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While forensic anthropology is often characterized as an applied science, it is deeply rooted in
the larger discipline of biological anthropology. As forensic practitioners, we work to extend the
theory of, and methods for, the study of human variation to the medico-legal context. We
continue, therefore, to address the fundamental questions of topics critical to biological
anthropology, such as the degree and distribution of skeletal and genetic diversity and the effects
of environment and life history on morphological expression, just as we seek to infer the
demographic parameters of sex, age, and ancestry that allow us to broadly characterize modern
peoples. In speaking for the single person, however, forensic anthropologists are uniquely
challenged with the issue of scale. We must distill down our approaches (or methods) of
biological anthropology for the detection and documentation of populational trends to the level
of the individual forensic case as we reconstruct the biological profile and address the personal
identity concerns that dominate the forensic anthropological analysis of unknown human
remains. In concert with this change in scope, forensic anthropologists must also contend with a
refocusing of perspective towards the investigative and judicial system. At once, we are expected
to respond to the dynamic needs of individual identification, in the service of human rights,
social justice, and the medico-legal community, the increasing demands for scientific rigor in
case analysis and reporting, and the changing expectations for admissible evidence and expert
testimony in the courtroom (Christensen and Crowder 2009; Grivas and Komar 2008; Lesciotto
2015; Steadman 2009; Steadman et al. 2006; Wiersema et al. 2009).

Not surprisingly, the field of forensic anthropology has evolved considerably over the
course of the last half-century. The present state of the discipline is very different from when it
was first admitted into the American Academy of Forensic Sciences as the ‘physical

anthropology’ section in 1972, yet there are interesting and important parallel moments in its
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developmental trajectory. A decade later, Snow (1982) wrote about the new expansion of
physical anthropology into the area of forensics “at a time when many physical anthropologists
are deeply concerned with the need to expand the scope of our field beyond its traditional
boundaries [...]. (p. 97).” Similarly, we are writing here about how forensic anthropology is
presently undergoing its own transformation, as it expands its reach to adopt methods that would
have been once outside the limits of the forensic anthropologist’s traditional expertise. As a field,
it stands, therefore, at the crossroads between diverse areas of study beyond skeletal variation—
from computational biology, genetics, isotopes, and demography, to cultural anthropology
(Algee-Hewitt et al. 2018; Hughes et al. 2017). This point is most obviously supported by the
amendment of its AAFS section title to the more inclusive title of ‘ Anthropology’ in 2013. This
change was equally born out by the trends observed in publications specific to forensic
anthropology. From a Web of Science analysis of the publications of the Journal of Forensic
Science, when filtered for Anthropology as research area and constrained to the roughly, five-
year period of 2013 to 2018, we find that the top ten cited papers (Christensen et al. 2014;
Crowder et al. 2013; Edgar 2013; Hackman and Black 2013; Hauther et al. 2015; Hefner and
Ousley 2014; Kim et al. 2013; Stephan 2014; Stephan et al. 2013; Tise et al. 2013) have titles
that explicitly address the computational topics of advanced statistics, classification algorithms,
and imaging methods and speak to the bio-social issues of racial and ancestral identity for
peoples of multiple origins with complex population histories. Moreover, in these studies, we see
more multicomponent frameworks that embrace the technological advances in complementary,
computationally driven, fields, and a recognition of the potential value of computational

approaches to the forensic anthropologist’s applied work, whether in aid of law enforcement or
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in large scale responses to humanitarian crises, human right violations or mass disasters. This
movement in forensic anthropology represents swift and major progress forward.

This shift in our research priorities is especially important as it comes at the same time as
the wider forensic community is undergoing a period of self-reflection and redefinition of
expectations. With this has come many critiques of the rigor of the science of forensics, which
have acted in several subfields, like fingerprint, bloodstain and bitemark analysis, as a motivating
factor for change not only in protocols but also in the perception of the value of certain
techniques for casework and the scientific basis for their justification as trial evidence (Cooper
2016; Expert Working Group on Human Factors in Latent Print Analysis 2012; Page et al.
2011a; Page et al. 2011b; Saks et al. 2016; Taylor et al. 2016). We recall how in 2009 the
National Research Council (NRC) of the United States (Committee on Identifying the Needs of
the Forensic Sciences Community and National Research Council 2009) published a report that
admonished the state of the field, writing that “‘[t]he bottom line is simple: [i]n 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....”(p. 53) and how “[m]uch
forensic evidence [...] is introduced in criminal trials without any meaningful scientific
validation, determination of error rates, or reliability testing...”(p. 107-108). This report also
charged the forensic science community to make the fundamental changes necessary to drive its
practitioners towards a true transformation in thinking, asking forensic scientists to make the
improvements, both “systemic and scientific,” that are essential to “...ensure the reliability of the
disciplines, establish enforceable standards, and promote best practices and their consistent
application” (p. xix). Its coincident release at the peak year for the number of exonerations by

DNA in the United States (CNN 2013) has helped us to recognize the miscarriages of justice that

Pre-print version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



can result from the uncritical admission of unvalidated science, expert testimony or evidence
(Garrett 2012). With progressive interest over time, likely owing to the widespread visibility
brought to these issues by, for example, the Innocence Project, this NRC report has garnered
more attention in very recent years: doubling its readership since 2014, accumulating 21,787
downloads as of April 2018, and generating an Altmetric score of 612, which serves as a
measure of the amount of attention the report has received from both social media and the news
(The National Academies Press 2018).

We can also look to the 2016 announcement by the Department of Justice (DOJ) on
scientific certainty. Building on the momentum of the NRC report and on the recommendations
of the National Commission on Forensic Science (NCFS), it formally rejects the phrase “to a
reasonable degree of scientific certainty,” which has long served in expert testimony as a
signifier of factuality (National Commission on Forensic Science (NCFS) 2016). This mandate
acknowledges what others in the legal system as well as in forensic anthropology have already
noted (Kaye 2010; Steadman et al. 2006): it is a linguistic trope plagued by subjectivity, that may
be erroneously equated with certainty at the level of beyond a “reasonable” doubt and that
introduces confusion in the presence of actual probabilistic evidence. At the most foundational
level, therefore, all forensic sciences need the transparent quantification of uncertainty through
error testing and validation studies as well as approaches that reduce error and permit the
probabilistic statements on the weight of evidence — these are expectations that can only be met
by computational approaches.

Thinking computationally about forensics can significantly strengthen our forensic
anthropological practice, yielding more reliable and accurate findings. Computational methods,

in particular, offer several advantages to the study of forensic anthropological data. Through the
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analysis of large quantities of informational data, they allow us, as researchers, to perform more
comprehensive or deeper investigations, effectively overcoming the limitations of cognitive
ability and building stronger scientific foundations for our applied casework techniques. For
example, recent advancement in various innovative data capturing technologies enable us to
collect and examine more nuanced and detailed information from forensic samples and scenes
(Claes et al. 2014; Park et al. 2017; Perlin et al. 2015; Stoyanova et al. 2017; van Oorschot et al.
2010; Walsh et al. 2014), and the availability of free-access software and computational
algorithms, through open source coding initiatives, allows for widespread access to more
complex probabilistic methods (Boldsen et al. 2002; Kim et al. 2013; Konigsberg 2015;
Konigsberg et al. 2016), while significantly reducing processing time for big — high dimensional,
large sample — data. Most importantly, the growing number of inter-disciplinary collaborations
and the high competition in the technology market have lowered the burden of accessibility to
new technologies, both in terms of expense as well as practice, making approachable those new
methods that were once off limits because of their sizeable learning-curve and need for
specialized knowledge or degree of expertise. The ubiquity of technology that is equally relevant
to science and society, therefore, pushes us forward towards embracing the new technological
developments and adopting the new methodological approaches.

By probing anthropological case data in previously unavailable ways, computational
tools also give us a means to reveal latent data trends, identify and explore novel questions, and
establish inferential procedures that deliver more satisfying results. Thereby, we improve the
quality of our aid to the medico-legal community. Finally, when computational systems are used
to represent expert knowledge, they allow us to better capture, distill and interpret complex data

(Algee-Hewitt 2016; Konigsberg et al. 2016), while also improving precision and accuracy,
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reducing subjectivity, and facilitating the automation of traditional procedures — many of which
have been shown to suffer from human, whether, intra- or inter-observer error (Kimmerle et al.
2008; Stoyanova et al. 2017). They permit, therefore, the analysis of data in a standardized way,
that promotes objectivity and reproducibility, method- and/or self-assessment and the reporting
of rates of error. Incorporating computational methods into the forensic anthropological toolkit
helps us to overcome the common criticism that forensic evidence and courtroom testimony, in
areas exclusive of, the gold standard, DNA analysis, lack a strong scientific basis (Steadman et
al. 2006) To most effectively and responsibly profit from these computational resources, we as
both researchers and practitioners must engage in focused discussions of their advantages and
limitations. The “hybrid-intelligence of human and machines” (Franke and Srihari 2007) requires
the development of best practices for their use, as we contend with the evolving issues of
software compatibility and our data management, bioethical concerns over the new kinds of
information that we now have or make accessible, and the question of the dissemination of
results among our peers, to our students and future colleagues in the classroom, for the medico-
legal community, and to the public who we seek to serve and educate.

Now is an exciting and critical time for the future of forensic anthropology. It is ripe for
the field and the practitioner to embrace the challenges that increased rigor in case evaluation
techniques and heightened expectations for evidence and testimony bring. As current educators,
through our dissemination of research, mentorship in the lab and teaching in the classroom, it is
also time for us to redefine our educational expectations that reflect the necessary integration of
field and new method and, so, meet the needs of the next generation of practitioners. We are
charged, therefore, to achieve a synthesis of anthropological and computational thinking. Such

interdisciplinary educational opportunities will greatly benefit the field, just as interdisciplinary
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research collaborations are already advancing our ability to adopt external approaches and
integrate cutting-edge technologies in order to revisit prior assumptions and shed fresh light on
forensic anthropological questions (Adserias-Garriga et al. 2017; Algee-Hewitt et al. 2016;
Hughes et al. 2017; Villa et al. 2016).

By turning to what Steadman (2018) has called “computational anthropology,” we can
benefit at present from the many advantages that marrying technology with statistically driven
approaches to forensic case analysis offers while also working to propel the theory, methods and
practice of forensic anthropology forward. The papers included in the two special issues on
“Thinking Computationally about Forensics” that we introduce here are the products of a
symposium organized by Algee-Hewitt and Kim for the 87" annual meeting of the American
Association of Physical Anthropologists in Austin, TX, in 2018. Its goal was to motivate
discussions between those research-focused biological anthropologists, who engage in
computational anthropology and those practitioners of forensic anthropology, whose applied
work serves the medico-legal community. This symposium operated as a nexus for discussions
about the interactions between theoretical contributions to forensic analysis and the practical
value of these advancements in the actual casework setting. These special issues embody the
spirit of this symposium, as we reflect on the ways in which advanced quantitative approaches to
research in biological anthropology can be extended to questions of relevance to forensic
anthropology. The contributors to these issues dive deeply into a variety of subjects, from the
construction of the biological profile to investigative techniques for human remains recovery, yet
they all exemplify the kind of novel work which stands at the point of intersection between
theory, method and practice. These articles show the promise of improved methods for ancestry

estimation from skeletal metrics and genetics alike, the future of individual identifiability from
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linked genetic data, the bioethical concerns over privacy and profiling as technological
advancements in predictive modeling move faster than regulatory bodies can sustain their
oversight, the application of new imaging technologies for enhanced investigation, whether in
the context of the facial reconstruction of human remains from CT scans or the detection of
clandestine burials using unnamed aerial vehicles as remote sensing platforms for data
acquisition, or the novel fully-computational shape-based estimation of age at death for
understudied populations.

The commentaries that accompany each issue address the places we have been, where we
stand now and where we must go in service of the field. They provide us with special insight into
how computational approaches to forensics are viewed from the perspective of the expert in
human identification practice and in scientific computing. Although their point of reference
differs, the overarching message is remarkably similar. It is not enough for us to execute
computational research in an intellectual vacuum, promising improvement to current methods in
forensic casework. We must also deliver on that promise by producing tools — whether as new
frameworks of analysis, standards and protocols, executable code, or software — that are
conceptually and physically accessible to the wider community of forensic anthropologists. In
doing so, we should facilitate, with greater ease, the adoption of the methods of “computational
anthropology” by the average practitioner as well their extension by the advanced user, permit
the straightforward evaluation of their statistical foundations and rates of error, and encourage
their acceptance by the medico-legal system.

The purpose of these special issues is to provide a forum for us to foreground our
interests in advancing computational research that has implications for the forensic

anthropological sciences, and to enrich current procedures with the potential to change the course
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of future human identification practice. Here, we bring together a mix of participants, who
engage wide-ranging skeletal, genomic, phenotypic and meta-data analyses, to 1) introduce new
algorithmic advances and methodological improvement, 2) present work on the application of
computational techniques to understudied populations, novel datasets or new information types,
and 3) speak to the challenges that the revolution in data technologies may pose for future
scientific investigation as well as the broader social effects on issues of policy, privacy and lay
interpretation. We believe that the work of the issues’ contributing authors exemplifies
successful attempts at making advancements in all steps of the forensic casework analysis
process: from locating clandestine graves, to the molecular, chemical, and osteological analysis
of the retrieved remains in the forensic laboratory, to the re-fleshing of forensic case to reveal the
unique features of the person, and finally to the presentation of our evidence and the
communication of our findings beyond the laboratory and courtroom into the wider discourse,
here in Human Biology.

We hope that this journal’s present commitment to forensic research represents the first
of many, with future issues that will showcase the continued development of exciting new
techniques, especially for unexplored data types and underserved populations, and support the

dissemination of promising research in forensic anthropology to a larger audience.
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