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ABSTRACT 

Firearms examiners routinely compare tool-marks on suspect ammunition with those 

on ammunition test-fired by a suspect weapon to evaluate if they can be associated. The 

discipline has been subject to criticism, including by the National Academy of Sciences, but 

the testimony of firearms examiners is routinely admitted as expert evidence in the United 

States (US). Jurors must determine the weight of expert evidence, which opposing and 

proffering lawyers can aim to, respectively, discredit on cross-examination and rehabilitate on 

redirect-examination. The authors investigated the effect of both cross and redirect-

examination on potential US jurors’ certainty about expert firearms evidence using a series of 

online vignettes. Participants (n=114) were asked to rate their certainty (on a scale of 0-100) 

about three expert statements – Very Certain (an exact match), Certain (a match to a reasonable 

degree of certainty), and Uncertain (evidence is unsuitable for comparison) – when assigned 

to one of three conditions. These conditions were a judicial instruction about weighing the 

evidence (control condition); a cross-examination referencing criticism of firearms evidence; 

and a redirect-examination (following the cross-examination) referencing the routine 

admission of firearms evidence.  Analysis was undertaken both between groups and between 

the statements given to each group. Results suggest that experts conveying high certainty create 

higher certainty in jurors, cross-examination has a detrimental effect on this certainty, but 

redirect-examination does not reduce this detrimental effect. 

INTRODUCTION 

Firearms identification is a specialized sub-set of the broader field of tool-mark 

identification.1 It is premised on the idea that, when the hard metal of an internal part of a 

firearm connects with the softer metal of ammunition, it makes a tool-mark on the 

ammunition.2 Tool-marks fall into three categories, class, sub-class and individual 
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characteristics,3 which firearms examiners compare to evaluate association, for example 

whether tool-marks present on ammunition found at a crime scene are the same as those present 

on ammunition test-fired from a suspect firearm.4  

The Association of Firearms and Toolmark Examiners (AFTE), the leading professional 

organization in the field, has developed a Theory of Identification, which “provide[s] the 

conceptual basis for comparing toolmarks for the purpose of identifying them as having a 

common source.”5 Following this theory, examiners can report their conclusions under four 

categories, namely ‘identification,’ ‘inconclusive,’ ‘elimination,’ and ‘unsuitable for 

examination.’6 An identification refers to there being a certain level of agreement regarding 

characteristics, suggesting the tool-marks were produced by the same tool.7 An examiner can 

testify to these conclusions in legal proceedings, if they qualify as an expert witness8 and a trial 

judge determines their testimony is admissible considering, typically, the factors outlined by 

the United States Supreme Court in Daubert.9  

Firearms evidence has been subject to criticism. This has included concerns about the 

validity of claims that tool-marks made by firearms are unique and reproducible,10 the 

preciseness of the AFTE Protocol,11 and the scientific knowledge base of the discipline.12 

Concerns are not shared equally across all stakeholders,13 and investment in research has 

 
3 Id at 12. With reference to Schwartz, the authors have summarized this previously.  Dr. Sarah L. Cooper & Dr. Páraic Scanlon, Juror 

Assessment of Certainty About Firearms Identification Evidence, 40 U. ARK. LITTLE ROCK L. REV. 95, 97-98 (2017) (“Class characteristics 

result from design factors and are determined prior to manufacture, which means they are “distinctively designed features” and will be 
present on every tool in that class. By contrast, individual characteristics are unique to a particular tool and consist of purportedly random, 

microscopic imperfections and irregularities present on the tool’s surface. Subclass characteristics straddle the line between class and 

individual characteristics. Subclass characteristics arise when manufacturing processes create batches of tools that are similar to each other 

but distinct from other tools of the same class.”). 
4 COMM. ON IDENTIFYING THE NEEDS OF THE FORENSIC SCI. CMTY., NAT’L RSCH. COUNCIL OF THE NAT’L ACAD., STRENGTHENING 

FORENSIC SCIENCE IN THE UNITED STATES: A PATH FORWARD 152-53 (2009) [hereinafter Strengthening]. 
5 See, John H. Dillon Jr., Firearms Examiner Training Module 13: Toolmark Identification (July 13, 2023), https://nij.ojp.gov/nij-hosted-

online-training-courses/firearms-examiner-training/module-13.  
6 See, John H. Dillon Jr., Firearms Examiner Training Module 13: Toolmark Identification (July 13, 2023), https://nij.ojp.gov/nij-hosted-

online-training-courses/firearms-examiner-training/module-13.  
7 Id.  
8 E.g., FED. R. EVID. 702. An expert must have knowledge, skill, experience, training, or education and able to demonstrate to the court their 

expertise will more likely than not help the factfinder understand the evidence or determine a fact at issue, and that their opinion is based on 

sufficient facts and data, and reliable principles and methods, which have been reliably applied.  
9 Daubert v. Merrell Dow Pharmaceuticals, 509 U.S. 579, 93-94 (1993). Daubert set out factors for trial judges to consider when 

determining admissibility, namely whether the relevant method: can or has been tested; has a known or potential error rate; has been subject 

to peer review; has standards controlling its operation; and is generally accepted within the relevant community. Currently, Daubert 
generally governs the admissibility of scientific expert evidence. See, Alice B. Lustre, Annotation, Post-Daubert Standards for Admissibility 

of Scientific and Other Expert Evidence in State Courts, 90 A.L.R. 5th 453 (2001) (listing states that follow Daubert). 
10 See generally NAT’L RSCH. COUNCIL, BALLISTIC IMAGING (Daniel L. Cork et al. eds., Nat’l Academies Press 2008) 3 

[hereinafter BALLISTIC IMAGING]. 
11 STRENGTHENING, supra note 4, at 155. 
12 Id. At 155 (concluding that “the scientific knowledge base for toolmark and firearms analysis is fairly limited ….”). 
13 Paraic Scanlon, Boglarka Banyai, Ellis Hart, Sarah L. Cooper, Juror Certainty About Expert Firearms Identification Evidence and the 

Impact of Cross-Examination, 31 S. CAL. INTERDISC. L.J. 91, 92 (2021) (“Such concerns are not shared equally across all stakeholders, 

which include the Federal Bureau of Investigation, AFTE, and the Department of Justice, yet a shared vision for the continual enhancement 
of forensic science generally is.”) For a helpful overview of relevant scientific agreement and disagreement in the field see, The 

§ 34:10. Areas of scientific agreement, 4 Mod. Sci. Evidence § 34:10 (2023-2024 Edition) and § 34:11. Areas of scientific disagreement—

Disagreement about the scientific foundations, 4 Mod. Sci. Evidence § 34:11 (2023-2024 Edition). 
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yielded results that mean the discipline can now report stronger claims in terms of validity.14 

Nonetheless, uncertainty remains. Over the last 20 years, several US courts have responded to 

this situation by restricting the degree of certainty that experts may express in their conclusions, 

for example requiring phrases such as “there is an exact match” to be replaced with phrases 

such as a match can be made “more likely than not” or “to a reasonable degree of certainty.”15 

Jurors must determine the weight of these expert phrases. Cooper and Scanlon have 

investigated juror certainty of association when presented with various statements by a 

qualified firearms examiner in a trial setting. Their first study (n=107) presented potential 

jurors with 12 different statements and found a significant main effect for certainty, with 

increased expert certainty generally leading to increased participant certainty.16 Their second 

study (n=437) provided potential jurors with more context about the considered limitations of 

firearms evidence, incorporated through cross-examination. They found cross-examination had 

a strong influence on juror decision-making, particularly when experts express their 

conclusions in certain terms.17 They concluded that more research “on the sequence of 

interaction between lawyer and witness”18 would be valuable, noting a “natural next step in the 

sequence …would be for the [proffering] lawyer to ‘rehabilitate’ the witness.”19  

This article details the authors’ study into the influence of that next step – redirect-

examination – on juror certainty. To set the legal context for the study, Part I outlines criticism 

of firearms evidence in the new millennium and summarizes how courts have addressed 

concerns about reliability by curtailing expert testimony, but also relying on staples of the US’ 

common law adversarial justice system, namely precedent, cross-examination, and juror-

decision-making to reconcile concerns in favor of admissibility. Part II describes the authors’ 

study design, analysis, and results, which suggest experts conveying high certainty create 

higher certainty in jurors, cross-examination has a detrimental effect on this certainty, but 

redirect-examination does not reduce this detrimental effect. Part III reflects on these results in 

the context of previous studies, the ‘tool’ of redirect-examination, and science education and 

 
14 See, Innocence Project, Ten Years Later: The Lasting Impact of the 2009 NAS Report, INNOCENCE PROJECT,  

https://innocenceproject.org/lasting-impact-of-2009-nas-report/[hereinafter Ten Years Later]. (Saying that investment in research has led to 

evidence showing ‘improved levels of validity’, with firearm comparisons taking strong steps toward achieving foundational validity status). 
15 Dr. Sarah L. Cooper & Dr. Páraic Scanlon, Juror Assessment of Certainty About Firearms Identification Evidence, 40 U. ARK. LITTLE 

ROCK L. REV. 95,102-04 (2017) (summarizing numerous court responses between 2005 and 2012). Also see, Scanlon et al, supra note 13 at 

n.11 referencing caselaw taking similar approaches post-2020.) For a 2024 example see Commonwealth v. Escobar, No. SJC-13321, 2024 
WL 1183780, at *13 (Mass. Mar. 20, 2024) (Supreme Judicial Court of Massachusetts discussing expert phrases “to a reasonable degree of 

ballistic certainty” and “reasonable degree of scientific certainty”). 
16 Cooper & Scanlon, supra note 15. 
17 Scanlon et al, supra note 13. 
18 Id at 105. 
19 Id. 



 

training for lawyers. The authors conclude inter alia that layering existing quantitative research 

with qualitative data capturing the lived experience of jurors and lawyers, would yield a richer 

understanding of this critical courtroom dynamic. 

PART I – FIREARMS EVIDENCE: CRITICISM AND COURT RESPONSES 

Firearms evidence has been admitted in US courts for over one hundred years,20 with 

Garrett et al summarising its treatment as follows: 

“[J]udges' initial skepticism of the new methodology quickly transformed into near-

universal acceptance, largely because confident experts displayed dazzling new 

technology, terminology, and techniques. But after decades of rote acceptance of the 

assumptions underlying firearms comparison evidence, judicial engagement and 

skepticism in the technique have surged. Of the judicial rulings discussing this kind of 

evidence that we reviewed for our comprehensive online database, more than half were 

penned after 2010.”21 

The increase in judicial scrutiny parallels widely publicized concerns about the 

reliability of firearms evidence in national reports. The National Academy of Sciences (NAS) 

has twice reported on the reliability of firearms evidence, starting with Ballistic Imaging in 

2008, a report commissioned by the National Institute of Justice to assess the potential benefits 

of creating a computerized national ballistics database for aiding criminal investigations.22 For 

that report, the NAS carried out a reliability review of the AFTE technique, finding that “the 

validity of the fundamental assumptions of uniqueness and reproducibility of firearms-related 

toolmarks has not yet been fully demonstrated.”23 In 2009, the NAS published Strengthening 

Forensic Science in the United States: A Path Forward (Strengthening) , a report commissioned 

by the US Congress to chart an agenda for progress across the field of forensic science.24 The 

report concluded that “not enough is known about the variability among individual tools and 

guns,”25 which limited the probative value of such evidence in court.26  The findings from 

Strengthening led President Obama to commission the President’s Council of Advisors on 

Science and Technology (PCAST) to report on whether further steps could be taken to “help 

 
20 Brandon L. Garrett et. Al., Judging Firearms Evidence and the Rule 702 Amendments, 107 JUDICATURE 40, 43-44 (2023) (Discussing 

reported cases involving firearms comparison dating back to the 1870s). 
21 Id., at 41. 
22 BALLISTICS IMAGING, supra note 10, at 1-2. 
23 Id., at 81. 
24 STRENGTHENING, supra note 4, at xix. 
25 Id., at 154. 
26 Id., at 154-55. 



 

ensure the validity of forensic evidence used in the Nation’s legal system.”27 The group 

concluded “firearms analysis currently falls short of the criteria for foundational validity…”28  

There have been “strong steps”29 towards achieving foundational reliability in the 

firearms field. Several studies have yielded deeper understanding,30 and the National Institute 

of Justice has invested heavily in research,31 funding, for instance, The Science Behind Firearm 

and Tool-mark Examination,32 and operationalizing a Forensic Science Strategic Research 

Plan, which includes investment in “research to assess the fundamental scientific basis of 

forensic analysis.”33 Despite this, there remains uncertainty about the reliability of firearms 

evidence, especially conclusions conveying individualization, due to the subjective nature of 

interpreting comparisons.34  

Lawyers have brought this uncertainty to the courts, including with reference to the 

NAS and PCAST reports. A review of appellate cases shows that at least 159 decisions have 

cited at least one of these three reports in relation to firearms and/or toolmark evidence, 

between 2008 (the publication of Ballistic Imaging) and 2023.35 Lawyers have argued, for 

example, the reports represent new evidence36 and render proffered firearms evidence 

inadmissible.37 Courts, however, have been generally reluctant to find firearms evidence 

inadmissible,38 although “long-entrenched judicial acceptance has eroded.”39 This is evident 

by some courts restricting the degree of certainty that experts may express in their 

 
27PRESIDENT’S COUNCIL OF ADVISORS ON SCI. AND TECH., FORENSIC SCIENCE IN CRIMINAL COURTS: ENSURING SCIENTIFIC VALIDITY OF 

FEATURE-COMPARISON METHODS X (2016) [hereinafter PCAST REPORT]. 
28 Id at 11. 
29 Ten Years Later, supra note 14. 
30 Colonel (Ret.) Jim Agar, The Admissibility of Firearms and Toolmarks Expert Testimony in the Shadow of Pcast, 74 Baylor L. Rev. 93, 

119-126 (2022) (describing several studies between 2009-2016). 
31 Ten Years Later, supra note 14 (“Over the past ten years, the National Institute of Justice has spent more than $123 million on grants to 
address the research needs outlined in the NAS report, including improving accuracy and reliability of methods and quantifying measures of 

uncertainty.”) 
32 Nancy Ritter, The Science Behind Firearm and Tool Mark Examination, 274 NAT’L INST. JUST. J. 20.  
33 Forensic Science Strategic Research Plan, 2022-2026, National Institute of Justice (June 20, 2022) 

https://nij.ojp.gov/topics/articles/forensic-sciences-strategic-research-plan-2022-2026#strategic-priority-ii-support-foundational-research-in-

forensic (Strategic Priority II: Support Foundational Research in Forensic Science). 
34 AFTE recognize the subject nature of interpretation [See, Firearms Examiner Training: AFTE Theory of Identification, NATIONAL 

INSTITUTE OF JUSTICE (July 12, 2023) https://nij.ojp.gov/nij-hosted-online-training-courses/firearms-examiner-training/module-09/afte-

theory-identification.  (“Currently the interpretation of individualization/identification is subjective in nature, founded on scientific 
principles and based on the examiner’s training and experience.”). Issues around individualization remain, given the continued lack of 

certainty around individual characteristics. See, Tanyarara Mustavi & Lirieka Meintjes van der Walt, Ensuring the Reliability of Fire-Arm 

Identification Evidence, 23 POTCHEFSTROOM ELEC. L.J. 1, 17-8 (2020). 
35 The case law data is on file with the authors (data correct as of 4 April 2024). Criminal appellate decisions were searched for the titles of 

the relevant NAS reports through Westlaw US, alongside key words, phrases and abbreviated names (such as “2009 NAS report”) from both 

reports. Resulting cases were then manually searched to remove cases where other forensic science disciplines were challenged/discussed. All 

cases between 2008 and the end of 2023 were included – from all US jurisdictions – with efforts made to remove duplicate cases and 

coincidental matches. 
36 See, for example, United States v. Nascimento, No. CRIM.A. 03-10329-PBS, 2009 WL 3297273, (D. Mass. Oct. 9, 2009). (regarding 
Ballistics Imaging) and Trapp In re Pers. Restraint of Trapp, 165 Wash. App. 1003 (2011) (regarding Strengthening). 
37 See, for example, United States v. Richardson, No. 19-20076-JAR, 2024 WL 961228, (D. Kan. Mar. 6, 2024) (discussing Strengthening 

and PCAST in the context of an admissibility challenge). 
38 See, generally, Sarah L. Cooper, Judicial Responses to Challenges to Firearms-Identification Evidence: A Need for New Judicial 

Perspectives on Finality, 31 W. Mich. U.T.M. COOLEY L. REV. 457 (2014) 
39 Garrett et. al, supra note 20 at 47. 
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conclusions.40 For instance, by requiring that phrases like “there is an exact match”41 be 

replaced with phrases such as a match can be made “more likely than not”42 or “to a reasonable 

degree of certainty.”43 A few courts have barred certainty-based conclusions entirely.44 

Nonetheless, an “overwhelming acceptance”45 of firearms identification remains.  

An analysis of case law suggests the courts rely on three staples of the US’ common 

law adversarial legal system to help resolve the relevant uncertainty. First, courts consistently 

refer to precedent, finding the longstanding admissibility of firearms evidence is a reason to 

uphold admissibility decisions.46 A recent example is Welsh v Commonwealth, where the court 

considered that “the [Virginia] Supreme Court has long recognized firearm and ballistics 

testing as a reliable method used by expert witnesses to explain how a particular firearm can 

leave individualized markings on discarded ammunition shell casings.”47 This overriding 

principle has led many courts to dismiss petitioners’ admissibility challenges, with the absence 

of authority to the contrary hampering lower courts to find otherwise.48 Several courts have 

explicitly referred to precedent from specific cases, such as the court’s reference to the 

application of Daubert admissibility factors in Garrett49 and Otero50 in Ficklin v 

Commonwealth.51  

Precedent is the law’s way of tying everything to the past – a practice that can be at 

odds with scientific progression.52 Notably in Strengthening, the NAS acknowledged the role 

of precedent in this context,53 and described current approaches as “seriously wanting.”54 

Furthermore, the PCAST Report said more is to be understood about scientific criteria for 

 
40 Note some commentators have expressed concerns this practice substitutes expert opinion with judicial opinion. Agar, supra note 30, at 

179 (“Unfortunately, the limitations imposed by the courts in recent firearms expert identification cases seek to do far more. They edit or 

make substantive and material changes to the expert's testimony, fundamentally altering or deleting the expert's opinion and substituting the 
judge's opinion instead”). 
41 Although note such phrasing has been permitted. Cooper & Scanlon, supra note 15, at 103-104 (“some courts have continued to allow 

testimony that conveys absolute conclusions.”) 
42 United States v. Glynn, 578 F. Supp. 2d 567 (S.D.N.Y. 2002). 
43 United States v. Diaz, No. CR 05-00167 WHA, 2007 WL 485967.  
44. Garrett et. al, supra note 20, at 47 (citing People v. Winfield, No. 15-CR-1406601, at 32-34 (Cir. Ct. Cook Cnty. Ill. Feb. 8, 2023). 
45 Id. 
46 Fidelity to precedent is an indicator of courts realizing the ‘legal process vision.’ See, Amelia Shooter, 100 Years of the National Research 

Council: A Critical Examination of Judicial References to Forensic Science NAS Reports (Nov. 2019) (Ph.D. thesis, Birmingham City 
University). An early example of firearms being admitted into evidence is People v. Ellis, 206 P. 753 (1922). 
47 Welsh v. Commonwealth, 890 S.E.2d 845, 852-853 (2023). 
48 For a recent example see, Curry v. Haynes, No. 3:22-CV-5493-LK-DWC, 2023 WL 3902314 (W.D. Wash. May 11, 2023) at *13 
(“Noting “courts around the country have “universally held that toolmark analysis is generally accepted.”). 
49 Garrett v. Commonwealth, 534 S.W.3d 217, 221 (Ky. 2017), as modified (Dec. 20, 2017) (“ We note that ballistics testimony has been 

allowed by this Court since at least 1948.”). 
50 United States v. Otero, 849 F. Supp. 2d 425 (D.N.J. 2012), aff'd, 557 F. App'x 146 (3d Cir. 2014). (Excluding ballistic evidence “would 

contravene well-settled precedent… in evaluating the admissibility of expert testimony.”).  
51 Ficklin v. Commonwealth, No. 2020-SC-0573-MR, 2022 WL 3640906 (Ky. Aug. 18, 2022) (This decision frequently cited both Garrett 
and Otero in determining whether the trial court had erred in denying an in limine motion to limit the firearms examiner’s ability to testify 

“with certainty.”). 
52 Sarah L. Cooper, Forensic Science Identification Evidence: Tensions Between Law and Science, 16 J. PHIL. SCI. L. 1, 9 (2016). 
53 STRENGTHENING, supra note 4 at 107 (“As noted above, the courts often “affirm admissibility citing earlier decisions rather than facts 

established at a hearing.”) 
54 Id at 13. 



 

validity, if “firearms analysis is allowed in court.”55 Both reports, however, made it clear 

admissibility was the province of the courts.56 

Second, courts defer to cross-examination at trial, affirming that “[v]igorous cross-

examination [and] presentation of contrary evidence… are the traditional and appropriate 

means of attacking shaky but admissible evidence.”57 A defining practice of the US adversarial 

system,58 cross-examination follows direct examination, which involves the lawyer proffering 

expert evidence presenting the narrative of that evidence, for example “they will design 

questions to elicit an expert’s qualifications, experience, methods, and findings (for example, 

how a firearms examiner made their comparison between suspect and test-fired 

ammunition).”59 Cross-examination is an opportunity for the opposing lawyer to challenge that 

evidence through, for example, asking questions that “highlight limitations in an opposing 

expert’s methods and findings.”60 This might be limitations associated with firearms evidence 

as reported by the NAS and PCAST, for instance. Ground covered in cross-examination, 

however, can be re-examined by the proffering lawyer on redirect-examination. Keeping with 

the examples just given, a proffering lawyer wanting to reassert the value of firearms evidence 

could logically re-examine the witness to explain away the limitations elicited through cross-

examination, for example by asking the witness to confirm limitations reported have been 

addressed in subsequent studies, or that the NAS and PCAST reports do not speak directly to 

the admissibility of examiners’ conclusions.  

The system’s reliance on cross-examination can be seen in many cases involving 

firearms evidence. Cooper analyzed several cases involving claims about the reliability of 

firearms evidence and found, to resolve such claims, “courts emphasize …defense counsels' 

ability to weed out frailties in forensic evidence via cross-examination.”61 To illustrate, for 

example, State v Raynor demonstrated that the limitations of firearms evidence are to be 

elicited during cross-examination, leaving the jury the ability to determine its weight.62 

 
55 PCAST Report, supra note 27, at 112. 
56 Id at 4 (“Judges’ decisions about the admissibility of scientific evidence rest solely on legal standards; they are exclusively the province of 

the courts and PCAST does not opine on them.”) Strengthening, supra note 4 at 190 (“whether or not a forensic procedure is sufficient under 

the rules of evidence governing criminal and civil litigation raises difficult legal issues that are outside the realm of scientific enquiry,” 

which was the primary focus of the report). 
57 Daubert, supra note 9, at 596. 
58 Again, reliance on cross-examination i.e., the competence of the lawyer carrying out their role, reflects the legal process vision. See, 
Shooter, supra note 46. 
59 Sarah L. Cooper & Amelia Shooter, A Case for Conceptualizing Science Literacy for Lawyers, 13 AM. U. CRIM. L. PRAC. 5 (2022). 
60 Id. 
61 Cooper, supra note at 38 at 487. 
62 State v. Raynor, 181 Conn.App. 760, 771 (2018), (noting that the firearms examiner had discussed the limitations of the evidence, leaving 

the jury free to determine its weight). 



 

Similarly, in United States v Lee, the court found that as firearms evidence is widely accepted, 

“cross examination… is the appropriate remedy to counter the criticisms.63  

 

Third, courts accept jury decisions, finding that where a jury has been exposed to the 

limitations of firearms evidence, they are equipped to determine the weight of that evidence 

and their decisions should stand.64 The court in United States v Brown, for instance, took the 

approach that given the longstanding admissibility of firearms evidence, the defendant’s 

challenges were issues that could have been raised through cross-examination, and therefore, 

the ultimate decision lay with the jury.65 Similarly, despite acknowledging the expert’s 

conclusions expressing no doubt that suspect bullets were fired by the defendant’s gun were 

unreliable, the court in Williams v United States found it did not amount to a plain error, as the 

jury were entitled to weigh the firearms evidence against other circumstantial evidence. As 

such, the court was reluctant to displace the outcome.66 

This all sets the scene for the authors’ study. Firearms evidence, through the testimony 

of examiners, is routinely admitted into criminal proceedings as expert evidence. 

Notwithstanding progress in the field, there remain concerns about the reliability of this 

evidence, as reported by leading bodies like the NAS and PCAST. Courts have responded by 

curtailing expert testimony, but also relying on precedent (i.e., the long-standing admissibility 

of firearms evidence) and the role of lawyers and jurors to, respectively, cross-examine and 

weigh the evidence, to favor admissibility. As such, it is important to investigate juror certainty 

about expert firearms testimony when exposed to various expert statements, cross-examination 

(and redirect-examination), and references to reported criticism and precedent (regarding 

admissibility).   

PART II - RESEARCH DESIGN, ANALYSIS AND RESULTS67 

Quantitative research in this area has shown a consistent pattern for jurors’ certainty 

based on expert statements. McQuiston-Surrett and Saks asked participants to rate a forensic 

odontology expert’s intended certainty (on a scale of 1-100) using four phrases taken from the 

 
63 United States v. Lee, No 19 C 641 2022 WL 3586164, *3 (N.D. Ill. 2022).  
64 Again, reliance on jury decision-making i.e., the competence of the jury carrying out their role, reflects the legal process vision. See, 

Shooter, supra note 46. 
65 United States v. Brown, 973 F.3d 667, 704 (7th Cir. 2020) (“Expert testimony is still testimony, not irrefutable fact, and its ultimate 
persuasive power is for the jury to decide.”) 
66 Williams v. United States, 210 A.3d 734, 745-746 (D.C. 2019). (“Reviewing the record as a whole, we conclude Mr. Williams cannot 

show there was a reasonable probability that the jury might have reached a different conclusion had the trial court properly excluded the 
firearms and toolmark examiner's opinion testimony unqualifiedly identifying the gun found in Mr. Williams's apartment as the murder 

weapon.”) 
67 All study materials and results data are on file with the authors. 



 

American Board of Forensic Odontology.68 They concluded “Forensic expert witnesses cannot 

simply adopt a term, define for themselves what they wish it to mean, and expect judges and 

juries to understand what they mean by it.”69 In that study, the qualitative nature of the expert 

statements showed decreasing juror certainty as follows – a match; consistent with; reasonable 

scientific certainty; and probable.70 McQuiston-Surrett and Saks later examined certainty 

statements in the context of microscopic hair analysis, finding again that lay participants were 

susceptible to qualitative information from an expert.71  

These studies informed Cooper and Scanlon’s investigation into juror certainty (on a 

scale of 0-100) about 12 different qualitative expert statements referenced in case law involving 

firearms evidence. They found a similar pattern – those expert statements suggesting higher 

certainty – e.g. an exact match, a reasonable degree of professional certainty – elicited higher 

certainty in potential jurors than less certain expert statements – e.g. more likely than not, 

inconclusive, unsuitable.72 Cooper and Scanlon suggested this certainty could be influenced by 

adding context, like highlighting criticism about firearms evidence through cross-

examination.73 As such, using the same scale, their follow-up study asked potential jurors to 

rate their certainty about a forensic match based on various expert statements, but this time one 

group was given a cross-examination phrase pointing out issues with the scientific 

underpinnings of firearms evidence.74 Kovera, McAuliff, and Hebert had previously found that 

cross-examination failed to highlight issues with validity of scientific evidence,75 but later work 

by Austin and Kovera found that jurors informed about methodological flaws or validity 

standards in DNA evidence through cross-examination were able to distinguish between 

‘quality’ of evidence.76 Cooper and Scanlon’s second study showed a significant decrease in 

juror certainty when exposed to cross-examination, particularly when an expert had conveyed 

their conclusions in very certain terms.77 As such, they posited that cross-examination can be 

a useful tool in influencing jury decision-making.78 Garrett, Scurich and Crozier have more 

 
68 Dawn McQuiston-Surrett & Michael J. Saks, Communicating Opinion Evidence in the Forensic Identification Sciences: Accuracy and 

Impact, 59 HASTINGS L.J. 1159, 1161-1162 (2008). 
69 Id at 1163. 
70 Id at 1162. 
71Dawn McQuiston-Surrett, Michael J. Saks, The Testimony of Forensic Identification Science: What Expert Witnesses Say and What 

Factfinders Hear, 33 LAW & HUM. BEHAV. 436 (2009). 
72 Cooper and Scanlon, supra note 15. 
73 Id at 117. 
74 Scanlon et al, supra note 13. 
75 Margaret Bull Kovera, Bradley D. McAuliff & Kellye S. Hebert, Reasoning About Scientific Evidence: Effects of Juror Gender and 

Evidence Quality on Juror Decisions in a Hostile Work Environment Case, 84 J. APPLIED PSYCH. 362, 372 (1999). 
76 Jacqueline L. Austin & Margaret Bull Kovera, Cross-Examination Educates Jurors About Missing Control Groups in Scientific Evidence, 
21 PSYCH. PUB. POL'Y. & L. 252, 261 (2015). 
77 Scanlon et al, supra note 13 at 101-102. 
78 Id at 103 (“cross-examination can impact juror certainty.”). 



 

recently examined this question,79 concluding a small effect for cross-examination seems to 

exist and that narrow, specific expert phrases are necessary (e.g. “the defendant’s gun cannot 

be excluded as the gun that fired the bullet recovered at the crime scene") to create such an 

effect.80 

This leads to the instant study. Legal and psychological literature points to cross-

examination being a common and useful part of expert witness discourse, and that jurors rely 

on this to add context to the expert evidence presented. To understand this process further, the 

next stage of expert witness testimony needs to be examined –redirect examination. By 

including a further group of potential jurors who are given this full context, we can investigate 

if redirect-examination can ameliorate the effect of cross-examination on juror certainty. 

Hypotheses 

The study was designed so that participants would rate their certainty about three 

different expert statements – Very Certain (an exact match), Certain (a match to a reasonable 

degree of certainty), and Uncertain (evidence is unsuitable for comparison) – when assigned 

to one of three conditions. These conditions were a judicial instruction about weighing expert 

evidence (the control condition); cross-examination referencing criticism of firearms evidence; 

and a follow-up redirect-examination referencing the longstanding admission of such evidence.  

We hypothesized that: 

1. Participants in the cross-examination condition would have lower certainty about 

the expert statements than those in the judicial instruction condition. 

2. Participants in the redirect-examination condition would have higher certainty 

compared to those in the cross-examination condition.  

3. The more certain expert statements (an exact match and a match to a reasonable 

degree of certainty) would induce higher certainty in the participants and uncertain 

expert statement (evidence is unsuitable for comparison) would induce low levels 

of participant certainty. 

Method 

 
79 Brandon L. Garrett, Nicholas Scurich & William E. Crozier, Mock Jurors’ Evaluation of Firearm Examiner Testimony, 44 LAW HUM. 

BEHAV. 412 (2020). 
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Design 

We used a mixed quasi-experimental design. The within-subjects independent variable 

was the expert statement, which had three levels (Very Certain (exact match), Certain 

(reasonable degree of certainty), Uncertain (unsuitable for comparison), meaning each 

participant was presented with three identical vignettes but differing expert statements as 

described below. The between-subjects independent variable was the Examination Level, also 

on three levels (Judicial Instruction, Cross-examination, Redirect-examination), meaning the 

vignettes for each participant were consistent. Participant certainty was measured through a 

dependent variable of a certainty judgment based on the expert statement on a 0-100 scale for 

each vignette. 

Participants 

Our participant sample consisted of n=114 members of the US public (mean age = 31.3, 

age range = 18-79; 43 male, 68 female, 1 prefer not to say) who volunteered to participate in 

the study online and were randomly and blindly assigned to one of three groups (control, n=40; 

cross-examination, n=36; Redirect-examination, n=38). The participants were recruited using 

snowball sampling through the authors’ professional and social networks. There was no 

incentive offered for participants to take part. The eligibility criteria were all those that rendered 

participants eligible to sit on a federal jury in the US.81 Participants were required to respond 

to all exclusion criteria in a screening questionnaire presented prior to the beginning of the 

study phase, and to agree to all to continue. 

Materials and Procedure  

On completion of the screening questionnaire, participants were asked to picture 

themselves as serving on a jury in a criminal trial. They were presented with three vignettes of 

a case involving a firearm owned by the defendant, in a random serial order. The vignettes took 

the form of a court transcript beginning with a case description. They were told a qualified 

firearms examiner was testifying for the state as to whether tool-marks produced on 

ammunition test-fired from the defendant’s gun matched tool-marks present on suspect 

ammunition found at the crime scene.  For all groups, the judge explained the case and role of 

the jury, with this exchange following: 

 
81 Namely to be a United States citizen; be at least 18 years of age; reside primarily in the judicial district for one year; be adequately proficient 

in English to satisfactorily complete the juror qualification form; have no disqualifying mental or physical condition; not currently be subject 

to felony charges punishable by imprisonment for more than one year; never have been convicted of a felony.  



 

Prosecutor: Did you compare the tool-marks found on the ammunition recovered from the 

crime scene with tool-marks present on ammunition test-fired from the Defendant’s 

gun? 

Expert: Yes, I did.  

Prosecutor: Is there a specific method that you used for conducting this comparison? 

Expert: I used a comparison microscope to visually compare the tool-marks present on the 

ammunition from the crime scene and those present on test-fired ammunition from the 

defendant’s gun. I did this to see if there was any similarity. There are two types of tool-

marks I look for – striations and impressions, which are created when a gun is fired. 

These tool-marks can be divided into class, sub-class and individual characteristics, so 

I looked for these. 

Prosecutor: Are there professional guidelines for making conclusions? 

Expert: Yes, there are. There are widely known guidelines that tool-marks examiners like myself 

use when making conclusions. 

For the Cross-examination and Redirect-examination Groups, this exchange was added:  

The examiner is then cross-examined by the defense lawyer: 

Defense: You said there are widely known guidelines for making your conclusion. Have those 

guidelines been subject to criticism by the scientific community? 

Expert: I am aware of some criticism, but that is to be expected. 

Defense: But isn’t it true, and I quote, that the National Academy of Sciences has reported 

“The best guidance available for the field of tool-mark identification, does not even 

consider, let alone address, questions regarding variability, reliability, repeatability, or 

the number of correlations needed to achieve a given degree of confidence.” 

Expert: I accept it’s true that this criticism exists. 

For the Redirect-examination Group, there was an additional final exchange: 

The prosecutor asks some follow-up questions:  



 

Prosecutor: Although you accept that this criticism exists, is it not true that conclusions 

produced following the comparison method and guidelines you used continue to be 

admitted as evidence in court?  

Expert: That is correct. Examiners like myself routinely testify in legal proceedings.  

 Prosecutor: In summary then, criticism of the field naturally exists, but the firearms examiner 

community continues to utilize the comparison method and conclusion guidelines you 

used, and courts continue to accept expert testimony from Tool-marks Examiners, like 

yourself? 

Expert: That is correct. 

Following these exchanges, the expert was asked for their conclusion. For each within-

subject condition, expert statements were based on Cooper and Scanlon’s previous studies that 

were found to be Very Certain (Conclusion 1); Certain (Conclusion 2), and Uncertain 

(Conclusion 3).82 

These conclusions were:  

1. There is an exact match between the suspect ammunition and the Defendant’s gun. 

2. A match can be made to a reasonable degree of certainty in the ballistics field. 

3. The suspect ammunition is unsuitable for comparison with ammunition test-fired from 

the Defendant’s gun. 

Participants were asked to rate their certainty that the defendant’s gun fired the suspect 

ammunition on a scale of 0 (Least Certain) to 100 (Most Certain) based on the information 

presented for each of the three expert conclusions. 

Results 

Data Analysis 

A 3(Level of Examination)x3(Expert Statement) mixed ANOVA was carried out to 

examine the between- and within-participant effects. Bootstrapped Bonferroni-corrected t-tests 

and bootstrapped repeated-measures t-tests were used to examine specific differences between 

the groups and statements; that the more certain expert statements would elicit higher certainty 
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in participants, that cross-examination would have a negative effect on participant certainty 

across expert statements compared to the control, and that redirect-examination would have a 

positive effect in comparison to cross examination.   

Descriptive Statistics 

Table 1 and Figure 1 provide the means and Standard Deviations for each of the 

conditions. For all groups, participants judged the more certain expert phrases highest. Expert 

judgment that evidence was unsuitable for comparison resulted in the lowest scores. The 

control group scored higher than the other groups for both certain phrases, and lower for the 

uncertain phrase. Means were similar for Cross-examination and Redirect-examination groups 

across conditions. 

 

Table 1: Mean and Standard Deviations differences for each condition for participant certainty 

 

Statement Control Means 

(SD) 

Cross-exam Means 

(SD) 

Redirect-exam 

Means (SD) 

Exact Match 76.78 (25.05) 67.23 (29.33) 66.65 (32.25) 

Certain  62.69 (24.41) 55.77 (25.29) 59.89 (23.66) 

Unsuitable 

Comparison 

23.35 (23.79) 29.11 (25.41) 21.13 (23.39) 

 

 



 

 

Figure 1: Mean and Standard Deviations differences for each condition for certainty 

 

Inferential Statistics and Hypotheses Findings 

The mixed ANOVA showed a main effect for statement (F[1.517, 168.4]=122.74, 

p<0.001, ɳ2p=0.525), but not for group (p=0.665), and no interaction effect between group and 

statement was found (p=.334). A Greenhouse-Geisser correction was implemented as the 

assumption of sphericity was violated. This partially matches the prediction from Hypothesis 

1, and allows for further examination of Hypothesis 3.  

Control Condition (Judicial Instruction) 

The accompanying t-tests showed that within the control group, the Very Certain 

statement (exact match) scored significantly more certainty than the Certain statement 

(reasonable degree of certainty) (t[39]=2.667, p=0.006), and the Uncertain statement 

(unsuitable for comparison) (t[39]=9.721, p<0.001). The Certain statement (t[39]=8.451, 

p<0.001) was significantly higher than the Uncertain statement. This pattern is as predicted in 

Hypothesis 3, with qualitatively more certain statements eliciting higher certainty responses. 

Cross-examination Condition 

For within the cross-examination group the Very Certain statement was again judged 

significantly more certain than the Certain statement (t[35]=2.355, p=0.012) and the Uncertain 



 

statement (t[35]=5.709, p,0.001). The Certain statement (t[35]=5.027, p<0.001) also scored as 

significantly more certain than the Uncertain statement. This is predicted in Hypothesis 3, with 

the more certain statements eliciting more certain responses but in comparison to the less 

certain statements. 

Redirect-examination Condition 

Finally, we can examine the Redirect group. The Very Certain statement was again 

judged significantly more certain than the Uncertain statement (t[37]=6.058, p<0.001) but not 

compared to the Certain statement (p=0.134). The Certain statement (t[37]=7.709, p<0.001) 

scored as significantly more certain than the Uncertain statement. Again, this is partially 

predicted by Hypothesis 3 with the two more certain statements eliciting more certain 

responses in participants compared to the least certain expert statement. 

Between groups, no significant differences were found between the control, cross-

examination, and redirect-examination groups for the Very Certain, Certain and Uncertain 

expert statements. This was not predicted by Hypothesis 1 or 2. As such it can be concluded 

that overall, the certainty of the expert had a significant impact on that of participants, 

particularly the uncertain statement, but the level of examination had a less clear impact. 

PART III: DISCUSSION 

Our discussion of the results is organized around three points, namely previous 

studies, redirect-examination, and science education and training for lawyers. 

Previous Studies 

The overall patterns and trends are mainly as expected. The more certain expert phrases 

led to higher certainty scores in the potential jurors, and less certain phrases induced lower 

certainty scores in the participants. This is particularly clear in terms of the least certain phrase 

– that the evidence is unsuitable for comparison – with participant scores significantly lower 

across all conditions. The gap between the two more certain phrases – that there is an exact 

match and that a match can be made to a reasonable degree of certainty – is much narrower 

across the three conditions. There is also a visible effect of cross-examination, with the exact 

match phrase especially showing lower certainty in participants following cross-examination. 

The other phrases are less effected. These results mirror previous research in the area,83 

 
83 For example, McQuiston-Surrett & Saks, supra notes 68 and 71; Austin & Kovera, supra note 76; and William C. Thompson & Nicholas 

Scurich, How Cross-Examination on Subjectivity and Bias Affects Jurors' Evaluations of Forensic Science Evidence, 64 J. FORENSIC 

SCI. 1379 (2019). 



 

including from the authors.84 Garrett et al’s recent work found a smaller effect for cross-

examination and suggested that narrow phrases are likely necessary to evoke such an effect, 

which also is shown by these results.85 Instantly, this decrease is relatively small, not reaching 

statistical significance, implying cross-examination here has at best a weak effect on potential 

juror certainty, again echoing Garrett et al’s findings.86 

A further pattern that continues in the instant study from Cooper and Scanlon’s previous 

work is the variance evident in the Very Uncertain expert phrase - “The suspect ammunition is 

unsuitable for comparison with ammunition test-fired from the Defendant’s gun.” AFTE have 

used phrasing around unsuitability for comparison to mean the expert is not confident to make 

a comparison for over 30 years, with the implication that jurors should therefore not feel 

certainty about association based on such evidence. However, in each of our three studies, 

groups presented with this statement show average scores from 21-29% in terms of certainty.87 

While a certain amount of natural variation is expected in diverse participant groups, the 

consistency of this scoring across groups and conditions is notable. In each study, participants 

have no context of the crime committed or the characteristics of the defendant, expert, or 

lawyers, instead relying on only one piece of evidence – the expert statement. If the expert 

states that the materials provided to them are unsuitable for comparison, it is logical that the 

AFTE assumption is that jurors will discount the evidence. However, these studies suggest 

some potential jurors do not do so, chiming with ideas that expert statements, including those 

of firearms examiners, can be confusing to jurors.88 It would be useful to investigate if this is 

an issue of understanding the statement’s intent, or coming to a judgment independent of that 

evidence, or some other reason entirely. Either conclusion would point to a considerable issue 

for expert testimony. 

Redirect-Examination 

Redirect-examination “is an advocacy tool designed to explain, correct, and modify as well 

as further develop evidentiary points that were originally drawn out in cross-examination.”89 It 

aims to restore the “credit”90 of a witness to the factfinder, driven by a “desire for the advocate 
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to rehabilitate his or her witness.”91 An interesting aspect of our findings, therefore, is that 

providing potential jurors with additional context through redirect- examination did not seem 

to have the expected result of ameliorating the effect of cross examination, small though it was. 

Instead of increasing the certainty of the potential jurors, redirect-examination seems to have 

little effect, with very similar scores to the cross-examination group, and remaining 

considerably below the control group scores, particularly for the Very Certain (exact match) 

statement. While there is research available on the effect of redirect-examination on 

eyewitnesses and technical expert witness re-examination, for example in Valuation,92 there is 

little on forensic experts. As such, the instant study suggests more research is required. 

Critical to future research is appreciating the connection between redirect-examination and 

cross-examination. There are some basic, universal rules to consider, as Manarin describes: 

“If there has been no cross-examination then, ipso facto, there can be no re-examination. 

Also, the scope of the redirect examination “will be limited to what the cross-examiner 

chooses to raise during his” or her questioning of the witness…”93  

Instantly, the authors shaped the cross-examination condition to reference the NAS’ for two 

reasons. One, to reflect the reality of lawyers using the NAS’ reporting to highlight considered 

limitations in firearms evidence in court settings. We were curious if the reference would 

impact on juror certainty, noting that courts tend to be pulled by legal process drivers (i.e., 

precedent, cross-examination, jury decision-making) to the detriment of Strengthening,94 the 

report being quoted from in the cross-examination condition. Two, referencing the report meant 

there was, technically, a wide latitude for re-direct examination. In the redirect-examination 

condition, the authors elected for the proffering lawyer to re-examine on a point relating to 

precedent – the routine admissibility of firearms evidence – because of how prevalent this 

factor is in courts determining admissibility. We were curious if it would be as influential on 

potential jurors. However, we recognize there are many other routes we could have taken for 

both the cross-examination and re-direct-examination conditions. For instance, we could have 

worded the same issues differently for both conditions (e.g., given more background 

information about the NAS report being quoted from in cross-examination or explicitly referred 

to the report’s title), and employed different overall strategies (e.g., not focused the redirect-
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examination condition on precedent, but progress concerning validity in the field). This all 

suggests that more investigation is needed to determine strategies for effective cross-

examination and redirect-examination in context, to explore to what extend jurors might be 

influenced by certain styles and topics, for instance.  

Notably, cross-examination is often the focus of discussion in this field because of how it 

has been described as “the traditional and appropriate means of attacking shaky but admissible 

evidence.”95 As explained supra, courts place emphasis on cross-examination, including when 

admitting firearms-identification evidence. The instant study shows, however, redirect-

examination, is deserving of attention too, especially considering that it has been described as 

“perhaps the most difficult advocacy skill to acquire.”96 This is because redirect-examination 

requires a  lawyer to act “on the heels of cross-examination.”97 They must think quickly and 

carefully to devise non-leading questions for their witness, who may be reeling, without any 

prior discussion,98 and while trying “not to make a bad situation even worse.”99 This leads to 

our final discussion point, namely supporting lawyers to optimize their performance. 

Science Education and Training for Lawyers 

To be effective in the space investigated by the instant study lawyers need to skillfully 

navigate an intersection of law and science, a set of disciplinary boundaries that can be fraught 

with challenges.100 They need not only legal acumen –to know what is within the bounds of 

cross and redirect-examination in a legal sense – but also a strong working knowledge of the 

relevant forensic discipline (in this case, firearms) to devise questions within those boundaries.  

Assuming lawyers have the former, focus should be on supporting them with the latter. 

Lawyers “make key calls about scientific evidence at all stages of its journey through the 

criminal justice system”101 yet it has long been recognized they need support with science. 

Generally, lawyers are not scientists and law schools have been considered “black hole[s]”102 

for science and mathematics education.103 This places lawyers “at a disadvantage when 
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confronted with scientific evidence….”104, and “ill-equipped to speak the language of 

science.”105 Training for lawyers engaging with forensic science has been described as 

“clear[ly] important”106 and a considerable provision has amassed,107 yet there remains concern 

about the lack of mandatory, continuing, and assessed training on offer to lawyers.108 All told, 

the instant study re-enforces points made by the authors previously in this area, namely that 

lawyers likely require higher levels of science literacy109 - the “knowledge and disposition 

needed to engage with science,”110 and research should target understanding lawyers’ 

relationship with this concept, noting the criminal justice system’s consumption of forensic 

identification techniques, like firearms evidence, make for a compelling case study.111 

CONCLUSIONS  

Our study attempted to create a simple yet realistic mock case extract. However, as an 

online study with streamlined context it obviously did not capture all the complexities of a trial 

setting. This rich context is important to fuller understanding, but answering the fundamental 

question required us to limit that context for increased experimental control.112 Ultimately, a 

closer facsimile to trial settings may improve validity. Moreover, participants in this study may 

not represent a true community sample, and while the study is sufficient for generalization a 

greater number of participants would provide a more representative sample. 

 

Developing further understanding of how jurors interpret expert firearms evidence could 

take multiple routes. In the first place, the ongoing variance in responses to the low-certainty 

expert statement requires investigation. While this may be a simple statistical quirk, the 

consistency of the mean and variance across hundreds of potential jurors and various levels of 

analysis suggest there is something deeper occurring. It is important to understand the reason 

behind some participants scoring their certainty in the evidence as high (relatively speaking), 
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when their only explanation evidence comes from an expert who rates their own certainty as 

low. A lack of understanding of the statement, a discounting of expertise, independent 

reasoning, or some further reason could be at play.  Second, greater attention should be paid to 

the critical role of lawyers, and the skills they need to fulfil that role effectively, in context. 

With the justice system placing such a strong emphasis on cross-examination to influence how 

jurors weigh evidence, other legal mechanisms – such as re-examination – have been somewhat 

overlooked. Based on the understanding that these advocacy hallmarks of the adversarial 

system are permanent features, lessons may be learned from exploring the impact of different 

strategies on jurors in context. Third, thought should be given to how we can layer current 

quantitative understanding with qualitative methods i.e., action research that engages jurors 

and lawyers to understand their lived experience in this space. Designing methods for 

examining these areas of interest are key to a deeper understanding.  

 

 

 

 

 

 

 

 

 

 


