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ABSTRACT
Crime has become a well-known and worrying fact of life in South Africa. It constrains the
ability of citizens to participate actively and meaningfully in all spheres of social and economic
life. In many cases where a crime is committed, a firearm is involved. In order to fight gun crime
there is a need for the perpetrators to be prosecuted. For prosecution to take place, there must be
evidence to link the suspects to the committed crime. This is when firearm identification as a
form of expert scientific evidence comes into play. This type of evidence links the bullets and
cartridges recovered from the crime scene to the suspect’s firearms through the process of
matching which is done by using a comparison microscope. Expert scientific evidence like
firearm identification evidence, needs to be scientifically reliable because unreliable evidence
may lead to the conviction of the innocent and exoneration of the guilty. Case law, authoritative
reports and other literature have shown that firearm identification is not scientific and therefore it
is not reliable. This is a disturbing position, considering the fact that this type of evidence is still
being used in courts and no alternative has been found thus far to replace it. This study therefore
proposes some reforms and recommendations which have been registered in authoritative reports
which assist South Africa in dealing with firearm identification evidence.
To achieve reliability, some writers have suggested that South Africa should adopt the US
approach with regard to admissibility where judges play a “gate keeping” role by making sure
that expert evidence is reliable before it enters the court. However, this study argues that
scientific reliability, in South Africa, should not be a criterion for admissibility, but should rather
be a central factor in deciding what weight should be attached to the expert evidence given in a
particular case. The reason for this is that, in South Africa, the jury system is not used and
therefore the judge does not have to exercise a “gate keeping” role, as he or she will be the final
arbiter as to whether the evidence is reliable. In this context, reliability is considered during
cross-examination. Cross-examination by the defence is crucial and this study proposes some
possible cross-examination questions that can be helpful in testing the reliability of firearm
identification evidence.
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CHAPTER 1

Introduction and Overview of the Study

1 1 INTRODUCTION
South Africa attained democracy in 1994, more than two decades ago, and much weight has
since been placed on the betterment of the social and economic conditions so as to redress the
inequalities caused by apartheid.1 A high level of violent crime has proved to be
counterproductive to achieve this goal.2 The public is constantly faced with newspaper
stories, magazine articles and daily news reports which show heartless murder, kidnappings,
assault and violence.3 Dr Johan Burger, when he was employed by the Institute for Security
Studies (ISS) said “[c]rime in South Africa is a blanket of fear that has an inhibitory effect on
everything.”4 Crime, therefore, is a national concern and its effects are very real. Many crime
victims and their families, together with other lives have been negatively affected because
crime is disruptive and destructive.5 The high rate of crime in the country strips citizens of
the right to security, which is entrenched in the Constitution.6 Moreover, citizens may lose
faith in the process of democratisation and develop a negative view regarding human rights.7
Crime control under such abnormal circumstances creates unprecedented strains on the part
of the prosecutors and police.8 Courts are staggering under heavy backlogs and prisons are
bursting with surplus inmates.9

1
2

3

4

5
6

7

8
9

Civilian Secretariat for Police “Green Paper on Policing” May 2013 14.
Gaventa and Runciman “Untangling Economic and Political Inequality: The case of South Africa” 2016 World
Social Science Report 70.
Pillay “Crime, Community and the Governance of Violence in Post-Apartheid South Africa” 2008 Politikon
141.
City Press “Violent Crime damaging South African Economy” News 24,18 June 2013
http://www.news24.com/Archives/City-Press/Violent-crime-damaging-SA-economy-govt-20150429 (accessed
23/05/2016).
Siegle and Senna Introduction to Criminal Justice 10ed (2005) 6.
Section 12 of the Constitution of the republic of South Africa, 1996 contains the right to live in safety and
without fear. According section12 (1), “everyone has the right to freedom and security of the person and it
includes the right to be free from all forms of violence from either public or private sources.”
Gagliardi “Transnational Organized Crime and Gun Violence. A Case for Firearm Forensic Intelligence
Sharing” 2012 International Review of Law, Computers and Technology 83.
Singh Policing and Crime Control in Post-Apartheid South Africa (2016) 32.
Sloth-Nielsen and Ehlers “Assessing the Impact: Mandatory and Minimum Sentences in South Africa” 2016
South African Crime Quarterly 14.
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The rate of violent crime has increased during the past few years in South Africa and most of
these violent crimes involve the use of firearms.10 South Africa has been rated as the “eighth
most violent country in the world.”11 The three most violent crimes which are firearm related
in South Africa are murder12, robbery13 and car hijacking.14 These are classified as contact
crimes.15 The statistics which were released in September 2016 by the South African Police
Service (SAPS) show that in 2015 to 2016, murder was recorded on an average of 51.2 times
per day and that murder escalated from 32.9 per day in 2014/15 to 33.9 per day in 2015 to
2016.16 In 2000, the SAPS stopped giving data on the percentage of murders involving
firearms and at present they only provide statistics of murder in general. However, data
released before 2000 and information from other sources have shown that in most instances
of murder a gun is involved.17 All this shows that the use of firearms in committing violent
crimes is common in South Africa. This situation is worsened by the fact that South Africa
has the second highest number of gun deaths in the world. The current statistics show that
there are 9.41 gun death per 100 000 people of the population.18 Sitting at the top of the list is
the United States of America (USA), with an occurrence of 10.2 gun related deaths per
100,000 people of the population.19 In addition to the above, between 2014 and 2016 the
10
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“South Africa is the Second Worst Country in the World Known for Gun Deaths” Business Tech, 22 June 2016
http://businessteck.co.za/news/government/91284 (accessed 18/03/2016).
Ibid.
Snyman Criminal Law 6 ed (2008) 437. Murder is defined as, “the unlawful and intentional causing of death of
another human being.”
Ibid 508. Robbery is defined as “the theft of property by unlawfully and intentionally using violence to take the
property from somebody.”
Stanlib “Crime Statistics Rise in Violent Crime” 2015
http://www.stanlib.com/EconomicFocus/Pages/SA
crimestatisticsriseinviolentcrime.aspx
(accessed
23/05/2016). In this article, the overall statistics indicate a somewhat negative outlook for the three most violent
crimes which are murder, robbery and carjacking.
South African Police Services (SAPS) “Crime Situation in South Africa” 2016.
https://www.saps.gov.za/services/final-crime-stats-release-02september2016.pdf (accessed 06/03/2017).
Contact crime refers to “those crimes in which the victims themselves are the targets of violence or property is
targeted and the victims in the vicinity during the commission of the crime are subjected to threats of violence or
the use of such violence.”
“Africa Check Factsheet: South Africa’s 2015/16 Crime Statistics” Daily Maverick, 02 September 2016
https://www.dailymaverick.co.za/article/2016-09-02-africa-check-factsheet-south-africas-201516-crimestatistics/#.WE7MMBp97IU (accessed 12/12/2016). These are crime rates, calculated with Statistics South
Africa’s 2015/16 mid-year population estimates. They refer to the number of crimes committed per 100,000
people in a country. Crime rates are more useful than absolute numbers for comparing changes over time, as
they allow you to make fair comparisons between different population sizes. This is because – generally – the
number of crimes committed will increase as a population grows. The crime rate allows us to see whether
crimes have increased or decreased in relation to the size of the population.
“Gun Deaths in South Africa vs The World” Business Tech, 21 June 2016.
https://businesstech.co.za/news/lifestyle/127533/gun-deaths-in-south-africa-vs-the-world/
(accessed
12/12/2016).
“South Africa is the Second Worst Country in the World for Gun Deaths” BusinessTech, 22 June 2016
http://businessteck.co.za/news/government/91284 (accessed 18/03/2016).
Ibid.
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SAPS reported that 1900 police guns went missing and as a result of this, there are high
chances that legal firearms could end up in the hands of criminals.20
1 1 1 The Rationale for this Investigation
With regard to the above, the level of crime involving firearms in South Africa, remains a
challenge. The government has decided to intervene and it has defined National Safety and
Security as one of its considered priorities.21 Moreover, the development vision of the
National Development Plan (NDP)22 is that by 2030, people living in South Africa should
have no fear of crime. Women, children and those who are vulnerable should feel protected.23
Nevertheless, communities are still concerned regarding how to build a gun violence free
community.24 Many people believe that the institution of law and order somehow is not doing
enough to eradicate the growing risk of death, injury or property loss at the hands of thugs.25
Crime, therefore, has to be fought with all the means at our disposal. An important aspect of
this fight is to arrest the offenders successfully, to try them in court and eventually to impose
an appropriate sentence on them.26
In all crimes and especially those which involve the use of firearms, it is fundamental to
obtain a conviction.27 In order to do this, the prosecution must prove that offenders are
criminally liable for the crime they are charged with.28 Every crime is composed of certain
20
21

22

23

24

25

26

27
28

Ibid.
Civilian Secretariat for Police “Draft White Paper on Safety and Security” 03 March 2015. The White Paper has
the vision of improving the safety of the citizens. It also seeks to ensure that police are able to work effectively
in the new democracy making sure crime is reduced through social crime prevention activities. This is achieved
through legitimacy and delivery of effective service to the public. The police must be dedicated and focused
when it comes to preventing citizens from becoming victims of crime.
National Planning Commission “National Development Plan 2030: Our Future–Make it Work” 2012 Presidency
of South Africa, Pretoria. According to (the then) Minister Trevor Manuel, “The National Development Plan
(NDP) offers a long-term perspective. It defines a desired destination and identifies the role different sectors of
society need to play in reaching that goal. According to the plan, South Africa can realize these goals by
drawing on the energies of its people, growing an inclusive economy, building capabilities, enhancing the
capacity of the state, and promoting leadership and partnerships throughout society.”
Lehohla “Crime Statistics Series Volume II: Public Perceptions about Crime Prevention and the Criminal
Justice System” In-depth Analysis of the Victims of Crime Survey Data for 2010 – 2013/14 (2015)
pmg
–assets
.s3-website-eu-west-1.amazonnews.com/150414reportCrime-statistics-series-ii-pdf(accessed
23/03/2016).
Parliament Monitoring Group “Report of the Portfolio Committee on Police on the National Firearms held in
24/25 March 2014” 2015
http://www.parliament.gov.za/live/commonrepository/Processed/20150812/610134_1.pdf
(accesses
on
23/03/2016).
Leggett “Improved Crime Reporting: Is South Africa’s Crime Wave a Statistical Illusion” (2016) South African
Crime Quarterly 1.
Terblanche “Sentencing Guidelines for South Africa: Lessons from Elsewhere” 2003 South African Law
Journal 858.
Siegle and Senna 7.
Ibid.
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definitional elements and every element must be proven by the prosecution “beyond
reasonable doubt.”29 If any element is not proven, the accused person must be acquitted.30
Evidence in respect of the elements of a crime, can be split into four areas, namely
testimonial, physical, documentary and demonstrative.31 In the context of violent crimes
which involve the use of firearms, physical evidence is of high importance. This evidence is
fundamental in that it can establish key elements of the offence.32 Physical evidence can be
collected at the scene of the crime, and/or from the body of a victim, suspect or witness. Its
value in criminal investigation cannot be underestimated. This kind of evidence can carry
more weight than a narrative of an incident by an eyewitness.33 Evidence gathered at a crime
scene is pivotal when it comes to criminal investigation because this evidence, among other
things “may prove that a crime has been committed, link the suspect to the scene or victim,
establish the identity of a suspect or a victim, corroborate witness accounts and exonerate
innocent parties.”34 Furthermore, evidence taken from the crime scene also gives leads which
investigators can follow up.35
The identification of physical evidence, like the gun in question, used cartridge/shell cases
and projectiles/bullets, is exceptionally important in cases where the criminal use of firearms
is suspected.36 This area is called firearm identification.37 Even though this subject is
popularly known as “ballistics,” that term is not correct because ballistics is only about the
study of the motion of a projectile.38 On the other hand, firearm identification is “the forensic
science discipline that identifies a bullet, cartridge case or other ammunition components as
having been fired by a particular firearm.”39 If a firearm is fired, a number of the gun’s
features are conveyed to the cartridge casings and bullets, thereby making distinctive patterns
called striae or scratch marks.40 These marks, also called toolmarks, are made each time the
29

30
31

32
33
34
35
36
37
38
39
40

In S v Coetzee 1997 3 SA 527 (CC) it was held that the “presumption of innocence” in the interim Constitution
(s 25(3) (c): s 35(3)(h) in the final Constitution) requires that the state bears the “onus of proving” an accuser’s
guilt “beyond a reasonable doubt”. The state must therefore discharge its burden of proof regarding all the
essential elements of an offence.
Siegle and Senna 5.
National Institute of Justice (US) and Federal Judicial Center “National Conference on Science and the Law:
Proceedings: San Diego, California” (1999) 45.
Breyer Reference Manual on Scientific Evidence 3ed (2011) 56.
Ibid.
Jon Criminalistics for Crime Scene Investigators (2015) 6.
Breyer 58.
Jackson and Jackson Forensic Science 3ed (2008) 285.
Saks “The Aftermath of Daubert: An Evolving Jurisprudence of Expert Evidence” 2000 Jurimetrics 229.
Giannelli “Daubert Challenges to Firearms Identifications” 2007 Faculty Publications 549.
Ibid 548.
Inbau “Firearms Identification: Ballistics” 1999 The Journal of Criminal Law and Criminology 1296.

4

firearm is fired and they are formed as a result of the primer which detonates and gunpowder
which burns resulting in the expansion of the casing in all directions; causing the imprinting
of the casing and ammunition by the breech face of the gun.41 The internal part of a gun is
hard and that is why, when it gets into contact with the softer metal of the bullet and casings,
it results in the making of marks on the casings and ammunition.42
In respect of the above, in order to understand the concept of firearm identifications, the
difference between types of marks must be known.43 There are three characteristics of marks
which are, class, subclass and individual characteristics.44 The distinctively designed features
of tools and firearms are reflected in class characteristics. Subclass characteristics arise when
manufacturing processes create batches of firearms with similarities in appearance, size, or
surface finish distinguishing them from other tools of the same type.45 The individual
characteristics of marks are claimed to be as a result of random imperfections or irregularities
on tool surfaces produced by the manufacturing process and corrosion.46
A firearm examiner purports to match bullets and cartridges to the weapon from which they
originated by comparing bullets test-fired from a recovered gun with the spent bullets from
the scene, by using a comparison microscope.47 Examination begins with an evaluation of
class characteristics of the bullets and casings. As seen above, these are features that are
permanent and predetermined before manufacture.48 If these are different, an elimination
conclusion must be reached. If they are similar, the examination will proceed to identify and
compare individual characteristics like the markings that arise during firing from a particular
gun.49 If there is “sufficient similarity” between the characteristics, the examiners will
“declare a match.”50

41
42

43
44
45
46
47

48

49

50

United States v Green, 405 F. Supp. 2d 104, 110 (D. Mass. 2005).
Schwartz “A Systemic Challenge to the Reliability and Admissibility of Firearms and Toolmark Identification”
2005 Columbia Science and Technology Law Review 6.
Ibid 4.
Ibid.
Ibid 5.
United States v Mouzone, 696 F. Supp. 2d 536, 555 (D.Md. 2009).
Commission on Identifying the Needs of the Forensic Science Community, Research Council of the National
Academy of Sciences “Strengthening Forensic Science in the United States: A Path Forward” National
Academy Press (2009) 153. (Hereinafter, 2009 NAS Report).
Shelton “Twenty-First Century Forensic Science Challenges for Trial Judges in Criminal Cases: Where the
Polybutadiene Meets the Bitumen” 2008 Widener Law Journal 18.
President’s Council of Advisors on Science and Technology “REPORT TO THE PRESIDENT, Forensic
Science in Criminal Courts: Ensuring Scientific Validity of Feature-Comparison Methods,” Executive Office of
the President (2016) 11 (hereinafter, 2016 PCAST Report).
Brand “Faulty Forensics: Explained” 2017 https://injusticetoday.com/faulty-forensics-explained-cd102d3f0a2e
(accessed 22/11/2017).

5

The preceding discussion shows that firearm identification involves the examination of fired
cartridge casings and ammunition. The examination of fired cartridge casings and
ammunition is very significant in the evidence of the prosecution.51 It can help to reveal class,
subclass and individualizing characteristics.52 In the absence of a suspect firearm, bullet and
cartridge casings would be used to show important facts, which include “the possible identity
of the firearms; the firm which made it; the identity of anyone who has handled it and in
some cases it helps to see the make and model of the firearm which discharged it.”53 In
addition, using the markings on the gun and bullet, many examiners do believe they can
conclude that a gun was used to fire a particular bullet “to the exclusion of all others”54 This
phenomenon is called individualization.55 In cases where a suspect’s gun and bullets have
been recovered, some experts claim that it is possible to conclude whether the gun concerned
did indeed fire the questioned bullet.56
1 2 THE RESEARCH PROBLEM
1 2 1 Background to the Problem
Firearm Identification falls within the field of forensic science and is presented to court as
expert evidence.57 This type of evidence is presented to the courtroom by witnesses who offer
their opinion based on physical evidence.58 The general rule is that evidence based on the
opinion of a witness is inadmissible in court.59 However “the rules of evidence governing the
admissibility of expert testimony form an exception to the rule of excluding opinion
evidence.”60 Exceptions have been made by South African legislation and in case law with
regard to expert evidence.61 The opinion rule in Canada, the United States of America, the
United Kingdom, and in the other common law jurisdictions has the same origin as the
51
52
53
54
55
56
57
58
59

60

61

2009 NAS Report 151.
Dack “Using Forensic Ballistics in the Courtroom” 2014 Law School Student Scholarship 4.
Jackson and Jackson 274.
Schwartz 2005 Columbia Science and Technology Law 4.
2009 NAS Report 153.
Ibid 275.
Saks 2000 Jurimetrics 229.
Breyer 57.
S v Nel 1990 3 SACR 136 and Holtzhauzen v Roodt 1997 4 SA 266 (W). See also McCalla “Expert Evidence”
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“hearsay rule” which states that “every witness must be able to say that he has seen or heard
that to which he deposes.”62 Expert evidence will only be admissible where it will help the
court in reaching its conclusions and when it is presented by an expert who is unbiased and
adequately qualified in a field of expertise.63

As the number of cases raising complex scientific and technical issues in criminal litigation
has increased, along with the far-reaching implications for fair criminal justice, courts in
adversarial legal systems64 have struggled to find a clear standard by which to admit expert
evidence.65 In South Africa the opinion evidence of an expert is admissible if “it is relevant in
the sense that the expert by reason of specialized knowledge or skill is better qualified than
the court to draw an inference.”66 The rules regarding the admissibility of expert evidence in
South Africa have historically been received from English Law and is therefore similar to the
legal system in England and Wales and are based on the rule that expert evidence is accepted
only if it is relevant.67 The actual reliability of the expert evidence in South Africa, does not
play an important role at the admissibility stage of the evidence, but only becomes relevant at
the stage when the court has to determine the value or weight that should be attached to such
evidence.68

Relevance, in general, relates to the “probative potential of an item of information to support
or negate the existence of a fact or consequence.”69 Furthermore, relevance in this
circumstance can be considered as one of the important requirements governing the
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admissibility of expert evidence within the South African criminal justice system.70 In this
context, section 210 of the Criminal Procedure Act (CPA) states that “no evidence as to any
fact, matter or thing shall be admissible which is irrelevant or immaterial and which cannot
conduce to prove or disprove any point or fact at issue in criminal proceedings.”71

In some common law jurisdictions the actual reliability of the expert opinion evidence has,
however, become an issue that needs to be addressed before such evidence is admitted to be
evaluated by the jury.72 This development is evidenced by the ground-breaking decision in
Daubert v Merrell Dow Pharmaceuticals, where the Appeal Court of the United States of
America compelled “trial judges” to monitor expert testimony as “gatekeepers” and to make
sure it was “not only relevant, but reliable.”73 Daubert obliges judges not only to assess the
acceptance of a “technique”, but also “whether it could be tested or falsified, whether it
possessed an identifiable error rate, and whether the technique or theory underlying the
expert's opinion had undergone peer review.”74

Before the case of Daubert, the general acceptance test had been established as the
admissibility criterion in the Frye case.75 However, this criterion alone had some
shortcomings.76 In 1975, the USA Congress signed the Federal Rules of Evidence (FRE) into
law and Rule 702 is of high significance to the admissibility of evidence by the courts.77
Neither the advisory committee’s commentary, nor Rule 702 mentioned Frye.78 In Daubert
the court illuminated the issue of whether the FRE superseded the case of Frye, when it held
that Frye had been superseded by the FRE and that expert testimony could be admitted if the
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district court deemed it both relevant and reliable.79 Daubert did not address whether this new
development is also applicable to “technical and specialized” knowledge. The Supreme Court
in the US resolved this issue in Kumho Tire v Carmichael80, where it held that Daubert
applies not only to evidence based on “scientific knowledge”, but also to evidence based on
“technical and other specialized knowledge.”81
In 2011 the General Assembly revised Rule 702 of the FRE82 but Rule 702 is still guiding the
trial court in serving a gatekeeper function with regard to expert testimony.83 The legislation
did not alter the language pertaining to the qualifications of an expert. Instead, the legislation
added the subparts to impose restrictions on the admissibility of expert testimony. The
subparts are lifted verbatim from the FRE 702 as amended in 2000, which were intended to
codify the criteria for the admissibility of expert testimony established in Daubert.84

Daubert, its progeny and the FRE have had an impact on forensic science in that they
changed the way it is presented in court. They compel courts to query all the underpinnings
of all expert testimony.85 Moreover they grant the defence community the power it wanted
since the 1970s and 1980s at a time when courts could hardly exclude the State’s forensic
science evidence. Furthermore, with “Daubert and its progeny”, the defence now has the
privilege to see forensic evidence by the state being disqualified if it lacks the sufficient
empirical data to support its conclusions.86 If courts apply Daubert in good faith,87 and
exclude forensic evidence which is not reliable, it will force the forensic experts to employ
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scientifically validated and reproducible techniques whenever they present evidence to the
court.88
The problem with regard to the admissibility of forensic evidence is that even though the
Daubert test is well known and applied in the United States of America (USA), at present
there are no set tests and standards in the South African law in terms of which the reliability
of firearm identification testimony can be determined.89 This is a big problem in South Africa
as inadequately qualified individuals could at times be called to testify and give expert
evidence in the form of firearm identification. This is not in line with the Daubert test.90 This
lack of expertise by the “expert witness” could lead to incorrectly understood evidence to be
presented, leaving the presiding judge or magistrate, who may not be versed in scientific
reasoning and fact, to make their judgment based on inadequate scientific grounds. In some
cases, it could lead to the wrongful conviction or acquittal of the accused.91
In 2004, the National Institute of Justice (NIJ) in the USA asked the National Research
Council (NRC) of the National Academy of Sciences (NAS) to address the issues raised by
computerized ballistic imaging technology.92 A committee was formed to “assess the
feasibility, accuracy and reliability, and technical capability of developing and using a
national ballistics database as an aid to criminal investigations.”93 The committee published
its report in 2008 and despite the fact that the report focused on computer imaging of bullets,
a section of the report examined the theory and methodology of firearm identification
evidence. That is why in this report it was written that:
Underlying the specific tasks with which the committee was charged is the underlying question of
whether firearm-related toolmarks are unique: that is, whether a particular set of toolmarks can be
94
shown to come from one weapon to the exclusion of all others.

The report then concluded that “the validity of the fundamental assumptions of uniqueness
and reproducibility of firearm-related toolmarks has not yet been fully demonstrated.”95
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Additionally, in 2009 there was another NAS Report and like the 2008 report the 2009 report
found little support in science for identification testimony offered in some forensic science
disciplines, including firearm and toolmark examination.96 According to the report:
With the exception of nuclear DNA analysis, no forensic method has been rigorously shown to have
the capacity to consistently, and with a high degree of certainty, demonstrate a connection between
evidence.97

Recently, in 2016 the “President’s Council of Advisors on Science and Technology
(PCAST)”98 of the USA, resumed from where the 2009 NAS Report ended by publishing the
PCAST Report.99 The 2016 PCAST Report is also in agreement with the two NAS Reports
with regard to the inadequacy of the reliability of firearm identification. The report elaborates
that firearm analysis evidence currently falls short of the criteria for foundational validity,
because there is only a single appropriately designed study to measure validity and estimate
reliability.100

Because of the inadequate reliability of firearm identification evidence shown by the Daubert
case and the NAS and PCAST Reports, there are high chances that courts will impose some
limitations on the scope of the firearm examiner’s testimony.101 In the light of the new
awareness of the inadequate foundations of firearm identification evidence in the USA, some
USA courts are starting to criticize the underlying methodology and the lack of research on
the fundamental assumptions of firearm and toolmark identification evidence.102 In United
States v Glynn the court concluded that firearm identification “lacks the rigor of science and
suffers from greater uncertainty than many other kinds of forensic evidence.”103 The court
barred the examiner from testifying as to absolute certainty with regard to the identification
and permitted the conclusion to be expressed only as “more likely than not” that the firearm
had fired the evidentiary bullet.104
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1 2 2 The Research Problem to be addressed in this Study
In consideration of the above, this study seeks to address the problem that at present there are
no set tests and standards in the South African law in terms of which the reliability of firearm
identification testimony can be determined. Evidence is allowed in the courts whenever it is
relevant and its reliability only goes to weight. In the search for a test for reliability of firearm
identification evidence, this dissertation sets out to conduct a comparative study to determine
what South African courts can learn from US decisions dealing with the reliability of firearm
identification evidence.
1 3 THE AIMS OF THE RESEARCH
As seen above, “expert evidence is one of the exceptions to the general rule that evidence of
opinion is inadmissible.”105 Firearm identification evidence is a form of evidence in which
experts are called upon to give their opinion in court.106 Therefore, the aim of this research
project is to establish the role of validity and reliability of firearm identification evidence so
as successfully to trace and prosecute perpetrators where firearms are involved. The thesis
also attempts to identify and discuss the standards and methods which have been set up to
ensure validity and reliability of firearm identification evidence in the fair adjudication of
crimes.
1 4 THE PURPOSE OF THE RESEARCH
According to Denscombe, the purpose of “research encompasses the focus and direction of
the research study and provides criteria against which the outcomes of the research can be
evaluated.”107 To address the aims of the research and answer the questions that arise, the
present research project has several purposes, which are based on the guidelines developed by
Denscombe.108 Therefore the research in this study considers whether validity and reliability
should be an admissibility requirement or whether it should be used in determining the
weight of the evidence. The thesis evaluates the existing procedures followed in identifying
firearms in order to determine how reliable these methods are. Finally, the thesis, based on a
comparative analysis of the reliability of firearm identification evidence, proposes factors that
105
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courts could take into consideration to determine the reliability of firearm identification
evidence.
1 5 THE RESEARCH QUESTIONS
Mouton states that, “[t]he purpose of formulating research questions is to focus on the
research problem by breaking it down into questions.”109 Research questions specify exactly
what is investigated.110 In order to address the problem statement and aims, this researcher
formulated the following research questions to focus the research:
(i) When and for what purposes can firearm identification be used in criminal cases?
(ii) What is the theory and methodology behind firearm identification evidence?
(iii) How scientific and reliable is this kind of opinion evidence?
(iv) How can the reliability norms in comparative jurisdictions assist South African decisionmakers in determining the weight of such evidence?
(v) Should the reliability of expert evidence be considered in the admissibility of firearm
identification evidence or only be considered when the weight of the evidence is determined?
1 6 DELIMITATION
The study has inherent limitations necessitated by the scope, spread and financial resources as
well as by the length limitations of a Master’s dissertation. The study examines how firearm
identification evidence is relevant and reliable in solving firearm related crimes.111 The
discipline of firearms identification is intertwined with toolmark identification which focuses
on the identification of marks that are made by tools when involved in the commission of
crime.112 However, the study is focusing only on firearm identification which addresses gun
crimes.
Limitations in financial resources dictate imply that the study relies on books, journals and
Internet resources currently accessible via the University of Fort Hare library. Moreover, the
study relies heavily on the United States of America and England and Wales legal systems
with regard to firearm identification for the purpose of comparison. This is because the South
African legal system is still developing in terms of forensic science and most of the
109
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techniques and methodologies are adopted from the other adversarial legal systems. In
addition, the study relies much on the USA legal system with regard to literature on reliability
of firearm identification because the South African legal system has not yet developed a clear
standard for the admissibility of firearm identification evidence.113
1 7 NEXUS STUDY
A comprehensive literature review indicates that no previous similar research has been
conducted on the same subject in South Africa. A search with the assistance of the University
of Fort Hare library also shows that there is no such research topic registered at present at
Fort Hare or any other University. Although there is no similar research on this topic in the
South African law, a review of literature reveals that pertinent research studies in the same
area of the study have been conducted in other jurisdictions. The researcher highlights
important scholars and work written on the subject and attempts to indicate how insights
gained from these jurisdictions can be translated to South Africa.
1 8 LITERATURE REVIEW
Much of the controversy regarding the reliability of firearm identification evidence stems
from the way this type of evidence is collected. In most cases firearm examiners use
comparison microscopes to compare evidence of cartridges and bullets found at a crime
scene, with cartridges and bullets which they fire afterwards.114 This has raised some
controversy among several scholars and writers. Goddard,115 a pioneer in forensic ballistics,
supports the view that if bullets are fired from the same gun, a microscopic examination will
show that grooves correspond.116 On the other hand, Kraft argues that the observations made
by experts, show that these microscopic details often do not correspond.117 He further states
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that it is sometimes possible to take a photograph of micrographic parts of two bullets not
fired from the same weapon and they may appear to be identical.118
Dr. Adina Schwartz published an article entitled “A Systemic Challenge to the Reliability and
Admissibility of Firearms and Toolmark Identification”119 and in this article she uses the case
of United States v Kain120 to support her points of view as to why “all firearms and toolmark
identifications should be excluded until the development of firm statistical empirical
foundations for identification and a rigorous regime of blind proficiency testing have been
attained.”121 The basis of Schwartz’s article is to show that there are “systemic scientific
problems with firearm and toolmark identification.”122 However, Ronald Nichols in his
article “The Scientific Foundations of Firearms and Toolmark Identification – A Response to
Recent Challenges” disagrees with most of Schwartz’s arguments on firearm and toolmark
identification.123 According to him, firearms and toolmark identification is based on “sound
scientific foundations” and he refers to a comprehensive literature review to show that the
field of firearms and toolmark identification “is deeply rooted in the application of the
scientific method.”124 He goes on to criticize Schwartz’s failure to make a reference to the
AFTE Theory of Identification,125 when she talks about systemic scientific problems with
firearms and toolmark identification. He describes the AFTE Theory of Identification as “the
work of the relevant scientific community which would assist in answering some of the
claims made by Schwartz if someone does a vigilant reading of it.”126 This theory contends
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that “[c]urrently the interpretation of individualization/identification is subjective in nature,
founded on scientific principles and based on the examiner’s training and experience.”127
In addition to the above, Schwartz in her article, talks about “three central pitfalls” that stand
in the way of firearms and toolmark examination’s goal of individualization.128 In this regard,
individualization is based on an assumption of identifying one and only one tool as the source
of a particular toolmark.129 Rather than calling these “three central pitfalls”, Nichols referred
to them as “critical issues of which conscientious examiners will be aware.”130
The first pitfall, according to Swartz, is the fact that the individual characteristics of
toolmarks are “combinations of non-unique marks.”131 She goes on to say:
As a result of the overlapping individual characteristics of toolmarks made by different tools,
examiners who assume that a certain amount of resemblance proves that the same tool produced both
test and evidence toolmarks may be wrong because the same amount of resemblance may exist in
toolmarks produced by different tools of that type. While this can lead to misidentifying a tool as the
source of evidence that it did not produce, identifications may also be missed because the toolmark on
a fragmented ammunition component or other surface is too small to allow any firearm or other tool,
including the one that made it, to be identified as the toolmark’s source.132

Nichols counters this observation by saying “before rendering a call of same source; the
examiner must observe agreement that is consistent with the agreement demonstrated by
toolmarks known to have been produced by the same tool.”133 He furthermore elucidates that
trained examiners can differentiate between toolmarks made by different tools.134
The second pitfall regards confusing “subclass with individual characteristics.”135 Schwartz
asserts that a weapon may be mistakenly identified as the origin of some markings it did not
make if “an examiner confuses subclass characteristics shared by more than one tool with
individual characteristics distinctive to only one tool.”136 She contends that this type of error
happens because firearm identification is not like fingerprint and Deoxyribonucleic acid
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(DNA) identification where this type of confusion is less likely to happen.137 However,
Nichols refutes this argument and regards the examiners as the people with knowledge of
firearm and tool manufacturing processes which they gain through studies, training and
experience. Because of the studies, training and experience, he feels that the examiners are
able to address the issue of subclass characteristics as well as to enhance the potential for
doing comparative casework.138 With regard to the analogy of fingerprints and DNA which
was made by Schwartz, Nichols elaborates that neither of these fields deals with subclass
characteristics in a manner close to that of firearm and toolmark identification. In support of
his argument, Nichols wrote about the existence of a background and literature upon which
examiners regularly rely to assess surfaces for the purpose of distinguishing between subclass
and individual characteristics.139
The third pitfall is with regard to the change of toolmark individual characteristics.140 Firstly,
in developing her argument, Schwartz distinguishes between individual characteristics which
are made by tools/firearms and those made by fingerprints or nuclear DNA. In her view, the
individual characteristics of the marks made by tools/firearms change with time141 and these
changes are caused by the changes in the tool’s surfaces that occur as the tool is used and as
damage or corrosion occurs.142 Nichols acknowledged the occurrence of these changes.
However, he enumerates that even if the surface of a weapon changes over time, this does not
make identification unreliable. Nichols is of the view that as a result of continuous use, a
firearm/tool will continue to get individual characteristics that are important for the
comparative identification process.143
Schwartz believes that there is a systemic judicial failure to understand the scientific
problems of firearm and toolmark identification.144 She refers to the case of Daubert which
gave judges a mandate to examine the scientific bases of all types of expert testimony, despite
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the fact that the testimony in question has previously been admitted.145 Furthermore,
Schwartz argues that before and after Daubert, firearms and toolmark identification
testimony has mostly been accepted by courts as a matter of course and no court has
recognized the systemic scientific problems within the field.146 Nichols, in his article,
disputes this observation and after a review of some case law which involves evidence
relating to firearms and toolmark identification, he concludes that the courts have a solid
grasp of the critical elements regarding the discipline.147 Nichols is of the view that expert
witnesses are capable of articulating this field’s scientific foundations to such an extent that
the court is able to discern that there is a solid basis for the proffered testimony.148
More recently, there has been some interrogation on the lack of a “precisely defined process”
and “empirical testing”149 in the field of firearm identification. Even if firearm identification
is currently admissible in the courtrooms through the testimony of experts, courts are still
“examining the underpinnings of the science and questioning the precision of the
testimonies.”150 Some firearm analysts in the USA state that the firearm identification
discipline has near-perfect accuracy.151 However, the 2009 National Research Council in its
landmark report concluded that “sufficient studies have not been done to understand the
reliability and reproducibility of the methods”152 This therefore means that the foundational
validity of the field has not been established.153 The NAS Report shows that the “forensicscience system” has serious problems; it is facing many challenges,154 and it is responsible
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Schwartz 2005 Columbia Science and Technology Law Review 33 says that “despite Daubert, no court has
recognized the systemic scientific problems with firearms identification. Instead, courts have tended to wave
away challenges to the reliability and admissibility of this type of testimony by pointing to its longstanding
admission in court.”
Nichols 2006 California Association of Criminalists News 26.
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Giannelli 2007 Faculty Publications 4.
Dack 2014 Law School Student Scholarship 4.
Jackson and Jackson 5.
2016 PCAST Report 11.
2009 NAS Report 154.
Ibid.
Ibid. In the Report it is argued that “challenges include the lack of mandatory standardization, certification, and
accreditation; the interpretation of forensic evidence; the need for research; and the need for established limits
and measures of performance.”
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for multiple wrongful convictions.155 As noted above, the Report further shows that the
“scientific knowledge” on which firearm identification is based, is inadequate.156 It is as a
result of this that court rulings in the USA are now limiting the once accepted, “a match to
the exclusion of all other weapons in the world” testimony of experts, which often was
employed by examiners who carry out firearm identification.157
The 2016 PCAST Report provides evidence of an extensive review of the relevant literature
and this report is consistent with the 2009 National Research Council’s conclusion.158
According to the report the current firearm evidence still falls short of the scientific criteria
for foundational validity. In the report it is further held that “claims of higher accuracy are
not scientifically justified at present.”159 The PCAST Report found that firearm analysis
currently falls short of the criteria for foundational validity, because there is only a single
appropriately designed study to measure validity and estimate reliability.160 The scientific
criteria for foundational validity require more than one such study, to demonstrate
reproducibility.161 According to the report, whether firearm analysis should be deemed
admissible based on current evidence, is a decision that belongs to the courts. In the report it
is further stated that if firearm analysis is allowed in court, the scientific criteria for testing
reliability and validity should be understood in order clearly to ascertain the error rates as
designed in black-box studies.162 The conclusion of the PCAST Report means that courts
must receive firearm identification evidence with caution in order to guard against unreliable
evidence since there are a number of limitations attached to the evidence.163
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1 9 RESEARCH METHODOLOGY
Leedy and Ormrod state that “the methodology of a research project can be described as the
approach in general that the researcher takes in carrying out his or her research project.”164
This research project is desktop qualitative and comparative law research mainly based on a
review and analysis of existing literature. Both primary and secondary sources are used –
primary sources are in the form of case law, legislation, international instruments and
empirical studies. Secondary sources include textbooks, journal articles, internet sources,
newspaper articles and reports regarding forensic science. The research scrutinises scholarly
works in order to enrich the analysis.
In order to eliminate any confusion that may arise on the part of other researchers or readers
in the future, the following key concepts have to be illuminated:
Identification is “the process of comparing two similar objects and concluding that both have
a common origin. In the case of firearm examination, this is to determine that two projectiles
were fired from a specific firearm.”165
Striation marks can be defined as “parallel surface contour variations on the surface of an
object caused by the combination of force and motion, where the motion is approximately
parallel to the place being marked. These striations are accidental in nature and unique to a
common origin (a particular firearm or tool), also known as striae.”166
Individualization is defined as “identifying one and only one tool as the source of a particular
toolmark(s).”167
Microscopic comparison is “the comparison of two or more items using a comparison
microscope. The comparison microscope is essentially two microscopes connected to an
optical bridge. A comparison microscope is a bridge, which allows the forensic examiner to
observe two objects simultaneously with the same degree of magnification. This instrument
can have a monocular or binocular eyepiece.”168
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1 10 ETHICAL CONSIDERATIONS
This research project does not involve any moral or ethical implications as questionnaires or
interviews with individuals are not used in the study. Throughout this research project,
special care is exercised in order to guarantee the originality and impartiality of the
investigation.
1 11 CHAPTER OUTLINE
Chapter One:
This Chapter presents a general introduction to the study. The contextual background to the
study is discussed. In addition, it identifies the importance of the research problem and
articulates the relevance, objectives, scope, research problem, methodology and limitations of
the study.
Chapter Two
This chapter considers the history of firearm identification and the basic assumptions of
firearm identification are discussed. It also explains the most important characteristics of
firearm identification (class, subclasses, individual). The process of firing a firearm (loading,
firing pin movement, ignition of the powder, extraction and ejection) is evaluated. The
examination process (firearm examination, cartridges cases examination) is discussed. Lastly
the researcher discusses the key concepts, technical terms and existing procedures used by
firearm experts.
Chapter Three
This chapter discusses the concept of reliability and validity from a scientific point of view.
Following on the discussion of the technical aspects of firearm identification in Chapter two,
this chapter focuses specifically on the reliability and validity of firearm identification
evidence. The chapter examines issues that pertain to the scientific validity of firearm
identification evidence by looking at the latest scientific reports focusing on the problems
relating to firearm identification. Additionally, this chapter explores whether the reliability of
expert evidence should play a role in the admissibility of firearm identification evidence or
whether it should only be considered when the weight of the evidence is considered. Lastly,
the chapter also considers what lessons regarding the reliability of firearm identification
evidence could be adopted from other jurisdictions and incorporated into South African law.
21

Chapter Four
Chapter four offers a synthesis of the study in order to summarise the main findings and
draws conclusions. In this context, the dissertation proposes a set of cross-examination
questions that could expose the limitations of this kind of evidence. This chapter discusses
what the presiding officer should take into consideration in determining whether in fact a
bullet came from a specific gun. Finally this chapter shows why the topic is of importance in
criminal adjudication.
1 12 REFERENCING STYLE
The Speculum Juris style is used in this dissertation
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CHAPTER 2

The Basic Principles of Firearm Identification Evidence

2 1 INTRODUCTION
Firearm identification as a part of the forensic science discipline has been used in judicial
proceedings for more than a century and some people claim that it has reached the status of
an exact science.169 Firearm identification is founded on the basis of uniqueness.170 It has
been claimed that firearms can be distinguished from one another.171 Moreover, proponents
of firearm identification maintain that the uniqueness of each firearm can be transferred to the
bullet/projectile and cartridge/shell every time the firearm is fired as a consequence of the
printing of some markings.172 These characteristic markings on the evidence bullets or
cartridges help in identifying the firearm from which they were fired and this is done by
comparing the evidence bullet or cartridge with a test bullet or cartridge fired from a
suspected firearm.173 A brief history of firearm identification and an explanation of the key
concepts, technical terms and existing procedures used by firearm experts are given below.
This chapter explains the most important characteristics of this type of evidence and also
considers the basic assumptions on which firearm identification is based. Lastly the chapter
discusses the forensic value that such evidence could have in the criminal justice system.
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2 2 A BASIC OVERVIEW OF SCIENCE AND FORENSIC SCIENCE
2 2 1 What is Science?
Science is a “formalized method of observation and experimentation that provides a
theoretical explanation of what is being investigated.”174 This investigation involves the use
of the scientific method. The scientific method consists of:
The principles and empirical processes of discovery and demonstration considered characteristic of
or necessary for scientific investigation, generally involving the observation of phenomena, the
formulation of a hypothesis concerning the phenomena, experimentation to test the hypothesis, and
development of a conclusion that confirms, rejects, or modifies the hypothesis.175
.

According to the National Research Council, science, such as statistics and other factors
which increasingly, directly enter the courtroom, is far more than mere tools.176 The Supreme
Court in the USA, for example, has in the recent past decided cases involving basic questions
of human liberty, the resolution of which demanded an understanding of scientific matters.177
2 2 2 What is Forensic Science?
Forensic Science refers to “facts or opinions proffered in a criminal case that have been
generated or supported by the use of one, typically by more than one, of the corpus of
forensic sciences routinely used in criminal prosecutions.”178 The forensic science disciplines
reveal extensive variability with regard to techniques, methodologies, reliability, level of
error, research, general acceptability, and published material.179 There is a wide list of such
disciplines, each with its own discrete practices. Some of the disciplines for example, are
laboratory based (e.g. nuclear and mitochondrial DNA analysis, and drug analysis) and others
are based on expert interpretation of observed patterns (e.g. fingerprints, writing samples, bite
marks, firearm and toolmarks).180

The criminal justice system has had faith in forensic science over a long period and despite its
flaws it has become an increasingly critical component of the fact-finding process in criminal
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cases.181 Many questions have been raised with regard to the infallibility of forensic science
as it has been used in experiments by undertrained laboratory workers who “jettison the
scientific method” in favor of speedy results that fit prosecutors’ needs.

182

An alarming

number of people have been wrongly imprisoned and executed due to flawed forensic
testimony.183 In the light of this, Stern is of the view that “a complete overhaul of evidence
analysis is desperately needed. Without it, the number of falsely convicted will only keep
growing.”184 In addition to this, NAS, the most respected scientific organization in the USA,
has revealed that forensic science, with the exception of DNA evidence, “is fundamentally
unscientific.”185 In order to make forensic science evidence more reliable and to meet
scientific standards, a wide range of reforms need to take place.186 This matter is discussed in
detail in chapter 3 below.
2 3 THE HISTORY OF FIREARM IDENTIFICATION
The history of firearm identification has evolved over the past 190 years and the first known
case was in 1835.187 The history of this field of law is pertinent to forensic scientists, firearm
examiners and legal experts.188 It is important to note that there is no single person who can
be credited as the sole founder of firearm identification.189 The development of firearm
identification is similar to that of handwriting and typewriting identification from that era
which stem from observations made by several different experts.190
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Early firearm identification placed much emphasis on the identification of the “caliber,
macroscopic imperfections of the bullet, the shape and type of bullet used in the crime.”191
These early methods of firearm identification were to a certain extent unsophisticated. In
France, for example, lethal and test projectiles were rolled on tinfoil,192 and the markings
which we reproduced, were studied in order to see if there were any similarities.193
Matchlocks and flintlocks were among the first firearms to be made and they were made one
at a time by the gunsmith during the manufacturing process.194 The firearm barrels and the
bullet moulds reflected the quirks of the maker and were distinctive in terms of the length,
width, and the size. The screws that were used on the firearms were made by hand and they
were specific in the width and pitch of the threads. Those peculiar features assisted early
investigators in matching firearms, by means of the observation of bullet marks.195 Only in a
few cases would the investigators use a magnifying glass.196

There was an increased interest in firearm identification in the late 1800s and early 1900s.
This is evidenced by several court cases which took place in USA within this period.197
Moreover, various investigations regarding firearm identification were conducted throughout
the USA and Europe.198 Apparently, the first written reference by scholars in this field
appeared in 1900.199 As firearms began to be mass produced and as the manufacturing
process became modernized, firearm examiners could no longer match a bullet to a specific
firearm by simply observing with naked eyes.200 Firearm experts began to observe that there
191
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are fine marks and striations unique to each firearm that cannot be seen by the naked eye and
which are produced during the manufacturing process and worsened by use and
maintenance.201

The topic of firearm identification gained considerable attention in the 1920s due to the work
of Calvin Goddard202 and played a controversial role in the Sacco and Vanzetti203 case which
was heard in 1926.204 In 1925, just a year before the Sacco and Vanzetti case, Charles Waite,
an investigator, joined Goddard, an officer in the Ordnance Corps, Philip Gravelle, a chemist,
and John Fisher, a physicist, to form a private Bureau of Forensic Ballistics (BFB) in New
York City. These four men can be credited to be among the first pioneer experts to study
firearm identification.205 Goddard and Gravelle invented the comparison microscope in order
to be able to view two projectiles at one time.206 This comparison microscope was used in the
Sacco and Vanzetti case where Goddard used a test bullet fired from Sacco’s firearm into
cotton. The test bullet fired was compared by using a comparison microscope with the bullets
which had been found next to the crime scene.207 The bullets matched and even the defence
expert accepted that the test bullets and suspected bullets had been fired from the same
weapon. Because of this evidence Sacco and Vanzetti were convicted and executed.208 Then,
in 1929, some men in Chicago were lined up and shot by using firearms (the St Valentine’s
Day Massacre).209 An interesting point in this case is that police had been seen by witnesses,
at the time of the shooting incident, in the area where the incident happened. This led to the
suspicion that the police were involved in the shooting.210 Goddard used a comparison
microscope to clear the police from participation in the massacre.211 Later on, Goddard
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matched the evidence ammunition to the guns which were found in another suspect’s
home.212

The discipline of firearm identification continued to grow in the 1930s, 1940s and 1950s.
This is evidenced by the establishment of the Scientific Crime Detection Laboratory (SCDL)
at North Western University in Chicago in 1930. In 1932 the Federal Bureau of Identification
Laboratory (FBIL) started to operate.213 These, together with other crime laboratories, started
to become operational and they assisted the police force in firearm analysis and firearm
identification.214
In 1969 the Association of Firearm and Toolmark Examiners (AFTE)215 was formed. The
original members were specialists from the USA and Canada. The AFTE has been of great
importance to firearm and toolmark examiners in the USA and other countries outside the
USA, through provision of training, access to journal articles and other resources. The AFTE
Protocol which outlines procedures to follow during examination, was drafted in the early
1990s.216 To date the AFTE Protocol is considered as “the industry standard by which
examiners conduct their examinations.”217 According to the AFTE Protocol there are four
conclusions which can be made when firearm examination takes place which are: (1)
identification, (2) inconclusive, (3) elimination, or (4) unsuitable for comparison. In addition
to this, the AFTE Protocol maintains that there must be “sufficient agreement” between the
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toolmarks present on ammunition found at a crime scene (evidence bullet or cartridge) and a
test bullet fired from a suspected weapon.218

The period after 1980 saw advancement in the compiling of and searching for computerized
image databases in the application of forensic analysis.219 This has been enhanced by the
ability fully to utilise computers within the firearms laboratory.220 This constant development
of technology has equipped the firearm examiners with useful tools such as the current,
“Integrated Ballistics Identification System (IBIS).”221 The IBIS is now being used in the
United States as well as in several other countries including South Africa and this has been
helpful in the capturing of digital images of fired bullets and cartridge casings. These images
are then scrutinized to give the examiner the opportunity to search for possible identifications
on fired bullets and cartridges for examination, using a comparison microscope in the
laboratory.222

In South Africa, the first person to be involved in firearm identification was Major M.S
Barraclough who used to work as an Ordnance Officer in the Ordnance Department in King
William’s Town.223 He joined this department at the age of fourteen.224 He has been
described by Harding-Barlow as “a person who was attracted to the mechanisms and
technicalities of firearms.”225 Major M.S Barraclough did firearm studies using a collection of
different types of guns, revolvers and cartridges. In 1927 he was, for the first time, called to
assist the police.226 This made his interest in firearm investigations grow, and he is said to
have bought some costly instruments out of his own pocket. When he died, his assistant, Mr
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G.P Britz, an official photographer in the South African Police Service (SAPS), succeeded
him. Mr Britz who was also Major Barraclough’s photographer, had assisted in taking the
necessary photographs to demonstrate the investigations made by Major Barraclough and
had learnt about firearms from him, and then made a further study of it himself.227
2 4 KEY CONCEPTS, TECHNICAL TERMS AND EXISTING PROCEDURES USED
BY FIREARM EXPERTS.
Judges and lawyers are often unfamiliar with the topic of firearm identification.228 As a result
of this, an examiner must always be in a position to explain how firearms work so as to help
presiding officers and lawyers to understand what firearm identification entails. Furthermore,
the examiners are always asked to tell the court whether an object used in the criminal
activity meets the statutory definition of a firearm. In this context, the legislation
distinguishes between different types of firearms, and between objects that look like firearms
and those that can discharge a bullet.229 In some cases a suspect can claim that the firearm
“went off” by itself and the shooting was because of an accident. It is also the duty of firearm
examiners to answer questions about whether a firearm was broken.230 To add to the above,
examiners need to look for any modifications made to the firearms, for example making a
gun’s barrel shorter than the actual legal length. Criminals often do this to improve the
firearm’s concealability, or to obscure the firearm’s serial number.231

Hence, firearm

identification requires knowledge of firearms and ammunition typically used for
examination.232 In this regard Inbau contends that “a slight understanding” of the “process of
gun manufacturing” is needed to appreciate the possibility of the observations made above.233
2 4 1 The Firearm
In South Africa, according to the Firearms Control Act,234 a firearm means any:
(a) device manufactured or designed to propel a bullet or projectile through a barrel or cylinder by
means of burning propellant at a muzzle energy exceeding 8 joules (6 ft-lbs);
(b) device manufactured or designed to discharge rim-fire, centre-fire or pin-fire ammunition;
(c) device which is not at the time capable of discharging any bullet or projectile, but which can be
readily altered to be a firearm within the meaning of the paragraph (a) or
227
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(d) device manufactured to discharge a bullet or any other projectile of 22 caliber or higher at a muzzle
energy of more than 8 joules (6 ft-lbs), by means of compressed gas and not by means of burning
propellant; or
(e) barrel, frame or receiver of a device referred to in paragraphs (a) (b) (c) or (d).235

The two well-known types of firearms are handguns and shoulder arms.236 A hand gun is a
gun designed for use by one hand. A shoulder arm is a firearm designed to be fired while held
in the hands and braced against or upon the shoulder.237
2 4 1 1 Handguns
The two basic types of handguns are revolvers238 and semi-automatic pistols.239 One
difference between these two types of handguns is that “the cartridge case is automatically
ejected when a semiautomatic pistol is fired.”240 If it is recovered at the crime scene, it may
be possible to identify the cartridge case with the firearm from which it was fired. The case is
not ejected when a revolver is discharged.241
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Figure 2 1: Parts of a double-action revolver and a semi-automatic pistol.242
2 4 1 2 Shoulder Arms
The two major types of shoulder arms are shotguns and rifles.243 Shotguns are “smooth bore
firearms and they do not have lands and grooves.” 244 They can be double or single barrel and
can be semi-automatic, pump, bolt or break open firearms. Shotguns can also fire bullets,
called slugs.245
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Certificate”

2004

https://www.hunter-

Figure 2 2: Shown above are the parts of a commonly used shotgun—the
shotgun the pump
pump–action
shotgun.246
A rifle is a type of firearm with rifling in the bore and is designed to be fired from the shoulder. It
is also called a long gun. A rifle has a barrel that has a helical groove or pattern of grooves

(rifling)) cut into the barrel walls.247

Figure 2.3: Shown above are the parts of a commonly used rifle—the bolt–action
action rifle.248

2 4 2 Ammunition
This consists of the primer, projectile (bullet), propellant (powder) and cartridge case.249

Propellant/powder

bullet

Primer

cartridge case

Figure 2:4:Shown above are the basic components of ammunition.
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2 4 2 1 The Primer
The primer “contains a small amount of an explosive mixture, which detonates when struck
by the firing pin. When the firing pin detonates the primer, an explosion occurs that ignites
the propellant. The most common modern propellant is smokeless powder.”251
2 42 2 Bullets/Projectile
This is a metal projectile used for firing from a firearm, typically cylindrical and pointed, and
sometimes containing an explosive.252 Bullets are usually made of metal; however,
substances like plastic or rubber may be used. The centre of a bullet most commonly is
composed of lead, and it can be moulded to make a tight seal for gasses in the barrel upon
being fired. To withstand pressure and to prevent it from becoming deformed when it is fired,
the bullet is commonly combined with other materials, like copper, tin or antimony, during
the manufacturing process.253 A bullet is categorized based on the caliber for example; a
9mm bullet is referred to as a 0.35 inch bullet or a 889mm bullet (or 0.35 caliber).254
However, it is important to note that the bullet’s caliber does not necessarily reflect the
caliber of the gun used to fire it, because sometimes a cartridge that is too large or too small
may be used.255
2 4 2 3 Powder
A commonly used term for the propellant is a cartridge or shot shell. Modern gun cartridges use
“smokeless” powder that is relatively stable and of uniform quality, which leaves little residue
when ignited. 256 The powder’s rapid burning produces the gases which push the bullet from

the rifle barrel.257 Powder is either black or smokeless and one can only tell which type of
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powder was used through chemical analysis.258 Sometimes there can be incomplete
combustion of the powder and this incomplete burning often leaves the investigator with a
possible starting place in criminal detection.259 A few unburned grains of powder within the
bore which remain after firing of a bullet can be studied under the microscope to reveal the
name of the maker, as each type of powder is produced with different physical
characteristics.260

2 4 2 4 Cartridge Cases/Shell Cases
A cartridge is “a type of ammunition packaging a bullet or shot, a propellant substance and a
primer within a metallic, paper, or plastic case that is precisely made to fit within the firing
chamber of a firearm.”261 It is also called a “shell, shell casing, brass, or a hull.”262 The
cartridge cases are mostly made of brass, which is an alloy of zinc and copper. Other metals
may be used, but brass is preferable because it is less dense.263 In some instances cartridge
cases may be found at the scene of a shooting, though this often depends on the type of gun
used. A self-loading handgun will eject the cases from the weapon, whereas revolvers retain
the cartridges until the shooter manually removes them. However, the absence of cartridge
cases is not an accurate sign of the type of firearm used, as the perpetrator may have picked
up the cases from the scene before leaving.264

The cartridge casing carries few markings needed for identification purposes. These markings
are often less distinct due to the harder metal of the case. The marks on the cartridge are
made during the loading, firing, and ejecting of the firearm.265 Any cartridge cases taken from
the crime scene should be accurately measured in all dimensions to help future
comparison.266 Revolvers, for example, have cartridge casings designed with projecting base
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rims, whereas self-loading firearms do not have such kinds of cartridge casings. This is
important because the examination of any cartridge cases found, can help in giving clues of
the firearm which might have been used during the shooting.267

Another distinguishing feature that can be used for easy identification of cartridge casings is
“the head stamp” which basically means markings or impressions that are produced at the
bottom of cartridges during the manufacturing process. These markings can help to determine
the make and the type of ammunition used and they can be used to trace a cartridge back to
the manufacturer.268
2 4 3 The Process of Firing a Firearm
2 4 3 1 Loading
Firearms function in a similar manner, be it a rifle, a pistol, a shotgun, or a machine gun.
Each time when a cartridge casing is loaded into the firearm, certain scratches or marks
resulting from the sliding of the cartridge metal upon the metal of the chamber, are made.269
In some types of firearms these impressions may be more distinct than in others. This is due
to the more violent loading process of the gun. There are, for example, other firearms which
ram the unfired cases in and gust the empties out. If the loading process is more violent, then
there is a high possibility of more clearly defined markings on the case.270
2 4 3 2 Firing Pin Movement
After the loading of the cartridge, the second function is that of firing the pin so that it moves
forward to hit the primer and burn the powder. The strength of the firing pin controls the
motion of the firing pin. The motion is also controlled by the type of spring; the stronger the
spring the deeper the impression on the soft primer cup. The opposite is true for a weak
spring.271
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2 4 3 3 Ignition of the Powder
The hitting of the primer causes the ignition of the propellant. The gases of the ignited
powder push equally in all directions. This pressure pushes the bullet through the rifling, at
the same time the cartridge case is pushed to the back because of the pressure against the bolt
face.272 It is during this process that the hard surface of the barrel and bolt, marks the bullet
and cartridge which have softer metal. At the same time, the lands and grooves will imprint
markings on the bullet, both class and accidental; the bolt will also imprint markings on the
rear of the case, both class and accidental. Firearm examination cases have been made from
the evidence of the backward thrust of the gases under pressure which happens when the
powder ignites.273 In one instance the bolt was covered with grease when fired and “the case
left its impression in the grease on the bolt face. Magnification of the impression and the case
showed a perfect match and permitted identification of the weapon.”274
2 4 3 4 Extraction and Ejection
The empty cartridge case has no further use when the bullet has been fired and therefore it
must be removed from the chamber of the firearm so as to load a fresh round. The extractor is
the part of the weapon that serves to grasp the cartridge case in its removal from the
chamber.275 The rim of the cartridge casing is gripped like a finger by the extractor. The
backward movement of the bolt pushes the cartridge case against the ejector, which then
releases the grasp of the extractor and pushes the empty casing out of the gun.276 The way the
cartridge casing is ejected from the firearm, depends much on the type of the firearm. After
this the pressure of the gases and the recoil spring push the bolt forward for loading and firing
again and this happens at a rate of “600 shots-per-minute.”277 During this process, the
cartridge case is subjected to a great deal of “slamming around” and more markings are
imprinted on the case.278
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2 4 4 Marks
Basically, there are two types of marks, namely (i) impressed marks and (ii) striated marks.279
Impressed marks are those which are formed during the firing process when the cartridge is
pressed into the breech by the pressure of the gas. The pressing of the cartridge on the steel
breech face, results in some marks on the back of the cartridge and the primer which are
made up of soft metal. The primer is also pressed back towards the firing pin, which may
result in further impressed marks. In addition, the cartridge case may also be marked by the
ejector in a firearm, which has the same mechanism as described above.280

Striated marks are those that are formed during the firing of a bullet when it rotates, passing
through the barrel. The spinning act of a bullet stabilises the bullet and keeps “its nose
pointed in a consistent direction.”281 Moreover, the spinning act makes the bullet “more
accurate over a longer range.”282 It is important to note that it is during this spinning act that a
“bullet scrapes along the side of the barrel,” and this results in the “etching and imprinting”
of the bullet by the “land and grooves” as well as other microscopic metals.283
2 5 CHARACTERISTICS OF FIREARMS
As noted above, firearm identification is based on the comparison and examination of either a
bullet or cartridge case. The identifying features on these ammunition components include
class, subclass, and individual characteristics.
2 5 1 Class Characteristics
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(accessed

Figure 2.5: Shown above are examples of Class Characteristics.284
Class characteristics are unique features that are common to items of the same type.285 They
consist of features such as the “size and shape” of the firearm286 which are determined even
before the manufacturing process. These marks help to identify important aspects of the
firearm like the “caliber, number of lands and grooves, and direction of rifling twist.”287 Class
characteristics are often noticeable with a naked eye and they are always the same for
weapons of the same make and model and sometimes for firearms of different makes and
models.288 A good example of class characteristics is the “number of grooves” cut into the
barrel of a firearm and the “direction of twist in those grooves.”289 These characteristics can
filter and eliminate the range of weapons that match evidence found at a crime scene.290

The class characteristics for each manufacturer are listed in the Firearms Reference Table
(FRT).291 The FRT is “a computer database of firearms used for accurate identification that
contains records makes and models.292 The FRT is helpful in that it enables an examiner to
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figure out what type of gun was used in firing the recovered projectile.293 A good example to
illustrate this is the fact that:
A .38-caliber bullet with six land and groove impressions and with a right twist can only be fired from
a firearm with these same characteristics. Such a bullet cannot be fired from a .32-caliber firearm, or
from a .38-caliber firearm with a different number of lands and grooves or a left twist.294

To sum this up, if the class characteristics do not match, then this means the firearm in
question did not fire the bullet and it is therefore excluded.295
In USA v Green,296 it was held that class characteristics are “design features, they are what
the manufacturer intends before the first piece of metal is processed.”297 As seen above, class
characteristics only narrow the identification to a given manufacturer, but not to a specific
firearm. This is problematic because thousands of firearms share the same class
characteristics.298 The class characteristics are useful if the bullet is recovered before the
firearm, because they can provide some information about the “type of firearm” that could
have fired the bullet.299 This means that identifying the class characteristics of a gun is
important in matching a bullet to the brand of the firearm from which it was fired.300
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2 5 2 Subclass Characteristics

Figure 2.6: Shown above are the manufacturing marks on a group of Ruger firearms.301
Subclass characteristics are formed during the time of manufacturing and are shared by a
distinct subset of firearms in a production “batch.”302 According to the AFTE,303 subclass
characteristics are “discernible surface features that are more restrictive than class
characteristics in that they are (1) produced incidental to manufacture, (2) relate to a smaller
group source (a subset to which they belong), and (3) can arise from a source that changes
over time.”304

In actual fact, sub-class characteristics reflect “imperfections” in the technique used in
manufacturing a limited number of firearms resulting in some markings.305 These
imperfections are as a result of some temporary conditions in the firearm production process,
such as a “chipped or broken tool”, and as a result many firearms in a production batch
become the same. However, it is important to note that they do not constitute a permanent
feature of the class.
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distinguishing sub-class characteristics from class characteristics because they are less clear
and are hard to define.307

Although trained examiners are able to distinguish between sub-class characteristics and
individual characteristics, to the layman these two can be mistaken.308 It is a duty of an
examiner to decide upon whether a mark is an individual mark distinct to a specific firearm or
a sub-class mark shared by many firearms made at the same time.309
2 5 3 Individual Characteristics
It is very problematic to match a recovered bullet or casing to a specific weapon.310 Firearm
identification assumes that a firearm may have its own individual characteristics that are
unique and consistent to it.311 Individual characteristics are “[t]he fine microscopic markings
and textures that are said to be unique to an individual tool or firearm.”312 As stated earlier,
these individual characteristics help in identifying the specific firearm which fired the bullet
and they also help in distinguishing one bullet of the same type from another. When the
firearm is being fired, the bullet passes through the bore of the firearm, and the individual
markings are imprinted on the bullet’s face. These microscopic striations are mainly
produced as a result of the imperfections in the bore of the firearm.313

Individual characteristics include: (i) rifling (ii) spent case markings and (iii) firing pin
markings.
(i)

Rifling marks “are constructed by helical grooves in the bore that impart a rotary
motion or spin to a fired bullet, thereby giving the bullet more range, stability, and
accuracy.”314
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Figure 2.7: Shown above is a fired bullet with barrel rifling impressions on the sides.315
(ii)

Spent Case Markings: The ejected cartridges recovered from the crime scene
generally show markings made by contact between the cartridge and the firing
pin/ejector mechanism and by contact between the cartridge and the breech of the
gun.316 The markings are usually made during the firing process. As the bullet is
fired from the firearm, the cartridge thrusts backward and it hits the breechblock.
It does not matter whether a gun is semi-automatic or not, there will be always
marks on the sides of the cartridge from the ejector and also from the
“chamber”317 sides called “chamber marks.”318
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Breechface mark

Cut-out mark

Magazine mark

Ejector port mark

Firing pin impression

Chamber mark

Ejector mark

Extractor override and gauge marks

Figure 2.8: Shown above are marks left on expended cartridge cases.319

(iii) Firing Pin Markings: The individualisation of cartridge cases, via comparison
with the sample cartridge is possible because the cartridge case is imprinted when
the gun is fired. First, the firing pin will leave a mark on the soft metal of the
primer on the cartridge. The firing pin impression may reveal imperfections in the
firing pin that will be captured by the mark left on the cartridge.320

Figure 2.9: Shown above is the mark produced when the firing pin hits the casing.321
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Figure 2.10: Shown above are the matched individualizing characteristics (Breech face
impression and striations within) on the head of two shell casings confirming that the two
shell casings under examination were indeed fired from the same weapon.322

The continuous use of the firearm adds further individual striations. This happens through (i)
mechanical action (erosion) and (ii) chemical action.323 Mechanical action is caused by the
friction of bullets when they, passing through the bore of the firearm, produce accidental
imperfections. On the other hand, chemical action (corrosion) is caused by moisture (rust)
and chemicals from the primer and propellant which produce other imperfections.324

In respect to the above, normal wear, maintenance, corrosion, rust and debris will change
markings on the firearm over time, creating both permanent and temporal individual
characteristics. These changes can make it easier to differentiate between firearms made by
the same manufacturer.325 Conversely, the temporal individual markings make firearm
identification matching much more complicated because examiners depend on the
permanence of the markings. Despite this view, some examiners have managed to compare
bullet evidence fired from firearms over a long period and were still able to find consistent
markings despite the fact that some individual markings are temporal.326
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The ability to perform a bullet-to-bullet comparison based on individual characteristics is at
the core of firearm identification.327 Whether firearm identification is actually a science, has
been questioned.328 Examiners often make claims such as “[o]f all of the 9mm revolvers in
the world, this is the only one that could have fired this specific bullet.”329 However, this
certainty has been challenged by courts and various other commentators. In United States v
Monteiro330, after the examiners had testified that they could be 100 percent sure of a match,
the court held that “[b]ecause an examiner’s bottom line opinion as to identification is largely
a subjective one, there is no reliable statistical or scientific methodology which will currently
permit the expert to testify that it is a ‘match’ to an absolute certainty, or to an arbitrary
degree of statistical certainty.”331 In this regard the 2009 NAS Report agreed with Monteiro
when in the report it was stated that “[t]he insistence by some forensic practitioners that their
disciplines employ methodologies that have perfect accuracy and produce no errors has
hampered efforts to evaluate the usefulness of the forensic science disciplines.”332 Moreover,
in United States v Anderson the Superior Court of the District of Columbia ruled that:
The firearms examiner may declare a firearm ‘match’ to a ‘practical certainty’ or to a ‘reasonable
degree of certainty within the field of firearms and toolmark identification.’ The examiner may not
express his opinions to a ‘reasonable degree of scientific certainty’ or state that there is a match to an
exact statistical certainty. The examiner may not state that it would be ‘practically impossible’ or
333
‘virtually impossible’ for another firearm to have contributed the same marks.

Justin J McShane is opposed to the notion that an examiner “can bridge the large gap between
millions of firearms to a specific firearm” considering the fact that there is no “validated and
standardized” criteria that have been “statistically proven” to provide for uniqueness.
According to him this is “pure apocrypha.”334
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2 6 BASIC ASSUMPTIONS OF FIREARM IDENTIFICATION AND EXISISTING
PROCEDURES USED BY FIREARM EXAMINERS

The discussion above indicates that the fundamental assumptions primary to firearm
identification evidence, is uniqueness and reproducibility. In this context, the first assumption
is that during the manufacturing process imperfections are produced in some parts of the gun
(chamber, breech face, barrel, firing pin, ejector and extractor) so that each weapon is
unique.335 The second assumption is that these imperfections imprint some marks on every
projectile or shell case fired from that weapon. Challenges regarding the admissibility of
firearm identification evidence have been with regard to the “scientific validity” of these two
assumptions, especially regarding the first one of uniqueness.336

Firearm identification is mainly concerned with the matching of ammunition to determine if
they could have been fired from the same firearm.337 It is difficult to appreciate the fact that
the recovered bullets and cartridges have certain characteristic striations which assist in
identifying the firearm from which they came, by simply comparing them with a test bullet or
cartridge fired from a suspected weapon.338 A basic understanding of the gun manufacturing
process is required to appreciate the “possibility of this phenomenon.”339 According to
Wiard:
One step in the manufacture of firearms is the boring of a hole through a cylindrical steel bar and
reaming it, after which certain spiral grooves of uniform depth, width, and spacing are cut into the
inner surface of the barrel, in order that a bullet fired through the barrel may have imparted to it
rotational velocity, either to the right or left, which produces gyroscopic stability and consequently
greater accuracy than it could otherwise have.340

The instrument used for this purpose is known as a “rifling cutter”, a sharp tool which has an
arc-shaped edge. When this cutter is scraping out the grooves its saw-like edge leaves small
scratches on the inner surface of the barrel.341 Since the bullet is of a softer metal than the
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barrel of the gun through which it passes, it naturally receives certain impressions
(perpendicular compression between two surfaces) and/or striation (impression plus lateral
movement between two surfaces; also known as engraved marks) from the irregular surface
over which it travels. These constitute the characteristics which form the basis of firearm
identification.342
The Scientific Working Group for Firearms and Toolmarks (SWGGUN)343 suggested a
standard examination method for firearm identification so as to reach conclusions with regard
to observing characteristic surface features. This method comprises of four stages namely:
(1)Evaluation—class characteristics are observed by eye between two specimens; if these agree then
the comparison moves into stage 2, if they do not agree then the specimen is eliminated as having come
from the same tool.
(2)Comparison—comparative examination of the subclass and/or individual characteristics between
specimens through pattern matching using a comparison microscope344
(3)Conclusion—determination if there is sufficient agreement between only the individual
characteristics to render one of the ranges of conclusions.
(4)Verification—peer-review process to evaluate the conclusions of the first examiner as outlined
within a laboratory's quality assurance policy.”345

Caution must be exercised before any examination of a firearm takes place. Firstly an
appropriately trained individual must check that the firearm is not loaded and that it is safe to
examine it.346 When the examination process of the firearm begins, there are a number of
important details that should be noted.347 These include the “state of the gun” when received,
its type, the “make and model,” the “serial number” and any other distinctive features that the
examiner feels are important.348 It is also important to check other things like whether the
firearm was “locked or cocked,” and to note how many cartridges were left in the firearm’s
magazine.349 Moreover, other forensic tests like fingerprinting and swabbing must be
completed before test firing a weapon.350
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After the weapon has been checked, a firearm is loaded and bullets are test-fired into a water
block so as to get test bullets and shell cases, which are needed for comparison purposes with
evidence bullets and cartridges recovered from the crime scene.351 This should be done in a
safe environment by a trained person and it is advisable rather not to use the firearm by hand
but rather by using a remote firing device. The direction and distance travelled by an ejected
cartridge should be written down especially when one is dealing with a self-loading weapon
that ejects spent cartridge cases.352 The trigger pressure of the firearm needs to be measured
and after this the examiner must make sure the weapon is not loaded and return it to the
storage facility.353

Up to the present moment the machine used for firearm identification is the comparison
microscope.354 It has “two ordinary compound microscope tubes” made in such a way that
images passing through, can be brought together in a “one eye-piece” midway between
them.355 In one of the tubes the examiner will place the evidence bullet or cartridge recovered
from the crime scene and in the other tube the test bullet or cartridge is placed.356 The
examiner will make a fusion of the evidence bullet or casing and test bullet or casing by
properly focusing the comparison microscope and moving the bullets or cartridge into their
correct positions.357 According to Inbau:
If they were fired from the same weapon, there will be found a coincidence, in the case of the two
bullets under scrutiny, not only of the major characteristics- the lands and grooves, which after all may
only be indicative of the general type of weapon involved-but also of the numerous minute marks,
which latter features afford unmistakable evidence as to the part, if any, played by the suspected
weapon.358 Similarly, in the case where shells are examined, the presence or absence of a coincidence
of the sets of impressions previously described will determine whether or not a particular weapon was
used in the commission of the crime under investigation.359

It is important to note that the examiner compares microscopic marks on the shell or bullet
obtained from the crime scene with test bullets and cartridge cases fired from the suspect
firearm. If there is no firearm which has been recovered, “the examiner compares the crime
scene bullets to each other, and the cartridge cases to each other, to see if the markings are
351
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consistent.”360 After the process, enlarged photographs of the evidence and test bullets or
cartridge casings may be made for the purpose of presentation to the court. These enlarged
photographs assist the examiner in illustrating the correctness of his/her conclusion on the
identity of the weapon used.361
2 7 THE IMPORTANCE OF FIREARM IDENTIFICATION TO THE FIREARM
INVESTIGATORS.

The proponents of firearm identification, traditionally maintain that this type of forensic
science can achieve the following:
2 7 1 It provides important facts for the investigation
If a weapon is recovered and if it is successfully examined, it could assist the investigators in
an ongoing investigation. It could assist in gathering “gun crime tracing data” that could aid
law enforcement in finding more effective ways of preventing gun crime.362 Even if an
examiner may not always be able to find who actually fired a firearm, the processes of
matching the bullets or shell casings to a firearm, could provide important information
needed for the investigation. In relation to this, through firearm identification and firearm
examination, the examiner has the ability to elucidate how a gun functions and “what safety
features” a firearm might have.363 This information could have significance for investigations
of “suicides, unintentional shootings and accidental firearm discharge.”364
2 7 2 It can prove what type of weapon was used
Every firearm’s barrel has small lands and grooves which imprint some marks on the bullet
and shell casing each time a bullet is fired from them.365 If the discharged bullets and shell
casing have been found on the crime scene, the make and model of gun can be identified
because of these markings made by the lands and grooves. However, it is important to know
that this only applies mostly to automatic or semi-automatic firearms because these eject
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cartridge casings as the gun fires a round, as opposed to a revolver which retains the shell
casing within the barrel after a round has been fired.366
2 7 3 It can prove a link between different crimes
Besides solving a specific investigation, firearm identification is also useful in the
investigation of “related crimes.”367 Moreover, it can help the investigators to identify,
“meaningful patterns in gun trafficking.”368 A link between many different crimes committed
over a long period could be proven through the use of firearm identification. This is an
important function of firearm investigators as many firearms are transferred between
criminals during their life cycle. “For example, trace data may indicate that certain gun
buyers are responsible for a disproportionate share of purchases of firearms that are later
recovered at crime scenes.”369
2 8 CONCLUSION
There has been an ongoing debate as to whether firearm identification as a discipline under
forensic science, can be considered as science. In the light of this, the chapter above starts by
defining the concept of science and indicates that science is a formalized method of
observation and experimentation that provides a theoretical explanation of what is being
investigated. After providing a definition of what science is, forensic science is discussed and
it emerges above that the discipline of forensic science, which has many fields including
firearm identification, focuses on facts or opinions which, in court hearings, are given by
experts in a particular scientific or technical field in order to assist the court. The chapter
indicates that forensic evidence, despite its flaws, could be a critical component of the fact
finding process.

Since the focus of this dissertation is on the reliability of firearm identification, the chapter
traces the history of firearm identification back to 1835. This subject gained considerable
attention in the 1920s due to the work of Calvin Goddard who is regarded as one of the
pioneers of firearm identification. For one to understand firearm identification, one needs an
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understanding of some key terms. With this perspective in mind, the chapter provides the
statutory definition of a firearm and its two types which are handguns and shoulder arms.
Ammunition which consists of the primer, projectile (bullet), propellant (powder) and
cartridge case, is illustrated and the firearm, firing pin movement, ignition of the powder and
lastly extraction and ejection are explained. The chapter elucidates that there are three types
of markings in firearm identification, namely class characteristics, subclass characteristics
and individual characteristics.

The potential importance of firearm identification is stressed in this chapter as it provides
information which could assist crime investigation. If a weapon is recovered and if it is
successfully examined, it could assist the investigators in an ongoing investigation. Secondly
it can prove what type of weapon was used because every firearm’s barrel has small lands
and grooves which imprint some marks on the bullet and shell casing each time a bullet is
fired. Lastly firearm identification could prove the link between different crimes committed.
This is an important function of firearm investigations as many firearms are exchanged
between criminals during their life cycle.

However, despite its long history of being accepted as a valid forensic science, as is briefly
outlined above, there is a growing scepticism about the scientific reliability of firearm
identification. Developments in both science and the law have resulted in questions about the
scientific reliability based on the traditional assumptions of this form of forensic science and
in this regard doubts have been expressed in the USA. Furthermore, recent case law in the
USA and several authoritative reports have registered strong criticism against firearm
identification evidence. The chapter below considers this scepticism, which is in sharp
contrast to the traditional way in which firearm identification has been regarded, and focuses
specifically on the reliability of this kind of evidence.
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CHAPTER 3

Firearm Identification Evidence and Reliability

3 1 INTRODUCTION
Expert testimony is very important in criminal proceedings.370 Its influence on legal systems
can be traced back to the 13th century when courts used to call expert witnesses to assist
them in their decision-making.371 Nonetheless, courts and legal commentators have had some
suspicions when it comes to expert witnesses.372 The absence of precise criteria for the
admissibility of expert evidence may lead to a “proliferation of evidence” and a “multiplicity
of collateral issues” during court proceedings.373 Notably, the legal communities in some
jurisdictions have found it difficult to formulate “coherent admissibility standards” for expert
evidence374 especially in cases where scientific evidence is involved.375 This is so because
science and law have different “philosophies” and “objectives.”376
This chapter discusses whether, in South Africa, reliability should play a role in the
admissibility of forensic expert evidence, of which firearm identification evidence forms part
or whether it should only be taken into account when the weight of the evidence is being
considered. Additionally, this chapter considers the lessons regarding the reliability of
firearm identification evidence that could be adopted from other jurisdictions and
incorporated into South African law. In unpacking this argument, the study relies on recent
developments in other jurisdictions, particularly compelling criticisms of forensic science
disciplines, which are emerging in other legal systems. Finally, the recommendations and
proposed reforms with regard to these problems in other jurisdictions are discussed below.
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3 2 ADMISSIBILITY IN SOUTH AFRICA
South Africa is a mixed jurisdiction where the common law is grounded in Roman-Dutch law
and English law.377 There are a number of rules that have been developed in the South
African common law to govern the admissibility of expert testimony.378 These rules were
originally created to curtail the danger that tribunals of fact (as most were comprised of
juries) would place undue emphasis on expert opinions and abandon the crucial responsibility
of drawing conclusions from all the relevant facts in dispute.379 However, even though South
Africa no longer has a jury system, many of these rules are still applicable, as far as they have
not been modified by legislation.380
South Africa, like England and Wales, does not have clear standards to monitor the
admissibility of scientific evidence.381 There is no admissibility requirement that scientific
evidence should be valid or reliable. If scientific evidence cannot be logically supported, it
can be discredited by the defence and the court. However, in most cases it would be
admissible and require judicial consideration.382
Additionally, in South Africa the most important sources of law which govern admissibility
are the “common law, the Criminal Procedure Act (CPA),383 the Civil Proceedings Evidence
Act (CPEA)384, the Constitution,385 the Uniform Rules of Court, the Magistrates’ courts rules
and the English common law at 30 May 1961.”386

377

378
379
380

381

382
383
384
385
386

Meintjes-van der Walt “A Historical Overview of Expert Evidence in Criminal Justice Process in South Africa,
Netherlands, England and Wales” 2000 Tilburg Foreign Law Review 217.
Zeffertt et al The South African Law of Evidence (2003) 19.
Ibid.
These legal rules generally apply in Anglo-American countries that follow the accusatorial system of criminal
procedure. See also The Abolition of Juries Act 39 of 1969, although in practice juries were no longer used at
that time. See Maartens and Schwikkard “Juryless Jurisdiction and the Epistemic Rules of Evidence” 2011
SALJ 513. See also Meintjes-Van der Walt Expert Evidence in the Criminal Justice Process: A Comparative
Perspective (2001) 196.
Under the common law, South African and England apply general rules of admissibility (such as relevance) to
scientific evidence.
Redmayne Expert Evidence and Criminal Justice (2001) 25.
Criminal Procedure Act 51 of 1977.
Civil Proceedings Evidence Act 25 of 1965.
Constitution of the Republic of South Africa 1996.
Where a topic in respect of witnesses is not dealt with in sufficient detail in the Criminal Procedure Act or the
Civil Proceedings Evidence Act, the applicable law is the law that applied in the supreme court of judicature in
England on 30 May 1961. Schwikkard and Van der Merwe 24.

54

From the first chapter of this thesis it becomes clear that firearm identification forms part of
expert opinion evidence.387 Generally in the South African legal system, opinion evidence is
not admissible. Lay witnesses are normally required to testify about facts and not about their
opinions,388 for example with regard to “a person’s emotional state, whether someone was
drunk or not and even whether a car was being driven fast.”389 In this context, the South
African law of evidence shares the English common law rule that “opinions, inferences or
beliefs of witnesses are generally inadmissible as evidence to prove material facts.”390 Expert
evidence is an exception in this regard. Because of its great potential to assist the tribunal of
fact, all common law jurisdictions maintain an exception for the opinions of “experts” or for
opinions based on “specialized knowledge.”391
As mentioned above, there are a number of supplementary rules that have been developed in
the South African common law to regulate the way in which expert opinion evidence is
admitted in the courts.392 These rules are meant to reduce the problem of presiding officers
being tempted to put undue emphasis on expert opinions and abandoning their duty to draw
their own conclusions on all the relevant facts in dispute.393 These general rules apply in both
criminal and civil proceedings in South Africa and one of the rules which govern expert
testimony is found in section 210 of the CPA and section 2 of the CPEA. Section 210
determines that “No evidence as to any fact, matter or thing shall be admissible which is
irrelevant or immaterial and which cannot conduce to prove or disprove any point or fact in
issue in criminal proceedings.” Section 2 of the CPEA contains a substantially similar
provision.394 These sections serve as statutory confirmation of the South African common
law and state the rule in its negative form that “irrelevant evidence is inadmissible.”395
Courts, however, are inclined to state the rule in its positive form that “all facts relevant to the
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issue in legal proceedings may be proved.”396 Nevertheless, not all relevant evidence is
necessarily admissible. The rule as stated in S v Safatsa is that “any evidence which is
relevant is admissible unless there is some other rule of evidence which excludes it.”397

In the first chapter, above, it emerges that relevance usually relates to the “probative potential
of an item of information to support or negate the existence of a fact of consequence (factum
probandum).”398 Any item of evidence must therefore have the potential rationally to affect
the decision.399 Although logically relevant, evidence at common law may be excluded if “its
probative value is substantially outweighed by the danger of unfair prejudice, confusion of
the issues or by considerations of undue delay.”400

In both English and South African law it has been established that expert testimony is
admissible only with regard to matters outside “ordinary human experience.”401 Where the
issue in which the judge is able, without assistance, to draw some inference and reach a
conclusion, expert evidence is not of significance and therefore not required.402 Formal
qualifications in a profession is not a requirement for someone to be an expert but sufficient
knowledge from experience about the issue at hand suffices.403 Kenny, as cited by Meintjesvan der Walt, notes that:
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[e]xpert evidence differs from ordinary evidence on matters of fact in that it is not based on the use of
untutored senses or on the observation of the average man, but on specialised training; experience out
of the common and or theoretical information of recondite kind.404

An expert, therefore, should have sufficient specialised knowledge, skill, training or
experience so as to be able to give information and an opinion which is not common to the
members of the public and court.405 The expert can also rely on knowledge or experience of
“others who themselves are shown to be acceptable experts in that field.”406 The admissibility
of expert opinions is determined on a case by case basis, with few restrictions on the types of
expert opinion that might be admitted.407
3 3 ADMISSIBILITY IN ENGLAND AND WALES
In England and Wales the admissibility of expert evidence is governed by common law
principles.408 The skills and experience of the witness play an important role in determining
the admissibility of expert evidence. In this context the witness’s “skills” and “experience”
must be such that he or she is qualified to provide expert testimony.409 That is why in Barings
v Coopers & Lybrand it was held that the essential question is “whether the witness can
satisfy the court that he or she has sufficient familiarity with and knowledge of the expertise
in question to render his opinion potentially of value?”410 In this regard, the expert’s opinion
is only admissible to give the court scientific information which falls outside of the judge’s
experience and knowledge. It is noteworthy that if it emerges that a judge or jury can reach a
conclusion without assistance, then the expert’s opinion becomes irrelevant.411 Courts in
England and Wales have hailed the assistance that science and technology can give in legal
proceedings. However, they have failed to apply a reliability criterion for the admissibility of
expert evidence.412 The USA case of Daubert has provided a criterion which helps in
evaluating scientific and other forms of expert testimony, namely the determination of
reliability before admission. However, the English courts consider reliability as an issue for
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the tribunal of fact in determining the weight to be attached to such evidence. In this regard,
the English courts have declined to recognise reliability as a condition of admissibility.413
3 4 THE UNITED STATES OF AMERICA (USA)
Prior to the twentieth century, American judges did not use reliability as an admissibility
criterion for expert evidence.414 This is evidenced by the decision in Spring Company v
Edgar,415 where the court acknowledged that “it was a matter of discretion with the court
whether to receive or exclude the expert evidence,”416 and that “the appellate court will not
reverse a lower court’s decision unless the ruling is manifestly erroneous.”417 During the
period between the late nineteenth and early twentieth centuries the only requirement for
expert evidence to be admissible was whether the witness had expertise and whether this field
fell outside the average juror’s knowledge range.418 In the twentieth century the significance
of expert evidence in trials was amplified and USA courts started to require that expert
evidence be “generally acceptable.”419 As a result of this, in Frye v United States,420 where
the so-called “general acceptance test” was established, the court ruled that the thing from
which the deduction by an expert is made, must be sufficiently established to have gained
“general acceptance” in the particular field to which it belongs.421 This test, which has also
become known as the “Frye rule”, was, until 1993422, used by USA courts in deciding the
admissibility of scientific evidence.423 The Frye rule has been supported by some
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commentators as “it guarantees that there will be experts that can review the validity of a
scientific determination in a particular case and thus promotes uniformity of decisions among
different courts and this avoids a protracted determination of the reliability of a scientific
technique in a particular case.”424

Nevertheless, even if many courts used the Frye’s general acceptance criterion, in practice it
had its critics and limitations.425 Moreover, Frye has been called a “deference” approach in
that, instead of asking the trial judge to assess the reliability and validity of evidence which
has been given, it directs judges to ascertain how the relevant scientific community evaluates
the evidence.426 Such a deference approach has been described by Odgers and Richardson as
“a short-cut decision rule that allowed judges to avoid having fully to understand the
proffered scientific evidence and, instead, admit evidence on the basis of whether it was
generally accepted within the relevant field of study.”427

The Law Commission in England believes that a test along these lines would not provide a
solution to the problem of unreliable expert evidence in criminal proceedings for a number of
reasons.428 Firstly, the Law Commission expounds that the deference approach is wrong in
that it leaves issues of admissibility to experts whilst responsibility for questions of
admissibility should be left in the hands of the judiciary rather than non-judicial actors.429
Secondly, this kind of test “sets up a barrier to the admissibility of novel but inherently sound
areas of scientific expertise, based on demonstrably valid methodology, merely because
insufficient time has passed for there to be general acceptance in the relevant field.”430

424

425

426
427

428

429

430

See United States v Addison 498 F2d 1013 (DC Cir 1974); Reed v State 283 Md 374, 391 A2d 364 (1978);
People v Kelly 17 Cal3d 24, 549P2d 1240, 130 Cal Rptr 144 (1976).
See Giannelli “The Admissibility of Novel Scientific Evidence: Frye v United States, a Half-Century Later”
1980 Columbia Law Review 1208. See also Bennett “Admissibility Issues of Forensic DNA Evidence” 1995
University of Kansas Law Review 160.
Ibid 1199.
Odgers and Richardson “Keeping Bad Science out of the Courtroom” 1995 University of New South West Law
Journal 113.
Great Britain Law Commission “The Admissibility of Expert Evidence in Criminal Proceedings in England and
Wales: A New Approach to the Determination of Evidentiary Reliability” A Consultation Paper by the
Stationery Office (2009) 30.
See for example Beecher-Monas “Blinded by Science” 1998 Temple Law Review 55, noting that under the Frye
test it is “enough to obtain the approval of a cohort of the expert’s cronies willing to vouch for the technique”.
Great Britain Law Commission “The Admissibility of Expert Evidence in Criminal Proceedings in England and
Wales: A New Approach to the Determination of Evidentiary Reliability” A Consultation Paper by the
Stationery Office (2009) 32. On this issue, see also Giannelli 1980 Columbia Law Review 1197, 1205 and 1223;
Sanders “The Merits of the Paternalistic Justification for Restrictions on the Admissibility of Expert Evidence”
2003 Seton Hall Law Review 881; and Odgers and Richardson 1995 University of New South Wales Law
Journal 108,114.

59

Thirdly, a deference test may give rise to problems with regard to determining the relevant
field within which general acceptance has to be achieved.431 Fourthly, a deference test would
require a means by which to determine “general acceptance” in the relevant field, for
example calling an expert witness or making reference to publications. Fifthly, and perhaps
most importantly in practical terms, a deference test would fail to account for the
phenomenon that much “knowledge” slips into general acceptance without any careful
examination of the underlying methodology.432

In 1975, the United States Congress adopted the “Federal Rules of Evidence (FRE),” to help
to determine evidentiary issues in the federal courts.433 Rule 702, prior to its amendment in
December 2000, provided that “[i]f scientific, technical or other specialised knowledge will
assist the trier of fact to understand the evidence or to determine a fact in issue, a witness
qualified as an expert by knowledge, skill, experience, training or education, may testify
thereto in the form of an opinion or otherwise.”434 Rule 702 needs to be read together with
Rule 401, which requires that evidence should be relevant.435

The Supreme Court of the United States in Daubert v Merrell Dow Pharmaceuticals was
faced with a legal issue to determine whether Rule 702 may be read together with the Frye
rule, or whether Rule 702 was meant to substitute the Frye rule.436 The court made a
landmark decision that “general acceptance within the scientific community alone is not an
adequate gauge by which to measure whether or not a particular scientific technique should
be admitted.”437

Additionally, the Supreme Court proposed four criteria to assist trial judges with
admissibility determinations. The proposed criteria are:438
[1]whether a theory or technique is scientific knowledge that will assist the trier of fact will be whether
it can be (and has been) tested.
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[2]whether the theory or technique has been subjected to peer review and publication. Publication
(which is but one element of peer review) is not a sine qua non of admissibility; it does not necessarily
correlate with reliability. But submission to the scrutiny of the scientific community is a component of
‘good science,’ in part because it increases the likelihood that substantive flaws in methodology will be
detected.
[3a] in the case of a particular scientific technique, the court ordinarily should consider the known or
potential rate of error, see, e.g., United States v Smith439 (surveying studies of the error rate of
spectrographic voice identification technique), and
[3b] the existence and maintenance of standards controlling the technique's operation.
[4] Finally, ‘general acceptance’ can yet have a bearing on the inquiry. A ‘reliability assessment does
not require, although it does permit, explicit identification of a relevant scientific community and an
express determination of a particular degree of acceptance within that community.’ Wide spread
440
acceptance can be an important factor in ruling particular evidence admissible.

Apparently, the court in this case registered an all-inclusive test for the admission of expert
testimony.441 In this context, the court noted that the FRE had relaxed the traditional standard
of “general acceptance” and established that trial judges should play a gate keeping role to
make sure that the presented evidence is both reliable and relevant.442 According to Edmond
“[t]he principal attribute of Daubert, as opposed to Frye, is that it mandates that the trial court
undertake an independent assessment of the evidence to determine its admissibility.”443
Furthermore, the court established that “expert scientific testimony can only be reliable if the
judge finds its underlying methodology is sound.”444
In the subsequent case of Kumho Tire Company v Carmichael445 the court remarked that the
Daubert criteria may be used to determine the admissibility of non-scientific expert evidence,
“technical” or other “specialized knowledge.”446 The Court also affirmed the need for
flexibly to apply Rule 702 so as to guarantee reliability.447 In 2011, the text of Rule 702 was
redrafted to accommodate the Daubert and Kumho jurisprudence and also to make the need
for “reliability” explicit. The amendments to Chapter 8C, Rule 702(a) of the FRE read as
follows:
(a) If scientific, technical or other specialized knowledge will assist the trier of fact to understand the
evidence or to determine a fact in issue, a witness qualified as an expert by knowledge, skill,
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experience, training, or education, may testify thereto in the form of an opinion, or otherwise, if all of
the following apply:(1) The testimony is based upon sufficient facts or data. (2) The testimony is the
product of reliable principles and methods. (3) The witness has applied the principles and methods
reliably to the facts of the case.

The Daubert decision has the effect that if the witness giving scientific evidence fails to
convince the court that his or her evidence is reliable, the court will regard it as inadmissible.
In this context, it means that, in a case where firearm identification evidence is involved, the
prosecution and the experts are under an obligation to adduce evidence in support of the
reliability of their technique.
3 5 THE CONCEPT OF RELIABILITY
In most cases, a party in a legal proceeding depends on expert evidence to prove or disprove
the opposing party’s forensic identification evidence. In this context, courts need to ascertain
the reliability and validity of expert evidence so as to ensure that decisions are based on
reliable evidence only.448 However, it has been shown to be difficult for many lawyers and
judges in the courtroom to understand what reliability entails in the “legal context.”449
Rosenthal believes that the main reason for this complexity is the continuous “confusion
between reliability and two other legal terms” namely: credibility and competence.450
Competence refers to the “capability or capacity of a particular individual to serve as a
witness.”451 A person is presumed to be competent if he or she is “sufficiently intelligent to
observe, recollect, and recount an event, and have a moral sense of obligation to speak the
truth.”452 Credibility, refers to “how believable a witness is.”453 The credibility of a witness’
testimony is the measurement made by the court when it considers each witness’ testimony,
the challenges made to the testimony during the cross-examination and other contradictory
evidence.454 Moreover, according to Rosenthal “[u]nlike competence, reliability does not
concern the personal characteristics of a witness and unlike credibility; reliability does not

448

449

450

451
452
453
454

Livinghood and John “Admissibility and Reliability of Expert Scientific Testimony after
1994 Defense Counsel Journal 19.
Chatelle “Reliability and Credibility” 2009 http://bobchatelle.net/reliability-and-credibility
02/10/2016).
Rosenthal “Suggestibility, Reliability, and the Legal Process” 2002 http://ncrj.org/_Rosen/
23/08/2016).
Ibid.
Ibid.
Alston and Knuckey The Transformation of Human Rights Fact-finding (2015) 43.
Rosenthal “Suggestibility, Reliability, and the Legal Process” 2002
http://ncrj.org/_Rosen/
23/08/2016).

62

Daubert”
(accessed
(accessed

(accessed

concern the believability of a witness.”455 In the light of this, reliability is concerned with the
quality of evidence.456 For expert evidence to be declared as reliable, the person rendering the
evidence must be in a position to prove that the source of the expert evidence is also
reliable.457 If, for example, a witness is presenting testimony, he or she must show that he/she
has knowledge about the subject matter that he/she is testifying about and also that the
testimony is credible.458
Reliability can be defined as “the quality of being trustworthy or of performing consistently
well.” It further defines it as “the degree to which the result of a measurement, calculation, or
specification can be depended on to be accurate.”459 Likewise, Edmond likens reliability to
trustworthiness.460 According to him “[w]hen trying to ascertain the trustworthiness of expert
opinion evidence adduced by the prosecution, judges should consider whether there has been
any attempt to validate or even improve the techniques and underlying assumptions.”461 The
court in Daubert also used “reliability” as something which is closer to “validity” or
“trustworthiness.”462 In addition, Gross and Mnookin maintain that what the court in Daubert
referred to as “reliability” can be put in the same category as “validity” and “competence”
because reliability focuses on method validity and competence of execution.463
Meintjes-van der Walt believes that when dealing with expert evidence, it is important to put
more focus on the “reliability of a procedure that forms the basis of evidence.”464 She goes on
to define a reliable test as “one that can be repeated under identical circumstances and can
produce the same results.”465 Two things affect the reliability of an observation by an expert:
Firstly, it is affected by the reliability of the observational tools and skills used by the expert and the
underlying probability of the observation. To enhance the reliability of the technique before the court
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one must maintain and adhere to the standards and protocols.466 Secondly, the competency and skill of
the specific examiner and the general acceptance of the specific scientific technique used by others in
that field can also be an important indicator of the reliability.467

3 6 RELIABILITY FROM A SCIENTIFIC POINT OF VIEW
As science and technology in modern times have developed exponentially, courts often rely
on the assistance given by scientists and other experts in dealing with complicated factual
issues.468 The use of science in the criminal process raises concerns, and the most important
concern in this regard is its reliability as a form of evidence. This issue has caused much
debate in case law and in jurisprudence.469 In this context, Rule 702(c, d) of the FRE
stipulates that expert opinion evidence has to be based on “reliable principles and methods
that have been reliably applied to the facts of the case.”470 On the same note, the Supreme
Court in Daubert established that “courts must determine whether the reasoning or
methodology underlying the testimony is ‘scientifically valid.’”471 Daubert and Rule 702
refer broadly to scientific reliability. In the scientific world, scientific reliability is sometimes
used to mean “consistency” or “repeatability.”472 Grzybowski has also defined scientific
reliability as “the ability of the theory being tested to obtain consistent and accurate
results.”473 If a test is continuously applied and produces the same results, it is regarded to be
scientifically reliable. If a test turns out to be accurate, it is regarded to be scientifically valid.
In this respect, scientific reliability is the key to the admissibility of expert testimony and for
this reason, “the scientific method must produce consistent results when replicated, and the
expert must have an ability to explain it in detail in court.”474
In 2016 the President’s Council of Advisors on Science and Technology
resumed from where NAS Report
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PCAST Report the main focus was on evaluating the validity and reliability of certain fields
in forensic science which use the “forensic feature-comparison method.”478 Forensic featurecomparison methods are those “that attempt to determine whether an evidentiary sample (e.g.
from a crime scene) is or is not associated with a potential source sample (e.g. from a
suspect), based on the presence of similar patterns, impressions, or other features in the
sample and the source.”479 Feature-comparison methods form part of the discipline of
metrology which is “the science of measurement and its application,”480 for example analysis
of “DNA, hair, latent fingerprints, firearms and spent ammunition, tool marks and bite marks,
shoeprints and tire tracks, and handwriting.”481 Firearm identification fits perfectly into this
category because it is concerned with matching bullets and cartridges to the weapon from
which they originated by comparing, with a comparison microscope, bullets test-fired from a
recovered gun with the spent bullets from the scene.482
It is very important to understand the validity and reliability of the forensic featurecomparison method because this particular class of method is a “common scientific activity”
and in science there must be clear standards for determining reliability.483 Furthermore it is
important to understand the validity and reliability of this particular field because it has been
proven over the past few years that “faulty forensic feature comparisons” can result in
miscarriages of justice.484 These problems are a result of forensic feature-comparison
methods which are not meaningfully evaluated.485
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For forensic feature comparison to be considered as scientifically valid and reliable, its
methods must be shown, to be repeatable486, reproducible487, and accurate488, based on
empirical studies489, “at levels that have been measured and are appropriate to the intended
application.”490 Scientific reliability refers to the repeatability, reproducibility, and accuracy.
Scientific validity refers to “a method that is reliable with levels of repeatability,
reproducibility, and accuracy that are based on empirical studies and appropriate to the
intended application.”491
If an examiner says two samples are similar, without appropriate estimates of accuracy, this is
regarded as scientifically meaningless.492 This type of statement lacks probative value and it
has substantial potential for causing prejudice.493 This is so because there is no training or
experience that can replace “adequate empirical demonstration of accuracy.”494 The scientific
method does not need to be perfect, but it is essential that its accuracy must be measured and
appropriately based on empirical testing. According to the PCAST Report, “without an
appropriate estimate of accuracy, a metrological method is useless because one has no idea
how to interpret its results.”495 The NAS Report on forensic science emphasised the
importance of knowing a method’s accuracy. Additionally, black-box studies496 where
examiners give decisions about independent tests and determine error rates, are also needed
for measuring the accuracy of forensic feature-comparison methods. These studies typically
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involve decisions made on questioned samples and one or more “known” samples to
determine the accuracy rate of a method.497
From the discussion above it is clear that “scientific validity” and “reliability” require that a
method should undergo some empirical testing, under conditions “appropriate to its intended
use that provides valid estimates of how often the method reaches an incorrect conclusion.”498
The focus must not only be on the empirical measurement of error rates, but also on the test
whether a method is “foundationally valid.”499 The 2010 NRC Report on biometric
technologies500 asserts that, to meet the scientific criteria of foundational validity, two key
elements are required:
Firstly, a producible and consistent procedure for (a) identifying features within evidence samples; (b)
comparing the features in two samples; and (c) determining, based on the similarity between the
features in two samples, whether the samples should be declared to be a proposed identification
(‘matching rule’).
Secondly, empirical measurements, from multiple independent studies, of (a) the method’s false
positive rate—that is, the probability it declares a proposed identification between samples that actually
come from different sources and (b) the method’s sensitivity—that is, probability that it declares a
proposed identification between samples that actually come from the same source.501

If an examiner suggests that a method of proposed identification is foundationally valid,
based on proper empirical studies, he or she should make claims about its accuracy and its
probative value based on such empirical studies. In other words, there mus
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t be no other claims implying greater certainty than results shown by empirical evidence.502
In this context, firearm examiners must therefore report findings of their comparisons with
“clarity and restraint.”503 The examiners must explain without bias that the “the fact that two
samples satisfy a method’s criteria for a proposed match does not necessarily imply that the
samples come from a common source.”504 If, for example, the “false positive rate of a
method” is 1 in 50, the examiners must not imply that their method is highly accurate.505
Expert witnesses and examiners sometimes deviate from the empirical evidence to the extent
of claiming or implying that “a sample came from a specific source with near-certainty or
even absolute certainty, despite having no scientific basis for such opinions.”506 According to
the PCAST Report:
From the standpoint of scientific validity, experts should never be permitted to state or imply in court
that they can draw conclusions with certainty or near-certainty (such as ‘zero,’ ‘vanishingly small,’
‘essentially zero,’ ‘negligible,’ ‘minimal,’ or ‘microscopic’ error rates; ‘100 percent certainty’ or ‘to a
reasonable degree of scientific certainty;’ or identification ‘to the exclusion of all other sources.’507
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The fact that a method is foundationally valid does not mean examiners will always get the
correct results.508 As noted above, the only scientific way to ascertain that an examiner can
apply a foundationally valid method through appropriate empirical testing, basically involves
measuring the frequency of getting an accurate answer from an examiner.509 The empirical
testing is sometimes referred to as “proficiency testing.”510 In the PCAST Report proficiency
testing means an on-going empirical test to “evaluate the capability and performance of
analysts.”511
3 7 THE DIFFERENCE BETWEEN THE ADMISSIBILITY AND THE WEIGHT OF
EXPERT EVIDENCE

Admissibility of evidence and weight of evidence can be clearly distinguished.512 In the
Anglo-American legal systems like the USA, South Africa and England and Wales,
admissibility is basically a “matter of law”, whilst weight is a “question of fact.”513 If
evidence can be lawfully adduced during trial, it is admissible.514 Weight of evidence can be
defined as the “degree of probability which is attached to it by the tribunal of fact once it is
established to be relevant and admissible in law.”515 It is only once it has been, or could be,
admitted that “its persuasiveness, alone or in conjunction with other evidence, in satisfying
the court as to the facta probanda, has to be considered.”516 The evidence can be either
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admissible or inadmissible and once evidence is admissible, it may carry more or less weight.
Thus, the weight of the evidence is considered only after the evidence has been admitted.517
Mr Justice Nicholas explains the difference between admissibility and weight in South
African law by stating that the reason for the inadmissibility of hearsay evidence is its
unreliability, but that with the demise of the jury system in South Africa, the potential for
unreliability goes only to the weight of the evidence. He asks the question “what the
advantage of the rule of exclusion is over the rule for inclusion, which would admit all
relevant evidence and leave the assessment of its value to the Court? The answer is plainly
that there is no advantage discernible.”518
As South Africa does not have a jury system, the judge does not have to exercise a “gate
keeping” role, as he or she will be the final arbiter as to whether the evidence is reliable. The
presiding officer should therefore rather allow all admissible evidence, as is the current
practice in South Africa and England, but, finally, decide what weight should be attached to
the evidence. This decision regarding the weight of the evidence, should take cognizance of
all the cautionary statements contained in the international judgments and the enquiries and
reports discussed in this dissertation above. Scientific reliability, in South Africa, should not
be a criterion for admissibility, but should rather be a central factor in deciding what weight
should be attached to the expert evidence given in a particular case. This means that the
presiding officer can exercise his/her discretion in determining the weight of the evidence at
the stage when a final judicial decision is reached.
3 8 SCIENTIFIC RELIABILITY AS A REQUIREMENT FOR DETERMINING THE
WEIGHT OF FIREARM IDENTIFICATION EVIDENCE IN SOUTH AFRICA

3 8 1 The Daubert Elements
Notably, the case of Daubert v Merrell Dow Pharmaceuticals has been referred to as the
“reliability-validity” model519 and the USA is not the only adversarial jurisdiction to impose
the reliability standards set out in this case.520 Subsequent to this influential judgment, many
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jurisdictions and judges have made use of its reliability criterion.521 Canada and Australia
have also incorporated a Daubert-style approach to reliability in recent years.522 In Canada
the Supreme Court has supplemented the Mohan approach523 because of the need for
evidence of reliability.524
As indicated above, the appeal court in Daubert held that expert testimony should comply
with a “reliability” standard. It is in Daubert that the court developed several criteria to assist
trial judges in assessing the reliability of scientific evidence. These include: testing (or
validation); publication and peer review; error rates; the extent of acceptance and the
application of appropriate standards. The judge’s role with regard to assessing the reliability
of expert evidence, applies to all areas of opinion testimony, not just scientific.525
In this regard, the reliability criteria for determining the admissibility of scientific evidence
established in Daubert can assist South African judges in determining the weight which
should be attached to firearm identification evidence.526 Judges could be reminded of the four
Daubert criteria with regard to how firearm/tool mark examiners could respond in a way that
should allow proper conclusions of striated toolmark identity to be accepted as scientific
knowledge by the court.527 However, the 2009 NAS Report pointed out that “a review of
reported judicial opinions reveals that, at least in criminal cases, forensic science evidence is
not routinely scrutinized pursuant to the standard of reliability enunciated in Daubert.”528
Moreover, forensic science commentators believe that “trial courts typically rely on the long
history of admitting various types of forensic science evidence, and essentially give this type
of evidence a pass when it comes to proof of reliability.”529 The “paradigm shift” prompted
by Daubert in the criminal justice system has led scholars like Koehler to argue that forensic
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science is no longer deemed to be as infallible as it was in the past.530 In support of his
argument, he listed various factors which have highlighted the fallibility of forensic science
in the recent years which include “crime lab scandals, fraud, unsupported assumptions, high
profile errors, and wrongful convictions.”531
3 8 1 1 Testability

The Daubert court held that:
Ordinarily, a key question to be answered in determining whether a theory or technique is scientific
knowledge that will assist the trier of fact will be whether it can be (and has been) tested. “Scientific
methodology today is based on generating hypotheses and testing them to see if they can be falsified;
indeed, this methodology is what distinguishes science from other fields of human inquiry. (Emphasis
added)532

For scientific evidence to be reliable it must be based on a theory that is testable and
falsifiable. Evidence that is difficult to falsify is wrong.533 Thornton underscored the need
constantly to try to falsify firearm identification as published in the AFTE Glossary because
scientific validity and reliability requires that the proposed methodology undergoes some
empirical testing.534 Studies must be done in an attempt to falsify the numerical criteria.535
Meintjes-van der Walt likens falsifiability to refutability or testability. She goes on to say that
“in order for a theory to be scientific, it must make predictions concrete enough to be proved
wrong if the claim is not true.”536

Although it is not consistently done, South African courts also require testing of an expert’s
opinion when the weight of the evidence is decided. This is reflected, many years before
Daubert, in the South African case of R v Jacobs537 where Ramsbottom J held that “[i]t is of
the greatest importance that the value of the opinion should be capable of being tested and
unless the expert states the grounds upon which he bases his opinion, it is not possible to test
its correctness so as to form a proper judgment upon it.”538
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The Ballistic Imaging Report also commented on this subject after surveying the literature on
the testing of uniqueness, reproducibility, and permanence of individual characteristics,
saying that “[m]ost of these studies are limited in scale and have been conducted by firearm
examiners (and examiners in training) in state and local law enforcement laboratories as
adjuncts to their regular casework.”539 The report further concluded that “[t]he validity of the
fundamental assumptions of uniqueness and reproducibility of firearms-related tool marks
has not yet been fully demonstrated.”540 The issue regarding the adequacy of the empirical
basis of firearm identification expertise, remains in dispute and research is ongoing.541

A significant factor should be whether the experts “are proposing to testify about matters
growing naturally and directly out of research they have conducted independent of the
litigation, or whether they have developed their opinions expressly for purposes of
testifying.”542 The court in In Re: Paoli Railroad Yard PCB Litigation said testimony based
on “legitimate, preexisting research unrelated to the litigation” constitutes the “most
persuasive” grounds for deciding an expert’s opinions found on the scientific methodology.543
In the light of the above, scientific methods, like firearm identification, need to be tested for
reliability.
3 8 1 2 Peer Review and Publication
According to Daubert, one of the methods by which a court can determine the scientific
validity and reliability of expert testimony is peer review. This means that the scientific
method of the particular identification process has to be peer reviewed by other experts in the
field. Grzybowski and Murdock have defined peer review as “the specific process of
evaluation that requires knowledge of the scientific method.”544 A methodology such as
firearm identification, in order to comply with the requirements of scientific method, should
539
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be published in a professional peer reviewed journal. During the peer review process, experts
will evaluate: “(1) the validity of the hypothesis; (2) how it was formulated and tested; (3)
whether the scientific method was followed; and (4) whether proper conclusions were
reached.”545
The Journal of Forensic Sciences which is an official journal of the American Academy of
Forensic Sciences, together with others of “similar substance”, uses a peer review process for
firearm evidence.546 The AFTE journal is said to be peer reviewed.547 However, the court in
US v Diaz548 did not recognise the AFTE journal as a peer-reviewed journal, citing the fact
that it does not meet the basic requirements of a peer-reviewed journal. According to the
court “[i]t does not practise blind peer-review; it is extraordinarily difficult for anyone but
AFTE members to access, neither is it available on the web nor abstracted in any of the major
scientific abstracting services and exists only in the holdings of remarkably few research
libraries across the country.”549 Hence it can be seen that there is controversy regarding
whether the AFTE Journal can be regarded as a peer reviewed journal.
In addition, it would appear as if firearm and toolmark examiners often peer review each
other’s work after identification has been reached. This has been recognized by some legal
commentators as the source of confirmation bias.550 Mahoney has defined confirmation bias
as “a phenomenon whereby scientists tend to settle on a theory at the outset and thereafter
tend to look for data to confirm the theory, rather than trying to discredit or refute it.”551
Confirmation bias can give some value to evidence that is in favour of a person’s opinion or
version of events.552 Commenting on the same issue, Dutton elucidates that “[i]f the expert
doing the check only ever checks positive matches, then this perception will be that whenever
he sits at the microscope to conduct a peer review of casework, he will expect to see a
positive match.”553
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More criticism has emerged with regard to the peer reviewing process in the forensic science
disciplines. According to Cooper, forensics analysts are often from the law enforcement field
instead of a particular scientific field,554 which has the effect that the forensic science
disciplines tend to be rooted in research that has application which is only about criminal
investigations and law enforcement and not scientific. As a result “these disciplines can be
fragmented, poorly regulated and lack standardized procedures”.555 In these areas, research
regarding scientific methods, can be limited, unpublished and narrowly circulated, and there
is often a lack of will to pursue validation of the methods employed.556
3 8 1 3 Error Rate
The third element to determine reliability as stipulated in Daubert, is the determination of the
error rate of the method which is being used. In cases involving firearms, experts are called to
give testimony on whether the firearm in question can be identified as the source of a
questioned tool mark or not. In these instances, the judges also want to know “how often such
identifications are in error.”557 In other words, they want to know “how often the profession,
using accepted techniques and controls, produces a mistaken identity.”558 In the field of
firearm identification, the experts must be in a position to reveal that there have been error
rates reported. The revealing of this information could indicate credibility on the part of the
firearm expert and after giving this information the expert must inform the court on the steps
taken by him/her and through laboratory peer and administrative review processes to reduce
the occurrence of error in the work he or she presents to the court.559
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In firearm identification, the only source of international proficiency testing results from
which potential error rates can be inferred, is the Collaborative Testing Service (CTS).560
“About 20 percent of the CTS firearm and toolmark proficiency tests are being sent to
international subscribers.”561 The 1978 Crime Laboratory Proficiency Testing Program in the
USA registered mixed results regarding firearms identification tests.562 In one of the tests
conducted, 5.3% of the laboratories that took part in the test misidentified firearms evidence.
In another one conducted, 13.6% of the laboratories erred.563 The tests were done based on
bullet and cartridge case comparisons. The Project Advisory Committee held that these errors
made are “particularly grave in nature” and concluded that they probably resulted from
carelessness, inexperience, or inadequate supervision.564 In the 1978–2005 period, less than
5% of responses were in error, but individual test results varied.565 In some instances, 30% to
40% of replies were inconclusive, because laboratories were unsure if the tool in question
would have been altered between the times when different markings were made. During this
period, inconclusive responses remained high for firearms testing.

566

Examiners frequently

stated that they were unable to reach the proper conclusion because they did not have the
actual weapon with which they could perform their own test fires of ammunition.567 In this
context questions and criticisms have arisen concerning the significance of these tests. One of
the criticisms is that the sample for proficiency testing to determine error rate is “selfselecting and may not be representative of the complete universe of firearms examiners.568
Moreover, the examinations are not blind, that is, examiners know when they are being
tested. As a result, the examiner is likely to be more careful than in ordinary case work.569 In
relation to this, the 2008 Ballistic Imaging Report stated that “[m]ost of these studies are
limited in scale and have been conducted by firearms examiners (and examiners in training)
in state and local law enforcement laboratories as adjuncts to their regular casework” 570
The 2009 NAS Report elaborates that firearm and tool mark identification is “introduced in
criminal trials without any meaningful scientific validation, determination of error rates, or
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reliability testing to explain the limits of the discipline.”571 Reference is made to the case of
United States v Green572 where Judge Gertner acknowledged that firearm identification
testimony “ought not to be considered admissible” under Daubert.573 Moreover, the judge in
this case pointed out that “the problem for the defence is that every single court post Daubert
has admitted this testimony, sometimes without any searching review, much less a
hearing.”574 Judge Gertner allowed the state’s expert to narrate the similarities of the cartridge
casings which were at issue, but denied him to testify that there was a “definitive match.”575
More so, the court in USA v Diaz with regard to the factor of “known or potential error” held
that “it is not possible to calculate an absolute error rate for firearms identification.576 This is
partly because the standards and criteria for traditional pattern matching are subjective.”577
Furthermore the court ended by stating that “[n]o true error rate will ever be calculated so
long as the firearm-examiner community continues to rely on the subjective traditional
pattern matching method of identification.”578 This means that currently no true error rate for
firearm identification is known.
3 8 1 4 General Acceptance by the Relevant Scientific Community
General acceptance refers to “the acceptance by the professional community practicing in a
particular field.”579 Although this is subject to debate, firearm and toolmark identification is
represented by the AFTE, even if there are some examiners who do not fall under the AFTE.
In this regard, the AFTE and its journal “represent the consensus point of view of the Firearm
and Toolmark community and therefore fulfil the Frye requirement for a relevant scientific
community.”580 The Frye standard (general acceptance) has gone through a number of
changes. The general acceptance is now referred to as Frye plus.581 This “Frye plus” has two
other requirements which are also referred to as prongs of Frye. These are:
1. That the procedures (laboratory practices) implementing the theory or methodology are generally
accepted, and
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2. That these generally accepted procedures were indeed followed accurately to yield reliable results.
Essentially, this represents the ‘testability’ standard of Daubert. 582

The firearm examiner has to show that his/her laboratory fulfilled these requirements.583
Nevertheless, the commentary which accompanied the Federal Rules of Evidence of 2000
comments that Daubert’s general acceptance factor does not “help show that an expert’s
testimony is reliable where the discipline itself lacks reliability”584 In conjunction with this,
the court in USA v Cerna,585 relying heavily on Diaz, stated that:
[t]he firearms experts must explain at trial why and how the AFTE theory comports with the Daubert
reliability requirement. It will not be enough for the firearms experts to simply opine that the AFTE
theory is widely accepted. If the government fails to make the required threshold showing, the jury will
be instructed to disregard the expert testimony.586

Additionally, with regard to this test for scientific reliability Judge Rakoff in United States v
Glynn587, stated that “[a]lthough attempts have been made to introduce minimum standards
and protocols into firearm analysis, such attempts have not yet met with general acceptance
and, in any event, were not applied by the examiners.”588
3 8 2 Lack of Foundational Validity
As held in Daubert, the criteria for reliability set out in casu do not reflect a numerous
clausus.589 This means that other factors can also be taken into account to determine the
reliability and validity of the evidence.
It has been suggested that firearm identification is based on scientific method and a scientific
method has to be reliable and valid.590 Schwartz, in 2005, in her article entitled “A Systemic
Challenge to the Reliability and Admissibility of Firearms and Tool Mark Identification”
states that “both before and after Daubert, firearm and tool mark identification testimony has
largely been admitted as a matter of course. No court has recognized the systemic scientific
problems with the field.”591 It is here that the great debate starts on whether firearm
identification is reliable or not.
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In 2004, the National Institute of Justice (NIJ) in the USA asked the NRC to study the:
feasibility, accuracy, reliability, and advisability of developing a comprehensive national ballistics
database of images from bullets fired from all, or nearly all, newly manufactured or imported guns for
592
the purpose of matching ballistics from a crime scene to a gun and information on its initial owner.

As a result, the NRC committee in 2008 brought out the Ballistic Imaging Report which
found that the reliability of firearm evidence had not yet been demonstrated.593 The NRC in
2009 in its NAS Report made another conclusion that is consistent with the Ballistic Imaging
Report. According to the Report:
The bottom line is simple: In a number of forensic science disciplines, forensic science professionals
have yet to establish either the validity of their approach or the accuracy of their conclusions, and the
courts have been utterly ineffective in addressing this problem. For a variety of reasons — including
the rules governing the admissibility of forensic evidence, the applicable standards governing appellate
review of trial court decisions, the limitations of the adversary process, and the common lack of
scientific expertise among judges and lawyers who are ill-equipped to correct the problems of the
forensic science community, must try to comprehend and evaluate forensic evidence — the legal
system is ill-equipped to correct the problems of the forensic science community. With more and better
educational programs, accredited laboratories, certification of forensic practitioners, sound operational
principles and procedures, and serious research to establish the limits and measures of performance in
each discipline, forensic science experts will be better able to analyze evidence and coherently report
their findings in the courts. This is particularly important in criminal cases in which we seek to protect
society from persons who have committed criminal acts and to protect innocent persons from being
convicted of crimes that they did not commit.594

To add to the above, in 2015 the President of the United States asked the PCAST to consider
whether “there are additional steps that could usefully be taken on the scientific side to
strengthen the forensic-science disciplines and ensure the validity of forensic evidence used
in the Nation’s legal system.”595 When the PCAST Report was released Law enforcement
agencies were quick to challenge it, but a panel of legal experts at the Ninth Circuit Judicial
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Conference which was held in the USA on the 18th of July 2017, urged judges strongly to
consider the report when deciding whether to admit forensic evidence in criminal trials.596
Some firearms analysts claim that “their discipline has near-perfect accuracy.”597 In relation
to this, the Chief of the Firearms-Tool Marks Unit of the FBI Laboratory asserted that “a
qualified examiner will rarely if ever commit a false-positive error (misidentification).”598
Despite all these assumptions, the PCAST, after carrying out many studies on relevant
literature written prior 2009, reached a conclusion which agrees with the one made by the
2009 NAS Report, namely that “the foundational validity of the field has not been
established” and that not enough studies had been made to comprehend the “reliability and
reproducibility of the scientific methods” that are said to underlie firearm identification
evidence.599 The PCAST Report emphasises that “the current evidence still falls short of the
scientific criteria for foundational validity.”600 In support of this statement the report states
that:
Whether firearms analysis should be deemed admissible based on current evidence is a decision that
belongs to the courts. If firearms analysis is allowed in court, the scientific criteria for validity as
applied should be understood to require clearly reporting the error rates seen in the one appropriately
designed black-box study. Claims of higher accuracy are not scientifically justified at present.601

According to one study carried out in 2017 in the USA, “firearm examiners may have a false
positive rate as high as 2.2%, meaning analysts may erroneously declare a match as frequently

596

597
598

599
600
601

Los Angeles Deputy Public Defender Jennifer Friedman stated that “PCAST was truly directed at the courts.”
Furthermore, she said that “[i]t was not intended to tell the people in this room how to decide cases, but to
discuss and explain the intersection of scientific validity and legal reliability.” Ninth Circuit Judge Alex
Kozinski said that like many judges and others in the legal community, he had long accepted the idea that
certain forensic methods were virtually infallible. But he said a 2005 article in Science magazine made him
question his long-held beliefs. He added that “[t]he PCAST report addresses some of these issues and I thought
it was a step forward in bringing all of us to a conclusion that maybe we need to do a better job, because after all
this is not a situation where we’re dealing with just technicalities but we’re dealing with the question of whether
people are guilty or innocent.” The legal experts at this gathering warned that “trial judges should be more
skeptical of forensic methods that don’t pass scientific muster” Jennifer Mnookin, Dean of the University of
California Los Angeles (UCLA) School of Law, at this gathering also said “that popular culture, particularly TV
shows like Crime Scene Investigation (CSI) have led juries to believe forensic evidence is authoritative and
almost always reliable. That simply is not true.” Dinzeo “Skepticism of Forensic Methods Urged at 9th Circuit
Conference” 2017 https://www.courthousenews.com/skepticism-forensic-methods-urged-9th-circuit-conference/
(accessed 07/08/2017).
2016 PCAST Report 11.
Bunch et al “Is A Match Really a Match? A Primer on the Procedures and Validity of Firearm and Tool Mark
Identification” 2009
www.fbi.gov/about-us/lab/forensic-science-communications/fsc/july2009/review/2009_07_review01.htm
(accessed 27/04/2017).
2009 NAS Report 150.
2016 PCAST Report 12.
Ibid.

80

as 1 in 46 times.”602 This figure contradicts the “near perfect” accuracy which is always
claimed by examiners.603
This means that the “foundational validity” of the field is not yet established and therefore
firearm identification is unscientific.604 In relation to this, the AFTE stated that it “strongly
agrees with the premise that additional ongoing structured research strengthens the
foundational and applied validity of firearm identification, as well as endeavours to reduce
the effects of cognitive bias and subjectivity.”605Some of the concerns regarding the
reliability and validity of this field of forensic science law are discussed below.
A minimal baseline standard regarding firearm evidence which involves comparing firearmsrelated tool marks

is that firearms-related tool marks are not “completely random and

volatile” which means one can find similar marks on bullets and cartridge cases fired from
the same gun.606 This assumption further entails that in firearm identification different marks
made by the firearm are “unique.”607 However, despite this widely-held assumption, firearm
examiners actually have no credible proof that bullet markings are unique.608 That is why the
2008 Ballistic Imaging Report, even if it did not claim to be the only study on firearms
identification at that time, observed that “[t]he validity of the fundamental assumptions of
uniqueness and reproducibility of firearms-related tool marks has not yet been fully
demonstrated.”609 Furthermore, the report cautioned that “[a] significant amount of research
would be needed to scientifically determine the degree to which firearms-related tool marks
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are unique or even to quantitatively characterize the probability of uniqueness.”610
Commenting on this subject the court in Commonwealth v Pytou Heang611 held that:
“[f]irst there is little scientific proof supporting the theory that each firearm imparts ‘unique’ individual
characteristic tool marks onto projectiles and cartridge cases. The second main problem with firearms
identification is that the matching of individual characteristics regardless of the technique used is
highly subjective.”612

The PCAST Report also criticised the literature which focuses on “uniqueness.”613 They
believe that these studies have missed a very important point by only determining whether
bullets, cartridges and their marks differ. Instead the report suggests that the main focus
should have been on “how well and under what circumstances examiners applying a given
metrological method can reliably detect relevant differences in features to reliably identify
whether they share a common source.”614 If an examiner focuses on uniqueness, he or she
may not be able to establish whether the method used in measuring and comparing bullets
and cartridges is foundationally valid. This can only be established through empirical
studies.615 It is therefore important that there must be empirical evidence to assess how often
comparison of marks produces incorrect results.616
Challenges to the admissibility of firearms identification evidence, soon after Daubert in
1993, failed. In United States v Hicks617 it was ruled that “the matching of spent shell casings
to the weapon that fired them has been a recognized method of ballistics testing in this circuit
for decades”). In United States v Foster618 it was held that “[b]allistics evidence has been
accepted in criminal cases for many years and since Daubert, numerous cases have confirmed
the reliability of ballistics identification.”619 Furthermore, in United States v Santiago620 the
court found that there was not a single case in that Circuit “that would suggest that the entire
field of ballistics identification is unreliable.”621
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The position started to change after 2001.622 In a 2001 Daubert evaluation in United States v
Mikos,623 the court found that conclusions based on bullet lead analysis were based on faulty
science and were inadmissible. The court relied on the FBI agent’s testimony as to the
chemical similarities in the bullets, but not as to any probability that they came from the same
source. That court, therefore accepted that firearm identification evidence lacks foundational
validity.
3 8 3 Lack of Reproducibility and Permanence of Marks
In the previous chapter above, it is contended that it is not only the uniqueness of the
characteristic marks which is needed for firearm identification but also the reproducibility
and permanence of these markings. The basic assumption is that characteristics which are
unique must be able to be “deposited on bullets and cartridges over multiple firings; they
must be found on recovered evidence; and successfully compared with those on other
items.”624 In this respect, the firearm characteristics must endure and not change after every
shot or change as the firearm undergoes maintenance and high levels of wear.625 Bonfanti and
De Kinder undertook 10 studies regarding the effects of the wear and maintenance of
firearms on the markings imprinted on evidence.626 Their studies which concentrated on the
marks left on bullets and cartridges concluded that the majority of cartridge case markings are
generally less prone to change. However, bullets by comparison, showed more dramatic
effects due to wear.627 According to the study: “[t]he composition and design of the bullet
makes a great difference; simple lead bullets may be unmatchable to a first shot after 50
firings while the identifying striae left on jacketed bullets have been observed to endure for
500 or 5,000 shots.”628 The non-reproducibility of firearm characteristics and nonpermanence of marks on bullets show that it is difficult to conclude that firearm identification
is inherently reliable.629
In addition, in chapter 2 above it is noted that during examination, firearms are discharged
into water tanks so that bullets may be recovered “with no damage other than those left by the
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firing process;” the same applies to cartridge casings.630 The 2008 Ballistic Imaging Report
noted that there is a challenge with regard to this because at the crime scenes there are no
such controlled settings.631 The process of matching evidence bullets or cartridges, to bullets
and cartridges fired for testing, is already a complicated one, but this can be made worse by
the fact that evidence bullets and cartridges come from the crime scene which is not pristine
in nature. When the crime is committed, bullets can strike hard substances like wood, asphalt,
human tissue and bone.632 In this context, bullets can be seriously warped, deformed, or
complicatedly lodged to an extent that even their recovery for examination can cause serious
challenges for those who will be searching for evidence.633 By the same token cartridge
casings ejected to the ground can be trampled underfoot or exposed to other elements.634
Because of the variability between pristine exhibits (test bullets and cartridges) and crimescene evidence, there are some difficulties in making comparisons.635 Furthermore, abrasion
and erosion of the firearm’s internal parts can also alter the unique marks left on firearm
evidence.636 Firearm users can differ in how they take care and maintain their firearms, thus,
the firearms can be subject to different levels of wear and tear.637 The Ballistic Imaging
Report in this regard maintains that “fouling and barrel cleanliness are prominent concerns in
the analysis of bullet striations, given the tendency for residue and metal scrapings to build up
in the barrel.”638 Tulleners et al support this argument by saying that “dirt or lead build-up on
the breech face can reduce the detail of breech face impressions.”639
It is noteworthy that corrosion can be so prominent as to make it hard and complicated to use
and test fire a gun. Moreover, corrosion is a challenge in that if someone tries to deal with it,
for example scrubbing the corroded part; there can be damage to the firearm and marks are
needed for comparison purposes.640
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In South Africa, Dr David Klatzow, after being commissioned by the broader firearm owning
community, carried out a study to examine the validity of firearm identification.641 His study
shows that “there is very little evidence to prove that a certain bullet or cartridge has been
fired from a particular firearm.”642 Klatzow concluded that the “practice of comparative
ballistic science is highly subjective and provides ample opportunity for bias.”643 He also
examined the discharged bullets and spent cartridges for unique distinguishing marks and
took the findings to the forensic experts in England and the Netherlands for further input and
comments. The firearm experts from both these countries concurred with studies done in the
USA which have been published in the internationally reputable reports discussed above.
Klatzow came to the conclusion that:









Firearms do not always leave unique markings on the ammunition which is fired through them.
Therefore, ballistic fingerprinting is unreliable as a forensic tool.
The practice of comparative ballistic science is highly subjective and provides ample opportunity for
bias.
The ballistic fingerprint of a firearm can be changed using simple procedures and common materials.
The ballistic fingerprint of a firearm can change over its lifetime.
An effective national ballistic imaging database is not feasible, as the variables of ballistic
fingerprinting are too great.
The possibilities of false matches multiply with the size of the ballistic imaging database.
The cost benefit ratio of a national ballistic imaging database is exceptionally high. Too much money
would be spent for too little benefit.
The use of ballistic fingerprints in criminal investigation could lead to a miscarriage of justice.644

3 8 4 Inadequacies of the AFTE Theory of Identification
In respect of the above, the Association of Firearm and Tool Mark Examiners (AFTE) in its
journal in a review under the heading “Theory of Identification, Range of Striae Comparison
Reports and Modified Glossary Definitions”, discusses the science of forensic firearm and
tool mark identification and also gives the “basic theory that allows opinions of common
origin to be made in tool mark comparisons.”645 The AFTE Theory of Identification, adopted
in 1992, states:
1. The theory of identification as it pertains to the comparison of tool marks enables opinions of
common origin to be made when the unique surface contours of two tool marks are in ‘sufficient
agreement’.
641
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2. This ‘sufficient agreement’ is related to the significant duplication of random tool marks as
evidenced by a pattern or combination of patterns of surface contours. Significance is determined by
the comparative examination of two or more sets of surface contour patterns comprised of individual
peaks, ridges and furrows. Specifically, the relative height or depth, width, curvature and spatial
relationship of the individual peaks, ridges and furrows within one set of surface contours are defined
and compared to the corresponding features in the second set of surface contours. Agreement is
significant when it exceeds the best agreement demonstrated between tool marks known to have been
produced by different tools and is consistent with agreement demonstrated by tool marks known to
have been produced by the same tool. The statement that ‘sufficient agreement’ exists between two tool
marks means that the agreement is of a quantity and quality that the likelihood that another tool could
have made the mark is so remote as to be considered a practical impossibility.
3. Currently the interpretation of individualization/identification is subjective in nature, founded on
scientific principles and based on the examiner’s training and experience.646

The NAS Report suggests that the AFTE theory of identification does not give a specific
protocol, because the theory has highlighted that “an examiner can give an opinion that a
specific firearm was the cause of bullet striation pattern when sufficient agreement exists in
the pattern of two sets of marks,”647 which is a subjective determination. Additionally the
AFTE theory contends that “agreement is significant when it exceeds the best agreement
demonstrated between tool marks known to have been produced by different tools and is
consistent with the agreement demonstrated by tool marks known to have been produced by
the same tool.”648 In this regard, the 2009 NAS Report comments that the meaning of
“exceeds the best agreement” and “consistent with” are not clearly established, and the
examiner is expected to “draw on his or her own experience.”649 Additionally, the AFTE
theory has been described as circular in the PCAST Report because it elaborates that an
examiner has the capacity to state that “two tool marks have a common origin when their
features are in sufficient agreement.”650
The AFTE theory shows that “[c]urrently the interpretation of individualization/identification
is subjective in nature.”651 It is crucial to note that under the subjective approach, examiners
only rely on their mind and eye judgments in articulating resemblances of comparisons
instead of articulating the criteria which they used to arrive at conclusions with regard to the
resemblances of their comparison.652 Nichols poses the question “with subjective
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standards/criteria, how does one determine if either examiner has made an error?”653 Judge
Saris stated in USA v Monteiro that the AFTE theory is “tautological: it requires, each
examiner, to decide when there is ‘sufficient agreement’ of tool marks to constitute
identification.”654 Judge Saris further criticized the AFTE theory for not providing examiners
with any “guidance on telling the difference between subclass and individual
characteristics.”655 The judge held that:
because an examiner’s bottom line opinion as to identification is largely a subjective one,656 there is no
reliable statistical or scientific methodology which will currently permit the expert to testify that it is a
657
‘match’ to an absolute certainty, or to an arbitrary degree of statistical certainty.

In Ramirez v State of Florida658 the Supreme Court warned firearm and tool mark examiners
who rely on “nothing more than their own subjective criteria for striae identification and are
unable to put forth a convincing, logical, scientifically based explanation for the basis of their
identifications.”659
The AFTE Theory is based on the assumption that forensic science interpretation is based on
an examiner’s training and experience.660 The PCAST Report, however, states that
experience is not enough for one to draw judgments about whether two features have come
from different sources or the same source. To show the fallacy of relying on “experience”,
the PCAST Report refers to the testimony of a former head of the FBI in which he claimed
that “the FBI had an error rate of one per every 11 million cases, based on the fact that the
agency was only aware of one mistake.”661 This observation has been questioned by
empirical studies by the FBI Laboratory which indicate a high error rate of roughly one in
several hundred.662 Speaking at the Ninth Circuit Judicial Conference, Mnookin contended
that “[i]t must take scientific study to make a field scientifically reliable,” Mnookin further
said that “[e]xperience, no matter how extensive, could not be a substitute for scientific
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study.”663 Moreover, Edmond believes that prosecutors, defence lawyers and judges should
direct attention to formal evidence of reliability and not rely on evidence on the basis of long
experience.664 He further explains that:
Experience is a convenient (and simple) heuristic that enables judges to defer to the accommodating
decisions of earlier courts or the length of time a person (or institution) has been doing something,
without ever having to consider validation studies, reliability and limitations when it comes to forensic
science and medicine - especially in response to forensic science techniques that are, or are likely to be,
in routine use - experience (and long use) cannot support the weight of admissibility.665

A theory of science has been defined by the NAS to mean “a comprehensive explanation of
some aspect of nature that is supported by a vast body of evidence.”666 Based on this
definition, the PCAST Report contends that the AFTE theory of identification is clearly not a
scientific theory, rather “it is a claim that examiners applying a subjective approach can
accurately individualize the origin of a tool mark.”667 The report goes on to say that a
“theory” is not what is needed at the moment but only empirical tests to figure out how
reliable and valid the method is.668
Moreover, in the late 1990s, the AFTE drafted a protocol (the AFTE Protocol) for experts to
follow during their examinations.669 According to the protocol:
Presently, the AFTE Protocol is the industry standard by which examiners conduct their examinations.
Under the AFTE Protocol, an examiner may make one of the following four conclusions: (1)
identification, (2) inconclusive, (3) elimination, or (4) unsuitable for comparison. To make an
‘identification’ (i.e., a ‘match’), there must be ‘sufficient agreement’ between the tool-marks present on
ammunition found at a crime scene and a test cartridge fired from a suspect weapon.

In spite of this protocol and the “routine admission of firearms identification evidence,” the
discipline has been criticized in the NAS and PCAST Reports.670 The 2009 NAS Report
maintains that the AFTE document which has been described as the most important source of
guidance in the discipline of firearm identification, does not touch on issues of “variability,
reliability, repeatability, or the number of correlations needed to achieve a given degree of
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confidence.”671 The 2009 NAS Report concluded that the AFTE Protocol was not defined
sufficiently for examiners to follow, particularly when an examiner can be said to have
“matched” two samples.672
3 8 5 Reporting Results
The NAS Report emphasized that there is a need to raise the standards for reporting and
testifying about the results of investigations in most forensic science disciplines.673 A good
example is that of some terms that are being used by forensic examiners in reports and in
court testimonies in describing their findings and conclusions. These terms include, “match,”
“consistent with,” “identical,” “similar in all respects tested,” and “cannot be excluded as the
source of.”674 The use of these terms can have some influence on how the presiding officer in
court proceedings assesses and evaluates evidence. Nonetheless, there has not been
agreement or consensus on the exact meaning of these terms in the forensic science
disciplines.675 These terms have not become standardised even if some fields in forensic
science have developed vocabulary and scales which they use in reporting their results.676 In
this regard, laboratory reports generated by scientific analysis must be thorough and must
describe the “methods and materials, procedures, results, and conclusions, and they should
identify, as appropriate, the sources of uncertainty in the procedures and conclusions which
indicate the level of confidence in the results.”677 According to the NRC Committee, most
forensic laboratory reports do not meet this standard of reporting, but some do.678 In addition
to the above, the forensic science reports, and courtroom testimonies, must give analyses of
the limitations of the analyses, including the associated probabilities where it is possible. The
courtroom testimonies should be given in simpler terms that everyone in the trial process can
understand so as to interpret the testimony. The NAS Report contends that this is achievable
and “research must be undertaken to evaluate the reliability of the steps of the various
identification methods and the confidence intervals associated with the overall
conclusions.”679
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Since the first assumption in firearm identification is that a mark can be individually
identified to the specific gun from which it was fired, some firearm analysts, when giving
opinions of mark identity, have concluded that the firearm responsible for making the mark
can be individualized “to the exclusion of all other tools.”680 This conclusion has been greatly
criticised by some commentators who believe that this is problematic.681 Notwithstanding
these criticisms, firearms identification evidence has been admitted into American
courtrooms and it is still being admitted.682
The previous chapter explains that firearm identification became well known in the early 20th
century and by the middle of the twentieth century courts were admitting firearm testimony
by firearm experts.683 Cases decided after the middle of the twentieth century relied on these
cases for precedence in admitting evidence of bullet,684 cartridge case,685 and shot shell686
identifications. A number of courts have also permitted an expert to testify that “a bullet
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could have been fired from a particular firearm;687 that is, the class characteristics of the
bullet and the firearm are consistent.”688
The discussion above shows that court decisions made soon after Daubert in 1993 to
challenge the admissibility of firearms identification evidence, failed,689 but this position
started to change after 2001.690 In a 2001 Daubert evaluation in United States v Mikos691 the
court found that source conclusions based on bullet lead analysis were based on faulty
science and were inadmissible. The court admitted the evidence of the FBI agent in that case
to testify as to the chemical similarities in the bullets, but not as to any probability that they
came from the same source.
Moreover, in United States v Green,692 the court held that “the expert could only narrate the
ways in which the casings were similar but not that the casings came from a specific weapon
to the exclusion of every other firearm in the world.”693 Although the judge allowed tool
mark evidence in this case, he commented that “[t]he more courts admit this type of tool
mark evidence without requiring documentation, proficiency testing, or evidence of reliability
the more sloppy practices will endure; we should require more.”694
Another pertinent case which involves the reliability of firearm identification is the Ramirez
case.695 The Ramirez case acts as a wakeup call to all firearm and tool mark experts that they
must not rely on their own subjective criteria for striae identification. Firearm experts must
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be able to put forth “a convincing, logical, scientifically based explanation for the basis of
their identifications.”696 The court in this case rejected the argument by the expert that “I
know it is a match because I have sufficient background, training and experience.” The judge
also rejected the argument by the firearm examiner that “there is absolute certainty of his
identification and that there are no objective criteria that must be met.”697 Finally, in the
Ramirez case the court found the examiner’s scientific methodology had not gone through
“meaningful peer review or publication.”698 The Ramirez case is a good precedent for all
firearm and tool mark identification because it ensures that the reliability of scientific
methods is considered in such type of cases.699
The court in United States v Monteiro700, after reviewing the Daubert requirements at length,
found that firearms evidence was generally admissible but that the prosecution’s proffered
witnesses were not qualified. Moreover, the judge held that even a qualified government
expert “may testify that the cartridge cases were fired from a particular firearm to a
reasonable degree of ballistic certainty. However, the expert may not testify that there is a
match to an exact certainty.”701 In this case the expert had not taken photographs of the
evidence to show the comparisons which were made. As a result, there was a lack of adequate
documentation. In this regard the court ruled that “[u]ntil the basis for the identification is
described in such a way that the procedure performed by [the examiner] is reproducible and
verifiable, it is inadmissible under Rule 702.”702 The court in United States v Diaz,703 after
finding that the record did not support the conclusion that identifications could be made to the
exclusion of all other firearms in the world, held that “the examiners who testify in this case
may only testify that a match has been made to a ‘reasonable degree of certainty in the
ballistics field.’”704
The court in United States v Glynn705 was of the view that the expert should not use the term
“reasonable scientific certainty” in testifying, but rather that the expert should be permitted to
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testify only that it was “more likely than not” that recovered bullets and cartridge cases came
from a particular weapon.706
In United States v Taylor707 the court ruled that the government expert “will not be allowed to
testify that he can conclude that there is a match to the exclusion, either practical or absolute
of all other guns.” Furthermore, in US v Anderson708 the court was of the view that a firearms
examiner may testify to “a reasonable degree of certainty” in the field of firearms and tool
mark identification or “to a practical certainty” but not to “a reasonable degree” of scientific
certainty or a “practical impossibility.”709
US v Willock710 joined the ranks of cases restricting the conclusions that may be offered in
testimony by a firearms and tool mark examiner. Adopting a magistrate judge’s Report and
Recommendations (R & R)711, the court ordered that the witness shall not opine that it is a
“practical impossibility for any other firearm to have fired the cartridges” recovered at the
crime scene and that the witness “shall state his opinions and conclusions without
characterisation as to the degree of certainty with which he holds them.”712 The court based
these restrictions on the 2009 NAS Report and the 2008 Ballistic Imaging Report.713
In Williams v United States714 the appellant was arrested and prosecuted for murder with the
use of a firearm. Since there were no eyewitnesses to the crime, the police did some
investigation so as to connect the appellant with the crime. After searching the appellant’s
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apartment, the police recovered a gun that, when test-fired, left markings on the bullets that
appeared to match the markings on bullets recovered at the crime scene. After considering
this evidence, a jury convicted the appellant. On appeal, the appellant argued that the firearms
and tool mark examiner should not have been able to testify that the markings on the bullets
recovered from the crime scene were unique or that he was without “any doubt” that these
bullets were fired from the gun found with the appellant. With regard to this issue the Appeal
court quoted the case of Jones v United States.715 In that case the court argued inter alia that
tool mark and firearms examiners could not “[s]tate their conclusions with ‘absolute certainty
excluding all other possible firearms.’”716 In the light of this the appeal court held that
“experts should not be permitted to testily that they are 100 percent certain of a match, to the
exclusion of all other firearms.”717
In 2017 Jessica Brand in her article, “Faulty Forensic Science: Explained”718 refers to a
murder case decided over two decades ago, in 1993, which has resurfaced in the USA courts.
The accused was convicted by the jury based on firearms testimony by the firearm experts.
They declared that cartridges and bullets recovered from the crime scene, matched the gun of
the accused “to the exclusion of all other firearms.” In 2017, the State agreed that the
examiner should never have made such statement and that; the examiner should have said the
convicted person’s gun “could not be eliminated.” The court granted the convicted person a
new trial.719
3 8 6 Contextual and Cognitive Bias
Forensic scientists could be exposed to some information that might not be relevant to their
processing and interpretation of evidence and this is problematic in that their interpretation
and the value of their opinion evidence could be threatened.720 The problem which arises as a
result of contextual and cognitive biases is also discussed in a report jointly made by NIST
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and the National Institute of Justice (NIJ).721 According to Edmond et al, “where there is
vulnerability, the only way to avoid being influenced inappropriately is to restrict access to
domain-irrelevant information (or, more precisely, information with the potential to
mislead).”722 This, according to Dror, is achievable if there is a separation of forensic
scientists’ roles.723 In this regard it is either the forensic scientist who is involved in the case
management whereby he or she will be communicating with investigators, helping to decide
what specimens to collect from the crime scene, and managing the workflow and tasks
assigned in the laboratory, or the forensic scientist who will be just an analyst where he will
be performing analyses (e.g., comparisons of trace evidence) based on instructions.724
Edmond further elucidates that the separation of roles “facilitates blind analysis while
allowing analysts to have access to appropriate information thereby ensuring the case
manager (and the institution) is informed about the overall case.”725

The other proposal regards sequential unmasking, where information is “gradually revealed
to the analyst.”726 Under this proposal, for example, an analyst might carry out an “initial
examination of the trace evidence and limit their interpretation to the legible or salient parts
of the sample before comparing it to the suspect sample.”727 Of course, the process will
depend on the type of trace evidence, but the idea behind this is to make the analyst blind to
the information that has the potential to cause bias.728 For these approaches to be effective,
they need to be refined by further research and cognizance should be taken of certain types of
information that may hinder performance (e.g., information that reduces the overall accuracy
of analyst’s decisions).729
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Foster and Huber730 contend that “an emphasis on falsifying theories has an additional
advantage in that it helps to overcome the effects of confirmation bias.”731 The bias in favor
of confirming investigators’ leads, is in most cases left without being checked because if a
firearm has been considered to be an unique source of marks, the firearms examiners in that
case are no longer examining any other gun to determine if it might produce tool marks that
do at least as good a job at matching the evidence tool marks.732

Related to confirmation bias are observer effects. It is important to falsify and test theories so
as to avoid observer bias and other sources of human error in forensic examinations.733 The
psychological theory of observer effects states that “external information provided to persons
conducting analyses may taint their conclusions— a serious problem in techniques with a
subjective component.”734 According to research, this type of information has serious effects
if the expert is exposed to it.735 In any event, forensic examinations should, to the extent
feasible, be conducted “blind.”736
With regard to the issue of bias, the NRC committee proposed that a body of research to
reform institutional procedures and workflows is needed to address the impact of bias.737 As
the forensic science disciplines rely on subjective assessments when matching characteristics,
such research is urgently needed.738 The proposed National Institute for Forensic Science or a
similar body should, besides supervising validation studies, determining error rates,
developing empirically driven standards and probabilistic forms of reporting results, also
address contextual bias.739 This will happen through the encouraging of research programmes
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on human observer bias and sources of human error in forensic science examinations.740
Programmes like this might involve studies aimed at determining the “effects of contextual
bias in forensic practice e.g., studies to determine whether and to what extent the results of
forensic analyses are influenced by knowledge regarding the background of the suspect and
the investigator’s theory of the case.”741
3 9 REFORMS WHICH THE JUSTICE SYSTEM COULD INTRODUCE
It emerges from the above that many forensic science techniques especially firearm
identification, are not sufficiently reliable and need to be reformed.742 In this context, the
validity and reliability of techniques which have traditionally been used, is not known and it
is not always easy to ascertain the standards and accreditation of the results of research.743 As
a result of this, the forensic science disciplines which are in practice are not contributing as
much to the criminal justice system as they could.744 With this perspective in mind, this
section, although not focusing exclusively on firearm identification but rather on forensic
science in general, discusses the changes that are needed regarding forensic science
disciplines and suggests some recommendations which have been made for forensic science
evidence in other jurisdictions. Since the main focus of this dissertation is on the reliability of
firearm identification in South Africa, it is the present researcher’s contention that the South
African legal system could learn from the recommendations and reforms which have been
made in the USA and adopt these recommendations where applicable.

Most of these reforms and recommendations have been made in the 2009 NAS Report and
therefore this section frequently refers to this report. The NAS Report reviews a number of
forensic science disciplines which include those that deal with biological evidence, controlled
substances, friction ridge analysis, shoeprints and tyre tracks, tool mark and firearm
identification, hair and fibre evidence, document examination, paint and coatings evidence,
740
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explosives evidence and fire debris, odontology, blood pattern analysis, digital and
multimedia analysis.745 The Committee found that, with the exception of DNA evidence,
these forensic science disciplines lack proper research, are not using validated techniques and
meaningful standards and do not give an indication of their limitations and errors and
constantly suffer from analyst bias.746 The recommendations contained in the NAS Report
and which are addressed to the United States justice system and government, are discussed
below.
3 9 1 The Need for High Quality Empirical Research
According to Barry Fisher, Director of the Crime Laboratory of the Los Angeles County
Sheriff’s Department “[w]e run the risk of our science being questioned in the courts because
there is so little research.”747 The NAS Report described the research situation in most
forensic science disciplines including firearm identification as a “serious problem”748 The
report noted that even though research had been conducted in some disciplines, the research
is not adequate enough and consequently there is a need for more research.749 The NAS
Report also noted that the forensic science disciplines need to devise “rigorous protocols” and
they must also “pursue equally rigorous research and evaluation programs.”750 Moreover, in
2001 Giannelli contended that:
[i]n many areas [of forensic science] little systematic research has been conducted to validate the
field’s basic premises and techniques, and often there is no justification why such research would not
751
be feasible.

With regard to this, Jennifer Mnookin believes that a great achievement in reforming forensic
science will be through equipping the whole forensic science enterprise with a research
culture. She explained this idea in a UCLA Law Review paper that she wrote with a broad and
diverse group of people who have written widely about the forensic sciences.752 According to
her, adopting a research culture means there should be a commitment to conducting and
participating in achieving high quality empirical research. Research is very important in
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addressing important issues like “what the various forensic methods can achieve, how
reliably they can achieve them, and under what conditions.”753 Furthermore, implementation
of a research culture promotes transparency, an “ongoing critical perspective,” and a
willingness to change and adapt, which is different from how the forensic sciences have
traditionally operated.754

After having established that “forensic science research is not well supported, and there is no
unified strategy for developing a forensic science research plan across federal agencies”755
the NAS Report expounds that it is of the utmost importance to develop and support powerful
academic research at universities. Although large amounts of funding to support such
academic research groups is required, it will be beneficial in driving “quality and innovation”
in the scientific methods.756 The NAS Report directed the legislature to enact the Forensic
Science and Standards Act757 (FSSA), which was to establish scientific standards and protocols
across forensic disciplines.758 This legislation was to give birth to the Forensic Science

Advisory Committee. Although this Bill was introduced to Congress, it was not enacted.759

In support of this, the PCAST Report also suggested that the “Office of Science and
Technology Policy (OSTP)” in the USA must ensure the formation of a “national forensic
science research and development strategy.”760 The strategy should address plans and funding
needs for:
Major expansion and strengthening of the academic research community working on forensic sciences,
including substantially increased funding for both research and training; Studies of foundational
validity of forensic feature-comparison methods; Improvement of current forensic methods, including
converting subjective methods into objective methods, and development of new forensic methods;
Development of forensic feature databases, with adequate privacy protections that can be used in
research; Bridging the gap between research scientists and forensic practitioners; and Oversight and
regular review of forensic science research. In preparing the strategy, OSTP should seek input from
appropriate Federal agencies, including especially the Department of Justice, Department of Defense,
National Science Foundation, and National Institute of Standards and Technology; Federal and State
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forensic science practitioners; forensic science and non-forensic science researchers; and other
stakeholders. 761

3 9 2 The Creation of Independent Research Centers
Gianelli is of the view that a number of issues affecting forensic science research arise as a
result of a lack of independence on the part of the research centers.762 Facilities with research
capacity are often housed within the law enforcement agencies and this increases problems
with forensic methodologies, analysis, and reporting because the law enforcement agencies
are “too wedded” to the “status quo” to make good candidates for carrying out a research
agenda.763 Gabel and Heavenrich also maintain that “indeed, the creation of funded,
independent agencies to conduct forensic research may be the only way to bolster scholarly
research in the field.”764 Additionally, after the NAS Report’s criticism of the lack of PhD
and Master’s degree programmes in forensic science, it suggested that USA legislation must
create some independent research centers which are aimed to promote education and
reporting the results of their efforts. Even if the legislation does not specifically provide detail
on how these research centers should be run, “it is undoubtedly a start in an area of work in
which the apprenticeship system has been the educational norm.”765
3 9 3 The Participation of the Scientific Community
The USA District Court Judge Nancy Gertner, in her article “Commentary on the Need for a
Research Culture in the Forensic Sciences”, believes that for reform to take place, the
judiciary must request the forensic science community to participate in their decisions.766 The
judge argues that it is pointless for trial judges to conduct Daubert hearings with the purpose
of assessing the reliability of forensic science evidence given by “forensic science
supporters” instead it is better to rely on the results of high quality empirical research which
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have been conducted by disinterested scientists.767 The NAS Report suggested that scientific
testing should be done by the scientific community so as to address issues raised by Judge
Gertner.768 The report further concluded that these problems can also be addressed “by a
national commitment to overhaul the current structure that supports the forensic science
community in this country.”769
3 9 4 The Need for Governance
Additionally, the NRC committee, when it was conducting its deliberations, concluded that
“truly meaningful advances will not come without significant concomitant leadership from
the government.”770 Therefore, the forensic science community is in need of strong
governance which will help in fulfilling and adopting the long-term agenda to strengthen
forensic science.771 Furthermore, according to Edmond, “governance must be strong enough
and independent enough to identify the limitations of forensic science methodologies and
must be well connected with the nation’s scientific research base in order to affect
meaningful advances in forensic science practices.”772 The structure of the governance must
make provision for “appropriate incentives for jurisdictions to adopt and adhere to best
practices and promulgate the necessary sanctions to discourage bad practices.”773 In order to
effect some changes in forensic science education, it must have influence with educators.
Moreover, good standards must be identified and enforced.774

The NAS Report also contends that the existing legal system, especially the rules which
govern the admissibility of forensic science evidence, is still lagging behind in terms of
curing the documented ills of the forensic science disciplines. This is very problematic,
because “forensic science is but the handmaiden of the legal system.”775 The report further
noted that regardless of serious scientific problems facing the current forensic science system;
courts continue to depend on this type of evidence even without full understanding and
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without addressing the problems in different forensic science disciplines.776 The NRC
Committee therefore recommended a strong and independent leadership and governance,
which is closely connected with the “[n]ation’s scientific research base.”777 For the
Committee it was important that any “entity that is established to govern the forensic science
community cannot principally be beholden to law enforcement,” rather “it must be equally
available to law enforcement officers, prosecutors, and defendants in the criminal justice
system.”778 In its recommendation the Committee advocated for a new national institute,
since lawyers and judges are considered not necessarily to have the appropriate technical and
scientific training to provide the necessary supervision. In this regard, the report cited the
poor performance of the judiciary and noted some doubts about its ability fully to perform
this role. The NRC Committee then proposed “minimum criteria” for the National Institute.
According to the report the Institute must have:
a culture that is strongly rooted in science, with strong ties to the national research and teaching
communities, including federal laboratories; strong ties to state and local forensic entities as well as to
the professional organizations within the forensic science community; not in any way be committed to
the existing system, but should be informed by its experiences; not be part of a law enforcement
agency, have the funding, independence, and sufficient prominence to raise the profile of the forensic
science disciplines and push effectively for improvements; be led by persons who are skilled and
experienced in developing and executing national strategies and plans for standard setting; managing
accreditation and testing processes; and developing and implementing rulemaking, oversight, and
sanctioning processes. 779

3 9 5 The Independence of Forensic Science Laboratories
In the NAS Report it emerged that most of the forensic science laboratories are controlled by
law enforcement agencies like the police and the laboratory administrator is obliged to report
to the head of this enforcement agency.780 This has led many commentators to question the
independence of the laboratories and their budget. Ideally forensic science laboratories should
be independent from law enforcement agencies781 so that the head of the laboratory would
have an equal voice in matters involving the laboratory and other agencies. If they are
independent, the laboratory will be in a position to set its own priorities, be in control of its
expenditures, and other important issues.782 Moreover, some cultural tensions between
scientific laboratories and law enforcement agencies will also be resolved.
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3 9 6 The Lack of Standards in Laboratories and the Need for the Training of Scientists
The lack of standards has far-reaching effects in forensic science.783 The NRC committee
asserts that there is a need for “quality control, assurance, and improvement”.784 According to
the report “forensic laboratories should establish routine quality assurance and quality control
procedures to ensure the accuracy of forensic analyses and the work of forensic
practitioners.”785 The quality control procedure helps to identify mistakes, fraud, and bias. In
addition, they ensure the continued validity and reliability of “standard operating procedures”
and confirm that “best practices improvement” is being followed.786 This quality assurance
regime should apply to both laboratories through accreditation and to individuals through
certification. This should be made mandatory.787 In this regard it means that no person should
be permitted to practice in a forensic science discipline or give testimony as a “forensic
science professional” without having obtained a certificate beforehand.788 For someone to get
certification, the following requirements must have been fulfilled: “written examinations,
supervised practice, proficiency testing, continuing education, recertification procedures,
adherence to a code of ethics, and effective disciplinary procedures.”789 Accrediting and
certification must take place within a time period established by a body such as the one
originally proposed NIFS.790

Moreover, after criticizing the guild-like systems operating in many areas of forensic science,
the NRC committee explained that “training should move beyond apprentice-like transmittal
of practices to education based on scientifically valid principles.”791 In this regard, the NRC
committee was concerned about the absence of “formal and systematically applied standards
or standardization requirements for forensic science education programs, making the quality
and relevance of existing programs uncertain.”792 More emphasis should be on attracting and
funding graduate students in fields which are critical to the forensic sciences and to design
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programmes that “cut across organizational, programmatic and disciplinary boundaries.”793
Undertaking “research” and “exposure to research” are characterized as “critical
components” of an appropriate forensic science education.794 The report also extended the
need for formal education to the legal actors, through support for “legal education programs
for law students, practitioners, and judges.”795 The reason for this is because members of the
legal profession often lack training in the fields of technology and science and do not have a
background in scientific methodology. This has, at times, resulted in a lack of comprehension
on their part regarding the approaches which are being used by forensic science disciplines
and it is sometimes difficult for them to evaluate the reliability of forensic science evidence
that is proffered in trial.796

The PCAST Report also argues that there is need for restructuring forensic science so as to
ensure that independent scientists and statisticians have a greater voice in developing
standards which are requirements for meaningful scientific validity.797 Moreover, the report
explained that “[i]t is important that the standards be readily available to defendants and to
external observers, who have an important role to play in ensuring quality in criminal
justice.”798 The report further directs the NIST to make sure that there is availability of
standards and guidelines to any party who wants to use them in connection with a “legal case
or for evaluation and research.799
3 9 7 The Need for the Ongoing Evaluation of Foundational Validity
In addition to the abovementioned reforms and recommendations, the PCAST Report
emphasized the need for the “ongoing evaluation” of the “foundational validity” of methods
and techniques so as to give guidance to the courts and the rest of the forensic science
community.800 The evaluations should focus on existing methodologies and techniques that
are lacking scientific standards for foundational validity and also interrogate new
methodologies and techniques that are still being developed and that will be developed in
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some years to come. To ensure that the evaluations are not biased, the scientific judgments
should be done by a science agency with no interest in the outcome.801

Based on published empirical studies, the PCAST Report proposed that NIST be given the
task to prepare an annual report which evaluates the “foundational validity” of key “forensic
feature-comparison methods.”802 The NIST’s evaluations should help the courts, the
Department of Justice (DOJ), and the entire forensic science community.803 In these
evaluations NIST should release an annual public report which evaluates the “foundational
validity of key forensic feature-comparison methods.”804 Among other things, the evaluations
should:
assess whether each method reviewed has been adequately defined and whether its foundational
validity has been adequately established and its level of accuracy estimated based on empirical
evidence; be based on studies published in the scientific literature by the laboratories and agencies in
the U.S. and in other countries, as well as any work conducted by NIST’s own staff and grantees; as a
minimum, produce assessments along the lines of those in this report, updated as appropriate; and be
conducted under the auspices of NIST, with additional expertise as deemed necessary from experts
outside forensic science.805

Moreover, the PCAST Report recommends that forensic science would be improved if
literature which has been published in scientific journals is used, rather than material
published in journals the standards of which are less rigorous in terms of peer review.806
3 10 CONCLUSION
Forensic science evidence such as firearm identification, is regularly presented in criminal
trials. To achieve just results in cases where this kind of scientific evidence is rendered, it is
important that the results are reliable, and that it is presented in a manner which allows the
decision maker properly to assess its significance. In the light of this, this chapter considers
whether, in South Africa, reliability should play a role in the admissibility of forensic expert
evidence or whether it should only be considered when the weight of the evidence is being
considered. It has emerges in this chapter that admissibility in South Africa is governed by
the common law where evidence only needs to be relevant to be admissible.807 The reliability
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of evidence is only considered at a later stage in court when the weight of evidence is being
determined. This position is different from the United States where the judges play a “gate
keeping role” and evidence needs to be checked for its reliability before it enters the court.
The main reason for this is the fact that South Africa no longer has a jury system and
consequently a judge does not need to play a “gate keeping” role, as he or she will be the
final arbiter who will decide whether the evidence is reliable.
In the context of forensic science, scientific reliability should not, in South Africa, be a
criterion for admissibility, but should rather be a central factor in deciding what weight
should be attached to the expert evidence given in a particular case. The case of Daubert
decided in USA, is sometimes called the reliability model and in this chapter it is contended
that the Daubert elements to test scientific reliability should be used in attaching reliability to
the weight of evidence in South Africa. These factors include testability, error rate, general
acceptance and peer review. In the USA and other jurisdictions firearm identification
testimony has been challenged under the Daubert standard and it is clear that it does not
comply with the Daubert tests. Moreover, in these jurisdictions, reports such as the 2009
NAS Report, The Ballistic Imaging Report and the 2016 PCAST Report have criticised
firearm identification on the basis of a lack of foundational validity. The non-reproducibility
of firearm characteristics and non-permanence of marks on bullets show that it is problematic
to conclude that firearm identification is reliable.808 Furthermore, in this chapter the AFTE
theory, which forms the basis of firearm identification, is interrogated and shown to be
inadequate. As a result of the problems regarding the reliability and validity of firearm
identification as outlined above, this chapter proposes some reforms of which the justice
system in South Africa could take due cognizance in order to

ensure that

firearm

identification is reliable. Some of these reforms which are mentioned above, include ensuring
that there is high quality empirical research, ensuring that research centers are independent,
the scientific community has been urged to participate and the need for an ongoing evaluation
of foundational validity for firearm identification evidence is emphasised.
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Chapter 4

The Role of Forensic Practitioners, Prosecutors, Defence Counsel and Judges in
Ensuring the Reliability of Firearm Identification Evidence

4 1 INTRODUCTION
The National Institute of Justice (NIJ) in the United States (US) has categorized firearm
identification as a discipline under forensic science809 and forensic science has been described
as the “fractured and burdened discipline.”810 Additionally, in 2009, the NAS concluded that
forensic science is broken.811 With regard to firearm identification, the NAS Report
emphasized the need for sufficient studies to be done because this type of evidence was
unreliable and lacked repeatability. Apparently this position has not yet changed because the
PCAST Report, released in September 2016, came to a conclusion that is similar to the 2009
NAS Report with regard to forensic science evidence.812 On firearm identification the report
asserted that the firearm identification evidence “still falls short of the scientific criteria for
foundational validity.”813 It is disturbing that courts across the globe are using different types
of forensic science without subjecting them to scrutiny so as to determine its reliability.814 In
light of this, reliability and validity have become important factors which demand attention in
Anglo-American litigation, even in jurisdictions that do not have a formal reliability standard
(such as England, Wales and South Africa).815 Based on the analysis in the previous chapters
above, showing that firearm identification is not reliable, this chapter focuses on the role that
South African prosecutors, defence counsel, forensic practitioners and presiding officers can
play in ensuring the reliability of firearm identification evidence.
Chapter one of this study is the introductory chapter and it sets out the goals and objectives
envisaged by this study. It also provides a brief account of what constitutes firearm
identification as illustrated by different writers and authoritative forensic science reports like
the NAS Report and the PCAST Report. That chapter also reviews the literature which
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indicates some of the controversies that exist with regard to the reliability of firearm
identification.

The enquiry undertaken in chapter two begins by giving a brief overview of science and
forensic science. In that chapter a brief history of firearm identification is also provided. Key
concepts and technical terms, for example firearm, different types of firearms, ammunition
and components of ammunition are described. The chapter explains the process of firing a
firearm, starting fromloading a firearm to the extraction and ejection of cartridge casings.In
addition to the above, the class, subclass, and individual characteristics according to which
identifications are made, are discussed.

Chapter three focuses on the reliability and validity of firearm identification. In addressing
these concepts, the chapter provides a brief discussion on admissibility in South Africa as
well as in the other two comparative jurisdictions namely the USA and England and Wales.
Chapter three shows that the South African position regarding the admissibility of scientific
evidence is akin to that of England and Wales and that scientific and technical evidence will
be admissible where it is relevant. The requirement for the admissibility of expert evidence in
the US, namely the reliability of the evidence as set out in Daubert, is analysed in chapter
three in an attempt to learn which factors SA courts could use to determine the weight that
should be attributed to firearm identification evidence.
4 2 THE ROLE OF FORENSIC PRACTIONERS
The procedures used by forensic practitioners must be well tested and the practitioners must
have the knowledge to express the scientific research results. Additionally, forensic
practitioners are considered to be “model expert witnesses”; therefore they should comply
with “practice directions” and “professional codes” and maintain the highest “professional
standards.”816 In this context, they should use mainstream scientific methods and norms.817
According to Edmond et al, mainstream scientific methods will,
facilitate compliance with the formal requirements imposed by courts (e.g. admissibility standards and
practice directions) and professional codes; improve performance; reduce mistakes and
misrepresentations; and insulate practitioners and their institutions from criticism and external
818
interference.
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817
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Edmond et al “Model Forensic Science” 2016 Australian Journal of Forensic Sciences 2.
This refers to the commitment to testing and standardizing procedures in regular use. See Mulkay “Norms and
Ideology in Science” 1976 Social Science Information 637.
Edmond et al 2016 Australian Journal of Forensic Sciences 2.
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To add to the above, the practitioners must ensure that there is “disclosure”, “transparency”,
and “impartiality” of information provided to prosecutors, defense lawyers and judges when
they are giving testimony and through their reports.819 This would make it easier for the court
to comprehend how the evidence is collected, processed and analyzed.820 In the light of this,
when the information is disclosed, it would be much easier for the court to determine the
probative value of forensic science evidence and it would also be easier to determine the
credibility of the practitioner.821 On the other hand, if the practitioner does not disclose the
information, it becomes difficult for the court “to figure out whether there is expertise and
how probative opinions actually are.”822
Disclosure and transparency goes along with impartially. Practitioners must not focus on
winning the case against the opposing party.823 Moreover, they should not “be enticed into a
search for evidence to bolster the suspicions of an investigator”, nor “join in the celebrations
of a conviction”824 The main aim must be to help judges to “administer justice” through the
provision of impartial expert opinion and testimony.825 This can be done if they provide
independent opinions based on reliable procedures.
4 3 THE ROLE OF PROSECUTORS IN ACHIEVING RELIABILITY OF FIREARM
IDENTIFICATION

Prosecutors are usually considered as “model litigants” and there are high expectations
regarding their conduct.826 Edmond believes that prosecutors play an important role in the
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See the discussion by the Supreme Court of Canada in White Burgess Langille v Abbott and Haliburton Co
[2015] SCC 23.
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Ibid.
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accurate conclusion, including by explaining uncertainties and limitations – rather than conceiving of their role
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Expert Testimony in Criminal Trials” 2013 Australian Journal of Forensic Science 284.
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professional duties and legal rules.” Edmond et al 2016 Australian Journal of Forensic Sciences 35.
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recognition and “social legitimating” of different types of expert evidence.827 In this regard, if
the prosecutors continue to trivialize the problems which have been mentioned in this
dissertation above, it means that trials and appeals are not doing enough to regulate firearm
identification and other types of forensic science.828 Furthermore, there will be miscarriages
of justice in the criminal justice system due to the use of incriminating expert evidence
against the innocent and the trial process will lose its effectiveness and this could lead to the
conviction of innocent people.829 Additionally, the goal of justice, which is “pursuit of truth”,
will be threatened.830
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829
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“[P]rosecutors, by using unreliable forensic evidence and questionable expert witnesses, and judges, by failing
to exercise their gatekeeping role in a sufficiently diligent manner, have become part of the mechanism by
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110

The prosecution can be most powerful in the criminal justice system because they can
determine who should be and who should not be charged and with what crimes.831 Moreover,
they can influence whether forensic science should be used and whether the court can rely on
it. Gershman elucidates that “the prosecutor dominates the system, has exclusive control of
the evidence, and decides how that evidence will be used.”832 Responding to the decision in
Daubert, several American scholars share the view that prosecutors should ensure reliability
in guarding against unsubstantiated incriminating expert evidence.833 They further argue that
“unreliable, weak and speculative forensic science would be far less of a problem if trial
mechanisms consistently identified and conveyed limitations with expert evidence.”834

Nonetheless it has emerged that prosecutors have a tendency to adduce forensic science and
leave the defense, through cross-examination, to identify and explain weaknesses and
limitations.835 This should not be the case; prosecutors should on their own obtain
information about limitations and oversights with regard to expert opinion evidence.836 They
should not leave non-trivial limitations to the defense to explain during the cross
examination.837 Defence lawyers might lack resources and they might not be technically
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literate to recognize and convey forensic science weaknesses.838 Forensic practitioners must,
in this regard, work together with prosecutors to fulfill these important responsibilities of
providing “more comprehensive accounts of the evidence in reports and, where appropriate,
in oral testimony.”839 According to Edmond et al “if prosecutors and forensic practitioners do
not clearly refer to validation studies, limitations, error rates and controversies, then the
defence, judges and the tribunal of fact will probably not find out about them.”840
4

4

THE

IMPORTANCE

OF

CROSS-EXAMINATION

IN

ACHIEVING

RELIABILITY OF FIREARM IDENTIFICATION

The previous chapters reveal that, in South Africa, expert evidence is accepted only if it is
relevant.841 The actual reliability of the expert evidence does not play an important role at the
admissibility stage of the evidence but during trial, through cross-examination or when the
opposing side adduces evidence, the reliability of the evidence can be attacked.842 It is during
the cross-examination stage that counsel is obliged to be conversant with and attend to the
concerns of mainstream scientific organizations and the attentive community of scholars.843
The Law Commission of England and Wales supports this argument in its report by saying “it
is through cross-examination, that the adduction of contrary expert evidence and judicial
guidance at the end of the trial are currently assumed to provide sufficient safeguards in
relation to expert evidence.”844 Acharya shares this view and he asserts that “a keystone
feature of the adversarial system is its ability, through properly resourced and informed crossexamination to best reveal and illuminate areas of scientific controversy.”845 He further
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believes that cross-examination is there to expose “inconsistencies” and “improprieties” in
scientific evidence.846

Against this background, the section below provides a guide in the form of cross-examination
questions which is intended to be a resource for lawyers and prosecutors confronted with
firearm identification evidence,

847

and can ultimately serve as factors that can be considered

by the court in evaluating firearm identification evidence. They are centered on establishing,
“experimental validation, measures of reliability and proficiency because these factors
provide information about actual ability and accuracy that enable expert evidence to be
rationally evaluated by judges” unlike focusing on things like qualifications, experience,
common knowledge and previous admission.848 Furthermore, the cross-examination
questions provide “important lines of inquiry and the kinds of questions that might be put to
those claiming” to be firearm identification experts when they testify in criminal proceedings
and they could help to determine reliability and probative value (i.e., weight).849 It is
important to note that the cross-examination questions are not restricted to any particular
jurisdiction because they invoke broad principles governing the conduct of prosecutors in
trials.850 The suggested questions below must be answered with “positive evidence” obtained
through scientific research. In the light of this, forensic practitioners have to give information
about “the value of procedures, the foundations of claimed expertise and provide the means
to rationally assess their opinions.”851
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The suggested cross-examination questions below in cursive are largely based on and
informed by Edmond et al’s article entitled “How to Cross-examine Forensic Scientists: A
Guide for Lawyers”.852 Where possible credit is given where questions are borrowed
verbatim from Edmond et al but some questions have been edited and changed specifically to
refer to firearm identification.
4 4 1 Relevance
Edmond et al asserts that “questions focused on relevance attempt to unpack whether or not
the evidence can rationally influence the assessment of facts in issue.”853 This dissertation
recommends the following cross-examination questions to act as a guide in testing relevance
of evidence:



I accept the fact that you have experience and the necessary training, but “how do
we know that your level of performance” regarding matching and comparing of
bullets/cartridges samples is “actually better than that of a lay person”?854



Can you please direct us to “independent evidence”, like published studies of a
firearm identification “technique and its accuracy”?855

4 4 2 Validation
As discussed in chapter three above, reliability is something which is close to “validity” and
“trustworthiness.”856 Experimental evidence to determine whether “a technique does what it
purports to, and how well” is given through validation. If the techniques are validated based
on empirical evidence, they will produce stable and consistent results. Validation also
provides the appropriate framework to assess abilities and levels of performance.857 The
following questions which have been extracted from Edmond et al858 may assist in this
regard:
852
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Do you accept that firearm identification techniques should be validated?



Can you direct us to specific studies that have validated firearm identification
techniques?



What exactly did these studies assess and are the firearm identification techniques of
matching you have used, the same as that in the studies that you have mentioned?



Are there any other firearm analysts in the field of firearm identification who have
used these same techniques of using a comparison microscope to match bullets and
cartridge casings?



Might different firearm analysts using your technique produce different answers?



“Can you direct us to the written standard or protocol used in your analysis”?859



“Was it followed”?860

The following additional questions in this regard could be useful with regard to validation:


Can the procedure that you have used in carrying out firearm identification be used
by someone else and produce the same results as yours?



Has anyone tried to repeat the procedure that you have used?



What was the outcome?



Are there any other ways of improving this technique?



Have you tried to improve this technique?



Have you conducted any empirical testing for your method?



Can you tell us the outcome of the tests?



Are you familiar with the false positive rate and sensitivity of a method?



What is your method’s false positive rate and sensitivity?



Did you develop your opinions expressly for the purpose of testifying in this court or
did you conduct your examination independent of litigation?



What criteria did you use in interpreting individualisation/identification results?



Apart from your experience and training, what other criteria did you rely on in
articulating resemblances of comparisons?



Are you aware that wear and tear has dramatic effects on the bullets and that they
can make matching of bullets difficult?

859
860



Did you come across any signs of wear and tear on the bullets?



Did the internal part of the firearm suffer any erosion or abrasion?

Ibid.
Ibid.
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How did you overcome the effects caused by wear and tear?

4 4 3 Limitations and errors
According to Edmond et al “validation studies provide information about the circumstances
in which a technique is known to work, how well it works as well as its limitations.” As a
result, the testimony given in court must provide limitations and information about potential
sources of error.861 An expert opinion that does not give the “knowledge” on which it is
grounded and which does not disclose known limitations, is incomplete. Furthermore, it
“creates a serious risk of being misunderstood, and contravenes the expert’s overriding duty
impartially to assist the court.”862 It has proved to be difficult to evaluate the value of the
practitioner’s evidence when there is no indication of the error rate.863 The following
questions could be used:

How did you select the bullets/cartridge to examine?


Were there any irregularities observed when making your comparison between
bullets/cartridge but which you ultimately discounted?



Why were these discounted?



Is it possible for someone “using the same technique to come to a different
conclusion”?864



Is it possible for someone “using a different technique to come to a different
conclusion”?865



“Did any of your colleagues disagree with you”?866



“Did anyone express concerns about the quality of the sample, the results, or your
interpretation”?867



Could you explain the limitations of the firearm identification technique?



Can you tell us about the error rate or potential sources of error associated with
firearm identification?
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“Can you point to specific studies that provide an error rate or an estimation of an
error rate for your technique”?868



Did you make an effort to make sure that the tests for error rate are representative of
the complete universe of firearms examiners?



Are you aware of black box studies referred to in the PCAST Report?869



Can you tell the court what these studies revealed?

4 4 4 Personal proficiency
The following questions regarding personal proficiency could be asked:


Have you ever had your own ability for matching bullets and cartridge casings tested
in conditions where the correct answer was known?



If not, how can we be confident that you are proficient in this particular field?



“If so, can you provide independent empirical evidence of your performance”?870

With regard to professional proficiency concerning the mastery of particular techniques
which have not been validated, Edmond et al warns that the court cannot assess the probative
value of the evidence.871
4 4 5 Expressions of Opinion
The expression of the forensic practitioner’s opinion should be developed using experimental
research based on a validated technique and based on the proficiency of forensic
practitioners. Forensic practitioners should be in a position empirically to justify particular
terminologies or scales and the justification should be clear and comprehensible. As
discussed in the previous chapter above, presiding officers should “place constraints” on what
the forensic experts say in court.872
The following questions borrowed from Edmond et al873 and, where necessary, adapted, can
be used to cross-examine the expert in this regard:
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How did you select the terminology that you are using to express your opinion?



Is this terminology based on a scale or some calculation?

Ibid.
2016 PCAST Report 372.
Edmond et al 2014 Australia Bar Review 182.
Ibid.
See R v Tang [2006] 65 NSWLR 681 and R v T [2010] EWCA Crim 2439.
Edmond et al 2014 Australia Bar Review 183.
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If so, how was the expression selected?



Would others analyzing the same material produce similar conclusions, and a similar
strength of opinion?



How do you know the answer to the previous question?



Is the use of the terminology in your report derived from validation studies?



Did you report all of your results?



Do you accept that forensic science results should generally be expressed in nonabsolute terms?

4 4 6 Verification and Peer review
As discussed in the previous chapter above, verification and peer review are important in
order to confirm the value of the result and the conclusion of the technique. Verification and
peer review are of no importance if the techniques are not validated. Forensic practitioners
should not suggest that peer review or other verification procedures in themselves can
somehow overcome or repair the absence of validation. Furthermore, for peer review to be
effective, the reviewer must be unaware of the original results. In this regard, peer review and
verification are most likely to help to reduce errors when they are conducted “where
procedures are known to be valid and review is blind.”874
The following questions could assist in this regard:



Has the methodology which you have used in the identification of the firearm been
published in a professional peer reviewed journal?



Does the firearm identification process meet the basic requirements of a peerreviewed journal?



“Is the review process documented and are the results included in the report”?875



Is the journal available in the major scientific services and research libraries across
the country?



Has the work been peer reviewed by other analysts other than firearms and tool mark
examiners?
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4 4 7 Cognitive and Contextual Effects
The forensic science analyst must always guard against cognitive and contextual effects
because their perception and interpretation of evidence might be influenced by “cognitive,
contextual and experiential factors”.876 This dissertation recommends the following questions
to be asked in this regard. The questions below are borrowed from Edmond et al877 and where
necessary the questions were edited to suit firearm identification cross examination
specifically:


“Are you familiar with cognitive bias and contextual effects”?878



“Could you tell us about them”?879



Do you accept that cognitive bias and other contextual effects represent a threat to
firearm identification evidence?



Do you accept that contextual effects can operate unconsciously?



“Do you accept that even a sincere analyst may be influenced by cognitive and
contextual effects and not know it”?880



“Can you explain the processes employed to avoid exposure to information that is not
relevant to your analysis”?881



“Can you tell us about them”?882



Can you tell us what you knew about the accused and/or gun and circumstances of
this case before you were asked to analyze the evidence, and before you produced
your conclusion?



Were you told anything about the gun and/or suspect when asked to undertake your
analysis?

4 5 HOW PRESIDING OFFICERS CAN DECIDE ON THE CREDIBILITY OF
EVIDENCE PRESENTED

In the previous chapters above the following information emerges: Firstly, firearm
identification experts rely on markings on cartridges and projectiles to determine the link
876
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with a particular weapon and in cases where firearm identification evidence is involved, the
court is concerned with how the marks associated with the suspect weapon were matched
with other evidence.883 This is based on the assumption that “all firearms possess distinctive
features that in turn impart distinctive markings onto bullets and cartridge casings when the
weapon is fired.”884 Secondly, to determine whether the marks were fired from a particular
weapon, firearm examiners use a comparison microscope. Under this comparison microscope
bullets and cartridge casings recovered from the crime scene are compared with the ones testfired from a seized weapon.885 Thirdly, the similarities and differences between the marks
must be observed and recorded during this process. An examiner uses the observed
information for the purposes of identification in order to reach a decision regarding a
common source of the questioned bullet or cartridge.886 Finally, after the matching has been
made, enlarged photographs of them should be made for the purpose of illustrating the
correctness of the examiner’s conclusions.887
When presenting firearm identification evidence to the court, the expert must satisfy the court
with regard to the following four factors: “scientific, technical, or other specialized
knowledge that will help the trier of fact to understand the evidence or to determine a fact in
issue; the testimony is based on sufficient facts or data; the testimony is the product of
reliable principles and methods; and the expert has reliably applied the principles and
methods to the facts of the case.”888 These rules would be equally applicable in South Africa
even although South Africa does not apply the Daubert rule for the purposes of
admissibility.889
The significant factors the presiding officer should consider in assessing whether a particular
firearm is the source of a mark on a questioned bullet or cartridge case are: “(i) similarities
between impressions left by different firearms and (ii) differences observed during the
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comparison between impressions left by the same firearm.”890 Additionally, judges need to
make sure that statements on matches made “should be supported by the work that was done
in the laboratory by the notes and documentation made by examiners and by proficient testing
or established error rates for individual examiners in the field and in that particular
laboratory, but should not overreach to make extreme probability statements.”891 In General
Electric Co v Joiner,892 the USA Supreme Court cautioned that judges and jurors must not
engage in speculations about “validity and reliability or trace the probative value of evidence
from the subjective beliefs of practitioners based on impressions of the apparent value of
experience and independence, or their demeanor, confidence and resilience during crossexamination.”893 According to the court “there should be information supporting reliability
and facilitating evaluation.”894
4 6 THE IMPORTANCE OF FIREARM IDENTIFICATION IN CRIMINAL
JUSTICE

For many years courtrooms around the globe have been admitting evidence presented by
forensic science examiners like firearm and tool-mark identification, in order to solve
crimes.895 Science and law are interconnected and they enjoy “great epistemic legitimacy and
authority.”896 In order to achieve criminal justice, science is used to answer forensic questions
and to assist in solving crime.897
Despite the fact that firearm identification has been described as unreliable, it has played a
very important role in identifying the perpetrators of crime.898 If efforts are made to validate
this type of evidence, it could generate “legitimate convictions” that do not change even
when there is a “post-conviction relief appeals process” in the criminal justice system.899
Successful post-conviction relief appeals have an effect of threatening trust and stability in
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the legal system.900 Courts, especially those in USA, have a tendency of rejecting legal
challenges on reliability which are being made against identification evidence given by
forensic analysts. It does not matter whether the challenges are made based on the
admissibility of such evidence, or are made based on the methodologies; the judges generally
uphold the acceptance of such evidence.901
However, despite its shortcomings as outlined in this dissertation above, firearm
identification evidence assists in solving gun crime and in achieving justice.902 In the 1960s,
the “President’s Crime Commission Task Force Reports on Police and Science and
Technology”

903

recommended the greater use of firearm identification evidence in the

investigation and adjudication of firearm related crimes. Firearm identification evidence
submitted for examination to the laboratory could assist the court in “making analytic
conclusions that may influence arrest and charging decisions and should substantively
influence subsequent plea negotiations, trial outcomes, and sentencing.”904 According to
Peterson:
If the firearm evidence specifically links the suspect with the victim and/or the crime scene, we
anticipate greater likelihoods of referral, charges, guilty plea arrangements, and trial conviction, as well
as longer average sentences.905 Finally, we anticipate possible interaction effects, for example, that
firearm evidence may work in concert with witness reports and offense seriousness to affect decision
outcomes.906 The collected firearm identification evidence provides momentum to their cases,
providing corroboration and additional support with investigator theories and other existing evidence,
or even potentially supplying the missing pieces to a puzzle as to how the crime likely unfolded.907

Nevertheless, the 2009 NAS Report is particularly critical of weaknesses in the scientific
underpinnings of a number of the forensic disciplines routinely used in the criminal justice
system, including firearm identification. That report shows that firearm identification has not
yet reached a level where it can be regarded as reliable evidence.908
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4 7 CONCLUDING REMARKS
Firearm identification evidence is of high importance in cases where the crime was
committed with the use of a firearm. This type of evidence can help to trace the firearm used
in the commission of crime by matching the bullets recovered at the crime scene and those
test-fired from the weapon. Furthermore, this type of evidence is usually applicable where the
perpetrator denies the fact that his/her firearm was used in the commission of the crime.
Firearm identification evidence, like any other type of expert evidence, needs to be reliable in
order to carry weight. Unreliable evidence can result in the miscarriage of justice where the
innocent will be convicted and the guilty are exonerated. Precedent, authoritative reports and
some other literature as discussed above, have shown that firearm identification evidence,
like some other forms of forensic science, is not scientific, in the academic sense of the word,
and therefore is not yet reliable. Consequently, courts must always be careful when dealing
with this type of evidence and the reliability of this type of evidence needs to be scrutinized.
In the US and other jurisdictions like Australia, the reliability of evidence is checked before
the evidence enters the court. However, South Africa applies the approach used in England,
where the reliability of evidence is checked at a later stage in court during cross examination.
As a result of this, cross-examination is crucially important and this dissertation above
provides a sample of some of the cross-examination questions that can be used in testing the
validity and reliability of firearm identification evidence. The study above also recommends
some reforms which have been proposed by the internationally accepted authoritative reports
such as 2008 Ballistic Imaging Report, 2009 NAS Report and the 2016 PCAST Report. All
these are measures which could contribute towards making sure that firearm identification
evidence is reliable in order successfully to prosecute those involved in firearm crime.
In the light of the results of the internationally reputable reports regarding shortcomings in
forensic science, underlined by the incisive criticisms and misgivings registered by numerous
members of the forensic community, including prominent judges, as is indicated above, the
forensic community in South Africa cannot deny the urgent need for a thorough re-evaluation
of the current validity of firearm identification. The far-reaching and costly reforms proposed
in other jurisdictions and which are discussed in chapter 3 above, will, however, pose
constraining challenges in South Africa, particularly in the current economic climate.
However, the clearly documented shortcomings of forensic science in general and firearm
identification in particular, can be addressed by the South African forensic community
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including forensic scientists, forensic technicians, investigating officers, lawyers, magistrates
and judges if they accept Saks and Faigman’s contention that “forensic science is but the
handmaiden of the legal system”909 and if all these agents consciously collaborate towards a
more rigorously scientific approach to validate firearm identification.
Furthermore, even in the constraining current economic situation in South Africa, the
establishment of an independent National Institute of Forensic Science, independent from law
enforcement and available and accessible to all role players in the forensic law arena, as
proposed by the NRC910 and as discussed above, would not necessarily be impossible and
could address a multitude of ills in the field. Once the pool of forensic science knowledge and
expertise becomes equally available to all, the scientifically constraining adversarial regime
in the presentation of expert evidence in court will be mitigated.
Science is developing exponentially and investigating officers, lawyers, magistrates, judges
and even forensic technicians cannot reasonably be expected to be au fait with cutting-edge
developments in the field of forensic science and technology. For this reason, continuing
education, as is a requirement in the medical profession, is urgently necessary in the field of
forensic science. The introduction in South Africa of the NRC recommendation regarding
“legal education programs for law students, practitioners and judges”911 would be logistically
uncomplicated and relatively inexpensive and would have the potential significantly to
relieve part of the enormous burden on prosecutors, defence lawyers, magistrates and judges
and, above all, will have the potential to go some way towards improving the scientific
validity of firearm identification.
Finally, if laboratory technicians, forensic scientists, police investigators, prosecutors,
defence lawyers, magistrates and judges would heed the serious criticism of current firearm
identification interrogated in this dissertation above, it would, even prior to the introduction
of the proposed reforms, engender a courtroom culture which will be even more circumspect
in dealing with firearm identification than before by incisively interrogating the scientific
foundations on which the expert evidence is based in order to decide what weight should be
attached to the evidence. Such an approach will ensure that the innocent will be exonerated
and that the perpetrators of firearm crimes are found guilty. Furthermore, as is discussed in
909
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chapter 3 above, the Daubert rules and other precautionary measures in dealing with firearm
identification evidence in court, have become the gold standard for the scientific evaluation
of forensic science evidence. Even although the application of the Daubert rules are not yet
mandatory in South Africa, magistrates and judges could serve justice by using those criteria
to determine the weight which should be attached to forensic evidence in general and to
firearm identification in particular.
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