
J

R

A

I
U

a

A
R
A
A

u
i
p
d
h
o
w

d
c
2
a
t
e

r
i
b
e
f
t
j
fi
s

i

h
2

ARTICLE IN PRESSG Model
ARMAC-222; No. of Pages 6

Journal of Applied Research in Memory and Cognition xxx (2016) xxx–xxx

Contents lists available at ScienceDirect

Journal  of  Applied  Research  in  Memory  and  Cognition

jo ur nal homepage: www.elsev ier .com/ locate / ja rmac

eview

 Hierarchy  of  Expert  Performance�

tiel  E.  Dror
niversity College London, United Kingdom

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 15 March 2016
ccepted 16 March 2016
vailable online xxx

a  b  s  t  r  a  c  t

Expert  performance  can  be quantified  by examining  reliability  and  biasability  between  and  within
experts,  and  teasing  apart  their  observations  from  their  conclusions.  I utilize  these  parameters  to  develop
a Hierarchy  of Expert  Performance  (HEP)  that  includes  eight  distinct  levels.  Using  this  hierarchy  I  eval-

uate  and  quantify  the  performance  of  forensic  experts,  a highly  specialized  domain  that  plays a  critical
role  in  the  criminal  justice  system.  Evaluating  expert  performance  within  HEP enables  the  identification
of  weaknesses  in  expert  performance,  and enables  the  comparison  of experts  across  domains.  HEP also
provides  theoretical  and  applied  insights  into  expertise.

© 2016  Society  for Applied  Research  in  Memory  and  Cognition.  Published  by Elsevier  Inc.  All  rights
reserved.
The successful completion of many everyday tasks depends
pon human performance abilities; even more so in highly special-

zed domains, such as aviation, medicine, forensics, finance, and
olicing, where expert performance is critical. In these and other
omains, we trust our money, health, and even our lives to the
ands of experts. Most experts are talented people with many years
f training and experience and therefore are in high demand and
ell paid.

But, how well do competent experts actually perform? Even
efining expertise and who is an expert has been a complex and
hallenging task with a variety of views and disagreements (Feldon,
007; Hoffman, 1996). Advances in quantifying expert performance
re mostly limited to domain-specific areas of expertise, and hence
here is a lack of measurements and a unified framework to assess
xpert performance across domains.

An important component of expert performance across domains
elates to biasability and reliability. Biasability refers to the abil-
ty to make decisions based on relevant information without being
iased by irrelevant contextual information. For example, a forensic
xpert who is aware of such information (e.g., that the suspect con-
essed to the crime, that eyewitnesses identified the suspect, or that
he detective believes the suspect is guilty) is biased to incorrectly
udge that the forensic evidence (e.g., firearms, handwriting, voice,
ngerprints, etc.) matches the suspect and can wrongly identify the
Please cite this article in press as: Dror, I.E. A Hierarchy of Expert Pe
(2016), http://dx.doi.org/10.1016/j.jarmac.2016.03.001

uspect (Dror & Cole, 2010).
In addition to issues of biasability there are basic reliability

ssues. That is, how reliable (i.e., how consistent, how reproducible)
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211-3681/© 2016 Society for Applied Research in Memory and Cognition. Published by 
is expert decision making even when there is no exposure to
irrelevant biasing information? Would experts examining the same
forensic evidence reach the same conclusions (e.g., identify the
same suspect)? Reliability issues are even more fundamental than
biasability, as biasability builds on reliability, adding irrelevant con-
textual information. Reliability examines the consistency of expert
performance even without such biasing influences. Therefore, it
touches upon a more basic element of expert performance.

Biasability and reliability can be examined between experts. For
example, reliability between experts would quantify the extent to
which two  medical radiologists would reach a similar diagnosis
when examining the same X-ray. While individual differences exist
in everyday decision making, when it comes to experts we expect
that such differences are minimal (if they exist at all). We  expect
that experts reach the same conclusions or, at the very least, similar
conclusions. If two experts reach different, conflicting, decisions
then we wonder who  got it wrong. This is especially acute in the
more scientific and objective expert domains.

At a more basic level we  can examine biasability and reliability
within experts. Here, rather than comparing performance across
different experts, biasability and reliability are compared for the
same expert at different times. That is, reliability within experts
quantifies the extent to which the same expert reaches similar con-
clusions when examining the same data at different times. While
the lack of reliability between experts is concerning, the lack of reli-
ability within experts is alarming. Expert decision-making should
be driven by data and expertise; therefore, the same expert, looking
rformance. Journal of Applied Research in Memory and Cognition

at an identical situation, should generally reach the same conclu-
sion.

Biasabilty within experts quantifies the extent to which the
same expert would reach similar conclusions when examining the
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this suspect is guilty.’ Many forensic examiners believe that they
are objective and immune from the effects of contextually bias-
ing information (e.g., “examiners who  want to read investigative
reports or talk to investigators before or while they examine a
ARTICLEARMAC-222; No. of Pages 6
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ame data presented within irrelevant contextually biasing infor-
ation. Here the measurement is whether the expert was biased by

he irrelevant contextual information. In contrast to pure reliabil-
ty, where the identical case is presented twice, here contextually
rrelevant information is added.

Another important distinction in expert performance is
etween the information observed and the conclusions made on
he basis of those observations. For example, a medical doctor may
bserve that a patient is pale, disoriented and has a blood pressure
f 90/60, then, based on these observations, determine the problem
nd course of action.

This distinction is important, but these elements are often
umped together. For instance, risk taking decisions are comprised
rom two distinct elements: first, the perception of risk and, second,
hat to do given the level of perceived risk. If these two elements

re lumped together and not unpacked then risk taking decisions
ight appear to underpin a behaviour when, in fact, the behaviour
ight result from a lack in the perception of risk rather than a

isk-taking decision.
In the medical domain the distinction between the ‘observa-

ional’ and the ‘conclusion’ elements has been formally separated
ith the use of SBAR (Thomas, Bertram, & Johnson, 2009; Wacogne

 Diwakar, 2010). SBAR is used to facilitate communication
nd stands for Situation, Background, Assessment, and Recom-
endation. The first half, Situation and Background, provide

bservations, whereas the second half, Assessment and Recom-
endation, provide conclusions.
Given the parameters described above (biasability vs. reli-

bility, within vs. between, observations vs. conclusions) and
heir hierarchical nature (reliability is more basic than biasabil-
ty; within-expert performance is more basic than between-expert
erformance; and conclusions are based on observations), expert
erformance can be organized in a clear 8-level hierarchy. Below,

 describe this Hierarchy of Expert Performance (HEP) and use
orensic experts – a highly specialized domain wherein important
cientific evaluations are made – to illustrate the different levels of
EP.

At the very top of HEP (Level 8) is the between-expert biasabil-
ty of conclusions. The measurement of expert performance at this
evel examines whether different experts, making decisions on
dentical data, would be biased by irrelevant contextual informa-
ion. For example, would forensic DNA experts be biased by the
etails of the case? This was one of the research questions exam-

ned by Dror and Hampikian (2011). In a DNA case (from an actual
djudicated criminal case) one of the assailants in a gang rape testi-
ed against another suspect as part of a plea bargain. Evidence from
he crime scene was examined by DNA experts, who were aware of
he testimony against the suspect. Furthermore, additional poten-
ially biasing information was the fact that without corroborating
vidence from the DNA experts the plea bargain testimony would
ot be admissible in court. The DNA evidence from the crime scene
as a mixture (composed from multiple contributors) and there-

ore required some judgement and interpretation. With the biasing
rrelevant contextual information, the two experts who  examined
he DNA mixture both concluded that the suspect in question could
ot be excluded from being a contributor to the DNA mixture from
he crime scene.

To test whether the irrelevant contextual information biased
heir conclusion, Dror and Hampikian (2011) took the original DNA
vidence and presented it to 17 experts, but did not include the
rrelevant contextual information to which both of the original
xperts were exposed. The findings showed that only 1 out of the 17
Please cite this article in press as: Dror, I.E. A Hierarchy of Expert Pe
(2016), http://dx.doi.org/10.1016/j.jarmac.2016.03.001

xperts agreed with the experts who were exposed to the biasing
nformation. Computing the exact p-value and the associated effect
ize (r-equivalent) based on the Fisher Exact Test, gives a p-value
f .018 (one tail) and an r-equivalent effect size of .49; therefore,
 PRESS
ory and Cognition xxx (2016) xxx–xxx

Dror and Hampikian (2011) concluded that the data suggested that
“the extraneous context of the criminal case may have influenced
the interpretation of the DNA evidence” (p. 204).

Murrie, Boccaccini, Guarnera, and Rufino (2013) manipulated
contextually irrelevant information by providing the same evi-
dence to different experts, but manipulating the experts belief for
whom they were working for (they told some of the experts that
they were hired by the defence, while other experts were told
that they were hired by the prosecution). This irrelevant context
biased the experts’ conclusions for three of the four cases pre-
sented (Cohen’s d for the three cases with significant effects ranged
from 0.55 to 0.85). Hence, again, research shows the biasing effect
of irrelevant contextual information (for a discussion of what is
considered irrelevant, see the National Commission on Forensic
Science, 2015).

Level 8 in the Hierarchy of Expert Performance (HEP) addresses
such biasing effects between experts. Level 7 examines such biases
within experts. Level 7 is under Level 8 because it examines a
more basic question: Would the same expert reach the same (or
a different) conclusion when an identical case is presented within
a different, irrelevant, biasing context. To investigate this ques-
tion, fingerprint experts were presented with cases that they had
examined in the past. Without their knowledge, these cases were
re-presented to them; however, irrelevant contextual information
was manipulated. For example, if in the past the experts concluded
that the fingerprints matched, the fingerprints were now presented
within the context that ‘someone else confessed to the crime,’ or
that ‘the suspect has a solid alibi.’ These manipulations were used in
two studies (Dror & Charlton, 2006; Dror, Charlton, & Peron, 2006),
and their meta-analysis is presented in Dror and Rosenthal (2008).

The findings demonstrated that fingerprint experts could be
biased by irrelevant contextual information. The within-expert
data showed that experts changed their conclusions between 17%
and 80% of the time when the same data were presented for a sec-
ond time within contextually-irrelevant biasing information (for a
review of findings and proposed solutions see Dror & Cole, 2010;
Kassin, Dror, & Kukucka, 2013). The presence and strength of the
biasing effects on the experts’ conclusions was dependent upon
three factors:

1. The strength of the biasing information. Some irrelevant informa-
tion is more biasing than other information. For example, a solid
alibi has a stronger impact than ‘the detective does not believe
rformance. Journal of Applied Research in Memory and Cognition

Figure 1. The Hierarchy of Expert Performance (HEP).

dx.doi.org/10.1016/j.jarmac.2016.03.001
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in the DNA profile of the suspect). Then, after observing the two
DNA profiles in the correct sequence (crime scene first, then the sus-
pect), compare them and reach conclusions (Dror et al., 2015). At no
ARTICLEARMAC-222; No. of Pages 6
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case. Perhaps such interest merely provides some personal sat-
isfaction which allows them to enjoy their jobs without actually
altering their judgment. Admittedly, many tasks performed by
forensic examiners can be tedious, mundane, and to many peo-
ple just not interesting or diverse enough to interest them in
doing it” (Butt, 2013, p. 60 emphasis added)). Recently there is
a growing acknowledgment that irrelevant contextual informa-
tion can bias forensic conclusions and there is a move to require
forensic experts to avoid such irrelevant biasing information
(see coverage by Science (Servick, 2015) and by Nature (Spinney,
2010); as well as the US National Commission on Forensic Sci-
ence document on “Ensuring that forensic analysis is based upon
task-relevant information,” 2015; and the UK Forensic Regula-
tor guidance document on “Cognitive bias effects relevant to
forensic science examinations,” 2015).

. The difficulty of the decision. When the conclusion is easy, clear-
cut, then the biasing information does not impact the final
conclusion as much as when it is difficult, near the decision
threshold. When the evidence from the crime scene is low in
quantity and in quality, there is more leeway for irrelevant
contextual information to influence expert conclusions. The
strength of biasing information, along with the difficulty of the
decision, combined, determine the ‘bias danger zone’ – those
instances where bias is most likely to impact the forensic con-
clusion.

. The direction of the bias. It is easier to bias forensic experts
towards the non-committal conclusion of ‘inconclusive’ than
to the definitive ‘identification’ conclusion (which they may
also need to defend in court). Nevertheless, the data also show
that previous highly confident ‘identification’ conclusions can
be changed to ‘inconclusive’ or ‘exclusion’ when the same fin-
gerprints were presented to the same experts within irrelevant
contextual information.

Level 6 of HEP does not examine biasability, it quantifies
he more basic performance measure of reliability. That is, even
ithout biasing irrelevant contextual information, are experts con-

istent with one another? A number of studies with forensic DNA
xperts have examined this question and have revealed an alarming
ack of reliability (when dealing with complex DNA, such as mix-
ures with multiple contributors, a great deal is determined at the
iscretion of the forensic DNA expert (Starr, 2016)). In the first pub-

ished study examining this question, Dror and Hampikian (2011)
resented 17 experts with an identical DNA mixture. Although the
7 experts were from the same lab, and followed the same pro-
edures and protocols, their conclusions varied: Twelve concluded
hat the suspect could not have contributed to the DNA mixture,
our concluded that it was inconclusive, and one concluded that
he suspect could have contributed to the DNA mixture.

A study conducted by the National Institute of Standards and
echnology (Coble, 2015) replicated this finding using DNA that
ould be analysed with established statistical tools (used regu-
arly in court). Similar to Dror and Hampikian (2011), Coble (2015)
ound significant differences and variations in the forensic conclu-
ions, even within the same forensic laboratories, using the same
tatistics (Starr, 2016). Similar findings have also been observed
n other expert forensic domains, such as footwear identification
onclusions (Majamaa & Ytti, 1996).

Level 5 in HEP examines the reliability of conclusions within
xperts. Rather than measuring differences between experts (Level
), the level underneath it quantifies a more basic measure, the reli-
bility within the same expert. In fingerprinting, Dror and Charlton
Please cite this article in press as: Dror, I.E. A Hierarchy of Expert Pe
(2016), http://dx.doi.org/10.1016/j.jarmac.2016.03.001

2006; see also Dror & Rosenthal, 2008) found that the same finger-
rint examiner would reach a different conclusion when the same
vidence was presented 8% of the time (even without manipulating
ontext/biasability).
 PRESS
ory and Cognition xxx (2016) xxx–xxx 3

A study conducted by the Federal Bureau of Investigation (Ulery,
Hicklin, Buscaglia, & Roberts, 2012) replicated the initial findings
by Dror and his colleagues. In the FBI study, 72 expert forensic fin-
gerprint examiners compared the same 25 pairs of fingerprints on
two different occasions, approximately seven months apart. Their
data showed that fingerprint experts were inconsistent with their
own conclusions on the same pair of fingerprints 10% of the time
(Ulery et al., 2012).

Levels 5–8 in HEP, discussed thus far, pertain to experts’ con-
clusions; however, these conclusions are based on observations of
the data and evidence. For example, fingerprint experts compare
the minutia (fingerprint characteristics – see Figure 2) that they
observe on a latent fingerprint from the crime scene with those
from the fingerprint of a suspect. They assess whether these are
similar enough to conclude that both fingerprints originated from
the same source. Such conclusions, however, are dependent upon
the observations of the minutia in the fingerprints.

The distinction between Levels 5–8 in HEP (the ‘Conclusions’)
and Levels 1–4 (the ‘Observations’) are similar, to some extent,
to the distinction between descriptive and inferential statistics, as
well as to the SBAR used in the medical domain (observations on
the Situation and Background, then the Assessment and Recom-
mendation conclusions, see discussion earlier). Levels 1–4, address
performance of experts in observing the data, measuring biasability
and reliability between and within experts.

HEP, see Figure 1, places the observation levels below those
of the conclusions because they are more basic. The observations
are the ground upon which experts should reach their conclu-
sions. When the conclusions drive the observations (rather than
vice versa), confirmation bias kicks in. Therefore, conceptually and
practically, observations should come first. Furthermore, observa-
tions must start with the evidence from the crime scene and then,
thereafter, observations from the suspect. The danger of not fol-
lowing this exact sequence derives from working backwards; first,
starting with the suggested conclusion (from irrelevant contextual
information) and then, second, working to find the suspect’s char-
acteristics in the evidence (thus, working from the suspect to the
evidence, rather than from the evidence to the suspect).

Countering these biases is relatively easy: Start with the obser-
vations (with no exposure to contextual irrelevant information)
and work from the evidence to the suspect. The Linear Sequential
Unmasking (LSU) procedure does exactly that (Dror et al., 2015).
The LSU procedure mandates that forensic experts first observe the
evidence from the crime scene in isolation from the suspect. They
first need to examine and document what they observe in the actual
evidence (e.g., in DNA, determine what are the peaks in the DNA
profile from the crime scene) and, only then, be exposed to and
observe the target suspect (in the DNA example, observe the peaks
rformance. Journal of Applied Research in Memory and Cognition

Figure 2. Different characteristics (minutia) present in the friction ridge of finger-
prints (e.g., when a ridge divides or ends).

dx.doi.org/10.1016/j.jarmac.2016.03.001
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tage should the experts be exposed to irrelevant contextual infor-
ation, however, as LSU permits (but with restrictions) changes

an be made after exposure to the target suspect as this allows to
x inadequate initial analysis (Ulery, Hicklin, Roberts, & Buscaglia,
014) and enables a more effective directed visual search.

Level 4, the first level in HEP quantifying observations, examines
hether the observations of the data are biased by irrelevant infor-
ation. One source of biasing information is the case information

tself (examples of which were presented in Levels 7 and 8, such
s the existence of other lines of evidence against the suspect).
owever, there are five different sources of biasing information

Dror, 2015; Dror et al., 2015). As discussed earlier, another source
f biasing information is a ‘target’, the reference material to which
vidence is matched (e.g., the fingerprint or DNA profile of the sus-
ect; Thompson, 2009). Here, the evidence from the crime scene

s observed within the context of the ‘target suspect’, which may
ias how the actual evidence is observed. A study by Dror et al.
2011) examined whether such an effect exists. Forensic finger-
rint experts were required to count all the minutia (see Figure 2)

n a latent print from the crime scene either by itself, in isolation,
r within the context of the ‘target’ suspect fingerprint. The results
howed a biasing effect wherein the experts observed a different
umber of minutia when the latent print from the crime scene was
resented within the ‘suspect target’ context.

The implications of biased observation of different numbers
f minutia is not limited to subsequent comparison conclusions
egarding the suspect’s fingerprints, but can also affect the deter-
ination of whether the evidence is sufficient for comparison in

he first place. That is, whether the latent print from the crime
cene (often containing low quantity and quality of information) is
ven suitable for comparison. Sometimes there is insufficient data
n the latent print to enable comparison with a suspect. A study by
raser-Mackenzie, Dror, and Wertheim (2013) examined whether
ias can affect the suitability determinations of latent fingerprints.
n this study, experts observed latent fingerprints either in isola-
ion or when they were presented alongside a target comparison
uspect print. Similar to the study in which experts were biased
nd observed different number of minutia, this study demonstrated
ias in the observation of whether the latent prints were suitable
or comparison.

Whereas Level 4 examines the biasability in observations
etween different experts, Level 3 in HEP examines a more
asic measure of biasability, the within-observations biasability of
Please cite this article in press as: Dror, I.E. A Hierarchy of Expert Pe
(2016), http://dx.doi.org/10.1016/j.jarmac.2016.03.001

xperts. That is, will the same expert observe the evidence differ-
ntly if it is presented within irrelevant contextual information?

A research study by Earwaker, Morgan, Harris, and Hall (2015)
ound evidence for this type of within-expert biased observation.

able 1
he between-experts observations of fingerprints. Different fingerprint experts looking
bserve.

Expert Latent fingerprint

A B C D E 

Expert 1 22 9 15 8 9
Expert  2 21 11 25 7 10
Expert  3 19 9 18 10 7
Expert  4 21 21 29 14 12
Expert  5 17 16 15 11 16
Expert  6 20 14 22 9 10
Expert  7 22 17 15 10 10
Expert 8 9 9 19 6 9
Expert  9 30 15 25 10 12
Expert 10 25 13 18 13 12
Min  9 9 15 6 7
Max  30 21 29 14 16
SD  5.49 4.01 4.93 2.49 2
Range  21 12 14 8 9
 PRESS
ory and Cognition xxx (2016) xxx–xxx

Observation of whether the same latent fingerprints had sufficient
information for comparison was biased by irrelevant contextual
information. Latent fingerprints that were insufficient and not suit-
able for comparison were observed as more sufficient when they
were presented within the context of a serious crime (i.e., murder),
whereas latent fingerprints that were sufficient and suitable for
comparison were observed as insufficient when presented within
the context of a less serious crime (i.e., car theft). Because of
this biasing information, 34% of the latent fingerprints that were
observed as sufficient were actually of insufficient quality to be
compared and 33% of the latent fingerprints that were observed as
insufficient and not suitable for comparison were actually of good
enough quality to have been compared (Earwaker et al., 2015).

The danger of biased observation of the latent prints is illus-
trated in the criminal case R. v. Smith (2011) where the Court of
Appeal of England and Wales quashed a murder conviction because
fingerprint evidence was biased as a result of a “target” murder sus-
pect affecting the observation of the latent fingerprint evidence.
When the latent fingerprint evidence from the crime scene was
examined in isolation (prior to having a target suspect), the fin-
gerprint expert observed that “there was  insufficient detail to be
able to make a meaningful comparison,” but then “after the appel-
lant had been charged. . he concluded that the ridge flow and
12 ridge characteristics could be identified with the fingerprint
from the appellant’s left forefinger.” That is, the examiner “revised”
his observation of the latent print, changing from insufficient and
unsuitable for comparison to suitable (and then proceed to iden-
tify the suspect) (R. v. Smith, 2011, paragraphs 14 and 15). The
danger derives from working backwards, from the suspect to the
evidence, rather than from the evidence to the suspect (this can
be addressed by the Linear Sequential Unmasking (LSU) procedure,
discussed earlier).

As we  move down HEP, we  get to the very basic measure-
ment of expert performance. Level 2 pertains to the basic reliability
between experts (without contextual bias) in the observation of
the data. Would different experts, examining identical fingerprints,
observe the same number of minutia when presented without bias-
ing context (see Levels 3 and 4 for presentation within a context)?
Dror et al. (2011) investigated this question. Table 1 presents the
lack of reliability and consistency among fingerprint experts.

As the data in Table 1 shows, different experts observe differ-
ent data from identical fingerprints, even when presented with no
biasing contextual information. This is critical, not only because
rformance. Journal of Applied Research in Memory and Cognition

of the high variability (wide range and high Standard Deviations in
the number of minutia they observe), but also because the observa-
tions vary across the critical thresholds for making an identification.
Although many countries do not have a set number of minutia

 at the same fingerprints (A to J) lack consistency in the number of minutia they

F G H I J

 3 8 11 7 10
 9 9 10 6 5

 9 15 19 6 6
 9 8 9 4 8
 9 7 12 5 5

 7 13 18 7 9
 8 11 24 8 11

 8 18 16 9 10
 12 19 22 12 17
 10 13 15 7 10

 3 7 9 4 5
 12 19 24 12 17
.45 2.32 4.25 5.15 2.23 3.54

 9 12 15 8 12

dx.doi.org/10.1016/j.jarmac.2016.03.001
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Table  2
The within-expert observation of fingerprints. This table presents the difference between the number of minutia that each expert observes when examining the same
fingerprint (A to J) on two separate occasions, i.e., zero indicates consistency.

Expert Latent fingerprint

A B C D E F G H I J

Expert 1 1 1 4 1 1 2 3 2 0 1
Expert 2 8 3 5 1 1 2 2 5 2 2
Expert 3 1 3 3 3 6 4 9 9 1 2
Expert 4 2 3 2 5 0 1 1 0 0 1
Expert 5 6 2 2 3 4 1 3 3 0 3
Expert 6 9 4 2 1 4 6 0 5 1 1
Expert 7 0 4 5 2 4 3 3 7 0 0
Expert 8 3 1 4 0 6 2 1 4 2 0
Expert 9 4 3 9 0 4 4 3 1 1 3
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Expert 10 1 0 0 1 

MEAN 3.5 2.4 3.6 1.7 

equired for identification, 7 or fewer minutia would very rarely
if ever) be sufficient for making an identification. Therefore these
ata (see Table 1) are alarming, as fingerprints D, E, F, G, I and J (more
han half the prints) include experts who observe 7 or fewer minu-
ia, while other experts, observing the same fingerprints, observe
ignificantly more minutia (at least 12 minutia). Thus, the poten-
ial to make an identification conclusion is determined by which
xpert observes the latent print from the crime scene – for exam-
le, if Expert 2 looked at fingerprint J, then an identification would
ot be possible with only five minutia, however if Expert 9 looked
t the very same fingerprint, then an identification would be very
ikely with 17 minutia. Variations between expert observations of

inutia have also been quantified and characterized by Swofford,
teffan, Warner, Bridge and Salyards (2013).

Level 1, the very bottom of HEP, examines the most basic of
xpert performance: Whether the same expert, looking at the same
vidence, will observe the same data. Such a within-expert measure
ouches upon the very basis of expertise. Dror et al. (2011) investi-
ated this question and found that not only are forensic fingerprint
xperts not consistent with the observations of one another (Level
), but the same forensic fingerprint expert looking at the same
rint is not always consistent with their own  observations (see
able 2).

That is, the same expert observed different data from an iden-
ical fingerprint, even when presented with no biasing contextual
nformation. These data show that the difference in the number

inutia observed by the same expert at Time 1 and at Time 2 go
p to nine. Reliability of within-expert performance (consistency of
ero difference between Time 1 and Time 2) was observed only 16%
f the time. The significance of this lack of reliability is especially
larming when it crosses the threshold for making an identification,
hich the data showed across experts and across the fingerprints

e.g., Expert 2 Fingerprint H, 8 vs. 13 (at one time observed 8 minu-
ia, but at another time observed 13 minutia); Expert 3 Fingerprint
, 8 vs. 17; Expert 4 Fingerprint D, 6 vs. 11; Expert 6 Fingerprint
, 7 vs. 13; and Expert 7 Fingerprint B, 9 vs. 13 – see Dror et al.,
011). Hence, the possibility for an identification not only depends
pon which expert observes the latent fingerprint (Level 2 in HEP)
ut, even when the same expert is involved, at one time they might
bserve sufficient number of minutia to enable an identification,
hereas, at another time a different, much lower number, that does
ot enable an identification. Variations within expert observations
f minutia have also been quantified and characterized by Swofford,
teffan, Warner, Bridge and Salyards (2013).

In conclusion, the Hierarchy of Expert Performance (HEP) pro-
Please cite this article in press as: Dror, I.E. A Hierarchy of Expert Pe
(2016), http://dx.doi.org/10.1016/j.jarmac.2016.03.001

ides a framework to examine and quantify expert performance.
irst, with respect to observing the data and second, with respect
o drawing conclusions. The hierarchy quantifies the extent that
xperts are reliable at the basic level of being consistent as well as at
1 4 1 0 0
4 2.6 2.9 3.7 0.7 1.3

higher level of being biasable by irrelevant contextual information.
The hierarchy also distinguishes when performance varies between
experts and at a more basic measure of when performance varies
within experts. This framework clearly defines eight levels, each of
which quantifies a different aspect of expert performance.

The HEP framework is used to unpack and measure forensic
expert performance. Since the criticisms of forensic expertise by
the National Academy of Sciences (2009), there has been a growing
amount of research on forensic expert performance (Found, 2015).
Using HEP, these research studies can be organized and concep-
tualized, giving a clear theoretical framework, as well as applied
implications to identify weaknesses and procedures to address
them.

Although the hierarchy has been used in this paper within
the forensic expert domain, it is also applicable to other expert
domains. HEP may  also be used to evaluate expertise by com-
paring performance at the 8-levels of the hierarchy across expert
domains, as well as to novices. The hierarchy focuses on reliability
and biasability issues that cut across expert domains, and does not
address the issue of validity, which is domain dependent. Finally,
this hierarchy provides practical, as well as theoretical, insights into
expertise.
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