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Introduction 

Stanford University's Medical In
formation Sciences (MIS) training pro
Etatn is an interdepartmental program 
effering instruction and research op
portunities leading to an MS or a PhD 
degree in medical informatics. The 
program is administratively based in 
the School ofMedicine but is overseen 
by the Graduate Studies Committee of 
"ltanford University and is viewed by 
4he Graduate Division as a free-stand
tirg department for purposes of grant
~g degrees. The faculty of the pro
tram, which numbers over 30 partici
jfants, is drawn broadly from through
lfntthe medical school and other parts 
«the university. Areas of investiga-

are diverse and include topics 
as decision-support systems, in

~~~~~~att!d workstations, knowledge ac
.... ,. ••• v • ._ speech input, mobik com

~dicalrecord~, CQmpl1tational 
.'medical imaging, reasoning 
uncertainty, information re
medical terminology and vo-
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Education· and training 

Medical Informatics Training 
at Stanford University School of 
Medicine 
Abstract: Stanford University School of Medicine has offered graduate 
degrees in medical informatics since 1982. Located approximately 50 
kilometers south of San Francisco near the city of Palo Alto, the 
university offers both MS and PhD degrees, combining research training 
with formal course requirements in clinical information sciences, 
bioinformatics, computer science, decision science, basic biomedicine, 
health economics, and social and ethical issues. Requirements are adapted 
to the varying backgrounds of trainees. Graduates of the program work 
in a variety of capacities, although the majority have sought careers in 
academia or in industrial research settings. 

cabularies, technology assessment, and 
health-services research. 

This paper summarizes the history, 
philosophy, and current status of the 
Stanford training program. More de
tailed information may be found on 
the World Wide Web under Uniform 
Resource Locator (URL) 

http:/ /www-camis. stanford.edu/ 
academic.html. 

History of Medical 
Informatics Research and 
Training at Stanford 
University 

Stanford Medical School has been 
heavily involved in medical comput
ing research since the late 1960s when 
the ACME Resource, an early experi
ment in time-shared computation for 
biomedical re.search, was developed 
by geneticist Joshua Lederberg and 
his colleagues. The university was al
ready benefiting from close ties to the 
local computer industry in "Silicon 

Valley", the nickname for the sur
rounding region in which a large num
ber of electronics firms, starting with 
the Hewlett Packard Company, had 
been created since the 1950s. It was 
natural that many portions of the uni
versity would become involved in the 
exploding local interest in computa
tion, and early collaborations between 
biomedical scientists from the medi
cal school and computer scientists on 
the main campus led to the develop
ment of such well known programs as 
DENDRAL [1] and MYCIN [2] . In 
1973 ACME evolved into a new feder
ally funded resource, codirected by 
Professor Lederberg from the medical 
school and Professor Edward 
Feigenbaum from the Computer Sci
ence Department. SUMEX-AIM was 
a time-shared machine, available to a 
national community over the early 
ARPANET (predecessor to today's 
Internet), and devoted entirely to re
search on applications of artificial in
telligence to problems in biomedicine. 
For the next 18 years SUMEX-AIM 
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provided the support for a series of 
research efforts in biomedical artifi
cial intelligence [3], both at Stanford 
[4-6] and elsewhere [7] . 

By 1980 it had become clear that a 
new discipline was emerging at the 
intersection among biomedicine, in
formation science, and computer sci
ence. The first Symposia on Computer 
Applications in Medical Care 
(SCAM C) were held in the late 1970s 
and soon attracted substantial audi
ences, medical informatics journals 
were beginning to grow in both circu
lation and influence, and weatStanford 
were beginning to receive large num
bers of inquiries from students who 
wanted to study computer science 
while concentrating on biomedical 
applications. 

We have previously described the 
series of events that led to the develop
ment of a formal interdepartmental 
degree program [8]. The term "medi
cal informatics" was not yet well ac
cepted in the United States, and "medi~ 
cal information sciences" was a com
monly used alternative name for the 
field. We first proposed a degree pro
gram in medical information sciences 
in January 1981 and, after deliberation 
by several administrative bodies, the 
proposal was approved by the 
university's faculty senate in October 
1982. The first class of four students 
entered in 1983, and the program grew 
to nine students in 1984, and to fifteen 
in 1985. Both the training and research 
activities broadened during the fol
lowing decade so that artificial intelli
gence is now only one component of a 
large and varied set of informatics 
activities at Stanford. 

We soon realized the need for a 
comprehensive textbook in the field, 
and spent much of the late 1980s de
veloping a volume to use in our intro
ductory informatics course [9]. Today 
the training program has 25-28 train
ees enrolled per year, with MS stu
dents requiring a minimum · of two 
years and PhD students from 4 to 5 
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years. Approximately two thirds of the 
trainees are physicians or medical stu
dents pursuing joint degrees, but we 
have also trained other health profes
sionals as well as individuals without 
any prior medical training. All stu
dents are housed with the core faculty 
and staff in shared laboratory space 
that includes offices, student carrels, 
individual machines for all trainees, 
and shared research facilities. We typi
cally receive 50-60 applications per 
year for 5-7 new positions. The pro
gram has 40 graduates, including 16 
with doctorates and 24 with master's 
degrees. 

The principal shared computing fa
cilities used by MIS trainees are pro
vided by the Center for Advanced 
Medical Informatics at Stanford 
(CAMIS), a shared resource funded in 
part by the National Library of Medi
cine. Essentially all computing facili
ties at the medical center and com
puter science department are linked 
together by a local communications 
network which is also connected to 
most machines on campus and to na
tional academic and research commu
nities through gateways to the Internet. 
The network is also connected to a 
variety of servers in the program's 
offices, including laser printers, file 
servers, and telecommunication gate
ways. 

Several trainees are supported by 
post-doctoral or pre-doctoral stipends 
through a training grant from the Na
tional Library ofMedicine. Other train
ees, including foreign students, tend to 
be supported by external fellowships 
or by research assistantships provided 
by their research preceptors. 

The training program is overseen 
by several core faculty who serve on 
the administrative and admissions 
committees. Edward Shortliffe (who 
oversees research on decision-support 
systems, patient records, and national 
networking) directs the training pro
gram and Lawrence Fagan (artificial 
intelligence, mobile computing, inte-

• grated decision support) is codirectoq 
Drs. Shortliffe and Fagan are joine<f 
by Mark Musen (knowledge.acquisi'1 
tion, architectures for intelligent sys. 
terns), director of the program's ad
missions committee and head of the 
Section on Medical Informatics in 
which the training program is admin. 
istratively based. The program's com. 
puting and communications environ. 
ment, plus advanced systems software 
research, is overseen by the Symbolie, 
Systems Resources Group (SSRG), 
directed by Thomas Rindfleisch. Russ 
Altman oversees our research activi
ties in the area of computational biol
ogy, directs our bioin.formatics train
ing activities, and has built associa· 
tions with faculty in the Departmen~ 
of Genetics, Biochemistry, Cell Biol
ogy, Mathematics, and Statistics. Ad
ditional core faculty include Parvati 
Dev (instructional technology, imag
ing, and multimedia), Gio Wiederhold 
(databases), Yuval Shahar (artificial 
intelligence and temporal reasoning!, 
and consulting faculty Michael Walker 
(bioinformatics .and statistics), Max 
Henri on (reasoningunderuncertaintyl 
and Glenn Rennels (information re
trieval, critical appraisal, and clinical
trial design). 

Program Philosophy 

Stanford's interdisciplinary pro
gram was created in response to a 
recognized need for well-trained re· 
searchers and academic leaders in the 
expanding field of medicalinformatit 
The design of the Stanford progranlj 
reflects our belief that the newness of 
the field of medical informatics, the 
need for trained professionals, and the 
broad opportunities available at 
Stanford make it appropriate to pro
vide a wide range of training optiont 
We therefore offer both MS and ph]1 
degrees and custom-tailor the clasS1 
room and research requirements to the 
diverse backgrounds and professio4 
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eeds of our students. We require all 
~ees to be formal degree candi
dates, believing that leaders in the 
field will require broad formal course 
exposure i~ addition to . intense re
search trainmg. The cumculum pro
vides structured but flexible exposure 
to topics in the areas of clinical medi
cine (for trainees who are not already 
health professionals), computational 
biology, computer science, decision 
science, statistics, operations research, 
psychology, health policy, ethics, tech
nology assessment, and medical 
informatics itself. Trainees attend 
weekly journal clubs presented by stu
dents and weekly research colloquia 
offered by faculty, students, staff, and 
visitors to the university. 

All trainees spend half time during 
their first two years in formal 
coursework and the remainder in fo
cused research projects, working with 
one .of the program faculty (or any 
other faculty memberin the university 
who agrees to oversee their work and 
assure its relevance to the medical 
informatics training goals of our pro
gram). All trainees take a comprehen
sive MIS oral examination after two 
years in the program, and MS candi
dates are also expected to complete a 
master's research practicum by this 
time. The PhD. degree adds an addi
tional two to three years, with formal 
defense of a thesis proposal at the end 
of the third year and a completed dis
sertation during the fourth or fifth year. 

The overriding goal of our training 
environment is to teach our students to 
become medical informatics profes
sionals, i.e., to view the field as their 
professional identity, to be committed 
to contributing to it in the future, and to 
understand the technical, logistical, 
fmancial, and organizational issues that 
shape the field. Since the field is young, 
We expect our graduates to be educa
tors who, regardless of their eventual 
Professional setting, can communicate 
Well about the field and its role in the 
Worlds of biomedicine and health-care 
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delivery. We accordingly emphasize 
the development of skills in scientific 
writing and in oral presentations, with 
a set of structured experiences that 
help assure that alltrainees are experi
enced in presenting their own ideas, 
plus the work of others, to varied audi
ences ranging from clinicians to com
puter scientists. There is also an em
phasis on the culture of medical 
informatics, with trainees expected to 
learn about activities at other centers 
and the names and accomplishments 
of present and past leaders who have 
shaped the informatics field. We also 
offer a series of informal lectures on 
such practical matters as grants prepa
ration, the organization and function
ing of federal agencies, industrial rela
tions, and institutional barriers to the 
implementation of clinical informa
tion technologies. Finally, because we 
believe that medical informatics is in
herently interdisciplinary and requires 
an understanding of diverse aspects of 
the health-care and biomedical envi
ronments, we explicitly seek diversity 
among our trainees, bringing together 
physicians, nurses, and other health 
professionals with students who have 
no prior training in the health sciences. 
We also seek diversity in national back
grounds, ethnicity, and gender among 
our students. 

Program of Study 

Both MS and PhD candidates take 
the same core courses, although the 
curriculum is adapted or augmented 
depending upon the interests and prior 
experience of the student. Required 
courses are drawn from five major 
areas (see Appendix for a desc·ription 
of the MIS course offerings, including 
those cited by number below): 
1. Medical Informatics: Students are 

expected to understand current ap
plications of computers in medicine 
arid to develop a broad appreciation 
for research in the management of 

biomedical information. Required 
courses are MIS 210 (Computer 
Applications in Medical Care), 211 
(Computer-Assisted Medical Deci
sion Making), 214 (Algorithms and· 
Representations for Molecular Bi
ology), and 212 (Project Course). 

2. Computer Science: The student is 
expected to acquire a knowledge of 
the use of computers, computer or
ganization, programming, and sym
bolic systems. Required courses 
include offerings in machine archi
tectures, programming languages, 
analysis of algorithms, artificial in
telligence, numerical analysis, hu
man-computer interaction, and da
tabases. 

3. Decision Theory and Statistics: Stu
dents are expected to learn basic 
probability theory, Bayesian statis
tics, decision analysis techniques, 
statistical inference, and experimen
tal design techniques. 

4. Biomedicine: Students are expected 
to acquire a basic knowledge of 
human physiology, anatomy, and 
disease. MIS course offerings in 
this area include MIS202 (Clinical 
Diagnosis), MIS205 (Introduction 
to Clinical Environments) and 
MIS204 (Physiology for 
Informaticians). 

5. Health Policy/Sociallssues: Train
ees are expected to be familiar with 
key issues regarding public health 
policy, fmancing, ethics, and legal 
topics. A variety of courses from 
the medical school, computer sci
ence department, and graduate 
school of business meet the core 
requirements in this category. 
The MS degree is designed for indi

viduals who wish to undertake in-depth 
study of medical informatics. Normally 
a student spends two years in the pro
gram and implements and documents 
a substantial project during the second 
year. The frrst year involves acquiring 
the fundamental concepts and tools 
through course work and initial re-

' search-project involvement. Graduates 
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of this program are prepared to con
tribute creatively to basic or applied 
projects in medical informatics. 

The PhD degree is designed for 
·individuals wishing to prepare them
selves for careers as independent re
searchers in medical informatics. PhD 
students must plan and successfully 
complete a coherent program of study 
including the core curriculum, oral 
examination, and all requirements for 
the master's program. In addition, doc
toral candidates are expected to com
plete two additional advanced courses. 
The master's requirements must be 
completed by the end of the second 
year in the program. Each doctoral 
student is also required to serve as a 
teaching assistant in at least one MIS 
course. By the end of three years, each 
student must orally present a thesis 
proposal to a dissertation committee 
that determines whether the student's 
general knowledge of the field, and 
the details of the planned. thesis, are 
sufficient to justify proceeding with 
the dissertation. The student is ex
pected to demonstrate an ability to 
present scholarly material orally and 
presents his or her research in a lecture 
at a formal seminar. The student is 
expected to demonstrate an ability to 
present scholarly material in concise 
written form. Each student is required 
to write a paper suitable for publica
tion, usually discussing his or her doc
toral research project. This paper must 
be approved by the student's academic 
adviser as suitable for submission to a 
refereed journal before the doctoral 
degree is conferred. · 

Recep.t revisions to our curriculum 
have included the addition of new fac
ulty and emphasis ip. the area of 
bioinformatics (the study of the appli
cation of computational technologies 
to problems in biology, with an em
phasis on molecular biology). Several 
trainees are already actively involved 
in this field and came to Stanford in 
part b~cause of their bioinformatics 
interests. We have learned that many 
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of the research programs of other, more 
clinically oriented students share im
portant methodological problems with 
the field of bioinformatics. Thus we 
see medical informatics as a broad 
discipline that involves fundamental 
methodologies of applicability in both 
biological and clinical domains. We 
accordingly believe that all trainees in 
medical informatics need basic expo
sure · to both clinical and biological 
applications and issues, partly to un
derstand the full breadth of the field 
and partly so that shared methodolo
gies are fully appreciated. 

Research Opportunities 

Participating faculty for the MIS 
program are drawn from departments 
throughout Stanford University, in
cluding anesthesia, biochemistry, com
puter science, economics, electrical 
engineering, engineering-economic 
systems, genetics, health research and 
policy, internal medicine, obstetrics 
and gynecology, pathology, psychol
ogy, radiology, statistics, surgery, and 
the graduate schools of business and 
of education. The varied research op
portunities for trainees can not be de
scribed in detail here, but they extend 
across the full range of topics in medi
cal informatics and computational bi
ology. Descriptions of many current 
research activities are available on the 
World Wide Web under URL http:// 
www-camis.stanford.edu/research. 

Program Status and Future 
Directions 

· The training program currently 
(March 1995) has 29 enrolled stu
dents, of whom all but three are PhD 
candidates. Of the current students, 
four postdoctoral and eight predoctora} 
trainees are supported by the National 
Library of Medicine and the remain
der are supported as research assis-

tants on sponsored projects or by per. 
sonal fellowships. Eight students are 
non-US citizens, eleven are wome01 
seven are medical students pursuinl 
MD /PhD degrees, and nine are physi
cians who are pursuing informatics as 
their field of specialization. Althou~ 
no nurses are currently enrolled, we 
have trained nurses and pharmacistsiJJ 
the past and continue to encourag~ 
applications from all health profes~ 
sionals, including medical librarians., 

Among our 40 graduates, 15 are in 
academic positions, 14 are working in 
industry, one works for a hospital, 2 
work for the federal government, 3 are 
in clinical practice, and 5 are complet, 
ing residency training. We have found 
that there is high demand for individu, 
als with formal training in medical 
informatics [10], despite a market
place in which doctoral graduates in 
many fields are finding it difficult to 
find research positions in academia of 
industry. 

The program' s administrative sta
tus within the School of Medicine is 
undergoing transition. As the program 
has grown and established itself as a 
stable and valued educational and re
search component at our institutio! 
[11], reconsideration of suitablq 
structures thai will help nurture fur· 
ther faculty growth and developmen1 
as well as student opportunities, are 
under discussion. 
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Appendix 211. Computer-basedMedicalDecisionMak- intelligence. Theory is illustrated by case 

This appendix summarizes courses that are 
ing. Overview of concepts in medical studies. Practical problems in learning, 

offered by the training program with MIS 
decision making and survey of methods search, approximate reasoning, data 

course numbers. Note that many courses in 
for the implementation of such concepts analysis, and decision-making under 

the core curriculum are offered by other 
in computer-based clinical decision-sup- uncertainty. 

departments in the university and are not 
port tools. Emphasis on Bayesian statis- 432. Cost-benefit Analysis in Health Care. 

described here. 
tics, decision analysis, neural networks, How do you do cost-benefit analysis 

200. Medical Information Sciences Collo-
artificial intelligence/expert systems, when the "output" is difficult or impos-

quium. Series of colloquia, offered by 
belief networks, and the synergies among sible to measure? How do the MBA 
such approaches. analytic tools apply in health services? 

program faculty, students, and occasional 
212. Medical Informatics Project Course. For Study and discussion of the main litera-

guest lecturers. 
201. Medical Information Sciences Journal 

students who have completed 210, 211, ture on the principles of cost-benefit 
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