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ABSTRACT: Expert testimony is an important part of criminal and civil litigation whenever scientific evidence needs to be explained and
interpreted for the judge and jury. Those appearing in court as expert witnesses must possess the necessary qualifications, skill, training, and
experience for the task in hand. Unlike a lay-witness, an expert witness is allowed to render an opinion based on their own specialized knowledge
and research. In the adversarial system of justice, expert witnesses are hired by opposing sides in a case and this causes confusion when they
disagree about the strengths and weaknesses of the scientific evidence presented. Choosing the best expert witness is often a difficult task and
making a wrong decision has sometimes led to wrongful convictions and miscarriages of justice. Success in science is tightly linked to the quantity
and quality of a person’s scholarly publications in academic journals in some particular area of research and scholarship. This article describes
the use of a publicly available citation database to investigate the publication and citation records of British forensic practitioners with “legal and
forensic medicine” (LFM) as their primary or secondary research category. How to attribute credit to individual names on multi-authored articles
is @ major problem in science and academia. Six different citation metrics, including authorship position on highly cited articles, were used to
derive a composite citation score (c-score) for each highly cited scientist. Such bibliometric methods could prove useful in jurisprudence when
reviewing the qualifications of people suggested to serve as expert witness in court cases.
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1. Introduction

Quantitative evaluation of scholarly publications in terms of authorship and citations belongs to the discipline of bibliometrics
or scientometrics [1,2]. Citation databases are commonly used in academia when university staff are considered for promotion
(tenure) from assistant to associate professor, or when decisions are made about research funding and/or the award of prizes and
scholarships [3-5].

Besides counting the number of articles listed on a person’s CV, which reflects productivity, a more important metric is the
number of times these papers are cited in articles penned by other scientists [6,7]. The total number of citations to a person’s
publications and their citation impact (cites/article) are considered quality indicators of prestige and recognition in a particular
research field or subject category.

A citation is a form of acknowledgment and draws attention to certain information contained in a scholarly publication, such
as the methodology used, the experimental results and/or the interpretation and conclusions reached [8,9]. Examples of citation
databases include Web-of-Science, SCOPUS, ResearchGate and Google Scholar all of which can be used to verify a person’s
publication track record [10,11]. The first two of these require a subscription, whereas the latter two are gratis to use. The results
obtained using these various databases differs somewhat, depending on the particular journal coverage and whether or not self-
citations are included in the metrics. The latter occurs when a person cites one of their own previous publications.

A new approach to evaluating a scientist’s publications was devised by a team of researchers from Stanford University, under
the leadership of John loannidis, who introduced the concept of a composite citation score (c-score) derived using six different
citation metrics [12,13]. After making a (log + 1) transformation of each metric, a mathematical formula was used to calculate each
person’s c-score. This provides a single number that can be used as a yardstick to compare and contrast career long contributions
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of scientists belonging to different subject categories or research domains. One special feature of the Stanford University citation
database was a consideration given to the pattern of co-authorship and whether the person was listed as a single author, first author,
or last author on the scholarly publication.

To the best of my knowledge, citation databases have not previously been used in jurisprudence, such as when the
qualifications of people proposed as expert witness are considered. According to the US Supreme Court ruling in the case of Daubert
vs Merrell Dow Pharmaceuticals, “peer review and publication” are important criteria for admission of scientific evidence [14,15].
However, the court also opined that publication was not the sine qua non of admissibility, probably recognizing that peer review is
not infallible and some scientific journals have more rigorous manuscript peer review than others [16].

In this age of electronic journals and on-line open access publishing, there has been an upsurge of new scientific journals and
some of these have gained a dubious reputation, being referred to as predatory journals. They bombard scientists with unsolicited e-
mails begging them to submit their next article for publication, often expecting a hefty open-access publication fee [17,18]. Also known
as opportunistic journals, they seem more interested in making money rather than advancing knowledge and scholarly publishing [19].
Furthermore, peer-reviewing of manuscripts submitted for publication in these journals has been called into question [20].

When presenting scientific evidence in court, it is obviously important to know something about the prestige of the journal
where an article was published and whether this had been written or researched by the expert witness who interprets this evidence.
In this connection, it would also be useful to know how many citations the article tendered in evidence had received since it was
first published [21-23]. Highly cited articles are considered more authoritative than those that are seldom or never cited.

Within all scientific disciplines, some articles are more highly regarded than others and are referred to as citation classics [24,25].
The basic premise being that the more citations a paper accrues over time the more influential it has become in the eyes of the relevant
scientific community [26]. Measuring scholarly impact in criminology and criminal justice was the subject of a recent special issue
of a journal [27], although not much attention has been given to the use of citation databases for evaluating specialists in LFM.

The present article describes the use of a citation database to evaluate the publication and citation records of millions of
publishing scientists using information gleaned from the SCOPUS database. This database was used to identify the most highly
cited British forensic practitioners (highest c-score), within the subject category LFM. Also discussed is the age-old problem in
academia of attributing credit to individual names on journal articles with multiple authors.

2. Methods

They should be described with sufficient detail to allow others to replicate and build on published results. New methods and
protocols should be described in detail while well-established methods can be briefly described and appropriately cited. Give the
name and version of any software used and make clear whether computer code used is available. Include any pre-registration codes.

2.1. Citation Databases

The citation database used to prepare this article was constructed based on the information contained in Elsevier’s SCOPUS
database and the results were available as a series of downloadable EXCEL files [12]. SCOPUS contains publication and citation
data derived from thousands of academic journals that began publishing after 1960. Included in the database were ~7 million
scientists with at least five entries in the SCOPUS database. These individuals were classified into 22 scientific fields and 176 sub-
fields, based on the types of journals where their papers were mainly published [12]. Each person was then allocated to a primary,
secondary, and tertiary research field or category. Forensic science did not exist as a separate subject category, so this article focused
on people with FLM as their primary or secondary discipline.

Five versions of the Stanford University citation database are available on-line and these contain publication and citation
records up to the end of 2017, 2018, 2019, 2020, and 2021, respectively. The first two versions of the database (2017 and 2018)
listed the names of the top 100,000 most highly cited scientists in all subject categories. More recent versions (2019, 2020, and
2021) also included the names of people within the top cited 2% of their primary research discipline. This increased the number of
highly cited scientist from 100,000 to over 200,000.

Further details of the methodology used to construct the citation database and calculation of a person’s composite c-score have
been published elsewhere [12,13]. The EXCEL file used for this study contained the career-long publication and citation records
for over 200,000 publishing scientists worldwide. This file was searched by country and those people with an address somewhere
in Great Britain (gbr) were selected for further more detailed evaluation. They were sorted after decreasing order of their c-score.

2.2. Citation Metrics

Instead of simply counting the total number of citations to a person’s published work, the Stanford University database used
six different citation metrics, and these were combined into a mathematical formula to calculate each person’s c-score [28]. The six
individual metrics are defined below:



Perspectives in Legal and Forensic Sciences 2024, 1, 10002 3 of 8

Total number of citations to all articles in the database with that person’s name as author or co-author.
The person’s H-index or Hirsch index.

The person’s H-index adjusted for number of co-authors on each cited paper (Hm-index).

Citations to single-author papers.

Citations to single and first-author papers

Citations to single, first and last author papers.

S A

The H-index is a popular metric to compare and contrast individual scientists and combines information about productivity
(number of papers) and their importance (number of citations) [29]. For example, a person with H-index of 50 has his or her name
on 50 articles each of which has been cited at least 50 times. The H-index is robust because it is not influenced by a few very highly
cited papers nor by a set of papers that are hardly ever cited [29,30].

Several alternatives to the H-index have been proposed that adjust for a person’s age and years of active research and
publishing [31]. Another alternative, denoted Hm-index, takes into consideration the number of co-authors on each of the highly
cited articles [32]. This requires that each paper is fractionalized in accordance with the number of co-authors (e.g., two authors 0.5,
three authors 0.33, four authors 0.25 etc.). These fractions are then added together until the number obtained matches the article
number with the same number of citations. A person’s Hm-index is almost always less than H-index, sometimes appreciably less.

2.3. Composite Citation Score

Each of the six citation metrics were incorporated into a mathematical formula to derive that person’s c-score. This was done by
making a (log + 1) transformation of each metric and comparing this with the person in the same subject category in the database with
the highest score for that particular metric. These six fractions were then added together to give the person’s c-score. Only those
individuals within the top 2% of their main subfield discipline where considered highly cited and included for further evaluation.

Of the ~7 million scientist in the database, there were 13,388 with LFM as their primary research category, but of these only
282 were within the top 2%, according to their c-score. Another 99 individuals had FLM as a secondary research category, making
a total of 381 highly cited forensic practitioners and 41 of these (10.7%) had an address somewhere in Great Britain.

3. Results
3.1. Top-cited British Forensic Practitioners

Table 1 lists the names of the 41 highly cited British forensic practitioners, arranged in decreasing order of their c-scores,
which ranged from 2.650 to 3.803. Table 1 also contains information about the number of papers with that person’s name as author
or co-author according to the SCOPUS database (since 1960). This is followed by the total citation count for these publications
(since 1996) and the next two columns show the person’s H-index and Hm-index. The last three columns gives the number of
papers and citation counts for single author, single + first author, and single + first + last author publications.

Of the 41 highly cited forensic practitioners from Great Britain, eight were female (19.5%).The various branches of forensic
science the 41 people represented included anthropology, toxicology, odontology (dentistry), genetics/DNA, psychiatry, pathology,
statistics and probability.

3.2. Summary Statistics

Table 2 presents summary statistics for the various citation metrics of these 41 individuals and one notices that much depends
on the particular metric. This was especially evident for single authored papers and citations to these works. The most prolific
author had his name on 239 articles compared with only 28 articles for the least productive author (median 97 articles).
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Table 1. The names of 41 highly cited forensic practitioners from Great Britain in the LFM subject category arranged after their composite c-
score (last column).

Scientists Name Paper Total H- Hm- S Author 2 S + F Author * S+ F + L Author® Composite
Count Cites Index!  Index? (cites) (cites) (cites) Score
Joblin MA 158 8544 51 18.3 31 (331) 45 (2399) 98 (4546) 3.8037
Dawid AP 120 3520 27 18.7 42 (1483) 76 (2008) 95 (2174) 3.6821
Dror IE 141 3300 30 19.9 25 (397) 76 (2094) 121 (2698) 3.6190
Pounder D 175 2892 29 20.1 53 (503) 94 (1491) 155 (2570) 3.5925
Roberts G 191 4170 37 19.2 15 (356) 48 (1039) 124 (2404) 3.5900
Evett | 115 3201 31 17.9 22 (528) 57 (1297)) 83 (1874) 3.5564
Pretty 1A 163 3073 28 18.3 15 (405) 62 (1609) 120 (2247) 3.5507
Edgar WM 104 2424 27 16.6 17 (660) 34 (881) 71 (1668) 3.4746
Liversidge H 62 2511 24 16.6 12 (376) 28 (1149) 49 (2097) 3.4502
Meier-Augenstein W 67 2106 27 15.2 11 (651) 26 (972) 34 (1130) 3.4219
Elliott S 71 1733 26 16.6 13 (445) 35 (1149) 42 (1247) 3.4078
Rutty G 239 2395 28 14.7 43 (95) 100 (858) 197 (1776) 3.2985
Hall MJR 118 2842 23 12.8 9 (109) 28 (692) 70 (1894) 3.2499
Morrison GS 66 876 18 15.1 25 (508) 52 (766) 60 (838) 3.2210
Whittaker DK 84 1168 19 12.0 36 (436) 64 (889) 77 (992) 3.2200
McDonald F 138 3821 29 13.9 9 (65) 22 (270) 82 (1795) 3.2057
Busuttil A 234 3315 29 16.7 19 (81) 45 (188) 143 (1287) 3.1923
Morgan B 122 4532 30 10.4 2 (24) 21 (854) 49 (1179) 3.1471
Thompson T 77 1360 19 11.3 13 (252) 23 (598) 44 (699) 3.1146
Payne-James J 189 1506 21 105 44 (106) 117 (744) 153 (935) 3.0948
Knight B 107 1045 14 11.8 61 (381) 68 (453) 101 (1026) 3.0942
Salib E 109 944 17 12.0 22 (179) 67 (717) 96 (850) 3.0812
Aitken C 97 1730 21 10.7 20 (75) 46 (481) 80 (1284) 3.0712
King LA 39 2597 17 10.4 8 (137) 20 (345) 28 (535) 3.0147
Wilkinson C 78 967 16 9.7 9 (221) 22 (465) 52 (755) 3.0054
Vanezis P 75 999 18 9.5 24 (150) 38 (511) 53 (645) 2.9878
Daeid NN 160 1562 21 11.9 32 (36) 62 (247) 121 (989) 2.9486
Bond JW 74 775 17 9.2 22 (211) 31 (297) 60 (637) 2.9355
Green MA 50 759 16 10.1 12 (129) 18 (282) 42 (683) 2.9012
Bull PA 64 727 14 10.4 10 (118) 23 (317) 54 (605) 2.8736
Bandey H 28 960 13 6.0 1(233) 7 (458) 12 (590) 2.8641
Grieve M 51 553 15 10.1 14 (98) 38 (441) 49 (538) 2.8615
Bleay SM 105 1678 20 9.8 15 (11) 36 (462) 51 (786) 2.8462
Nokes LD 76 960 16 8.8 1 (49) 21 (179) 51 (691) 2.7784
O'Higgins P 45 1296 19 8.2 1(9) 12 (470) 21 (733) 2.7665
Paterson S 41 947 16 8.9 6 (28) 17 (284) 36 (617) 2.7632
Morgan RM 95 941 16 9.8 4 (36) 21 (196) 46 (501) 2.7546
Black S 82 1044 18 9.7 7 (26) 24 (151) 65 (635) 2.7515
Carr DJ 130 1007 14 7.9 5(72) 35 (246) 62 (315) 2.7356
Prins H 113 323 10 8.8 102 (233) 103 (278) 109 (288) 2.7119
Pringle J 80 764 15 7.3 2 (10) 32 (475) 53 (561) 2.6513

L Hirsch H-index, 2 Hm-index = H adjusted for co-authorship. 3 S-author = number of papers as single author. S + F author = number of papers
as single and first author. 5S + F + L author = number of papers single, first and last author.

Also shown in Table 2 are the percentage of self-citations by each of the 41 forensic scientists, which ranged from 3.9% to
37.5% (median 13%). Note that the citation metrics reported in Tables 1 and 2 do not include self-citations, because excessive
citation of one’s own previously published work can skew the citation metrics and enhance the c-score.

Table 2. Summary statistics for the citation metrics of 41 highly cited British forensic practitioners listed in Table 1.

Citation Metric Mean Median Min-Max Max/Min
Number of papers 105 97 28-239 8.63
Total number of citations 1996 1506 323-8544 26.4
H-index 21.8 19.0 10-51 5.1
H-index adjusted for number of co-authors 12.6 11.3 6.0-20.1 3.35
Number of papers as single author 20.3 15 1-100 100
Cites to single author papers 250 150 9-1483 164.7
Number of papers as single and first author 437 35 7-117 16.7
Cites to single + first author papers 724 481 151-2399 15.8
Number of papers as single, first, and last author 75.8 62 12-197 16.4
Cites to single + first + last author papers 1,226 935 288-4546 159
% self-citations 145 13 3.9-375 9.6

Composite citation score 3.129 3.094 2.650-3.803 1.43
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4. Discussion

Expert testimony often plays a crucial role in many types of criminal and civil litigation, especially when the outcome of a
case rests on some aspect of scientific, technical, and/or medical evidence [33]. Within the adversarial system of justice, which
operates mainly in USA, UK, Canada, Australia, and some other nations, it is normal practice for the prosecution and defense sides
in a case to hire their own expert witnesses [34]. Problems arise however, when the experts reach different conclusions about the
significance and evidential value of certain key pieces of the forensic evidence in a case [35].

The use of a joint expert appointed by the court, although a possibility is less frequently encountered in the adversarial system
of justice, especially during criminal prosecutions [36]. In the inquisitorial system of justice, which operates in continental Europe
and some other nations, it is more common that the investigating judge or court official appoints the scientific experts and there is
less of a risk that they reach conflicting opinions [37].

Disagreement between expert witnesses appearing on each side in a case is nothing new and was highlighted by a statement
made a respected US federal court judge Learned Hand (1872-1961), when in 1901 he wrote in a judgment the following [38]:

“The trouble with conflicting expert testimony is that it is setting the jury to decide where doctors disagree. The whole
object of the expert is to tell the jury, not facts, as we have seen, but general truths derived from his specialized experience.
But how can the jury judge between two statements each founded upon an experience confessedly foreign in kind to their
own? It is just because they are incompetent for such a task that, an expert is necessary at all.”

In situations like these, one approach would be to compare and contrast the qualifications of each expert on the relevant
scientific issue under consideration by the court using bibliometric methods, such as the publication and citation database described
in this article. The person with a well-document record of scholarly achievement in terms of highly cited scientific papers should
obviously be taken seriously. However, in this connection it is worth remembering that the best researchers do not necessarily make
the best expert witness.

More important than number of published papers is information about how many times these articles have been cited in papers
penned by other scientists. Highly cited publications in international peer-reviewed journals are considered more influential than
articles that are seldom or never cited. However, the relationship between scientific research, publication and expert witness
testimony is complex and some people can present useful scientific evidence and further information to the court without being a
prolific researcher [39].

Bibliometric methods and citation analysis are well-established in academia, although to the best of my knowledge they are
not widely used in jurisprudence, such as when the qualifications of expert witnesses are considered before they are instructed to
appear in court and interpret the forensic evidence. An example of the use of a citation database is exemplified here by looking at
the career long publication records of British forensic practitioners in the LFM subject category [5]. It sometimes happens that the
expert witness might stray outside their own area of expertise, which has misled the jury and resulted in a wrongful conviction and
miscarriage of justice [40,41].

One of the biggest problems in evaluating a person’s published work is attributing credit to the individual names on multi-
authored papers. In this connection, prestige positions are first, last, and/or corresponding author of the article, and what other
people listed as authors contributed is hard to know [42,43]. Accordingly, ways are needed to attribute credit to individual names
on multi-authored papers, such as when considering people for the award of prizes, scholarships, membership in learned societies,
and even as expert witnesses [44,45].

One of the pioneers in the discipline of bibliometrics, Derek J. de Sola Price (1922—-1983) commented on multiple authorship
as follows [46]:

“The payoff in brownie points of publications or citations must be divided among all authors listed on the by-line, and
in the absence of evidence to the contrary it must be divided equally among them. Thus each author of a three-author
paper gets credit for one third of a publication and one third of the ensuing citations. If this is strictly enforced it can act
perhaps as a deterrent to the otherwise pernicious practice of coining false brownie points by awarding each author full
credit for the whole thing. ”

Over the past 50 years, multi-authored scientific papers have increased significantly, especially in journals devoted to basic
science and medical specialities [47,48]. This makes it increasingly difficult to figure out who did what to produce the final
published article and how the credit should be sub-divided between the co-authors of the article [43,49]. For example, should all
co-authors. regardless of positioning, be given full credit for all the citations a paper might accrue over time, or is some type of
fractionalization (1/N) necessary [50].

Many journals now require authorship declarations, which are submitted along with the manuscript and intended to spell-out
exactly what each person listed as an author contributed. These statements are then published as endnotes after the main text before
the list of references [51,52]. More transparency would be welcomed in the way these declarations are formulated, because many
people listed as authors seem to have made more or less the same contribution. In fact, advice and encouragement towards a research
project or some loan of equipment would be better included in an acknowledgement section of the article rather than being rewarded
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with co-authorship. The importance of being listed as first author on a published article has led to statements in the final publication to
the effect that AB and BC share first authorship, which seems ridiculous when there are 8-10 other people listed as co-authors on the
same paper [53].

The importance attached to publishing papers in high impact scientific journals cannot be over-stated, such as when people
apply for a new job in science and academia, or when research grants are awarded [54]. The drive to publish in prestigious journals
has led to a proliferation of multi-authored articles and the phenomena of ghost and guest authorship have arisen [55]. The latter is
a dubious practice, and is considered to be unethical and bordering on scientific misconduct [56,57].

The question of who should be included as an author on a published paper and the relative name ordering sometimes becomes
a contentious issue leading to disputes and animosity within the research group [58,59]. The way that authorship is assigned seems
to differ between institutions, research groups, and countries and efforts to standardize this are urgently needed [60-62]. Many
years ago, The International Committee of Medical Journal Editors (ICMJE) issued guidelines about what contribution should be
made to be listed as an author as opposed to being mentioned in the acknowledgment section [45]. Unfortunately, it does not appear
that the recommendations made were taken very seriously considering the inflation in number of authors per paper published in
leading medical journals [63,64].

Self-citations inflate a person’s total citation count, because people preferentially cite their own previously published work.
However, the citation data reported in Table 1 and used to calculate each person’s c-score did include self-citations. Note that
citations to single-authored papers, first-author, and last-author papers were included in the c-score calculation, which is a unique
feature of the Stanford University database. The person designated as the corresponding author on a paper submitted for publication
is a prestige position, because this individual vouches for the integrity of the work presented and communicates with the journal
editor and also receives the peer-review reports [60].

In Great Britain, with a population of ~65 million, there were 41 highly cited people in the LFM discipline, compared with 43
highly cited forensic practitioners in Germany (pop. 83 million), 28 from Italy (pop. 59 million), and 14 from France (pop. 67 million).
The most highly cited British scientist was Mark A Joblin (University of Leicester), a specialist in genetics/DNA, who had a
composite citation score of 3.8037. He was ranked 20th worldwide among all highly cited individuals in the LFM subject category.
The British pioneer in DNA fingerprinting, Sir Alec Jeffreys was credited with 245 published articles between 1974 and 2014, and
his H-index was 58 (Hm index 29.8), and the c-score was 4.066. Sir Alec’s primary and secondary research disciplines were
“genetics and heredity” and “developmental biology,” respectively and therefore he was not among the FLM people in Table 1.

A plethora of citation metrics exist, and love them or hate them, they are an important part of scholarly publishing whenever
the significance of a person’s contributions to research are evaluated. Bibliometric methods have already been used to evaluate the
field of criminology [65,66], forensic science [67], and legal and forensic medicine [68]. The point made in this article is that
bibliometric methods might also prove useful in jurisprudence, such as when expert witnesses disagree about the evidential value
of certain scientific evidence. The expert witness who can document his or her own research and publications on the scientific topic
being litigated obviously deserves more credibility compared with one without such qualifications. Prolific authorship of papers
that subsequently become highly cited enhances a person’s reputation and expertise when they serve as expert witnesses.
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