providing similar fact evidence to courts (Ewanation et al., 2023; Pakkanen
et al., 2015a). Ewanation et al. (2023) also suggest that other performance metrics be

provided, which previous studies have not supplied as only hit rates have been reported on.

With regard to decision thresholds, while crime linkage researchers acknowledge that
different thresholds should be used at different stages of the investigation and legal phases,
they have only reported on one decision threshold (Ewanation et al., 2023). For example,
studies have set decision thresholds using Youden’s index as the cut-off point (Davidson &
Petherick, 2021; Pakkanen et al., 2021; Slater et al., 2015; Winter et al., 2013), setting the
false alarm rate to 15% (Woodhams et al., 2019), and 5% (Tonkin et al., 2017). The need
for a very strict threshold during the trial phase is to reduce the possibility of wrongfully
convicting an offender based on incorrectly linking them to another crime which they did
not commit (Ewanation et al., 2023; Tonkin et al., 2017; Woodhams et al., 2019).
Wrongfully linking and convicting an offender not only negatively impact the offender as
well as their family, but allows for the actual perpetrator to go undetected, which could result
in further victimisation (Brooks & Greenberg, 2021; Ewanation et al., 2023; Sorochinski,
2024).

Therefore, Ewanation et al. (2023) suggest that various decision thresholds are applicable at
different stages of the investigation such as during the investigative phase and the trial phase.
For example, during the trial phase, a very stringent and strict threshold is appropriate and
needed in order to reduce the number of false positives (Woodhams et al., 2019). However,
this will naturally impact on the number of correctly linked crime pairs (hits) which could
result in more misses (incorrectly rejecting crime pairs which are actually linked). Therefore,
thresholds can impact and/or enhance court and legal proceedings (Woodhams et al., 2019).

As aresult, Ewanation et al. (2023) suggest that researchers use mid-range, lenient, and strict
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thresholds at various stages of the investigation and trial phase, which has not been done
before.

2.5 RESEARCH GAPAND NEED FOR THE CURRENT STUDY

For crime linkage to be empirically supported, the two underlying principles of consistency
and distinctiveness need to both be valid (Woodhams & Davies, 2021). Few studies have
examined and tested the behaviour consistency and distinctiveness of serial murder
offenders, which form the underlying theory of crime linkage (Pakkanen et al., 2021; Salfati,
2019). Furthermore, there is a need to determine whether behaviour consistency and
distinctiveness exists among a sample of serial murder offenders in South Africa, due to
some of the cultural differences observed among serial murders in order to generalise the
principles of crime linkage across countries (Pakkanen ef al., 2021; Sorochinski et al., 2015).
In addition, the functional domain approach has yet to be explored using a sample of serial
murder offenders. Therefore, it is important for investigative purposes to determine whether
all crime scene (MO) behaviours are more effective at linking purposes, or whether different
functional domains are more helpful for determining whether crimes are connected (Bennell

et al.,2021; Tonkin, 2015).

As noted above, the main limitations and criticisms of previous crime linkage studies have
been because of only using solved series, as it has been suggested that solved series were
more distinguishable, and thus easier to link and therefore solve (Davies & Woodhams,
2019; Tonkin et al., 2012b; Woodhams & Labuschagne, 2012a). Therefore, there is a need
to test the underlying principles of crime linkage using ecologically valid samples to provide
empirical support for them (Woodhams et al., 2019). Crime linkage studies examining serial
sexual offenders have attempted to address this limitation by using unsolved cases which
were linked forensically such as through DNA (Woodhams & Labuschagne, 2012a;
Woodhams et al., 2019). However, to date, there is no crime linkage study which utilises
unsolved cases when testing the principles of crime linkage using a sample of serial murder

offenders.
Finally, while previous crime linkage studies have acknowledged the need for error rates to

be reported for the admissibility of crime linkage as similar fact evidence in court, studies

have either not provided error rates or have only reported on the decision outcomes by
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applying one decision threshold to the sample being studied (Ewanation et al., 2023;
Woodhams et al., 2019). Consequently, for practical implications, and in order to improve
the application of crime linkage research, there is a need for various decision thresholds to
be reported on which can be applied during different phases of the investigation and trial
phases (Ewanation et al., 2023). This is necessary and important to demonstrate the impact
on linkage decisions, performance metrics, and resulting error rates of such thresholds,
which is needed in legal contexts (Ewanation et al., 2023; Turvey, 2012b; Woodhams et al,
2019).

2.6 CHAPTER CONCLUSION

This chapter provided an overview of serial murder in terms of the various definitions used
as well as the definition chosen for this study. Classification and typologies of serial
murderers were presented before highlighting the offence characteristics of serial murder
offenders within the South African context regarding offender and victim characteristics.
After briefly introducing criminal profiling, the importance of crime linkage was presented
by discussing the two theoretical underlying assumptions of crime linkage as well as the
benefits of crime linkage during the investigative and trial stages. Various empirical studies
were illustrated to demonstrate the different approaches and methodologies used to test the
assumptions of crime linkage among different crime types. Thereafter, a critical review of
existing crime linkage research was presented, indicating criticism of previous crime linkage
research studies regarding the ecological validity of the samples used, as well as how the
findings have been presented which have had limited practical applications. This highlighted
the current gaps of knowledge in crime linkage, the opportunity for research, and the need
for the current study. The following chapter highlights the research methodology used in this

research study to address the above-mentioned limitations of existing crime linkage research.
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 CHAPTER PREVIEW

This chapter explains the research methodology and procedures which were utilised in the
study. It begins by presenting an overview of the research design and the type of
methodology implemented. A description of the sample is provided, followed by an
explanation of the research procedure, including the data collection and statistical analysis
methods used. Issues regarding quality and reliability of data are presented within each
section, and the ways in which the researcher addressed and mitigated these concerns, such
as how interrater reliability and ecological validity were established. Lastly, the researcher

describes how ethical and legal issues were addressed.

3.2 RESEARCH DESIGN AND PROCEDURE
3.2.1 Ethics Approval

Before the study could commence, ethical approval was requested and granted by the
University of the Witwatersrand (WITS) Human Research Ethics Committee (HREC) (Non-
Medical) on the 2" of November 2020 (Appendix B: Protocol Number: H20/09/29). In
addition, permission to conduct research in the SAPS was accepted and approved on the 21
of October 2020 (Appendix C: Ref 3/34/2 dated 2020/09/30).

3.2.2 Research Approach

This research study utilised a retrospective transverse case file review and employed a
quantitative research design, consistent with the positivist approach (Park et al., 2020). An
overview of the research procedure followed is provided in Figure 3.1 below. Tonkin (2015)
refers to this approach as the ‘Bennell approach’, which is in reference to Professor Craig
Bennell, who has been one of the pioneers in developing the processes and methodologies

used in the field of crime linkage research.

3.3 SAMPLING

The study used purposive sampling as serial offenders, such as serial murderers, are not
evenly distributed in society (Davidson & Petherick, 2021; Pakkanen et al., 2021). Purposive

sampling identifies and categorises individuals with specific characteristics, knowledge, or
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Identify sample

NS

Content analysis to identify behavioural domains

<

Code each offense for the presence (1) or absence (0)
of the various behavioural features

<

Create linked and unlinked crime pairs

<

Calculate similarity coefficients for all pairs

<

Logistic regression to 1dentify which individual
domains and combination of domains best predict
linkage status

.

ROC analysis to further test discrimination accuracy
and to identify decision thresholds for the linkage task

Figure 3.1 Adaption of “the Bennell approach to behavioural consistency,
distinctiveness, and discrimination accuracy” (Tonkin, 2015, p.114).

experience, which are relevant to the study (Campbell et al., 2020). The main inclusion

criteria for the sample for the study was to collect 10 solved and 10 unsolved (but forensically
linked) murder series, selected at random by the SAPS IPS members, to produce a total
sample size of 20 murder series. This sample size was selected as it is similar to previous
crime linkage research studies conducted on serial murder (Pakkanen et al., 2021).
Furthermore, it was important to obtain similar sample sizes of solved and unsolved murder
series in order for them to be comparable. However, during the data collection phase, one of
the murder series was initially incorrectly identified as unsolved. It was later determined to
have been solved and, therefore, was included to the sample of solved series instead, which
resulted in an additional solved murder series. Murder series were defined as being serial
murder cases using the operational definition of serial murder used by SAPS IPS, which is
at least two murders, committed on two separate occasions, by the same offender(s)
(Labuschagne, 2015b; Labuschagne, 2021). The definition utilised in the study corresponds
with the FBI’s BAU definition of serial murder which is, “The unlawful killing of two or
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more victims by the same offender(s) in separate events” (Morton & Hilts, 2008, p. 9). Any
other crime series which did not fit within the above-mentioned definition were excluded
from the study.

Solved murder series included cases which were closed, fully resolved cases, and where
there had been a conviction. Unsolved murder series included serial murder cases identified
by the IPS which had been connected forensically, such as through DNA or fingerprints, to
an unknown offender, as done in previous crime linkage studies (Woodhams et al., 2019;
Woodhams & Labuschagne, 2012a). To test the accuracy of linked predictions, it was
important to confirm series membership using forensically linked cases in order to establish
a ground truth (Woodhams et al., 2019; Woodhams & Labuschagne, 2012a). This is
important for the researcher to be confident that the same person is responsible for
committing the crimes, which is crucial in crime linkage research (Burrell et al., 2024;
Woodhams et al., 2019; Woodhams & Labuschagne, 2012a). Individual cases from the
unsolved murder series” which were linked behaviourally by the IPS, but which were not

linked by forensic evidence, were excluded from the study.

To address issues regarding ecological validity, unsolved murder series were included to
address one of the limitations of previous crime linkage research studies of sample bias
(Bennell & Jones, 2005). These studies received criticism for only including solved murder
series, which is not representative of what occurs in practice, as law enforcement works with
unsolved crimes (Pakkanen et al., 2021; Tonkin et al., 2012b; Woodhams & Labuschagne,
2012a). In addition, it has been suggested that the solved crime series were solved as they
were similar in terms of MO and, as a result, easier to link to one offender and therefore,

solve the case (Woodhams & Labuschagne, 2012a).

As a result, members of the IPS identified a total of 21 murder series in South Africa which
comprised of 126 victims (mean number of crimes per series = 6; range = 2-26). Within the
sample, there were 79 (62,7%) solved cases from 11 different murder series, and a total of
47 (37,3%) unsolved (but forensically linked) cases, which resulted from 10 different
unsolved murder series. Table 3.1 provides a summary of the cases used for the study. To
protect anonymity and confidentiality of victims, only aggregated data is presented so that
series and/or cases are not identifiable.

80



Table 3.1
Summary of Cases Used in the Study.

Number of
Case Series Year of First Year of last ~ Total Number Victims
ID Status Known Victim  Known Victim of Victims Murdered
9

1 Solved 2008 2013 2 2 10(/;%
2 Solved 2007 2012 26 23 88%
3 Solved 2007 2007 4 3 75%
4 Solved 2004 2008 18 9 50%
5 Solved 2014 2017 5 3 60%
6 Solved 2013 2014 4 4 100%
7 Solved 2007 2007 5 5 100%
8 Solved 2010 2011 4 4 100%
9 Solved 2009 2009 2 2 100%
10 Solved 2005 2009 4 2 50%
11 Solved 2015 2018 5 5 100%
12 Unsolved 2003 2007 2 2 100%
13 Unsolved 2004 2013 7 6 86%
14 Unsolved 2020 2020 5 5 100%
15 Unsolved 2018 2018 3 3 100%
16 Unsolved 1999 1999 3 3 100%
17 Unsolved 2020 2021 4 4 100%
18 Unsolved 2016 2020 6 6 100%
19 Unsolved 2001 2003 3 3 100%
20 Unsolved 2016 2018 6 5 83%
21 Unsolved 2009 2010 8 4 50%

All known victims were included within a series, irrespective of how many victims there
were beyond two murders. Each victim of murder, as well as surviving victims, such as
victims of rape and/or attempted murder within a series committed by the same offender
were included, in other words, the entirety of the series was included (Horning et al., 2015;
Salfati, 2019). Regarding the unsolved series, surviving victims were linked through DNA
to deceased victims (or vice versa), and in the solved series, all cases which the offender had

been convicted for were included. This was necessary as it is important to examine an
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offender’s full series in order to determine the change in behaviour (Salfati, 2019). Surviving
victims in a series were also included, as this is what is found in naturalistic settings (Horning
et al., 2015; Sorochinski & Salfati, 2010). Therefore, any surviving victims were included,
which is what has been done and recommended in previous serial murder research (Horning
et al., 2015; Salfati et al., 2015a; Salfati, 2019). In the current study, eight of the 21 series
(38.01%) included surviving victims, whereas all known victims were murdered in 13 series
(61.90%). The researcher ascertained that it was important to determine whether there was
consistency to offenders’ behaviour with regard to murdering all victims within a series, or
whether some offenders were consistently inconsistent within a series, as suggested in
previous research (Salfati, 2019; Sorochinski & Salfati, 2010, 2019). This was done to be as
realistic as possible, and to replicate what practitioners experience in practice, such as during
police investigations, to enhance ecological validity of the study (Davidson & Petherick,
2021; Woodhams & Labuschagne, 2012a). Although there may be concerns that prolific
offenders may obscure the data, previous research has indicated that series with high number

of victims did not impact discrimination accuracy (Woodhams & Labuschagne, 2012a).

A further criticism of previous crime linkage research with regard to sampling, is that there
has been a predominant focus on only including serial offences (Bennell et al., 2015;
Pakkanen et al., 2021). However, Pakkanen et al. (2021) argue that serial murder is a
heterogenous group of offenders, and the purpose of linking crimes is based on an offender
committing two or more offences so that a linkage can be determined. As a result, Pakkanen
et al. (2021) argue that it would be futile to make a model of crime linkage based on once-
off murderers. However, it could be argued that investigators are not aware whether a case
is a single case of murder, or whether it is connected to a murder series (Woodhams et al.,
2019). Nevertheless, this point of exploration was outside the scope of the present study, as
the purpose of the research was to examine whether behaviour consistency and

distinctiveness exists among serial murder offenders in South Africa.

3.4 DATA COLLECTION

Data were obtained through primary sources such as reviewing the SAPS IPS case files.
Case files were accessed on site at the head office of the IPS in Pretoria, South Africa. These
files were compiled by the IPS members when assisting with serial murder cases in the
course of their investigative duties, which contained copies of the investigation files (referred
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to as a ‘docket’ in SAPS terminology) for each criminal incident (e.g. a murder, a rape, an
attempted murder), and sometimes court documents. Data collection commenced in
November 2020 after obtaining ethical approval and permission from the SAPS and was
completed in July 2023. To achieve the research aims of the study, the researcher conducted
an extensive content analysis of police case files to describe and compare the crime scene
behaviour in each murder series. The purpose of this was to increase the ecological validity
of the study by ensuring that the information used in this research matched the information
available to investigators when conducting investigations for active cases (Woodhams &
Labuschagne, 2012a).

The SAPS use hard-copy files for the compilation of the investigation and do not utilise an
electronic system for record keeping. Thus, the three main sources of information were: The
IPS files, the investigation case files/dockets, and court records from the trial (where
available in the case of convicted cases). In addition to the IPS member’s own investigation
diary together with the information they may have collected in the course of their duties, the
IPS case files typically contained the following: copies of information from the SAPS
investigation files which included crime scene photographs; witness statements; forensic
reports (e.g. DNA, ballistics, toxicology); forensic pathology autopsy reports; the
investigation diary of the investigating officer; court records; and crime matrices, where
available. It was important to consult and consider multiple sources of information in order
to gain as much detailed information as possible for each of the crime scenes being
examined, to ensure that the data obtained for the study was reliable (Guba & Lincoln, 2005).
As mentioned, using original police case files increases the practical relevance and
ecological validity of the study, which is important for the reliability and validity of crime
linkage research (Bennell & Jones, 2005; Davies & Woodhams, 2019; Salfati et al., 2015b;
Woodhams & Labuschagne, 2012a).

The researcher then developed a behavioural checklist (see Appendix D for the full
behavioural checklist per functional behavioural domain) to record all crime scene
behaviours which was important in order to empirically test the behaviour consistency and
distinctiveness of offender’s using all crime scene behaviours. However, instead of only
determining whether all crime scene MO behaviours were effective at linking crimes overall,
crime scene behaviours were further categorised into functional behavioural domains in this

study. As a result, the behavioural checklist made it further manageable and accessible to
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categorise behavioural variables into functional behavioural domains. This chosen level of
analysis was selected since MO may change and evolve over time, as a result of situational
and contextual factors, such as learning and maturation of the offender (Bennell et al., 2015).
Another level of analysis, namely examination of psychological themes (Salfati, 2015) could
have been chosen. However, the researcher chose the functional domain analysis as it is
considered to be advantageous due to being a more efficient and pragmatic way of
determining which behaviours are more helpful, or less helpful, for linkage purposes
(Bennell et al., 2021; Bennell et al., 2015; Bennell & Canter, 2002; Tonkin et al., 2012a;
Tonkin & Woodhams, 2017).

A limitation across crime linkage research is that there is no standardised checklist of crime
scene behaviours, or functional behavioural domains. As a result, categorising behaviours
into functional behavioural domains from the behavioural checklist was done by adapting
the Tonkin et al. (2012a) study, who divided their behavioural variables into their assumed
function. Tonkin et al. (2012a) proposed and considered the following functional domains
and subsequent crime scene behavioural variables in their study: control behaviours (what
method was used in order to control the victim, for example what types of weapons were
used); style behaviour (what behaviour occurred which was not necessary for the crime, the
signature); sexual behaviour (was there penetration, how were they penetrated, etc.); and
target selection variable (gender, race, age of the victim, the victimology, geographical
considerations). The functional domain approach is a pragmatic, atheoretical approach to
examine the behaviour of offender’s (Bennell et al., 2015; Tonkin, 2015).

The researcher further developed these domains for the current study with the assistance of
current and ex-operational members of the SAPS’ IPS, based on the type of ‘matrix’ used
when analysing cases in active investigations (Labuschagne, 2021a). A total of 129 variables
were used in the statistical analysis of the study. The crime scene behaviours were identified
and categorised into four functional behavioural domains which consisted of 30 target
selection variables (for example, age of victim (categorised into toddlerhood [0-3years];
childhood [4-8years]; prepubescent [9 — 12 years]; adolescence [13-17 years], adulthood [18
— 64], and elderly [65 years and above]), race, gender [biological sex], occupation status);
29 sexual behaviours (for example for the purposes of committing a sexual act such as,
penetration, evidence of ejaculation, state of victim undress); 34 violence and control

behaviours (for example, what was used to control the victim, any restraints used, weapon/s
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used, injuries, cause of death); and 36 crime scene characteristic variables (for example
where the body was discovered, the type of location, forced entry, items taken, position of
body — essentially, “what would investigators observe when they get to the crime scene?”).
Behaviours that did not feature in any of the crime scenes (for example, Asian victim, cause
of death resulting from a gunshot, cause of death resulting from poisoning, seminal fluid
found in the victim’s mouth), were removed from the analysis. In other words, only observed
variables were included, thereby removing variable redundancies (Bennell et al., 2015,
2021).

For this study, the researcher considered the importance and necessity of consulting SAPS
following the process of content analysis, in order to verify whether appropriate and
applicable variables were used and operationalised in the appropriate functional behavioural
domains, based on their assumed function. It has been reported that practitioners are often
reluctant to hand over responsibility or discuss methods used to link crimes, as they report
that they need to be responsible for any linkage decisions made (Bennell et al., 2015).
However, most crime linkage methods require some degree of input from practitioners, for
example, in the current study, deciding which behaviour/s to include in the functional
behavioural domain analysis (Bennell & Woodhams, 2015). The researcher believed that the
crime practitioners’ experience and input was invaluable and necessary to provide a
meaningful and effective study, and SAPS IPS were forthcoming and assisted with all

information which is to be commended.

3.4.1 Data Reliability

Data were coded using a binary coding system, with a behaviour being present marked as
one (1), and zero (0) for not present or absent/missing. This was to limit any complications
of coding the data as the data fields recorded the presence or absence of a behaviour, and did
not require interpretive or subjective judgment of the researcher to record the data. This is
in line with one of the four aspects of pragmatism which considers how user friendly a
coding system is, taking coding fatigue into account, and reducing any complex manner of
coding of behaviour variables, as this will impact on the model’s reliability (Bennell et al.,

2015a).
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Although a strength of the current study is that it used original police case files which
increased ecological validity by representing naturalistic settings and thereby enhancing
practical relevance (Santtila et al., 2008), information used and gathered from police case
files are not usually or commonly gathered for research purposes (Woodhams &
Labuschagne, 2012a). As a result, there may be some information which was not deemed
necessary or important during the investigation however, it could have been relevant to the
study (Woodhams et al., 2019). Therefore, researchers are limited by the data which they
are provided (Salfati, 2021). International research studies suggest that police case files are
reportedly found to have inherent methodological biases (Chopin & Aebi, 2019; Reale et al.,
2021; Salfati, 2021). This is due to being impacted by the investigators experience, training,
subjective understanding, and opinions (Salfati, 2021). This can be viewed as a possible
limitation as the quality of the data can, for example, be impacted by poor police
investigative work, poor quality crime scene photos, and poor documentation of crime scene
characteristics (Bennell et al., 2021; Woodhams & Labuschagne, 2012a). One of the most
important factors when it comes to crime linkage, is the reliability of the data collected and
coded (Bennell et al., 2021). No statistical method of analysis is useful or beneficial if the
data collected is unreliable (Bennell et al., 2015a). This was important to consider as the
researcher needed to ensure that the data was as reliable as possible (Bennell et al., 2015a;
Ewanation et al., 2023).

To address and mitigate this limitation, the researcher attempted to gain as much information
as possible by collecting data from multiple sources of information, and then cross
referencing these sources of information with one another (Ewanation et al., 2023; Winter
et al., 2013). For example, the sources referred to were: the post-mortem autopsy results; the
investigation diary of the detective; the crime scene photographs; witness statements where
possible; consultation with the IPS member allocated to the case if available; as well as court
documentation. Furthermore, as discussed below within the statistical analysis section,
Jaccard’s similarity is sensitive to variation in the data, and is not impacted by missing

information (Bennell, 2005; Bennell et al., 2014; Bennell & Canter, 2002).

3.4.1.1 Interrater Reliability

To ensure objectivity and reliability of the coding, an independent analyst/coder who is
employed by SAPS and who is familiar with serial murder, was consulted to identify and
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address any potential blind spots such as coding bias, coding errors, and to obtain inter-rater
reliability of the coding (Cooper & Meterko, 2019; Davies & Woodhams, 2019; Woodhams
& Labuschagne, 2012a). It is important to note that the purpose of consulting another coder
was to determine if there were alternative ways of interpreting and coding the data, whether
alternative conclusions could be drawn, or whether the data coded for the study can be seen
as reliable (Woodhams & Labuschagne, 2012a). For example, the researcher had initially
included ‘days of the week’ in which the victim was murdered however, it was later excluded
and removed from the analysis. It was excluded from the statistical analysis as there was
discrepancy with regard to when the victim was murdered, it was often either based on when
the victim was last seen alive, and/or when the body was discovered. The researcher
ascertained that this could result in unreliable information gathered and create confusion in

future analysis.

As a result, interrater reliability was used to safeguard the validity and reliability of the data
coded. Put differently, would other researchers such as future researchers code the data the
same way if faced with the same data, and would they be able to replicate the analysis of the
study (Bennell et al., 2010; Pakkanen et al., 2012). The percentage agreement and Cohen’s
kappa (k) statistic were calculated to assess if there was agreement between the researcher
and the independent coder, who coded 10% of the sample (Woodhams & Labuschagne,
2012a). Cohen’s k assesses agreement between coders and takes chance or guessing into
consideration (Li et al., 2023). Notably, McHugh (2012) argued that since Cohen’s k is an
estimated level of interrater reliability (as it includes levels of chance and guessing) and is
not a direct measurement between the two coders therefore, it is recommended that

researchers provide both the percentage agreement and Cohen’s x (McHugh, 2012).

The percentage agreement between the two coders in the above dual-coded sample had 93%
agreement. With regard to Cohen’s k there was a 70% agreement overall between the coders;
Kk =.70 (95% Cl, .745 to .651), p <.001 which is considered ‘substantial’ (Cohen, 1960) and
‘moderate’ agreement (McHugh, 2012). This value is consistent with agreement found
between coders in previous crime linkage research (Pakkanen et al., 2021; Woodhams &
Labuschagne, 2012a). Once the sample was identified, coded and interrater reliability was
established, statistical analysis was conducted on the datasets which is expounded upon
below.

87



3.5 STATISTICAL ANALYSIS

Descriptive statistics of behavioural variables were first generated to compare the sample
between solved and unsolved murder series. Thereafter, this study used the gold standard
method (Burrell et al., 2024; Woodhams et al., 2019) to determine whether behaviour
consistency and distinctiveness exists among a sample of solved and unsolved murder series
in South Africa. As mentioned previously, the gold standard refers to a combination of the
following statistical analysis: Jaccard’s coefficient as the method to determine similarity of
crime pairs, logistic regression to predict the linked status of crime pairs, and the ROC curve
and AUC value to assess the accuracy of the linked status predictions resulting from the
model (Burrell, 2022; Burrell et al., 2024; Davidson & Petherick, 2021; Tonkin, 2015;
Woodhams et al., 2019).

Overall, there were five main sets of data. Table 3.2 provides a summary of the datasets
which were subjected to statistical analysis. The first dataset consisted of all crime scene
MO behaviours. Datasets two to five examined the following functional behavioural
domains: the second dataset consisted of all target selection variables; the third dataset
consisted of all sexual variables; the fourth dataset consisted of all violence and control
variables; and lastly, the fifth dataset consisted of the crime scene characteristics variables.
Within each of the five datasets, there were three subsets of data which included: all
variables (solved and unsolved cases); all solved (excluding unsolved cases); and all
unsolved (excluding solved cases). Therefore, there was a total of 15 sets of data which were
subjected to inferential statistical analysis, which included four sets of analysis (referred to
as steps one to four). The statistical analysis selected were to test the underlying principles
of crime linkage research namely behavioural consistency and distinctiveness of offenders’
behaviours (Davidson & Petherick, 2021; Tonkin, 2015). Statistical analyses were
conducted by the researcher and were performed using IBM SPSS (Version 29.0.2.0), after

consultation with an international crime linkage researcher who guided test selection.

All levels of statistical analysis were conducted on all datasets, which included: all data
(solved and unsolved), all solved data (unsolved excluded), and all unsolved data (solved
excluded). The decision to run separate analysis was justified, as comparing the AUC values
between solved and unsolved datasets is highly beneficial and important to the field of crime
linkage, as the results could have implications for the interpretation of prior research
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Table 3.2

Summary of Datasets and Sub-datasets Subjected to Statistical Analysis.

Dataset# Dataset/Domain Data Subset Data Analysis Steps
i) All behavioural variables (solved and unsolved); ]
] ) - ) ] All Analysis
1 All MO Behavioural Variables ii) All solved behaviour variables (unsolved excluded); (steps 1 5)
. . steps 1 —
iii) All unsolved behavioural variables (solved excluded)
i) All target selection variables (solved and unsolved); Steps 1 - 4
. . " . . eps -
2 Target Selection Domain ii) All solved target selection variables (unsolved excluded);
iii) All unsolved target selection variables (solved excluded)
i) All sexual theme variables (solved and unsolved); Steps 1 - 4
eps1-
3 Sexual Domain ii) All solved sexual theme variables (unsolved excluded); P
ii) All unsolved sexual theme variables (solved excluded)
i) All violence & control variables (solved and unsolved); Stens 1 - 4
eps1-
4 Violence & Control Domain ii) All solved violence & control variables (unsolved excluded); P
iii) All unsolved violence & control variables (solved excluded)
i) All crime scene characteristic variables (solved and unsolved); Steps 1 - 4
eps1-
5 Crime Scene Characteristics Domain ii) All solved crime scene characteristics (unsolved excluded); P

iii) All unsolved crime scene characteristics (solved excluded)
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(Davidson & Petherick, 2021; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a).
For example, if the results of the statistical analysis for the unsolved dataset was significantly
different and lower in comparison to the solved dataset, this could challenge the assumption
of consistency and distinctiveness of offenders as previous research supporting the
hypothesis only included solved cases (Melnyk et al., 2011; Pakkanen et al., 2021). Based
on the results, dataset one had an additional (fifth) set of analysis, referred to as step five,

which will be discussed further below.

3.5.1 Step One: Create Crime Pairs and Determine Similarity Scores

Once the sample was identified, behavioural variables coded, and inter-rater reliability was
established, the first step was to create crime pairs and calculate Jaccard’s similarity
coefficient scores for each crime pair. Determining similarity scores of crime pairs was
important to test one of the underlying assumptions of crime linkage namely, behavioural
consistency (Bennell & Canter, 2002). Jaccard’s coefficient compares binary sets of data to
determine the behavioural similarity score of each crime pair (Bennell & Canter, 2002). For
example, creating a similarity score for crime-series-one; victim-one, with crime-series-two;
victim-one, and so forth, until all crime pairs had been compared within and across all series.
A statistical program called B-LINK, developed by Professor Craig Bennell in 1999 (Bennell
& Canter, 2002), was used for this study as it has been specifically developed for the pairwise
crime linkage task (Bennell et al., 2009; Bennell & Canter, 2002; Woodhams &
Labuschagne, 2012a).

B-LINK calculates Jaccard’s similarity coefficient scores of each crime pair using the
following formula: “J=a/(a+b+c)” (Melnyk et al., 2011, p. 360). Within the formula, a is
equal to the number of behaviours exhibited in both crime scenes, and b and c are equal to
the number of behaviours equal to crime scene one and crime scene two respectively
(Bennell & Canter, 2002; Melnyk et al., 2011). Jaccard coefficient scores closer to one (1)
indicate perfect similarity between crime pairs, while similarity scores of crime pairs closer
to zero (0) indicate complete inconsistency (Bennell et al., 2009; Davidson & Petherick,
2021; Slater et al., 2015). The purpose is to establish whether a crime pair can be linked
based on their similarity index score (Bennell & Canter, 2002).
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Jaccard’s coefficient is reported to be the most appropriate coefficient to quantify
behavioural similarity in crime linkage research due to its simplicity, validity, and sensitivity
to variation in the data (Bennell & Canter, 2002; Ellingwood et al., 2013; Melnyk et al.,
2011; Woodhams et al., 2019). As discussed previously when addressing data reliability,
this was important to consider as crime scene data from police case files could have missing
information, as the data were captured for investigative purposes and not research purposes,
and behaviours may not have been accurately reported (Woodhams et al., 2019). Therefore,
ignoring joint non-occurrences of behaviour is useful, as the absence of a behaviour at a
crime scene is not necessarily indicative that a behaviour did not in fact occur (Melnyk et
al., 2011). Put differently, it does not increase similarity of a crime pair based on joint non-
occurrences (Davidson & Petherick, 2021). As a result, Jaccard’s similarity coefficient was
selected when quantifying similarity of crime pairs to reduce this concern, as joint non-
occurrences of a specific behaviour are not included and, therefore, is sensitive to variation
in the data due to the above examples (Bennell & Canter, 2002; Davidson & Petherick, 2021;
Melnyk et al., 2011).

Binary coding for each behavioural variable was done for all 129 variables. B-LINK then
provided a quantitative measure of how similar each crime pair was in terms of behaviour,
based on the Jaccard’s similarity coefficient similarity score, which is used to establish
whether behavioural consistency exists (Davidson & Petherick, 2021; Tonkin et al., 2012b;
Woodhams & Labuschagne, 2012a). A similarity coefficient was produced for all crime
pairs which included linked crime pairs, as well as unlinked crime pairs (Woodhams &
Labuschagne, 2012a).

3.5.2 Step Two: Assessing Distribution of Data

Previous crime linkage research studies have determined that crimes committed by the same
offender typically have higher across crime similarity scores, thereby exhibiting behavioural
consistency (Bennell & Canter, 2002; Ewanation et al., 2023; Woodhams & Labuschagne,
2012a). In addition, the degree to which the distribution of the across crime similarity scores
overlap, suggest which behaviour/s can distinguish between crimes committed by one
offender, versus another offender (Bennell et al., 2009; Bennell & Canter, 2002; Ewanation
et al. 2023; Woodhams & Labuschagne, 2012a).
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Boxplots were configurated using DATAtab (2024) and provided useful visual
representations of the distribution of the data of linked and unlinked crime pairs. Boxplots
display the median, quartiles, outliers, and range or dispersion of the values within each
domain (Krzywinski & Altman, 2014). Displaying boxplots next to one another provides a
visual comparison of distribution across datasets (Simonini et al., 2024). Despite the visual
presentation of the distribution of the data, the second step was to run the Kolmogorov-
Smirnov test on the linkage status and Jaccard’s coefficient scores to determine whether there

was a normal distribution of data, or whether the null hypothesis was rejected (Pallant, 2020).

All sets of data demonstrated that they were significantly different to the null hypothesis of
normal distribution, and therefore, non-parametric tests were relevant and conducted next.
As a result, Mann-Whitney U tests were conducted to determine whether linked crime pair’s
Jaccard’s coefficients were significantly different to unlinked crime pairs, as done in prior
crime linkage research (Bennell & Canter, 2002; Davidson & Petherick, 2021; Slater et al.,
2015; Tonkin et al., 2012a; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a).
The importance of establishing whether linked crime pairs were significantly different and
larger than unlinked crime pairs, was important to determine one of the assumptions of crime
linkage namely behaviour similarity (consistency) across crimes (Bennell & Canter, 2002).
In other words, the following two hypotheses need to be true: linked pairs show a high level
of similarity closer to “1” (and therefore, behaviour consistency); and low behavioural
similarity scores closer to “0” for unlinked crime pairs (therefore, dissimilar behaviour)
(Woodhams et al., 2019). The extracted pairs calculated from Jaccard’s coefficient, run from
B-LINK, were then applied to the logistic regression model to generate the predicted linked
status (Woodhams et al., 2019).

3.5.3 Step Three: Predicting Linked Status of Crime Pairs Using Binary Logistic

Regression Analysis and Cross Validation of Data

The third step was to conduct a binary logistic regression analysis as commonly done in
previous crime linkage research (Bennell et al., 2015; Tonkin et al., 2012a; Woodhams et
al., 2019). Logistic regression analysis predicts the binary status of crime pairs from across-
crime similarity scores to determine whether linked crime pairs can be distinguished from
unlinked crime pairs (Bennell & Canter, 2002). There are two main approaches to examining
functional domains, namely Logistic Regression Analysis and Classification Trees analysis
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(Bennell et al., 2015; Tonkin et al., 2012c). Logistic regression is commonly understood
among researchers, practitioners, and professionals as opposed to other methods which is
one of the reasons it is the preferred method used in crime linkage research (Bennell et al.,
2015). Tonkin et al (2012c) further found that logistic regression was more accurate in their
study. As a result, the researcher chose to use binary logistic regression analysis, as it is the
most common approach used in crime linkage research (Bennell et al., 2015a; Ewanation et
al., 2023; Woodhams et al., 2019). Furthermore, logistic regression analysis is considered
more useful as it allows the researcher to determine the predictive power of a combination

of behavioural variables, as well as specific functional domains (Tonkin et al., 2012a).

To cross-validate the logistic regression model and ensure validity of the data, the LOOCV
method was utilised, as done in previous crime linkage research studies (Santtila et al., 2008;
Woodhams et al., 2019; Woodhams & Labuschagne, 2012a). LOOCYV is a machine learning
technique which conducts a thorough evaluation of a model’s performance and is the
preferred method (as opposed to the split-half validation method) in crime linkage as it is
considered to be much more efficient, as all cases within a sample are systematically tested
(Bennell et al., 2015a). The LOOCV method is beneficial as it splits the data multiple times,
particularly when the sample is considered small, to prevent overfitting of the model
(Bennell & Woodhams, 2015; Woodhams et al., 2019). Splitting the data multiple times
prevents the model from becoming too complex and learning training data too well, to the
point where the model fails to generate to new, untested and unseen data (Winter et al.,
2013). The LOOCV method extracts each crime pair from the sample sequentially. The
crime pair is then returned to the sample and the next crime pair is extracted, and the process
Is repeated, resulting in a performance estimate based on the average of all predictions until
a predicted probability value has been determined for each crime pair (Tonkin et al., 20123;
Woodhams et al., 2019; Woodhams & Labuschagne, 2012a). This predicted probability
value is then use as the dependent variable, and the linked status as the independent variable
to produce ROC curves and AUC values (Bennell et al., 2015).

3.5.4 Step Four: Assessing Predictive Accuracy Using ROC and AUC

The fourth step was to determine the discrimination accuracy of the linked predictions. In
crime linkage research, discrimination accuracy can be defined as the ability of a statistical
model to differentiate between unlinked and linked crime pairs (Bennell & Canter, 2002;
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Tonkin, 2015; Burrell et al., 2024). Discrimination accuracy is necessary to test the
underlying principles of crime linkage, as it suggests that offenders’ behaviours are unique,
and as a result, can be differentiated from other offenders (Bennell & Canter, 2002). To do
this, ROC analysis was done by using the true linked status of crime pairs as the independent
variable, and the predicted probability value obtained from the binary logistic regression
model and LOOCYV analysis as input for the dependent variable, following previous crime
linkage research (Tonkin et al., 2012b; Woodhams et al., 2019; Woodhams & Labuschagne,
2012a). The ROC analysis provides an indication of overall discrimination accuracy through
the AUC value (Bennell & Jones, 2005). This study used the following pre-established
guidelines for interpreting and classifying AUC values (Hosmer et al., 2013): outstanding
(AUC > .90); excellent (.80 < AUC < .90); acceptable (.70 < AUC < .80); and ineffective
(AUC < 0.70). Based on the results, significance tests were conducted to calculate AUCs
between dataset one, all crime scene MO behaviours, using MedCalc statistical software
(version 19.2.6).

As highlighted in the previous chapter, ROC analysis is the most common method used to
assess the accuracy of the predicted linked status in which the principles of crime linkage
can be examined (Burrell et al., 2024). ROC is a popular method as it provides a range of
possible outcomes, as demonstrated along the ROC curve (Bennell & Jones, 2005;
Ewanation et al., 2023; Woodhams et al., 2019). ROC and AUC are flexible and unaffected
by base rates therefore, they can be compared across datasets characterised by different base
rates, as the AUC is not derived from the frequency of decision outcomes, but rather on the
proportions of various decision outcomes (Ewanation et al., 2023). According to Bennell
and Canter (2002), there are four possible outcomes of linked predictions: hits (true
positives: correctly linking linked crime pairs); correct rejections (true negatives: correctly
classifying unlinked crime pairs as unlinked); false alarms (false positives: incorrectly
linking unlinked crime pairs); and misses (false negatives: incorrectly classifying linked
crime pairs as unlinked). Therefore, hits (H) are two correctly linked crimes committed by
the same offender (Ewanation et al.,2023). Misses (M) are two crimes left unlinked which
were committed by the same offender (Bennell & Canter, 2002). False Alarms (FA) are
crimes which were not linked but incorrectly linked as such. While Correct Rejections (CR)
are crimes which were not committed by the same offender and correctly unlinked (Bennell
et al., 2015). The AUC value provides a relative level of linkage predictive accuracy based

on the performance of the linkage approach used. Ewanation et al. (2023) criticise previous
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crime linkage research studies for only presenting AUC values, and not full ROC curves. As
a result, the researcher presented all ROC graphs which achieved effective levels of

discrimination accuracy.

While Ewanation et al. (2023) agree that ROC analysis with corresponding AUC value is
the most common and widely used method for determining discrimination accuracy in crime
linkage research, they identified four main limitations which they recommend future
research should consider and address. Firstly, they state that researchers are not defining and
interpreting the AUC correctly, as the AUC does not measure complete accuracy, but rather
provides an overall and relative level of accuracy (Bennell et al., 2021; Ewanation et al.,
2023). For example, an AUC value of .83 does not suggest that the model correctly classified
cases 83% of the time, but rather; that out of a randomly selected crime pairs, linked crime
pairs will have higher similarity scores 83% of the time than unlinked crime pairs
(Ewanation et al., 2023). As a result, Ewanation et al. (2023) state that researchers need to
explicitly state what the AUC means, and how it can be used. Secondly, they suggest that
there is too much emphasis placed on accuracy metrics and not enough focus on decision
outcomes (Ewanation et al., 2023). This means that, instead of only reporting on hits
(correctly linked crime pairs), researchers should present contingency tables, to provide a
complete understanding and picture of the various decision outcomes such as correct

rejections, false positives, and misses (Ewanation et al., 2023).

Furthermore, to determine whether a crime pair is or is not the work of the same offender, it
has been suggested that Precision Recall Curves (PRC) supplement full ROC graphs in cases
where there are low base rates, in order to mitigate the concern of imbalanced datasets
(Ewanation et al., 2023). Low base rate in crime linkage means that there is a significant
imbalance between the number of binary classifications (linked and unlinked crime pairs)
(Saito & Rehmsmeier, 2015). Low base rates are common in the pairwise crime linkage task,
as the number of unlinked crime pairs far outweighs the number of linked crime pairs
(Bennell & Woodhams, 2015; Ewanation et al., 2023; Woodhams et al., 2019). Therefore,
PRCs summarise the trade-off between the Positive Predictive Value (PPV) and the True
Positive Rate (TPR) of a predictive model. PRC are useful as true negatives (correct
rejections) do not hold value, which is relevant to crime linkage, as it won’t consider the
correctly unlinked crime pairs, due to the low base rates (Ewanation et al., 2023). In other

words, PRCs plot hit rates on the x-axis, and precision/PPV (positive predicted values) on
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the y-axis, and are able to distinguish the accuracy of the ROC graph in predicting the
likelihood of linked crime pairs being correctly identified as being committed by the same
offender, versus unlinked crime pairs committed by different offenders (Ewanation et al.,
2023). Therefore, to mitigate this issue, the researcher provides PRC graphs to supplement
the ROC curves, based on the results of the discrimination accuracy of the datasets, for
dataset one when examining all crime scene MO behaviours (solved and unsolved; solved

only; and unsolved only).

As the ROC analysis retains and plots all possible decision threshold outcomes along the
ROC curve, it is useful to determine which threshold may be necessary and appropriate for
different contexts of the crime linkage task (Bennell & Canter, 2002; Bennell & Jones,
2005). Therefore, researchers are able to set different decision thresholds along the x-axis of
the ROC graph. One of the difficulties in crime linkage is finding a balance between pH and
pFA in determining what threshold should be used as there are various implications based
on the decision threshold used (Ewanation et al., 2023). This assists in identifying the
probability of generating different decision outcomes used with different thresholds for
practitioners to determine when an ideal linked decision can be made (Ewanation et al.,
2023; Woodhams et al., 2019). As a result, the ROC curve allows researchers to identify
decision thresholds which provide the most desirable balance between hits and false
positives (Ewanation et al., 2023). For example, the higher the number of false positives, the
more lenient a decision will be based on whether a crime is the work of the same offender
by linking crimes on lower across-crime similarity scores (Bennell et al., 2021; Woodhams
et al., 2019). Conversely, the lower the number of false positives, the stricter the decision
made on whether a crime has been committed by the same offender by linking crimes based

on higher across-crime similarity scores (Ewanation et al., 2023).

The goal is to determine how useful a statistical model might be for predicting the linked
status of crimes or cases which are yet to be tested, with a known linkage status (Bennell et
al., 2015a). The rates of reported predictive accuracy of a statistical model assists in
determining how valid and generalisable the study’s results are and how effective certain
behaviours and samples are in being able to assist in the practice of crime linkage (Ewanation
et al., 2023; Woodhams et al., 2019). For example, linking crimes which are not in fact part
of a series could result in incorrect convictions or using a task team’s resources unnecessarily

(Burrell et al., 2024; Woodhams et al., 2019). Conversely, by not identifying crimes as being
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part of a series potentially allows for an offender to go undetected, which could result in
further victimisation and cost to human life (Alison et al., 2002; Woodhams et al., 2019).

Bennell et al. (2015) further suggest that only the portions of the ROC that are practically
important, and that are relevant, should be reported on and not thresholds which are
practically irrelevant. However, a criticism or limitation of existing research, is that limited,
and sometimes undesirable decision thresholds are being used and reported on (Ewanation
et al., 2023). For example, studies have only reported on the sensitivity and specificity using
one decision threshold, which is often Youden’s index (= pH+pCR-) (Bennell & Jones,
2005; Pakkanen et al., 2021; Slater et al., 2015; Winter et al., 2013). Youden’s index has
previously been referred to as the ‘ideal’ cut off point in crime linkage research as it
maximises the number of hits (correctly classifying linked crime pairs [sensitivity]), while
minimising the number of false positives (incorrectly classifying crime pairs as linked [1-
specificity]) (Pakkanen et al., 2021). To address this issue, the researcher reported on the
frequency of various decision outcomes such as performance metrics and error rates, which
resulted from a range of decision thresholds set. Applying a range of thresholds, expounded
upon below, has not been done in previous crime linkage research, despite the
acknowledgement that different thresholds are necessary during different phases of the

investigative and trial phases (Ewanation et al., 2023; Woodhams et al., 2019).

3.5.5 Step Five: Decision Thresholds and Performance Qutcomes

Based on the results, the fifth and final step of the statistical analysis was to apply various
decision thresholds to dataset one and to provide corresponding contingency tables. This
analysis was only conducted and applicable to dataset one (which consisted of three sub-
datasets) after determining that all crime scene MO behaviours were more effective at
distinguishing between linked and unlinked crime pairs than functional behavioural
domains. This was consistent across datasets, as well as across the various decision
thresholds applied (as indicated by the ROC curves). Providing decision outcomes for
different decision thresholds set was conducted in order to address a limitation of previous
research where the focus was on accuracy metrics such as the AUC, instead of focusing on
decision outcomes (Ewanation et al., 2023; Woodhams et al., 2019). As mentioned above,
the AUC indicates a relative level of discrimination accuracy across multiple decision
thresholds however, every threshold is not necessarily important (Woodhams et al., 2019).

97



To address this, the researcher provided contingency tables with full ROC curves instead of
solely providing the AUC value.

Decision making involving bandwidth and fidelity is important as it directly relates to the
decision of setting thresholds (Bennell et al., 2015a). The specific thresholds adopted and
applied in a study impacts the level of accuracy reported by the researcher (Ewanation et al.,
2023). Furthermore, the balance and trade-off between accuracy versus precision had to be
considered (Bennell et al., 2015; Ewanation et al., 2023). Bennell et al. (2015) argued that
there is typically an inverse relationship between accuracy and precision of crime linkage
models. By applying a lenient threshold, there will naturally be more correct linkages made
however, at the cost of having more false alarms and incorrect linkages. Therefore, the
researcher was mindful that a lenient threshold decreases precision (fidelity) but increases
accuracy (bandwidth); whereas a strict threshold will increase precision, but decrease
accuracy (Bennell et al., 2015a). A stringent threshold would be more applicable for the
application of the thresholds in practice, despite the reduced hit rate (Woodhams et al.,
2019).

As a result, the researcher selected four different thresholds based on careful consideration
of previous studies and adopted lenient, mid-range, strict, and very strict thresholds, as
recommended by Ewanation et al. (2023). This resulted in selecting a ‘very strict’ threshold
with a false alarm rate of 5% (Tonkin et al., 2017), a ‘strict’ threshold with a fixed false
alarm rate of 15% (Woodhams et al., 2019), a ‘mid-range’ threshold which analysed the
closest “top-left” point on the ROC graph (commonly known and referred to as Youden’s
Index) (Davidson & Petherick, 2021; Pakkanen et al., 2021; Woodhams & Labuschagne,
2012a), and a ‘lenient’ threshold which had a hit rate of 90% (Ewanation et al., 2023). The
researcher used the “if then” function in SPSS to recode predicted probabilities to determine
the number of linked and unlinked crime pairs, based on the new decision threshold applied
to produce contingency tables (Woodhams et al., 2019).

To supplement the ROC and AUC for dataset one (all crime scene MO behaviours), the
researcher compiled contingency tables with outcomes of the confusion matrix, as
recommended by Ewanation et al. (2023) to provide further details on the accuracy of the
predicted outcomes such as providing DE, MR, NVP, PPV, % correct, likelihood + values,

and likelihood - values. Diagnostic Effectiveness (DE) is the percentage of correctly
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predicted linked crimes. Misclassification Rate (MR) is the percentage of incorrectly
precited linked crimes. DE and MR do not correctly identify whether predicted crimes are
indeed the work of the same offender (Ewanation et al., 2023). As a result, Positive
Predictive Values (PPV) and Negative Predicted Values (NPV) assist in identifying the
likelihood of predicting whether a linked crime was correctly linked to the crime committed
by the same offender (PPV), or whether the unlinked predicted crimes are in fact the work
of different offenders (NPV) (Ewanation et al., 2023). Providing performance metrics was
to address the unbalanced dataset between the number of linked and unlinked cases
(Woodhams et al., 2019). Performance metrics and matrices were calculated in excel from
the contingency table with the decision outcomes. The study used the following formulas
provided in Table 3.3 below, which were obtained and summarised from Ewanation at el.
(2023) and Shaikh (2011).

Table 3.3

Summary of Formulas Used to Calculate Performance Metrics.

Performance Metric Measure Formula

True Positive Rate (TPR) (Hit Rate/Sensitivity/Recall) TPR=TP/ (TP + FN)

True Negative Rate (TNR) (Specificity/Correct Rejection Rate) TNR =TN/(FP + TN)

False Positive Rate (FPR) (False Alarm Rate/1-specificity) FPR=FP/(FP +TN)

False Negative Rate (FNR) (Missed/unlinked precision) FNR=FN/(FN + TP)

Diagnostic Effectiveness (DE) (Accuracy/% Correct) DE=(TP+TN)/(TP+ TN+ FP + FN)
Misclassification Rate (MR) (Error rate) MR = (FP +FN) /(TP + FP + FN + TN)
Positive Predictive Value (PPV) (Precision) PPV =TP /(TP + FP)

Negative Predicative Value (NPV) (Unlinked Recall) NPV =TN /(TN + FN)

False Discovery Rate (FDR) (1-precision) FDR=FP/(FP + TP)

+ Likelihood Ratio (LR+) (linked precision) LR+ = (TP/(TP + FN)) / (FP/(FP + TN))
- Likelihood Ratio (LR-) (unlinked precision) LR- = (FN/(TP + FN)) / (TN/(FP + TN))

This highlighted the various settings where certain thresholds may be more appropriate or
necessary, such as during the investigation stage, or for the purposes of linking an offender
to a series of crimes (where forensic evidence may be lacking), in order to arrest or convict
them (Ewanation, 2023). Once all data were appropriately analysed, recommendations for
guidelines were generated through an integration of the existing literature and the results of

the data collection and analysis.
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3.6 ETHICAL CONSIDERATIONS

After ethical approval was granted by HREC WITS and the SAPS, the researcher identified
further significant ethical considerations during the course of the research, particularly
regarding the researcher’s role and the potential impact on the research. These additional
considerations are listed below, together with the action taken on behalf of the researcher to
address these issues.

3.6.1 Professional Conduct
3.6.1.1 Multiple Relationships

As the researcher is a Clinical Psychologist employed by the Department of Correctional
Services, it was possible that the researcher could come into contact, or be in contact, with
some of the serial murder offenders’ cases used in this study. Due to the researcher’s ethical
obligations to the Health Professions Council of South Africa (HPCSA, 2004) code of
conduct in limiting multiple relationships, as well as protecting the rights of her clients in
terms of confidentiality, cases pertaining to any of the serial murderers incarcerated at the
Correctional Centre with whom the researcher had a therapeutic relationship, were not
included in the study. Fortunately, this did not occur. However, the researcher was mindful
of this possible ethical dilemma during the data collection phase. Despite this, it is important
to again reiterate that the research study did not require personal information about the
offender, as it is not about the individual offender, but the behaviours exhibited at the crime

scenes across series.

3.6.1.2 Personal Impairment

In addition to the awareness of possible conflicting, or multiple relationships, the researcher
was further aware and mindful of the distressing content analysed for this study, also known
as Emotionally Demanding Research (EDR). EDR is referred to research which is often on
sensitive topics, such as examining crime scene and post-mortem photographic material of
serial murder victims in the current study. EDR can be emotionally, mentally, and physically
demanding and could possibly negatively impact the researcher (Burrell et al., 2023). Burrell
et al. (2023) posited that not only can the topic itself be distressing, but external factors such
as COVID-19, power outages, personal or familial illness, time and financial constraints of

the researcher to conduct this study, could also negatively impact the researcher, and
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compound the demands on the researcher. This matter was particularly relevant to the
researcher, as this could have impacted on what the HPCSA refer to as ‘personal impairment’
(HPCSA, 2004) of psychologists, and thereby negatively affected the professional
compliance of the researcher as a clinical psychologist. Ways in which the researcher
addressed this issue was to seek supervision and supportive therapy when needed, taking
regular breaks when feeling overwhelmed, and utilised her support network (Smillie &
Riddell, 2023).

3.6.2 Confidentiality and Anonymity

Regarding the relatively small and identifiable population under consideration, the
researcher complied with the Protection of Personal Information Act (POPIA) No 4 of 2013
(South African Government, 2013) at all times. This Act highlights the obligations of an
individual to: (a) only collect personal information that one needs for a specific purpose; (b)
apply reasonable security measures to protect the data; (c) ensure that the data are relevant
and updated if required; (d) only store what is necessary and applicable, and only for as long
as one needs it; and (e) allow the relevant individual (subject of the information) to see the
information upon request. Data was anonymised, collected, and stored on an encrypted USB
file and kept securely by the researcher. All data was kept securely according to the ethical
guidelines of the American Psychological Association (APA, 2016). The anonymised raw

data will be kept for a minimum of six years to ensure the replicability of the study.

In addition to the above, to maintain confidentiality and anonymity, only aggregate data were
reported on (Sorochinski et al., 2015). Identifiable features for example, the town or specifics
of the victims were not reported. To further secure anonymity, only a copy of the results
submitted for submission to the University is available to SAPS. Individual cases and
secondary data analysis (raw data) done by the researcher will not be disclosed, to maintain
anonymity. However, it is possible to keep the final and publishable results anonymous, as
South Africa have experienced over 170 murder series since 1996 (Labuschagne, 2021).
Therefore, there are hundreds of (often unknown/unidentified) victims, which dilutes the
identities of cases as well as victims. In addition, not all the murder series have been

commented on in the media.
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3.6.3 Legal Implications

Due to the ‘hearsay evidence’ rule in the Law of Evidence Amendment Act 45 of 1988 (South
African Government, 1998), for the raw data and information gathered from the study to be
used in court, the researcher would have had to be subpoenaed to court, forced by court order
to reveal which series were used in the study, and be forced to give her opinion on the matter
- the likelihood of a prosecutor doing this was, and is, extremely unlikely. Murder series
included in the study remained anonymised in the research findings and only aggregated
data is presented. As a result, it is not known which cases were reported on or utilised in the
final report. However, information used in the study is information already available to
SAPS as cases which have already been linked forensically, with an unknown suspect/
offender (and solved and convicted cases). Therefore, the implication that the research could
be used to influence current or future investigations or legal proceedings in respect of any

cases included in the study, was not applicable.

In terms of appeals, for the convicted offenders, no new evidence can be submitted to court
during an appeal process. In addition, consistent with a positivist approach, this study
employed a quantitative research design to determine whether behaviour consistency exists
among serial murder offenders in South Africa. In other words, the purpose of the study was
not to identify or make any inferences on who the suspect or offender may be, nor their
possible motivations, connection to other crimes, or generalise the crime scene behaviours
to the rest of the population of serial murder offenders (Davidson & Petherick, 2021; Park
et al., 2020).

3.7 FUNDING

The study was self-funded.

3.8 CHAPTER CONCLUSION

This chapter provided an overview of the research methodology and procedures used in the
study. The chapter began by presenting the outline of the research design and methodology
implemented. A description of the sample was provided, followed by an explanation of the
research procedure, which included the data collection and statistical analysis procedures.
Issues regarding quality and reliability of data were addressed, as well as how interrater
reliability, and ecological validity were established. Lastly, the researcher described how
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ethical and legal issues were addressed. The following chapter will present the results of the
research with the chosen methodology to analyse the data and test the underlying hypotheses

of offender’s behavioural consistency and distinctiveness.
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CHAPTER 4: RESULTS

4.1 CHAPTER PREVIEW

This chapter begins with the descriptive statistics of the sample followed by a breakdown of
each variable per behavioural domain with accompanying frequency tables, comparing
solved and unsolved crime series. Results from the statistical analysis are provided with
corresponding number of B-LINK pairs, results of the Mann Whitney U tests, binary logistic
regression analysis, and the accompanying ROC and AUC results. Thereafter, a contingency
table demonstrates the different sets of outcomes as a result of the application of different
thresholds.

4.2 DESCRIPTIVE STATISTICS

One hundred and twenty-six (126) victims were identified from 21 murder series (Mode =
4; Median = 4; M = 6, SD = 5.69) committed between 1999 and 2021. Within the total
sample, 63% (n = 79) of victims resulted from 11 solved murder series (Mode = 4; Median
=4; M =7.18, SD = 7.61). While 37% (n = 47) victims resulted from 10 different unsolved
murder series (Mode = 3; Median = 4.5; M = 4.7, SD = 2.0). In the sample, solved murders
series crimes were committed between 2004 and 2017, with a minimum of two murders and
a maximum of 23 murders in a series. Unsolved murder series were committed between
1999 and 2021, with a minimum of two murders and a maximum of eight murders in a series.
From the 10 unsolved murder series, 40% (n = 4) were first identified through DNA/forensic
evidence, while 40% (n = 4) of the series were linked first through MO, and then
DNA/forensic evidence. It was unknown whether cases were first linked through MO, or
forensic/DNA evidence in 20% of unsolved cases (n = 2).

4.2.1 Target Selection Behavioural Domain

From the whole sample (solved and unsolved), almost 90% of victims were female (89.68%;
n = 113), while 7.94% (n = 10) were male. Three (2,38%) of the recorded cases did not
identify the sex of the victim as a result of badly decomposed bodies or bodies which were
badly burnt. Seventeen (80,95%) offenders displayed complete consistency with regard to
the gender of their victims. Only one series had all male victims. Of all the 126 victims, 104
(82,54%) victims were Black, 11 (8,73%) were Coloured, 10 (7,94%) were White, and one
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(0,79%) victim was Indian. Figure 4.1 below provides a visual summary of the total number

of victims with regard to gender and race per solved and unsolved series.
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Figure 4.1 Total number of victims per gender and race categories in solved and
unsolved series.

In terms of the age group, 11 offenders (52,38%) displayed complete consistency in the age
range of the victims they murdered, but this decreased to eight (38,10%) offenders when
surviving victims were included in ages of the victims targeted. A total of 57 (45,24%) of
the victims fell within the ‘adult’ age group of 18-64 years old. As the victim’s specific age
was not known in many of the cases, having an ‘adult’ category mitigated this limitation.
The second highest crime recording was for the age group of 13-17 years old with a total of
20 (15,87%) victims, whereas 17 (13,49%) victims were 65 years or older. Fifteen (11,90%)
victims were 4-8 years old; 11 (8,73%) victims were 9-12 years old; and three (2,38%)
victims were 0-3 years old. Figure 4.2 provides a visual summary of victims age group.
Overall, there is a higher chance the victim will be an adult female from the Black

population, which was consistent between both solved and unsolved murder series.

In terms of victim’s nationality, a total of 30 (23,81%) victims were recorded to be South
African, five (4,76%) were identified as foreigners, and a total of 91 (72,22%) victim’s
nationality was not specified. Sixteen (53,33%) of the 30 known South African nationals’

cases were solved, and two (40%) of the five known foreign nationals’ cases were solved.
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Figure 4.2 Total number of victims per age category in solved and unsolved series.

A total of 103 victims (81,75%) were murdered and 23 (18,25%) victims survived. A
breakdown of victims for solved and unsolved series is seen in Figure 4.3 below. Thirteen
offenders (62%) murdered all of the victims in their series. Of the 103 murder victims, 62
(60,19%) of the cases were solved and 41 (39,81%) were unsolved. Of all the cases recorded,
the victims were alone in 87 (69,05%) cases. Additionally, of these 87 cases where victims
were alone, 51 (58,62%) cases were solved, whereas 36 (41,37%) cases were unsolved. One
victim who survived an attempted murder and rape, was later murdered in the same (solved)

series. This is the only identified case of this type of occurrence in the sample.

1 Solved
B  Unsolved

Nr of Victims

Figure 4.3 Total number of victims and survival outcome per solved and unsolved series.
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Sixty-four (50,79%) cases identified how the victims were approached. Of the 64 known
methods in which the victim was approached, 39 (30,95%) victims were approached within
their residence, 18 (14,29%) were approached from the road/street, three (2,38%) victims
were reportedly approached from the offender in a vehicle, three (2,38%) victims were
approached/taken from open grounds/bushveld, and one (0,79%) victim was approached at
work. The remaining 62 (49,21%) cases had missing information regarding how the victims

were approached.

Looking at victim’s employment status, a total of 14 (11,11%) victims were known to be
employed, of which six (4,76%) of these victims were identified as sex workers, and eight
(6,35%) victims were recorded as ‘other’ employment. From the sample, there is a higher
chance that a murder of a sex worker will be unsolved. A total of 48 (38,10%) victims were
scholars or of school-going age, and 17 (13,49%) were pensioners. The remaining 47
(37,30%) victims were either unemployed or their employment status was not known.

As the unsolved cases have not yet identified a perpetrator, there is missing/unknown
information regarding the relationship between the victim and offender for unsolved cases.
Therefore, a total of five victims (3,97%) were known to the offender from the solved cases.
In total, one (0,79%) victim was an ex/romantic partner to an offender, one (0,79%) victim
was known to be related to the offender, one victim (0,79%) was reported to be a colleague,
and two (1,59%) victims were reportedly acquaintances/friends/neighbour to the offender
(different series). Table 4.1 below provides a comparison between solved and unsolved
murder series with respect to frequency of occurrences within the target selection

behavioural domain.

4.2.2 Sexual Behavioural Domain

When examining sexual behaviours, a condom was found in three (2,38%) of the crime
scenes (one solved and two unsolved series). Eight (6,35%) victims were penetrated anally,
whereas 44 (34,92%) victims were penetrated vaginally. Only one offender (4,76%) was
consistent in penetrating (vaginally and anally) all the victims in the series. Two (1,59%)
cases of digital penetration were reported, which were from the same (solved) murder series.
In terms of non-lethal injuries to genitals, 19 (15,08%) victims exhibited injuries to their

vagina, four (3,17%) showed injuries to their penis, and six (4,76%) victims had injuries
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Table 4.1

Target Selection Domain Comparison between Solved and Unsolved Murder Series.

Target Selection Domain solved Unsolved
n % n %

Victim murdered 62 78.42% 41 87.23%
Victim Alone 51 64.56% 36 76.60%
Female victim 68 86.08% 45 95.74%
Black victim 67 84.81% 37 78.72%
White victim 6 4.59% 4  851%
Indian victim 0 0% 1 213%
Coloured victim 6 7.59% 5 40.64%
0-3 years old 3 3.80% 0 0%
4-8 years old 14 17.72% 1 213%
9-12 years old 7  8.86% 4 851%
13-17 years old 9 11.39% 11 23.40%
18-64 years old 31 39.24% 26 55.32%
65 years and older 12 15.19% 5 10.64%
South African 16  20.25% 14 29.79%
Employed as sex worker 2 253% 4  851%
Employment other 5 6.33% 3  6.38%
Scholar/school going age 31 39.24% 17 36.17%
Pensioner 12 15.19% 5 10.64%
Approach location road/street 10 12.66% 8 17.02%
Approach location residence 34  43.14% 5 10.64%
Approach location car 0 0% 3  6.383%
Approach location victim’s work 1 1.27% 0 0%
Approach location bush/veld 3  3.80% 0 0%
Victim known to offender 5 6.33% 0 0%
Victim ex-partner of offender 1 1.27% 0 0%
Victim related to offender (family) 1 127% 0 0%
Victim friend/acquaintance/neighbour to offender 2  253% 0 0%
Victim colleague of offender 1 127% 0 0%
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to their anus. Six (4,76%) victims had genital mutilation. One (0,79%) surviving victim was
found with a foreign object inserted into their anus (rock attached to a piece of string), and
one (0,79%) murdered victim from an unsolved series was found with a foreign object inside
their vagina (an illegal substance). Eight (6,35%) victims were found with a foreign object

inside their mouth (clothing/material).

In terms of the state of undress of murdered victims, 28 (22,22%) victims were discovered
fully clothed, 15 (11,90%) victims were found completely naked, 32 (25,40%) victims were
completely naked from the waist down, while two (1,59%) victims were completely naked
from the waist up. Only one (0,79%) victim was completely naked but covered, six (4,76%)
victims had their clothing pulled up to expose just their breasts, while 13 (10,32%) victims
had their clothing pulled down exposing their genitals but still present on their legs. Four
(3,17%) victims had their clothing pulled up to expose their breasts as well as their clothing

pulled down exposing their genitals, but still on the victims’ legs.

A total of six (4,76%) victims showed evidence of redress while eight (6,35%) victims were
found with their legs spread. Five (62.50%) of the eight victims discovered with their legs
spread were completely naked from the waist down, two (25%) victims were found
completely naked, and one (12.50%) victim had their clothing pulled up to expose their
breasts and their clothing pulled down on their legs. Five offenders (23,81%) displayed
complete consistency with regard to the state of undress of their victims.

No seminal fluid was reported to be identified within the mouth or anus of any of the victims
whereas there were 14 (11,11%) cases where seminal fluid was found within the vagina of
victims. Fourteen (11,11%) victims had seminal fluid found at the scene of the crime (on
lose clothing items/bedding found at the scene), three (2,38%) crime scenes identified
seminal fluid on the clothing of the victim, and three scenes (2,38%) identified seminal fluid

on the body of the victim (such as a thigh or back).

Eighteen (14.29%) victims were found with their underwear on, whereas the underwear was
completely missing in 24 (19,05%) crime scenes. In three (2.38%) cases, the victim’s
underwear was used as a weapon (such as a ligature), all from the same murder series, but
was not consistent with each victim. A total of 15 (11,90%) victims’ underwear was off their

body but found at the crime scene. Twelve (9,52%) victims’ underwear was found still
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partially on their body, such as around one of the victim’s legs. Three offenders displayed
complete consistency with regard to the status of the victim’s underwear across crimes.
Table 4.2 below provides a comparison between the frequency of solved versus unsolved

murder series with regard to the sexual behavioural domain.

Table 4.2
Comparison of Sexual Behaviours between Solved and Unsolved Murder Series.
Sexual Behaviours Solved Unsolved
n % n %
Fully clothed 15  18.99% 13 27.66%
Completely naked 10 12.66% 5 10.64%
Completely naked waist down 12 15.19% 20  42.55%
Completely naked waist up 1 1.27% 1 2.13%
Clothing pulled up to expose breasts 2  253% 4 8.51%
Clothing pulled down but still on legs 11 13.92% 2 4.26%
Clothing pulled up to expose breasts and clothing 3 3.80% 1 2.13%
pulled down
Completely naked but covered 1 1.27% 0 0%
Redressed 1 127% 5 10.64%
Legs spread 2  253% 6 12.77%
Underwear on body 12 15.19% 6 12.77%
Underwear at scene off body 9 11.39% 6 12.77%
Underwear partially on body 9 11.39% 3 6.38%
Underwear completely missing 9 11.39% 15 31.91%
Underwear on body used as weapon 0 0% 4 8.51%
Penetration anus 5 6.33% 3 6.38%
Penetration vagina 23  29.11% 21  44.68%
Semen found on victim’s body 3 3.80% 0 0%
Semen found in victim’s vagina 7  8.86% 7 14.89%
Semen found at crime scene 12 15.19% 2 4.26%
Injuries to victim’s vagina 13 16.46% 6 12.77%
Injuries to victim’s penis 4  5.06% 0 0%
Injuries victim’s anus 5 6.33% 1 2.13%
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Foreign object found in victim’s anus 1 127% 0 0%
Foreign object found in victim’s vagina 0 0% 1 2.13%
Foreign object found in victim’s mouth 5 6.33% 3 6.38%
Condom found at crime scene 1 127% 2 4.26%
Victim’s genitalia mutilated/dismembered 5 6.33% 1 2.13%
Digital penetration 2 2.53% 0 0%

4.2.3 Violence and Control Behavioural Domain

From the sample of 79 solved cases, nine (11,59%) cases had more than one offender,
whereas the majority of the cases were committed by one offender (88,61%). In cases where
there was more than one offender, all victims from the same offender were grouped to a
series when they attacked in isolation as well as in combination with an additional
offender(s). From the unsolved series, three surviving victims (from different series)
reported that there was one offender involved in their attack. In addition, although DNA
evidence (which forensically linked unsolved crimes to a series) matched only one
offender’s DNA in each murder series, it is still unknown whether there was another offender
present during the crime or at the crime scene. Six offenders (28,57%) were consistent with
their method of killing across crimes; of these, one (4,76%) offender was consistent with
blunt force trauma as the Cause of Death (COD), one (4,76%) offender was consistent with
COD as a result of a sharp object, three (14,29%) offenders were consistent with
strangulation, and one (4,76%) offender was consistent in ligature strangulation. Fifteen
(71.43%) offenders were inconsistent in their method of murdering the victim.

The COD was undetermined for 12 victims (11,65%). The most common cause of victims’
death was by means of strangulation for 36 (28.57%) victims, with 16 (12,70%) resulting
from ligature strangulation, eight (6,35%) caused by manual strangulation, and three (2,38%)
cases which were caused by both ligature and manual strangulation. Nine (8,74%) cases
stated COD as strangulation but did not specify whether COD was by ligature and/or manual
strangulation. The second most common COD resulted from a sharp object of which there
were 20 (15,87%) cases, with blunt force trauma in a total of 19 (15,08%) cases. No victim
was killed by poisoning or by gunshot/s, and only one (0,79%) case of drowning was

reported as the cause of death. A total of 11 (8,73%) victims died as a result of
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suffocation/asphyxia, three (2,38%) died from burns, one (0,79%) victim died from a neck
fracture, and six (4,76%) victims had COD due to ‘multiple injuries’ reported in the autopsy

report.

In terms of weapons used by offenders, whether through inflicting injuries and/or COD
(across all incidents - murder cases and surviving victim cases), a sharp object was the
weapon used in 31 (24,60%) cases, ligatures were used in 21 (16,67%) cases, and hands
accounted for 20 (15,87%) of the cases. There was a total of nine (7,14%) cases in which
blunt objects were used as weapons and, ‘multiple weapons’ were known to be used in four
(3,17%) cases. There were no non-lethal gunshot injuries however, a firearm was reported
to be present at the scene in two (1,59%) cases. One witness had reported seeing a firearm,
and one surviving victim reported seeing a firearm to police investigators. Seven (33,33%)
offenders displayed consistency in terms of the injuries to murdered victims across crime
scenes, which decreased to six (28,57%) offenders when all (including surviving) victims

were included.

In terms of restraining victims, restraining of the victim’s hands was most common with a
total of 18 (14,29%) cases. Thirteen (10,32%) victims had their hands restrained behind their
body, and three (2,38%) victims had their hands restrained above their head (victim lying on
the ground). No cases identified where the victims had their hands restrained in front of
them. Thirteen victims (10,32%) were found with their feet tied, and two (1,59%) victims
were restrained at their knees. One (0,79%) victim was blindfolded while eight (6,35%)
victims were gagged (with clothing/material). One offender (4,76%) was consistent in
restraining all of the victims’ hands and one offender (4,76%) was consistent in gagging all

of their victims.

In terms of bodily injuries, 52 (42,06%) victims had non-lethal bodily injuries. Assault from
a blunt object was the highest, with a total of 27 (21,43%) cases. There were 20 (15,87%)
victims who had non-lethal injuries from a sharp object, 18 (14,29%) victims had non-lethal
fractures. One (0,79%) victim had non-lethal dismemberment (arm, genital and lips), and
survived the attack. Table 4.3 below provides a comparison between solved and unsolved

murder series with respect to the violence and control domain variables.
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Table 4.3

Comparison of Violence and Control Behaviours between Solved and Unsolved Series.

Violence and Control Behaviours Solved Unsolved

n % n %
One offender 65 82.28% 3  6.38%
More than one offender 9 11.39% Not available
Cause of Death (COD) undetermined 10 12.66% 2  4.26%
COD strangulation 15 18.99% 21 44.68%
COD ligature strangulation 7 8.86% 9 13.15%
COD manual strangulation 6 7.9% 2  4.26%
COD ligature and Manual strangulation 1 1.27% 2  4.26%
COD sharp object 18 22.78% 2 4.26%
COD blunt force trauma 7  8.86% 12 25.53%
COD suffocation/asphyxiation 4  50.6% 7  14.89%
COD drowning 0 0% 1 213%
COD burnt 3 3.80% 0 0%
Multiple COD 2 2.53% 4  851%
COD neck fracture 1 127% 0 0%
Known sharp object used on victim 26 32.91% 5 10.64%
Known blunt object used on victim 5 6.33% 4 851%
Ligature/rope/material used on victim 10 12.66% 11 23.40%
Firearm presented to victim 0 0% 2 4.26%
Hands of offender used on victim as weapon 11 13.92% 9 19.15%
Multiple weapons used 2 253% 2  4.26%
Non-lethal assault blunt object 19 24.05% 8 17.02%
Non-lethal asphyxiation 4  5.06% 3  6.38%
Non-lethal sharp object 20 25.32% 0 0%
Non-lethal injuries to victim’s body 36 45.57% 17 36.17%
Non-lethal fractures to victim’s body 15 18.99% 3  6.38%
Dismemberment while victim was alive 1 127% 0 0%
Hands restrained 10 12.66% 8 17.02%
Hands restrained behind of body 6 7.59% 7  14.89%
Hands restrained above head 3 380% 0 0%
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Victim’s feet restrained 4  5.06% 9 19.15%
Victim’s knees restrained 1 127% 1 213%
Victim gagged 5 6.33% 3  6.38%
Victim blindfold 0 0% 1 213%
Victim burnt while alive 0 0% 0 0%

4.2.4 Crime Scene Characteristics Behavioural Domain

Regarding the body recovery location of (murdered) victims, the majority of victim’s bodies
were recovered from open veld/ground in a total of 56 (54,36%) cases. Whereas a total of
45 (43,69%) victim’s bodies were discovered in residential buildings. Only two (1,94%)
victims’ bodies were found in a body of water (river). In terms of body position, the highest
number of murdered victims were found on their back in a total of 41 (32,54%) cases.
Twenty-two (17,46%) victims were discovered on their stomach, and 14 (11,11%) victims
were found on their side. One (0,79%) victim was discovered hanging/suspended from a
pole. One (0,79%) victim from the solved murder series was discovered in the foetal position
however, investigators deduced from the crime scene that they were found in this position
after the body was thrown down a hill, and not specifically placed in that position. Two
offenders (9,53%) were consistent in the position of the victim’s bodies at all of their crime

SCenes.

The majority of the residential crime scenes showed forced entry at 21 (16,67%) crime
scenes, with 13 (10,32%) exhibiting forced entry through the window, and eight (6,35%)
cases displayed forced entry through the door. In addition, in nine of the crime scenes
(7,14%), the rooms were in disarray. Eight (6,35%) victims were thrown from a vehicle,
whereas the majority of victim’s were known to be murdered at the crime scene where the
body was recovered, which accounted for a total of 45 (35,71%) victims. Eight (6,35%)
victims were dismembered, of which four (3,17%) victims had their genitals removed, two
(1,59%) victims were decapitated, and two (1,59%) victims had a limb/s dismembered. One
(4,76%) offender was consistent with removing all of their (male) victims’ genitals.

Regarding items taken from the victim, a total of 46 (36,51%) cases reported known items

stolen from the victim. It was more common for the victim’s cell phone/jewellery and other
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personal valuables to be taken, which occurred in 30 (24%) cases. Clothing was the second
most common item to be taken, with a total of 12 (9,52%) of cases. A body part was taken
in four (3,17%) cases and, lastly, money was the least common item known to be taken in a

total of three (2,38%) cases identified.

With regard to concealment of victims’ bodies, the majority of bodies were not covered or
concealed, and these accounted for a total of 97 (76,98%) of the cases. A total of 11 (8,73%)
of the victims’ bodies were concealed, of which nine (7,14%) victims were fully covered,
and two (1,59%) victims were buried. A total of seven (5,56%) victims were partially
covered, of which one victim was completely covered except for their face, and two (1,59%)
victims had only their face covered. One (0,79%) victim’s upper half of their body was

covered/concealed, and one victim’s lower half of their body was covered.

No weapon was found at 95 (75,40%) of the crime scenes. However, of the weapons
discovered at the crime scenes, most of the weapons found were ligatures, in a total of 19
(15,07%) crime scenes. Blunt objects accounted for four (5,56%) of the cases, and two
(1,59%) sharp objects were found at the crime scene. Six (4,76%) victims’ bodies were
burnt. A comparison between solved and unsolved crime scene characteristics variables can

be seen in Table 4.4 below.

Table 4.4
Crime Scene Characteristics Behavioural Domain Comparison between Solved and

Unsolved Murder Series.

Crime Scene Characteristics Variables Solved Unsolved

n % n %
Body found in Urban area 18 22.78% 27  57.45%
Body found in open veld/open ground 40 50.63% 25 53.19%
Body found in building/residence 32 40.51% 13 27.66%
Body found in body of water 1 1.27% 1 2.13%
Forced entry 18 22.78% 3 6.38%
Forced entry door 8 10.13% 0 0%
Forced entry window 10 12.66% 3 6.38%
Room in disarray 6 7.59% 3 6.38%
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Victim body found on stomach 10 12.66%
Victim body found on back 23 29.11%
Victim body found on side 11 13.92%
Victim body found hanging/suspended 0 0%

Victim body found in foetal position 1 2.27%
Victim body concealed 7 8.86%
Only victim’s face exposed 1 1.27%
Victim upper half of body exposed 1 1.27%
Victim lower half of body exposed 1 1.27%
Victim fully covered 7 8.86%
Only victim’s face concealed/covered 1 1.27%
Victim found partially covered 4 5.06%
Body completely buried 2 2.53%
Victim’s body dumped from vehicle 2 2.53%
Victim killed at body recovery scene 35  44.30%
Victim dismembered 8 10.13%
Victim head dismembered 2 2.53%
Victim’s limbs dismembered 2 2.53%
Victim’s genitals dismembered 4 5.06%
No weapon found at scene 64 81.01%
Sharp object found at scene 1 1.27%
Blunt object found at scene 4 5.06%
Ligature found at scene 10 12.66%
Victim’s body burnt 4 5.06%
Victim’s money stolen 1 1.27%
Victim’s items (jewellery/cell phone) stolen 18  22.78%
Victim’s clothing stolen 4 5.06%
Victim’s body part stolen 4 5.06%
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25.53%
38.30%
6.38%
2.13%
0%
8.51%
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4.26%
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6.38%
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0%
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65.96%
2.13%
6.38%
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4.26%
4.26%
25.53%
17.02%
0%
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4.3 STATISTICAL ANALYSIS RESULTS
4.3.1 Determining Behavioural Similarity: Jaccard’s Coefficient

When examining all the data (solved and unsolved), B-LINK produced Jaccard’s similarity
coefficients for a total of 7875 crime pairs (639 linked crime pairs and 7236 unlinked crime
pairs). Solved murder series produced a total of 3081 crime pairs (534 linked crime pairs
and 2547 unlinked crime pairs). Unsolved murder series produced a total of 1081 crime pairs
(105 linked crime pairs and 976 unlinked crime pairs). Figure 4.4 presents the boxplots for

linked and unlinked crime pairs per data set.

Jaccard’s coefficient for all linked and unlinked crime pairs for each dataset were analysed
and, in all datasets, Jaccard’s coefficients for linked crime pairs were statistically higher (p
< .001) than the corresponding Jaccard’s coefficient for unlinked crime pairs, as seen in
Table 4.5. This is strong evidence that linked crime pairs are indeed more behaviourally
similar than unlinked crime pairs as the results mean that there is less than a 0.1% chance

that this difference occurred through random chance. Effect sizes were calculated using the

following formula: r = \/Z—E (Pallant, 2020). Effect sizes ranged from ‘weak’ (r = 0.10) to

‘moderate’ (r = 0.48) (Cohen, 1962).

Overall, Jaccard’s coefficient for all linked (all solved and all unsolved) crime pairs (Mdn =
0.38, SD = 0.14) was statistically higher than Jaccard’s coefficient for all (all solved and all
unsolved) unlinked crime pairs (Mdn = 0.21, SD = 0.08), with a moderate effect size (r
=0.35) (Pallant, 2020). Jaccard’s coefficient was also statistically higher for all solved linked
crime pairs (Mdn = 0.38, SD = 0.14) than Jaccard’s coefficient for all solved unlinked crime
pairs (Mdn = 0.21, SD = 0.08), and demonstrated a moderate effect size (r = 0.48). Similar
results were found for all unsolved linked Jaccard’s coefficient crime pairs (M = 0.39, SD =
0.13) which were statistically higher than all Jaccard’s coefficient for unsolved unlinked
crime pairs Jaccard’s coefficient (M = 0.22, SD = 0.08), and resulted in a moderate (r = 0.39)
effect size (Pallant, 2020). The result means that there's less than a 0.1% chance that this
difference occurred by random chance. This provides strong evidence that linked crimes are

indeed more behaviourally similar than unlinked crime pairs.
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Table 4.5

Statistical Comparison of Jaccard’s Coefficient Between Linked and Unlinked Crime Pairs.

Jaccard's

Domain/Variables Crime Pairs Mean (SD)  Median (Min. - Max.) U z p r
All Data Linked .38 (0.14) .38 (.08 - 1.00)

Unlinked 21 (0.08) 20 (.00 - .72) 615324 30.80 <001 0.35
All Solved Data Linked .38 (0.14) .38 (.08 - 1.00)

Unlinked 21 (0.08) 20 (.00 - 61) 182548.5 26.62 <001 0.48
All Unsolved Data Linked .39 (0.13) .39 (.08 - 1.00)

Unlinked 22 (0.08) 22(.02 - 55) 12485 12.75 <001 0.39

Target Selection Behavioural Domain

All Target Selection Variables Linked .50 (0.17) .50 (.20 - 1.00)

Unlinked 34 (0.15) 31 (00 - 1.00) 10688285 2259 <001 0.25
Solved Target Selection Variables Linked .48 (0.16) 45 (.10 - 1.00)

Unlinked 31 (0.14) 30 (.00 - .88) 280162 2142 <001 0.39
Unsolved Target Selection Variables Linked .59 (0.18) .55 (.27 - 1.00)

Unlinked 36 (0.16) 33 (07 - 1.00) L7321 1117 <001 0.34

Sexual Behavioural Domain

All Sexual Behaviours Variables Linked .17 (0.26) .00 (.00 - 1.00)

Unlinked 08 (0.16) 00 (.00 - 1.00) 1914096.5 8.93 <001 0.10
Solved Sexual Behaviours Variables Linked .13 (0.23) .00 (.00 - 1.00)

Unlinked 05 (0.13) 00 (.00 - 1.00) 546052.5 9.90 <001 0.18
Unsolved Sexual Behaviours Variables Linked .29 (0.28) .25 (.00 - 1.00)

Unlinked 12 (0.17) 00 (.00 - 1.00) 32833 0.66 <001 0.20

Violence and Control Behavioural Domain

All Violence & Control Variables Linked .32 (0.29) .25 (.00 - 1.00)

Unlinked 12 (0.15) 09 (.00 - 1.00) 12863365 1967 <001 0.22
Solved Violence & Control Variables Linked .36 (0.30) .25 (.00 - 1.00)

Unlinked 21(0.18) 17 (00 - 1.00) 480681 10.73 <001 0.19
Unsolved Violence & Control Variables Linked .26 (0.31) .20 (.00 - 1.00)

Unlinked 10 (0.16) 00 (.00 - 1.00) 37190 510 <001 0.15
Crime Scene Characteristics Behavioural Domain
All Crime Scene Characteristics Variables Linked .46 (0.25) .44 (.00 - 1.00)

Unlinked 21 (0.16) 18 (.00 - 1.00) 918342 25.36 <001 0.29
Solved Crime Scene Characteristics Variables Linked 47 (0.25) .50 (.00 - 1.00)

Unlinked 19 (0.15) 17 (00 - 1.00) 217925 24.17 <001 0.45
Unsolved Crime Scene Characteristics Variables Linked .36 (0.23) .33 (.00 - 1.00)

Unlinked 22 (0.16) 20 (.00 - 1.00) 825225 6.17 <001 0.19
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4.3.2 Predicting Linked Status of Crime Pairs: Logistic Regression and LOOCV

Binary logistic regression analysis was performed on each data set to determine the influence
of Jaccard’s coefficient on the model, in order to predict the linked status of a crime pair.
Binary logistic regression analysis demonstrated that the model was significant for all data
(x2 (1) =1443.81, p <.001, n =7875); all solved data (x? (1) = 1024.39, p < .001, n = 3081);
as well as for all unsolved data (x? (1) =239.8, p <.001, n = 1081). These consistent findings
across datasets demonstrate that Jaccard’s coefficient serves as a significant predictor of
crime pair status, as the results mean that there is less than a 0.1% chance that this difference
occurred through random chance, offering a substantially improved model fit. The logistic
regression results for all datasets are displayed in Table 4.6 below.

4.3.3 Accuracy of Linked Predictions: ROC Analysis and AUC Values

To assess the accuracy of the linked predictions, ROC analysis was conducted using the
predicted probabilities produced from the LOOCV, to assess the discrimination accuracy of
the linked status’ of crime pairs (Burrell et al., 2024; Woodhams et al., 2019; Woodhams &
Labuschagne, 2012a). The model aimed to classify serial murder cases based on the linkage
status (0 = unlinked; 1= linked) of a crime pair, with the corresponding Jaccard’s coefficient.
As mentioned in the previous chapter, the AUC provides the overall level of discrimination
accuracy based on the input probabilities from the ROC. This means that, if a model is
effective, it is able to discriminate between linked crime pairs and unlinked crime pairs,
indicating that an offender’s behaviour is unique and distinct. Notably, the AUC value does
not indicate how many times a correct link is made, it is a relative measure of linkage

accuracy (Ewanation et al., 2023).

4.3.3.1 Discrimination Accuracy for All MO Behaviours

When all crime scene behaviours (MO) were considered (all behavioural variables), there
was ‘excellent’ discrimination accuracy for all the data (solved and unsolved), as well as for
all solved and all unsolved datasets. Full ROC and PRC are illustrated for all data (AUC =
0.87) in Figure 4.5; all solved data (AUC = 0.86) in Figure 4.6; and all unsolved data (AUC
=0.88) in Figure 4.7. The AUC is a relative measurement of linkage accuracy (Ewanation
et al., 2023). In other words, the AUC value of .87 for all data indicates the probability that
a randomly selected pair of crimes committed by the same offender will have higher across
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Table 4.6

Results of Logistic Regression per Data Set.

Model X2 (df) Rn2 Constant (SE) B (SE) Wald (df) Exp (B)
All Data 144381 (1) *  0.39 -6.77 (0.17) 15.49 (0.52) 903.57 (1) 5332933.42
All Solved Data 1024.39 (1) *  0.47 -6.13 (2.17) 16.48 (0.70) 549.86 (1) 14334385.80
All Unsolved Data 239.81 (1) * 0.42 -7.19 (0.48) 16.69 (1.40) 142,49 (1) 17845936.00
All Target Selection Behaviours 54091 (1) * 0.15 -4.69 (0.12) 5.49 (0.24) 513.79 (1) 241.50
Solved Target Selection Behaviours 510.38 (1) * 0.25 -4.30 (0.16) 7.03 (0.35) 406.95 (1) 1124.26
Unsolved Target Selection Behaviours 13451 (1) * 0.25 -5.13 (0.33) 6.21 (0.58) 115.21 (1) 498.89
All Sexual Behaviours 110.24 (1) * 0.03 -2.66 (0.049) 2.09 (0.19) 128.38 (1) 8.14
Solved Sexual Behaviours 98.59 (1) * 0.05 -1.78 (0.06) 2.59 (0.26) 99.97 (1) 13.32
Unsolved Sexual Behaviours 57.78 (1) * 0.11 -2.86 (0.15) 3.35(0.44) 59.45 (1) 28.54
All Violence and Control Behaviours 537.86 (1) * 0.15 -3.278 (0.06) 4.01 (0.17) 531.24 (1) 54.93
Solved Violence and Control Behaviours 184.04 (1) * 0.10 -2.31 (0.08) 2.74 (0.20) 181.17 (1) 15.48
Unsolved Violence and Control Behaviours 49.34 (1) * 0.10 -2.74 (0.14) 3.04 (0.42) 52.43 (1) 20.90
All Crime Scene Characteristics 864.32 (1) * 0.24 -4.23 (0.09) 5.82 (0.22) 720.11 (1) 336.30
Solved Crime Scene Characteristics 787.63 (1) * 0.37 -3.70 (0.12) 7.02 (0.31) 514.22 (1) 1120.00
Unsolved Crime Scene Characteristics 5226 (1) * 0.10 -3.30 (0.20) 3.77 (0.52) 52.091 (1) 43.49

* Note: p <0.001
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Figure 4.5 ROC and PRC for all data: AUC .87 (p <.001, SE = 0.1, 95% CI = .85 - .88).
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ROC Curve All Solved Data
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Figure 4.6 ROC and PRC for all solved data AUC .86 (p < .001, SE =.01, 95% CI = .85 - .88).
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ROC Curve All Unsolved Data
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Figure 4.7 ROC and PRC for all unsolved data AUC .88 (p <.001, SE =.02, 95% CI = .84 - .91).
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crime similarity scores 87% of the time when compared to a randomly selected set of crimes
committed by different offenders (Ewanation et al., 2023). In other words, this provides
support for the consistency and distinctiveness hypothesis of crime linkage using serial
murder offender’s behaviours. The results of the ROC AUC per dataset when examining all

crime scene MO behaviours is provided in Table 4.7 below.

Table 4.7
Results of ROC AUC for All Datasets.
Dataset Area Under the Curve (SE) 95% Confidence Interval
All Data? .87 (.01) * .85 - .88
All Solved Data® .86 (.01) * .85 - .88
All Unsolved Datac .88 (.02) * 84-.91

Notes. 8Solved and unsolved offences (linked pairs n = 639, unlinked pairs n = 7236)
b®Solved offences (linked pairs n = 534, unlinked pairs n = 2547)

cUnsolved offences (linked pairs n = 105, unlinked pairs n = 976).

*p<0.001

For all data (solved and unsolved) AUC of .87 resulted in ‘excellent’ discrimination accuracy
(Hosmer et al., 2013) and the model correctly classified cases 94% of the time. ‘Excellent’
discrimination was found in the AUC of .86 for all solved data and had a 90% correct
classification of cases. ‘Excellent’ discrimination was also found for all unsolved data (AUC
= 0.88), and cases were classified correctly 93% of the time. The AUC for all unsolved data
was higher than all solved data however it was not statistically significant (D = 0.02, p >
0.05). Although there was also a difference between the AUC value for all data compared to
the AUC for all solved data (D = 0.01) and compared to all unsolved data (D = 0.01), both
were also not statistically significant (p > 0.05) (MedCalc, 2024).

4.3.3.2 Discrimination Accuracy per Functional Behavioural Domain

The result of the four functional domains varied between poor/no ability (AUC < 0.50) for
the model to discriminate between linked and unlinked crime pairs, to ‘excellent’ levels
(AUC > 0.80) of discrimination accuracy as seen in Table 4.8. ‘Poor’ levels of
discrimination accuracy were displayed in all sexual behavioural domain (AUC =0.37) and
all violence and control behavioural domain (AUC = 0.66). The results indicated that the

sexual behavioural domain and violence and control domain were ineffective in
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discriminating between linked and unlinked crime pairs based on the predicted Jaccard’s

coefficient scores for each crime pair. Target selection domain displayed ‘acceptable’ levels
of discrimination for all data (AUC = 0.75) and all solved data (AUC = 0.78). However, the

model displayed ‘excellent’ discrimination accuracy for all unsolved target selection

variables (AUC = 0.81). All data crime scene characteristics (AUC = 0.78) displayed

‘acceptable’ discrimination accuracy, ‘excellent’ discrimination accuracy for solved crime

scene characteristics (AUC = 0.83). However, ‘low’ levels of discrimination accuracy were

found for unsolved crime scene characteristics variables (AUC = 0.66), which was

statistically different to all data crime scene characteristics (D = 0.12; p < 0.001).

Table 4.8

Summary of AUC Values for Functional Domain Datasets.
Functional Domain Datasets and Subsets AUC (SE) 95% ClI
Target Selection Domain
All Target Selection Variables 75 (.01) * q4-.77
Solved Target Selection Variables .78 (.01) * .76 - .80
Unsolved Target Selection Variables .81 (.02) * .78 - .85
Sexual Behaviour Domain
All Sexual Behaviour Variables 37(17)* .01-.41
Solved Sexual Behaviour Variables 34 (.19) * 30-.34
Unsolved Sexual Behaviour Variables .58 (.04) * .50 - .66
Violence and Control Domain
All Violence and Control Variables .66 (.02) * .63 -.69
Solved Violence and Control Variables .61 (.02) * .58 - .64
Unsolved Violence and Control Variables .50 (.04) * 42 -.59
Crime Scene Characteristics Domain
All Crime Scene Characteristics Variables .78 (.01) * .76 - .80
Solved Crime Scene Characteristics Variables .83(.01) * .80 - .85
Unsolved Crime Scene Characteristics Variables .66 (.03) * .60 -.72

*p < 0.001
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Despite the target selection domain and crime scene characteristics domain displaying
acceptable levels of discrimination accuracy (all data), the AUC for all data (AUC = 0.87)
using all crime scene behaviours still outperformed both domains as seen in Figure 4.8
below. As a result, due to the effectiveness of using all MO behaviours, decision thresholds

were only applied to all MO data and not behavioural domains.

ROC Curve Combined
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Figure 4.8 Comparison of Full ROC curves between All Data, All target selection
variables, and all crime scene characteristics.

Note: All Data: AUC .87 (p<.001, SE=.01, 95% CI=.85-.88).

All Target Selection Variables: AUC .75 (p<.001, SE=.01, 95% CI=.74-.77).

All Crime Scene Characteristics Variables: AUC .78 (p<.001, SE=.01, 95% CI=.76-.80).

4.4 Decision Thresholds

Different thresholds can be set to determine the number of ‘hits’ (predicted to be linked and
actually linked), ‘misses’ (incorrectly predicted as unlinked when actually linked), ‘false
alarms’ (incorrectly linked when actually unlinked) and ‘correct rejections’ (correctly
predicting unlinked and in fact unlinked in reality). To display the effect of different
thresholds, a contingency table for all data, all solved data, and all unsolved data, with
corresponding results when four different thresholds were applied. A lenient threshold was

set at a 90% true positive rate (hit rate) (pH). Youden’s index was calculated to determine
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which threshold maximises hits and minimises false alarms and was labelled as ‘mid-range
threshold’, which is the point closest to the top left corner of the graph. A ‘strict’ threshold
implemented a 15% False Alarm rate (pFA/1-specificity), and a ‘very strict’ threshold was
set at a 5% False Alarm rate (pFA/1-specificity). The base rate for all data was 8.11%, while
all solved data was 17.33% and all unsolved data was 9.71%. Table 4.9 displays a summary
of the outcomes when different decision thresholds were applied.

4.4.1 Lenient Threshold

When a 90% true positive rate was applied to demonstrate a lenient threshold (pH > 0.90),
solved data had the highest false alarm rate of 53% with a corresponding Jaccard’s
coefficient of 0.20. All data had a 47% false alarm rate with a corresponding Jaccard’s
coefficient of 0.21. All unsolved data had the lowest false alarm rate of 38% and the highest
Jaccard’s coefficient of 0.24. As indicated by the Diagnostic Effectiveness (DE), the model
correctly classified the linked status of crime pairs 56% of the time for all data; 55% of the

time for all solved data crime pairs and, 64% of the time for all unsolved data crime pairs.

As indicated by the Misclassification Rate (MR), the model failed to classify crime pairs
correctly 44% of the time for all data, 45% for all solved data and, 36% for all unsolved data.
The Positive Predictive Value (PPV) is the probability that the linked crime pair was
committed by the same offender (Ewanation et al., 2023) which was less than 15% for all
data; 27% for all solved data; and 20% likelihood for all unsolved data. The probability that
crimes which were unlinked and were likely to be committed by different offenders (as
indicated by the Negative Predictive Value [NPV]), produced a 98% probability for all data,

a 96% probability for all solved data and, a 95% likelihood for all unsolved data.

4.4.2 Mid-range Threshold

For all data, Youden’s index (J = 0.588) identified a Jaccard’s coefficient of 0.267, which
resulted in a hit rate of 89.91% and, a false alarm rate of 22.94%. For all solved data,
Youden’s index (J = 0.593) corresponded with a Jaccard’s coefficient of 0.267 which
produced a hit rate of 79.96% and a 20.69% false alarm rate. For all unsolved data, Youden’s
index (J = 0.561) identified a Jaccard’s coefficient of 0.261 which resulted in a hit rate
(sensitivity) of 88.57% and a false alarm rate of 29.71%. The probability of crime pairs being
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Table 4.9

Contingency Table of Decision Outcomes Across Thresholds.

Predicted Linked Status

All Data All Solved Data All Unsolved Data
Threshold Actual Linkage Unlinked (0) Linked (1) Unlinked (0) Linked (1) Unlinked (0) Linked (1)
Unlinked (0) 3857 (CR) 3379 (FP) 1214 (CR) 1333 (FP) 601 (CR) 375 (FP)
Lenient Linked (1) 63 (M) 576 (H) 51 (M) 483 (H) 11 (M) 94 (H)
Unlinked (0) 5576 (CR) 1660 (FP) 2020 (CR) 527 (FP) 686 (CR) 290 (FP)
i Kk
Mid-range Linked (1) 122 (M) 517 (H) 107 (M) 427 (H) 12 (M) 93 (H)
Unlinked (0) 6131 (CR) 1105 (FP) 2182 (CR) 365 (FP) 826 (CR) 150 (FP)
Strict Linked (1) 178 (M) 461 (H) 150 (M) 384 (H) 30 (M) 75 (H)
Unlinked (0) 6877 (CR) 359 (FP) 2420 (CR) 127 (FP) 928 (CR) 48 (FP)
Very STICt™™* | inked (1) 277 (M) 362 (H) 211 (M) 323 (H) 50 (M) 55 (H)

Note: CR = Correct Rejections; FP = False Positive; M = Misses; H = Hits

All Data AUC .87 (p < 0.001, SE = .01, 95% CI = .85 - .88); All Solved Data AUC .86 (p<.001, SE=.01, 95% CI=.85-.88); All Unsolved Data

AUC .88 (p<.001, SE=.02, 95% CIl=.84-.91).
* Sensitivity = 0.9 (90% hit rate)

** Youden’s Index (top left of graph)

*** 15% False Alarm Rate

**** 5% False Alarm Rate
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committed by the same offender was less than 29% (PPV) for all data; 51% for all solved
data and, 33% for all unsolved data. For all data and all unsolved data, there was a 97%
probability (NPV) that unlinked crime pairs were likely to be committed by different

offenders, whereas there was a 94% probability of this for all solved data.

4.4.3 Strict Threshold

When a false alarm rate of 15% was applied (pFA < 0.15), there was a 72% hit rate for all
data as well as all solved data, and a 71% hit rate for all unsolved data. The model correctly
classified the linked status of crime pairs 84% (DE) of the time for all data; and 83% of the
time for both solved and unsolved data. The model failed to correctly classify crime pairs
16% (MR) of the time for all data, and 17% of the time for both solved and unsolved data.
There was a 29% (PPV) probability that predicted crime pairs were the work of the same
offender for all data; 51% probability for all solved data and, 33% probability for all
unsolved data. For all data and all unsolved data, there was a 97% probability (NPV) that
unlinked crime pairs were likely to be committed by different offenders, whereas there was
a 94% probability for all solved data. Corresponding Jaccard’s coefficient was 0.290 for all
data, 0.287 for all solved data and 0.306 for all unsolved data when a 15% false alarm rate

was applied.

4.4.4 Very Strict Threshold

When a very strict threshold of 5% false alarm rate was applied (pFA < 0.05), corresponding
Jaccard’s coefficient was highest for all unsolved data (0.37), followed by all data (0.35)
and, then all solved data (0.34). There was a hit rate of 57% for all data, 61% for all solved
data and, 52% for all unsolved data. The model correctly classified the linked status of crime
pairs 92% (DE) of the time for all data; 89% for all solved data and, 91% for all unsolved
data. The model failed to correctly classify crime pairs 8% (MR) of the time for all data,
11% for all solved data and, 9% for all unsolved data.

The probability of linked crime pairs being the work of the same offender was less than 50%
(PPV) for all data; 72% for all solved data and 54% for all unsolved data. For all data there
was a 96% probability (NPV) that the crimes that were unlinked, were likely to be committed
by different offenders. Whereas there was a 92% probability for all solved data, and 95%
probability for all unsolved data. The positive likelihood ratio (LR+) of 11.42 for all data,
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12.13 for all solved data and, 10.65 for all unsolved data and corresponding low likelihood
ratio of 0.46, 0.42 and, 0.50 respectively (LR-) suggests that there was ‘good’ discrimination
accuracy for the model to distinguish between linked and unlinked crime pairs when a very
strict threshold was applied (Grimes & Schulz, 2005).

4.5 CHAPTER CONCLUSION

This chapter provided the results of the descriptive statistics of the sample as well as a
breakdown of each variable per behavioural domain, with further comparisons between
solved and unsolved series. Results of the inferential statistics displayed significant
differences in Jaccard’s coefficients for linked and unlinked crime pairs, indicating that
linked crime pairs displayed more consistent and similar behaviours across crimes, than
unlinked crime pairs. ROC curves displayed excellent discrimination when all MO
behaviours were analysed, as opposed to the separate functional behavioural domains. Target
selection and crime scene characteristics behavioural domains were more effective at
discriminating between linked and unlinked crime pairs. However, sexual behaviours and
violence and control behavioural domains were ineffective at discriminating between linked
and unlinked crime pairs. A contingency table demonstrated the results of the models to
predict linkage status when different thresholds were applied, which is important to consider
at various stages of the investigation process and which will be discussed further in the

following chapter.
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CHAPTER 5: DISCUSSION

5.1 CHAPTER PREVIEW

This chapter presents a discussion of the findings from the results of the study. It begins by
providing an overview of the key findings achieved through the research objectives,
followed by an in-depth discussion of behaviour consistency and distinctiveness of serial
murder offenders in South Africa. Effectiveness of linking crime pairs is tested through
examining all behaviours, as well as functional behavioural domains, comparing solved and
unsolved series. The chapter further explores performance outcomes through the application
of different decision thresholds. Performance metrics indicate the outcomes of these
thresholds and how they impact on sensitivity, specificity, and decision-making errors,
which is applicable to the application of the logistic regression model for investigators. The
chapter concludes by examining the usefulness and effectiveness of the study, and the

resulting implication of the findings.

5.2 OVERVIEW OF KEY FINDINGS

Crime linkage has become an important investigative tool and has been used to link crimes
effectively based on behavioural evidence displayed at the crime scenes, particularly when
forensic evidence has not been available (Labuschagne, 2015b). Due to the serious
implications, it is crucial that the reliability and validity of crime linkage is well researched
and that the underlying principles of crime linkage are tested and examined internationally,
as well as in South Africa. To date, no study has included unsolved murder series when
testing the assumptions of crime linkage of serial murder offenders. As a result, this study
set out to determine whether behaviour consistency and distinctiveness exists among solved
and unsolved murder series using a sample of South African serial murder offenders. The
sample consisted of 21 South African murder series, and a total of 126 victims were
identified. Seventy-nine victims were linked to 11 solved murder series, and 47 victims were
linked to 10 unsolved murder series. Including unsolved murder series increased the
ecological validity of the study and addressed limitations of previous crime linkage research
which were criticised regarding the samples which were used, as they only included solved
crimes (Bennell & Jones, 2005; Pakkanen et al., 2021; Tonkin et al., 2012b; Woodhams et
al., 2019; Woodhams & Labuschagne, 2012a).
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Through the context of the research objectives, this research empirically tests the underlying
principles of crime linkage of South African serial murderers using quantitative analysis by
determining behavioural similarity (consistency), and discrimination accuracy
(distinctiveness). These findings were indicated by the findings of the Jaccard’s similarity
coefficient and discrimination accuracy of the ROC analysis and corresponding AUC value.
Similarity of linked and unlinked crime pairs using Jaccard’s coefficient indicate that
offenders behave in similar ways across crimes, which provides support for the assumption
of behaviour consistency (Bennell & Canter, 2002; Woodhams et al. 2019). To test
discrimination accuracy, results of the binary logistic regression and ROC analysis indicate
that high levels of predictive accuracy were achieved. An ‘excellent’ level of discrimination
accuracy was found when all MO behaviours (solved and unsolved series) were examined
(AUC =0.87).

The results of the study correspond with similar discrimination accuracy (AUCSs) of previous
research studies conducted on serial murder offenders, which displayed ‘excellent’
discrimination accuracy among serial murder offenders in Italy (AUC = 0.88, Pakkanen et
al., 2021), and ‘outstanding’ discrimination accuracy among serial murder offenders in the
USA (AUC =0.96, Melnyk et al., 2011). Overall support for the underlying assumptions of
crime linkage was found in a sample of (solved and unsolved) South African murder series,
as linked and unlinked crime pairs could be reliably linked, based on behaviour consistency
and distinctiveness. This suggests that serial murder offenders display behaviour consistency
and distinctiveness, across cultures, providing support for the assumptions of crime linkage.

Despite providing support for the assumptions of crime linkage when all crime scene
behaviours were considered, results of the functional behavioural domains indicate
variability in the data, which is consistent with findings from previous crime linkage studies
and studies examining behaviour consistency of serial murderers (Bennell et al., 2021;
Salfati et al., 2015a; Sorochinski & Salfati, 2010; Woodhams et al., 2019). The results of
the study highlight the importance of examining behavioural consistency across functional
behavioural domains by identifying domains with high discriminatory power, while
acknowledging potential variability within and across domains (Woodhams & Labuschagne,
2012a). In other words, some offenders may display greater behavioural consistency and
uniqueness in one functional behavioural domain, and not necessarily another, and for

various reasons, elaborated on below.
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While these reasons were not the focus of this study, the researcher provides speculative
explanations. For example, findings of the current study suggest that behaviours such as
target selection and crime scene characteristics, which are predominantly considered within
the offender’s planning and control, are more consistent, and corresponds with findings from
previous research studies (Bennell et al., 2021; Sorochinski & Salfati, 2010). This could then
suggest that behavioural domains such as sexual behaviours and violence and control
behaviours display less consistency, as they are influenced by situational contexts such as
the interaction with the victim (Salfati et al., 2015a; Salfati, 2019; Sorochinski et al., 2015).
Therefore, these behaviours are considered less in control of the offender, as the offender
cannot plan in advanced how the victim will react or external situational contexts in advance,
such as an interruption of the crime by a witness, which consequently impact on the
offender’s behaviour (Sorochinski & Salfati, 2010).

Therefore, results of the study indicate that combining all MO behaviours is more effective
at linking crimes, rather than individual functional behavioural domains. This finding
corresponds with reports from previous crime linkage research, which found that a
combination of all MO behaviours is more effective at linking crimes than individual themes
or domains (Burrell et al., 2024; Tonkin, 2015). This study paves the way for future research
and investigation into the behavioural characteristics of serial offenders, particularly
regarding potential changes in behaviour across and between solved and unsolved murder
series. The overall consistency and distinctiveness of serial murder offenders will first be
explored when combining all crime scene behaviours, before a brief comparison between

solved and unsolved series is presented.

5.3 INTERPRETATION OF FINDINGS

5.3.1 Overall Behaviour Consistency and Distinctiveness of Serial Murder Offenders

in South Africa

The first objective of the study was to test the underlying principles of crime linkage namely,
the similarity and distinctiveness of South African serial murder offenders’ behaviour which
included all behaviours and all (solved and unsolved) series. To determine behaviour
similarity, the software program B-LINK calculated Jaccard’s coefficient scores for each
crime pair (Bennell & Canter, 2002). Kolmogorov-Smirnov test confirmed significant

deviations (p <.001) from a normal distribution, necessitating the use of a non- parametric
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test. Mann-Whitney U test confirmed that median Jaccard’s similarity coefficient scores of
linked crime pairs was significantly larger (p < .001) than unlinked crime pairs with a
moderate effect size (r = 0.35) (Cohen, 1960). This suggests that offenders behave in similar

ways across crimes, which indicates behaviour consistency.

This finding aligns with previous research studies which demonstrated that linked crime
pairs displayed greater similarity than unlinked crime pairs (Bennell et al., 2014; Bennell &
Canter, 2002; Tonkin et al., 2012b; Tonkin & Woodhams, 2017; Woodhams et al., 2019;
Woodhams & Labuschagne, 2012a). Jaccard’s coefficient scores for linked crime pairs (all
data) had a minimum value of .08 and a maximum value of 1.00. The maximum value of
1.00 indicates that some linked crime pairs displayed perfect behavioural similarity (Bennell
& Canter, 2002; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a). Unlinked
crime pairs (all data) minimum Jaccard’s coefficient value of .00 indicates no similarity, and
0.72 was the maximum Jaccard’s coefficient value for unlinked crime pairs. This indicates
that no unlinked crime pair demonstrated perfect similarity and therefore, supports the
assumption that linked crime pairs are more similar than unlinked crime pairs. This provides
further support for one of the underlying principles of crime linkage, which is the behaviour
consistency of offenders, which suggests that if offenders demonstrate behaviour similarity,
then it is likely that they are consistent in the behaviours that they display across crimes
(Bennell et al., 2021; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a).

To cross-validate the results and to ensure that they generalise beyond the data used to
develop the regression model, the LOOCV method was applied to all datasets, mirroring
previous crime linkage research (Tonkin et al., 2012b; Woodhams et al., 2019; Woodhams
& Labuschagne, 2012a). Thereafter, to test discrimination accuracy, predicted probabilities
obtained from Jaccard’s coefficient as input in the LOOCV syntax, were used in a ROC
analysis. Determining discrimination accuracy was necessary to test the second hypothesis
underpinning crime linkage, which is that offenders are distinct and unique in their crime
scene behaviours and, as a result, can be distinguished from one another (Woodhams et al.,
2019). The model was able to distinguish between linked and unlinked crime pairs
effectively and displayed ‘excellent’ discrimination accuracy (AUC = 0.87).

The AUC provides an overall indication of linkage accuracy. In other words, an AUC of .87

indicates that randomly selected linked crime pairs (crimes committed by the same offender)

135



will have higher similarity coefficient scores (predicted probabilities) 87% of the time than
randomly selected unlinked crime pairs (crimes committed by different offenders) (Bennell
et al., 2014; Ewanation et al., 2023; Pakkanen et al., 2021). The model correctly classified
crime pairs 94% of the time (as indicated by the DE) and had a corresponding MR of 6%.
This finding corresponds with results of previous research, which found high levels of
linking accuracy among serial murder offenders (AUC = 0.88, Pakkanen et al., 2021; AUC
=0.96, Melnyk et al., 2011).

This finding demonstrates that overall, when all crime scene behaviours are included, South
African serial murder offenders (solved and unsolved series) are consistent, and that linked
crime pairs can be effectively distinguished from unlinked crime pairs, indicating
distinctiveness of crime scene behaviours. This further supports the theory that when an
offender finds what works for them to successfully commit the crime, and evade
apprehension, their behaviours are often stable and consistent (Hazelwood & Warren, 2003;
Woodhams & Labuschagne, 2012a). In addition, due to the internal fantasy and
psychological meaning of the crime to the offender, their behaviours are often unique (Gee
& Belofastov, 2015; Sorochinski & Salfati, 2010; Woodhams & Labuschagne, 2012a). The
value of including an ecologically valid sample (unsolved series) strengthens the support for
the assumptions of crime linkage. A comparison of similarity and distinctiveness between

solved and unsolved series when examining all behaviours, will be explored further below.

5.3.1.1 Comparison of Behaviour Consistency and Distinctiveness Between Solved and

Unsolved Murder Series

Mann Whitney U tests indicated that Jaccard coefficient linked crime pairs were
significantly larger than Jaccard coefficient unlinked crime pairs, across solved and unsolved
datasets when all behaviours were included. Moderate to moderate-to-strong effect sizes
were found respectively. This suggests that, regardless of whether a series was solved or not,
linked crime pairs displayed similar and therefore, consistent behaviour across series. This
is an important finding as it addresses concerns of previous crime linkage research studies
which only included solved series. It has been suggested that there may have been sample
bias (Cooper & Meterko, 2019; Davies et al., 2019) in previous crime linkage studies. This
Is because researchers have speculated that unsolved series are possibly less similar, and less
consistent, and therefore, more challenging for investigators to link and solve the series
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(Bennell & Jones, 2005; Tonkin et al., 2012b; Woodhams & Labuschagne, 2012a).
However, the finding of the study suggests that linked crime pairs, across solved and
unsolved murder series, displayed greater behavioural consistency than unlinked crime pairs.
This indicates that unsolved series linked crime pairs display behaviour similarity, as
indicated by the linked crime pairs which were significantly more similar than the unlinked
crime pairs. Although the effect sizes suggest that linked crime pairs from the solved series
had a slightly larger effect than linked crime pairs from the unsolved series. This suggests
that series which were solved displayed slightly higher levels of behaviour consistency than

unsolved series.

High levels of linking accuracy were found, regardless of whether the series was solved or
unsolved when all behaviours were included. Against expectation, unsolved series displayed
slightly higher discrimination accuracy (AUC = 0.88) with a 93% accuracy at classifying
linked and unlinked crime pairs. Whereas the solved series (AUC = 0.86) correctly classified
crime pairs 90% of the time. This is an unexpected finding; however, it could be
hypothesised that solved cases included cases which were linked through forensic means, or
a confession, that may not have been linked otherwise. However, the difference between the
solved and unsolved AUC values was not statistically different (p > 0.05). This finding is
important for providing empirical support for the underlying principles of crime linkage

research using an ecological valid sample.

This finding demonstrates that unsolved murder series also display behaviour consistency
and distinctiveness, which has been subject to speculation, as previous research studies were
criticised and limited by only utilising solved murder series (Bennell et al., 2021; Bennell &
Jones, 2005; Santtila et al., 2008). This supports the notion that unsolved murder series are
not always a result of a lack of inter-case linkage or failure to link related crimes, but rather
that serial offenders often rely on chance and ‘luck’ to avoid detection (Yaksic et al., 2021;
Yaksic, 2023). This is an interesting finding as it contrasts with findings from Woodhams
and Labuschagne (2012a) and Woodhams et al. (2019) study, which examined serial sexual
crimes and found slightly lower levels of discrimination accuracy of unsolved serial sexual

offenders.

There are several possible explanations for this different outcome. Firstly, both studies
conducted by Woodhams and Labuschagne (2012a) and Woodhams et al. (2019) were
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examining serial rape and not murder series. Therefore, the variables used to capture
behaviours are different and arguably not comparable or generalisable to other crime types.
In addition, the researcher speculates that within the current study, many of the case files of
unsolved series, especially those from the most recent years, were often more descriptive
and had, for example, more detailed, and richer information compiled by the IPS. The richer
the information and the more information gathered, can result in increased accuracy of crime
linkage (Winter et al., 2013; Woodhams et al., 2019). Therefore, as highlighted in previous
studies, the quality of the data used as input is important for the quality of the output of
results (Bennell et al., 2021; Davies et al., 2021; Turvey & Freeman, 2012a; Woodhams &
Davies, 2021).

However, the model’s ability to effectively classify linked and unlinked crime pairs,
regardless of whether the series was solved or unsolved, provides valuable insights regarding
the consistency and distinctiveness of serial murder offending behaviour across crimes
(Pakkanen et al., 2021). Understanding the potential differences between behaviour
consistency between solved and unsolved murder series is crucial for understanding and
improving crime linkage research, particularly in the context of unsolved murder series. If
certain domains exhibit higher or lower AUCs for unsolved cases, this highlights the need
for alternative investigative strategies that, in the absence of a clear suspect or a surviving
victim, can capture more comprehensive and nuanced crime scene behavioural information
(Bennell et al., 2021). Further examination of the functional behavioural domains will now
be discussed in detail below.

5.3.2 Functional Behavioural Domain Effectiveness at Linking Crimes

If linked crime pairs display greater behavioural similarity, this suggests that they behave
consistently (and similarly) across crimes. As indicated by Mann Whitney U test, all linked
crime pairs Jaccard’s coefficient scores were significantly larger (p<.001) than unlinked
crime pairs Jaccard’s coefficient scores across behavioural domains, and across solved and
unsolved series. This further provides support for the underlying assumption of crime
linkage with regard to behaviour consistency of offenders, as linked crime pairs are more
similar in crime scene behaviours than unlinked crime pairs (Pakkanen et al., 2021;
Woodhams et al., 2019). However, effect sizes were small and, based on Jaccard’s

coefficients, some crime pairs (both linked and unlinked crime pairs) reached perfect
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similarity (as seen by the maximum Jaccard’s coefficient score of “1”’). The variability in the
data suggests that some offenders may behave very consistently in some contexts (such as
within the behavioural domains, and/or across crimes) however, in some cases, they may
behave inconsistently which supports finding from previous research studies (Bateman &
Salfati, 2007; Salfati & Bateman, 2005; Sorochinski & Salfati, 2010, 2019; Tonkin et al.,
2019; Woodhams & Labuschagne, 20123).

To ascertain behaviour distinctiveness through discrimination accuracy of the AUCs, a range
of outcomes were demonstrated across the behavioural domains. Domains with higher
AUC’s demonstrate stronger discriminatory accuracy, meaning that they effectively
differentiated between linked and unlinked crime pairs (Bennell & Canter, 2002). However,
some domains were ineffective at discriminating between linked and unlinked crime pairs
(AUC £0.5). This indicates that offender’s behaviour in some behavioural domains are less
distinct, and thus linked and unlinked crime pairs could not be differentiated from one
another. This suggests that those individual functional behavioural domains are not useful

for linking purposes.

Overall, when solved and unsolved series were combined target selection domain (AUC =
0.75) and crime scene characteristics domain (AUC = 0.78) displayed ‘acceptable’ levels of
discrimination accuracy. However, violence and control domain (AUC = 0.66) and sexual
behaviour domains (AUC = 0.37) were ‘ineffective’ (Hosmer et al., 2013) at discriminating
between linked and unlinked crime pairs. This suggests that the target selection domain and
crime scene characteristics domains were more effective at linking crime pairs. In other
words, offenders displayed more distinct crime scene behaviours within these domains and
were therefore easier to link. This does not suggest however, that violence and control
behaviours and sexual behaviours should be disregarded, as the variability among these
behavioural domains highlight the variability of offender’s behaviour (Bateman & Salfati,
2007; Bennell et al., 2021; Schlesinger et al., 2010; Sorochinski & Salfati, 2010; Woodhams
et al., 2019). In addition, these two behavioural domains are often more susceptible to
external influence such as the interaction with the victim, whereas target selection and crime
scene characteristics domains are considered more within the offender’s planning and
control. For example, the offender is able to select and target a specific victim however, they
are not able to control how the victim might respond or react (Salfati, 2019). Therefore, these

findings contribute towards the overall picture regarding the behaviour consistency and
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distinctiveness of serial murder offenders, considering that the model demonstrated

‘excellent’ discrimination accuracy when all MO behaviours were included (AUC = 0.86).

It is important to reiterate that the purpose of the study was to examine whether behaviour
consistency and distinctiveness exists, not to examine or generalise the frequency of specific
variables or behaviours. More specifically, the descriptive results from the checklist of
behaviours should not be generalised to all serial murder offenders in South Africa, as they
are only representative of the sample used in the current study (Burrell et al., 2024).
Additionally, if different murder series were included in the study, the outcomes regarding
the frequency of crime scene behaviours (variables) could very well differ (Bennell et al.,
2021; Woodhams et al., 2019). However, the researcher does highlight some of the
frequency of findings of the variables which correspond with previous research studies
examining crime scene behaviours of serial murder offenders, particularly in the South
African context. Findings which had notable discrepancies are also presented, to demonstrate
that the frequencies of the variables should not be generalised to the population of serial

murder offenders both internationally as well as in South Africa.

Each behavioural domain will now be discussed further, highlighting some of the descriptive
findings of the variables corresponding with findings from previous research. In addition,
discrepancies will be addressed, as well as an examination the overall effectiveness of all
data within each domain will be discussed, before comparing solved and unsolved outcomes
for each domain. For ease of reading, percentages will be rounded to the nearest decimal.

5.3.2.1 Consistency and Distinctiveness of Target Selection Behaviours

With regard to target selection behaviours (such as the age, race, gender of victim, approach
location etc.), Mann Whitney U tests determined that Jaccard’s coefficient scores for all
linked crime pairs were significantly larger than unlinked crime pairs, across solved and
unsolved series. This suggests that offenders are consistent in target selection behaviours, as
high levels of behaviour similarity are found across datasets. This finding mirrors previous
research which found that serial murder offenders are consistent regarding the types of
victims which they target (Bennell et al., 2021; Horning et al., 2015; Ressler et al., 1986;
Salfati et al., 2015a; Sorochinski et al., 2015).
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Overall, target selection behaviours displayed ‘acceptable’ levels (AUC = 0.75) of
discrimination accuracy for all data (solved and unsolved) as well as all solved data (AUC
= 0.78). Against expectation, excellent discrimination (AUC = 0.81) accuracy was found
within the unsolved target selection domain. This indicates that the model was able to
successfully distinguish between linked and unlinked crime pairs based on the Jaccard’s
coefficient probability values for target selection behaviours. This suggests that serial
murder offenders not only display similarity (consistency) in their target selection
behaviours across crimes, but that they are also distinct in relation to the target selection
behaviours used in this research. As a result, target selection behaviours appear to be
effective at linking crimes. Interestingly, the unsolved target selection domain displayed
higher discrimination accuracy (AUC = 0.81) compared to the solved target selection domain
(AUC = 0.78). However, there was a lower number of victims for unsolved murder series.
This could suggest that there is more variability of an offender’s behaviour regarding target
selection behaviours as a series develops, which supports findings from previous research
on serial murder offenders (Salfati, 2019). Alternatively, this could suggest a potential
limitation of the sample, as only crimes which were forensically linked to a series were

included in the research.

In other words, excluding cases which were not forensically linked could be considered a
possible limitation of this study, as an offender could be responsible for more victims. For
example, when examining unsolved case files, the researcher observed that the IPS had
linked additional crimes to a (unsolved) series, based on behavioural evidence. However, the
researcher could not include them in the current study as they did not meet the inclusion
criteria of being forensically linked, which is necessary to establish the ground truth in crime
linkage research (Burrell et al., 2024). As a result, unsolved cases which have not been
forensically linked were outside of the data set (Zappala et al., 2022). Therefore, serial
offenders’ victim count may not necessarily be lower or decreasing per se, but rather that
they were not linked forensically for the purpose of this study. In addition, two of the solved
series could be considered prolific offenders and elevated the mean victim count for solved
series. Alternatively, it could be speculated that murder series which were solved had
initially attracted greater scrutiny and urgency due to the high number of victims and
offender prolificity (Chai et al., 2024), and therefore, were detected and apprehended sooner,

or that the offender made more mistakes on which investigators capitalised. It would be

141



interesting for future research to examine the methods which investigators used to apprehend
serial murder offenders, to determine the most effective strategies used to solve these series.

Although the study of the features of the variables and characteristics of the descriptive
statistics is not the main purpose of the research, it is worth noting some of the comparable
results found, as well as dissimilarities when compared to studies conducted both in South
Africa and internationally. Most victims in the current study were Black (83%), followed by
Coloured victims (9%), White victims (8%), and lastly Indian victims (less than 1%). Two
Asian victims were found in Salfati et al. (2015b) while no Asian (0%) victims were in the
current study. This highlights that frequencies of behaviours in the study should not be
generalised to all serial offenders in South Africa, or to other countries, as different samples
of murder series will have different outcomes. Although these findings differ regarding the
race of victims in Australia, Canada, and the USA where most of the victims were reported
to be White (James et al., 2018; McKinley & Petherick, 2021; Sorochinski & Salfati, 2010).
These findings are comparable with findings from Salfati et al. (2015b), and are unsurprising
within the South African context, as the majority of the population within South Africa is
over 80% Black (Labuschagne, 2021). Racial demographics of victims often represent the
natural demographics and composition of the country (Chopin & Beauregard, 2021a).

Results of the current study also found that just over half of the victims (52%) are classified
as a vulnerable population group; including children (< 17 years old), and the elderly (> 65
years old). Vulnerable victims are individuals who can be overpowered easily, easily
manipulated, and often have low social control (Egger, 2002; Horning et al., 2015; Salfati et
al., 2015a). Female victims are also considered part of the vulnerable population group and
almost 90% of the victims in the current study were female. This finding replicates previous
research studies both internationally as well as in South Africa, which found that serial
offenders target vulnerable victims, and predominantly females (Horning et al., 2015; Salfati
& Sorochinski, 2019; Salfati, 2019; Salfati et al., 2015a; Sorochinski et al., 2015;
Sorochinski & Salfati, 2010). In addition, the majority of victims in the current study were
adult Black females and mirrored findings from Salfati et al. (2015b) study where middle-
aged Black females were the predominant victims of serial murderers in South Africa.

The majority of offenders displayed consistency with regard to the selection of the gender

of the victims which they targeted. Within the sample, 76% of offenders targeted only female
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victims, 5% targeted only male victims, and 19% of offenders targeted both male and female
victims. This is contrary to what Yaksic (2022) reported, as he stated that 48% of serial
murder offenders in the USA Kkill both male and female victims. Interestingly, half of the
offenders (2/4) who targeted both male and female victims (n = 4) in the study were from
the only two prolific solved murder series, while half of the offenders (2/4) who targeted
both genders were two unsolved murder series. Therefore, it could be suggested that as
victim count increases, offenders target selection varies with regard to gender of victims,
and that serial murder offenders who target both genders, are more difficult to link and,
therefore, to solve. However, this is purely speculative at this stage, and future research
should be conducted to determine whether this suggestion is plausible. This also highlights
that the results of the frequency of the behaviours used in this study should not be generalised
to the serial murder population in South Africa, as different outcomes may very well have

been found if different murder series were included in the sample.

Victims were known to offenders in less than 8% of the solved series, with the majority of
victims being strangers (92%) to the offenders. This finding further supports the notion that
serial murder offenders in South Africa target victims who are strangers to them (73.3%)
(Sorochinski et al., 2015). This is also consistent with international findings in Germany
(Harbort & Mokros, 2001), Italy (Pakkanen et al., 2021), and Australia (McKinley &
Petherick, 2021). In addition, the current study found that less than 5% of victims were sex
workers, which is in line with previous studies examining serial murder offenders in South
Africa (Horning et al., 2015). This appears to be considered somewhat unique to the South
African context and is contrary to findings internationally such as in the USA, where sex
workers are considered high frequency targets of serial murder offenders (Sorochinski &
Salfati, 2019). Sex workers are considered vulnerable due to the nature of their work as they
frequently encounter, and are willing to accompany strangers, often to an isolated and
secluded location (Horning et al., 2015). The explanation provided by previous researchers
posit that due to the high unemployment levels in South Africa, it is not uncommon for an
individual to accompany a stranger with the promise of employment, which is ultimately a
ploy to lure victims away to secluded locations in order to commit crimes against them
(Hodgskiss, 2004; Labuschagne, 2021b; Labuschagne & Salfati, 2015).

Eighteen percent of victims survived the attempted murder/and or rape in the current study,

which reiterates findings from Sorochinski and Salfati (2010) who found that 19% of victims
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survived within the sample of victims of serial murder offenders conducted in the USA.
Interestingly, 70% of offenders (7/10) from the unsolved series consistently murdered all
their victim’s, whereas only 54.55% of offenders (6/11) from the solved series consistently
murdered all of their victims. This demonstrates that surviving victims are important to
consider from an investigative standpoint, as surviving victims can often have vital
information which may assist in solving a series, as indicated by the results of the current
study. This also highlights the importance of including all victims within a murder series,
regardless of survival status, as it further demonstrates behavioural variance and criminal
diversification, as not all offenders are consistent in murdering victims (Hickey, 2016;
Salfati et al., 2015a; Sorochinski & Salfati, 2010). While the majority of offenders murdered
all (known) victims within a series (61.90%), three offenders (14.29%) murdered half of
their victims (two solved series and one unsolved series). In these instances, it could be
suggested that the high ratio of surviving victims suggests that murdering the victim was a
precautionary act, and not the primary motive of the offender. This demonstrates what
Freeman and Turvey (2012) refer to as criminal versatility, as offenders are

multidimensional in their behaviours and motivations.

Victim count may also be relevant, as a high number of victims could result in a higher
likelihood of more victims surviving (Salfati et al., 2015a; Sorochinski & Salfati, 2010). In
some instances, victims were able to escape or survive the attack (Salfati et al., 2015a).
Future studies should explore whether victims survived due to chance, or whether the
offender purposely let a victim survive. 1t would be useful for future research to explore why
some target victims were, or were not, murdered as the act of murder may be ‘victim-
specific’ (Sorochinski & Salfati, 2010). Exploring whether there was a deeper psychological
meaning for the offender, or whether it was purely situational (such as being interrupted by
a passer-by, or the reaction of the victim, and/or inexperience of the offender), as well as
ineffective killing methods or methods of control, would also add to the body of knowledge
regarding serial murder offenders. The aspect of surviving victims could be helpful for
investigators to consider when investigating unsolved cases (Salfati et al., 2015b; Salfati,
2019; Sorochinski & Salfati, 2010). It is recommended that cases where victims of rape and
or attempted murder survived, be compared to unsolved murder cases, in order to determine

possible linkages by examining similarities between target selection behaviours.

144



The results of the study suggest that offenders are generally consistent in target selection
behaviours. This confirms previous research which has indicated that serial murderers often
target similar types of victims across crimes, as the victim is often central to the fantasy of
the offender (Hazelwood & Warren, 2003; Hickey, 2016; Labuschagne, 2012). This finding,
which suggests that offenders are both consistent, and distinct enough from one another to
be distinguished between crime series when examining target selection behaviours, is
important for investigators as well as practitioners such as behavioural analysts. This
functional behavioural domain is therefore likely to be beneficial for investigators to
consider when linking and connecting crimes to a series, as serial murder offenders appear
to select similar targets across crimes which is consistent with conclusions from Salfati et

al. (2015a) study on serial murder offenders in South Africa.

However, variability in the data with regard to Jaccard’s coefficient (as indicated by
minimum and maximum values), suggest that not all offenders display behaviour
consistency with regard to target selection behaviours, a finding consistent with previous
research examining consistency of victims among serial murderers (Salfati et al., 2015a;
Sorochinski & Salfati, 2010). Therefore, investigators need to take this into consideration
during the course of their investigation, and not completely disregard cases where target
selection behaviours may differ. For example, as mentioned by Freeman and Turvey (2012),
offending motivation and behaviour may differ as a result of the offender’s mood, substance
use and/or situational circumstances or motivation/s at that particular time (Bougard &
Hesselink, 2021). As a result, investigators may need to take into consideration other aspects
of the crime scene to link cases, such as geographical locations and spatial proximity, which

have proven to be useful at linking crimes (Snook et al., 2005b; Tonkin et al., 2011).

However, overall, this behavioural domain appears to be useful and effective at linking
crimes, particularly since behaviours within this domain are considered more within the
control of the offender. Offenders can select and determine who, and when, they choose to
attack and the conditions under which they choose to do so. Therefore, it is suggested that
behaviours considered within the offender’s control are considered more consistent as they
are less susceptible to external or situational influence in comparison to, for example, sexual
behaviours (Bennell et al., 2021; Ewanation et al., 2023; Woodhams et al., 2007). In
addition, it could be speculated that target selection behaviours are related to pre-offence

planning behaviours (Reale et al., 2021, 2022). This is consistent with findings from
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Sorochinski et al. (2015) who found that serial murder offenders in South Africa use pre-
and post-planning offence strategies before they commit their crimes.

5.3.2.2 Consistency and Distinctiveness of Sexual Behaviours

Sexual behaviours were variables such as state of victims’ dress/undress, exposing of
victims’ body parts, penetration of genital-anus, injuries to victims’ genitals, seminal fluid
found at the crime scene etc. Results from the Mann Whitney U test indicate that Jaccard
coefficients for all sexual behaviours (solved and unsolved) linked crime pairs was
significantly larger (p <.001) than all unlinked sexual behaviour crime pairs. Despite sexual
behaviours displaying significant differences between linked and unlinked crime pairs across
datasets, the effect sizes were small within this behavioural domain. This suggests that lower
levels of behavioural similarity were present among offenders in this sample with regard to

sexual behaviours, and, therefore, there was less behaviour consistency.

As indicated by Jaccard’s coefficient minimum and maximum values, there was perfect
similarity (1), as well as perfect dissimilarity (0) amongst linked and unlinked crime pairs
within the sexual behaviour domain. Variability within this domain was also apparent when
examining the Boxplots, as shown in Figure 4.4 of the previous results chapter. Therefore,
some offenders appear to be very consistent while some offenders are very inconsistent
which confirms findings from previous research studies regarding the complexity of serial
sexual behaviour (Bennell et al., 2021). The low effect size between the two linked status’
further supports the notion that sexual behaviours are not as effective at linking crimes, based
on the findings of the behaviours of series used in this study. This finding is supported by
previous research regarding the sexual component of serial murder offenders who found that
the sexual component to be the least consistent (Bateman & Salfati, 2007). This could be as
a result of a lack of apparent or observed sexual activity which is often not available
(Bateman & Salfati, 2007; Salfati, 2019; Zappala et al., 2022).

Additionally, sexual behaviours were ineffective at linking crime pairs as demonstrated by
the AUCs amongst datasets within this domain. Unsolved cases’ sexual behaviours had low
levels of discrimination accuracy (AUC = 0.58). While all sexual behaviours (solved and
unsolved) (AUC = 0.37) and solved sexual domain (AUC = 0.34) indicate that the model’s
performed worse than chance. This supports research findings by Bateman and Salfati (2007)
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who found that the sexual component was the least useful at connecting serial murder
offenders in their study. It also further demonstrates findings of research conducted by
Bennell et al. (2021) who highlighted the complexity of behavioural patterns underlying
serial sexual assaults. It was reported that victim-offender interaction can produce varied
behaviours exhibited at crime scenes, and a greater range of behaviours can be displayed
(Bennell et al., 2021). The model’s inability to classify and discriminate between linked and
unlinked crime pairs, as indicated by the ROC analysis, suggests that the model had
insufficient data, and was unable to learn patterns related to crime pairs (Bennell et al., 2021)
This could suggest that the quality of data available could be a limitation in the study
(Bennell et al., 2015a). In other words, the variables within these domains may not been
operationalised in such a way that it is able to capture the behavioural domain effectively
(Bennell et al., 2021).

Firstly, taking theoretical assumptions into account, not all serial murder offenders are
sexually motivated (Salfati et al., 2015b). Therefore, in some series there was little to no
data pertaining to sexual behaviours. This means that less information was available to the
researcher regarding sexual behaviours, which could have resulted in an underestimation of
the domain’s discrimination ability. For example, 14% (3/21) of the offenders were
consistent in leaving victims fully dressed and had no other evidence to suggest or indicate
any sexual behaviours. Secondly, some of the information pertaining to sexual acts is often
not known, as observable evidence of sexual activity is often not available (Bateman &
Salfati, 2007; Salfati, 2019; Zappala et al., 2022). For example, presence or absence of DNA
at the crime scene may vary across crimes, or may not be available at all, due to
circumstances related to each case (Sorochinski et al., 2015). For instance, degradation of
forensic evidence at a crime scene due to delay in body recovery, body decomposition, poor
crime scene investigation, or forensic awareness of an offender (such as an offender using a
condom), limit crucial evidence relating to sexual behaviours (Sorochinski et al., 2015). For
example, whether the victim was raped or whether saliva and/or seminal fluid was present

on the victims or at the crime scene (Charan, 2023; Minkler et al., 2024).

Lack of observed sexual evidence is viewed as a limitation, and an issue which investigators
face during their investigations, highlighting the need for alternative strategies to connect
crimes when forensic evidence is lacking or unavailable (Rossouw & Palys, 2025;

Woodhams & Labuschagne, 2012a). However, these results are not indicative that sexual
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behaviours or acts did not occur as the absence of evidence of rape or sexual assault does
not mean that rape or sexual assault did not occur (Machisa et al., 2017). In addition, it could
suggest that the offender was forensically aware and/or took precautionary actions such as
using a condom or removing evidence of seminal fluid (McKinley & Petherick, 2021). This
Is consistent with international studies which found that serial offenders have greater
forensic awareness in comparison to once off murderers (Chan et al., 2015; McKinley &
Petherick, 2021). Notably, almost 90% of serial murder offenders in South Africa had a prior
criminal history (Horning et al., 2015). Therefore, because of prior contact with law
enforcement, they may consequently use detection and avoidance strategies during their
crimes, such as destroying or removing forensic evidence (Chopin & Beauregard, 2021b;
Reale et al., 2020).

Furthermore, sexual gratification may have also been obtained through the fantasy of the
offender and achieved through other types of behaviours such as verbal script or actions
(Salfati, 2019; Woodhams & Labuschagne, 2012a). A further limitation is that lack of
physical evidence such as genital injuries, does not necessarily indicate that rape or sexual
assault did not occur. Many victims do not necessarily show genital injuries, particularly
(adult) women who have engaged in consensual sexual intercourse before (Orellana-
Campos, 2020; Walker, 2015). Additionally, few rape victims in South Africa reportedly
displayed physical injuries or evidence of rape, and only 56% of rape victims in South Africa
had evidence of genital-anal injuries (Machisa et al., 2017). Offender’s may control the
victim through verbal threats or threats of harm, with a weapon present at the scene (Turvey
& Freeman, 2012b). As a result, victims, out of survival and fear, may believe that if the
offender is satisfied sexually, they will survive and, as a result, may not physically resist the
sexual assault. Therefore, the rape may not have been particularly forceful or violent (but
still non-consensual), which could explain why there are no visible genital injuries (Machisa
et al., 2017; Orellana-Campos, 2020; Walker, 2015).

The majority of victims were found in various states of undress, and only 22% of victims
were fully clothed. Although Salfati et al. (2015b) posited that serial murder is not an
inherently sexual crime, the state of undress of victims does provide support for the notion
that serial murder offenders in South Africa are often sexually motivated, as there is a sexual
nature or element to their crime (Labuschagne, 2021). This is interesting to consider as,

despite the majority of crime scenes displaying a sexual element in the way in which the

148



victim is found undressed, few victims had evidence of vaginal penetration (35%), and
seminal fluid was only present in 32% of these cases. No seminal fluid was identified in the
victims who had evidence of anal penetration (6%). Seminal fluid was only located at 11%
of the crime scenes, with just over 2% found on the victim’s body or victims clothing. A
condom was found at fewer than 3% of the crime scenes. This could also be explained due
to the natural environment in which victims of South African serial offenders are found, such
as high temperatures and animal’s scavenging on decomposing bodies, which may degrade

physical evidence such as DNA or seminal fluid (Sorochinski et al., 2015).

Fewer than 2% of crime scenes had evidence of digital penetration, and these instances were
reported to the police from the same offender from one of the solved series. Genital
mutilation occurred in fewer than 5% of cases, with one series where the genitals were
consistently removed from all the victims in the series. This series was notably the sole
instance in the study which consisted exclusively of male victims. When examining the raw
data, few cases had evidence of foreign object insertion. Therefore, there may be exceptions,
and these instances could be instances related to the signature of an offender (Hazelwood &
Warren, 2003; Van der Watt et al., 2014). However, as this research is examining overall
behaviour and consistency and distinctiveness across all MO crime scene behaviours, as well
as across functional behavioural domains, unique and distinct crime scene behaviours should
not be dismissed or excluded by investigators as linking factors. For example, a unique
sexual behaviour of inserting a foreign object inside a victim’s vagina should not be ignored
however, investigators may need to be cognisant that this does not necessarily mean that the
offender will consistency use this type of behaviour with every victim, and for various
reasons. Therefore, this research indicates that, overall, sexual behaviours are unlikely to be

useful for linking murder series.

In addition, the psychological motive and meaning behind an offender’s behaviour is not
known. Therefore, the researcher’s inferred meaning of certain behaviours could have
resulted in limitations of the domains effectiveness at linking crimes (Bennell et al., 2021).
For example, some offenders, to control the victim, may instruct victims to undress as a way
to induce shame and a sense of vulnerability (Freeman & Turvey, 2012). Therefore, the
variables used to code sexual behaviours may not accurately reflect the usefulness of this
functional behavioural domain, as some of the variables used to code these features may not

comprehensively reflect and capture sexual behaviours. For instance, there are many
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behaviours which are coded as absent or missing, particularly in the sexual domain, and it is
suggested that this domain can often be influenced by interaction with the victim and
therefore situational and contextual factors (Bennell et al., 2021; Bennell & Canter, 2002).
Although this could be viewed as a limitation of the study, it does provide an insight into the
complexity of examining serial murder offenders’ behaviours, and the challenges researchers
and investigators face when inferring behaviour of offenders into perceived functional
domains (Bennell et al., 2021).

However, it can be argued that there are limited ways of capturing evidence of sexual
behaviours with deceased victims (Bennell et al., 2021). Without any forensic evidence, this
will continue to be a limitation to investigations and researchers examining crimes of
murder, as the victim is not alive to provide details on what did, or did not, occur. Despite
the above limitations, this finding does provide further insight and an interesting point for
speculation and reflection. Studies on serial sexual offenders indicate that offenders are
consistent and unique in their crime scene behaviours (Woodhams et al., 2019; Woodhams
& Labuschagne, 2012a; Woodhams & Toye, 2007). For example, findings from Woodhams
and Labuschagne (2012a) indicate that serial sexual offenders were consistent in their overall
MO behaviours, as suggested by Jaccard’s similarity coefficient scores between linked and
unlinked crime pairs with resulting AUC of .88. However, the variables used in their study
were often descriptions of what the victim relayed to investigators such as: what the offender
had done; what was said between the offender and victim; and what sexual acts had occurred.
In other words, with living victims of sexual crimes, the interaction between the victim and
offender was able to be documented and recorded (Woodhams & Labuschagne, 2012a),
whereas the current research was limited with that type of information due to victim’s being

deceased.

In murder cases, information related to victim-offender interaction is absent due to the victim
being deceased, therefore evidence and important information related to sexual behaviours
is lost. Findings in Horning et al. (2015) found that serial offenders were consistent in their
use of the victim as vehicle, suggesting that the interaction with the offender was common
among South African serial murder offenders. This means that an offender’s involvement
and interaction with the victim influences and impacts on the level of consistency of an
offender (Bateman & Salfati, 2007). Victims used as vehicles to the offender, suggest that

the victim plays an active role in the fantasy of the crime, and are reported to be less
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consistent as series progressed due to loss of control of the offender (Horning et al., 2015).
Points for future research to explore could include whether the fantasy is more important,
or, rather, the act of being violent and aggressive and committing physical acts. In other
words, could the interaction with the victim (and the psychological meaning the offender
attributes to this interaction) be more important to the offender than purely acting out a
behaviour? Additionally, does the offender have specific scripts as found in previous sexual
assault and serial rape research (Woodhams et al., 2019; Woodhams & Labuschagne, 2012a)

which are more consistent in determining the outcome of a behaviour?

Victims who survived may have survived or been released for various reasons, which were
‘victim specific’ (Sorochinski & Salfati, 2010). Therefore, the fact that they survived could
indicate that this situation was different or unique (for unknown and a multiple of possible
reasons), and, therefore, the behaviours or acts may not be consistent with what other
(deceased) victims were subjected to. However, in the absence of a surviving victim or
witness, the only other way information pertaining to sexual behaviours and victim offender
interaction could possibly become available would be through reports from the offender
him/herself. In addition, obtaining information from offenders may not be accurate as they
may falsify information, whether it be for self-entertainment and sensationalism, fear of
suffering further consequences or punishment if they do disclose non-consenting sexual acts,
or for other, unknown reasons. Therefore, the reliability of information gathered from an
offender disclosing such information, could be questionable and unreliable (Bennell et al.,
2021; Canter, 2000).

Some of the data were so old that many investigators have left SAPS or retired and could
not be engaged further on some of the cases. Therefore, coding accuracy should ensure that
crime scene behaviours are captured accurately and with precision, as the more accurate and
exact the coding is, the more accurate and exact the performance metrics (Davies et al., 2019;
Keatley & Clarke, 2020). This finding is still important as sexual behaviours contribute
towards the overall consistency and distinctiveness of offenders at crime scenes, despite
being ineffective at an individual functional behavioural domain level. Therefore, this
behavioural domain should not be disregarded but could be a focus for further research
studies, to explore how to best capture and operationalise sexual behaviours more

effectively.
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5.3.2.3 Consistency and Distinctiveness of Violence and Control

Behaviours

Median Jaccard coefficient of all linked crime pairs for violence and control behaviours
(such as COD, non-lethal injuries, methods used to control the victim such as restraints etc.)
were significantly larger than unlinked crime pairs, as indicated by Mann Whitney U test
results. Results were consistent across datasets within this domain, and each had a
corresponding small effect size. The small effect size across datasets within this domain
suggests that offenders display lower levels of consistency amongst violence and control
behaviours. Lower levels of consistency, as measured by Jaccard’s coefficients within the
violence and control behavioural datasets, indicate variability in offender’s behaviour. This
provides support for the learning and experimenting hypothesis where offenders are more
likely to alter their behaviour during or after committing the offence (Canter, 2004; Canter
& Youngs, 2008). Sorochinski and Salfati (2010) suggest that variability of serial murder
offender’s behaviour could be due to the offender losing control. This loss of control could
lead to increased frustration as the offender’s satisfaction or fantasy is not fulfilled and,
therefore, they adjust their behaviour to achieve their goals (Sorochinski & Salfati, 2010).
Regarding discrimination accuracy, low levels of linking accuracy were demonstrated across
datasets among violence and control behaviours. Low levels of discrimination accuracy were
demonstrated by all violence and control behaviours (AUC = 0.66), and solved violence and
control behaviours (AUC = 0.61). Unsolved violence and control behavioural domain
performed no better than chance (AUC = 0.50). Based on these findings, this suggests that

violence and control behaviours were ineffective for linking purposes.

In murder cases, information is lost due to the victim being deceased. For example, an
offender may have presented and displayed a firearm or knife as a method to control the
victim, but they did not use it to wound the victim. In addition, verbal threats may have been
used by the offender to intimidate victims and as a method to control the victim (Woodhams
& Labuschagne, 2012a). Some of the information recovered from the different series
resulted from information obtained from a surviving victim, for example, providing
information that the offender approached them by car, or the offender had a knife or firearm
as a way of forcing them to do what the offender instructed (Horning et al., 2015).
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Results of the current study indicate that just over 70% of offenders (15/21) were
inconsistent in the manner of death caused to victims, with only six series (28.57%)
displaying complete consistency in COD. This corresponds with previous research
conducted on serial murder in South Africa, which found that it is common for serial murder
offenders to have multiple methods of murdering victims (Labuschagne & Salfati, 2015). In
addition, patterns of violence were also found to be the least consistent of serial offender’s
behaviours (Salfati et al., 2015a). Considering previous research findings, there are several
suggestions why this finding is relatively unsurprising. Salfati et al. (2015a) found that the
variability of offending behaviours was influenced by the level of interaction with the victim.
For example, a victim who does not resist might experience less violence and control,
whereas another victim who fights back could experience more violence and aggression, and
more measures of control are needed (Salfati et al., 2015a). As a result, there may be victim-
specific behaviours which may display consistency, and this could be an avenue for future
research (Sorochinski & Salfati, 2010). In addition, sadistic offenders who enjoy inflicting
pain on others, could engage in certain behaviours as they serve the fantasy of the offender
(Gee & Belofastov, 2015). Conversely, an offender who is not able to fulfil their fantasy
may engage in more violence and control due to increased frustration (Hickey, 2006).
Additionally, research suggests that serial murder offenders intentionally alter crime scene

behaviours, particularly the method used to murder the victim (Chai et al., 2021).

A majority of the victims in the current study were murdered by strangulation (28.57%),
sharp objects (15.87%), followed closely by blunt force trauma (15.08%). Whereas, in the
sample studied by Salfati et al. (2015b), the majority of victims were killed by gunshots
(30.2%), followed by blunt force (27.6%), strangulation (25.7%), and stabbed by a sharp
object (10.8%). This highlights the fact that variables of the studies should not be generalised
to the population of serial murder offenders, as different samples (cases) used will result in
different frequencies of variables. In addition, the researcher could have incorrectly
considered that the act of restraining the victim’s hands was an act of control, whereas it
could have been related to a sexual theme and the acting out of an offender’s fantasy. This
also highlights the principle of motivational and behavioural variance, where one behaviour
can serve or act as multiple functions for an offender (Freeman & Turvey, 2012).

This further highlights the complexity of offending behaviour, and the limitation in

interpreting or inferring the intention of crime scene behaviours and the motivations behind
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them (Beauregard & Bouchard, 2010; Bennell et al., 2021). In addition, Freeman and Turvey
(2012) warn against the inductive profiling of offenders, where the investigator or criminal
profiler (or researcher in this instance) infers behavioural meanings based on crime scene
behaviours, as this should and could only be interpreted in the context of the individual crime
scene with that specific offender. Therefore, future research studies should explore whether
alternative methods are able to operationalise these variables more effectively, before
absolute or certain conclusions can be made. Exploring the reasons behind potential changes

in offending behaviour, is an important avenue for future research.

In a previous research study conducted on South African serial murder offenders (n = 36
solved series, Salfati et al., 2015b) gunshots were the leading COD (30.2%) of victims, while
no instances of gunshots as COD were found in the current study. The reason for the high
percentage of victim’s COD as a result of gunshots in Salfati et al. (2015b) study is that
when a firearm was used to murder victims, there was a high victim count within those series,
and only 8.3% of the offenders (3/36) used firearms (gunshots) as the COD (Labuschagne,
2021). Therefore, the finding of the current study does provide further support that South
African serial murderers do not often use firearms to murder their victims. However, the
absence of visible injuries on a victim does not suggest that a particular weapon was not
present at the scene. For example, although none of the victims had any gunshot injuries in
the current study, this does not indicate that a firearm was not present at the scene. This type
of evidence would only be known and available through testimony of a surviving victim or
awitness who reports it to law enforcement, which occurred in two of the cases in the current
study. Therefore, the lack of evidence of a firearm present at crime scenes could suggest that
the offender planned the attacks in advance and planned to use the firearm in order to control
the victim. This is consistent with Salfati et al. (2015a) finding that South African serial
murder offenders pre-plan their offences. Other possible reasons for an offender not using
the firearm could be that the offender may have forensic awareness of ballistic evidence,
which could link them to a crime, or simply that the sound of the firearm could attract

unwanted attention, compromising the crime scene for the offender (Labuschagne, 2021).

This also highlights the potential cultural and contextual nature of the variables in South
Africa. For example, the offender may be carrying a firearm due to the high crime rate in
South Africa (where the firearm would be an effective source of self-defence and protection)

as well as easy access to illegal firearms (Hodgskiss, 2004; Horning et al., 2015). However,
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the offender may also have been carrying a firearm as they had pre-planned the crime, and
the firearm was instrumental in controlling the victim (Salfati et al, 2015a). This hypothesis
is consistent with findings from previous research done by Salfati et al. (2015a) which
indicated that South African serial murder offenders engage in post-offence planning at the
pre-offence planning stage. In other words, South African serial murder offenders often only
have two crime scenes, the approach location and body disposal location. This is likely
because most serial murder offenders in South Africa do not have a vehicle to transport a
deceased body, so victims are lured to the (often pre-planned) disposal site, while they are
still alive (Labuschagne, 2021). This is contrary to serial murder offenders in the USA who
generally have three crime scene locations; approach location, crime scene location, and
body recovery location, as they have access to a vehicle to transport the body of the deceased
victim (Labuschagne & Salfati, 2015; Salfati et al., 2015a; Sorochinski et al., 2015).

Due to the low economic status of serial murder offenders in South Africa, they are often on
foot as they do not own vehicles (Hodgskiss, 2004; Salfati et al., 2015a). As a result, they
choose to lure victims away to secluded locations with a con story (Horning et al., 2015;
Salfati et al., 2015a). It is thus possible that the offender may have a firearm present at the
crime scene to control the victim but chooses not to discharge the firearm or use it as a
method to murder the victim, as it could compromise the offender’s ability to escape the
crime scene undetected. Put differently, if the offender had to shoot the victim, this could
result in unwanted attention through the loud sound, and therefore, the offender would not
be able to plan in advance or control who may hear the gunshot (Labuschagne & Salfati,
2015).

The behavioural checklist used to capture the violence and control behavioural domain could
have been limited at effectively capturing violence and control behaviours. For example,
injuries could have been extrapolated further to indicate where exactly the injuries occurred,
I.e. head, legs, arms etc. Conversely, wounding patterns may have proven to be more
effective at linking crimes if they were categorised into process oriented versus goal
orientated behaviours. However, this would require subjective interpretation of the coder,
which could possibility result in coding bias (Davies & Woodhams, 2019). Therefore, future
research could explore whether discrimination accuracy is more effective if behaviours are
subdivided into wounding themes or types, and the influence of coding bias by doing so. As

a result, this behavioural domain should not be seen as ineffective, and further research
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studies should adjust and explore ways to best capture these types of behaviours more
effectively. These findings are further interesting since overall, they contribute towards a
picture of the offender and their consistency and distinctiveness in their crimes of serial
murder in South Africa, despite being ineffective at an individual behavioural domain level.
Interaction with the victim is important, particularly regarding process-oriented wounding
strategies as the offender may also derive satisfaction through manual killing of the victim
(Salfati & Bateman, 2005).

5.3.2.4 Consistency and Distinctiveness of Crime Scene Characteristics

Crime scene characteristics were variables such as the body disposal site, the surrounding
features of the crime scene, the position of the victim’s body, weapons left at the scene, and
whether residential or in the open veld etc. As indicated by the statistical analysis (Mann
Whitney U test), all linked crime pairs for crime scene characteristics variables were
significantly larger (p<.001) than unlinked crime pairs across datasets within this domain.
However, results of the effect sizes demonstrate that offenders within the solved series
displayed higher levels of behavioural consistency than offenders within the unsolved series.
This finding could suggest that solved murder series appear more consistent which may
indicate that they were easier for investigators to identify and link crimes to a series.
Regarding discrimination accuracy, crime scene characteristics domain displayed varying
results. While all data (solved and unsolved series combined) demonstrated ‘acceptable’
levels of discrimination accuracy (AUC = 0.78), ‘excellent’ discrimination accuracy was
demonstrated for all solved crime scene characteristics (AUC = 0.83). However, the model
was ineffective at discriminating between linked and unlinked crime pairs for unsolved
crime scene characteristics (AUC = 0.66). In other words, while levels of similarity of crime
pairs were demonstrated across crimes, indicating behaviour consistency, they were not

distinct or unique enough to be able to discriminate from other crime pairs.

An interesting finding was that unsolved crime scene characteristics domain was ineffective
at linking crime pairs whereas solved crime scene characteristics displayed excellent linking
ability. This is a curious finding as the crime scene characteristics functional behavioural
domain is essentially: “what does the investigator see and find when they arrive at the crime
scene?”. This could provide support for the hypothesis that unsolved series are less

distinguishable and could result in a delay in identifying a crime scene as being linked to
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another. Therefore, one could argue that, because the crime scene actions were not
noticeably similar or unique, they are unsolved. However, the researcher argues that the issue
is more complex, and whether a case is solved or not is determined by many factors such as
police resources, availability of forensic evidence, as well as ‘luck’ or chance as suggested
by Yaksic et al. (2021). In addition, it could be argued that the fact that they are linked
forensically, demonstrates that they have in fact been linked. Consequently, linked status
does not determine whether a series is more likely to be solved or not. Furthermore, once-
off victim murder cases are not linked to another crime, however, are still solvable (Chan et
al., 2015; Pakkanen et al., 2015b). Therefore, despite a case being linked to another offence,
this does not necessarily make it easier for investigators to link the crimes to a particular
offender and solve the crime. Hence, it is highly recommended that future research explores
the most common and effective investigative strategies which were used to solve murder

series and/or once-off murder cases.

No victims (0%) were discovered in cars compared to Salfati et al. (2015b) study (4.3%),
and there was a higher percentage of victims’ bodies found within their residences and/or
buildings in the current study (40.78%) compared to 22% of victims in the study of
Sorochinski et al. (2015). However, as found in previous research on South African serial
murders, more than half of the victims were discovered outside in the current study (51.59%)
such as the open veld (Horning et al., 2015). This is considered relatively unique to the South
African context in comparison to the USA. It could be attributed to high compact living
conditions, particularly where vulnerable, unemployed victims may be located (Hodgskiss,
2004; Horning et al., 2015). This corresponds with the general MO of offenders in South
Africa of approaching stranger victims with the offer of employment, luring them to
secluded, isolated outside areas where they murder them (Horning et al., 2015). In addition,
due to the high crime rates in South Africa, there are often additional security measures (such
as security cameras) in residential areas (Hodgskiss, 2004). This provides support for the
findings form Salfati et al. (2015a) which indicated that South African serial murder

offenders engage in post-offence planning during the pre-planning phase of the offences.

In the majority of cases, victims were found on their backs (32.54%) and were not covered
or concealed in any way (76.98%). South African serial murder offenders reportedly do not
attempt to conceal crime scenes in comparison to their USA counterparts, due to the pre-

offence planning by South African serial murder offenders who predominantly commit
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crimes in isolated outdoor environments (Horning et al., 2015; Salfati et al., 2015a). As
mentioned previously, serial murder offenders in South Africa are less likely to own or have
access to a vehicle in order to relocate the victim’s deceased body to a secluded place for
disposal. As a result, the victim is lured and walked to a (often preselected) secluded location
where the crime is committed, and the body is left and disposed of (Salfati et al., 2015a). As
a result, due to high temperatures in South Africa which speeds up decomposition, and a
delay in recovering the body, evidence is often lost and/or destroyed due to temperatures,

time lapsed, and animal activity (Horning et al., 2015; Salfati et al., 2015a).

None of the victims in the unsolved series were found dismembered. However, half of the
victims who were dismembered in the solved series (n = 4) had their genitals removed and
taken, all of which were exclusively male victims from the same series. Of weapons found
at the scene, the majority of offenders appeared to have either brought weapons to the scene
or removed weapons from the crime scene as 75.40% of cases there was no weapon found.
This is consistent with Sorochinski et al. (2015) in which 76.1% of offenders brought
weapons to the crime scenes. This further corroborates Sorochinski et al. (2015) findings
that South African serial murder offenders display more pre-planning in their crimes, as most
offenders brought weapons to the crime scene. The results of the current study also provide
support for this hypothesis and could also suggest pre-planning and forensic awareness on
the part of serial offenders (Beauregard & Bouchard, 2010; Eichinger & Darjee, 2021; Salfati
etal., 2015a). Notably, 89.3% of serial murder offenders in South Africa had a prior criminal
history (Horning et al., 2015). By removing weapons from the crime scene, offenders are
able to mitigate leaving forensic evidence behind, such as DNA or fingerprints (Beauregard
et al., 2022; Chopin et al., 2020; Pakkanen et al., 2015b; Reale at el., 2021; Yaksic et al.,
2021). In addition, the offender may find the weapon brings a sense of comfort as they have
been able to successfully murder a victim with the weapon thereby continuing to use it in
future offences as this is a MO which has worked for the offender (Hazelwood & Warren,
2003; Van der Watt et al., 2014). Interestingly, a higher percentage of offenders from the
unsolved series left ligatures on victims at the crime scene (19.15%) than offenders from the
solved series (12.66%). Future research should explore whether there is any significance to
this finding.

Unsolved series used in the current sample do not necessary indicate that a case is “cold”

and unsolvable per se. For example, in half of the unsolved series (n = 5), the last victim was
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murdered within the last five years before data collection concluded in 2023. These five
years were also significant as a result of the COVID-19 pandemic, failing infrastructure
related to power, and lack of resources such as backlogs at forensic laboratories with regard
to DNA results which could have impacted on police investigations (Machisa et al., 2023).
Interestingly, Yaksic (2022) reports that only 22% of serial murder offenders are caught
within the first five years. Therefore, taking the above into account, it is quite probable that
the unsolved cases included in the study could be ‘solved’, within a matter of time, and not
necessarily that they were not identified as being linked as part of a murder series. This is
important for crime linkage research, as previous studies have suggested that solved series
were solved because they were easier to link (Woodhams & Labuschagne, 2012a).

This reiterates the importance of using both forensic and linkage techniques, as they can
complement one another (Bennell & Woodhams, 2015; Labuschagne, 2012, 2015). ROC
analysis can provide direction and inform practitioners and investigators when to consider
linking a crime to a series. It has also been suggested that there has been an increase in
forensic awareness amongst serial murder offenders (Beauregard & Bouchard, 2010; Chopin
et al., 2020), Alternatively, some offenders may become more cautious, or change their
behaviour patterns after committing a crime, to avoid detection, and to deter investigators

from connecting a crime to a series (Salfati & Bateman, 2005; Yaksic, 2023).

Additionally, the variables used in this study reflect the ‘how’ and ’what’ an offender did
during the commission of their crimes. In other words, the variables reflect the MO of serial
murder offenders. The functional behavioural domains, although pragmatic and atheoretical
(Bennell et al., 2021), do not reflect “why”’ or the intent the offender chose to do or not do
certain behaviours which would pertain to the motive/s and signature of the offender. The
signature of the offender is satisfied through fulfilling the fantasy and psychological desire
of the offender (Van der Watt et al., 2014). However, the psychological reasoning,
motivation and fantasy of the offender is beyond the scope of this research study and could

provide focus for future research (Crabbé et al., 2008).

The findings of the study suggest that behaviours which are based predominantly on the
interaction with the victim, and, therefore, less in control of the offender, are less helpful at
linking crimes. Whereas behavioural domains such as target selection and crime scene

characteristics appear to be more useful and effective at linking crimes. However, even
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within these domains there is still variability within the data which indicates that not all
offenders display consistency, which corresponds with findings from previous crime linkage
research (Bennell et al., 2021; Woodhams et al., 2019; Woodhams & Labuschagne, 2012a).
Motivational and behavioural variance can be influenced by factors such as the interaction
with the victim, substance use, the offender’s mood, unexpected witnesses, or unintended
consequences or outcomes, causing the offender to alter and change behaviours accordingly
(Sorochinski & Salfati, 2010; Turvey, 2012a). Future research should explore whether
existing variables can be developed further or transformed, to improve the model’s
performance within functional behavioural domains. Based on the above findings and
limitations, the researcher determined that examining all behaviours was more effective at
determining offenders’ behaviour similarity and distinctiveness, rather than functional
behavioural domains. As a result, the researcher chose to apply various decision thresholds
(following recommendations by Ewanation et al., 2023) to determine performance metrics
such as error rates to all data.

5.4 IMPLICATIONS AND USEFULLNESS OF THE STUDY
5.4.1 Theoretical Implications

Previous research studies have found support for the underlying principles of crime linkage,
namely that offenders behave in consistent yet unique ways (Bennell & Canter, 2002;
Davidson & Petherick, 2021; Tonkin et al., 2012a; Woodhams et al., 2019; Woodhams &
Labuschagne, 2012a). As a result, offenders can be distinguished from other offenders based
on crime scene behaviours, thereby linking crimes (Bennell & Canter, 2002; Pakkanen et
al., 2021; Tonkin et al., 2017; Woodhams et al., 2019). The underlying principles are
important for empirical research in order to assist and inform police decision-making at
different stages of the investigative phase as well as during the trial phase (Davies et al.,
2019; Labuschagne, 2015a; Woodhams & Davies, 2021). While there has been a significant
interest and research on serial murder over the decades (Yaksic, 2024) few studies have
tested the underlying principles of crime linkage research on this crime type (Pakkanen et
al., 2021). Therefore, this study contributes to a surprisingly understudied topic in relation

to testing the principles of crime linkage.

In addition, no study to date has included unsolved series when examining serial murder

behaviour consistency and distinctiveness (Melnyk et al., 2011; Pakkanen et al., 2021).
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Therefore, this study provides support for the assumptions underlying crime linkage, using
an ecologically valid sample of South African serial murder offenders. Using quantitative
measures, this study found that linked crime pairs were significantly more similar in
behaviour than unlinked crime pairs, when examining Jaccard coefficients similarity scores
between crime pairs. This provides support for the behaviour similarity and, therefore,
consistency of serial murder offenders. The logistic regression model was able to
discriminate between linked and unlinked crime pairs effectively, after data was cross-
validated using the LOOCV method as done in previous crime linkage research (Woodhams
et al., 2019; Woodhams & Labuschagne, 2012a). As a result, providing additional validity
of crime linkage using ROC analysis.

Functional behavioural domains considered to be within the offender’s control, and less
likely to be impacted by situational contexts such as the interaction with the victim, appear
to be more effective at distinguishing between linked and unlinked crime pairs (Bennell et
al., 2021; Tonkin et al., 2012a). In addition, these functional behavioural domains could also
suggest pre- and post-offence planning behaviours of offenders (Reale et al., 2021;
Sorochinski et al., 2015; Tonkin, 2015). Overall, however, examining an offender’s overall
MO, by including all crime scene behaviours, is more effective at linking crime pairs with
regard to consistent and distinctive behaviours, despite situational or contextual influences
(Bennell et al., 2021; Burrell et al., 2024; Tonkin, 2015).

5.4.2 Practical Implications

Crime linkage is useful to inform law enforcement and investigative decision making
(Davies et al., 2019; Woodhams et al., 2019). From a practical perspective, results of the
study suggest that all MO crime scene behaviours should be considered when examining
overall behaviour consistency and distinctiveness, rather than examining separate functional
behaviour domains. This is because higher levels of discrimination accuracy were found
when all behaviours were considered. There are predominantly two contexts which
behavioural evidence such as crime linkage is beneficial to; the investigative phase, and the
trial phase such as legal proceedings (Burrell et al., 2024; Davies et al., 2019; Davies &
Woodhams, 2019; Ewanation et al., 2023; Labuschagne, 2015a).

161



As recommended by Ewanation et al. (2023), the researcher provided full ROC curves to
combine datasets which were effective at linking crime pairs. These results indicate that
combining all behaviours is more effective at linking crimes, than functional behavioural
individual domains (as seen in Table 4.7 and Table 4.8). The researcher further examined
the performance metrics and error rates between solved and unsolved datasets, to determine
how the datasets differed and the possible implications for law enforcement. Providing full
ROC curves, enables a visual representation at which point to plot a threshold. As
demonstrated by Figure 4.8 in the previous (results) chapter, a combination of all MO
behaviours still outperformed target selection and crime scene characteristics behavioural
domains, across all decision thresholds. As a result, the researcher chose to apply different
thresholds to determine performance metrics and outcomes on datasets including all MO
behaviours, rather than individual functional behavioural domains, due to the effectiveness

of using all behaviours (Ewanation et al., 2023).

Youden’s index was calculated to determine at which point the number of hits were
maximised while the number of false positives were minimised. Although most research
refers to Youden’s index as the ‘ideal’ cut off point, Ewanation et al. (2023) caution against
this. They argue that various thresholds should be explored, to determine the effect which
each threshold has on the hit rate and false alarm rate, at different phases of the investigation
and legal proceedings, which have yet to be done or presented before in crime linkage
research (Ewanation et al., 2023). Consequently, the researcher applied a lenient, mid-range,
strict, and very strict threshold to the data which will now be explored further in terms of the

practical implications for investigative and legal settings.

5.4.2.1 Investigative Phase

The researcher selected thresholds to align with previous research studies involving crime
linkage (Davidson & Petherick, 2021; Woodhams et al., 2019), and as suggested by
Ewanation et al. (2023). Implementing and utilising different thresholds may be helpful for
investigative purposes such as when to form a task force or task team (Turvey & Freeman,
2012a). When a lenient threshold was applied, a hit rate of 90% was selected, suggesting
behavioural commonality. This would suggest that there is a likelihood that the offender
could be linked to the crime however, there is a high possibility that they are incorrectly
linked due to the high false alarm rate (Ewanation et al., 2023). Therefore, cases should be
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examined to determine when certain linked decisions can be made. This threshold indicates
that 90% of the linked crime pairs are correctly classified. However, when this lenient
threshold was applied, it resulted in a false alarm rate of 46.70%. This indicates that almost
half of the crime pairs were incorrectly classified as linked when applying a hit rate
(sensitivity) of 90%, which could be a waste of limited state resources to fully investigate
(Burrell et al., 2024).

Although it is unlikely that this threshold is used in practice due to limited time and
resources, it could be considered by investigators or criminologists conducting a
comparative case analysis or pairwise linking task when scanning a database for crime
scenes which have behavioural similarities (Ewanation et al., 2023; Rainbow, 2015). This
of course would not be recommended at later stages of the investigation but rather, for
example, when criminologists are scanning cases for potential crime pairs which could be
explored further, to determine whether they could be part of a murder series. In particular,
unsolved crime pairs which have Jaccard’s coefficient values of 0.26 in close geographical
and spatial proximities should be considered due to offenders operating in familiar
geographical and spatial patterns (Berezowski et al., 2023; Canter & Larkin, 1993).
Therefore, this threshold could be used to generate new leads to identify a possible suspect.

Following what previous researchers have referred to as the ‘ideal’ cut off point (Pakkanen
et al., 2021; Woodhams & Labuschagne, 2012a), the researcher selected Youden’s index as
the ‘mid-range’ threshold. Youden’s index maximising hit and minimising false alarms
which is why it is often referred to as the optimal or ideal cut off point however, Ewanation
et al. (2023) argue against it stating that crime linkage researchers should refrain from
referring to Youden’s index as the ideal or optimal cut off point, as base rates and cost versus
benefit of linking crime are unknown. Therefore, when implementing Youden’s index as the
‘mid-range’ threshold when all data were considered, Youden’s index corresponded with a
Jaccard’s coefficient of 0.27. This resulted in a hit rate (sensitivity) of 80.91% and a false
alarm rate (1-specificity) of 22.94%. The hit rate in the current study is similar to the hit rate
of Pakkanen et al. (2021) study (85.3%), when Youden’s index was applied to their sample

of serial murder offences.

This threshold could serve as an investigative link, which is when cases share similar crime

scene behaviours that may serve to inform the allocation of investigative resources, yet they
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are not necessarily unique or distinct to crimes committed by a different offender (Turvey,
2012Db). This suggests that crime pairs which have a Jaccard’s coefficient above 0.27 could
be considered linked. Although this is not considered a necessarily high similarity score
(Jaccard’s coefficient) between crime pairs, it is consistent with findings from previous
research studies (J = 0.24, Davidson & Petherick, 2021). As indicated by the PPV, only 24%
of the linked crimes were crime pairs committed by the same offender for all data (solved
and unsolved) series, almost half (45%) for solved cases, and just less than a quarter (24%)

for unsolved cases.

This suggests that criminologists and investigators examine cases which have Jaccard’s
coefficients above 0.26 for unsolved cases, to determine whether series can be included or
should be excluded based on behavioural evidence which demonstrate not only similarities,
but also dissimilarities (Woodhams et al., 2019). In addition, geographical locations will
also be highly beneficial in this regard as research indicates that serial murder offenders
operate in spatial and geographical circumferences which are familiar to them (Berezowski
et al., 2023; Canter & Larkin, 1993; Snook et al., 2004; Snook et al., 2005a). Furthermore,
when considering the context of South African serial murder offenders, the offenders are
often on foot due to low socio-economic status’ of not owning a vehicle, as well as luring
vulnerable victims to secluded locations with the false offer of employment (Labuschagne,
2021; Salfati et al., 2015a). This means that they may often select and choose locations which

are familiar to them.

Mirroring previous crime linkage research, a strict threshold with a 15% false alarm rate was
applied (Davidson & Petherick, 2021; Woodhams et al., 2019) and could serve as a
suggested probative link. A probative link is referred to as crime scenes which have limited
behavioural dissimilarities, and a signature which is shared across crimes (Turvey, 2012b).
Results indicate that within the solved dataset, there were 365 incorrect linkages made, and
150 incorrect linkages within the unsolved data set. In total, there were 1105 incorrectly
linked decisions made when all data was considered (both solved and unsolved series).
While the DE of the model was 84% for all data and 83% for solved, and unsolved data, the
misclassification rate for all data was 16%, and 17% for both solved and unsolved datasets.
In terms of linked crime pairs perpetrated by the same offender, 29% of cases were found
for all data when a strict threshold of 15% FA was applied, 51% for all solved data, and 33%

for all unsolved data. This suggests that despite a series being classified as linked, fewer
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crime pairs were committed by the same offender for unsolved data. As a result of these
errors, the researcher took the analysis a step further, following recommendations from
Woodhams et al. (2019) and Ewanation et al. (2023), who suggested that a more stringent

threshold is needed in practice.

5.4.2.2 Trial Phase

For the trial phases and legal proceedings, a very stringent or strict threshold is necessary
due to the serious implications of a false conviction. Therefore, a false alarm rate of 5% was
implemented following Tonkin et al. (2017) study. This very stringent threshold could also
be referred to as a substantial link. A substantial link is when there are behavioural
similarities, dissimilarities, and a signature across crimes (Turvey, 2012b). While the model
correctly classified 92% of cases for all data, 89% for solved data, and 91% for unsolved
data, results indicated that there were still 359 incorrect linkages made between crime pairs
when all data was considered, 127 for all solved data, and 48 incorrect linkages made for all
unsolved data. In addition, 277 linked crime pairs were incorrectly classified as unlinked
(false negatives/missed linkages) for all data, 211 for all solved data, and 50 for all unsolved
data. This is crucial to consider, as despite displaying ‘excellent’ discrimination accuracy,
there are still errors which can have a significant impact on an individual’s life if they are
falsely convicted for a crime which they did not commit (Brooks & Greenberg, 2021;
Sorochinski, 2024; Sorochinski et al., 2023). There is also the risk that if the true offender
of a crime is not correctly connected to a case, this could result in the offender committing
further offences, causing further harm (Davies & Woodhams, 2019). Therefore, as Turvey
and Freeman (2012a) poignantly state, although crime linkage is possible, it is hardly

absolute nor certain.

The PPV indicates that for unsolved cases, 53% of those that were correctly classified as
linked are in fact crime pairs committed by the same offender whereas 72% of linked crime
pairs were committed by the same offender for solved cases. A very strict threshold
corresponded with a Jaccard’s coefficient of 0.35 for all data, 0.34 for all solved data, and
0.37 for all unsolved data. The results indicate that values of Jaccard’s similarity coefficients
do not necessarily display high levels of similarity and follows previous findings of crime
linkage research when examining behavioural similarity scores using Jaccard’s similarities

coefficient (Davidson & Petherick, 2021; Ewanation et al., 2023).
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A potential result of not correctly connecting or linking a series is that the offender avoids
justice and is free to commit more crimes on further victims (Woodhams et al., 2019). There
was a higher DE for all unsolved data, which is positive for law enforcement, as there were
fewer errors associated with unsolved series. However, it is important to consider that only
forensically linked crimes were considered for unsolved series and therefore, the offender
may have committed more crimes which were excluded from the study which could impact
on the results in practice. This is a shortcoming and limitation, as unsolved serial offenders
may display differences in behaviours exhibited across crimes, which are not captured in the
current study. However, this threshold level could be considered during the trial phase when
providing a decision to prosecutors on when to charge and indict an offender, for court and
legal proceedings. Furthermore, this threshold could for example, be provided when
presenting similar fact evidence such as behavioural evidence when evidence is submitted
to the courts (Ewanation et al., 2023; Pakkanen et al., 2015a; Tonkin et al., 2017).

These findings highlight that, although statistical analysis may assist and guide law
enforcement in determining which behaviours to consider and/or when to consider a linkage
decision, there are still errors, and behavioural evidence is not an exact science (Turvey &
Freeman, 2012a). This is important to consider, and the experience of investigators should
be used to decipher both similarities as well as dissimilarities of behavioural evidence
displayed at the crime scene. Therefore, it is recommended that a combination of both
practitioners, and the use of statistical models, is preferable as despite statistical models,
there are still linkage errors (Woodhams et al., 2019).

The courts often seek evidence for the admissibility of crime linage which meets the Daubert
standards, when deciding to use a form of expert evidence (Pakkanen et al., 2015a;
Woodhams et al., 2019). Part of meeting these standards is to provide error rates (Pakkanen
etal., 2015a). In legal and court proceedings, applying a strict threshold is important in order
to establish a highly probable (95%) certainty that the same offender is responsible for the
linked crimes, especially when forensic evidence may be lacking as DNA tests are costly
and time consuming (Davies & Woodhams, 2019; Labuschagne, 2015b; Woodhams et al.,
2019). However, investigators and experts in the field should state that there are still a
number of error rates, and false alarms, despite the high hit and correct classification rate.
The implications of incorrectly linking cases to a series of murders not only impacts the

convicted person as well as their family due to the stigma of being classified as a serial
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murderer (Sorochinski, 2024; Sorochinski et al., 2023). It also provides further opportunity
for the actual perpetrator to commit further crimes (Woodhams et al., 2019). In South Africa,
DNA results can take months to be made available to the SAPS due to high backlog of cases
(over 250 000 were reported in 2023) (Ngcobo, 2024), which is still a continuing problem
as of 2025 (Parliament of South Africa, 2025). Degradation of forensic evidence due to the
environment and circumstances related to each case, such as a delay in body recovery, as
well as lack of resources within South Africa, contribute to a delay in solving cases based

on forensic evidence (Salfati et al., 2015a; Sorochinski et al., 2015).

Despite the many unknowns in murder series, the findings of this study offer practical
guidance for investigators and crime linkage researchers, highlighting the effects of different
thresholds applied, and how they can impact and enhance investigation and court
proceedings through the validity of crime linkage research. By continuing to explore these
various aspects, more robust methods for examining crime linkage research can assist in
refining and ultimately improve on the effectiveness of investigations of serial murders. The
research findings enhance and contribute towards understanding crime linkage principles
while emphasising and highlighting the importance of the future research in specific areas
in order to address some of the limitations of the study. While statistics are useful in
providing direction to investigators and narrowing down the number of cases to examine,
the results of the study indicate that errors can be made. The researcher suggests that it is
therefore necessary for investigators and crime scene analysts to combine their experience
in addition to utilising quantitative data, as it is important to identify behavioural similarities,
as well as behavioural dissimilarities in cases, which may be important in determining when
to link or exclude a crime as belonging to a series. Further discussion is necessary with the

SAPS to determine how to implement these findings, and the most feasible way to do so.

5.5 CHAPTER CONCLUSION

This chapter discussed the findings of the results of the research study which found support
for the underlying principles of crime linkage. By examining similarity and discrimination
accuracy through the research objectives, this research provides support for the underlying
principles of crime linkage in a sample of South African murder series. Through testing the
effectiveness and/or ineffectiveness of functional behavioural domains, the researcher
identified variability in the data which indicates that not all offenders are consistent and/or
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unique in their crime scene behaviours. The findings offer further practical implications of
using this approach to crime linkage by providing a range of decision thresholds and
resulting decision-making errors. The following chapter concludes the study and addresses
limitations of the current research, as well as providing recommendations for future studies

to consider in the field of crime linkage research.
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CHAPTER 6: CONCLUSION

6.1 CHAPTER PREVIEW

This chapter concludes the study and revisits the purpose of the study through the research
aim and objectives, followed by a presentation of the key findings of the research. The
significance of the study is highlighted, as well as the overall implications of the findings for
investigative psychology and crime linkage research. Limitations of the study are
acknowledged before recommendations and opportunities for future research are suggested.
A final reflection from the researcher is provided regarding the value of the study, before the

chapter is concluded.

6.2 PURPOSE OF THE STUDY REVISITED

This study set out to determine whether behaviour consistency and distinctiveness exists
among serial murder offenders in South Africa, as it has been hypothesised that serial
offenders are consistent, yet distinct, in their crime scene behaviour (Melnyk et al., 2011;
Pakkanen et al., 2021; Santtila et al., 2008). Following previous crime linkage research, the
study utilised quantitative measures to determine behaviour consistency and distinctives
using Jaccard’s coefficient, and logistic regression with supplementary ROC and AUC
graphs (Bennell et al., 2014; Pakkanen et al., 2021; Woodhams et al., 2019). Therefore, the
overarching aim of this study was to test the underlying principles of crime linkage research,
namely behavioural consistency and distinctiveness, using solved and unsolved murder

series.

Additionally, the researcher compared behaviour similarity and distinctiveness between
solved and unsolved murder series to determine whether the assumptions of crime linkage
hold true for unsolved murder series. This addressed concerns regarding the ecological
validity of samples used in previous crime linkage studies (Pakkanen et al., 2021).
Furthermore, the researcher sought to determine whether certain functional behavioural
domains are effective at linking crimes, or whether it is more effective to include all MO
behaviours. Various decision thresholds were applied to the logistic regression model using
“if then” scenarios, to determine performance outcomes and error rates. This is of particular

importance when providing similar-fact evidence before a court (Davies et al., 2019).
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6.2.1 Behaviour Consistency and Distinctiveness

The study found that South African serial murder offenders display behavioural similarity
and distinctiveness, which provides further empirical support for the underlying principles
of crime linkage. Behavioural similarity was quantified using Jaccard’s coefficient which
established that linked crime pairs displayed significantly higher similarity scores than
unlinked crime pairs in all sets of data. This suggests that offenders are consistent in their
crime scene behaviour, as they displayed similar behaviours across crimes (Bennell &
Canter, 2002). However, the minimum and maximum Jaccard’s coefficient scores did show
variability in the data, which indicates that some offenders are not as consistent as others.
The results of the logistic regression model displayed excellent discrimination accuracy as
demonstrated by the ROC and supplementary AUC values. This indicates that linked crime
pairs can effectively be distinguished from unlinked crime pairs (Woodhams et al., 2019).
As a result, these findings illustrate that serial murder offenders in South Africa are unique
and distinct in their crime scene behaviours and can be differentiated from one another.

Applying various decision thresholds to the data was important in order to determine error
rates and performance metrics to better inform investigators when a linkage decision can be
made. While previous studies have typically only explored one specific threshold, such as
applying Youden’s index, this study demonstrated the results and outcomes of various
decision thresholds and the implications thereof. The results of the performance metrics
indicate that, despite the model’s ability to demonstrate excellent discrimination accuracy,
there were still a number of incorrect linkage decisions. This demonstrates that the principles
of crime linkage are not applicable to all offenders, and incorrect linkages can be made
(Woodhams et al., 2019).

Not only are these findings important for informing investigators when deciding to pool
resources and ‘link’ cases based on crime scene behaviours, but it is also crucial for experts
when presenting similar fact evidence in court (Pakkanen et al., 2015a). Statistically
analysing and determining error rates and performance outcomes based on decision
thresholds applied, has important implications for law enforcement officials such as
investigators to consider when deciding whether or not to link an offender to a crime.
Furthermore, these performance outcomes and error rates are necessary in court proceedings

when similar fact evidence, such as crime linkage, is presented (Woodhams et al., 2019).
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6.2.2 Solved versus Unsolved

The findings of this study further contribute towards the ecological validity of crime linkage
research by including unsolved murder series. This approach has not been done before, and
addresses limitations of previous crime linkage research examining serial murder, which
only utilised solved series. If unsolved series displayed significantly lower levels of
similarity and distinctiveness, the results would impact the interpretation of findings of
previous crime linkage research (Woodhams et al., 2019; Woodhams & Labuschagne,
2012a). As found within the solved murder series, linked crime pairs were significantly
different to unlinked crime pairs within the unsolved murder series. This indicates that serial
murder offenders are consistent across crimes, regardless of whether law enforcement have

linked and/or solved the case.

Interestingly, unsolved murder series displayed a higher AUC compared to the solved
murder series when all MO behaviours were included however, the difference was not
significant. This is an important finding and provides further support for the underlying
principles of crime linkage research, as it has been previously suggested that solved murder
series are more similar, and thus easier to link and, therefore, solve (Bennell & Jones, 2005).
This is a valuable finding for law enforcement as it supports the notion that the principles of
crime linkage can be applied and used in investigations. Additional comparison between
solved and unsolved behavioural domains interestingly displayed higher AUCs for unsolved
target selection domain and unsolved sexual behaviour domain. However, the sexual
behavioural domain remained ‘ineffective’ at discriminating between linked and unlinked

crime pairs, regardless of whether the cases were solved or not.

6.2.3 Functional Behavioural Domain Effectiveness

The study further examined whether certain functional behavioural domains were more or
less effective at linking crimes in comparison to all MO behaviours. The results suggest that
the target selection domain and crime scene dynamics domain were effective at
distinguishing between linked and unlinked crime pairs. However, sexual behavioural
domain as well as violence and control behavioural domain were ineffective at
distinguishing between linked and unlinked crime pairs. This does not suggest that sexual
behaviours and violence and control behaviours should be excluded or disregarded, as they
contribute towards the excellent discrimination accuracy found overall (as indicated by the
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AUC), when all MO behaviours were analysed. Therefore, the results indicate that a
combination of all crime scene behaviours was more effective at identifying linked versus

unlinked crime pairs, rather than individual functional behavioural domains.

The researcher suggests that offender-controlled functional behavioural domains, such as
target selection and crime scene dynamics, displayed greater similarities (as indicated by the
effect size of Jaccard’s coefficients between linked and unlinked crime pairs), and were more
distinct (as indicated by the AUCs). This suggest that offenders may engage in more pre-
planning in these types of behaviours consistent with previous studies on serial murder in
South Africa (Sorochinski et al., 2015; Salfati et al., 2015a; Horning et al., 2015). Whereas
behavioural domains such as sexual behaviours and violence and control behaviours, are
susceptible to influence from external factors such as the interaction with the victim,
consistent with findings from previous studies (Bennell et al., 2021; Salfati et al., 2015a).
These functional behavioural domains displayed low levels of effect size of Jaccard
similarity coefficient scores between linked and unlinked crime pairs. Furthermore, the
models were ineffective at differentiating between crime pairs which were committed by the
same offender, and crime pairs which committed by different offenders. This could suggest
that these behavioural domains are more likely to represent opportunistic behaviours, as they
can be influenced by factors such as resistance from the victim, or disruption from a passer-
by (Bennell et al., 2021; Salfati et al., 2015a).

Therefore, despite demonstrating overall consistency and distinctiveness when all MO crime
scene behaviours were examined, variability within functional behavioural domains
highlight the variability and versatility among offending behaviour. These findings further
demonstrate the difficulty and complexity that investigators and researchers face when
inferring the assumed function of serial murderer’s crime scene behaviours. As a result,
based on the findings of the study, the researcher identified ways in which future research

can improve on these findings by addressing some of the limitations identified.

6.3 LIMITATIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

Although this study has successfully demonstrated that behaviour consistency exists among
a sample of South African serial murder offenders, it has certain limitations which require
consideration. Despite the sample size (n = 21 series) being comparable to other studies
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conducted on serial murder offenders (n = 15 series, Collaros, 2019; n = 13 series, Hodgskiss,
2004; n = 11 series, Mouzos & West, 2007; n = 23 series, Pakkanen et al., 2021; n = 23
series, Salfati & Bateman, 2005; n = 23 series, Santtila et al., 2008; n = 25 series, Sorochinski
et al., 2015; n = 19 series, Sorochinski & Salfati, 2010), the sample is still considered
relatively small and results should be replicated with a larger sample. Therefore, future
research should aim to replicate and incorporate a larger sample, preferably including all
serial murder offender cases identified by the IPS. In addition, to further enhance ecological
validity, inclusion of once-off murders should be considered, as has been done in large scale
studies on serial sexual offences examining the principles of crime linkage (Pakkanen et al.,
2021; Woodhams et al., 2019). It would also be valuable if additional analysis could be
conducted on unsolved series first linked through forensic and DNA evidence, and to
compare similarity and distinctiveness between unsolved cases which were first linked
through MO, as done in Woodhams & Labuschagne (2012a) study on serial rapists. This
additional analysis may provide further insight into whether unsolved series identified first

through forensic evidence, are less consistent and unique in crime scene behaviours.

In addition, although the findings of the study are generally supportive of crime linkage,
there is currently no consistent set of coded variables which are used across crime linkage
studies. Therefore, caution should be made when generalising the findings to other countries
and across different crime types (Beauregard, 2019; Chopin & Beauregard, 2021a;
Sorochinski et al., 2015). Furthermore, the data is from a sample of South African murder
series and, therefore, the results of the study should be viewed with caution when
generalising crime scene behaviours or findings of the study to other countries, due to some
aspects which may be unique to the South African context. As a result, inferences and/or
frequency of serial murder offenders’ crime scene behaviours found within the study are
possibly unique to the South African population, and even within this specific sample
(Sorochinski et al., 2015). For example, as documented in previous research (Labuschagne
& Salfati, 2015; Salfati et al., 2015a; Sorochinski et al., 2015), victim demographics, as well
as high levels of unemployment and poverty, impact South African serial murder offender’s

victim choice, MO, and planning in comparison to other countries such as the USA.

Following previous crime linkage studies, the researcher adopted a pragmatic approach to
categorising behaviours into domains, based on their assumed function (Bennell et al., 2021,

Bennell et al., 2014). Freeman and Turvey (2012) state that what is deemed ‘common sense’
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to an investigator, profiler, or researcher, is not necessarily the same common sense that a
serial murderer may infer from a behaviour. Therefore, the researcher further suggests that
caution is used when considering functional behavioural domain effectiveness, as a potential
limitation is whether the behaviours were optimally operationalised in this study, and
whether they reflect the true function of an offender’s behaviour. In addition, serial murder
offenders often have multiple motives which make it difficult to interpret the meaning or
intended function of a behaviour (Deepak & Ramdoss, 2021; Freeman & Turvey, 2012;
Knoll et al., 2009; Yaksic, 2022). As a result, a potential limitation of the study is the
assumed function of behaviours and the way in which they were operationalised, which
Bennell et al. (2021) argue is a common challenge in crime linkage research. It is further
possible that a different researcher would interpret the same behaviours differently, as there
are multiple ways of interpreting an inferred function of a behaviour (Bennell et al., 2021).
For example, restraining a victim might serve the function of control for one offender, and
for another offender the behaviour could fulfil the sexual fantasy of another. Furthermore,
while a positivist approach allows for the quantifiable and objective analysis, it does not
capture the subjective motivations or experiences of the offender. This results in a loss of
rich information which could have been obtained through interviews with offenders (Crabbé
et al., 2008).

Therefore, despite aiming to capture as much information at the time, in hindsight, some of
the variables could be explored further, to fully determine how best to capture some of the
more idiosyncratic and nuanced nature of crime scene behaviours. It is recommended that
future research be conducted to explore whether existing variables can be transformed to
improve the model’s performance within functional behavioural domains (Bennell et al.,
2021). For example, examining whether it is more helpful to exclude variables which are
susceptible to situational influence, as these behaviours are less likely to be reliable for
linking purposes (Bateman & Salfati, 2007; Salfati, 2019; Salfati & Bateman, 2005). Future
research should also explore whether theoretically informed predictors are more effective or
useful at linking crimes. For example, categorising wounding behaviours into process-
oriented versus goal-oriented behaviours, or exploring victim interaction, and the impact on
the consistency and distinctiveness of behaviours. In addition, it may be useful for future
research to determine whether combining functional behavioural domains together, will be
more effective for linking purposes, as well as determining whether individual crime scene

behaviours are effective at connecting cases.
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Despite Jaccard’s similarities and LOOCYV binary logistic regression models being the most
common approaches to crime linkage research, alternative linking methodologies,
computerised decision support tools, and statistical methods, should be explored further
(Tonkin & Weeks, 2021). For example, sophisticated tree methodologies, such as Random
Forest Algorithms or Adaptive boosting (AdaBoost) multivariate classification tree analysis
(Bennell et al., 2021; Thongkam et al., 2008). The Bayesian approach is known to be more
practitioner-orientated and is a model which is likely to be used in future research, as the
linkage context can be taken into account, using predetermined probabilities (Bennell et al.,
2015; Burrell et al., 2024; Pakkanen et al., 2021; Tonkin et al., 2019; Tonkin & Weeks,
2021). Therefore, future research studies should explore additional methodological
approaches and compare the results to the current study, to determine whether there are more

effective models that can be used for linking purposes.

Lastly, a limitation of the study, and, indeed, one which is found across other crime linkage
research, is the class imbalance problem (Ewanation et al., 2023; Woodhams et al., 2019).
The class imbalance problem is emphasised as a challenge found across crime linkage
research, as the number of unlinked crime pairs unsurprisingly outweigh the number of
linked crime pairs (Bennell et al., 2021; Ewanation et al., 2023). This class imbalance results
in low base rates, which affect decision making errors (Ewanation et al., 2023). Although
addressing this concern was not within the scope of the current study, the issue is challenging
and complex. The cost of not linking an offender to a crime could result in more victims,
and lack of closure for victims’ families (Alison et al., 2002). Conversely, an incorrect
linkage made could result in a false conviction, causing suffering to both the falsely
convicted individual as well as their family (Sorochinski, 2024; Sorochinski et al., 2023). In
addition, the true offender goes undetected, and consequentially could result in murdering
further victims (Yaksic et al., 2021). Therefore, a recommendation for future research is to
explore this phenomenon further and conduct a cost-benefit analysis, as recommended in
previous research on crime linkage (Ewanation et al., 2023; Woodhams et al., 2019).
Furthermore, it is recommended that the results of the study undergo peer review and be
published in scientific journals which is one of the requirements for Daubert standards, in
order for crime linkage to be admissible in court (Davies et al., 2019; Pakkanen et al.,
2015a).
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6.4 VALUE OF THE STUDY

This is the first known study to test the underlying principles of crime linkage on a sample
of serial murder offenders which included unsolved (but linked forensically) series. By
examining original police case files and through the inclusion of a more ecologically valid
sample, this study adds to the validity of the assumptions underlying crime linkage. Testing
the principles of crime linkage to determine whether serial murder offenders in South Africa
behave in consistent and unique ways, is important for police investigators and helpful for
linking crimes as forensic evidence may not be available, or if it is available, is costly and
time consuming for results to become available. Therefore, the researcher is confident that
this research contributes to the body of knowledge of serial murder offending behaviour in
South Africa, as well as to the field of crime linkage research. In particular, this study
contributes to the validity of the underlying principles and assumptions of crime linkage by
examining serial murder offender’s behaviour using an ecologically valid sample, which has
important implications for both crime linkage research and law enforcement. The results
indicate that serial murderers in South Africa are, overall, consistent in behaviours displayed
across crime scenes, and are unigue enough so that they can be differentiated from offenders

committing similar crimes.

Furthermore, the study adds a significant contribution to the field of crime linkage research
by addressing previous limitations of crime linkage research studies which only included
solved murder series. This resulted in calling into question the ecological validity of samples
used in previous research, and thus questioning the validity of the assumptions of crime
linkage research. As a result, this research is the first known study to include unsolved
murder series and adds to the ecological validity of crime linkage research, as law
enforcement are tasked with investigating and solving unsolved crimes. By examining and
comparing unsolved murder series, this study provides a nuanced and unique perspective
into serial murder offending behaviour. As a result, this study highlights further discussion
and exploration of the behaviour consistency of serial murder offenders, particularly

involving unsolved murder series.
On a practical level, through testing the underlying principles of crime linkage research, the

researcher provides support for the behaviour consistency hypothesis of serial murder
offenders. By determining the effectiveness of linking crimes through examining behaviour
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similarity and distinctives using all MO behaviours, or through functional behavioural
domains, the researcher was able to determine that it is more useful and effective for
investigators to consider all MO behaviours, rather than specific functional behavioural
domains when linking crimes. Behaviours which are considered within the control of the
offender, such as target selection and crime scene characteristics, are more effective at
distinguishing between linked and unlinked crime pairs. However, behaviours which are
impacted by the victim interaction and are more susceptible to external factors, such as
sexual behaviours and violence and control behaviours, are less likely to be differentiated
between linked and unlinked crime pairs. In addition, the findings of the study, such as
variability within functional behavioural domains, highlight that not all serial murder
offenders display behaviour consistency and/or unique behaviours across domains. This
provides further support for the effectiveness of linking offenders when examining all crime
scene MO behaviours, rather than linking offenders based on functional behavioural

domains.

Lastly, the study demonstrated that investigators could apply thresholds at different stages
of the investigation to decide whether to pursue or link a case, based on the crime scene
behaviour Jaccard’s similarity coefficient. Another practical implication is the use of expert
testimony in court which can refer to this type of study in order to validate the underlying
principles of crime linkage research and provide error rates to the courts. Providing error
rates is one of the requirements of the Daubert standards which is important for crime
linkage if it is considered to be as admissible in court as a form of expert testimony
(Pakkanen et al., 2015a; Woodhams et al., 2019). While serial murder is a morbid curiosity,
it is important for researchers to provide studies which are helpful to law enforcement and
conducive to the apprehension of offenders, preventing further harm to victims (Chopin &
Beauregard, 2021b; Turvey & Freeman, 2012b; Yaksic et al., 2019). The researcher trusts
that this study facilitates interest in investigating the behaviour of serial murder offenders
using the principles of crime linkage. The researcher is confident that this research is
beneficial to the field of crime linkage, opening the pathway in examining unsolved murder

series.
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6.5 CHAPTER CONCLUSION

This chapter concluded the research study and succinctly presented the main findings of the
study which found empirical support for two underlying assumptions and principles of crime
linkage namely, behaviour consistency and distinctiveness. By examining similarity and
discrimination accuracy through the research objectives, this research provided support for
the underlying principles of crime linkage in a sample of South African murder series.
However, the results indicated that, despite overall consistency of serial murder offender’s
behaviour, there was variability in the data which demonstrated that not all serial murder
offenders were consistent. The findings offered further practical implications of using this
approach to crime linkage by providing a range of decision thresholds and resulting decision-
making errors due to low base rates of linked crime pairs. The limitations of the study were
presented, and potential areas from which future research studies can improve on these
findings, were addressed. Lastly, the value of the study was highlighted, indicating that this
was the first study to include unsolved murder series when examining behaviour consistency
and distinctiveness of serial murder offenders, thereby enhancing ecological validity of

crime linkage research.
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Appendix D: Behavioural Checklist (per domain)

Target Selection
Victim Murdered
Victim Alone
Female victim
Black victim
White victim

Indian victim

Coloured victim

0-3 years old

4-8 years old

9-12 years old

13-17 years old

18-64 years old

65 years and older

South African

Unemployed

Employed

Sex worker

Scholar/school going age
Pensioner

Employed Other

Approach location road/street
Approach location residence
Approach location car

Approach location victim’s work
Approach location bush/veld
Victim known to offender
Victim ex-partner of offender
Victim related to offender (family)
Victim friend/acquaintance/neighbour to offender

Victim colleague of offender

Sexual Themes

Fully Clothed

Completely Naked

Completely Naked Waist Down
Completely Naked Waist up
Clothing pulled up to expose breasts

Clothing pulled down but still on legs

Clothing pulled up to expose breasts and clothing
pulled down

Completely Naked but Covered

Redressed

Legs Spread

Underwear on Body

Underwear at scene off body
Underwear partially on body
Underwear Completely missing
Underwear on body used as weapon
Penetration Anus

Penetration Vagina

Semen found on victim’s body

Injuries to victim’s vagina

Injuries to victim’s penis

Injuries victim’s anus

Semen found in victim’s anus

Semen found at crime scene

Foreign object found in victim’s anus
Foreign object found in victim’s vagina
Foreign object found in victim’s mouth
Condom found at crime scene

Victim’s genitalia mutilated/dismembered

Digital Penetration
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Violence and Control

One offender

More than one offender

Cause of Death (COD) undetermined
COD strangulation

COD ligature strangulation

COD manual strangulation

COD ligature and Manual strangulation
COD sharp object

COD blunt force trauma

COD suffocation/asphyxiation

COD drowning

COD burnt

COD due to multiple injuries

COD neck fracture

Known Sharp object used on victim
Known Blunt object used on victim
Ligature/rope/material used on victim
Firearm presented to victim

Hands of offender used on victim as weapon
Multiple weapons used

Non-lethal assault blunt object
Non-lethal asphyxiation

Non-lethal sharp object

Non-lethal injuries to victim’s body
Non-lethal fractures to victim’s body
Dismemberment while victim was alive
Hands restrained

Hands restrained behind of body
Hands restrained above head
Victim’s feet restrained

Victim’s knees restrained

Victim gagged

Victim blindfold

Victim burnt while alive

Crime Scene Dynamics

Body found in Urban area

Body found in open veld/open ground
Body found in building/residence
Body found in body of water

Forced Entry

Forced Entry Door

Forced Entry Window

Room in Disarray

Victim body found on stomach
Victim body found on back

Victim body found on side

Victim body found hanging/suspended
Victim body found in foetal position
Victim body concealed

Only victim’s face exposed

Victim upper half of body exposed
Victim lower half of body exposed
Victim fully covered

Only victim’s face concealed/covered
Victim found partially covered
Body completely buried

Victim’s body dumped from vehicle
Victim Killed at body recovery scene
Victim dismembered

Victim head dismembered

Victim’s limbs dismembered
Victim’s genitals dismembered

No weapon found at scene

Sharp object found at scene

Blunt object found at scene

Ligature found at scene

Victim’s body burnt

Victim’s body part stolen

Victim’s money stolen

Victim’s items (jewellery/cellphone)
stolen

Victim’s clothing stolen
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