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BIOMEDICAL INFORMATICS
PROGRAM

Committee: (Chair and ProgramDirector) RussB. Altman; (Associate
Director) LawrenceM. Fagan; DouglasL . Brutlag, Parvati Dev, Alan
M. Garber, Teri Klein, Mark A. Musen, Gio Wiederhold

Participating Faculty and Staff by Department:
Opportunitiesfor research are not limited to the specific faculty and
departmentslisted.

Anesthesia: David M. Gaba (Professor)

Biochemistry: DouglasL. Brutlag (Professor)

Biostatistics: Richard A. Olshen (Professor)

Business: Alain C. Enthoven (Professor, emeritus)

Computer Science: Edward A. Feigenbaum (Professor), Richard E. Fikes
(Professor, Research), Daphne Koller (Assistant Professor), Gio
Wiederhold (Professor, Research), Terry Winograd (Professor)

Economics: Alan M. Garber (Professor, by courtesy)

Electrical Engineering: Albert Macovski (Professor, emeritus)

Genetics: David Botstein (Professor), Stanley N. Cohen (Professor),
Richard M. Myers (Professor)

Health Researchand Policy: ByronW. Brown, Jr. (Professor, emeritus),
AlanM. Garber (Professor, by courtesy), Mark A. Hlatky (Professor),
Richard A. Olshen (Professor)

Management Science and Engineering: Samuel Holtzman (Consulting
AssociateProfessor), Ronald A. Howard (Professor), RossD. Shacht-
er (Associate Professor)

Mathematics: Samuel Karlin (Professor, emeritus)

Mechanical Engineering: Scott L. Delp (Associate Professor)

Medicine: Russ B. Altman (Associate Professor), Terrance Blaschke
(Professor), Robert W. Carlson (Professor), Parvati Dev (Senior
Research Scientist), LawrenceM. Fagan (Senior Research Scientist),
Alan M. Garber (Professor), Mary Goldstein (Associate Professor),
Michael Higgins (Consulting Associate Professor), Peter D. Karp
(Consulting Assistant Professor), Teri Klein (Senior Research Sci-
entist), John Koza (Consulting Professor), Mark A. Musen (Associ-
ate Professor), DouglasK. Owens(Associate Professor), Glenn Ren-
nels(Consulting Assistant Professor), ThomasC. Rindflei sch (Senior
Research Scientist), Gillian Sanders(Assistant Professor, Research),
Michael Walker (Consulting Assistant Professor)

Neurosurgery: John R. Adler (Professor), Ramin Shahidi (Assistant
Professor, Research)

Obstetricsand Gynecology: W. LeRoy Heinrichs (Professor, emeritus)

Radiation Oncology: Arthur L. Boyer (Professor), Lei Xing (Assistant
Professor, Research)

Radiology: Gary H. Glover (Professor), Sandy A. Napel (AssociatePro-
fessor), Norbert J. Pelc (Professor), Geoffry Rubin (Associate Pro-
fessor)

Satistics: Trevor J. Hastie (Professor)

Structural Biology: Michael Levitt (Professor)

Surgery: ThomasKrummel (Professor), CharlesTaylor (Assistant Pro-
fessor, Research)

Thisinterdisciplinary programwascreatedinresponsetoarecognized
need for well-trained researchers and academic leaders in the expand-
ing field of medical information sciences (medical informatics), which
includes both bioinformaticsand clinical informatics.

Stanford University’ sextensivecomputing facilitiesaredescribedin
the" Computer Science” section of thisbulletin. Inaddition, theBiomed-
ical InformaticsProgram hasanetwork of personal computers, worksta-
tions, and servers running the Unix, Windows NT, Windows 95, and
M acintosh operating systems. These machines are available for course
work and research projects by traineesin the program.
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GRADUATE PROGRAMS

TheBiomedical InformaticsProgramisinterdepartmental and offers
instructionand research opportunitiesleadingtoM.S. and Ph.D. degrees
inBiomedical Informatics, also knownasMedical Informatics. All stu-
dentsarerequiredto completethecorecurriculum requirementsoutlined
below, and alsoto el ect additional coursesto complement boththeir tech-
nical interestsand their goalsin applying medical informatics methods
toclinical informatics, bioinformatics, orimaginginformatics. Students
whofail tomaintaina3.0 gradepoint average (GPA) inacategory of the
core curriculum are expected to passacomprehensiveexaminthat area
beforethegraduate degreeisgranted. In addition, all degree candidates
must passan oral examination that teststhe student’ sability tointegrate
thevariouscomponentsof thecurriculum andtorel atethemto the over-
all field of medical informatics.

Thecorecurriculumiscommontoall degreesoffered by theprogram
but i sadapted or augmented depending ontheinterestsand prior experi-
enceof thestudent. Deviationsfromthe core curriculum outlined bel ow
must be justified in writing and approved by the student’s Biomedical
Informati csacademi c adviser and the chair of the Biomedical Informat-
ics Committee. It should be noted, however, that the programisintend-
edtoprovideflexibility and to complement other opportunitiesinapplied
medical research that exist at Stanford (for example, the Program on
Engineeringin Biology and Medicine). Although most studentsare ex-
pected to comply with the basic program of study outlined here, special
arrangements can be made for those with unusual needs or those simul-
taneously enrolledinother degreeprogramswithintheUniversity. Sim-
ilarly, studentswith prior relevant training will havethe curriculum ad-
justed to eliminate requirements that were met as part of their prior
training.

CORE CURRICULUM

All students are expected to participate regularly inthe Medical In-
formatics Student Seminar (201) and Colloquia (200), regardless of
whether they register for creditinthosecourses. Inaddition, all students
are expected to fulfill requirementsinthefollowing five categories:

1. Core Biomedical Informatics (15 units): students are expected to
understand current applications of computersin medicineand to de-
vel opabroad appreciationfor researchinthemanagement of biomed-
ical information. Required coursesarethetwo-quarter sequenceBio-
medical Informatics 210A and 210B (Introduction to Medical
Informatics), plus212 (Project Course), all of which should betaken
duringthefirst year in the program. Students must al so take an addi-
tional 6 units of Biomedical Informatics course work (which may
include cross-listed coursesfrom other departments, but not includ-
ing Biomedical Informatics 200, 201, 299, 302, or 303), selected in
consultation with the academic adviser.

2. Computer Science (9units): thestudent i sexpected to acquireaknowl-
edgeof theuseof computers, computer organization, programming,
and symbolicsystems. Itisassumed that studentshave had prior com-
puting experience at | east equivalent to Computer Science (CS) 109
and 150. All students are required to take a minimum of 9 units of
courses in the Department of Computer Science. If similar courses
havenot beentaken previously, theseunitsmustincludeCS121, 161,
and acourse that requires significant programming and knowledge
of machine architectures (for example, Electrical Engineering 182,
CS110, ortheCS 193 series). For thosewho havetaken such courses
previously, replacement unitsmay betaken from any other coursein
CSselected by the student and approved by the academic adviser. A
coursein databasesis especially recommended. With the exception
of CS109and 110, al other coursesappliedtothedegreerequirements
must be numbered 137 or higher.

3. Decision Scienceand Statistics (9 units): studentsarerequiredtotake
at least three coursesthat span thefollowing four topics: basic prob-
ability theory, Bayesian statistics, decisionanalysis, and experimen-
tal-designtechniques. Prior coursesinstatisticsat least equivalent to
Statistics 60 and cal culus equivalent to Mathematics 42 are prereg-
uisites. A prior courseinlinear algebraequivalent toMathematics 103



or 113 isrecommended. For the probability requirements, students
may, for example, take Management Science and Engineering
(MS&E) 120, Statistics116, or M S& E 221. For thestatisticsrequire-
ments, optionsinclude, for example, Statistics200 or 201, or Biomed-
ical Informatics 233. For the third course requirements, optionsin-
clude, for example, decision analysis (MS&E 152 or 252), or cost
effectivenessanalysis(Biomedical Informatics432). Specific cours-
es, including possiblesubstitutions, should bechosenin consultation
with the student’ sacademic adviser. Also recommended isacourse
inthepsychology of human problem solving (for example, Psychol-
ogy 256).

4. Biomedical Domain Knowledge (9 units): students are expected to
acquire an understanding of pertinent life sciences and how to ana-
lyzeadomain of applicationinterest. Prior coursesinbiology at least
equivalent to Biological Sciences31 and 32 are prerequisites.

5. Social and Ethical Issues (6 units): candidates are expected to befa-
miliar with key issuesregarding ethics, public policy, financing, or-
ganizational behavior, management, and pertinent legal topics. Stu-
dentsmay select at | east 6 unitsfrom suitablecoursesthat include, for
exampl e, Biomedical Informatics250, 256, and 432; CS201; Health
Researchand Policy 390, 391, and 392, or any other advanced course
in policy and social issues proposed by the student and approved by
the Biomedical Informatics academic adviser.

Thecorecurriculumgenerally entail saminimum of 46 unitsof course
work, but canrequiresubstantially moreor lessdepending uponthecours-
es selected and the previous training of the student. The varying back-
grounds of students are well recognized and no oneisrequired to take
coursesinanareainwhich heor shehasalready been adequately trained;
under such circumstances, studentsare permitted to skip coursesor sub-
stitute more advanced work. Students design appropriate programs for
their interests with the assistance and approval of their Biomedical In-
formaticsacademic adviser. At least 30 unitsof formal coursework are
expected.

MASTER OF SCIENCE

TheUniversity requirementsfor theM.S. degreearedescribedinthe
“Graduate Degrees” section of thisbulletin.

Thisdegreeisdesignedforindividual swhowishto undertakein-depth
study of biomedical informatics. Normally, astudent spendstwo years
in the program and will implement and document a substantial project
duringthe secondyear. Thefirst year involvesacquiring thefundamen-
tal conceptsand toolsthrough coursework and research projectinvolve-
ment. All first- and second-year students are expected to devote 50 per-
cent or more of their time participating in research projects. Research
rotationsarenot required, but can be donewith approval of the academ-
ic adviser or training program director. Graduates of this program are
prepared to contribute creatively to basic or applied projectsin biomed-
ical informatics.

PROGRAM REQUIREMENTS

Programs of at least 54 units that meet the following guidelines are
normally approved:

1. Completion of the core curriculum.

2. A minimum of 6 additional units of coursesin Computer Science
numbered 135 or higher, coursesin Management Science and Engi-
neering or Statisticsnumbered 200 or higher, Psychology 256 or 267,
or relevant coursesin other departments approved by the student’s
academic adviser.

3. Electives: additional coursesto bring thetotal to 54 or more units.

4. Teaching: all students are expected to act as Teaching Assistants
(TAs) for at least one course during their first two years of training.
Thiswill generally be Medicine 292 (the medical informatics short
course), although another course approved by the program faculty
may occasionally be substituted.
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DOCTOR OF PHILOSOPHY

The University’s basic requirements for the doctorate (residence,
dissertation, examination, and so on) are discussed in the “ Graduate
Degrees’ section of thisbulletin.

Individual swishingto preparethemsel vesfor careersasindependent
researchersin medical informatics, with applicationsexperiencein bio-
informatics, clinical informatics, or imaging informatics, should apply
for admission to the doctoral program. Thefollowing are additional re-
quirements imposed by the Biomedical Informatics Interdisciplinary
Committee:

1. A student should planand successfully compl eteacoherent program
of study including the core curriculum, oral examination, and addi-
tional requirements for the master’s program. In addition, doctoral
candidates are expected to take at | east two more advanced courses
(seecategoriesunder item 2’ of themaster’ sprogram regquirements).
The master’ s requirements, including the oral examination, should
be compl eted by theend of the second year inthe program (six quar-
ters of study, excluding summers). Doctoral students are generally
advanced to Ph.D. candidacy after completing the oral examination.
A student’ sacademi c adviser hasprimary responsibility for theade-
quacy of the program, which isregularly reviewed by the Graduate
Study Committee of the Biomedical Informatics program.

2. ToremaininthePh.D. program, each student must attainagradepoint
average(GPA) asoutlinedinthemaster’ sprogramsabove, and must
pass a comprehensive exam covering introductory level graduate
material inany curriculum category inwhich heor shefailsto attain
aGPA of 3.0. The student must fulfill these requirementsand apply
for admission to candidacy for thePh.D. by theend of six quartersof
study (excluding summers). In addition, reasonable progressin the
student’ sresearch activitiesis expected of all doctoral candidates.

3. Duringthethirdyear of training, generally intheWinter Quarter, each
doctoral student isrequired to give a preproposal seminar that de-
scribesevolving research plansand allowsprogramfaculty to assure
that the student is making good progress toward the definition of a
doctoral dissertation topic. By the end of nine quarters (excluding
summers), each student must orally present athesisproposal toadis-
sertation committeethat generally includesat | east onemember of the
Graduate Study Committee of the Biomedical | nformaticsprogram.
Thecommitteedetermineswhether thestudent’ sgeneral knowledge
of thefield, and thedetail sof the planned thesis, aresufficienttojus-
tify proceeding with the dissertation.

4. Aspart of thetraining for thePh.D., each student isrequired to com-
plete 2 units of teaching assistant servicein Biomedical Informatics
courses, 1 unit (10 hours per week for one quarter) being required
duringthefirsttwoyearsasevidenceof satisfactory progresstoward
the degree.

5. Themost important requirement for the Ph.D. degreeisthe disserta-
tion. Prior totheoral dissertation proposal and defense, each student
must securethe agreement of amember of the program faculty to act
as dissertation adviser. The principal adviser need not be an active
member of theBiomedical Informaticsprogramfaculty, butall com-
mittees should include at |east one departmental faculty member.

6. Nooral examinationisrequired upon completion of thedissertation.
Theoral defense of thedissertation proposal satisfiesthe University
oral examination requirement.

7. Thestudent isexpected to demonstrate an ability to present scholar-
ly material orally and present hisor her researchin alecture at afor-
mal seminar.

8. Thestudent isexpected to demonstrate an ability to present scholar-
ly material in concisewritten form. Each student isrequired towrite
apaper suitablefor publication, usually discussing hisor her doctor-
al research project. This paper must be approved by the student’s
academic adviser as suitable for submission to arefereed journal
beforethe doctoral degreeisconferred.

9. Thedissertation must beaccepted by areading committee composed
of theprincipal dissertation adviser, amember of the program facul -
ty, and athird member chosen from anywherewithinthe University.
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The principal adviser and at least one of the other committee mem-
bers must be Academic Council members.

COURSES

170Q. Stanford Introductory Seminar: Decision M akingin L aw and
M edicine—Preferenceto sophomores. L egal and medical decisionsare
difficult for both theclient/patient and the attorney/physician, especial -
ly when the stakes (financial or physical well-being) are high. Medical
and legal professionals have devel oped different strategiesfor framing
decisions and implementing this framework: who isthe final decision
maker, what are the ethical implications of different standardsfor deci-
sion making, and how to use the decision making process to make the
health care legal system more comprehensible. Therole of financial
considerationsinthedecisionmaking processfor theclient/patient, | aw-
yer/doctor, financial stakeholders, community, and society. Readings
fromthedecisionanalyticliteratureof medicineandpsychology, andthe
client-counseling literaturein law. Examplesfrom law and medicine.
3 units, Win (Altman, Merino)

200. Biomedical | nfor maticsColloquium—Seriesof colloquiaoffered
by program faculty, students, and occasional guest lecturers. Credit
available only to studentsin a Biomedical Informatics degree program.
(May be taken no more than three times for credit.)

1 unit, Aut, Win, Spr

201. Biomedical I nformatics Student Seminar—~For al students and
faculty. Participants report on recent relevant articles from the Biomed-
ical Informatics literature or their research projects. The ongoing expe-
rience, with feedback from faculty, is intended to teach presentation
skills to Biomedical Informatics trainees. Credit available only to stu-
dentsin an Biomedical Informatics degree program. (May be taken no
more than three times for credit.)
1 unit, Aut, Win, Spr

202. Clinical Diagnosis—Open only to studentsin aBiomedical Infor-
matics degree program. Designed for learning the techniques of inter-
viewing and symptom analysi sthrough the study of avariety of common
and well-defined clinical entities, and by role-playing in a problem-
solving setting. See instructor.

2 units, not given 2000-01

205. Introduction to Biomedical Environments—Open only to stu-
dentsin a Biomedical Informatics or Health Services Research degree
program who are not enrolled in the M.D. program and do not have an
M.D. degree. Backgroundintroductiontothesitesto bevisited. Selected
faculty introduceavariety of settingsat Stanford Medical Center and the
Veterans AffairsMedical Center: the medical wards, radiol ogy, molec-
ular biology research laboratories, outpatient clinics, emergency room,
operatingroom, intensivecareunit, psychiatry ward, and clinical lab. See
instructor.
1 unit (Staff) not given 2000-01

210A. Introduction to Biomedical I nformatics: Fundamental M eth-
ods—(Same Computer Science 270A.) Issuesin the modeling, design,
and implementation of computational systems for use in biomedicine.
Topics: controlled terminologies in medicine and biological science,
ontologies, fundamental algorithms, basic knowledge representation,
information dissemination and retrieval . Emphasisison theprinciplesof
modeling data and knowledge in biomedicine and on the trandlation of
resulting models into useful automated systems.
3 units, Aut (Musen, Altman)

210B. Introduction to Biomedical Informatics: Systems and Re-
quirements—(SameasComputer Science270B.) Continuationof 210A.
Survey of the major application areasin medical informatics, including
clinical information systems, imaging systems, bioinformatics, public
policy, decision support, and signal processing. Emphasis is on the
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system requirements, relevant data, algorithms, and implementation
issuesin each area. Prerequisite: 210A.
3 units, Win (Shahar, Dev)

212. Biomedical Informatics Project Course—(Same as Computer

Science272.) For studentswho have completed 210A, 210B, or 214, and

whowishtoimplement thoseideasinacomputer program. Studentsmay

take214 concurrently and completeaproject that iscoordinated between

the two courses. Prerequisites: programming experience, 210B.
3units, Sum(Altman, Koza)

214. Representationsand Algorithmsfor Computational M olecular
Biology—(Same as Computer Science 274.) Introduction to the basic
computational issues and methods used in bicinformatics, including
access and use of biological data sources on the Internet. Topics: basic
algorithms for alignment of biological sequences and structures, com-
puting with strings, phylogenetic tree construction, hidden Markov
models, computing with networks of genes, basic structural computa-
tions on proteins, protein structure prediction, protein threading tech-
niques, homol ogy modeling, molecular dynamicsand energy minimiza-
tion, statistical analysisof 3D biological data, integration of diversedata
sources, knowledge representation and controlled terminologies for
molecular biology, graphical display of biologica data, genetic algo-
rithms and genetic programming applied to biological problems. See
instructor for unit options. Prerequisites: programming skillsand under-
standing of matrix algebra.
1-4 units, Spr (Altman, Koza)

216. Lectures on Representations and Algorithms for Molecular
Biology—L ectureseriesfor 214. Recommended: familiarity withbiology.
1 unit, Spr (Altman, Koza)

226.GeneticAlgorithmsand Genetic Programming—(SameasCom-
puter Science 426.) The genetic algorithm is a domain-independent
algorithm for search, optimization, and machinelearning patterned after
Darwinian natural selection and naturally occurring genetic operators
such asrecombination; mutation; gene duplication, deletion, regulation;
and embryonic development. Genetic programming is a domain-inde-
pendent automatic programming technique that extends the genetic
algorithm to the breeding of populations of computer programs capable
of producing human-competitiveresults. Topics: introduction to genetic
algorithmsand genetic programming; themathematical basisfor genetic
algorithms; implementation on parallel computers and field-program-
mable gate arrays,; applications to problems of system identification,
control, classification, analysis of genome and protein sequences; auto-
matic synthesisof the design of topol ogy, sizing, placement, and routing
of analog electrical circuits; automatic synthesis of controllers; and
automatic synthesis of other complex network structures.
3units, Spr (Koza)

228. Influence Diagrams and Probabilistic Networks—(Enroll in
Management Science and Engineering 355.)
3 units, Win (Shachter)

230. Seminar on Knowledge Acquisition for Expert Systems—For
graduate students. Discussion of experimental approaches to the con-
struction of expert-system knowledge bases. Topics: interviewing tech-
niques, formal and informal approaches to modeling expert knowledge,
and automated tools that facilitate knowledge acquisition. Enrollment
limited to 20. Prerequisite: one course in artificia intelligence.

2 units, Sor (Musen) alternate years, not given 2001-02

231.Computational M olecular Biology—(SameasBiochemistry 218.)
For molecular biologists and computer scientists desiring a practical,
hands-on approach to computational molecular biology; recommended
for molecular biologists and computer scientists desiring to understand
the major issues concerning representation and analysis of biological
sequences and structure. Existing methods are critically described with



the strengths and limitations of each. Future directions for the develop-
ment of new methods. Practical assignments utilizing the tools de-
scribed. Topics: accessing molecular databases, pattern search, classifi-
cation of sequence and structure, alignment of sequences, rapid similar-
ity searching, phylogenies, automated pattern learning, representing
protein structure, modeling protein structure by homology, protein-
protein docking and protein-ligand docking. Final project utilizes or
analyzes the methods presented. L ecture/lab. Enrollment limited to 40.
Prerequisite: introductory molecular biology at the level of Biological
Sciences 52 or consent of instructor. Recommended: 210A,B.
3units, all quartersvia Internet (Brutlag)

233. Intermediate Biostatistics: Analysis of Discrete Data—(Enroll
in Health Research and Policy 261.)
3 units, Win (Staff)

239. Computer-Based Medical Education—Directed reading and
research for graduate-level students in the use of modern web-based
hypermedia and simulation techniques in education. Possible topics:
replacement of a lecture or a lab session, distance learning, student
models, and clinical case simulations.

1-6 units, any quarter (Dev)

250. The U.S. Health Care System and Health Policy—(Enroll in
Health Research and Policy 205.)
2 units, Win (Baker)

256. Economics of Health and M edical Care—(Same as Economics
156/256, Health Research and Policy 256.) Institutional, theoretical, and
empirical analysis of the problems of health and medical care. Topics:
institutions in the health sector; measurement and valuation of health;
nonmedical determinants of health; medical technology and technology
assessment; demand for medical careand medical insurance; physicians,
hospitals, and managed care; international comparisons. Prerequisite:
Economics50 and 102A or equivalent statistics, or consent of instructor.
Recommended: Economics 51.
5 units, Win (McClellan)

278. Probabilistic Modelsin Artificial I ntelligence—(Enroll in Com-
puter Science 228.)
3units, Win (Koller)
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299. Dir ected Reading and Resear ch—For studentswishingtoreceive
credit for directed reading or research time.
any quarter

301. Special Topicsin Medical I nformatics
1-6 units, any quarter (Staff)

302. Introduction to Current Research—Survey of Stanford-based
researchin medical informatics, with weekly seminarsled by faculty and
senior researchers. Prerequisite: BMI degree candidacy, or consent of
instructor.

1 unit Aut (Staff)

315. Topicsin Image I nfor matics—In-depth study of selected active
research topicsinimageinformaticschosen from: scientific and medical
visudlization, biomedical simulation, interfaces, virtual environments,
visual and haptic standardsfor storage and transmission. Readingsfrom
the literature, presentations, and a project. Prerequisites: programming
experiencein any of C, C++, Java, Matlab, and some prior exposure to
graphics or image processing.
3 units, Sor (Dev)

328. Protein and Nucleic Acid Structure, Dynamics, and Engineer -
ing—(Enroll in Structural Biology 228.)
3units, Win (Levitt)

348. Computer Graphics: Image Synthesis Techniques—(Enroll in
Computer Science 348B.)
4 units, Spr (Hanrahan)

432. Cost-Benefit Analysisin Health Care—(SameasBusiness E332,
Health Research and Policy 392.) How do you do cost-benefit analysis
when the “output” is difficult or impossible to measure? How do the
M.B.A. analytic tools apply in health services? Study/discussion of the
main literatureonthe principlesof cost-benefit analysisappliedto health
care. Critical review of actual studies. Emphasisisontheart of practica
application.
4 units, Aut (Garber, Sanders)
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