
been administratively housed in the
Department of Pathology. Others
can do it as well.
■■■■■ Reimbursement for educa-
tional services could erode in a com-
petitive market. Subspecialty pa-
thology faculty members may want
to consider joining, and then work
on expanding roles for themselves
in, educational consortia. 
■■■■■ Institutions with international-
ly recognized brand names—for ex-
ample, Mayo Clinic, Harvard, Johns
Hopkins—may choose to increase
their use of their own “marquee
pathologists” to market their institu-
tions and their laboratory services.
■■■■■ Pathology education and train-
ing will become a global enterprise
with the United States in a leader-
ship role as an exporter nation for
educational programs.

Now for my 11- to 20-year pre-
dictions regarding digital pa-

thology and telepathology virtual
slides.

The University of Arizona has a
multicampus, interdisciplinary Lab-
oratory of the Future research-and-
development program. It encom-
passes teaching laboratories, hos-
pital laboratories, and reference
laboratories. Based on our experi-
ences thus far, we make the fol-
lowing long-range prediction: Neu-
rosciences will have an expanding
role in the development of next-
generation education and testing
programs.

Our work on the Laboratory of
the Future program is in three main
areas at this time: 1) human per-
formance assessments including a
search for physiologic measurements
of what we like to refer to as bio-
markers of expertise; 2) facility de-
sign, construction, and testing for
what we envision to be the Labora-
tory of the Future, a decentralized
enterprise based on a multilabora-
tory consortium; and 3) the creation
of advanced workflow management
software and systems for use in a
next-generation laboratory com-
mand-and-control center. We are
modeling such a center now in

Phoenix at the new branch campus
of the university’s College of Medi-
cine. Some of the design features of
our Laboratory of the Future are
based on discoveries made recently
in our human performance labs.

Our 11- to 20-year predictions in-
volve the neurosciences and cogni-
tive psychology. Our hypothesis is
that the scientific methods of the
neurosciences will be applied to the
analysis of pathologists’ mental
processes, including learning skills.
Our focus on the neurosciences and
cognitive psychology stems in part
from two of our current interests at
the university: scientific differentia-
tion of novice versus expert per-
formance and the use of command-
and-control systems for laboratory
workflow management. With respect
to expert performance in pathology,
managing the use of expert pathol-
ogist second opinions in decentral-
ized virtual group practices will have
its challenges. The following will re-
quire much effort and thought: de-
veloping an infrastructure for pro-
filing experts’ competencies, re-
cruiting and selecting experts for
specific case assignments, tracking
their availability and performance
preferably in real time, assessing ex-
perts’ performance on an ongoing
basis, and setting a value for their
services, factoring in case complexi-
ty and degrees of difficulty, as a ba-
sis for compensation. In Arizona, we
have been working our way through
these complicated issues for several
years. Progress has been made, es-
pecially in facility design and testing
and in workflow management soft-
ware development. 

With regard to the novice ver-
sus expert topic, expertise

per se in subspecialty surgical pa-
thology is often ill-defined and can
be highly subjective. It is well known
in academic circles that well-recog-
nized experts not infrequently dis-
agree on difficult diagnoses. Al-
though cell and genetic markers can
resolve some of the diagnostic is-
sues for certain types of surgical pa-
thology cases, we have a long way to
go in resolving significant interob-
server variability issues that seem
to hamper our field. 

What would be the best criteria
for certifying the designation “ex-
pert”? Should the designation “ex-

pert” be based on numbers of cases
of a certain type of pathology han-
dled per year, training pedigree, the
prestige of the expert pathologist’s
institution, scholarly publications,
or invitations to speak at state and
national pathology organizations?
Generally, we do know whom we
cite as authorities in the field and
would recommend for case refer-
rals. Pathologists usually know
whom to send difficult cases to for
second opinions. Lawyers know
which experts might add addition-
al authority to their arguments. But
a precise definition of the surgical pa-
thology expert can be elusive. 

Traditionally, some of the training
of pathology fellows by experts has
been done in an apprentice mode,
using a multiheaded light micro-
scope to simultaneously view histo-
pathology slides. This doesn’t guar-
antee that both participants are ex-
amining the identical features in a
histopathology section at the same
time. Cognitive psychologists, us-
ing eye position tracking devices,
can show that the mentor and trainee
viewing activities are not identical.

At Arizona, we have a program
using cognitive psychology research
methods to study surgical patholo-
gists’ performance. One goal is to
find out how to accelerate the pro-
gression of a junior faculty mem-
ber—a novice—into a bona fide ex-
pert pathologist. We are also ex-
ploring the possibility of using sci-
entifically validated physiologic
parameters, such as eye movements,
to stratify levels of surgical pathol-
ogy expertise. 

Elizabeth A. Krupinski, PhD, a
distinguished cognitive psycholo-
gist in the University of Arizona
Department of Radiology, started
our program in 2005. Dr. Krupin-
ski has had a career-long interest in
eye movement studies. She is well
known for her work documenting
the search strategies of radiologists
viewing digital mammograms. Her
research involves the use of ac-
curate and sensitive eye-tracking
equipment.

The availability of virtual slides
has made it possible to apply the
eye-tracking technology used in ra-
diology clinical research to pathol-
ogy, since pathologists viewing vir-
tual slides no longer have their eyes
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The new amphitheater in Phoenix will be used as, among other things, a test bed for creating pathol-
ogy command-and-control lab software to manage workflow in telepathology virtual group practices. 

Digital pathology
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