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ABSTRACT ARTICLE HISTORY
In recent years, forensic science has seen a rise in the number of Received 2 April 2022
multidisciplinary studies examining the effect of human cognition Accepted 18 July 2022
on the evaluation of forensic evidence. Notably, the House of Lords’ KEYWORDS

report highlighted the need for further investigation of the con- Forensic anthropology; sex
sequences of cognitive factors on decision-making processes estimation; visual
involved in evidence evaluation and interpretation. Utilizing the assessment; human
concepts of intuitive and methodical decision-making, this pilot cognition; decision-making;
study investigated this dichotomy within the field of forensic subjectivity
anthropology, applied to sex estimation from the skull.

Participants were asked to estimate the biological sex of six crania

in two experiments: once ‘intuitively’ under time-pressure, and

once by rationally applying the Acsadi and Nemeskéri method

with no time-pressure. The potential influence of experience and

its correlation with the participants’ confidence levels was also

explored. The results demonstrate that intuitive and methodical

evaluations can be consistent with each other, yet consistency

decreases as ambiguity increases. Confidence was affected more

by time availability, and less by level of experience. The insights

from this exploratory study address how decision-making processes

are involved in the examination of skeletal remains and offers

justification for future exploration into the value of applying wider

decision-making theories in the field of forensic anthropology.

Introduction

Human cognitive reasoning and interpretation of stimuli are increasingly being consid-
ered within forensic science, as awareness has grown of the effects of subconscious
factors that can impact decision-making in investigations and result in wrongful
convictions'. The field of cognitive forensics is relevant to all stages of the forensic science
process that spans judicial and analytical systems, from the development and improve-
ment of training programmes to robust and reproducible interpretation of evidence in
court’. The published literature addressing expertise, decision-making, and situation
awareness within the social, psychological, and behavioural economics domains>~8 offers
an important insight into human judgement in practitioner performance. These studies
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provide a foundation for emerging cognitive research within healthcare, law enforce-
ment, and forensic science®®~'”. This has led to an increased awareness of how decision-
making processes can potentially impact expert evidence, and numerous government
reports have been produced that highlight the importance of addressing cognitive biases
in forensic science practice, evaluation, and interpretation'® 2", Forensic anthropology is
a well-established field of forensic science that offers a clear example of the importance of
human expertise, and the application of both qualitative and quantitative methods to
inform the evaluation of materials that are relevant to a crime reconstruction. It is a field
where visual examination of relevant materials is a core practice and so human decision-
making is a key component of forensic anthropology practice and evaluative conclusions.
In many instances both intuitive and methodical mechanisms can be utilized to evaluate
materials and make inferences and reach conclusions. The aim of this paper is to explore
decision-making processes involved in forensic anthropology methods, by comparing
estimations of biological sex that have been assessed through ‘intuitive’ and ‘methodical’
mechanisms whilst examining human skulls.

Experts can come to intuitive conclusions without a full and conscious awareness
of their thought process or the ability to articulate reasons for their judgement??.
Scholars of heuristics describe the act of performing an action or making a decision
as carrying the result of an involuntary judgment and/or a deliberate choice®. The
two entities exist in a dichotomy of contradicting systems, that agree or disagree
depending on the nature of the task’. In this dichotomy, the logical answer, based
on mathematical likelihood, and the intuitive prediction, based on representativeness
(congruity between the outcome and the model) may from time to time disagree®*.
However, they are not mutually exclusive, nor is either restricted to any particular
area of decision-making®. Intuitive mental association, opposed to rational and
methodological information processing, is widely recognized as the natural response
to external stimuli such as time-pressure, despite the acknowledged higher chances
of achieving poor or incorrect results’. Depending on the specific task, available time,
and the individual’s knowledge, skill, and experience, the influence of one system on
the other may vary®>®®, By manipulating the response, through priming or time-
pressure, it is thought possible for one system to prevail on the other. However,
clearly distinguishing between the two systems becomes more difficult when the
normal nature of a task negates the nature of the response being forced®*:.
Grounding the existence of this dichotomy in the concepts of conscious and uncon-
scious thinking is in itself a controversial practice’®. What could be interpreted as
intuition performing better than reason, may be instead be explained by an ineffi-
cient use of conscious decision-making processes®*.

It is believed that by understanding the mechanisms underlying gross and detailed
viewpoints, one can improve complex cognitive tasks such as facial recognition where an
individual is required to identify similarity or dissimilarity between faces?*?>?®, A face can
be processed holistically after minimal exposure (intuitively), and it is suggested that,
empirically, the same applies to identifications based on individual traits?’. It has been
argued that broadening and deepening knowledge of decision-making in forensic science
(beyond contextual biases) can offer a more holistic approach to improving the transpar-
ency and reproducibility of forensic interpretations?®. Therefore, understanding how
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intuitive mental association, and rational and methodological information processing
operate within a field could be beneficial to improve how interpretations are commu-
nicated to a lay audience in court®.

While previous studies have focused on establishing the existence of cognitive
biases and their influence in the analysis of skeletal remains?®, there is a lack of
published research addressing how mental mechanisms (dichotomies like intuition
and reason) contribute to the decision-making process involved, specifically in
osteological identification. The skill required to assess skeletal remains presents
a methodological and intuitive approach®’. Experts possess a set of skills that
develop through time which often results in the development of routines that are
created during repeated exposure to skeletal remains, as well as through practical
experience working with different skeletal collections®'. The accuracy of the biologi-
cal profile that is established following the analysis of skeletal remains relies not only
on the method(s) employed, but also on the ability of the observer’®32 Arguably,
forensic anthropologists, in a manner consistent with experts in other domains, rely
on ‘experience’ to understand and decode the features that are used to estimate, for
example, sex of skeletal remains®3.

The most common visual non-metric assessment for sex estimation on the skull
is the method adapted from Acsadi and Nemeskéri in 1970, found in Buikstra and
Ubelaker (1994) standards®**>°. The method idealizes the morphology of the male
and female skull based on the degree of expression of superficial sexually
dimorphic features; the procedure scores each feature on a scale of 1-5, from
least to most expression. Despite having become a standard procedure utilized
by many forensic anthropologists, some limitations within the method have been
highlighted within the literature. For example, previous studies considering popula-
tion variation suggest that the use of ordinal scores can lead to the under or over-
estimation of the number of individuals of either sex within a particular group®~’.
Trait expression scores are never fully representative of the full variation among
and within populations, and the issue of misidentification of individuals has been
discussed within the literature, alongside the vulnerability of these methods to
cognitive factors>387%°,

Despite the wide availability of studies and psychological experiments on the
topics of cognitive decision-making®*’ there appears to be a general lack of adop-
tion of this type of broader empirical research in forensic anthropology and forensic
science in general. Integrating an understanding of cognition in to decision-making
offers opportunities to gain insight into the role of experience?. This initial explora-
tory study was undertaken to investigate if previous knowledge and experience of
using a specific method would generate an intuitive decision that would be similar
to the interpretative conclusion reached when applying the method formally. To
achieve this, an empirical experiment was designed to explore how the length of
time of exposure can affect decision-making processes involved in visual non-metric
sex assessment on the skull. The study assessed how time limitations can also affect
observer confidence to address whether confidence varied based on the level of
experience of applying the method and providing evaluative interpretations.
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Methods
Materials

Six crania were selected for this study on the basis of four inclusion criteria: adult age
(>18 years); no sign of pathological, taphonomic, or traumatic damage; good level of pre-
servation of the cranium, including the facial bones; good level of preservation of sexually
dimorphic traits.

All crania originated from post-medieval (17th-19th century) cemeteries in the UK and
comprise part of archaeological human remains teaching collections. Due to the archaeologi-
cal nature of the materials used, the identities of these crania is unknown, and the representa-
tiveness of the sexually dimorphic traits of these six specimens within the originating
population can therefore not be confirmed. Crania were selected to represent the full range
of expression of sexually dimorphic traits as identified by Acsadi and Nemeskéri (1970), in
addition to taking into consideration time constrains to complete the study. Therefore, crania
with clear male and clear female trait expressions were used, in addition to crania with
intermediate trait expressions. This resulted in a total of two female, two male and two
indeterminate crania (Figure 1); the suggested sex of the specimens was collected from
previous records, while the scores presented in Table 1 are based on personal observations
of the primary researcher.

Cranium 5 Cranium 6

Cranium 1 t Cranium 2 - Cranium 3 . Cranium 4

- —

Figure 1. Images of all crania utilized in the study. Each column represents a different cranium. Each
row shows one of three sides of each different cranium.

Table 1. Suitable skull specimens and descriptions. These are scores given as a general indication by
the author to suggest why each skull was chosen to represent female, male or indeterminate sex.

Identifier NC Score MP Score SOM Score SOR Score Suggested Sex
Skull 1 1 1 2 2 Female

Skull 2 2 1 2 2 Female

Skull 3 5 4 5 5 Male

Skull 4 5 4 5 4 Male

Skull 5 3 2 3 3 Indeterminate*
Skull 6 2 3 3 2 Indeterminate

NC nuchal crest; MP mastoid process; SOM supra-orbital margin; SOR supra-orbital ridge; *known male named individual
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Procedure

The study was divided into two separate experiments (Phase 1, the intuitive experiment,
followed by Phase 2, the methodological experiment), with two distinct time intervals set
as the distinguishing factor. The two phases were carried out over a one-week interval.
The one-week interval was introduced in order to give time between participants intuitive
decision vs. the results of their methodical analysis to study each phase separately. The
crania were placed on cork or foam bases for stability, lined up on a bench, and covered
with a dark sheet. The crania were positioned in lateral view to offer a comprehensive
view of the cranial features including the method used. During both phases of the
experiment each cranium was uncovered and examined individually and covered again
before moving on to the next one. This was done so that each cranium was examined
independently from its neighbours, avoiding direct comparison. After the participant
reached a decision on the sex of each cranium, they were asked to rate their self-
reported confidence in their decision. This was measured on a scale of 0-100, where 0
was the least confident and 100 was the most confident. The scores were recorded on the
participant answer sheet in numerical form.

The structure and purpose of the experiment was communicated to all participants in
full transparency, as there was no deception involved. This study has been approved by
the University College London, Institute of Archaeology Departmental Research Ethics
Committee (Project ID number: 2019.009).

Phase 1: the intuitive experiment

Participants were allowed 5 s to view each of the six crania and provide a sex estimation,
choosing between either male, female, or indeterminate sex. Participants were asked to
do so by giving their first impression or intuitive opinion, without applying the Acsadi and
Nemeskéri (1970) feature scoring method>*. The time limit was chosen based on peer
feedback, from a prior test run, which deemed 5 s to be adequate in that the pressure
forced intuitive decisions to be used, and also in alignment with similar experiments
within other fields'%*'.

Phase 2: the analytical experiment

In the second experiment, participants were given 30 minutes (in total) to examine all six
crania by applying an adapted version of the scoring system designed by Acsadi and
Nemeskéri (1970), found in Buikstra and Ubelaker (1994)**3°. For this experiment they
were asked to score four of the five sexually dimorphic traits outlined in the method: i) the
nuchal crest or external occipital protuberance; ii) the mastoid processes of the temporal
bone; iii) the supra-orbital ridge or glabella; iv) the supra-orbital margin of the eye orbit.
[Note that mandibles were not present for scoring.] Each of these traits was scored on
a scale of 1 to 5, where 1 represents minimal expression (female) and 5 is the strongest
(male). While these four traits are important for sex estimation from skulls it is important
to note that they form pairs that share the same developmental pathway - muscle
attachment (nuchal region, mastoid process) and extended maturation (glabella, supraor-
bital margin). It is therefore necessary to cognizant of how sexual dimorphism covaries
within these pairs. This particular methodology was chosen because it is a common
technique®” often taught in academic courses, so all participants had at least an
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experience and understanding of the procedure. During this phase of the experiment
participants were allowed to interact and handle the crania to simulate a real-life exam-
ination. Participants were asked to provide a final sex estimation of each cranium based
on the modified methodology choosing between either: female, female?, indeterminate,
male? or male.

Participants

A total of 17 participants initially volunteered to take part in the study, with 14 completing
both experiments. Only data collected from the 14 participants who completed both
experiments of the study was used. Using a demographic survey, it was recorded that
participants were MSc (n = 10) or PhD (n = 4) students all with training and experience of
using osteological non-metric sex assessment methods for the skull. Participant experi-
ence with the method was on average 3.17 years (range = 1-7 years), the median being
3.25 years. This allowed for a gross distinction between two groups (<3.25 years) and
(>3.25 years). More experienced individuals should not be mistaken for professional
practitioners as it is related to the experience within the participant group. Seven
participants had <3.25 years of experience and seven had >3.25 years of experience. All
participants volunteered to participate and gave their informed consent

Analysis

Statistical testing was carried out using SPSS (IBM). Due to the unequal variables in Phase
1 and Phase 2, for statistical tests that involve a direct comparison (Cohen’s Kappa - for
intra-observer error — and Chi-Square test) of intuitive and methodical choices the prob-
able female? and male? variables were combined with their corresponding extreme,
female and male respectively. A series of Cohen’s weighted Kappa test were carried out
to determine each participant’s intra-observer agreement for the direct comparison of
their intuitive and methodical choices made for each cranium. Another set of Cohen’s
weighted Kappa tests were also run to determine interobserver agreement rates for all
participants by comparing them against each other in pairs. Two separate sets of results
were produced for Phase 1 and Phase 2 to better distinguish the efficiency of either
intuitive or methodological procedures. Further, each dataset was averaged arithmetically
to calculate Light’s Kappa and Fleiss’ Kappa to assess the overall agreement of all
participants in each Phase of the experiment.

Mixed ANOVA tests (95% confidence interval) for each cranium were computed
analysing the mean differences of sex estimations to investigate the influence of the
different time conditions (within-participant variable) and experience groups (between-
participant variable) on each participant’s answers. Ultimately, the statistical relationship
resulting from the cross-classification of time and experience was evaluated to determine
whether experience was a decerning factor within each experimental phase.

To evaluate the overall consistency between the sex estimations given for each
observed cranium in the intuitive experiment and those given in the methodical experi-
ment, Chi-Square tests were run at 95% confidence intervals. To assess the effect of time
variation and experience on participants’ confidence levels, paired and independent
student t-tests were run at 95% confidence intervals.
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Results
Intra-observer and inter-observer agreement rate

Each participant’s consistency between Phase 1 and Phase 2 was assessed using Cohen’s
weighted Kappa and the results are shown in Table 2.

To establish interobserver agreement rates among participants, Cohen’s weighted Kappa
was utilized (Table 3). This test is useful in identify any noise in the data caused by participants
that had either perfect agreement or poor agreement with the rest of the group. The test
considers all assessments made in either Phase 1 or Phase 2 by each individual participant and
compares them to the answers given by every single other participant in the group for that
specific experiment. Light's Kappa (average weighted Kappa) indicated that in the intuitive
experiment, agreement between all participants was substantial (0.643), and in the methodi-
cal experiment, agreement was moderate (0.575). Fleiss’ Kappa shows moderate (0.520) and
slight (0.322) agreement in the intuitive and methodical estimations, respectively.

Table 3 summarizes the frequency with which agreement rates fell within each of the
significance categories determined by the Cohen’s Kappa test (Poor, 0.001-0.200; Slight,
0.201-0.400; Moderate, 0.401-0.600; Substantial, 0.601-0.800; Almost perfect, 0.801-
0.999; Perfect, 1.000). The results indicate that a large proportion of participants in both
experiments presented substantial agreement, suggesting that the majority of pairs
agreed on the sex estimation given for at least three crania (Phase 1: n = 34/91; Phase
2: n = 35/91 — See Table 4). Perfect agreement was only achieved between three
participants in Phase 1 - the intuitive experiment.

Table 2. Results for Cohen’s weighted Kappa assessing
each participant’s intra-observer error between Phase 1

and Phase 2.

Participant Kappa Confidence Interval (95%)
#1 0.800 0.491 | 1.109
#2 0.250 -0.311 | 0.811
#3 0.333 —0.198 | 0.864
#4 0.647 0.265 | 1.029
#5 0.833 0.544 | 1.122
#6 0.471 0.042 | 0.899
#7 0.500 0.117 | 0.883
#8 0.625 0.201 | 1.049
#9 1.000 1.000 | 1.000
#10 0.800 0.449 | 1.151
#11 0.625 0.206 | 1.049
#12 0.625 0.216 | 1.034
#13 0.438 —0.010 | 0.885
#14 0.667 0.346 | 0.987

Table 3. Frequency of significance level for Cohen’s weighted Kappa test pairings classified by
significance level.

Significance Value range # Of pairings in Phase 1 # Of pairings in Phase 2
Poor 0.001 0.200 0 (0.0%) 3 (3.3%)

Fair 0.201 0.400 9.9%) 17.6%)
Moderate 0.401 0.600 25.3%) 33.0%)

Almost Perfect 0.801 0.999 20.9%) 7.7%)

9( 16 (

23 ¢ 30 (
Substantial 0.601 0.800 34 (37.4%) 35 (38.5%)
19 ( 7(
Perfect 1.000 6 (6.6%) 0 (0.0%)
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Table 4. Sex estimation results for intuitive (5 seconds) and methodical (30 minutes) experiments.

Intuitive Methodical
Specimen F | M F F? I m? M
Cranium 1 14 12% 2"
Cranium 2 9 5 2%42° 3l 2%43% 1t
Cranium 3 14 1t 13*
Cranium 4 2 12 3* VAN, 5%
Cranium 5 4 8 2 1% 11420 2%42F 27444
Cranium 6 6 8 1’ 3744l 2%43% 14

*Remained consistent; "Determinate to probable sex; *Determinate to indeterminate sex; *indeterminate to determinate
sex; Gndeterminate to probable sex.

Sex estimation

All results from the sex estimation of the six crania are summarized in Table 4.

Cranium 1 (female). An individual presenting traits consistent with what can be
described as an ‘obvious’ female. The results reflect the clarity of the four sexual traits
(see Figure 1 for reference) as the sex estimation remains consistently female (or female?)
among all 14 participants independently from the time of exposure. In Phase 1 all 14
participants scored this cranium as female. In Phase 2, 12 participants scored it as female
with two participants scoring it as female?. In each experience group, less or more
experienced participants, six observers (85.7%; n = 6/7) stayed fully consistent across
experiments and only one (14.3%; n = 1/7) who scored it female? instead of female in
Phase 2.

Cranium 2 (female). An individual presenting traits consistent with a female individual.
In Phase 1, nine participants scored this cranium as female and five participants scored it
as indeterminate. In Phase 2, four scored the cranium as female, four as female?, five as
indeterminate and one as male?. Only four participants (28.6%) remained consistent in
their assessment across phases, two who scored the cranium as female in both phases,
and two who scored it as indeterminate in both phases. In each experience group, less or
more experienced participants, two observers (28.6%; n = 2/7) stayed fully consistent
across experiments and five (71.4%; n = 5/7) who scored it female? instead of female in
Phase 2.

Cranium 3 (male). An individual consistent with an extreme male trait expression. The
results reflect the clarity of the four sexual traits (see Figure 1 for reference). Similarly to
Cranium 1, the results suggest that independently from the time of exposure the sex
estimations remain consistently male or male? among all participants. In Phase 1 all 14
participants scored this cranium as male. In Phase 2, 13 participants (92.9%) remained
consistent with an estimation of male, with only one participant scoring the cranium as
male? Across both experiments all the less experienced participants remained consistent
in their answers, whereas one (14.3%; n = 1/7) of the more experienced participants
scored it male? instead of male in Phase 2.

Cranium 4 (male). Specimen presenting traits consistent with a male individual. In
Phase 1, 12 participants scored this cranium as male and two as indeterminate. In Phase
2, five participants scored the cranium as male, six as male? and three scored the cranium
as indeterminate. Only the five participants (35.7%; n = 5/14) who scored the cranium as
male remained consistent in their assessment across phases. Three (42.9%; n = 3/7) of the
less experienced participant remained consistent in their answers across experiments, and
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two (28.6%; n = 2/7) chose male? instead of male in Phase 2. In comparison, only one
(14.3%; n = 1/7) of the more experienced participants remained consistent across experi-
ments along two (28.6%; n = 2/7) others who answered male? instead of male in Phase 2.

Cranium 5 (ambiguous). Based on church records this cranium was a known male
individual with indeterminate sex features. In Phase 1, four participants scored the
cranium as female, eight as indeterminate and two as male. In Phase 2, only one
participant scored the cranium as female, three chose female?, four indeterminate
and six scored it as male?. Within the sex estimations given for this cranium only
three participants (21.4%; n = 3/14) remained consistent with their initial estimation.
Of these, two (66.6%; n = 2/3) remained indeterminate, and one (33.7%; n = 1/3)
female. Both participants who scored the cranium as male in Phase 1 later scored it
as male? in Phase 2. Two (28.6%; n = 2/7) less and two (28.6%; n = 2/7) more
experienced participants remained consistent across experiments; in Phase 2 a more
experienced observer answered male? instead of male, and another answered
female? instead of female.

Cranium 6 (ambiguous). This cranium had indeterminate morphological features.
In Phase 1, six participants scored the cranium as female and eight as indetermi-
nate. In Phase 2, only one participant scored the cranium as female, seven
answered female?, five indeterminate and one scored it as male?. Only two
(14.3%; n = 2/14) participants (one more and one less experienced) remained
consistent with their first estimation: both identified the cranium as indeterminate.
Another less experienced participant (14.3%; n = 1/7) remained marginally consis-
tent across experiments answering female? instead of female in Phase 2. Similarly,
two (28.6%; n = 2/7) of the more experienced participants answered female?
instead of female in Phase 2.

Mixed ANOVA and chi-square test on time and sex estimation

In the assessment of time as a within-participant variable, the mixed ANOVA test
(Table 5) shows that the mean intuitive and methodical sex estimations were only
statistically different in the case of Cranium 4 (4.714 and 4.143, respectively, Table 6),
where p = 0.01. The test reported that a distinction of sex estimations based on the
participant experience group as a between-participant variable was not observed.
However, when the time conditions of the intuitive and rational experiments are
considered as a sub-classification of the experience group (Table 7), a significant
distinction can be observed between participants’ sex estimations for Cranium 4 (less
experienced: 4.429 [5 seconds], 4.571 [30 minutes]; more experienced: 5.000 [5 sec-
onds], 3.714 [30 minutes]), where p = 0.00, and Cranium 6 (less experienced: 1.857
[5 seconds], 2.857 [30 minutes]; more experienced: 2.429 [5 seconds], 2.000 [30 min-
utes]), where p = 0.04.

Chi-square tests (Table 8) indicated that there was no statistically significant difference
(p-value<0.05) between the sex estimations made in 5 seconds (intuitively) and those
made in 30 minutes (methodically). The Chi-square value could not be calculated for
Cranium 1 and Cranium 3 as all the sex estimations in Phase 1 were identical for all
participants.
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Table 5. Mixed Anova computation for sex estimation of each cranium considering time and the
time*experience relation as within-subject variables and experience as a between-subjects variable.
The time variable distinguishes sex estimations given intuitively (5 seconds) or rationally (30 minutes).
The experience variable divides the participants into less (<3.25 years) and more (>3.25 years)
experienced observers. The time*experience relation investigates if there is any significant difference
between experience groups over time.

Tests of Within-Subjects Effects Tests of Between-Subjects Effects
Time Time * Experience Experience
Specimen F Sig. F Sig. F Sig.
Cranium 1 2.00 0.18 0.00 1.00 0.00 1.00
Cranium 2 1.45 0.25 0.27 0.61 0.04 0.84
Cranium 3 1.00 0.34 1.00 0.34 1.00 0.34
Cranium 4 8.73 0.01 13.64 0.00 0.22 0.65
Cranium 5 1.47 0.25 0.53 0.48 0.14 0.72
Cranium 6 0.87 0.37 5.45 0.04 0.18 0.68

Table 6. Tabulation of estimated marginal means of sex estimations over time. This is an
overview of how intuitive (5 seconds) and methodical (30 minutes) sex estimations varied for
the whole group of participants.

Specimen Time Mean® Std. Error 95% Confidence Interval
Cranium 1 5 Seconds 1.000 0.000 1.000-1.000
30 Minutes 1.143 0.101 0.923-1.363
Cranium 2 5 Seconds 1.714 0.274 1.118-2.310
30 Minutes 2.214 0.270 1.625-2.803
Cranium 3 5 Seconds 5.000 0.000 5.000-5.000
30 Minutes 4.929 0.071 4.773-5.084
Cranium 4 5 Seconds 4714 0.184 4312-5.116
30 Minutes 4.143 0.175 3.762-4.524
Cranium 5 5 Seconds 2.714 0.369 1.911-3.518
30 Minutes 3.071 0.270 2.482-3.661
Cranium 6 5 Seconds 2.143 0.274 1.547-2.739
30 Minutes 2429 0.170 2.058-2.799

Mean calculated as the average score if: female = 1; female? = 2; indeterminate = 3; male? = 4; male = 5.

Paired sample t-test on confidence assessment and experience

Confidence levels were assessed using a paired sample t-test to determine any difference
between the phases. Participants were on average, 9.49% more confident in their assess-
ment in Phase 2, a modest difference but one that reached the threshold for statistical
significance (p = 0.045) (Table 9). The correlation between confidence levels of the two
phases is not consistent nor proportional and does not reach 50%.

When confidence was examined in conjunction with level of experience (Table 10), the
more experienced group were more confident in their sex estimations in both phases of the
experiment (Phase 1 = 80.00 vs. 66.43; Phase 2 = 83.25 vs. 76.79). In Phase 2, confidence was
highest for both groups when trait expression was strongest (Cranium 3 (more experi-
enced = 90.43; less experienced = 90.71) and Cranium 1 (more experienced = 87.43; less
experienced = 83.57). Ambiguous crania were challenging, especially for the less experi-
enced observers: participants in this group reported confidence of 66.43 and 65.00 out of
100 for their assessments of Cranium 5 and 6, respectively. The more experienced partici-
pants recorded greater confidence in their examination of Cranium 6 with an average
confidence of 83.70, while Cranium 5 recorded the lowest average at 77.14.
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Table 7. Tabulation of estimated marginal means of sex estimations over time per experience group.
This is an overview of how intuitive (5 seconds) and methodical (30 minutes) sex estimations varied for
either the less (<3.25 years) or more (>3.25 years) experienced participant group.

Specimen Experience Time Mean® Std. Error 95% C.l.
Cranium 1 Less experienced 5 Seconds 1.000 0.000 1.000-1.000
30 Minutes 1.143 0.143 0.832-1.454
More experienced 5 Seconds 1.000 0.000 1.000-1.000
30 Minutes 1.143 0.143 0.832-1.454
Cranium 2 Less experienced 5 Seconds 1.857 0.387 1.014-2.700
30 Minutes 2.143 0.382 1.310-2.976
More experienced 5 Seconds 1.571 0.387 0.729-2.414
30 Minutes 2.286 0.382 1.452-3.119
Cranium 3 Less experienced 5 Seconds 5.000 0.000 5.000-5.000
30 Minutes 5.000 0.101 4.780-5.220
More experienced 5 Seconds 5.000 0.000 5.000-5.000
30 Minutes 4.857 0.101 4.637-5.077
Cranium 4 Less experienced 5 Seconds 4.429 0.261 3.860-4.997
30 Minutes 4.571 0.247 4.032-5.111
More experienced 5 Seconds 5.000 0.261 4.432-5.568
30 Minutes 3.714 0.247 3.175-4.253
Cranium 5 Less experienced 5 Seconds 2.714 0.522 1.578-3.851
30 Minutes 3.286 0.382 2.452-4.119
More experienced 5 Seconds 2.714 0.522 1.578-3.851
30 Minutes 2.857 0.382 2.024-3.690
Cranium 6 Less experienced 5 Seconds 1.857 0.387 1.014-2.700
30 Minutes 2.857 0.240 2.333-3.381
More experienced 5 Seconds 2.429 0.387 1.586-3.271
30 Minutes 2.000 0.240 1.476-2.524

“Mean calculated as the average score if: female = 1; female? = 2; indeterminate = 3; male? = 4; male = 5.

Table 8. Chi-square test results for sex estimations of each skull. The table shows the Pearson’s chi-
square, likelihood ratio and Fisher's exact values and their respective significance values.

Pearson’s

Chi-square Test Likelihood Ratio Fisher's Exact Test
Specimen Value df  Asymptotic Sig.’ Value df  Asymptotic Sig.’ Value Exact Sig.
Cranium 1 0.000° 0.000° 0.000°
Cranium 2 0.607 2 0.738 0.934 2 0.627 0.765 1.000°
Cranium 3 0.000° 0.000° 0.000°
Cranium 4 0.636 1 0.425 1.052 1 0.305 n/a 1.000/0.604°
Cranium 5 5.833 4 0.212 8.031 4 0.090 5.162 0.253"
Cranium 6 1.444 2 0.486 1.806 2 0.405 1.447 0.767°

®No statistics are computed because sex estimation results in Phase 1 are constant
b2-sided © 1-sided

Table 9. Paired sample t-test results for confidence levels reported for all crania in the intuitive
(5 seconds) and methodical (30 minutes) experiments.

Paired Sample Statistic Paired Differences
Time Mean N Std. Dev. Std. Error Mean t df Sig. (2-tailed)
5 Sec 73.21 14 15.764 7.33 —2.223 13 0.045

30 Min 80.15 14 7.741 2.069




12 (&) N.A MANTLETAL.

Table 10. Group statistics for confidence levels and independent t-test results for all crania.
Participants are divided into their relative groups of experience for the group statistics.

Group statistics

Time Experience (years) N Mean Std. Dev. Std. Error Mean

5 Sec >3.25 7 80.00 10.41 3.93
<325 7 66.43 17.96 3.79

30 Min >3.25 7 83.52 7.42 2.81
<325 7 76.79 6.95 2.63

Levene's Test for Equality of Variances t-test for Equality of Means

Time F Sig. t df Sig. (2-tailed)

5 Sec 1.866 0.197 1.730 12 0.109

30 Min 0.025 0.877 1.753 12 0.105

Table 11. Linear correlation between experience and con-
fidence highlighting the trend and correlation coefficient
(R?) calculated for the two variables either for all crania or

per individual.
Trend Correlation R?
All crania (Phase 1) 236 (+) 0.0966
All crania (Phase 2) 1.27 (+) 0.1147
Cranium 1 (Phase 2) 0.68 (+) 0.0205
Cranium 2 (Phase 2) 0.87 (+) 0.0359
Cranium 3 (Phase 2) —0.55 (-) 0.0272
Cranium 4 (Phase 2) —0.80 (-) 0.0211
Cranium 5 (Phase 2) 2.70 (+) 0.2281
Cranium 6 (Phase 2) 4.69 (+) 0.4561

The relationship between experience and confidence was determined to be positive,
yet weak, approaching zero in both Phase 1 (R* = 0.097) and in Phase 2 (R*> = 0.115)
(Table 11). The same is observed for each individual cranium in Phase 2. Correlation is very
weak, positively for Cranium 1-2 (R? < 0.04) and negatively for Cranium 3-4 (R? < 0.03);
Cranium 5-6 show a positive and slightly stronger (0.2< R? < 0.5) correlation in compar-
ison, yet a weak correlation, nonetheless.

Discussion

Krogman and Iscan (1986) state that ‘in sexing the skull the initial impression often is the
deciding factor [...]' (p.144)*.

The results of this preliminary study show that when sexually dimorphic trait expres-
sion is at its extreme (either male or female), sex estimation is straightforward and explicit,
leading to higher chances of consistency between intuitive, time-sensitive responses and
outcomes being reached, following the application of a systematic methodology. As the
strength of trait expression regresses to a mean, consistency drops considerably.

In regard to Cranium 1 and 3 (respectively, the female and male extremes), the back-
ground and experience of the participant for this study does not appear to be an
influencing factor, and unlikely to have a significant impact on the outcome, as all sex
estimations reported for these two specimens were the same in both phase 1 and phase 2.
Identifications for Craniums 2 and 4 were more varied, despite the unambiguous mor-
phology of the two crania: only 50.0% (Cranium 2) and 64.3% (Cranium 4) of all
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participants remained consistent between the two phases. For both the ambiguous cases,
less than half of participants (42.9% and 35.7%, for Cranium 5 and 6 respectively)
remained consistent in their estimations (female/female?, indeterminate or male/male?),
with agreement being lowest when trait expression was most unclear. It is observed that
the more experienced individuals only accounted for 57.1% and 44.4% of consistent
identifications for Cranium 2 and Cranium 4 respectively, and 66.7% and 60.0% for the
ambiguous specimens (Cranium 5 and 6 respectively). One would expect the participants
with more experience to be more likely to give the same answer in both phases, as studies
suggest that information encoding, and processing abilities are gained and improved
with increasing levels of experience®®. The results for Craniums 5 and 6 suggest that
experience is, not always conducive to increased rates of consistency, only becoming
moderately relevant when observers are presented with dubious or inconclusive traits.

It is noted that on certain occasions when the method yielded an inconclusive result
(ambiguous identification), participants preferred to report a probable sex estimation
(either female? or male?). The participants were unable to consciously elaborate on their
decision to bypass the method in favour of what appears to be an intuition; this suggests
that given sufficient time to form an empirical and rule-based decision, the difficulty of the
task overshadows the normal functioning of the intuitive (System 1) and rational
(System 2) decision-making dichotomy”. The involuntary, and therefore arguably ‘uncon-
scious’, path that brought participants to their conclusion is consistent with the failure of
the structural processing of System 2 in favour of associative thinking. This reversal of
roles is often observed in highly complex tasks, such as facial recognition®®. While the
decision appears to be unconscious, the experiment was not carried out under conditions
that allowed the awareness of the decision-maker to be determined?®. The distinction
between intuitive and reasoned thinking may be ‘consciously mediated’, yet as
a consequence of the examiners’ lack of necessary insight or practical language to explain
their thinking process may appear unconscious?>2*,

The efficiency of intuitive judgements

The results from this pilot study appear to disagree to some extent with previously
published studies supporting the ability of the brain to adapt to time limits by increasing
the speed of information processing in response to a short deadline*. The results
reported in this study indicate that there is not sufficient evidence to show the existence
of ‘biasing’ consequences of time-pressure (as a proxy to distinguish intuition from
rational behaviour) on an observer’s ability to estimate the sex of a cranium consistently
(Table 9). Chi-Square tests of two of the crania (Cranium 1 and 3) showed almost perfect
agreement among participants in both experiments. It should be noted that the necessary
combining of probable and extreme estimations throughout statistical testing, due to the
unequal number of variables between Phase 1 and Phase 2, may have skewed the test
results away from a statistically significant outcome.

Overall, the results reported in this preliminary study by the chi-square test suggest
that time has little to no influence on the sex estimations provided by participants.
However, these results may also be a reflection of the limitations of this study. First, the
time limit of 5 seconds may not have been short enough to induce genuine intuitive
answers®’, instead allowing the participants sufficient time to still apply to some extent
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the modified Acsadi and Nemeskeri (1970) sexing method from memory . Secondly, the
small sample size may have been too small for a clear distinction to emerge, and
additionally it only reflects the behaviour of students, which may differ from expert
practitioners’ cognitive processes. Similarly, the small difference in level of experience of
the methods between the two groups may also have impacted on the results, due to
there not being a large enough gap between the two groups. Finally, having only three
options in Phase 1 and five in Phase 2 did not allow for a balanced measurement of
consistency due to the uneven choice categories.

The premise of this experiment was the hypothesis that it would be possible to identify
a separation of intuitive association from mnemonic and logical reasoning based on
generalized vs. feature-by-feature identification. When guiding the participants through
the task, participants were observed to be attempting to view every sexually dimorphic
trait, as if applying the method, in spite of being instructed not to do so. Due to the
hierarchical nature of the method, sex estimation may not necessarily be suited to the
gross processing that may be expected from intuitive decision-making®®, especially when
the final aim is to learn how to arguably prevent bias in decision-making. Ultimately,
identification of the sex of a skull solely through comparison with the typical male or
female cranium will reduce performance and increase the threshold of uncertainty®. Such
a grossly intuitive approach may however be the only course of action when assessing
exceptionally ambiguous crania. The ability to relate ambiguous features to sex estima-
tion, even if only probable, appears to imply that this conclusion is reached intuitively and
not by weighing each feature ‘equally’ in its individuality, rather through holistic elabora-
tion, much like faces?®. Arguably, the visual scope becomes too narrow, and the human
mind attempts to come to terms with an inconclusive result by switching to a more
inclusive strategy, going against its normal behaviour®>. Ultimately, when the incoming
information is ambiguous, it is difficult to determine a clear distinction between the two
processing strategies.

Implications of confidence levels

The results of this study reported that when trait expression is strongest (Cranium 1 and
Cranium 3), self-reported confidence is highest, and as expression of the traits regressed
to the mean (score of 3) confidence decreased accordingly. When the time-condition is
considered a contributing factor, a difference is observed between confidence reported
across the two experiments of the study. A substantial increase was observed in the
average confidence level reported after the 30-minute examination, compared to the
values reported after 5 seconds. The increase by 10.36 recorded by the less experienced
group after the completion of both experiments reduced the overall disparity with the
more experienced group’s confidence by 50.3%. The increase in confidence with time is
not a strong or consistently proportional correlation. The results indicate that ten of the 14
(71.4%) participants reported an increase in confidence between experiments.

The second factor considered to affect confidence in participants was their
experience®. Confidence is implicitly believed to increase with experience*. The highest
and lowest confidence values reported by a less experienced participant for an individual
cranium in Phase 2 were 100 and 40 respectively, although the latter was the only
occurrence of a reported score below 60. The highest and lowest confidence ratings
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reported by a more experienced observer for an individual cranium in Phase 2 were 98
and 60. The substantial overlap between the confidence levels reported by the two
groups does not allow for comparison through mean values or the statistical identification
of definite cut-off points. Statistical testing revealed that these values are not strong
enough to show significant changes before and after time-pressure is removed, albeit
a difference of 13.57 points in Phase 1 and 6.73 points in Phase 2, yet this may simply be
an artefact of the small participant group size. Time-pressure remains a relevant, although
not consequential, factor affecting confidence levels. Linear correlation computations for
both phases support the previous results of the statistical testing. Confidence and
experience correlations for each cranium indicate that each participant’s estimation of
the correctness of their conclusions was random. In this case, the difficulty of the task may
once again be the only diverging factor in this assessment.

Overall, participants with less than 3 years of experience with the method were much
less confident than more experienced examiners in their assessments, especially when
assessing more ambiguous exhibits, showing similar results to previously published
studies in cognitive science®’.

Decision-making and expertise

The susceptibility of decision-making in forensic science contexts to cognitive biases has
been increasingly recognized and studied, and the need for a wider understanding of
processes involved in decision-making has been extensively advocated by researchers
and governments alike'®™". Within the broader context of cognitive research in forensic
anthropology, this pilot study addresses a gap in the published literature to date, as
studies on cognitive reasoning involved in decision-making and judgement are necessary
to explain how observers make decisions and what potential pitfalls may arise during the
analysis of skeletal remains*®*®*°_ Moreover, this study suggests that perhaps both the
problem and the solution lie in how we are taught to think about the analytical method
utilized, both in theory and in practice’®?'. Some research has shown that cognitive
biases affect experts in different fields of forensic science and that experts often under-
estimate their susceptibility to arguably unconscious bias outcomes'#*°. In some cases,
bias has not been acknowledged as an issue, some experts have purported to see it in
others but believe that they are not susceptible, and others are aware of their own
susceptibility but believe that they are able to control it>'. Nevertheless, all decision-
makers are susceptible to a range of extrinsic and intrinsic factors that can lead to biased
outcomes, from supervision-related stress and pressure to reach expected conclusions to
the impact of extraneous information®%; however, not all sources of bias are related to
human nature or the work environment®>,

Raising awareness and implementing new control practices do not address the under-
lying processes that lead to cognitive bias, and its impacts'**>. Notably in the UK, the
House of Lords Science and Technology Select Committee (2019) report from their inquiry
into forensic science addresses the concerns of many forensic science practitioners and
researchers regarding the need for achieving a ‘better understanding of the cognitive
process of pattern recognition, the psychological nature of ‘expertise’, as well as sources,
causes, and consequences of cognitive bias (p.42)2°. It is a challenge to academic, law
enforcement, and specialized professional organizations to address the limitations within
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forensic science decision-making to create a more reproducible, transparent, and empiri-
cally evidence-based reconstruction process®'>*>°, Indeed, by articulating the mental
mechanisms involved in decision-making, through the application of cognitive reasoning
studies, it is possible to appreciate more fully the complexity of subjective interpretation
of forensic science materials such as skeletal material®’.

The ‘expertise’ involved in the osteological decision-making process stems from the
development of both knowledge and practical skill*'>*. This initial study suggests that it is
arguably possible for forensic anthropologists to develop their observation skills to form
an informed automated mental mechanism, drawing on ‘rational intuition’. This study did
not support the hypothesis that experience with a particular methodology has more
influence on the overall ability of the analyst to consistently identify skeletal remains,
however more research is necessary to understand this relationship fully. Expanding this
experiment on a greater scale, by encompassing a wider range of experience levels
including professional, and inexperienced observers from different backgrounds, will
offer additional insight addressing the influence of experience on decision-making and
confidence®**, The findings from this initial study indicate that reducing the time
allowed for intuitive judgements, to 1-2 seconds, may increase the chances that obser-
vers will rely solely on intuitive association, to prevent them from trying to speed up their
reasoning to adapt to the method they are accustomed to using.

Empirical research addressing the use of cognitive processes will increase the under-
standing of mental mechanisms used in information processing and decision-making
involved in the identification of skeletal remains of forensic significance. This study
focuses only on one of the many branches of cognitive psychology but has highlighted
the application of decision-making theories beyond cognitive biases to forensic anthro-
pology, in order to further our understandings of the cognitive mechanisms involved in
sex estimations of the skull. Like studies in facial recognition®’, looking at different
processing mechanisms of information could contribute to a more holistic understanding
of the mechanisms involved in the interpretations of skeletal remains.

Conclusion

This initial study aimed to further the understanding of the decision-making process and
determine affecting factors that may influence judgement within the field of forensic
anthropology. The results suggest that intuitive and methodical judgements are distinct
and only carried over from one phase to another when features are clearest. Consistency
was largely unaffected by the experience of the observer, whereas confidence increased
when time limitations were removed. The results of this experiment also highlight that
consistency and self-reported confidence levels varied to a greater degree according to
the ambiguity of the cranial features, rather than to observers’ experience and time
limitations. It is possible to argue that ambiguous specimens were complex and difficult
to estimate sex for any observer in this study, whether more or less experienced within the
group, and both can utilize intuition if depending on the threshold of risk. These initial
findings may be helpful in order to expand on research that will aid in a better under-
standing of how performance is measured within forensic anthropology specifically, and
forensic science more broadly where experts are required to make perceptual judgements
of similarity.
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Stress, experience and confidence are variables that could benefit from being consid-
ered through the lens of decision-making theories in order to better understand their
relationship with the accuracy, transparency and reproducibility of evaluative interpreta-
tions. Ultimately, this preliminary study found that, in the estimation of sex from the skull,
intuition rarely persists in rational judgement beyond what fits extreme representation,
and that the difficulty of a task affects judgement more than experience and time-
pressure factors. A potentially profitable next step would be to investigate the parallels
between the examination of skulls and facial recognition in order to identify more insights
into a distinction between intuition and reason.
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