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Abstract
Physical anthropology embraces a hunger for understanding the ecosphere
in which we live, its impact on the life and health and our impact environmental
signature. This has been pursued tenaciously, utilizing speculative approaches,
with lesser attention to assuring adherence to fundamentals. The resulting
perceptions of the environment and of the people therein, both contemporary
and ancient, have been subject to a variety of biases. Although many are
obvious and discussed in detail in this manuscript, it seems appropriate to
question why they have persisted. What benefit does the biased individual gain?
Certainly not advancement beyond circular reasoning, which itself reinforces
the proponent and their philosophies. It certainly is easy to pursue studies and
their promulgation by rote, minimizing cognitive effort expenditure. It is easier to
pontificate a technique, than to pursue and assure its independent validation.
It is easier to assume that students are performing correctly, without expending
the rigor/time of/for actually testing fundamentals and assuring the validity of
one’s own techniques. It is easier to stalwartly defend the status quo that has
defined one’s life to date, than to subject it to potential modification and thus to
consider critical thinking as an existential threat. Perhaps that explains apparent
aversion to and attempts to block promulgation of evidence that application
of scientific methodology to physical anthropology provides an opportunity
for meaningful contributions beyond salvage work. The latter has value, but
physical anthropology can offer much more. Extirpating the biases would be a
major step in that direction and resurrect logos.
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Introduction
Scientific methodology (logos) is predicated upon generating
hypotheses and testing them, following where the collected data/
evidence leads [1-9]. The data often generates new hypothesis. Once
such a hypothesis is generated, there are two major components:
Unbiased elicitation/extraction of pertinent data/evidence and
analysis and interpretation of that evidence. The former may seem
straight-forward; the latter, perhaps not so easily pursued. Seemingly,
straight-forward data acquisition is itself actually quite susceptible
to “mischief,” compromising or even precluding interpretation.
The current review examines some of the challenges that have
compromised advancement of physical anthropologists from
variably recording observations on the basis of a priori, speculationbased criteria to a rigorous scientifically based evidence accession
approach that is amenable to interpretation. This is not the first time
that modifications have been suggested to the approaches utilized in
physical anthropology. Washburn (1951) emphasized the importance
of transforming the field from reporting findings in individuals to
population-oriented research, noting that this is especially true for
understanding of disease. If physical anthropology is to meaningfully
contribute (be relevant) to our understanding of ourselves and our
kin (e.g., other primates), of our origins, and the effect/impact of
our environmental interactions (e.g., health and disease, global
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warming), it seems that attention to fundamentals and application of
scientifically-based approaches by individuals whose skills have been
vetted (independently verified) would facilitate that effort.
Avoidance of all speculation on the meaning of observations
has been previously suggested (e.g., [10]), but even that approach
is compromised because of the speculative assumptions involved in
making the observations themselves. The Heisenberg [11] uncertainty
principle, notation that the very process of observation alters that
which is observed, may not directly apply to non-destructive analyses
of inert materials (e.g., skeletons), but taphonomic processes inherent
in specimen handling must be considered. However, there is an
even more fundamental consideration: Observations are not made
in isolation, but have context [12]. Such a simple physical aspect as
work area lighting (when specimens are examined) may exaggerate or
camouflage perception. Perhaps the most important challenge relates
to the speculation that a given examiner’s observations are valid; not
just that he/she adhered to criteria that had been scientifically-vetted,
but also that his/her skills in applying the criteria have themselves
been independently validated. If underlying systematic bias (e.g.,
speculative criteria, insufficient skills in recognizing the element(s)
necessary for fulfillment of the criteria) is not recognized, the results
that are often perceived as consistent with preconceived notions
actually lack accuracy.
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The prepared mind often sees what it is prepared to see.
“Recognizing someone’s hand, for instance, significantly limits
the possible interpretations of the object on that person’s wrist.
This a priori knowledge allows the visual system to sensitize the
corresponding visual representations so that it is easier to recognize
the surrounding objects when we attend to them. In fact, these
context-driven predictions can allow us to choose not to attend to
this object at all, if none of the possible identities ‘suggested’ by the
context are of immediate interest” ([13], p. 617). Representing and
processing objects in groups that tend to be found together might
explain why recognition of an object that is highly associated with a
certain context facilitates the recognition of other objects that share
the same context” ([13], p. 617, citing [14,15]) and noting the same
recognition performance effect from spatial relations. This has been
referred to as expectation sets facilitating perception - context frames,
schemata, scripts [13]. Thus, ‘boundary extension’ derives. This is a
form of brain pre-processing memory distortion/distraction, in which
reporting is not limited to what is physically present, but incorporates
past experiences, often reporting what is not there, creating a “rush to
judgement” rather than scientifically evidential assessment [15].
“Evidence-based data rests on certain philosophical assumptions:
A singular truth, ascertainable through empirical enquiry; a linear
logic of causality in which interventions have particular effect
sizes; rigor defined primarily in methodological terms (especially, a
hierarchy of preferred study designs and tools for detecting bias); and
a deconstructive approach to problem-solving (the evidence base is
built by answering focused questions, typically framed as ‘PICO’ Population-Intervention-Comparison-Outcome)” [16]. It is the very
rigor inherent to the scientific method that has been compromised
by physical anthropology-related biases. Fundaments have been
assumed without verification/vetting. There are at least eight major
components to such lapses.

Failure to
Evidence

Separate

Speculation

from

Speculation is not evidence. It is only an unproven hypothesis that
has not been scientifically tested/vetted. Repetition of a speculative
comment is not evidence. It simply imbues a mythology. As Douglas
Verret noted (12 September 2018, personal communication),
consensus is political, not scientific. Many believe that scientific
consensus identifies a group in which there is total agreement that a
statement is valid. Actually, such a consensus is often simply a group
that agrees with and supports each other. It is not evidential.

Failure to Recognize Normal Variation
Biehler-Gomez et al. [17] assessed anthropologists who were
three to ten years post degree, using a checklist, noting interobserver
disagreement (20-59 %), especially in recognition of periosteal
reaction, noting overdiagnosis (making diagnosis in absence of
disease) in 71% of cases. The article by Baker et al. [18] exemplifies
this ongoing challenge (see discussion below).

Insufficient Skills to Describe the Character
Deviations from the Norm
Biehler-Gomez et al. ([17], p. 8) specifically note, “Description of
bone lesions constitutes a specific skillset that is not entirely obtained
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through the experience of a forensic pathologist or anthropologist
or their specialty in forensic anthropology or bioarcheology, despite
their ability, range of knowledge and practice. The results of this study
thus testify to the need for more specific and through training in the
description of bone lesions to all practioners on dry bone, regardless
of their field of specialization or experience.” This explains previous
interobserver disagreement in studies by Bridges [19], Waldron and
Rogers [20] and Baker et al. [18] among others. Botham’s [21] analysis
of what should be a relatively straight-forward issue, recognition of
nonlethal cranial injuries, further documents this lapse. She clearly
delineates overdiagnosis and failure to delineate sufficient recognition
criteria, let alone adhere to them.

Failure to Use Evidence-Based Criteria
Zuckerman et al. ([22], p. 37) report transformation of
“paleopathology from a descriptive enterprise to an interpretive,
interrogative and independent one that is increasingly focused on
ecological, epidemiological and, finally, evolutionary considerations”.
That lofty statement unfortunately fails to address the derivation of
interpretations, still depending on speculative, not evidence-based
diagnoses. They report (page 39) that “this new approach found
fertile, though limited, ground in paleopathology.” They ([22], p.
46) report Ortner’s [23] notation of “lack of methodological and
theoretical rigor,” which unfortunately persists today, as exemplified
by Baker et al. [18].
Zuckerman et al. ([24], p. 276) make the appropriate comment
that lesions found in one disorder should be compared with those
in “other conditions and in healthy controls to determine their
specificity.” That is correct, but their application is severely flawed.
The study they criticized (Rothschild and Rothschild, 1995) as one
that established a data base for recognizing disease as a population
phenomenon was actually predicated specifically on study of one
component [25]. That study actually described all changes present
that are not routinely noted in healthy populations (both human and
non-human). It was not purposed to distinguish among diseases, but
rather established a database for such pursuits. That is the first step
in describing the character of a disease: Identifying everything that
seems at variance with previous experience examining thousands of
skeletons, both human and non-human. However, there actually was
one error in that study. The anthropologist coauthor [25] of the study
was based in Guam, but failed to alert (nor correct in manuscript
drafts) his coauthor that tibial flattening (not seen in population
samples from other parts of the world) was actually characteristic
of South Pacific populations [26]. Fault is admitted for assuming
collaborator’s diligent participation as a study coauthor [25]. Great
effort IS subsequently exerted to independently vet collaborator
input, with enhancing productivity [27,28].
However, there is a second, even more pertinent issue. Some (e.g.,
Brender Baker, Gillian Crane-Kramer, Lesley Gregoricka, Christine
Lee, Shiela Lukehart, Charlotte Roberts, Ann Stodder, Ann Stone,
Stevie Winingear) have denigrated those independently validated
studies because “no clear description or images to demonstrate
periosteal reaction” were provided ([18], p. 20). Rejecting evidencebased criteria, they instead provided a list of criteria that they
speculate (without evidence) allow diagnosis of treponemal disease.
Blunder is exemplified by their speculative criteria for recognition of
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periosteal reaction (e.g., longitudinal striae), a phenomenon which
has been tested and falsified as anything other than normal bone
[29]. Conflating normal structures with those related to pathology is
likely responsible for the alleged inability of individuals (e.g., Brender
Baker, Gillian Crane-Kramer, Lesley Gregoricka, Christine Lee, Shiela
Lukehart, Charlotte Roberts, Ann Stodder, Ann Stone and Stevie
Winingear) to reproduce findings reported by teams that are perhaps
more conscientious in their application scientific methodology in
observational and diagnostic approaches.
Further, inclusion of pits as diagnostic markers of periosteal
reaction by Brender Baker, Gillian Crane-Kramer, Lesley Gregoricka,
Christine Lee, Shicela Lukehart, Charlotte Roberts, Ann Stodder,
Ann Stone and Stevie Winingear (2019) exposes their fundamental
lack of understanding of bone biology. The periosteum is the
outer layer of the bone. That facilitates distinguishing periosteal
reaction (which occurs on top of the periosteum, in contrast to
taphonomic changes, which expose bone below the periosteal layer.
Inclusion of pits (phenomena clearly exposing bone subjacent to the
periosteum), as a diagnostic character for recognition of periosteal
reaction, perhaps explains what appears to be frequent conflation of
taphonomic changes with periosteal reaction by these individuals and
those exposed to their speculations (e.g., their students). The criteria
offered by Baker et al. [18] certainly explain variable reproducibility
of findings between those who apply them and those who are more
circumspect in attention to physiologic processes.
Zuckerman et al. ([24], p. 276) unfortunately seem to extrapolate
their comparison (“with other conditions in healthy controls”)
suggestion to application in DNA work. While complete genomes
have specificity, segments do not. After all, there are segments of
retroviral DNA in all of us [30]. If such segments happened to be
chosen to compare organisms, we would all appear to be a virus.
This illustrates a major difference between extrapolating by rote and
critical thinking.
Part of the challenge has been the initially untested speculation
[23,31], subsequently falsified [27], that “diseases cannot be expected
to manifest in the same way in every environment or human
population”. Harper and Armelagos [32] address the importance
of paleoepidemiologic study, speculating on what diseases might
have been present at different times, but without actually provided
databased criteria for documenting their actual presence. Hahn et
al. ([33], p. 2) note that the major cause of “errors may arise from
inappropriate pre-analytics, which include all working steps prior to
the actual measurement”.
Efforts to standardize osteological data are especially critical
when access to collections will be subsequently compromised [34].
However, that standardization also needs to be vetted. As recording
and localizing every detail is extremely time-consuming, short
cuts are often invoked. A stage may be speculatively assigned to a
phenomenon, without recognition that the stages may actually be
manifestation of different derivation/pathophysiology (e.g., [35,36]).
Specifics are lost, which cannot be resurrected, and the pertinent
information, lost (e.g., [37-39]). This emphasizes the importance of
vetting the classification system.

Gaps in Understanding of Pathophysiology
Assumption of the association of cribra orbitalia with anemia [40Submit your Manuscript | www.austinpublishinggroup.com
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47], based on a speculative relationship to porotic hyperostosis, is one
such example This is especially egregious given lack of correlation of
the two phenomena (cribra orbitalia and porotic hyperostosis [48,49].
What can be learned from other fields? Sonnenschein and
Soto ([10], p.1) decry ‘the lack of significant improvements in the
understanding of carcinogenesis”. The consensus that has been
achieved as to the elements “remained mostly irrelevant both to
understanding carcinogenesis and to significantly benefiting the object
of the whole effort, the cancer patient. There is a misunderstanding of
the basic biological phenomenon, analogous to that concerning the
relationship of porotic hyperostosis to iron deficiency anemia [4047,49].

Insufficient Understanding of Statistical
Methods and Their Premises
Part of the challenge to scientific studies has been the speculation
[23,31], subsequently falsified [27], that “diseases cannot be expected
to manifest in the same way in every environment or human
population”. Harper and Armelagos [32] address the importance
of paleoepidemiologic study, speculating on what diseases might
have been present at different times, but without actually provided
databased criteria for documenting their actual presence. Hahn et
al. ([33], p. 2) note that the major cause of “errors may arise from
inappropriate pre-analytics, which include all working steps prior to
the actual measurement.”
In a study of post-graduate trainees comprehension of statistics,
“38% could not apply the concept of specificity and sensitivity” ([50],
p. 1). This is further exemplified by the otherwise excellent article
by Plomp et al. [51]. Interested in the reproducibility of findings
across populations, they selected a few individuals from a plethora of
sites, rather than examining all from each site or utilizing a random
number system to identify appropriate candidates. Thus, the studied
individuals were not identified by a statistically valid method and
therefore violated that statistical premise, rendering their statistics
moot.
“Computer-discovered correlations” seemingly have “replaced
understanding and guide prediction and action” ([52], p. 1). They
note what they referred to as arbitrary correlations only due to
size, not nature, emphasizing the importance of understanding the
statistical technique and its premises.
Hahn et al. ([33], p. 2) note that sensitivity and specificity
are common sense criteria, but there are other considerations:
“measurement accuracy, accuracy expressed as systematic error,
comparative precision expressed as random error, and repeatability,
theoretical and practical limits of detection.” They further note (p.3)
that “sample preparation usually starts with the correct choice of
specimens” and “the requirement for “much training and experience”.
Failure of specific reporting that does not faithfully reflect the
nature and range of findings distorts impressions [53]. This can result
from “lack of understanding of methodological principles, parroting
of common practices, a form of unconscious behavior, or an actual
willingness to misread” ([53], p. 2613). Such spin often favors the
author’s vested interest. Reporting methods, but not failure to
comply with them, has been reported as beautification. This includes
selective reporting of statistically significant results or cherry picking
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choice of statistical test on the basis of which (e.g., listed by SAS)
gives the most impressive results or those most compatible with the
authors’ preconceived notions or biases. Post hoc removal of outliers,
modification of study group assignments or covariates also violate
statistical premises [53-55]. Boutron and Ravaud ([53], p. 2617)
recommend change the perception of spin from ‘commonly accepted
practice’ to recognize it as a ‘seriously detrimental research practice”.
That brings us to the subject of metaanalysis. They violate
statistical assumptions of event/data independence, and are
compromised by non-linearity and fractal effects (Succi and Coveny,
2019) and at time suggest biologically implausible/impossible
events, especially when data entry is predicated upon speculative
interpretations [56]. Collinearity is the term used to characterize
non-independence of predictor variables [57]. Yazici ([58], p. 1)
reported “46% of all metaanalysis publications have their conclusions
changed by publications with falsified data and 32% of all analyses
had a considerable change in the outcome,” citing [59]. Only 3% are
methologically sound and non-redundant [58,60].

Biased, Selective
Circular Logic

Citation,

Leading

to

Falcone ([61], p. 122) comments on bias in citation practices,
suggesting, “citation lies at the very heart of our gifting rituals.”
She further states (p. 124) “those gifts are not free and volitional…
but that gifts are always a part of a complex system of obligations”.
Obligatory celebration of the work of one’s academic advisors or
colleagues contrasts with negative reciprocity, defined as trying
to maximize utility at the expense of others. This is magnified by
reviewers who express outrage that their publication(s) are not
cited. This is highlighted by apparent preference to cite tertiary
rather than primary sources. A tertiary source is typically a citation
of another article, which itself describes the author(s)’ perspective
of the information provided by the primary source. Recalling the
childhood game of “telephone,” there is potential for much to be lost
in the process, with reversal of findings and other misstatements.
Assurance of the validity of the information can only be pursued by
examination and vetting of the data and interpretations provided in
primary sources. This is as important when the information supports
one’s own preconceived notions, as when it conflicts with them.
Snoddy et al. ([62], p. 89) noted, “Lack of awareness of best
anthropological practices by scholars from other professional spheres
can perpetuate a misunderstanding of the level of scientific study in
our field”, while failing to acknowledge the converse. They also noted
that “palaeopathological methods have sometimes suffered from a
kind of circular logic wherein older anthropological literature, which
is no longer accurate, is used as the foundation for entire diagnostic
schemes,” with editorial acquiescence allowing its perpetuation.

Semantic Errors Resulting from Failure
to Recognize that Different Fields Share a
Common Lexicon, Often Quite Different in
Meaning
Not only do the same terms differ significantly across fields of
scientific endeavor (see glossary in [28], they also have historical
context. This is exemplified by the 10,000 leprosaria that Pope
Clement closed in 1508-1510. While the appellation led to the
Submit your Manuscript | www.austinpublishinggroup.com

presumption (e.g., [63]) that the 100 or so individuals buried in
each of the associated cemeteries had leprosy, the authors failed to
recognize that the term leprosy was historically applied to essentially
any individual with a skin condition. They also seemed to have not
done the math: 10,000 leprosaria with 100 individuals hospitalized
per leprosaria equal a million burials. Suggestion that a million people
had leprosy seems quite unreasonable. The evaluation of the Batavia
leprosaria in Suriname by van Dissel et al. [64] revealed that neither
archival, skeletal examination, nor DNA testing revealed any evidence
of leprosy. So-called leprosaria were actually not repositories for
leprosy. Further, the character and distribution of pathology reported
by Møller-Christensen [63] are at variance with (different from) that
observed in contemporary clinics and hospitals devoted to leprosy
[65].

Conclusion
Snoddy et al. ([62], p. 89) noted, “Lack of awareness of best
anthropological practices by scholars from other professional spheres
can perpetuate a misunderstanding of the level of scientific study in
our field”, while failing to acknowledge the converse. They also noted,
“Palaeopathological methods have sometimes suffered from a kind
of circular logic wherein older anthropological literature, which
is no longer clinically accurate, is used as the foundation for entire
diagnostic schemes”. These statements are repeated to emphasize
that the concerns are not just those of the author of this manuscript.
All testify to/document the need for more specific and more through
training in the description of bone lesions for all practitioners of dry
bone research, regardless of their field of specialization, experience
or academic credentials. There is hope. Turn from the evil ways.
Cease pursuing entrenched rote approaches at the expense of critical
thinking. And, when applying statistics, review their premises to
assure that data input and relationships fulfill those premises. And,
consider reading Daniel Kahneman’s Thinking Fast and Slow [66-85].

Research Highlights
•
Speculation is only an unproven hypothesis that has not
been scientifically tested/vetted.
•
Inadequate attention to assurance of fundamentals (e.g.,
examination skills and understanding of physiology and statistics
may result in reproducibility, at the expense of accuracy.
•
If underlying systematic bias (e.g., speculative criteria,
insufficient skills in recognizing the element(s) necessary for
fulfillment of the criteria) is not recognized, the results that are often
perceived as consistent with preconceived notions actually lack
accuracy.
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