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Education and Training

J.J. Cimino, B.A. Allen,
P.D. Clayton

Department of Medical Informatics,
Columbia University,
College of Physicians and Surgeons,
New York, NY, USA

1. The Department of
Medical Informatics

The Center for Medical Informa-
tion Science was established at the
Columbia University College of Phy-
sicians and Surgeons in 1987. In 1994
it became the Department of Medical
Informatics, the second such univer-
sity department in the United States. It
is the only formal medical informatics
educational program in the New York
Metropolitan Area. The department
has seventeen faculty, includingeleven
full-time faculty. A number of major
research projects are ongoing with
sponsorship from a variety of federal,
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Medical Informatics Training at
Columbia Uniyversity and the

Columbia-Presbyterian Medical
Center

Abstract: The Department of Medical Informatics at Columbia Univer-
sity College of Physicians and Surgeons consists of a faculty of 17 full-
and part-time faculty. The Department faculty collaborate with the
Department of Computer Science and several clinical departments of the
medical center. We offer courses in medical informatics, formal degrees
(M.A., M.Phil. and Ph.D.) and a postdoctoral training program. In
addition to academic offerings, the close affiliation with the Columbia-
Presbyterian Medical Center and the primary responsibilities for clinical
information systems offers trainees unique opportunities to work with
and develop real-world applications. Faculty research programs include
work on the Integrated Advanced Information Management System
(IAIMS), Unified Medical Language System (UMLS), High-Perfor-
mance Computing and Communications (HPCC), Electronic Medical
Records, automated decision support and technology transfer through the
Center for Advanced Technology.

Keywords: Medical Informatics, Education, Training, Training Program,
Graduate Program

state and commercial sources. During
its short history, the Department (and
the Center before it) has made several
significant contributions to national
medical informatics research projects
such as the Arden Syntax for Medical
Logic Modules, the Unified Medical
Language System, and the Health-
Level 7 standard for medical data in-
terchange. An appendix included be-
low lists references to papers describ-
ing research of the Department. Cur-
rent projects include clinician data
capture, automated decision support,
high performance computingand com-
munication, electronic medical
records, controlled medical vocabu-

lary, natural language processing, clini-
cal data systems architecture, security
and confidentiality, outcomes evalua-
tion, care plans and practice guide-
lines, database design, voice recogni-
tion, computer-based curricula, dental
informatics, and community informa-
tion networks.

An important characteristic of the
Department is its close ties to the in-
formation systems at the Presbyterian
Hospital and the Health Sciences cam-
pus of Columbia University, which
together formthe Columbia-Presbyte-
rian Medical Center (CPMC). Through
a special relationship, the Department
is responsible for the hospital’s de-
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partment of Clinical Information Ser-
vices (CIS). By working with the other
information systems departments in
the hospital, the CIS is building a state-
of-the-art clinical information system,
This partnership provides opportuni-
tiestoapply the Department’s research
to the development of applications
which can be deployed in real-world
settings where they can have concrete
impact on the health care process and
undergo meaningful evaluation. Cur-
rentclinical applications include acen-
tralized clinical database, a decision
support engine, in-patient and out-pa-
tient physician workstations, and an-
cillary systems for pharmacy, labora-
tory and radiology departments. The
central clinical information systemalso
includes data from cardiology,
gastroenterology, neurology, surgery
and discharge summary systems. The
campus-wide network provides access
toover 3,000 workstations in 31 build-
ings at 21 geographic locations.

The Department’s ties to the broader
health sciences community, especially
the Health Sciences Library, were es-
tablished through its Integrated Aca-
demic Information Management Sys-
tem (IAIMS) project which culminated
in a five-year implementation grant.
Through this grant, the Department
was able to initiate a campus-wide
local area network and provide the
means for coordinating and sharing
on-line information resources for use
by health care providers, researchers,
educators, students and administra-
tors. An additional grant from New
York State has allowed us to establish
a Center for Advanced Technology
which supports collaborative technol-
ogy transfer projects with the Com-
puter Science Department of the Uni-
versity

These four aspects of the Depart-
ment (medical informatics research,
clinical computing, academic infor-
mation systems and technology trans-
fer), create a special environment for
the training of medical informatics

professionals. Trainees have the op-
portunity to test their innovative uses
of information in the real world and
see the fruits of their own research
incorporated into the dynamic com-
puting environment found at CPMC.
Inits educational role, the Department
offers medical informatics courses, as
well as programs leading to Masters
and Doctoral degrees, and it adminis-
tersa medical informatics postdoctoral

training program.

2. Medical Informatics
Courses

As might be expected of any new
educational unit, the Department of
Medical Informatics is experiencing a
period of growth in its course offer-
ings. Because of the interdisciplinary
nature of the field, many of the topics
in medical informatics are adequately
covered by other University depart-
ments such as Computer Science, Epi-
demiology, Biostatistics and Physiol-
ogy. Our department focuses on teach-
ing those subjects which occur at the
intersections of different fields. Our
offerings include the regular teaching
of Introduction to Medical Informatics,
Quantitative Methods of Medical De-
cision Making and a Research Semi-
nar in Medical Informatics. The fac-
ulty also teach a variety of courses
based on demand and interest (see
Table 1). Forexample, in the Spring of
1994, the Department offered courses
in Medical Language Processing and
Topics in Hospital Information Sys-
tems. This latter course explored in
detail the ways in which medical data
are encoded, stored, retrieved, ex-
changed and manipulated in real hos-
pital information systems. Students
may also pursue independent research
projects under the guidance of a fac-
ulty member. Recent student projects
have included natural language pro-
cessing of ECG reports, linking clini-
cal systems to on-line knowledge

sources, comparison of knowledg
representation schemes foruse in med;
cal applications, voice data input an
encoding, and translation of user que
ries into conceptual graphs to facil
tate automated information retrieval

3. The Degree Programs

The graduate training program -
designed to train students both ft
academic careers as researchers ar
teachers, as well as for profession
positions in the field of Medic
Informatics. Students in the progra
study the form and function of fac
about patients or aggregates of p
tients. They examine the influence
knowledge on the processing of su
facts when making scientific hypot
eses and diagnostic or therapeutic ¢
cisions. They also learn about met
ods for measuring the impact of infc
mation, as well as approaches for ef
ciently acquiring and displaying re
evant information in a meaningful wa
Candidates are considered based
their prior academic and experient:
preparation, motivation, intellectu
capacity, and ability in quantitati
and verbal areas. Financial support
provided for those students accept
beyond the MA degree program.

M.A. Degree

The M.A. degree can pursued a
terminal degree in its own right, or
a prerequisite to the M.Phil. degr
The basic requirement for admiss'
asastudent in the Medical Informat
program is a bachelor’s degree, wh:
should ordinarily be in computer, ma
ematical, physical, engineering, ort
logical science. M. A. candidates m
demonstrate competence in the bac
of computer science. Students are
mitted on either a full-time or p
time basis to the M.A. degree |
gram, but must complete the deg
requirements within atwo year per:
The exact program of study is plan
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on the basis of the student’s back-
ground and interests, in consultation
with members of the Medical
Informatics Degree Program Commit-
tee, who assign each student a faculty
advisor. Except where the student has
previously studied them, the
coursework must cover linear algebra,
probability theory (or mathematical
statistics), data structures, fundamen-
talalgorithms, software laboratory and
scientific computation. Table 1 pro-
vides a partial listing of courses which
can be used to meet the M. A. require-
ments. In addition to coursework, stu-
dents submit an original essay in the
form of a thesis or publication quality
manuscript before completion of the
second year of study.

M. Phil. Degree

The M.Phil. degree is generally
obtained as a prerequisite to the Ph.D.
program. Students are admitted on a
full-time basis only for the M.Phil
degree program. The program carries
its own course requirements beyond
the M.A. degree in a selection of
courses approved by the Program Com-
mittee. Students must complete an es-
say, as for the M.A. degree (they may
petition touse their M.A. essay toward
this requirement). The program re-
quires teaching experience: all M.Phil.
students are expected to participate in
the education activities of the Depart-
ment. Students must also pass a three-
partexam, consistingof a writtenexam,
an oral exam (in the form of a
presentation and defense of aresearch
proposal) and public presentation of a
seminar. The M.Phil. degree program
1s to be completed by the end of the
third year of study (including the two
years needed for the M.A. require-
ments), except for those students
granted advanced standing, who must
complete the degree by the end of the
second year of study.

Ph.D. Degree
Ph.D. candidates must complete all

requirements for the M.Phil. degree.
The Ph.D. program consists of the
preparation, defense and deposition of
a doctoral dissertation. The Ph.D. de-
gree should be completed within five
years, including earning the M.A. and
M.Phil.

4. The Postdoctoral Training
Program

The Department is fortunate to be
the recipient of a Post-Doctoral Train-
ing Program grant, sponsored by the
National Library of Medicine. The
training program provides a stipend,
tuition, health benefits and travel funds.
A prospective candidate must hold a
doctoral degree (M.D., Ph.D. orequiva-
lent) and be a U.S. citizen or perma-
nent resident. Beyond these absolute

requirements, candidates are consid-
ered based on their knowledge and
experience in the health and informa-
tion sciences. Strong candidates are
generally those with (a) a health-re-
lated (typically M.D.) or library sci-
ence-related background who have
some demonstrated aptitude in com-
puter programming and computer sci-
ence or (b) strong computer science
background and some demonstrated
aptitude in a health-related field. Can-
didates are generally expected to make
a commitment for three years of train-
ing, with academic years running from
July to June. There are three compo-
nents to the program: faculty supervi-
sionand direction, proficiency require-
ments, and research.

Faculty Supervision and Direction
At the start of the training program,

Medical Informatics

Doctoral Research

Computer Science
Database Systems

Operating Systems

Computer Graphics

Physiology
Human Physiology
Biostatistics

requirements.

Introduction To Medical Informatics

Quantitative Models For Medical Decision Making
Medical Language Processing

Topics in Hospital Information Systems

Research Seminar In Medical Informatics
Readings In Medical Informatics

M.Phil. Teaching Experience

Doctoral Dissertation

Programming Languages and Translators

Computer Networks
Software Engineering

Artificial Intelligence
Natural Language Processing
Knowledge-Based Expert Systems

Introductory Probability

Design Of Medical Experiments
Analysis Of Categorical Data
Generalized Linear Models
Research Methodology

Table 1 - Partial listing of courses which can be used to meet degree
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each trainee is assigned a member of
the Department faculty who serves as
an advisor. The advisor assists in ori-
enting the trainee and helps the trainee
to assess areas of pre-existing profi-
ciency where coursework may not be
necessary as well as areas where addi-
tional coursework beyond the require-
ments would be helpful. The advisor
guides the trainee in formulating a
research project and proposal, assists
the trainee with problems that may
arise, provides general support, moni-
tors progress, and gives the trainee
appropriate feedback. There are meet-
ings of the advisors and the Program
Directors at least once each semes-
ter to discuss the progress and per-
formance of each trainee.

Proficiency Requirements

The academic programis intended
to provide trainees with a basic un-
derstanding of the wide range of
subjects encompassed by medical
informatics. Trainees generally meet
proficiency requirements through
formal coursework, although some
trainees come to the program with
backgrounds and abilities that ad-
dress some of these requirements
and are given. waivers. Course re-
quirements foreach trainee are struc-
_ tured based on individual need and
direction, but generally follow those
of the Masters degree programs de-
scribed above. All NLM trainees are
required to complete a course in
medical research ethics.

Research Requirement

Each trainee formulates and con-
ducts aresearch project. The trainee
submits a written research proposal
by the end of the first year of the
program. The proposal follows the
outline of an NIH grant proposal and
addresses areas such as required re-
sources, specific aims, significance,
methods, references and human sub-
jects (if appropriate). The role of the
trainee is to conduct his or her own

research, not to function as a program-
mer on the team of one of the faculty.
The research project is expected to lead
topublicationinaleadingpeerreviewed
journal. Trainees present their research
proposals and, later, theirresultsinregu-
lar Department research seminars.

The “Typical” Experience

Due to variability in the background
and goals of the trainees, the training
program is customized for each trainee.
However, some generalizations about
theexperience canbe made. Eachtrainee
needs to find a balance between
coursework and research. Most trainees
devote a high proportion of their time to
courses in the first year with less in the
second and little or none in the third,
with a corresponding increase in re-
search work. The first year is often an
exploratory year, with the trainee doing
some preliminary project or a small part
of an on-going faculty project. During
the second year, the trainee submits the
formal research proposal and com-
mences work on it. Presentation of re-
sults generally occurs in the third year.
A large proportion of our trainees are
physicians who have completed their
residency training. Those who wish to
maintain their clinical skills can do so
on alimited basis as long as itdoes not
interfere with their ability to meet the
program requirements.

In addition to formal courses, train-
ees attend (and eventually present at)
the weekly medical informatics semi-
nar, the monthly journal club, an an-
nual scientific meeting (such as
SCAMC) and the annual NLM Train-
ing Directors meeting.

5. Discussion

The medical informatics training
opportunities at Columbia are many
and varied. There are several char-
acteristics which serve to strengthen
the learning experience. The educa-
tional resources of Columbia Uni-
versity are among the best in the

world, particularly in the health sc:
ences. The Presbyterian Hospital is on
of the largest teaching and research hos
pitals in the country, with 1,500 bed:
600 residents and 1,200 attending phy
sicians, and provides a broad range c
health care settings in which toestablis
medical informatics research. Trainee
can learn by studying the clinical conr
putingenvironmentthathasbeendeve!
oped thus far but can also gain valuabl
hands-on experience by choosing re
search projects which can be incorpc
ratedinthe existing environment, tok
tested by real users and affect the car
of real patients. They can also partic.
pate with the faculty in research e
forts such as the New York State Cer
ter for Advanced Technology and se:
eral national research projects. Tk
variety of opportunities and flexibilit
of the program almost guarantees th:
each trainee will have a unique exp:
rience. The program is quite new, bt
the graduates thus far have establishe
successful careers in medic:
informatics research, hospital infor
mation systems and commercial sof:
ware publishing.

Additional Information

For more information about the de
gree programs, contact our secretar
for educational affairs at (212) 30:
1816 or Dr. Barry Allen at (212) 30:
3815, fax (212) 305-3302 or viae-ma
at allenba@cucis.cis.columbia.ed
For more information about tt
postdoctoral training program, co:
tact Dr. James Cimino at (212) 30:
8127,fax (212)305-3302 or viae-mz
atcimino @columbia.edu. To apply
a degree program, contact the Offic
to Graduate Affairs, 701 West 168
Street, Room 406, New York, N
10032. Telephone: (212) 305-805
Fax: (212) 305-1031.
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