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THE COMPUTER AS A TEACHING
TOOL - HOW FAR HAVE WE
COME? WHERE ARE WE GOING?

Harold 1. Modell

National Resource for Computers in Life Science Education, Seattle, Washington

Itseems appropriate when making a tran-
sition between decades to reflect on the
progress that has been made during the
decade just ending and project what
might lie ahead in the new decade.

The progress made in the decade just
ending has been considerable. The topics
covered by articlesappearing in Comput-
ers in Life Science Education retlect this
progress Asweentered the 1980s, use of
the computer as an instructional tool was
largely limited to environments that sup-
ported mainframe computers or mini-
computers offering timeshare capabil-
ities. Terminals were generally restricted
to text outputand were reserved forinde-
pendent study environments. The major-

ity of applications were tutorial and fol-
lowed the traditional Computer-Assisted
Instruction (CAI) question and answer
format. The introduction of the micro-
computer, however, changed the way in
which educators viewed the utility of
computer technology.

MOVING TECHNOLOGY TO THE
CLASSROOM

The technology was no longer restrict-
ed to rooms that provided “hard-wired”
or modem connections between te: minal
and computer. The microcomputers
could easily be moved to where the stu-
dents were.  Furthermore, these ma-
chines could be easily programed to in-
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clude graphic displays and animations,
In addition to pursuing the traditional
applications of computer-assisted in-
struction, 234831859 educators moved
the technology into the classroom. Ap-
plications ranged from using simulations
in small group®*? and lecturc*® settings to
foster active leaming to using the com-
puter as a ‘‘slide projector” to incorpo-
ratc animation and provide a “building
block” approach to developing concepts
with students.'®* The technology also
provided a cominunication vehicle in the
form of an electronic blackboard that
could be used during teleconferencing of
instructors and students who were sepa-
rated geographically.?® Introduction of
video projection devices*** provided
large screen displays of the computer
output so that the class and instructor
could work together while viewing ihe
same screen.

The microcomputer also made an im-
pact in enhancing the active learning
experience of the student laboratory 3’
The technology provided a relatively
inexpensive means of acquiring
data®®12%49 35 wel! as a tool for analyzing
data within the time frame of the student
laboratory period.?® Furthermore, by
using simulations. students could per-
form “experiments” that were previously
not possible ecither because of cost of
necessary equipment, time available, or
rish to the student,!! 1321245

QUESTIONS TO BE ANSWERED
Implementation of this technology raised
new questions related to delivery of in-
struction. Is this technology cost effec-
tive?’? Are programs intended for use in
one educational environment useful in
other environments™~"4! 'What design
criteria should be considered when usiig
graphics in instructional software?®
What factors should be considered when
designing simulations?*42 What consti-
tutes “‘good” educational software??
How does one evaluate software?3353
The question of evaluation is a signifi-
cant issue that has yet to bc resolved.

NRCLSE addressed this issue***® and
established a peer critique mechanism
for software review.4 EDUCOM and
NCRIPTAL established a national com-
petition as a mechanism for evaluati -
software and curriculum innovations
incorporating com;uter applications.*
However, many authors have yet to avail
themseives of these mechanisms, and, as
a result, much of the available software
has not been subjecied to a rigorous eval-
uation process.

INTERACTIVE VIDEO

Although optical videodisc technology
was available at - veginning of the
decade, the cost of mastering videodiscs
and software support for this mes’ium had
not developed to the point wher: genermal
application of this methodology was
practical. By the mid-1980s, however,
significant improvements had been made
in both areas, and interactive video
emerged as a viable mode of delivering
instruction where a significant portion of
the content was visually oriented.3614
24181 Ipteractive video did not require
images to be stored on a videodisc, how-
ever. Some educators used existing
images stored on videotape and were able
to couple these images with computer
based interactive programs to produce
acceptable interactive video instruc-
tion.* Perhaps one of the more intrigu-
ing applications of interactive videodisc
technology was a series of case studies
designed for use in a group setting that
incorporated a voice-driven microproc-
essor. In this system, the user interacts
with the program through a series of
voice commands.!?

SOFTWARE DEVELOPMENTS

The tools available for faculty wanting to
develop educational software improved
significantly during the 1980s. Early in
the decade, authoring software was
aimed helping educators develop pro-
grams that adhered to the tradition CAl
tutorial formats.'s*> Many of these Sys-
tems did not include arithmetic capabili-

ties necessary for supporting mathemati-
cal models. If faculty wished to develop
such simu'ations, it was necessary for
them to know how to nrogram using a
general purpose compuwer language (eg,
BASIC, FORTRAN, PASCAL).

The introduction of mouse technology
and the user interface strategy at the heart
of the Macintosh computer fostered de-
velopment of new authoring tools that
provided faculty not familiar with pro-
gramming technigues the opportunity to
author educat’ . nal software. Some pack-
ages offered digitized sound and sophis-
ticated graphics capabiiities that allowed
movie-like animation.!” Others, not spe-
cifically aimed at, but certaintly appli-
cable in the educational arcna, were de-
signed to provide a simulation environ-
ment to non-programmers, 102936

Perhaps the single software advance-
ment that has made the biggest impact in
educational computing is the implemen-
tation of the hypertext concept.2® The
crux of the hypertext concept is the idea
that users of a database should be able to
move through that database in a nonse-
quential fashion. This has led to com-
puterized versions of syllabi and other
textual material with links to associated
material so that the student need only
choose highlighted words to retrieve re-
lated information. The graphics capa-
bilities of this software and the option of
accessing information on other media
(eg, videodisc, CD-ROM) har extended
this organization mode to a wide variety
of options.}* The software also provides
authors with a “friendly” development
environment in which a variety of inter-
active modes may be used for tutoriz!
applications.*

PROJECTIONS FOR THE 1990s

The hardware and softwarc advances
made in the 1980s offer considerable
potential for the 1990s. New user inter-
face modalities (eg, the mouse and touch
screen), easier graphics generation (eg,
“draw” and “paint” programs), the ability
to incorporate multimedia resources
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through hyperimedia or other applica-
tions, and the growing resources avail-
able w generate or access visual and
audio data have opened new vistas for
faculty who are interested in developing
instructional matcrials.

Incorporating these resources with
technology designed o foster communi-
cation between students and the instruc-
tor®® can result in an active learning class-
room environment in which teachers can
diagnose and address the progress of in-
dividual students during cach classroom
period.

Hence, the 1990s may see the emer-
gence of classrooms in which instructors
have ready access a broad scope of vi-
sual, audio, and textual databases with
which to encourage active learning expe-
riences within a group or independent
study setting.

Real progrss will depend, however, on
scveral related factors that are indepen-
dent of hardware and system software
developments.  These factors include
commitment by faculty to develop high
quality, versatile materials, establishing
faculty rewards for such efforts, and
identifying funding sources to support
such efforts.

Developingcreative, effective software
rcquires a considerable time investment.
If the past decade is any indication, fac-
ulty who have developed software have
done so with a specific application in
mind, usually directed toward a specific
course and specific student population.
They have not attempted to subject their
software to rigorous peer evaluation, nor
have they taken advantage of attem; ts to
improve good communication channels
to share development ideas ¢ 1 existing
software. This has led to um. *cessary
duplication of software covering con-
cepts in some areas and virtually no srft-
ware. in other, equally important, content
areas within the same discipline. To be
completely successful, a critical mass of
high quality software covering all as-
pects of a given discipline must be avail-
able. This pool must contain software

that is versatile enough w be used in
different curricula and atdifferent levels
of sophistication. Toreach thislevel, fac-
ulty must submit their software to peer
evaluation, and they must establish col-
laborative efforts with colleagues so that
the time invested may yield maximum
benefit.

Peer critique and establishing collabo-
rative eftorts go hand-in-hand with re-
structuring faculty evaluation criteria.
Currently, faculty involved in develop-
ing computer-based materials do not of-
ten receive rewards consistent with their
time investment or the impact of their
efforts on student learning. Conse-
quently, faculty are not willing to under-
take such projects. This situation must be
remedied if significant progress is to be
made. Part of the reason for the inequity
in the reward stricture 1~y be that most
of these efforts do not extend beyond a
single institution. As a result, the body
determining faculty rewards (eg, the
Appointments and Prcmotions Commit-
tee) are unable to fully evaluate such
contributions.  If. however, results of
peer critique of these efforts were avail-
able, and the efforts had anational focus,
criteria similar to evaluation of scientific
bench rescarch could be applied.

Another criterion often nsed for faculty
promotionis the level of external funding
obtained for support of research and
development efforts. This is a critical
issue for the 1990s. In the past, funding
agencies have not supported research and
development efforts aimed at applying
computer technology to life science edu-
cation. A concerted effort must be made
1o help these agencies realize that fund-
ing research and development of technol -
ogy-based applications to life science
education is critical to progress in this
arca.
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NRCLSE ANNUAL REPORT FOR 1989

The overall purpose of NRCLSE is to
cultivate collaborative efforts among
faculty with expertise in using computers
in life science education. The broad goal
of the Resource is fourfold:

1) to educate faculty in effective uses
of computers in the curriculum;

2) to promote research aimed at eval-
uating new applications of the
computer to life science education;

3) to promote development of a criti-
tui mass of high quality, versatile
software, and

4) to serve in a consultant capacity for
life science faculty currently active
or interested in becoming active in
this arca.

This year’s activities continued our ef-
forts to serve the life science community.
A statement of NRC .3E’s financial
status is preserted in Table 1.

GENERAL OVERVIEW OF
ACTIVITIES

During 1989, NRCLSE moved its oper-
ation from the University of Washirgton
to larger quarters. The new space ar-
rangement has helped to improve the op-
cration of the Resource by atlowing con-
solidation of our computer, office, and
newsletter/software warchousing capa-
bilitics into one location.

Publication of Computers in Life Sci-
ence Education continued to be
NRCLSE’s primary activity in 1989.
However, during the past year, we con-
tinued to provide information to col-
leagues throughout the world concerning

what is it? Computers in Life Science
Education 5:33-34, 1988.

61. Woobs, Jamrs W. Optical videodiscs and
computers in life science education.
Computers in Life Science Education
1:25-28, 1684.

Table 1. NRCLSE Financial Report for year ending December, 1989,

Fund Balance, December 31, 1988

Revenues
Cash donations
Subscriptions/Reprints
Software/Manual sales

Total Revenues

Expenses
CLSE production
Postage/Shipping
Operating expenses
supplies, phone, etc.
Travel

Equipment
Total Expenscs

Increase in fund balance

Fund balance, December 31, 1989

$13,702

1,000
5,540

9422
3.541

1,963

725
591

7.944
1478

$15,180

use of computers inlife science curricula,
participate in national meetings, conduct
demonstrations at several institutions,
and distribute our Simulations in Physi-
ology software. We have also embarked
on a software development project utiliz-
ing the hypertext environment.

Computers in Life Sclence Education

Subscriptions to CLSE continue at the
same level as in previous years, with
about 30% of the subscriptions being
held by libraries. About half of the sub-
scribing institutions focus on under-
graduate education, and about one fourth

focus on medical education. The geo-
graphic distribution of subscribers con-
tinuesto be broad. In addition tothe U.S.
and Canada, subscribers for 1989 in-
cluded institutions in Denmark, the Fed-
eral Republic of Germany, France, Great
Britain, Hungary, Isracl, Japan, Norway,
the Philippines, and Sweden.

Software distribution

In 1989, eightcen sets of our simulations
were distributed to institutions in the
U.S., Belgium, ltaly, Scotland, and Swe-
den. Currently, over seventy-five institu-
tions representing twelve countries on
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four continents have purchased one of the
microcomputer versions of Simulations
in Physiology - The Respiratory System.

Resource Information

During 1989, NRCLSE again responded
to S0 requests for information concemn-
ing usc of the computer as an educational
tool. Asin previous ycars, the geograph-
ic origin of the rcquests continues O
reflect our goal of providing worldwide
service. Requests in 1989 were received
from fourteen countries in addition to the
United States.

Presentations/Consultation

Dr. Modell served as the keynote speaker
for a computer assisted teaching work-
shop sponsored by the International
Foundation for Ethical Rescarch (IFER)
held in Denver in March, 1989. IFER,
recognizing the need for use of i+ & prep-
arations in research and teaching, is con-
cemmed with the discovery, development
and implementation of viable, scientif-
ically valid alternatives to the use of live
animals in rescarch, testing, and teaching
where such alternatives are feasible.

NRCLSE was instrumental in organiz-
ing a tutorial session entitled “Using the
microcomputer in the classroom™ that
was co-sponsored by the Teaching of
Physiology Section of the American
Physiological Society and held on March
21, 1989 at the 73 annual meeting of the
Federation of American Societies for
Experimental Biology (FASEB) held in
New Orleans.

NRCLSE also visited four medical
schools in 1989 to demonstrate the use of
the computer to foster active learning in
the classroom and discuss uses of com-
puters in the basic science curriculum,

Peer critique of software

Our program for pecr critique of soft-
ware initiated in October, 1988 received
a boost this year. The description of the

program (se¢ CLSE, October 1988) was
reprinted this year in Collegiate Micro-
computer (V1I(2):181-183, 1989) and
Science Software (5(3):211-213, 1989).

New software inltlative

NRCLSE began work on a new software
package this year. The package will use
the hypertextenvironment to incorporate
tutorial screens (sce CLSE, October
1989) with the Simulations in Physiol-
ogy models. The package will be in-
tended to serve as resource material for
classroom intcraction and as a course in
respiratory physiology concepts for in-
dependent study.

Special thanks

NRCLSE extends a very special “Thank
you” to the following people, organiza-
tions, and institutions for their supportin
1989.

Amerlcan Physlological Soclety
9650 Rockville Pike
Bethesda, MD 20814

Michael J. Bello

International Foundation for Ethical
Research

79 West Monroe, Suite 514

Chicago, IL 60603

Marcel Blanchaer

Departinent of Biochemistry
Faculty of Medicine

University of Manitoba
Winnipeg, Manitoba R3E OW3

Theodore J. Crovello

Graduate Studies and Rescarch
California State University, Los Angcles
Los Angeles, CA 90032

Jomes W, Eckblad
Department of Biology
Luther College
Decorah, 1A 52101

Diana J. Gabaldon

Editor, Science Software

Ce er for Environmental Studics
Anzona State University

Teinpe, AZ 85287

Tsegaye Habtemarlam

School of Veterinary Mcdicine
Tuskegee University
Tuskegee, AL 36088

Donna Larson

School of Nursing

Grand Valley State University
Allendzle, MI 49401

Terry M. Mikiten

Graduate School of Biomedical Sciences
University of Texas Health Scicnce Ctr
San Antonio, TX 78284

James E. Randall
Department of Physiology
Indiana University
Bloomington, IN 47405

Patricia Schwirian
College of Nursing
Ohio State University
Columbus, OH 43210

Ricitard Stull

College of Pharmacy
University of Arkansas
Litlle Rock, AR 72205

Firlan 5. Winkel

Editor, Collegiate Microcomputer
Rose-Hulman Institute of Technology
Terre Haute, IN 47803

Dorothy Wooley-McKay
2215 West Eugic Ave.
Phoenix, AZ 85029

Glen Yoshida

Department of Life Sciences
Los Angeles Southwest Col‘ege
Los Angeles, CA 90047
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NATIONAL RESOURCE FOR COMPUTRERS IN LIFE
SCIENCE EDUCATION QUESTIONNAIRE

Itis time once again to update our CLSE colleague directory. Please help ensure that we provide accurate information. Take a few
minutes to complete the questionnaire below and return it to the following address:

Harold Maodell, Ph.D.
NRCLSYE

P.O. Box §1187

Scattle, Wa hington 98115

Name:
Address:
- State Zip
Phone: BITNET:
What content areas do you teach?
What swdent population(s) do you serve? (Please check appropriatc categories)
Undergradu...c Graduate Nursing Mcdical
Allied Health Dental Velerinary
~—— .~ Other (pleasc specify)
Are you currently using the computer as an cducational tool? __Yes ____ No
If ves:
How many years have you used the computer in this way?
What kird of equipment are you using?
Have you written any software for use in your tcaching efforts? Yes ___No
What commercially available software have you fourd useful?
Would you be willing to help critique software for peers? ____ Yes No
0742-3233/90/30.00 + 2.00 ©1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCTENCE EDUCATION
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AIMS AND SCOPE  Thegoal of Compusers inLife Science Educationis to provide ameans of communication among
life science educators who anticipate or are currently employing the computer as an educational
wol. The range of content includes, but is not limited to, articles focusing on computer appli-
cations and their underlying philosophy, reports on f aculty/student experiences with computers
in teaching environments, and software/hardware reviews in both basic science and clinical
education settings.

INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Education are invited for possible
publication in the newsletter.

PREPARATION AND SUBMISSION OF MATERIAL

Articles submitted for publication should be typewritten, double spaced, with wide margins. The
original and two copies including two sets of figures and tables should be sent to the Editor:
Dr. Harold Modell, NRCLSE, P.O. Box 51187, Scattle, WA 981 15-1187.

Title page should include full title, list of authors, academic or professional affiliations, and
complete address and phone number of the corresponding author.

Ilustrations should be submitted as original drawings in India ink or sharp, unmounted
photographs on glossy paper (Laser printer output is acceptable). The lettering should be such
that it can be legible after reduction (width of one column = 5.7 cm).

Reference style and form should follow the "number system with references alphabetized”
described in the Council of Biology Editors S'vle Manual. References should be listed in
alphabetical order by the first author's last name, numbered consecutively, and cited in the text
by these numbers.

RESPONSIBILITY AND COPYRIGHT

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors
submitting manuscripts will be sent a copyright transfer form to complete. The completed form
must be returned before the work will be published.

SUBSCRIPTION INFORMATION Computers inLife Science Education is published monthly by National Resource for Computers
in Life Science Education, P.O.Box 51187, Seattle, WA 98115-1187. Subscription rate is $40.00
for 12 issues, including postage and handling 1 the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and Sou™ America and $23.00 for the rest of the world.

This newsletter has been registered with thr . + vnigit Cleasance Center, Inc. Consent is given
for copying of articles for personal orivig m Iu-* W for tlie personal or internal use of specific
clients. This consent is givenon the conditivt, "+ & L copier pay through the “enter the per-copy
feestated in the code on the first page fu. - opv'-ig beyond that permitted by the US Copyright Law.
If no ccde appears on an article, the w .hor hes “ot given broad consent to copy and permission
to copy must be obtained directly fros wihor. This consent does not extend to other kinds
of copying, such as for general distrid : 1o, .vsale, advertising and promotional purposes, or for
creating new collective works.

Address orders, changes of address, and claims for missirg issues to NRCLSE, P.O.Box 51187,
Seattle, WA 98115-1187. Claims for missing issues can be honored only up to three months for
dos estic addresses and six months for foreign addresses. Duplicate copies will not be sent to
repl.ice ones undelivered due to failure to notify NRCLSE of change of address.

Addres ; editorial correspondence to Harold 1. Modell, PhD, NRCLSE, P.O. Box 51187, Seattle,
WA 9%115-1127. (BITNET MODELL@UWALOCKE)

POS TMASTER: Send address changes to Computers in Life Science Education, NRCLSE, P.O.
Box 51187, Seattle, WA 98115-1187.
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NELS C. ANDERSON WHERE'S THE SOFTWARE - PART 1 9

WHERE'S THE SOFTWARE?

-~ PART 1

In the past, we have published lists of life
science software sources and programs
available through them. The following
list is presented as the latest in a continu-
ing effort to make colleagues aware of
potential resources. As in the past, no
attempt has been made by NRCLSE to
revicw these materials.

The listings are arranged by conlent
arca. Each item includes a vendor name
rclating the software to the vendors list
appearing on page 13.

If you have found specific software
helpful in your teaching efforts, pleasc
share your good fortune by letting us
know about the program(s) and sup-
pliers) so that we can make this informa-
tion available through future software
lists. Send pertinent information to Dr.
Harold Modeil, NRCLSE, P.O. Box
51187, Scattle, WA 98115 or send us &
note on BITnct. Our BlTnet address is
MODELL@UWALOCKE.

ANATOMY

ANATOMY OF A FISh
Tutorial/game presenting information
on the extcrnal, internal, and skeletal
structures of a bony fish. Available for
Apple II compatible equipment.
VENTURA EDUCATIONAL SYSTEMS

ANATOMY OF THE PERIPHERAL

NERVOUS SYSTEM
Tutorial covering upper extremity,
head, neck and thorax, abdomen, and
lowerextremity. Available for Applell
and IBM-PC compatible equipment.
WILLIAMS & WILKINS

\NATOMY OF A SFA LAMPREY
Tutorial/game presenting information
on the life cycle and anatomy of a sca
lamprey. Available for Apple Il com-
patible equipment.
VENTURA EDUCATIONAL SYSTEMS

BODY LANGUAGE L 11, 11, IV
A series of drill and practice reviews of
anatomical terms. Available for Apple
11 and IBM-PC compatible equipment.
EDUCATIONAL SOFTWARE PRODUCTS

GROSS ANATOMY TUTORIAL
Tutorial for gross anatomy revicw by
region and for self-test in National
Board format. Program available for
Apple 11 equipment.
LIFE SCIENCE ASSOCIATES

HEART LAB
Animated graphics simulation of hu-
man heart. Program available for Applc
I1, TRS-80 Models I and 111, PET, and
Atari 800/800XL equipment.
EDUCATIONAL ACTIVITIES, INC.

HUMAN ANATOMY PICTURE FILE
Hi-Res diagrams of heart, brain, cye,
car, respiratory system, kidney, endo-

0742-3233/90/30.00 + 2.00

©1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCA'TION

Y
—
N

~ gt 1



10 COMPUTERS IN LIFE SCIENCE EDUCATION, VOLUME 7, NUMBER 2, FEBRUARY 1090

crine system, neurons, circulatory sys-
tem schematic, and digestive system.
Program available for Apple 1 cquip-
MCHL. DATATECH SOFTWARE SYSTEMS
LOCOMOTION

Tutorial reviewing types and functions
of bones and muscles. Program avail-
able for Apple I and TRS-80 Model 111
cquipment. J &S SOFTWAR!

BIOCHEMISTRY

ANIMATED PATHWAYS OF

BIOCHEMISTRY
Simutation of molecules colliding and
reacting. Available for IBM-PC com-
patible equipment, WiLIIAMS & WILKINS

ANIMATIONS
Contains animations for demonstrating
DNA structure and synthesis, RNA
structure and synthesis, and protein
synthesis. Program available for Apple
Il equipment. aLBiON

BIOCHEMISTRY
Tutorial covering basic atomic struc-
ture, balancing equations, and proper-
tics of protcins and carbohydrales.
Program available for Apple II and
TRS-80 Model III cquipirent.
] & S SOFTWARE

BIOCHEMISTRY EXAM/1UTORIAL
Covers basic fucl metabolism. Avail-
able for Apple 1 and IBM-PC compat-
ible cquipment. WiILLIAMS & WK1}

CONCENTRATED CHEMICAL

CONCEPTS: BIOLOGICAL CHEMIST
Drill and practice program covering an
entire introductory course in  organic
chemistry for health science majors.
WILEY PROFESSIONAL SOFTWARE

DNA STRI/CTURE AND SYNTHESIS
Tutorial dealing with nucleotide struc-
ture and linkage between nucleotide,
basc complementarity and hydrogen
bonding. Program available for Apple
Il equipment. EDUTECH, INC.

DNA-THE BASICS
Building the DNA molccule from sug-
ars, phosphatcs and bases; types of
mutations and simulation of their ef-
fects.  Available for Apple /¢ (en-
hanced) and IBM-PC compatible
cquipment.  EDUCATIONAL MATERIALS &
EQUIPMENT €0

ENZKIN: Enzyme Kinetics
Simulation of enzyme-catalyzed reac-
tions. Program available for Applc 11
equipment. CONDUIT

ENZIAB
Simulations for designing and carrying
out enzyme kinetics experiments. Pro-
gram available for Apple I and IBM-
PC compatible equipment.
BIOSOFT (UK)

ENZPACK
An enzyme Kinetics teaching and cal-
culation program. Program availablc
for Apple II and IBM-PC compatible
equipment. BIOSOFT (LK)

ENZYME ACTION
Tutorial on the basic nature and func-
tion of ecnzymes. Prograim available for
Apple Il equipment. niosorT (UK)

ENZYME-SIMULATION, ENZYME

ACTION
Simulation of enzyme action and tie
cffects of inhibitors using acetylcholin-
csterase. Program available for Apple
1T, TRS-80 Models I and I1, IBM-PC,
and Commodore 64/128 equipment.
DIVERSIFIED EDUCATION ENTERPRISES

GENE MACHINE
Tutorial/Simulation dealing with DNA
replication and protein synthesis. Pro-
gram available for Apple Il equipment.
HRM SOFTWARE

MOLECULAR BIOLOGY SERILS
Programs deinonstrating central proc-
csscs of RNA and protein synthesis and
DNA synthesis and repair. Program
available for App'. Il and IBM-PC
compatible equipment. BIOSOIT (UK)

MOLGRAF
Molecular graphics package. Program
available for Apple 1I and IBM-PC
compatible equipment. BIOSOFI UK)

THE NUCLEIC ACIDS
Tutorial/Simulation dealing with prin-
cipal nucleotides and synthesis of
RNA. Program available for Apple 11
cquipment.  EDUCATIONAL MATERIALS &
EQUIPMENT CO.

PROTEIN SYNTHESIS
Tutorial dealing with the general struc-
ture of the amino acids and formation of
peptide bonds. Program avcilable for
Apple II equipment. £DUTECH, INC.

RNA STRUCTURE AND SYNTHESIS
Tutorial extending the concept of hy-
drogen bonding between complemen-
tary bascsto show the synthesis of RNA
on the DNA (emplate and the analogics
in structure between DNA and RNA.
Program available for Apple 11
cquipment. EDU TECH, INC.

BIOLOGY

ADAPTION AND IDENTIFICATION
Tutorial covering animal adaptation to
different environments and  animal
identification.  Progmam available for
Apple Il equipment.
SCOTT, FORESMAN & €0

ANIMAL REPRODUCTION
Tutorial reviewing sperm  develop-
ment, egg and fertilized egg. Program
available for Apple II and TRS-80
Model 111 cquipment. 1 &S SOFIWARE

ASEXUAL REPRODUCTION
Tutorial reviewing cell division. Pro-
gram available for Apple lland TRS-80)
Model I equipment. 1 & $ SOFIWARE

BIOLOGY 1/BIOLOGY 2
Tutorials covering a wide range of top-
ics in biology. Available for IBM- PC
compatible equipment, INTELLECTUAL
SOFTWARE

BIOLOGY COMPUTER STIMULATIONS
Tutorial covering various biological
concepts and experimental areas in-
cluding enzymes, photosynthesis, res-
piration, diffusion, metosis, muscles,
nerves, and genetics.  Program avail-
able for Apple Il and TRS-80 Models 1
and II1 cquipment.
LIFE SCIENCE ASSOCIATES

BIOLOGY DISSECTION FROG
Disscction guide that teaches students
how to dissect a frog. Available for
Apple Il compatible cquipment. cross
EDUCATIONAL SOFTWARE

BIOLOGY LAB DISSECTIONS
Seven disscction guides teach students
about seven different animals: Frog,
Earthworin, Grasshopper, Crayfis,
Starfish, Clam and Perch.  Available
for Apple 11 compatible equipment.
CROSS FDUCATIONAL SOFTWARE

BIOLOGY SIMUILATIONS PACKAGLE Il
Three collections of sitmulations cover-
ing aspects of genetics, natural selee-
tion, and predator-prey interaction.
Available for Apple //e  (enhanced)
cquipmend, ALBION

CREATE A TESTICREATE A TEST

QUESTION FILES-BIOLOGY
Test creation program and 4800 qucs-
tion bank in biology. Available for
Commodore 64, Apple 11 and IBM-PC
compatible equipment.
CROSS EDUCATIONAL SOFIWARE

DIFFUSION AND ACTIVE TRANSPORT
Tutonal covering diffusion, osmosis,

©1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION
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and active transport in biological sys-
tems. Program av.. 'able for Apple 1l
cquipment. SIMPAC EDUCATIONAL
SYSTEMS

ENERGETICS AND METABOLISM,

GARDEN OF BIOLOGY: VOLUMLE 1
Data basc illustrating reactions of me-
tabolism and interactions between the
several metabolic compartments of a
cell. Program available tor Macintosh
cquipment. KINKO'S

EVOLUTION, GARDEN OF BIOLOGY:

VOLUMIE 2
Data base illustrating relations among
organisms of many kinds, emphasizing
the history and mechanics of their evo-
lutionary change. Program available
for Macintosh eiquipment. KINKO'S

FASCINATING STORY OF CELL

GROWTH
Tutorial covers surface arca/eell vol-
ume, experimenting with cell size,
chromosomes in cell division and
stages of mitosis. Available for 13M-
PC compatible equipment.
THOROUGHNRED EDUCATIONAL SOFIWARE

HOW’S AND WHY'S OF MIGRATING

MOLECULES
Tutonal covering tansport through o
membrane, osmosis and  diffusion.
Avatlable for IBM-PC compatible
cquipment, THOROUGHBRED
EDUCATIONAL SOFIWARE

HUNTINGTON 1 SIM PROG - BIOV.OGY
Seven simulations for use in introduc-
wry level biology courses.  Available
for DEC cquipment. HUNTINGTON
COMPUTER PROJECT

RNOWLEDGE MASTER - RIOLOGY 2
Test-item database tor test generation,
Content covers coclenterates, arthro-
po s, insects, fish, amphibans, and
reptiles. Part of a S-program Biology
scrics for Apple I equipment,
ACADEMIC HALLMARKS

RNOWLEDGE MASTER - BIOLOGY 3
Test-item database for test generation.
Content covers birds, mammals, pri-
mates, protists, bacteria and axonoimic
zeology. Part of a S-program Biology
scrics for Apple I equipmen..
ACADEMIC HALLMARKS

MARINE INVERTEBRATES
Tutorial covering animals from the
“hylums Porifera, Mollusca. Coelen-
w1, and Echinodermata. Avaialable
for Apple Il cquipment. VENTURA

EDUCATIONAL SYSTEMS
OSMO- OSMOSIS IN RED BLOOD
CHLLS
Simulation of red blood cells i hyper-
tonie, hypotonic, and isotonic  solu-
tions, Program available for Apple U1,
TRS-80 Model I IBM-PC, and Com-
modore 64/128 equipment.
DIVERSIFIED EDUCATION ENTERPRISES
OSMOSIS AND DIFFUSION

Tutorial/Simulation covering effects of

temperature, concentration, solubility,
molecule size and charge, and mem-
brane pore size on flow of matter across
semi-permeable membranes, Progrm
available for Apple 11, TRS-80 Mcadels
Land HH equipment. EDUCA TONAL
MATERIALS & EQUIPMENT €O.

OSMOTIC PRESSURE
Simulation of thistle tube experimeits
and animation of a molecular model for
osmosis. Program available for Apple
Il equipment. connure

"ASSIVE TRANSPORT
Tutorial-simulation covering diftusion
and osmosis. Program for MS-DOS
compatible  egipment.  CLASSROOM
CONSORTIA MEDIA, INC

PLANT AND ANIMAL CELLS
Tutorial covering the gencral structare
of plant cells, photosynthesis, the gen-
ral stucturc of animal cells, and mitosis.
Available for Apple 11 compatible
SUUIPIMEHL VENTURA EDUCATIONAL
SYNTEMS

SIMULATION OF

FUNCTION
Simulations of hemoglobim and myog-
lobin functions. Program for Apple 11
cquIpment, QULUE,INC

THIE INSECT WORLD
Simulation/tutorial covering  insect
types, bdy parts, and survival, Avail-
able for Apple I compatble
CUUEPMCNE, VENTURA EDUCATIONAL
SYSTEMS

HEMOGLOBIN

BOTANY

ALGAL GROWTH
Simulation of the effects o cight vari-
ables on growth of algac.  Program
available for Apple 1T and IBM-IPC
compatible equipment.
OAKLEAE SYSTEMS

BIOLOGY FRUIT KEY
Identifies 125 trees and shrubs,  Pro-
gram availabic for Atan 4(0/800 cquip-

MCNL. DYNACOMP, INC
COMPETE:Plant competition
Simulation of experivents involving
interaction between flowering plists,
Program available for Apple 'l equip-
“ent. CONpLIT
FARLY ANGIOSPEEMN: A FOSSIL
VIEW
Tutorial utilizing the tossil record o
explain the develepment of flowering
plants. Available ror Apple I compat-
ible cquipment,  SIMPAC EDUCATIONAL
SYSTFMS
EXPLORING TRAT 2 MAZING IFOOD
FACTORY, THI LEAF
Tutorial covers trausport in the leat,
structure of the leat and stomate action
ingasexchange, Available for IBM-PC
compatible equdment. THOROUGHRRED
EDUCATIONAL SOFIWARE
FAMILY IDENTIFICATION
Data retrieval program to review the
characteristics of 74 North American
flowering prant families.  Program
available for Apple I equipment.
conpuIt
HOW PLANTS GROW: 1Y INSIDE
STORY
Tutoriad covers growth of the plant,
stem cross section, termmal bud  and
planthormones. Available for IBM.PC
compatible equipment.
THOROUGHERED EDUCATIONAL SOFFWARE
LEAE: STRUCTURE AND FUNCTION
Tutorial-simulation covering the anat-
omy ard physiology of the leat with
respect 1o its role as the “chemical fac-
tory” of the ptant. Program for IBM.PC
(PC- D081, CLASSKOIOM CONSORTIA
MEDIA, INC
PHOTOSYNTHESIS AND LIGUHT
ENERGY
Simulation focuses on charactenistics
of light and its role as an energy souree.
Program for IBM-PC (PC-DOS).
CLASSROOM CONSORTIA MEDIA, INC
PHOTOSYNTHIESIS AND
RESPIRATION
Demounstration and simulations tocus-
ing with hightand dark reactions ol pho-
tosynthesis, respiration, and ATP
cycle. Program available for Apple 1l
CYUIPMENL, SCOTE, FORESMAN & CO
PHOTOSYNTHESIS & TRANSPORT
Tworial deating with photosynthesis
and ransport in plants, Program avail-
able for Apple Hand TRS-80 Model 111

0742.3233/90/80.00 + 200
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equipment. J&$ SOFTWARE
PHOTOSYNTHESIS: UNLOCKING THE
POWER OF THE SUN
Tutorial includes light as energy, light
characteristics, wave length of light
used by chromoplasts, variables and
controls. Availablc fo. IBM- PC com-
patible cquipment. THOROUGHBRE)
EDUCATIONAL SOFTWARE
PLANT ANATOMY PICTURE FILE
Hi-Res diagrams of roots, stem cross-
scction, leaf cross-scction, photasyn-
thesis, flowers, sceds, and germination.
Program available for Apple II equip-
menl. DATATECH SOFTWARE SYSTEMS
PIANT CELL CYCLE
Hypercard stack illustrating plant cell
division.  Available for Macintoshi
equipment. KINKO'S
PLANT GROWTH
Tutorial-simulation covering physiol-
ogy of growth beginning with the sced.
Covers hormone  control, feedback
mcchanisms, transport, and differentia-
tion. Program for IBM-PC (PC-DOS).
CLASSROOM CONSORTIA MEDIA, INC.
PLANT PAINT
A sct of 36 graphics images illustrating
concepts inplantbiology. Available for
Macintosh cquipment. KINKO'S
PLANT-PIANT GROWTH SIMULATION
Simulation of the effects of light inten-
sity and duration on growth and devel-
opment of green plants. Program avail-
ablc for Apple 11, TRS-80 Modcls I and
I11, IBM-PC, and Commodore 64/128
cquipment. DIVERSIFIED EDUCATION
ENTERPRISES
REPRODUCTION IN PLANTS
Tutorial revicwing asexual and scxual
reproduction in plants. Program avail-
ablc for Apple [Tand TRS-80 Model 111
cquipment. J &S SOFTWARE
SEXUAL REFRODUCTION IN PIANTS
Tutorial covering plant reproduction
including mciosis, gamete formation,
reproduction cycles, and alternation of
generations.  Available for Apple 11
compatible equipment.
SIMPAC EDUCATIONAL SYSTEMS
SOLAR FOOD
Tutorial/Simulation dealing with pho-
tosynthesis.  Program available for
Apple I cquipment. HRM SOFTWARE
THE PIANT - NATURLE'S FOOD
FACTORY
Tutorial/simulation covering flowers,

Icaves, stems, roots, and cells. Avail-
able for Apple Il compatible
cquipment. VENTURA EDUCATIONAL
SYSTEMS

CLINICAL MEDICINE
ABG PRACTICEITHE ABG TFACHER

Drill and practice and tutorial prograins

dealing with acid/basc evaluation.

Available for Apple II and IBM- PC

compatible cquipment. MEDSOFT
ALCOHOI. ABUSE AND ALCOHOLISM

Sct of cight paticnt-management prob-

lcms simulating the treatment of pa-

ticnts with alcohol related problems.

Available for Apple 11 and IBM- PC

compatible equipment.

UMKC SOFI'WARE SERIES
ARRHYTHMIAS: CASI: STUDIES IN
MANAGEMENT

Simulated patients with various cardiac

arrhythmias. Available for Apple ITand

IBM- PC compatible cquipment.

WILLIAMS & WILKINS
ARRHYTHMIAS TUTORIAL Il
TUTORIAL 11

Tutorial dealing with all major cardiac

arrhythmias. Availablc for Apple I1and

IBM- PC compatible equipment.

WILLIAMS & WILKINS
ARTERIAL BLOOD GASES

Tutorial dealing with the interpretation

of arterial blood gascs. Available for

Apple I and IBM- PC compalible

cquipment. wiLIJAMS & WILKINS
BIANCHALR CLINICAL CASE
STUDIES

Eight simulations of clinical syn-

dromcs. Program available for Apple 11

cquipment. BIOSOFT (UK)

BLOOD COUNTS & DIFFERENTIAL
EVALUATION - TEACHING MODULE

Test proficicncy in the interpretation of

blood counts. Available for IBM- PC

compatible cquipment. LEA & FEBIGER
BUILDING A MEDICAL VOCAB -
COURSE

Tutoria/drill covering basic word parts

from which medical tcrms are built.

Available for Apple 11 and IBM-PC

compatible equipment.

W.B. SAUNDERS CO.

BUILDING MEDICAL VOCARB -
RLY COURSE

Tutorial/drill revicwing medical terms.

Available for Apple 11 and IBM-PC

compatible equipment.

W.B. SAUNDERS CO.
CARDIOLOGY
Study/review package dcaling with
various aspects of cardiovascular dis-
casc. Available for Apple I and IBM-
PC compatible equipment.
UMKC SOFTWARE SERIES
CHEST PAIN: AN EXERCISE IN
CLINICAL PROBLEM SOLVING
Paticnt management problems dealing
with chest pain. Availablc for Apple il
and IBM-PC compatiblc cquipment.
WILLIAMS & WILKINS
CLINICAL SCIENCES
self-assessment package covering in-
temal medicine, ob/gyn, pediatrics,
preventive medicine and public health,
psychiatry, and surgery. Available for
Apple II and IBM-PC compatible
cquipment. UMKC SOFTWAR & SERIES
DOSE CALC
Tutorial covering basic math skills and
drug dosagc calculations. Available for
Apple Il compatiblc equipment.
W.B. SAUNDIRS CO.
DRUG INTERACTIONS
Computer ool providing access 1o
clinically significant intcractions be-
tween 600 generic and 1,400 brand-
name drugs. Available for IBM-PC
compauble equipment.
W.B. SAUNDERS €0.
IECG TUTOR
Tutorial presenting basic cardiac clee-
trophysiology. Available for IBM-PC
compatiblc cquipment.  NEW JERSEY
MEDICAL SCHOOL
GAS MAN
Simulation of uptakcand distribution of
inhalation ancsthetics in a 70 kg sub-
ject. Available for Apple 1T compatible
cquipment. MEDMAN SIMULATIONS
GASMAN
Simulation dealing with the principles
of inhalation gas uptake. Available for
Applc I compatible cquipment.
ADDISON-WESLEY PUBLISHING (O
MANAGING PATIENTS WITH
NEUROLOGICAL PROBLIEMS
Simulation of 6 cascs providing prac-
tice and expericnce in diagnostic rea-
soning skills by demonstrating the
nceds of paticnts and the cffects of
nursing intcrvention.  Available for
Apple II and IBM-PC compatible
cquipment. W.B SAUNDERS CO.
MED-CAPS DIAGNOSTIC PROBLEM
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SOLVING CASESIMANAGER
Casc simulations covering a wide range
of clinical problems. The manager
consists of a set of programs for moni-
toring student use and performance on
the diagnostic problems. Available for
Apple 11 and IBM-PC compatible
cquipment, HEALTH SCIENCES
CONSORTIUM

STEDMAN'S MEDICAL DICTIONARY
Tool containing a main dictionary and
two supplemental dictionarics. Apple
11 compatible cquipment. SENSIBLESOFT
WARE, INC.

THE SURGEON
Simulation of surgical correction of an
aortic ancurysm. Availablc for Macin-
tosh cquipment. INFORMATION SYSTEMS
FOR MEDICINE, INC.

CYTOLOGY

CELL CHEMISTRY I
Tutorial covering various chemical
structures. Programavailable for Apple
11 and IBM-PC compatible cquipment.
SLIWA EDUCATIONAL SYSTEMS

CELL CHEMISTRY Il
Tutorial covering the chemical and
physical processes that occur within
cells. Program available for Apple 11
and IBM-PC compatible cquipment,
SLIWA EDUCATIONAL SYSTEMS

CELLGROW
Simulation of cell kinetics. Program
available for Apple 11 cquipment.
UNIVERSITY OF TEXAS SYSTEM CANCER C1R

CELL GROWTH AND MITOSIS
Interactive simulation covering surface
arca-volume ratio, chromosome¢ num-
ber, chromosome replication, and cyto-
plasmic division. Program for IBM-PC
(PC-DOS). CILASSROOM CONSORTIA
MEDIA, INC.

CELLS: STRUCTURE AND FUNCTION
Simulation reinforces basic concepts of
cell structure, cell functions, water
movement and concentration gradients,
and diffusion and active transport. Pro-
gram available for Apple II cquipment.
SCOTT. FORESMAN & CO.

FCOLOGY

AIR POLLUTION
Simulation of carbon monoxide pol-
lution in an urban cnvironment. Pro-
gram available for Apple 11 and TRS-80
Model I and 111 cquipment.

EDUCATIONAL MATERIALS & EQUIPMENT CO.

AQUATIC ECOLOGY
Utilitics to perforin many of the calcu-
lations common (0 aquatic ecology.
Program available for Apple Il and
IBM-PC equipment. OAKLEAF SYSTEMS

AQUATIC ECOLOGY DATA

SIMULATION
25 simulations covering aquatic Sys-
tems. Program available for Apple Il
and IBM-PC cquipment.
OAKLEAF SYSTEMS

ECOLOGICAL DATA SIMULATION
25 simulations covering ccological
systems. Program availablc for Applc
I1 and IBM-PC ecquipmenl.  OAKLEAF
SYSTEMS

ECOLOGY
Rote drill reviews and reinforces con-
cepts of general terrestrial, and aquatic
ccology. Available for Apple II and
IBM-PC compatible equipment.
SLIWA ENTERPRISES. INC.

LECOLOGY
Simulation dealing with plant popula-
tion sizes and growth pattern. Avail-
able for Apple 1l cquipment.  SCOUT.
FORESMAN & CO.

ECOLOGICAL ANALYSIS - PC
Utilitics that perform lifc table analysis,
interspecific association indices, com-
munity similarity, diversity indices,
descriptive statistics, mark-release re-
capwre analysis, plus regression and
corrclation analysis. Program available
for IBM-PC compatible cquipment.
OAKLEAF SYSTEMS

ECOLOGICAL ANALYSIS VOIL. 2 - I'U
Utilitics that perform communily sim-
ilarity analysis, indices of dispersion,
specics-arca curve, and step-wise mult-
iple regression. Program available for
IBM-PC compatible cquipment.
OAKLEAF SYSTEMS

ECOLOGICAL ANALYSIS PROGRAMS

PLUS
Utilitics that perform life table analysis,
community similarity indices, diversity
indices, predator-prey modeling, mark-
recapture analysis, descriptive statis-
tics, plus regression and coirclation
analysis. Program availablc for Apple
II cquipment. OAKLEAFSYSTEMS

ECOLOGICAL MODELING
Scrics of 7 programs dealing with a
varicty of techniques for modeling cco-
logical systems and processes.  Pro-

gram available for Apple 11 and IBM-
PC compatible equipment. CONDUTT
NICHE-EC"LOGICAL GAME/
SIMULATION
Game in which students attempt to
place an organism in its proper ccologi-
cal niche corrcctly by specifying cnvi-
ronment, range, and competitor. Pro-
gram available for Apple II, TRS-80
Models I and 111, IBM-PC, and Com-
modorc 64/128 equipment.
DIVERSIFIED EDUCATION ENTERPRISES
I'OLLUTE
Simulation of factors affecting water
quality. Includes temperaturc, amount
and type of pollutant, and water treat-
ment. Program available for Apple 11,
PET/CBM, and TRS-80 Model 111
cquipment. COMPUWARE
POLLUTE:IMPACT/IWATER
POLLUTANTS
Simulation of the impact of various
pollutants on typical bodics of water.
Program available for Apple 11, TRS-80
Models I and 111, IBM-PC, and Com-
modore 64/128 equipment.
DIVERSIFIED EDUCATION ENTERPRISES
WATER POLLUTION
Simulation of the effects of tempera-
ture, type of waste, dumping rate, and
method of treatment on the impact of
pollution on aquatic life. Program
available for Apple 11, TRS-80 Modcls
I and 111 cquipment. EDUCATIONAL
MATERIALS & EQUIFPMENT CO

EVOLUTION

EVOLUT: Evolution and Natural Selection
Simulation of fluctuations in gene [re-
quencics of wild populations. Program
availablc for Applc Il cquipment.
CONDUIT

EVOLUTION
Simulations covering mutation, genc
flow, natural sclection, and genctic drift
on populations. Program availablc for
Apple 1I and IBM-PC compatible
cquipment. OAKLEAF SYSTEMS

EVOLVE
Simulation of cvolution using the
Hardy-Wecinberg formula and the
population model that has evolved from
its application. Available for Apple 11
equipment, CONDUTT

SIMULATED EVOLUTION
Simulation using animation to provide
a graphic illustration of the origin of
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biological specics by natural selection.
Available for IBM-PC compatible
cquipment. LIFE SCIENCE ASSOCIATES

FORESTRY
FOREST FIRE DISPATCHER

Simulation dealing with a ranger dis-

trict during the forest fire season. .

Available for TRS-80 III equipment.
DUANE BRISTOW
FOREST SAMPLE DATABASE

Two program sct that allows dcvelop-
ment of a database from cither variable
radiusplotsor fixcdradius plots. Avail-
able for TRS-80 I and TRS-80 III
Cquipment, DUANE BRISTOW

GENETICS

ADVANCED GENETICS
Tutorial/Siinulation prescnted as a
nine-part program covering dominance
and recessiveness, partial dominance,
Icthality, mechanism of inheritance,
mulupleallcles, sex linkage, multi-trait
inheritance, crossing over, and genc
mapping. Program available for Apple
Il equipment. EDUCATIONAL MATERIALS
& EQUIPMENT CO.

BIRDBRELED
Simulation providing 16 breeding
groups of birds with defined pheno-
types for exploring genetic principles.
Available for Apple II compatible
cquipment. EDUTECH, INC.

CATGEN
Simulation allowing students to mate
domestic cats of known genotypes.
Program available for Apple 1I and
IBM-PC compatible equipment.
CONDUIT

CATLAB (Second Edition)
Simulation in introductory genetics.
Program available for Apple II and
IBM-PC compatible equipment.
CONDUIT

CELLS AND GENETICS PICTURE FILI
Hi-Res diagrams of animal cell, plant
cell, mitosis, meiosis, Punnett Square,
sex linked traits, DNA replication, pro-
10704, cnergy reactions, and pedigree.
Program available for Apple II cquip-
Ment. DATATECH SOFTWARE SYSTEMS

DICROSS-DIHYBRID CROSSES
Simulation of various types of dihybrid
crosses.  Program available for Apple
II, TRS-80 Models I and 111, IBM-PC,
and Commodore 64/128 cquipment.
DIVERSIFIED EDUCATION ENTERPRISES

DNAGEN-DNA/GENETIC CODE

SIMULATION
~imulation of genetic code to produce
protein sequences.  Program available
for Apple I1, TRS-80 Models I and 111,
IBM-PC, and Commodorc 64/128
2qQuUIpMCNL. DIVERSIFIED EDUCATION
ENTERPRISES

DNA-THE BASICS
Building the DNA molecule from sug-
ars, phosphates and bascs; types of
mutations and simulation of their ef-
fects.  Available for Apple /e (en-
hanced) and IBM-PC compatible
cquipment. EDUCATIONAL MATERIALS &
EQUIPMENT CO.

DNA - THE MASTER MOLECULE
Simulation dealing with DNA struc-
ture. Programs available for Apple II
cquipment.  EDUCATIONAL MATERIALS &
EQUIPMENT (0.

FLYGEN
Simulation of monohybrid or dihybrid
crosscs with 25 varictics of Drosophila.
Program available fur AppleI1, TRS-80
Models I and 111, IBM-PC, and Com-
modorc 64/128 equipment.

DIVERSIFIED EDUCATION ENTERPRISES

GENESIM
Simwlations of expemiinents in bac-
terial and molecular genetics. Program
available for Apple II and IBM-PC
compatible equipment.

BIOSOFT (LK)

GENETIC ENGINEERING
Contains two gene base sequences plus
anoption to enter a custom gene, com-
paring changes to the normal gene.
Available for Apple//e (enhanced) and
IBM-PC compatiblc equipment.
EDUCATIONAL MATERIALS & EQUIPMENT CO.

GENETIC ENGINEER'S TOOLBOX
Tutorial introducing the principles and
techniques of genetic  engincering.
Available for Appie II compatible
cquipment. HRM SOFTWARE

GENETICS
Tutorial/simulation in which the imagi-
nary planet Gensim is a "microworld"
in which genetic variation in a native
species is determined by patterns of in-
heritance similar to those of humans.
Available for Apple II compatible
cquipment. AGENCY FOR INSTRUCTIONAL
TECHNOLOGY

GENETICS
Tutorial covering various crosses in
plants and fruit {ly populations. Pro-

gram available for Apple I1and TRS-80
Model III and IV equipment.
J & S SOFTWARE

GENETICS
Tutorial that allows students to explore
Mendel’s experiments, Punnett
Squares, sex linkage in fruit flies, and
multiple alleles. Program available for
Apple 1l equipment.

SCOTT, FORESMAN & CO.

GENETICS
Tutorial examines DNA molecule and
progresses to applied genetics.  Pro-
gram available for Apple 11 and IBM-
PC compatible cquipment. stiwa
ENTERPRISES, INC.

GENTIC DRII'T
Tutorial-simulation focusing on ran-
dom changes with time in the distribu-
tion of individuals in small populations.
Program for Apple II equipment.
QUELE.INC,

HEREDITY DOG
Tutorial covering various genetic top-
ics. Program available for Apple 1l and
Cominodore 64/128 cquipment,

HRM SOFTWARE

HUMAN GENETIC DISORDERS
Simulation investigating inherited dis-
orders. Program available for Apple 11
cquipment. HRM SOFTWARE

INTRODUCTORY GENETICS
Three part tutorial covering a variety of
Lopics. Program available for AppleI1,
TRS-80 Models I and 1II cquipment.
EDUCATIONAL MATERIALS & EQUIPMENT CO

LIFE
Educational game dealing with chang-
ing distributions of individuals. Pro-
gram for Apple Il equipment.

QUEUE, INC.

LINKOVER: Genetic Mapping
Simulation of genetic mapping cxperi-
ments. Program available for Apple 11
cquipment. CONDUTK

MEILOSIS
Tutorial/Simulation providing an inter-
active portrayal of gamete formation.
Program available for Apple Il and
IBM-PC cquipment. EDUCATIONAL
MATERIALS & EQUIPMENT (0

MEIOSIS, MITOSIS, PROTEIN

SYNTHESIS
Simulation demonstrating mitosis,
meiosis, DNA replication, and protcin
synthesis. Program availablc lor Apple
IT equipment.

SCOTT FORESMAN & 0.
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VENDORS

Academic Hallmarks
P.O. Box 998
Durango, CO 81301
(303) 247-8738

Addison-Wesley Publishing Co
390 Bridge Parkway

Redwood City, CA 94061

(415) 594-4400

Agency for Instructional Technology
1111 West 17* Street

Bloomington, IN 47402-0120

(812) 339-2203

(800) 457-4509

Albion

Division of Queue Inc
562 Boston Avenue
Bridgeport, CT 06610
(203) 335-0908

BIOSOFT (UK)
22 Hills Road
Cambridge CB2 1JP, United Kingdom

P.0O. Box 580
Milltown, NJ 08850

Classroom Consortia Media, Inc.
57 Bay Street

Staten Island, NY 10301

{8001 2371113

(800) 522. 7710

Compuware

15 Center Road
Randolph, NJ 07869
(201) 366-8540

CONDUIT

The University of lowa
Oukdale Campus

Towa City, 1A 52242
(319) 335-4100

Cross Educational Software
1802 N. Trenton St.

P.O. Box 1536

Ruston, LA 71270

(318) 255-8921

Datatech Software Systems
19312 East Eldorado Drive
Aurora, CO 90013

Diversified Education Enterprises
725 Main Street

Lafayette, IN 47901

(317) 742.26%0

Duane Bristow
Rt 3, Box 722
Albany, KY 42602
(606) 387-5884

Educational Materials aid
Equipment Co,

P.O. Box 2805

Danbury, CT 06813-2805

(203) 798-2050

Educational Software Products
12 Bella Vista Place

lowa City, IA 52240

(319) 354-3095

EduTech, Inc.

303 Lamatine Street
Jamaica Plain, MA 02130
(617) 524-1774

Health Sclences Consortium
201 Silver Cedar Court
Chapel Hill, NC 27514
(919) 942-8731

HRM Software

175 Tompkins Avenue
Pleasantville, NY 10570
(914) 769-7496

(800) 431-2050

Huntington Computer Project
State University of New York
Stonybrook, NY 11794

Information Systems for
Medicine, Inc

P.O. Box 247

PL  x,MD 21131

(303, 666-2672

Intellectual Software
Division of Queue, Inc
562 Boston Avenue
Bridgevnort, CT 06610
(800) 232.2224

J & S Software

14 Vanderventer Avenue
Port Washington, NY 11050
(516) 944-9304

Kinko's Service Corporation
4141 State Street

Santa Barabara, CA 93110
(800) 235-6919

in CA (800) 292-6640

outside USA (800) 967-0192

Lea & Febiger
600 S. Washington Squarc

Philadelphia, PA 19106
(215)922-1330

Life Sclence  .oclates
1 Fennimore Road
Bayport, NY 11705
(516)472-2111

Medman Simulations
P.O. Box 160

Chestut Hill, MA 02167
(617) 732-7330

MedSoft

1135 Arondale Drive
Fircrest, "’ A 98466
(206) 565-5068

New Jersey Medical School
Joseph Boyle, MD
Department of Physiolosy
100 Bergen Strect

Newark, NJ 07103

(201) 456-4464

Oukleaf Systems
P.O. Box 472
Decorah, IA 52101
(319) 382-4320

Queue, Inc

562 Boston Avenue
Bridgeport, CT 06610
(8000) 232-2224

Scott, Foresman and Company
1900 East Lake Ave,

Glenview, IL 60028

(312) 729-3000

Sensible Software, Inc.
335 East Big Beaver
Suite 207

Troy, MI 48083

(313) 528-1950

Simpac Educational Systems
1105 North Main St.

Suite 11C

Gainesville, FL. 32601

(904) 3762049

Sliwa Enterprises, Inc.

2360-J George Washington Hwy
Yorktown, VA 23666

(804) 898-8386

Thoroughbred Educational Software
Division of Queue Inc

562 Boston Avenue

Bridgeport, CT 06610

(8000) 232-2224
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UMKC Software Serles (713) 792.2581 (215) 574.3066
2411 Holmes Street
Kansas City, MO 64108-2792 Ventura Educational Systems Wiley Prolessional Software
(816) 276-1891 3440 Brokenhill Street 605 Third Avenue
Newbury Park, CA 91320 New York, NY 10158
University of Texas System Cancer (805) 499-1407 (212) 850-6009
Center
MDAH W. B. Szunders Company Williams & Wilkins
Box & West Washington Square 428 East Preston Street
6723 Bertner Philadelphia, PA 19105 Baltimore, MD 21202
Houston, TX 77030 (215) 750-1330 (800) 638-0672

AIMS AND SCOPE The goal of Computers in Life Science Education s 1o provide a means of communication among
life science educators who anticipate or are currently employing the computer as an educational
wol. The range of content includes, but is not limited to, articles focusing on computer appli
cations and their underlying philosophy, reports on faculty/student experiences with computers
in teaching cuvironments, and software/hardware reviews in both basic science and clinical
education setuags.

SUBSCRIPTION INFORMATION Computers inLife Science Education is published monthly by National Resource for Computers
inLife Science Education, P.O.Box 51187, Seattle, WA 98115-1187. Subscriptionrate is $40.00
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of the world.

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal or internal use of specific
clients. This consent is given on the condition that the copier pay through the Center the per-copy
fee stated in the code on the first page for copying beyond that permitted by the US Copyright Law.
If no code appears on an article, the author has not given broad consent to copy and permission
to copy must be obtained directly from the author. This consent does not extend to other kinds
of copying, such as for general distribution, resale, advertising and promotional purposes, or for
creating new collective works.

Address orders, changes of address, and claims for missing issues to NRCLSE, P.O. Box 51187,
Scattle, WA 98115-1187. Claims for missing issues can be honored only up to three months for
domestic addresses and six months for forcign addresses. Duplicate copies will not he sent to
replace ones undelivered due to failure to notify NRCLSE of change of address.

Address editorial correspondence to Harold I. Modell, PhD, NRCLSE, P.O. Box 51187, Seattle,
WA 98115-1187. (BITNET MODELL@UWALQOCKE)

POSTMASTER: Scnd address changes to Computers in Life Science Education. NRCLSE, P.O.
Box 51187, Scattle, WA 98115-1187.
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KEEPING ABREAST OF THE

LITERATURE

The following citations are presented as
part of a quarterly feature in CLSE de-
signed to help rcaders become aware of
current literature pertinent to computer
applications in life science educaiion.

Anderson-InmanL: Electronic studying:
information organizers to hclp stu-
dents study ‘better’ not ‘harder’ — part
II. Computing Teacher 16(9):21-23,
25-29, 53, 1989.

Coaxum CB et al; Planning for the acqui-
sition of information resources at the
small college level. Educational
Technology 29(7):30-32, 1989.

Florini BM: Teaching styles and tech-
nology. New Directions for Continu-
ing Education 43:41-53, 1989.

Franklin C: Hypertext defined and ap-
plied. Online 13(3):3749, 1989,

Friedlander L: Moving images into the
classroom: multimedia in higher edu-
cation.  Laserdisk Professional

2(4):33-38, 1989.

Gredler MB: A further analysis of com-
puter-based simulations. Sirulation/
Games for Learning 19(2):76-81,
1989.

Maddux CD: The harmful effects of
excessive optimism in educational
computing. Educational Technology
29(7):23-29, 1989.

Margolis N: Making the manual work:
techniques for validating computer
documentation. Performance and
Instruction 28(6):1-9, 1989.

McCarthy R: Multimedia: What the
excitement’s all about. Electronic
Learning 8(8):26-31, 1989.

McCaskey MJ et al: Asscssing the effect
of compuler assisted instruction.
Journal of Studies in Technical Ca-
reers 11(2):119-130, 1989.

Pritchard WH, Jr. et al: A review of
computer-based training materials;
current state of the art (instruction and
intcraction). Educational Technology
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29(7):16-22, 1989.

Ralph CL: A computer applications
course for biology students. Colle-
giate Microcomputer 7(2):123-126,
1989.

Sales GC: Applications of videodiscs in
education.  Computing Teacher
16(8):27-29, 1989.

Sales GC: Repurposing: authoring tools
for videodisc. Computing Teacher
16(9):12-14, 1989,

Shuell TJ et al: Toward evaluating soft-

ware according to principles of learn-
ing and teaching. Journal of Educa-
tional Computing Research 5(2):135-
149, 1989,

Smallen DL: Infusing computing into
the curriculum; challenges for the
next decade. Academic Computing
3(8):8-12, 32-35, 1989.

Stuessy CL: Advantages of micro-based
labs: electronic data acquisition, com-
puterized graphing, or both? Joumal
of Computers in Mathematics and

Science Teaching 8(3):18-21, 1989.

Tucker SA: Welcome to the HyperCard
comer: ‘TechTrends 34(2):30-34,
1989.

Verbeck HA: Interactive clinical teach-
ing with computers combined with a
laser vision disc. CLIO Medica
(Amsterdam)21(1-4):169-174, 1987-
88.

Wainer H: The future of ilem analysis.
Journal of Educational Measurement
26(2):191-208, 1989.

WHERE'S THE SOFTWARE? - PART 2

In the past, we have published lists of
life science software sources and pro-
grams or program arcas available
through them. The following list is pre-
sented as the latest in a continuing effort
to make colleagues aware of potential
resources. As in thie past, no attempt has
been made by NRCLSE to review these
materials.

This month's listings continue last
month's and arc arranged by content arca.
Each item includes a vendor name relat-
ing the software to the vendors list ap-
pearing on page 22.

If you have found specific software
helpful in your teaching efforts, please
share your good fortune by letting us
kiow about the program(s) and
supplicr(s) so that we can make this infor-
mation available through future software
lists. Send pertinent information to Dr.
Harold Modell, NRCLSE, P.O. Box
51187, Scattle, WA 98115 or send us a
note on BITnet. Our BITnet address is
MODELL@UWALOCKE.

GENETICS (CONTINUED)
MENDELIAN GENETICS
Simulation covering dominance, par-
tial dominance, lethality, linkage, and
sex linkage. Program for Apple 11
equipment. QUEUE. INC.

MONOCROS-MONOHYBR!D CROSSES
Simulation of various monohybrid ge-
nctic crosses. Program available for
Apple 11, TRS-80 models [ and III, IBM-
PC, and Commodore 64/128 equipment.
DIVERSIFIED EDUCATION ENTERPRISES

NATURAL SELECTION

Tutorial/Simulation dealing with gene-
tics and evolution to populations. Avail-
able for Apple Il equipment.
EDUCATIONAL MATERIALS * FQUIPMENT CO.

POPGEN-POPU!ATION .. NETICS

Simulation of the effects of Hardy-Wein-
berg Law conditions on gene, genotype,
and phenotype frequencies of a popula-
tion over ime. Program available for
AppleIl, TRS-80 Models I and II1, IBM-

PC, and Commodore 64/128 equipment.
DIVERSIFIED EDUCATION ENTERPRISES

MICROBIOLOGY
DILUTE-MICROBIAL DILUTION
SERIES
Simulation covering design and testing
of microbial dilution series to determine
concentration of a bacterial solution.
Program available for Apple II, TRS-80
Model I11, IBM-PC, Commodore 64/128
equipment.
DIVERSIFIED EDUCATION ENTERPRISES

MICROBIOLOGY TECHNIQUES

Tutorial/Simulation covering various
laboratory procedures. Available for
Apple II equipment. EDUCATIONAL
MATERIALS & EQUIPMEN] \'C.

NEUROSCIENCE

ANATOMY OF THE PERIPHERAL

NERVOUS SYSTEM
Tutorial covering upper extremity,
head, neck and thorax, abdomen, and
lower extremity. Available for Apple 11
and IBM-PC compatible cquipment.
WILLIAMS & WILKINS

HUMAN BRAIN: NEURONS
Tutorial covering neuronal structure,
types of neurons, clectrical potentials,
synaptic transmission, and ncurotrans-
mitters. Available for Apple Il compat-
ible equipment. BIOSOURCE
SOFTWARE

LOLIGO ELECTRONICUS
Simulation that allows students to run
experiments on an electronic squid
axon. Program available for IBM-PC
compatible equipment. BIOSOFT (SD)

MODEL NEURON
Simulation of the behavior of an iso-
lated neuron. Program availablc for
Macintosh equipment. kinko's

NERVE PHYSIOLOGY
Simulation of experiments that can be
performed on the isolated frog sciatic
nerve to illustrate some of the physio-
logical properties of mixed nerves.
Available for IBM-PC compatible,
Macintosh, and Acorn (BBC) equip-
ment.
SHEFFIELD BIOSCIENCE PROGRAMS

NEUROMUSCULAR CONCEPTS
Tutorial covering muscle action poten-
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tials, use of electromyograph, con-
traction, muscle action and movement
disorders. Program for Apple Il equip-
ment. BIOSOURCE SOFTWARE

NEUROSIM
Package of four simulations dealing
with passive conduction in along length
of axon, the Hodgkin-Huxley equation,
post-synaptic potentials, and rhythmic
properties of a simple neural network.
Available for Apple II and IBM-PC
compatible equipment. Available for
IBM-PC compatible equipment.
BIOSOFT (UK)

NEURO-SYS
Tutorial that tcaches the basics of neu-
roanatomical techniques that are com-
monly used to trace nerve fibers and
their interconnections. Available for
IBM-PC compatible equipment.
BIOSOFT (UK)

NURSING

For an extensive list of educational soft-
ware for nursing, consult the Directory
of Educational Software for Nursing
published annually by the National
League of Nursing, 10 Columbus
Circle, New York, NY 10019. (800)
847-8480 and Annual software ex-
change published in Computers in
Nursing (March/April, 1989 Supple-
ment)

PHARMACOLOGY

CARDIAC PHARMACOLOGY
Simulation of cardiac activity in re-
sponse 1o a variety of pharmacological
agents. Available for IBM-PC compat-
ible equipment. WALKER.DRIR.

CARDIOLAB
Simulation of cardiovascular pharma-
cology experiments. Available for
BBC, Apple II, and IBM-PC compat-
ible equipment. BiosorT (UK)

EFFECTS OF DRUGS ON THE UTERUS

AND THE INTESTINE
Simulation of uterine activity and intes-
tinal smooth muscle. Available for
IBM-PC compatible equipment.
WALKER, DR. JR..

ILEUM
Simulates laboratory experiments in-
vestigating effects of drugs on the in
vitro guinca pig ileum. Program avail-

able for Apple II and IBM-PC compat-
ible equipment. BIOSOFT (UK)
LVP: LEFT VENTRICULAR
PERFORMANCE
Simulation of left ventricular perform-
ance. Available .or IBM-PC compat-
ible equipment. ANESOFT CORPORATION
MACDOPE
Simulation dealing with absorption,
distribution, metabolism, and elimina-
tion of drugs. Available for IBM-PC
compatible equipinent. IRL PRESS
MACPHARMACOLOGY
Tutorial/review of various aspects of
pharmacology. Available for Macin-
tosh equipment. UNIVERSITY OF
MINNESOTA - DULUTH
PHARMACOKINETICS
Simulation for one-compartment and
two-compartinent models. Available
for IBM-PC compatible equipment.
COOKE, DR. WILLIAM
PHARMATUTOR
Five short class exercises that include
pharmacokinetic simulations, effects of
agents on the cardiovascular system,
and regulators of smooth muscle func-
tion and neuromuscular transmission.

Available of Macintosh equipment.
FUND FOR RESEARCH IN ALTERNATIVES TO

ANIMAL EXPERIMENTATION
PRINCIPLES OF PHARMACOLOGY
Tutorial covering history, drug absorp-
tion and distribution, biotransformation
and elimination, mechanisms of action,
. drug safety and efficacy. Program
for Apple Il equipment.
BIOSOURCE SOFTWARE
REGULATION OF THE
CARDIOVASCULAR SYSTEM
Review of reflex regulation of blood
pressure, effacts of neurotransmitters
and pharmacologic agents. Demon-
strates interactions of various elements
of the cardiovascular system. Available
for IBM-PC compatible equipment.
WALKER, DR. J.R.

PHYSIOLOGY

ABGANME
Tut¢  'and game providing practice in
acis ¢ principles. Program avail-
abl  r IBM-PC compatible equip-
ME  {EW JERSEY MEDICAL SCHOOL

ACIL ASE BALANCE

Graphical analysis of Henderson-
Hasselbalch equations. Available for
Apple II compatible and Macintosh
equipment, HEMPLING, DR. HAROLD G.

ACID-BASE PHYSIOLOGY

SIMULATION
Simulation of acid-base disturbances
based on Davenport Diagram. Program
available for IBM-PC compatible
equipment. INDIANA UNIVERSITY SCHOOL
‘F MEDICINE

ARTWAVE: THE RADIAL ARTERY

PRESSURE WAVEFORM
Simulation dealing with factors influ-
encing the shape of the radial arterial
pressure waveform. Available for
IBM-PC compatible equipment.
ANESOFT CORPORATION

BALANCE: MYOCARDIAL OXYGEN

SUPPLY AND DEMAND
Simulation of the cardiovascular sys-
tem predicting myocardial oxygen sup-
plyanddemand. Available for IBM-PC
compatible equipment. ANESOFT
CORPORATION

BASIC HUMAN
Integrated systems model of human
physiology. Program available for
IBM-PC compatible equipment.
RANDALL, DR. JAMES

BIOFEEDBACK
Part of 10 program package Experi-
ments in Human Physiology. Experi-
ments include biofeedback, condi-
tioning, and perception measurements.
Program available for Apple I1 equip-
ment. HRM SOFTWARE

BIOFEEDBACK MICROLAB
Package includes a pulse rate sensor
that measures EMG, a thermistor probe
to measure skin temperature, and an
interface circuit that enables student to
connect the sensors to the computer.
Program available for Apple II and
Commodore 64/128 equipment. HRM
SOFTWARE

CALIBRATION
Part of 10 program package Experi-
ments in Human Physiology. Tempera-
ture and timing functions are calibrated
against standards. Program available
for Apple I equipment. HRM SOFTWARE

CAPEXCH
Simulation dealing with exchange at
the capillary level. Available for IBM-
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PC compatible equipment. NEW JERSEY
MEDICAL SCHOOL
CARDIAC MUSCLE MECHANICS
Simulation of heart muscle behavior in
response to changes in length, load, and
contractility. Availeble for IBM-PC
compatible equipment. QUEUE, INC.
CARDIOCOMP
ECG/EMG data acquisition and analy-
sis system. Available for IBM-PC com-
patible equipment. INTELITOOL INC.
CARDIOVASCULAR FITNESS LAB
Provides students with everything they
need in order 1o use the microcomputer
to monitor cardiovascular activity.
Program available for Apple II and
Commodore 64/128 equipment. HRM
LOFTWARE
CARDIOVASCULAR FUNCTION
LABORATORY / PHYSIOLOGY
LABORATORY TUTOR
Programs developed to provide prob-
lem-based lcarmning in cardiovascular
physiology. Available for IBM-PC
compatible and Macintosh equipment.
FROM THE HEART SOFTWARE
CARDIOVASCULAR INTERACTIONS
Cardiovascular Physiology simulation.
Program available for IBM-PC com-
patible equipment. INDIANA UNIVERSITY
SCHOOL OF MEDICINE
CARDIOVASCULAR PHYSIOLOGY
PART I: PRESURE/FLOW RELATIONS
Tutorial dealing with a variety of calcu-
lations in the area of hemostatics/hemo-
dynamics. Program available for IBM-
PC compatible equipment. RUSH
MEDICAL COLLEGE
CARDIOVASCULAR PHYSIOLOGY
PART I1: REFLEX
Tutorial dealing with carotid sinus
regulation of blood pressure, and reflex
responses in hemorrhage and exercise.
Program available for IBM-PC com-
patible equipment. RUSH MEDICAL
COLLEGE
CARDIOVASCULAR SYSTEMS AND
DYNAMICS
Simulation of aspects of cardiovascular
physiology. Includes an isolated heart
laboratory, heart-lung laboratory, sys-
temic circulation laboratory, and a full
circulatory system. Available for IBM-
PC compatible equipment. COMMAND
APPLIED TECHNOLOGY
CIRCSIM: A TEACHING EXERCISE ON

BLOOD PRESSURE REGULATION
Simulated experiment based onamodel
of the baroreceptor reflex loop. Pro-
gram available for IBM-PC compatible
equipment. RUSH MEDICAL COLLEGE

CIRCSYST
Simulation of hemodynamics. Avail-
able for IBM-PC compaiible equip-
ment. NEW JERSEY MEDICAL SCHOOL

CONCEPTS IN THERMOGRAPHY
Tutorial covering basic DC concepts,
peripheral vascular physiology, detect-
irg skin temperature, amplifiers, and
processing DC signals. Program for
Apple Il equipment. BIOSOURCE
SOFTWARE

DIGESTION
Tutorial covering digestion in simple
organisms and humans. Program avail-
able for Apple Il and TRS-80 Model 111
cquipment. J &S SOFTWARE

ECG TUTOR
Tutorial presenting basic cardiac elec-
trophysiology. Available for IBM-PC
compatible equipment. NEOSOFT,INC.

ENDOCRINE SYSTEM
Tutorial covering hormones, effects
and problems. Program available for
Apple Il and TRS-80 Model Il equip-
ment. J &S SOFTWARE

EXCRETION
Tutorial reviewing metabolic wastes,
wastc removal, and kidney function.
Program available for Apple II and
TRS-80 Model III equipment. 1 &SSOFT-
WARE

EXERCISE EXPERIMENTS
Part of 10 program package Experi-
ments in Human Physiology. The ef-
fect of exercise and physical condition
on heart rate, breathing rate, and skin
temperature is investigated, Program
available for Apple II equipment. HRM
SOFTWARE

FLEXICOMP
Data acquisition and analysis system
for studying the reflex arc. Available
for Apple Il and IBM-PC compatible
cquipinent. INTELITOOL, INC.

FROG HEART
Simulation of experiments that can be
performed on the in situ frog heart.
Available for IBM-PC compatible and
Acom (BBC) equipment, SHEFFIELD
BIOSCIENCE PROGRA 'S

GAS DIFFUSION I~ THE LUNG

Simulation of oxygen and CO2 transfer
between alveolar air and blood. Pro-
gram available for IBM-PC compatible
equipment. INDIANA UNIVERSITY SCHOOL
OF MEDICINE

GLOMERUIAR FILTRATION,

CONCENTRATION-DILUTION, Tm
Package of three renal physiology
teaching programs. Available for IBM-
PC compatible equipment. DIETZ, DR.
JOHN R.

GUINEA PIG ILEUM
Simulation of the isolated, transmurally
stimulated guinca pig ileum prepara-
tion to investigate the effects of drugs
on neurotransmitter release in the en-
teric nervous system. Available for
IBM-PC compatible equipment.
SHEFFIELD BIOSCIENCE PROGRAMS

HEART RATE
Part of 10 program package Experi-
ments in Human Physiology. Lightand
light sensor for measuring and record-
ing heart rate. Program available for
Apple 1l equipment, HRM SOFTWARE

HOMEOSTASIS-

THERMOREGUILATION
Part of 10 program package Experi-
ments in Human Physiology. Students
investigate the body’s ability to main-
tain a constant internal temperature by
subjecting a volunteer to mild tempera-
ture excursion while recording and dis-
playing skin and body temperature.
Program available for Apple II equip-
ment. HRM SOFTWARE

HUMAN BODY-STRUCTURE AND

FUNCTION
Simulation covering joint movement,
movement of food through digestive
system, and enzyme activity. Program
available for Apple II equipment.
SCOTT, FORESMAN & COMPANY

HUMAN CIRCULATORY SYSTEM
High resolution pictorial simulation.
Available for Apple //e (enhanced)and
IBM-PC compatible equipment.
EDUCATIONAL MATERIALS & EQUIPMENT CO.

LOLIGO ELECTRONICUS
Simulation that allows students to run
experiments on an electronic squid
axon. Program available for IBM-PC
compatible equipment. BIOSOFT (SD)

LVP: LEFT VENTRICULAR

PERFORMANCE
Simulation of left ventricular perform-
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ance. Available for IBM-PC compat-
ible equipment. ANESOFI CORPORATION
MACMAN
Simulation of circulatory system.
Available for IBM-PC compatible
cquipment. IRL PRESS
MACPEE
Simulation of interactions of renal
physiology. Available forand IBM-PC
compatible equipment. IRL PRESS
MACPUF
Simulation of cardiopulmonary physi-
ology. Available for IBM-PC compat-
ible equipment. IRL PRESS
MECHANICAL PROPERTIES OF
ACTIVE MUSCLE
Set of six programs concemed with
skeletal muscle contraction. Available
for IBM-PC compatible cquipment.
QUEUE, INC; TRINITY SOFTWARE
MODEL NEURON
Simulation of the behavior of an iso-
lated neuron. Program available for
Macintosh equipment. kmvko's
MUSCLE MECHANICS: A COMPUTER-
SIMULATED EXPERIMENT
Simulated experiment that permits the
user to determine either the length-
tension or the force-velocity relation-
ship of a skeletal muscle. Program
available for IBM-PC compatible
equipment, RUSH MEDICAL COLLEGE
MUSCLE PHYSIOLOGY
Simulation of experiments that can be
performed on the isolated frog sciatic
nerve-gastrocnemius muscle to illus-
trate some of the physiological proper-
ties of skeletal muscle. Available for
IBM-PC compatible and Acorn (BBC)
equipment. SHEFFIELD BIOSCIENCE
PROGRAMS
NERVE PHYSIOLOGY
Simulation of experiments that can be
performed on the isolated frog sciatic
nerve 1o illustrate some of the physio-
logical properties of mixed nerves.
Available for IBM-PC compatible,
Macintosh, and Acorn (BBC) equip-
ment, SHEFFIELD BIOSCIENCE PROGRAMS
NERVOUS SYSTEM
Tutorial covering nerves, reflexcs, and
chemical transfer of impulses. Program
available for Apple Il and TRS-80
Model III equipment. J & S SOFTWARE
NEUROSIM
Package of four simulations dealing

with passive conduction inalong length
of axon, the Hodgkin-Huxley equation,
post-synaplic potentials, and rhythmic
properties of a simple neural network.
Available for Apple II and IBM-PC
compatible equipment. Available for
IBM-PC compatible equipment.
BIOSOFT (UK)

PHYSIOLOGICAL DATA SIMULATION
25 simulations covering aspects of
physiology. Program available for
Apple II and IBM-PC compatible
equipment. OAKI EAFSYSTEMS

PROBLEMS IN FLUID COMPARTMENT

RE-DISTRIBI/TION
Tutorial covering solution of simple
problems of fluid compartment
changes in the face of perturbations.
Program available for IBM-PC com-
patible equipment. RUSH MEDICAL
COLLEGE

PSYCHOLOGICAL STRESS-LIE

DETECTOR
Part of 10 program package Experi-
ments in Human Physiology. The
physiologica! response to the stress of a
frustrating and abusive quiz is meas-
ured. Program available for Apple II
equipment, HRM SOFTWARE

PULMONARY MECHANICS
Tutorial and simulation dealing with
pulmonary mechanics. Available for
IBM-PC compatible equipment. New
JERSEY MEDICAL SCHOOL

REGULATION OF THE

CARDIOVASCULAR SYSTEM
Review of reflex regulation of blood
pressure, effects of neurotransmitters
and pharmacologic agents. Demon-
strates interactions of various elements
of thecardiovascularsystem. Available
for IBM-PC compatible equipment.
WALKER, DRI.R.

PERMEABILITY
Simulation of osmotic phenomena in
cells. Available for Apple II compat-
ible and Macintosh equipment.
HEMPLING, DR. HAROLD G.

PHYSIOGRIP
Data acquisition and analysis system
for the muscle physiology lab. Avail-
able for Apple II and IBM-PC com-
pitble equipment. INTELITOOL.INC.

RENAL GLOMERULAR DYNAMICS
Simulation of human glomerulus and
factors that affect glomerular filtration

rate. Program available for IBM-PC
compatible equipment. INDIANA UNTVER-
SITY SCHOOL OF MEDICINE
RESPIRATION RATE
Pari of 10 program package Experi-
ments in Human Physiology. A nap-
ping subject is monitored for heart and
breathing rate. Resultsare compared to
the data acquired when the subject is
awake. Program available for Apple 11
equipment. HRM SOFTWARE
RESPONSE-TIME
Pant of 10 program package Experi-
ments in Human Physiology, Users
measure finger reaction times with a
bright light stimulus (sensor included).
Program available for Apple 11 equip-
mentl. HRM SOFTWARE
RESPONSE-TIME INVESTIGATIONS
Part of a 10 program package Experi-
ments in Human Physiology. The ef-
fects on reaction times of stimulus type
and response location are studicd. Pro-
gram available for Apple II equipment.
HRM SOFTWARE
RESPSYST, GASEXCH
Simulations dealing with pulmonary
gas exchange. Available for IBM-PC

compatible equipment. NEw JERSEY
MEDICAL SCHOOL
SIMULATIONS IN PHYSIOLOGY - THE
RESPIRATORY SYSTEM

Series of 12 simulations dealing with
respiratory mechanics, gas exchange,
chemoregulation and acid-basc bal
ance. Program available for Apple II,
IBM-PC compatible, and Macintosh
equipment, NRCLSE
SKELETAL MUSCLE ANATOMY/
PHYSIOLOGY
Tutorial covering three muscle catego-
ries, skeletal muscle microstructure,
sliding filament theory, motor units,
and lever systems. Program for Apple 11
equipment. BIOSOURCE SOFTWARE
SKELETAL MUSCLE CONTRACTIONS
Tutorial/Simulationof muscle mechan-
ics. Available for IBM-PC compatible
equipment. SIEGMAN, DR. MARION J.
SKILLS IN ELECTROMYOGRAPHY
Tutorial covering skin preparation,
reducing EMG artifact, testing a
myogranh’s operation, electrode loca-
tion, and preventin;. shock hazards.
Program for Apple 11 equipment.
BIOSOURCE SOFTWARE
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SKIN TEMPERATURE
Part of a 10 program package Experi-
ments in Human Physiology. Tempera-
ture probe (included) senses body and
skin temperatures. Program availabie
for Apple II equipment. HRM SOFIWARE

SPIROCOMP
Data acquisition and analysis system
for measuring lung volumes and ca-
pacities. Available for Apple II and
IBM-PC compatible equipment.
INTELITOOL, INC.

THE BODY IN FOCUS
Tutorial for investigating body systems
including skeletal, muscular, respira-
tory, cardiovascular, gastrointestinal,
endocrine, and integumentary. Avail-
able for Apple II and IBM-PC compat-
ible equipment. NEOSOFT, INC.

POPULATION DYNAMICS

BALANCE-PREDATOR-PREY SIMULA-

TION
Simulation of the effects of food sup-
ply, carrying capacity, environmental
conditions, and extcrnal pressures or
predator/prey relationships. Program
available for Apple II, TRS-80 Models
Iand 111, IBM-PC, and Commodore 64/
128 equipr ient. DIVERSIFIED EDUCATION
ENTERPRIS :§

COEXIST:Population Dynamics
Simulation of the growth of two popula-
tions either independently or in compe-
tition for the same limited resources.
Program available for Apple II cquip-
ment. CONDUIT

COMMUNITY DYNAMICS
Tutorial/simulation dealing with inter-
action of predator and prey systems.
Available for Apple //e equipment.
EDUCATION MATERIALS & EQUIPMENT CO.

ISLAND BIOGEOGRAFPHY
Three simulations of island communi-
ties dealing with the relationship be-
tween island area and number of spe-
cies, colonization of a new island, and
island immigration and extinction. Pro-
gram available for Apple II equipment.
CONDUIT

LIMITS
Simulation of the effects of growth on
world population, pollution, food sup-
ply, industrial output, and natural rc-
sources. Program available for Apple
1. PET/CBM and TRS-80 Model 11

equipment. COMPUWARE

MARK & RECAPTURE
Simulation of mark and recapture ex-
reriments to explore three imodels for
estimating population sizes. Progiam
available for Apple II cquipment.
CONDUIT

PoP
Simulation of threc growth models
(exponential, logistical, and logistical
with low density). Program available
for Apple II, PET/CBM, and TRS-80
Model 11l equipment. COMPUWARE

POPGRO-POPULATION GROWTH

SIMULATION
Simulation of unlimited growth (J-
curve), limited growth (S-curve) and
limited growth with response lag time
(S-curve with oscillations) models of
population growth. Program available
for Apple II, TRS-80 Models I and III,
IBM-PC, and Commodore 64/128
equipment. DIVERSIFIED EDUCATION
ENTERPRISES

POPVULATION CONCEPTS
Simulation dealing with factors influ-
encing population growth. Available
for Apple//e, TRS-804, and TRS-80111
cquipment. EDUCATIONAL MATERIALS &
EQUIPMENT CO.

POPULATION FLUCTUATIONS
Tutorial covering factors influencing
population growth. Program available
for Apple II, TRS-80 Models I and 111
equipment. EDUCATIONAL MATERIALS &
EQUIPMENT CO.

POPUIATION GROWTH
Simulation dealing with exponential
and density-dependent gowth. Pro-
gram for Apple II equipment. QUEUE,
INC.

POPULATION CROWTH
Simulation of population gcowth. The
package compares and contrasts the
geometric or exponential growth model
with the logistic or Verhulst-Pearl
growth model. Program available for
Apple Il equipment. coNpuIT

POPULATON SIZES
Simulation dealing with a dynamic

population. Program for Apple II
equiprent, QUEUE,INC.
PREDATION

Simulation of predator-prey interac-
tions. Program available for Apple Il
equipment. CONDUIT

PREDATION EQUILIBRIA
Simulations of equilibrium models of
predator-prey interaction.  Program
available for Apple II equipment.
CONDUIT

RABBITS
Wildlife population simulation. Avail-
able for TRS-80 III equipment. DUANE
BRISTOW

VENDORS

AneSoft Corporation
13051 SE 47th Place
Bellevue, WA 98006
(206) 644-7488

Biosoft (SD)
P.O. Box 192
Whitewood, SD 57793

BIOSOFT (UK)
22 Hills Road
Cambridge CB2 1JP, United Kingdom

P.O. Box 580
Milltown, NJ 08850

Blosource Software
2105 S. Franklin, Suite B
Kirksville, MO 63501
(816) 665-3678

Command Applied Technology
Woest 400 Main Strect

Pullman, WA 99163-0511

(5091 334-6145

Compuware

15 Center Road
Randolph, NJ 07869
(201" 366-8540

CONDUIT

The University of lowa
Qakdale Campus

fowa City, 1A 52242
(319) 335-4100

Cooke, Dr. William

Eastern Virginia Medical School
Dept. of Pharmacology

P.O. Box 1980

Norfolk, VA 23501

(804) 446-5635

Dietz, Dr. John R.

Department of Physiology and Biophysics
College of Medicine

University of South Florida
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Tampa, FL 336124799
(813)974-2527

Diversifled Fducation Enterprises
725 Main Street

Lafayette, IN 47901

(317) 742-2690

Duane Bristow

Rt 3, Box 722
Albany, KY 42602
(606) 387-5884

Educational Materlals and
Equipment Co,

P.0. Box 2805

Danbury, CT 06813.2805

(203) 798-2050

From the Heart Software
P.O. Box 3158

Eugene, OR 97403

(503) 345-7749

Fund for Research in Alternatives to
Animal Experimentation

Biberlinstr. §

8032 Zurich

Switzerland

Hempling, Dr. Harold G.
Department of Physiology

Medical University of South Carolina
Charlestown, SC 20425-2258

(803) 792-2005

HRM Software

175 Tompkins Avenue
Pleasantville, NY 10570
(914) 769-7496

(800) 431-2050

Indiana Unlversity School of Medicine
Department of Physiology and Biophysics
635 Bamhill Drive

Indianapolis, IN 46223

Intelitool Incorporated
P.O. Box 459

Batavia, IL 60510-0459
(708) 406-1041

(800) 227-3805

IRL Press

P.O.Box Q

Mclean, VA 22101-0850
(703) 437-3334

P.O. Box 1
Eynsham, Oxford OX8 1JJ
United Kingdom

J & S Software

14 Vanderventer Avenue
Port Washington, NY 11050
(516) 944-9304

Kinko's Service Corporation
4141 State Street

Santa Barabara, CA 93110
(800) 235-6919

in CA (800) 292-6640

outside USA (800) 967-0192

Neosoft, Inc.

CBS Interactive Leaming
Onw Fawcett Place
Greenwich, CT 06836
(800) 227-2574

New Jersey Medical School
Joseph Boyle, MD
Department of Physiology
100 Bergen Strect

Newark, NJ 07103

(201) 456-4464

NRCLSE

National Resource for Computers in
Life Science Education

P.O.Box 51187

Seattle, WA 98115

(206) 522-6045

Qakleaf Systems
P.O. Box 472
Decorah, 1A 52101
(319)382-4320

Queue, Inc

562 Boston Avenue
Bridgeport, CT 06610
(800) 232-2224

Randall, Dr, James

609 S. Jordan
Bloomington, IN 47401
(812) 335-1574

Rush Medlcal College

Drs. Joel Michael and Alan Rovick
Department of Physiology

1750 West Har:ison Strect
Chicago, IL 60612
(312)942-6426

(312)942.6567

Scott, Foresman and Company
1900 East Lake Ave.

Glenview, IL 60025

(312) 729-3000

Sheffleld BioScience Programs
Dr. David Dewhurst

Department of Applied Science
Leeds Polytechnic

Calverley Street

Leeds LS1 3HE United Kingdom

Siegman, Dr. Marion J.
Department of Physiology
Jefferson Medical College
1020 Locust St.
Philadelphia, PA 19107

Trinity Software
P.O. Box 960
Campton, NH 03223
(603) 726-4641

University of Minnesota — Duluth
Dr. Richard Eisenberg

Department of Pharmacology
University of Miur esota - Duluth
School of Medicine

Duluth, MN 558122487

(218) 726-8512

Walker, Dr, J.R.

University of Texas Medical Branch
Galveston, TX 7/550

(409) 761-2966

Williams & Wilkins
428 East Preston Street
Baltimore, MD 21202
(800) 638-0672
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AIMS AND SCOPE  ‘The goal of Computers inLife Science Education s to provide ameans of communication aong
life science educators who anticipate or are currently employing the computer as an educational
tool. The range of content includes, but is not limited to, articles focusing on computer appli-
cations and their underlying philosophy, reports on faculty/student experiences with computers
in teaching environments, and software/hardware rev iews in both basic science and clinical
education settings.

INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computersin Life Science Educationare invited for possible
publication in the newsletter.

PREPARATION AND SUBMISSION OF MATERIAL

Articles submitted for publication should be typewritten, double spaced, with wide margins. The
original and two copies including two sets of figures and tables should be sent to the Editor:
Dr. Harold Modell, NRCLSE, P.O. Box 51187, Seattle, WA 981 15-1187.

Title page should include full title, list of authors, academic or professional affiliations, and
complete address and phone number of the correspondiag author.

Illustrations should be submitted as original drawings in India ink or sharp, unmounted
photographs on glossy paper (Laser printer output is acceptable). The lettering should be such
that it can be legible after reduction (width of one column = 5.7 cm).

Reference style and form should follow the "number system with references alphabetized”
described in the Council of Biology Editors Style Manual. References should be listed in
alphabetica! order by the first author's last name, numbered consecutively, and cited in the text
by these numbers.

RESPONSIBILATY AND COPYRIGHT

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors
submitting manuscripts will be sent a copyright transfer fonn to complete. The completed form
must be retumed before the work will be published.

SUBSCRIPTION INFORMATION Computers in Life Science Education is published monthly by National Resource for Computers
in Life Science Education, P.O. Box 51187, Seattle, WA 98115-1187. Subscriptionrate is $40.00
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of the world.

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal or intemnal use of specific
clients. This consent is given on the condition that the copier pay through the Cnter the per-copy
fee stated in the code on the first page for copyiny beyond that permitted by the US Copyright Law.
If no code appears on an article, the author has not given broad consent to copy and permission
10 copy must be obtained directly from the author. This consent does not extend 1o other Kinds
of copying, such as for general distribution, resale, advertising and promotional purposcs, or for
creating new collective works.
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Computer assisted instruction (CAI) isa
valuable addition to methodologics cur-
rently available for medical educators.
The effectiveness of CAI, however, de-
pends to a great extent on creative plan-
ning, effective programming, appropri-
ate content, and an understanding of the
nature and background of the users. At
the outset, one must be able to clearly
identify the needs of the user, the envi-
ronment in which CAi is to be used, and
the goal of CAI programs within the
cducational environment. Often there
has been too inuch emphasis on the

computer as the endpoint instead of as a
means te facilitate educational needs.?
In 1985, it became evident to us that
CAlcould be auseful teaching tool in his-
tology. Aithough there were numerous
programsavailable or being developed at
the public school and undergraduate col-
lege and univeristy levels, and some
programs were being designed for stu-
dents in the upper twe years (clinical) of
medical school, there was a paucity of
basic science CAI programs for student
usc during the first two years of medical
school, Programs that were available
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were of variable quality and oflen did not
address the nceds of schools due todiffer-
ences in curricula.

During the summer of 1984, the first
CAI program was complete at Jefferson
Medical College for one topic in medical
histology using acommercially available
authoring system. Three programs in
histology were created in 1985. It be-
came evident, however, that these pro-
grams were limited, as computer gener-
ated graphics did not adequately address
the needs of a morphologic science such
as histology. With the advent of vide-
odisc technology and the ability to inter-
face videodisc players easily and inex-
pensively to computers, CAI became an
appropriate educational tool for the mor-
phologic sciences.

Three years ago, an experimental vide-
odisc was produced containing over
1000 photographs that could be used to
create computer assisted instruction, in-
teractive video programs (CAI-1V). At
that time, the following three common
errors were identified and addressed.

» Although commercially available au-
thoring systems were very sophisti-
cated and impressive, they were 100
.. »mplex for faculty who might want
1 produce programs but did not have
the time to learn such complicated
systems.

« The cost of many computer system
was too high, resulting in limited
hardware availability to schools.

« Techinology changes so fast that sys-
tcms and software became “obsolete”™
in months.

Many peoplechanged systems inorderto
keep up, the net result often being that
projects never could be taken to comple-
tion. Therefore, in 1986, decisions were
made to a) design an inexpensive work-
tation and stay with that technology,
and, b) instead of concentrating on pro-
ducing individual programs, cCrcate a
simple, easy to use authoring system that,
although more restrictive, would permit
faculty with minimal computer knowl-

Table 1. Order of topic presentation in the first year histology course.

Epithelium
Connective tissue
Adipose tissue
Cartilage

Bone

Muscle

Nerve

Quiz #1
Peripheral blood
Hemopoiesis
Circulatory system (vascular)
Ly mphatics

Integument

Glands

Digestive system

Quiz #2

Respiratory system
Endocrine system

Male reproductive system
Quiz #3

Urinary system

Femalc reproductive system
Special senses (cye, car)
Final quiz

edge to produce a tutorial or quiz within
afew hours. By the end of the summer of
1987, the authoring system was com-
pleted, and two tutorials were created and
evaluated.’ The objective of the present
study was to produce a complete set of
programs for use by first year medical
students in the medical histology course
for the fall of 1988 and to solicit student
gvaluations.

METHODS AND MATERIALS
A workstation was crcated which con-
sisted of an Apple //e computer with an
accelerator card, two 5.25" disk drives, a
Zenith Data System 12" monochrome
monitor (Model ZVM-121), a Sony
Trinitron 13" color monitor (Model KV-
1311CR), a Pioneer LD-V1000 Vidco
Disc Player, and a Video Microcomputer
Interface card (Allen Communications,
Inc.). The first three items were readily
available in the medical college, so the
additional cost to complete the worksta-
tion was under $1200. The hardware was
placed on a mobile card that allowed
transport of the workstation to student
laboratories, faculty offices, and study
areas, as needed. The workstation and
software were made available to the 236
first ycar students at Jefferson Medical
College during the fall, 1988, when the
edical histology course was offered.
During the summer of 1988, twenty
tutorials and four quizzes were created
covering the entire first year medical

histology course. The tutorials consisted
of written text for each subject in histol-
ogy with some applicable gross anatomy,
biochemistry, physiology, and some
clinical information included. Text ma-
terial was presented on the monochrome
monitor paired with a photograph from
the videodisc displayed on the color
monitor. Sources included textbooks,
atlases, lecture notes, and published ar-
ticles. The order of presentation of the
twenty-four programs in the histology
course is shown in Table 1. Because up
to 40% of the stdents had little or no
computcr expertise, the workstation and
programs were designed so students only
needed to be shown how to insert the
videodisk and floppy disk into the drives
and turn on the unit.

During the final week of the course, the
entire class was asked to complete an
evaluation of the CAI-IV program. The
questions asked on the evaluation are
presented in Table 2.

An objective evaluation of changes in
student grades dueto exposure toCAI-1V
was not done because on y one worksta-
tion was available for the class, scverely
limiting the time for students to access
the computers. In addition, the medical
student population is very homogencous
academically, and, therefore, a major
change in test results would not be ex-
pected, given the logistical constraint
previously mentioned. It was felt that
student perception of the effect of CAI-
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IV on their learning ability and efficiency
was 4 valid parameter to measure at this
time.

RESULTS

Student reaction was uniformly positive,
and the workstation was in constant use
throughout the teaching block. In many
instances, the workstation had to be
moved into a hallway 0 accommaoxate
eight to ten student at a time. When
groups used the workstations, the pro-
grams became the focus for informative
discussions among students.

Ninety students representing 39% of
the class, responded to the questionnaire,
Forty-five percent used more than nine
programs, and 48% usced between one
andeight programs. Sixty-seven percent
found the programs to be helpful, while
three percent did not. Twenty-seven
percent cf the students estimated an in-
crcase of five or more points to their
grade as a result of exposure to the CAl-
IV programs; 31% felt there would be
little or no effect on grades. Over 96% of
the students responding found the pro-
grams informative, personable, and en-
joyable. Seventy-four percent felt that
the programs inhanced their educational
experience, and over 98% believed that
more workstations should be built and
more programs should be created; 90%
affirming that such an activity should
take place as a college-wide commit-
ment. Although students feltthat CAI-1V
should not replace human interaction,
almost 75% felt such programs could
replace certain lectures that were per-
ceived to be of low quality by the stu-
dents.  All criteria listed, concerning
educational activities, were considered
extremely to very important with two
exceptions. Of moderate importance to
students was the form of the content and
individualization of programs. Of the
responses to questions 21-22, the major-
ity indicated that the students partici-
pated in the CAI-1V educational experi-
ence to obtain additional help with the
subject matter and that their expectations
were fulfilled. The only major criticism

was the lack of additional workstations.

DISCUSSION

Computer assisted instructional materi-
als ar¢c a new and potentially valuable
addition to the medical education arma-
mentarium. Today's medical students
have been raised in a era in which com-
puter technology has become an ever
increasing part of e ‘eryday personal and
professional life.'3* Therefore, they feel

comfortable with computer programs
and are beginning to expect that such
programs should be available to them as
part of what they consider to be quality
education. The workstation with associ-
ated software is a step toward providing
students with the most up-to-date educa-
tional techniques.

There are a number of advantages re-
lated to the use of CAI-1V. First, onc has
control over the content and emphasis of

Table 2. Evaluation survey presented to students following use of CAI-IV.

1. Did you use any of the 24 programs?

2. Do you belicve that these programs aided in your understanding of the material?

3. What grade do you expect to receive?

4. By how many points do you estimate your grade increased by use of these CAI-1V

programs?

5. Were the programs informative?

6. Were the programs enjoyable and personable?

7. Do you believe more workstations should be built?

8. Do you believe more CAI-IV programs should be developed?

9. Do you believe computer programs in general enhanced you educational experience?

10. Do you believe Jefferson should commit more resources to the development of such

technology at the departmental/college level?

11. Should CAI-IV techniques replace lectures?

12 - 20. Evaluate the unportance of the following criteria in evaluating educational

aclivilies:
Informational content

Form in which content is presented (brief/non-redundant)

Leamer aclive
Individualized
Utilization of graphic images

Connections across different topics emphasized

Activities enjoyable and personable

Non-judgmental approach

21. Why did you participate in this aclivity (reasons/objectives)?

22. To what extent were your expectations fulfilled?

23. What cffects, if any, did participation in CAI-IV have on your other study behavior?
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the material being presented. For ex-
ample, the respiratory system chapters
presented in four of the histology text-
books most commonly used by medical
schools were compared. Text length
varied from about 5,000 to over 13,000
words. Second, the number and quality
of illustrations can be planned. Third, the
orientation, emphasis, and quality of
photographs can be precisely controlled.
Light microscopic photographs as a per-
cent of total illustrations in the four texts
varies from 21% to 62%, electron photo-
micrographs from 10% to 58%, and dia-
grams and drawings from 28% 10 66%.
Another advantage concerns the elimina-
tion of lead time associated with text
production, which may be several years
behind current concepts. It is important
to emphasize, however, that writien
material cannot be totally eliminated.
CAl is a valuable educational addition to
existing educational modalities with
strengths and limitations, advantages and
disadvantages, that must be recognized if
it is to be usad properly and effectively.
Each student has his or her own individ-
ual way of using the various educational
tools available to maximize his or her
lcaming experience. CAI-IV isamethod
that students readily accept and that they
perceive as being very helpful in assist-
ing them to understand complex mate-
rial. Ninety-seven percentof the students
who used these programs felt that more
resources should be committed to de-
velop additional materials.

The process of creating the 24 programs
was accelerated by using a very simple,
straightforward authoring system. Al-
though the system had to be limited in its
options in order to maintain simplicity,
the programs were very effective from
the user's standpoint. The ojection has

often been raised that tutorials are simply
pageturners.  However, the validity of
such programs rests with the nature of the
material, the objectives that are to be
achieved, and the environment in which
the programs will be used. The success of
the CAI-IV tutorials amply justifies the
format that was used in the design of the
authoring system. A second criticism has
been that programs that run on older
computers are too slow. The present
programs have a cycle time (the time
taken to present successive pairs of text
and photograph on the two monitors) of
about five seconds. This was not a prob-
lem for the students, and they were gen-
erally unaware of the time interval, since
they were involved in discussionsamong
themselves.

Computer technology will continue to
make an ever increasing impact on the
ficld of medicine and will greatly influ-
ence the way students are taught, patients
are cared for, and research is conducted.
It is important, therefore, that medical
educators use this technology and sensi-
tize students and faculty to the advan-
tages that computers offer to the medical
community.® During the histolcgy teach-
ing block, students were constantly using
and reviewing the CAI-IV programs to
the extent that it was difficult to find time
when the computer could be used for
other activities. Clearly, our experience
has indicated that students enjoy this type
of educational exposure, and themajority
feel the use of CAI-1V assisted in their
better understanding of the material.
This study has indicated, therefore, that
CAI-1V is a valuable addition to cduca-
tional technology. Additional worksta-
tions are being assembled, and the con-
tent material is being redesigned and
updated. The two programs have re-

cently been redesigned using a Macin-
tosh computer and Hypemard@ These
programs are currently being evaluated
as part of our commitment to meet the
continuing needs of today’s medical stu-

~ dents.
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-~ NOTICE -

NRCLSE announces a new version of Simulations in Physiology —The Respiratory System - for Macintosh computers.
Unlike the older version that required Microsoft BASIC, the programs in the new version run as independent applications
and, therefore, require no special support software.
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WHERE'S THE SOFTWARE? — PART 3

In the past, we have published lists of life
science software sources and programs
or program areas available through them.
The following list is presented as the
latest in a continuing effort to make col-
leagues aware of potential resources. As
in the past, no attempt has been made by
NRCLSE to review these materials.

This month’s listings continue last
month's andarearranged by con‘ent area,
Each item includes a vendor name relat-
ing the software to the vendor list that
fc lows the software list.

If you have found specific softv-are
helpful in your teaching efforts, please
share your good fortune by letting us
know about the program(s) and
supplier(s) so that we can make this infor-
mation available through future softwarc
lists. Send pertinent information to Dr.
Harold Modell, NRCLSE, P.O. Box
51187, Seattle, WA 98115 or send us a
note on BITnct. Our BITnet address is
MODELL@UWALOCKE,

SUBSTANCE ABUSE

DRINKING AND NOT DRINKING
Tutorial designed to augment strategics
for the prevention of substance abuse.
Includes facts about drinking and the
effects of alcohol. Program available
for Apple Il equipment. xkinko's

INTRODUCTION TO PSYCHOACTIVE

DRUGS
Tutorial designed to augment strategies
for the prevention of psychoactive drug
abusc. Program available for Apple II
equipment. KINKO'S

KEEP OFF THE GRASS
Tutorial designed to augment strategics
for the prevention of marijuana abuse.
Program available for Apple II equip-
ment. KINKO'S

SIX CLASSES OF PSYCHOACTIVE

DRUGS
Tutorial designed to augment strategics
for the prevention of psychoactive drug

abuse. Program available for Apple I1
&quipment. KINKO'S

SUBSTANCE ABUSE DATA BASE
Database containing contact informa-
tion on substance abuse organizations,
Program available for Apple II equip-
ment. KINKO'S

ZO0OLOGY

ZOOLOGY 1
Tutorial covering the general charactis-
tics, structures, and functions that de-
fine the major invertebrate phyla. Pro-
gram available for Apple II and IBM-
PC compatible equipment, siiwa
ENTERPRISES, INC.

ZOOLOGY 11
Tutorial covering physiology in the
Phylum Chordata. Program available
for Apple II and IBM-PC compatible
equipment. SLIWA ENTERPRISES, INC.

MISCE: ;. “EQUS
BAFFLES, BAFFLES Il
Game to help students develop deduc-
tive reasoning and problem solving
skills. Program available for Apple II
(BAFFLES) and IBM-PC compatible
(BAFFLES II) equipment. conpurr
BASIC SCIENCES
Self-assessment package covering
anatomy, behavioral science, biochem-
istry, microbiology, pathology, phar-
macology, and physiology. Available
for CP/M and IBM- PC compatible
equipment. UMKC SOFTWARE SERIES
CLASSIFY-CLASSIFICATION KEY
PROGRAM
Presents an unclassified set of char-
acteristics and labels for classification
atvarious levels. Program available for
Apple II, TRS-80 Model I1I, IBM-PC,
and Commodore 64/128 equipment.
DIVERSIFIED EDUCATION ENTERPRISES
GRADE KEEPER - pC
Grade book manager that handles
classes up w 300 students, up to 25

grades per student. Program available
for IBM-PC compatible cquipment.
OAKLEAF SYSTEMS

GRADEBK
Program for the analysis of a large sct of
grades. Program available for IBM-PC
compatible equipment. INDIANA
UNIVERSITY SCHOOL OF MEDICINE

LABPLOT
Allows the Apple Il with any A/D con-
verter card to be used as a multipen
chart recorder or as an X/Y plotier.
BIOSOFT (UK)

LIFE TABLES AND THE LESLIE

MATRIX
Tutorial-simulation dealing with the
basic life table and Leslic Matrix. Fro-
gram available for Apple Il equipment.
CONDUIT

MALARIA
Simulation of the effects of various
types of malaria epidemic controls.
Program available for Apple 11, PET/
CBM, and TRS-80 Model II1 cquip-
ment. COMPUWARE

MULTI-Q
A general purpose question creation
and presentation system.  Program
available for Apple 11 and IBM-PC
compatible equipment. BlosorT (UK)

“Q" EDUCATIONAL AUTHORING

SYSTEM
Authoring system for tutorial and as-
sessment material.  Allows incorpora-
tionof graphics and videodisc material.
Program available for IBM-PC com-
patiblc equipment. BIOSOFT (UK;

RATS
Simulation of rat control in city or
apartment by sanitation and various
poisons. Program for Apple II, PET/
CBM, and TRS-80 Model 111 equip-
ment.  COMPUWARE

STERL
Simulation exploring effectivencss of
pest control methods. Program avail-
able for Apple I, PET/CBM, and TRS-
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80 Model III equipment. COMPUWARE

TRACER AUTHORING SYSTEM
Designed for faculty use to develop di-
agnostic case simulations in any branch
of medicine. Available for IBM-PC
compatible equipment. HEALTH
SCIENCES CONSORTIUM

TRIBBLES, TRIBBLES Revisited
Simulation to introduce students to the
scientific method. Programs available
for Apple 11 (Tribbles) and IBM-PC

compatible (Tribbles revisited) equip--

ment. CONDUTT

VENDORS

BIOSOFT (UK)
22 Hills Road
Cambridge CB2 1JP, United Kingdom

P.0O. Box 580
Milltown, NJ 08850

Compuware

15 Center Road
Randolph, NJ 07869
(201) 366-8540

CONDUIT

The University of lowa
Oakdale Campus

Iowa City, 1A 52242
(319) 335-4100

Diversified Education Enterprises
725 Main Street

Lafayette, IN 47901

(317) 742-2690

Indiana University School of Medicine
Department of Physiology and Biophysics
635 Barnhill Drive

Indianapolis, IN 46223

Heaith Sclences Consortium
201 Silver Cedar Court

Chapel Hill, NC 27514
(919) 942-8731

Kinko’s Service Corporation
4141 State Street

Santa Barabara, CA 93110
(800) 235-6919

in CA (800) 292-6640

Oakleaf Systems
P.O. Box 472
Decorah, 1A 52101
(319) 3824320

Sliwa Enterprises, Inc.

2360-J George Washington Hwy
Yorktown, VA 23666

(804) 898-8386

UMKC Software Series
2411 Holmes Street

Kansas City, MO 64108-2792
(816)276-1891

NRCLSE SOFTWARE EVALUATION
SUBMISSION FORM

The NRCLSE software evaluation program has been initiated (see October, 1988 CLS£) to promote development of high quality,
versatile educational software in the life sciences by providing authors with feedback from critiques by life science educators and
instructional designers. To ensure that software is reviewed in an appropriate fashion, it is essential thatreviewers fully understand
the rationale underlying the design criteria chosen by the author and the environment for which the software is intendcu. Please pro-
vide the following information concerning cach software package to be evaluated.

Submit 3 complete copies of the software and all supporting documentation along with $25 (to cover handling, mailing, and
follow-up costs) to Software Evaluation Program, NRCLSE, P.O. Box 51187, Seattle, WA 98118.

Author's name:

Author's address:

Title of software: Content area:

®1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION

31

(742-323380/30.00 + 2.00




COMPUTERS IN LIFE SCIENCE EDUCATION, VOLUME 7, NUMBER 4, APRIL 1990 31

Minimum hardware requirements:

Optimal hardware configuration:

Software requirements (opcrating system, etc):

Student population for which software was written:

Environment for which software is primarily intended (independent study, classroom discussion, lecture enhancement, cte):

How long has this software been used by students?

Can reviewers keep the review copy of this software?

Use additional pages to describe the underlying philosophy of this software. What need prompted the development of this
software? Why was the specific format of the software chosen? What goals did the input/output scheme (or screen design)
address? Is documentation an integral part of the package? How is it intended to be used?

Has the software been evaluated by students?

Briefly describe the format and results of any student evaluation.

What attempts have been made to evaluate the impact of the software on student progress?

What were the results of the impact evaluation?

0742-3233/90/50.00 + 2.00 ©1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION
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AIMS AND SCOPE  The goal of Computers in Life Science Education is to provide ameans of communication among
life science educators who anticipate or are currently employing the computer as an educational
tol. The range of content includes, but is not limited to, articles focusing on computer appli-
cations and their underlying philosophy, reports on faculty/student experiences with computers
in teaching environments, and software/hardware reviews in both basic science and clinical
education settings.

INVITATION TO CONTRIBUTORS  Articles consistent with the goals of Computers in Life Science Educationare invited for possible
publication in the newsletter.

PREPARATION AND SUBMISSION OF MATERIAL

Artlcles submitted for publication should be typewritten, double spaced, with wide margins. The
original and two copies including two sets of figures and tables should be sent to the Edite:
Dr. Harold Modell, NRCLSE, P.O. Box 51187, Seattle, WA 98115-1187.

Title page should include full title, list of authors, acadesnic or professional affiliations, and
complete address and phone number of the corresponding author.

Illustrations should be submitted as original drawings in India ink or sharp, unmounted
photographs on glossy paper (Laser printer output is acceptable). The lettering should be such
that it can be legible after reduction (width of one column = 5.7 cm).

Reference style and form should follow the "number system with references alphabetized”
described in the Council of Biology Edito:s Style Manual. References should be listed in
alphabetical order by the first author's last name, numbered consecutively, and cited in the text
by these numbers.

RESPONSIBILITY AND COPYRIGHT

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors
submitting manuscripts will be sent a copyright transfer form to complete. The completed form
must be returned before the work will be published.

SUBSCRIPTION INFORMATION Computers inLife Science Education is published monthly by National Resource for Cornputers
in Life Science Education, P.O.Box 51187, Seattle, WA 98115-1187. Subscription rate is $40.00
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of the world.

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal or internal use of specific
clients. This consentis given on the condition that the copier pay through the Center the per-copy
fee stated in the code on the first page for copying beyond that permitted by the US Copyright Law.
If no code appears on an article, the author has not given broad consent 1o cupy and permission
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BIGLOGY COURSEWARE FOR
COLLEGE FRESHMEN

Charles L. Ralph

Department of Biology, Colorado State University, Ft1. Collins, Colorado

This article is an account of my use of
computer software (courseware) in
freshman biology courses and recent de-
velopment of a large, uniform set of biol-
ogy courseware. In the evolution of a
format for employing computerized in-
struction, I have formed some pragmatic
views on coursewaie as instructional
tools. There are interesting discrepancies
between what is perceived as needed and
what actually works. Additionally, there
is considerable whimsy in the dispensing
of accolades for and funding of course-
warc development.

If one asks college faculty what kind of
courseware they would like to see devel-
oped, chances are their response will be
“simulations.” If you ask college stu-
dents what they find most interesting and
uscful, after they have experienced a few
samples of courseware, they will most
likely say *‘tutorials.” Alperson and
O’Neil have addressed this issue.!

My experience in secking funding for
coursewar¢ development suggests that
these agencies dispensing such monies,
both private and government, are having
difficulty defining what they want to see
produced. There are shifting emphases
and ephemeral interests, duec undoubt-
edly to not knowing what college level
courseware really should be, for there are
no well tested examples extant. My per-
ception is that funded projects are com-
monly ones that will result in a piece or a
few pieces of comparatively spectacular
locking software with little potential for
widespread, practical usc.

The award and recognition organiza-
tions, such as the commendable one of
the EDUCOM consortium, likewise
appear to commonly select items with
much panache but small likelihood of
being broadly disseminated. >* Thatis,a
few pieces of courseware, scattered
among various disciplines, are not likely
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to fuel a revolution in instruction, no
matter how good they are, for unless
there is a cnitical mass of programs that
can be assembled to make a functional
package, potential users are unlikely to
bother tooling up io use them.®

What we are now witnessing is the trial-
and-error phase of a still relatively new
revolutior in educational technology.
Our acceptance aad use of this technol-
ngy within colleges and universities has
beenratl er fumblingand is appropriately
viewed aiternally with cons¢rvatism or
even suspicion by many. While the busi-
ness commun:.y has clearly aiticulated
how compute s can serve them, educa-
tors do not .ind it easy to voice any
collective or majority opinion on what
the role of computers might be in their
domain.

RATIONALE

{n 1984, 1 hocame intrigued with the
possibility of using coursewarc as 2
component of the laboratory with the
frcshman biology classes I was teaching.
My basic assumptions or premiscs were
the following.

1) Much of the understanding of biol-
ogy depends on grasping the com-
plexities of physical structure or
imagining submicroscopic, abstract
events. The pictorial and animation
capabilities of the comnuicr screen
should aid such comprehension. 3

2) Biological information grows cver
more voluminous, and the time allo-
cated for its study has not increased.
Indecd, the allocated time has de-
creased in mostschools. . ric poten-
tial efficiencies of compniter simula-
tions of long-term cvents are evi-
dent. In some cases, the computer
can provide an active learning expe-
r'ance that addresses the same goals
as the traditional student labora-
tory.’

3) The cost of materials, equipment,
and personnel are increasing, while
the relative cost of ccmputers (on a
capability basis) is decreasing, so

that usc cf courseware is now, or
soon will be, cost effective in in-
struction.

4) Increasing awareness « - ethical con-
cerns about the vses ™ aiimals in
student laboratories encovrage con-
scrvation as well as concern about
the preparedness of students to em-
ploy animals. Appropriate course-
ware can reduce some uses of ani-
mals and better prepare the students
for the occasions when they do use
animals.

HISTORY OF BICEP

In January, 1985, 1 modified the labora-
tory with my freshman biology class to
incorporate a few proprietary coursewarc
programs. These were mounied on
Apple //e computers. The av:alable ap-
propriate courscware was | mited, but |
selected what appeared to be the best
from some hlf dozen sources. The for-
mat that developed overthe nc 3 years
was to have the 2-hour per weck labora-
tory be a mix of traditional, haads-on
exercises and courseware study. There
were two students for each of 10 Apple
computers (the //es were replaced by
IIGSs with RGB monitors (i the third
year). On average, over t.¢ course of the
semester, the students spent a yout half of
their time on each two components.
Ripeated, anonymous questioning of the
stu lentsrevealed a very favorable accep-
tanc ¢ of this mix. The design was tried
with both the first and sccond semester
biolcgy courses, with a non-majors
cour ;e and with summer courses for high
sciol teachers. In all cases, student
acr eptance of the format was very posi-
tive.

By the third year, this design was well
implemented, our courseware library
consisted of 10 copies cach of 43 titles.
The project came to bx known as BICEP
for Biological Instruction Computer
Enhanced Project.”

The major problems with using an as-
sortment of courseware from various
providers are non-uniformity of the inter-
fac :s, necessitating the use of documen-

tation 0 know how to control cach
program’s unique features, and theinter-
mixing of color and monochrome pro-
grams; many of thr: monochrome pro-
grams the.c are not updated are very diffi-
culitor.ad cuicolor monitors (especially
composite video monitors®; switching
between color and monochrome moni-
tors is feasiblc 1f one has a Gual sct but is
inconvenient.  Additi~nally, there is
great variance in scholastic level. Many
programs are designed to appeal to as
wide an audience as possible (sccondary
to college), which sometimes results in
some unusual mixes of cuteness and
rather sophisticated information. Also
the run times vary widely among pro-
grams. Nevertheless, this phase of my
explorations into computer-enhanced
instruction was a necessary, useful, and
encouraging beginning. "t gave me valu-
able insight and practical understanding
about students as they relate to and inter-
act with computers and courscware. In
1988, through a grant from the Colorado
Commission on Higher Education, we
sccured a set of 14 Macintosh Plus com-
puters and began developirg plans for
creating, in-house, a set of courseware to
exploit them. Subscquent donations
from Apple Computer, Inc. have added to
ow sctof studentcomputer  Hringing the
laboratory set 1 20.

I became interested in the Macintosh as
an instructional computer the first time
saw one. Its crisp screen and graphics
capability provided, for the first time, a
pictorial environment suitable for dis-
playing the visual metaphors ti.at aid in
understanding biology. I thzn began
castiugabout for aframework in whizh vy
create courscware for thc Macintosh.
While despairing of ever producinga sig-
nificant set of products in my lifetime
through coding, my attention was called
to an early version of the on-screcn,
iconographic authoring program that has
come to be called Authorware. I recog-
nized that this was the very tool [ was
secking, for a non-programmer can cre-
ate with it dynamic courseware at a pace
previously impossible.
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BICEP COURSEWARE Table 1. Titles of biology courseware developed to date.
By the sumnier of 1988, I had resolved to
produce, using the Authorware frame- Biochemistry Adaptations
work, a set of complementary course- .
are for use in the frost biol Cells Biomes

ware lor use In the Iresiman biology Membrane Permeability Population Growth
year. Todate, there. are 40 titles in the set, E Kineti C i

ed over the past two years. These nzyme netics OMAURTGS
creat “oics typicall l.a htin Oxidation-Reduction Ecosystems
g"?@{’ agpslcover 1OpICS yplc'? g: ;lf ! ATP Synthesis Behavior
a\:;; 10fogy coursebsc(sec tZd‘:\rc. ro Photosynthesis I Classification of Animals

at rcn;m?;.tc; c',';,:; . lp b<:, Photosynthesis 11 Invertcbrates
grams in plant biology. Thesc are to Mitosis Chordates
done in the coming summer. Twelve L ) .
; ) . Meiosis Animal Structure
titles will be added, bringing the total set . . i .
i~ 52. Thi bor allows running two Genetic Experiments Digestive Enzymes
13 s, LIS nmuer @ ow g Molecular Genetics Countercurrent Exchange
titles per week in each of the 13 labora- Protei hesi Respirati
tory sessions held in each of two semes- otein SyRUesis . espiration
er Viral and Bacterial Genetics Immune System

> Eukaryotic Gene Expression Osmoregulation

The success of the projectin creating so
many prograris in a remarkably brief
time is largely «.ue to the efficiencies of
creation wi¢h the iconographic authoring
program aud the splendid creativity of
the undergraduate students who authored
most of the programs. 1 created one-
fourth of the programs s edited the
remainder, but many of the best features
of our programs must be credited to the
scven talen‘cd undergraduates who have
worked in the project. This statement
may draw skepticism from some readers.
(The use of undergraduate authors has
been viewed with doubt by funding agen-
cics, as I will note later.) Nevertheless,
1 remain convinced that selected, well-
trained undergraguates can be the very
berchope tor the production of cxcellent,
functional courseware in quantities cuffi-
cient to be significant. Neither faculty
nor graduate students are likely to be the
source of any great quantity of software
very soon, due to the nature of our aca-
demic awa:d structure and traditions.

From the hundreds of students in intro-
ductory biology, I encourag: a few that
are interested to enroll in my one credit
applications course. This course for-
merly used Appleworks with the Apple
/fes® but 1 "w uses Microsoft Works on
the Macintoshs. The students produce a
paper on a biological topic as the final
product, having learned some interesting
information on a subjectand how to pres-

Genetic Engineering
Microevolution
Macruevolution
Aaimal Reproduction
Animal Development

Kidney Function
Hormonal Regulation
Blood Glucose
Neural Transmission
Muscles

ent it in good form. At the next level, a
one credit drawing, painting, and model-
ing course, they leamn the graphic capa-
bilitics of the Macintosh, Then a two
credit authoring cou:se instructs in the
use of Authorwarc. From the latter class
(usually six to cight students), I select
three or four to be paid interns for the

. summer authoring project. Through this

scquence 1 identify the best candidates
for the task. The prime factor to be
selected for is creativity. Subject knowl-
¥ige is essential, but secondary to crea-
lvity.

The BICE 2 programs have arun time of
about 40 rainutes. Typically there are
four topics plus a multiple choice quiz.
The prog-ams are mainly tutorial, with
gencrouw, used of graphics, animations,
and a few sounds. The fourth topic
comrionly is a simulation. All programs
have the same style and app---ance.
Each has a pull-down glossary that de-
fines the arcane words in the program.
There is much student interaction, in-
cluding click-and-drag arrangements,
typing of re:nonscs to questions, and

selection of program scquences.

UTILIZATION AND TESTING

In the 1988-89 academic year, the 20
programs then available were used bythe
students as optional sources of informa-
tion. A Macintosh facility was available
for several hours daily for student to run
the courseware, We asked them to report
errors and complete an evaluation form
on each program to help shape and im-
prove the programs.

In the fall of 1989, a formal test with 26
of the programs was conducted. My
lecture scction of almost 200 students
was subdivided by labcratory sections
into half that did traditional two hour
laboratory exercises and half thatrantwo
courseware programs in their assigned
two hour periods. This design was ap-
proved by the university’'s Human Re-
search Committee, with the proviso that a
student’s final grade would not be disad-
vantaged by either set of conditions. The
results of this matched-sample study,
with pre- and post-test comparisons, as
well as computer attitude surveys, arcin
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analysis and will be published at a later
date. In brief, both groups of students did
equally well on the lecture examinations,
and the coursewarc was viewed very
favorably as a trade-off for traditional
laboratorics.

In the present semester, with the second
biology course, a format is being tried
that I find very satisfactory so far. There
are the customary three lectures per
week, but the required two hour, weekly
laboratory period is devoted to the run-
ning of two relevant ~ourseware pro-
grams. A written quiz i. administered by
the supervising teaching assistant at the
cnd of the session. Additionally, there is
a one hour, weekly, optional practicum
(no ateendance check, no exams), in
which most of the traditional laboratory
activitics are done. Only about half the
students attend practicums. Presumably,
these self-selected students are the better
or more motivated onds.

END NOTES
Funding from within my university for
BICEP has buven generous and unwaver-
ing, for which I am most grateful. Be-
causc lamasenior faculty member, I was
safcly able to make a major investment in
this project. As it became a consuming
activity, I deliberately phased out of an
established research carcer, tothe dismay
of some of my colleagues. I have found
the transition to a more tcaching oriented
carcer revitalizing and recommend it to
others. However, anyone making a ma-
jor commitment to implementing com-
puter enhanced instruction should be ina
position where suchefforts donot require
recognition for academic success. Most
univcrsity communitics, especially ones
with a research emphasis, are not likely
to regard courseware creation as a schol-
arly activity.®

There is considerable resistance to di-
minishing the traditional student labora-
tory experience. I understand the con-
cerns of my colleagues in protecting this
time honored activity, and I will never

claim that computer programs can
adequately replace real laboratories.
However, I view our educational di-
lemma as one of how to optimally use
limited time toeducate a generally illiter-
ate and ill prepared population of stu-
dents in the intricacies of a complex sci-
ence. My bias is toward exposure to the
comparatively information rich environ-
ment of covrseware, even at the expense
of laboratory time. After all, for the
successfui student, the first year labora-
tory wiil not be the last one — unless
there is no second or subsequent year in
science, whichmay well be the case if the
student fails to lecarna great deal ina brief
time.

If one were to emulate the BICEP de-
sign and attempt to obtain funding from
ex'ernal sources, the applicant should tv
aware that the the use of undergraduates
as courscware authors is likely to be
regarded negatively. I have tried for
threc years to obtain funding from the
U.S. Department of Education Fund for
the Improvement of Postsecondary
Education (FIPSE). I quote from their
mostrecent rejection: “In your proposal,
you describe plans for using undergradu-
ate students to create new biology soft-
ware ... . Thiscould certainly be a valu-
able learning experience for the students
involved, and it may generate plenty of
useable material. Although students can
certainly play valuable roles in tasks such
as programming or providing feedback,
FIPSE stuff is nevertheless concemed
thatin this project, conceptual innovation
and pedagogical sophistication would be
limited by their lack of teaching experi-
enceand disciplinary knowledge. FIPSE
only wishesto support software develop-
ment ... that will lead to curricular inno-
vation.”

To the best of my knowledge, our
courseware set is the most comprehen-
sive for basic biology in existence.
Teachers who have seen the programs
usually commend them for attractive
appearance, standardization of oper-

ation, quality and quantity of graphics,
and the high degree of student interac-
tion. By making available a large pack-
age of uniform, practical courseware at a
reasonable cost, we hope to persuade
others to incorporaic computer enhanced
instruction in their basic biology courses.

The form in which the courseware will
be available and the costs for it shouldbe
decided by the end of the coming sum-
mer. The prcgrams require minimally a
1 MB Macintosh Plus or a 640K IBM-PC
cquipped with a mouse. Those wishing
to obtain samples of the programs should
contact me at the following address:
Charles L. Ralph, Department of Biol-
ogy, Colorado State University, Ft.
Collins, CO 80523.
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WHERE ARE THE VIDEODISCS?

Applications of interactive vidco in life
science education continucs to grow. As
the cost of the technology necessary to
implement interactive video falls within
the feasibility range of institutions and
the interest in Hypermedia continues to
grow, more educators are looking “>r
sources of video images or interactive
video courseware to usc in their teaching
cfforts. Perhaps the best resource for
lcaming what videodisc material is avail-
ableon the marketis The Videodisc Com-
pendium for Education and Training
published by Emerging Technologies
Consultants, Inc. The videodisc infor-
mation that follows was drawn from that
publication and it updates. Eachentry in
our listing ircludes the title, a brief over-
view of the content, the vendor, and the
vendor's telephone number. The Com-
pendium contains a more dotailed de-
scriptionof thematerial. For information
concerning the Compendium or for assis-
tance in locating appropriate videodisc
material, contact Richard Pollak, Emerg-
ing Technology Consultants, Inc., P.O.
Box 12444, St. Paul, MN 55112, rcle-
phone: (612) 639-3973,

ANATOMY AND PHYSIOLOGY

Anatomy and Physiology of the Heart 24
modules covering various aspects of
normal and abnormal cardiac anatomy
and physiology. Compatible with: 1IBM
InfoWindow Vendor: British Colum-
bia Institute of Technology
(604) 432-8376

Cardlovascular Lab Stmulation Simula-
tion of experiments in cardiovascular
physiology. Covers experimental prep-
aration, autonomic control, cardiac
catheterization, positive pressure venti-
lation, fibrillation, manometer experi-
ments, ine normal and abnormal car-
diac cycle, and euthanasia. Compatible
with: 1BM InfoWindow or Matrox
VGO-AT overlay board; Pioneer LD-
V4200 or LD-V600O Vendor: Dr.

Charles Branch, Auburn University
(205) 844-5414

LifeSclences Sides $-6: The Frog Contains
anatomy and physiology of the ¢ -og as
well as comparative human acatomy.
Compatible with: Pioneer LDV-2000
or 4200 Vendor: Optical Data Corpo-
ration (800)524-2481 (201)668-0022

The Living Textbook - The Frog Interac-
tive MuiltiMedia Library Contains
slides and movic clips covering all
basic concepts in the anatomy and
physiology of the frog as well as com-
parativc human anatomy. Compatible
with: Pioneer LDV-2000 or 4200
Vendor: Optical Data Corporation
(800) 524-2481 (201) 668-0022

Regulating Body Temperature (2nd Ed.)/
Digestive System (2nd Ed.) Dcals with
temperature regulation in vertebrates
and the mechanical and chemical proc-
csses of digestion. Compatible with.
Any player Vendor: Encyclopacdia
Britannica Educational Corp.
(800) 554-9862 Ext 6554

Work of the Heart (2nd Ed.)/Muscles:
Structure and Function Animated foot-
age illustrates the parts of the heart and
how they rclate to the work of the lungs,
arterics and veins. Muscle portion deals
with the three types of muscles. Com-
patible with: Any player Vendor: En-
cyclopacoia Britannica Educational
Corp. (8()0) 554-9862 Ext 6554

BIOLOGY - GENERAL

Bio Sci Videodisc A visual presentation
on the broad scope of biology. Compat-
ible with: Any player Vendor: Vide-
odiscovery (800) 548-3472
(206) 285-5400

Life Cycles Visual record in both motion
picturc and still frame images of how
liftc begins. Compatible with: Any
player Vendor: Vidcodiscovery
(800) 548-3472 (206) 285-5400

Life Science Blology I and II Deals with
effects of temperature and pressure on
respiration rates of a series of organ-
isms and examincs the influence of cli-
maltic environments on the characteris-
tics of plants and animals. Compatible

with: IBM-PC; Pioncer LLDV-6000 sc-
riecs Vendor: GPN (800) 228-4630
(402) 472-2007

Life Sclence Sides 1-4; Molecular, Cell,
Human, Plant and Animal Blology Pro-
vides broad basic coverage of all topics
in life science/biology. Compatible
with: Pioneer LDV-2000 or 4020
Vendor: Optical Data Corporation
(800) 524-2481 (201) 668-0022

The Bio Libe Encyclopedia Contains 6000
color frames of over 5000 plant and
animal species accessible by Genus
species names. Compatible with: Any
player Vendor: Image Premastering
Services, Lid. (612) 644-7802

The Llving Texthook - Life Sclence Inter-
active MultiMedia Library Contains
more than 2,700 slides and 164 movie
clips covering all basic concepts in life
science/biology taughtat the secondary
and college levels. Compatible with:
Apple IIGS or Macintosh; Pioncer
LDV-2000 or 4200 Vendor: Optical
Data Corporation  (800) 524-2481
(201) 668-0022

Relationships  Covers relationships
among organisms including parasites.
colonics, social insects, predators, prey
and competition. Compatible with:
Any player Vendor: Ency "lopaedia
Britannica Educational Corp.
(800) 554-9862 Ext 6554

BIOTECHNOLOGY

Biotechnology: Learning the Techniques
Step-by-step presentations of 33 stan-
dard laboratory protocols. Compatible
with: Any player Vendor: GPN (800)
228-4630 (402)472-2007

BOTANY

Exotic Plants: A Videodisc Compendium
Contains over 2,000 high quality color
photographs of tropical, subtropical
and other exotic plants. Compatible
with: Any player Vendor: VT Produc-
tions (408)438-3100

l.andscape Plants Over 7,400 views of
over 900 species or varictics of culti-
vated woody plants. Compatible with:

(1742-3233/90/30.00 + 2.00

©1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION

35



a8

COMPUTERS IN LIFE SCIENCE EDUCATION, VOLUME 7, NUMBER 5, MAY 1990

Any player Vendor: Videodiscovery
(800) 548-3472 (206) 285-5400

Pollination Biology Documentary dealing
with all facets of flower pollination.
Compatible with: Any player Vendor:
Videodiscovery (800) 548-3472
(206) 285-5400

CELL BIOLOGY

Cell Blology I: Motion and FFunction of the
Living Cell Includes film sequences and
still images covering cell types, cell
constituents, mitosis and cytokinesis,
fission and cell metility,

Compatible with: o+ player
Vendor: Videodiscovery
(800) 548-3472 (206) 285-5400

Melosis (2nd Ed)/Mitosis (2nd Ed) Micro-
scopic footage and animation dealing
with the processes of meiosis and mito-
sis. Compatible with: Any player
Vendor: Encyclopaedia Britannica
Educational Corp.

(800) 554-9862 Ext 6554

CLINICAL MEDICINE

Abdomlinal Stab Wounds Simulation
designed to teach the initial assessment
process. Compatible with: 1BM In-
foWirw.ow; any player Vendor: iutel-
ligent images (800) 733-1010
(619) 457-5505

Active Xnce Series A library of programs
examining the diagnosis of knee inju-
ries by any person who is first to re-
spond. Compatible with: 1BM InfoW-
indow, Sony and other players Vendor:
The Alive Centers of America, Inc.
(216) 869-9623

American Heart Association:  Airway
Manegement Basic non-invasive and
specialized invasive procedures of air-
way management. Compatible with:
AHA CPR/ACLS Lcarning System
Vendor: Acuronics, Inc.

(800) 851-3780 (412)231-6200

American Heart Assoclation: Arrhythmia
Recoy nition Material from Amnerican
Heart Association ACLS text, ECG
lessons, ECG static and dynamic ex-
amplcs. Compatible with: AHA CPR/
ACLS Learning System
Vendor: Actronics, Inc.

(800) 851-3780 (412)231-6200

American Heart Assoclation: Cardlopul-

monary Resuscitation Teaches and tests
in CPR and Basic Life Support Com-
patible with: AHA CPR/ACLS Learn-
ing System Vendor: Actronics, Inc.
(800) 851-3780 (412) 221-6200

American Heart Assoclation: Clreulatory
Adjuncts and Resuscitation Pharmacol-
ogy Teaches basic techniques of start-
ing IVs, patient defibrillation and cardi-
oversion, and external and transvenous
pacin. Compatible with: AHA CPR/
ACLS Learning System
Vendor: Actronics, Inc.
(800) 851-3780 (412) 231-6200

American Heart Association: Megacode
Trains individuals in organizing and
managing cardiac emergencices through
simulations. Compatible with: AHA
CPR/ACLS Learning System
Vendor: Actronics, Inc.
(800) 851-3780 (412) 231-6200

A Patlent with Diarrhea and Vomiting
Presents a patient in the emergency
department with flu-like complaints of
vomiting and diarthea. Compalible
with: 1BM InfoWindow; any RS-232
player Vendor: Intelligent Images
(800) 733-1010 (619) 457-5505

Auscultation of Normal Breath Sounds
Revigws standard procedures toauscul-
tate the posterior and anterior chest,
patient positions, breathing techniques
and stcthoscope placement. It also
reviews intr-horacic dynamics and the
physical dynamics of chest tubes.
Compatible with: IBM InfoWindow;
any player Vendor: Intelligent Images
(800) 733-1010 (619) 457-5505

Balancing for Diabetic Control Designed
to teach students principles of diabetic
management. Two case studies are
presented. Compatible with: IBM-PC
comgatible and Pioneer LDV-6000
scrics Vendor: Stewart Publishing, Inc.
(703) 354-8155

Cardlovascular Resources Videodisc
Contains a large collcction of materials
that may be ased to teach cardiovascu-
lar nursing and medicine. Compatible
with: any player Vendor: University ¢©
Washington (206) 545-1186

Care Basics for Nursing Assistants Intro-
ductory course to meat training necds of
nursing assistants working in longterm
care. Compatible with: IBM InfoWin-
dow or PTS Pro-Vision systems, On-
line GLS12, VAL Vendor: Profes-

sional Training Systems, Inc,
(404) 872-9700

Chest Trauma Presents a patient with
respiratory distress and hypovolemic
shock resulting from multiple injuries
sustained in a caraccident, Compatible
with: IBM InfoWindow; any player
Vendor: Intclligent Images
(800) 733-1010 (619) 457-5505

Dysrhythmia Training and Evaluation
Designed to train students in electrocar-
diography with a focus on dysrhythmia
recognition. Compatible with: 1BM
InfoWindow, Sony VIEW 5000, Vis-
age System, FITNE Workstation, Ma-
trox Vendor: Training Information
Centers, Inc. (403) 462-6365

Emergency Simulation designed for
paramedics, emergency medical tech-
nicians, emergency physicians, nurses,
and others with a background in emer-
gency training. Compatible with: 1IBM
InfoWindow, Sony VIEW 5000, Vis-
age System, FITNE Workstation, Ma-
trox Vendor: Training Information
Centers Inc.  (403) 462-6365

Emergency Cardlac Maneuvers: A
Rescuer's Handbook Covers general
information, anatomy and physiology,
rhythm problems, and rescue maneu-
vers. Compatible with: any player

Vendor: The Alive Centers of America,
Inc. (216) 869-9623

Estrogen Replacement Therapy Covers
the reasons for the therapy, details on
the therapy, medical evaluation proce-
dures, and the side effects and risks of
using this therapy. Compatible with:
IBM InfoWindow Vendor: The Alive
Centers of America, Inc.
(216) 869-9623

Health History/Physical Exam of the Dla-
betic Clinical simulation [bllowed by
an examination. Compatible with:
IBM-PC, Pioneer LDV-6000 Serics
Vendor: Stewart Publishing, Inc.
(703) 354-8155

Initial Assessment of Respiratory Diffi-
culty Prescnts a patient involved in a
motor vehicle accident. Compatible
with: 1BM InfoWindow; any playcr
Vendor: Intelligent Images
(800) 733-1010 (619) 457-5505

Intravenous Therapy Teaches intrave-
nous therapy principles and techniques.
Compatible with: FITNE Interactive
System or IBM InfoWindow Vendor:
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Fuld Insutute for Technology in Nurs-
ing Education (614) 592-2511

IV Therapy/lIV Solutions Reviews overall
goals of 1V therapy and the major types
of IV solutions. Compatible with: IBM
Infowindow; any player Vendor:
Intelligent Images  (800) 733-1010
(619) 457-5505

Managing the Experience of Labor and
Delivery Simulates normal labor and
delivery process beginning with admit-
tance to the hospital of the laboring
patient and her husband. Compatible
with:  IBM InfoWindow Vendor:
Lialth Sciences Consortium
(919) 942-8731

Mechanical Ventilators Provides brief
overvicw of 10 mechanical ventilators
Compatible with: 1BM InfoWindow,
Sony VIEW, Visage System, FITNE
Workstation, Mauwox Vendor: Train-
ing Information Centers, Inc,
(403) 462-6365

Motor Vehicle Trauma Simulation takes
place in an emergency department,
beginning with admi- -ion ot a multiple
trauma patient in hypovolemic shock.
Compatible with: 1BM InfoWindow;
any player Vendor: Intelligent Images
(800) 733-1010 (619) 457-5505

Nursing Care of the Elderly Patient with
COPD A case study simulation about a
73-year old man with COPD and pncu-
monia. Compatible with: IBM Infow -
indow, FITNE, Sony VIEW, Visage
Vendor: Amcrican Journal of Nursing
(800) 223-2282 (212) 582-8820 X541

Nursing of the Cancer Patlent with Com-
promlised Immunity: The Nursing Proc-
ess Simulates the five steps in the nurs-
ing process. Comparible with: 1BM
InfoWindow Vendor: Health Sciences
Consortium (919) 942-8731

Obstetrics Simulation of the delivery of
a baby in a rural community hospital.
Compatible with: IBM InfoWindow,
Sony VIEW 5000, V'sagc System,
FITNE Workstation, Matrox Vendor:
Training Information Centers, Inc.
(403) 462-6365

Premenstrual Syndrome: A Clinleal
Manual Covers various arecs of PMS
from diagnosis and cxamination to dict
and various drug therapies to assist in
coping with it. Compatible with: Any
player Vendor: ‘The Alive Centers of
America, Inc. (216) 869-9623

Prevention of Uccupational Expasure to
the AIDS Virus Expliains cause of
AIDS, how HIV is transmitted, and
how health care workers should protect
themselves from exposure to the virus.
Compatidle with: IBM InfoWindow or
PTS Pro-Vision systems, Online
GLS512, VAL, Vendor: Professional
Training Systems, Inc. (404) 872.9700

Shotgun Wounds to the Abdomen Pres-
ents opportunity to assess and managea
patient with shotgun wounds to the
abdomen. Compatible with: \BM In-
foWindow; any player Vendor: Intel-
ligent Images (800) 733-1010
(61¢) 457-5505

Sterile Technlque at the Bedside Instructs
health-carc professionals in the steps
for preparing and applying dressings
and maintaining sterile techniques in
patient ~are, Compatible with: Sony
LLDP-1000, 1007A or 2000 Vendor:
Access Network (800) 352-8293
(403) 256-1100

Urinary Catheterlzaion Instructs health-
care professionals in the prepanation of
the patient and the tray and proper
catheterization techniques. Comput-
ible with: Sony LDP-1000, 1000A or
2000 Vendor: Accecss Network (800)
352-8293 (403)256-1100

HEALTH SCIENCE

AIDS - Al Educational Program Provides
the essential facts about AIDS and how
to avoid contracting the discase. Com-
patible with: IBM InfoWindow
Vendor: Health Edutech, Inc.

(612) 881-1926

The Birth Disc A visual database with
over 9,000 images of childbirth from
hospitals, birth centers, and home envi-
ronmments.  Compatible with:  Any
player Vendor: Image Premastering
Services, Lid.  (612) 644-7802

Hormonal Contraceptions: Pills, Injec-
tions and Implants Covers various as-
pects of hormonal contraceptives
Compatible with: Any player Vendor:
The Alive Centers of America, Inc,
(216) 869-9623

Infection Control Providcs basic infor-
mation on how an infection is transmit-
ted, how toisolate aninfection, and how
to prevent an infection from spreading,
Compatible with: 1BM InfoWindow or

PTS Pro-Vision systems; Onine
GLS12, VAL Vendor: Health Edutech,
Inc. (612)831-0445

Slice of Life IIT Oveir 26,000 stitl images
drawn from various arcas of medicine,
dentistry and allied health education.
Compatible with. 1BM, Macintosh,;
Any player Vendor: University of
Utah (801) 581-8052

STD: Sexually Transmitted Diseases In-
formation Program Provides the facts
about the cight most common sexually
transmitted discases. Compatible with:
IBM InfoWindow
Vendor: Hcalth Edutech, Inc.
(612) 831-0445

HEWMATOLOGY

Basic Hematology Tutorial, drill and
practice, and simulation program that
utilizes the “Medical Applications
Videodisc: Hematology 2nd Ed. (Uni-
versity of Washington)  Compatible
with: IBM InfoWindow, Sony VIEW
5000, Visage System, FITNE Worksta-
tion, Matrox Vendor: Training Infor-
mation Centers Inc.  (403) 462-6365

Introduction to Case Studles In
Hematology A scries of 20 case studies
designed to acquaint students with bi-
sic problem-solving techniques involv-
ing cell identification and clinical cor-
relations Compatible with: Macin-
tosh; Pioncer or Sony player
Vendor: Edudisc, Inc (615) 373-2506

Laboratory Medicine Video Library: At-
las of Hematology Contains over 6.000
images forming a comprchensive li-
brary of hematologic findings which
can be used for education, testing and
reference.  Compatible with: Any
player Vendor: University of Wash-
ington (206) 545-1186

Moedlcal Applications Videodlsc: Hema-
tology, 2nd Editlon Contains the entire
American Society of Hematology mor-
phology collection, the World Health
Organization International Histologic
Ciassification of Tunicrs, frames from
thc Westem Universities'  Physical
Diagnosis Slide Bank, and extensive
morphological study of acute leuke-
mias, and the film “Red Cell Shape<™
Compatible with: Any playcr
Vendor:  University of Washington
(206) 545-1186
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PATHOLOGY AND
PATHOPHYSICLOGY

Acute Leukemia Morphology II Contains
numerous exemplary peripheral blood
smears, bone marrows and special
stains for instruction and reference in
the differcntiation of acute leukemias.
Compatible with: Any player
Vendor: University of Washington
(206) 545-1186

Cardiology Serles A 12 disc course de-
signed to develop in a logical way the
conscquences following the creation or
establishment of heart defects. Com-
patible with: 1BM InfoWindow, Sony
VIEW 5000, Visage System, FITNE
Workstation, Matrox Vendor: Train-
ing Information Centers, Inc.

(403) 462-6365

Disorders of the Nervous System:
Mentation Six patients are shown who
demonstrate a varicty of disorders of
mentation.  Compatible with: Any
player Vendor: University of Washing-
ton (206) 545-1186

Disorders of the Nervous System: Motor

A compilation of material from a *'vis-
ual glossary” collection of neurological
dysfunction. Compatible with: Any
player Vendor: University of Wash-
ington (206) 545-1186

International Veterinary Pathology Slide
Bank, Ed. 4 Contains still frames of
lesions from domestic, laboratory and
wild animals from contributors in the
U.S.,Canada, and Europe. Compatible
with: IBM-PC; Pioncer LDV-4200
Vendor: University of Georgia
(104) 542-5837

Management of Heart Fallure Covers the
definitions and causes of heart failure,
the signs and symptoms, pathophysiol-
ogy and therapy. Compatible with:
Any player Vendor: The Alive Centers
of America, Inc. (216) 869-9623

Pathophysiology of Shock/Pathophysiol-
ogy of Cardiac Tamponade Looks at
physiologic cffects of shock and the
hody’s compensatory responses to the
syndrome. Provides 3 cases that dem-
onstrate how cardiac tamponade pres-
ents itself and when to suspect tampo-
nade. Compatible with: 1BM Infow-

indow; any RS-232 player Vendor:
Intelligent Images  (800) 733-1010
(619) 457-5505

WILDLIFE MANAGEMENT

Yellowstone in Winter Provides insight
into the work of Yellowstone's rangers
in their management of wildlife. Com-
patible with: Any player Vendor:
Encyclopaedia Britannica Educational
Corp. (800) 554-9862 Ext 6554

ZOOLOGY

Encyclopedia of Animals Eight discs
covering mammals, birds, reptilcs, in-
sects, and marine life. Compatible
with: Any player Vendor: Pioneer
LDCA, Inc. (213) 835-6177

Whales Motion footage and still pictures
to take students into the underwater
world of whales. Compaiible with:
Pioncer LDV-6000 series Level 11, Any
player Level 1 Vendor: National
Geographic (800) 368-2728
(301) 921-1330

SUBSCRIPTION INFORMATION

Computers in Life Science Education is publisiied monthly by National Resource for Computers
inLife Science Education, P.O.Box 51187, Secattle, WA 98115.1187. Subscription rate is $40.00
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of the world.

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of anticles for personal or internal use, or for the personal or internal use of specific
clients. This consent is given on the condition that the copier pay through the Center the per-copy
feestated in the code on the first page for copying beyond that permitted by the US Copyright Law.
If no code appears on an article, the author has not given broad consent to copy and permission
10 copy must be obtained directly from the author. This consent does not extend to other kinds
of copying, such as for general distribution, resale, advertising and promotional purposes, or for
crealing new collective works.

Address orders, changes of address, and claims for missing issues to NRCLSE, P.0O. Box 51187,
Scattle, WA 98115-1187. Claims for missing issues can be honored only up to three months for
domestic addresses and six months for foreign addresses. Duplicate copies will not be sent to
replace ones undelivered due to failure to notify NRCLSE of change of address.

Address editonial correspondence to Harold 1. Modell, PhD), NRCLSE, P.0. Box 51187, Scattle,
WA 98115-1187. (BITNET MODELL@UWALOCKE)

POSTMASTER: Send address changes to Computers in Life Science Education, NRCLSE, P.O).
Box 51187, Scatle, WA 98115-1187.

©1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION

0742-323390/30.00 + 2.00

41



CLSEE3 7(6)41-48, 1990 ISSM 0742-3233

VOLUME 7 NUMBER 6, JUNE 1990

COMPUTERS
"IN LIFE

SCIENCE
"EDUCATION

R

HAROLD I. MODELL

NRCLSE CONTENTS

Seatls, Washington

NELS C. ANDERSON KEEPING ABREAST OF THE LITERATURE 41
Department of Cell Biology

Duke University Medical Center

Durham, North Carolina CLSE 1990 COLLEAGUE DIRECTORY - PART 1 42

CHRISTINE BOLWELL
Diskovery, Computer- Assisted

Healthcare Bducation
Sarstoga, California

RICHARD EISENBERG
Department of Phannacology
University of Minnesota - Duluth
Duluth, Minnesota

ROBERT H. GILES, JR

Dept of Fisherics and Wildlife Sciences

Virginia Polytechnic Institute and State
Univessity

Blackaburg, Virginia

LEWIS J. KLEINSMITH
Department of Biology
University of Michigan

Ann Arbor, Michigan

MICHAEL A. KOLITSKY
Dept of Biological Sciences
California Luthem University
Thousand Oaks, Califomia

DONNA LARSON

School of Nursing

Grand Valley State Unuversity
Allendale, Michigan

ROY 8. MEYERS
Department of Biology
Skidmore College

Saratoga Spnings, Now York

JOEL A. MICHAEL
Department of Physiology
Rush Medical College
Chicago, Mllinois

CHARLES .. RALPH
Depanment of Biology
Colorado Sute University
Fort Collins, Colorado

CATHERINE J. SCHAAP
Department of Anatomy and Physialogy
Atantic Veterinary College

University of Prince Edward Ialand
Charlottetown, Prince Edward Island

y

KEEPING ABREAST OF THE

LITERATURE

The following citations are presented as
part of a quarterly feature in CLSE de-
signed to help readers become aware of
current literature pertinent to computer
applications in life science education.

Bergeron BP et al: Clinicai skill-building
simulations in cardiology: HeartLab
and EkgLab. Comput Methods Pro-
grams Biomed 30(2-3):111-126,
1989.

Booth AG et al: The microcomputer in
biomedical cducation. Progress in
Medicinal Chemistry 26:323-354,
1989.

Canelos J et al: The effect of embedded
learning strategies in microcomputer-
based instruction. Journal of Experi-
mental Education 57(4):301-318,
1989,

Chin HL et al: Case-based tutoring from
a medical knowledge base. Comput
Methods Programs Biomed 30(2-
3):185-198, 1989,

de La Passardierc B: CAL and tools for

the instructor-user (The features of
SPELEOQ). Computers and Education
13(3):313-318, 1989.

Faiola T: Improving courseware devel-
opment efficiency: The effects of au-
thoring systems on tcam roles and
communication. Educational Tech-
nology 29(8):16-19, 1989.

Franklin C et al: Two approaches to
hypertext: Mapping hypertext struc-
tures with ArchiText [and] Hypertext
on the PC: Guide, Version 2.0. Data-
base 12(4):50-66, 1989.

Friedman CP et al: Computer databases
asan educational tool in the basic sci-
ences. Academic Medicine 65(1):15-
16, 1990,

Frisse ME: The case for hypermedia.
Academic Medicine 65(1):17-19,
1990.

Goodstein RK: Down-to-earth medical
education. New Jersey Medicine
86(9):709-711, 1989.

Grabe M etal: Anevaluationof computer
assisted study in controlled and free
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access settings. Journal of Computer-
Based Instruction 16(3):110-116,
1989.

Grabinger RS: Screen layout design:
Research into the overall appearance
of the screen. Computers in Human
Behavior 5(3):175-183, 1989,

Grabinger RS et al: The effectiveness of
internally-generated feedback withan
instructional expert system. Journal
of Educational Comy iting Rescarch
5(3):299-309, 1989.

Hall W et al: Using Hypercard and inter-
active video in education: Anapplica-
tion in cell biology. Educational and
Training Technology Intemational
26(3):207-14, 1989.

Hannafin M et al: An integrated frame-
work for CBI screen design and lay-
out. Computers in Human Behavior
5(3):155-165, 1989.

Hounshell PB et al: The microcomputer
and achievementand attitudes in high
school biology. Journal of Research
in Science Teaching 26(6):543-549,
1989.

Hulse SF: Is computer assisted instruc-
tion for you? Radiol Technol
61(3):227-229, 1990.

Jonassen DH: Functions, applications,
and design guidelines for multiple
window environments. Computer in
Human Behavior 5(3):185-194, 1989.

Koslowsky M et al: Students’ computer
activity as a function of prior experi-
ence. Educational Technology
29(9):44-46, 1989.

Mercer J et al: The laser videodisc for
interactive CAL in pathology. Com-
puters and Education 13(3):245-250,
1989.

Morrison GR et al: Learner preferences
for varying screcn densities using re-
alistic stimulus naterials with single
and multiple designs. Educational
Technology, Research and Develop-
ment 37(3):53-60, 1989.

Morrison GR et al: Implications for the
design of computer-based instruction
screens. Computers in Human Be-
havior 5(3):167-173, 1989.

Neuman D: Naturalistic inquiry and
computer-based instruction: ration-
ale, procedures, and potential, Educa-
tional Technology, Research and De-
velopment 37(3):39-51, 1989.

Paz Netal: Using graphical study trees to
present HELP knowledge. Micro-
computers for Information Manage-
ment 6(1):47-67, 1989.

Ranzijn FIA: The effect of the superordi-
nate concept and presentation form of
examples on concept learning. Com-
puters in Human Behavior 5(2):95-
105, 1989.

Roid GH: Item writing and item banking

by microcomputer: An update. Edu-
cational Measurement: Issues and
Practice 8(3):17-20, 1989.

Slotnick RS: Computer enhanced prob-
lem solving skill acquisition. Colle-
giate Microcomputer 7(3):193-202,
1989.

Stevens RH et al: Evaluating preclinical
medical students by using computer-
based problem-solving examinations.
Academic Medicine 64(11):685-687,
1989.

Texley, J: New technologies expand sci-
ence curriculum and classroom into
new frontiers. NASSP Bulletin
73(519):11-15, 1989.

Vockell EL: Group size for computer-
ized instruction. Educational Tech-
nology 29(9):30-32, 1989.

ward TJ Jret al: The effects of computer-
ized tests on the performance and atti-
tudes of college students. Journal of
Educational Computing Rescarch
5(3):327-333, 1989.

Whiting J: An evaluation of some com-
mon CAL and CBT authoring styles.
Educational and Training Technol-
ogy International 26(3):186-200,
1989.

Xakellis GC et al: Evaluation by second-
year medical students of their com-
puter-aided instruction. Academic
Medicine 65(1):23-26, 1990.

CLSE 1990 COLLEAGUE DIRECTORY - PART 1

The primary goal of the National Re-
source for Computers in Life Science
Education (NRCLSE) is to cultivate col-
laborative efforts among life science
faculty interested in using the computer
as a teaching tool.

The listing that follows is updated from
the 1988-89 directory and was drawn pri-
marily from respondents to question-
naires printed in CLSE (sec¢ page 8 in the
January CLSE). It is inter.ded to help
rcaders identify colleagues with common
interest areas.

Th~  ngsare arranged by the content
areas . :ntified in response to the ques-
tion, "What content areas do you teach?”
As a resuit, cntries may appear under
more than cn2 heading.

Although every attempt has been made
to ensure that the information is current
and correct, it is likely that seme errors
appear in this list. We apologize in ad-
vance for any inconveniences that may
arisc due to such oversights. Part 2 of the
directory will appear next month.

If you are aware of other collcagues that

should be listed, please encourage them
to return the questionnaire that appeared
on page 8 of the January issue of CLSE,
or send their names, addresses, phone
numbers, BITNET addresscs, and teach -
ing content areas to:

NRCLSE
P.O. Box 51187
Seattle, WA 98115-1187

or let us know via BITNET. NRCLSE's
BITNET address is MODELL@
UWALOCKE.
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AGRONOMY

ARNESON, PHIIL. A

DEPT OF PLANT PATHOLOGY
CORNELL UNIV

334 PLANT SCI BLDG
ITHACA, NY 14853

(607) 255-7871

DAVIS, THOMAS M

DEPTS OF PLANT SCIENCE AND

GENETICS
UNIV OF NEW HAMPSHIRE
DURHAM, NH 03824
(603) 862-3217

ESTES, GEORGEO

DEPT OF PLANT SCIENCE
UNIV OF NEW HAMPSHIRE
DURHAM, NH 03824

(603) 862-3220

HELSEL, ZANE R
DEPT OF AGRONCMY
UNIV OF MISSOURI
214 WATERS HALL
COLUMBIA, MO 65211
(314) 882-2001

ANATOMY

ADAMS, DON

DEPT OF VET ANATOMY
IOWA STATE UNIV
AMES, 1A 5001!

(515) 294-7710

AROGYASAMI, JOSEPHINE
DEPT OF BIOLOGY
WESTMAR COl1 LEGE

LE MARS, 1A S 131

(712) 546-7081

BASHOR, DAVID P
DEPT OF BIOLOGY
UNIV N CAROLINA-

CHARLOTTE
CHARLOTTE, NC 28223
(704) 597-4047

BAUR,JOHN M

DEPT OF BIOLOGY
BRESCIA COLLEGE

120 WEST SEVENTH ST
OWENSBORO, KY 42301
(502) 685-3131 EXT 276

RELLMER, SISTER ELIZABETH
TRINITY COLLEGE
WASHINGTON, DC 20017
(202) 939-5190

BERGQUIST, BART
DEPT OF BIOL.OGY
UNIV NORTHERN J1OWA
CELAR FALLS, 1A 50614
(319) 273-2723

BROWN, LES

DEPT OF NATURAL. SCIENCES
GARDNER-WEBB COLLEGE
BOILING SPRINGS, NC 28017
(704) 434-2361 EXT 247

BUSHBY, PHILIP A
COLLEGE OF VET MEDICINE
DRAWER V

MISS STATE UNIV, MS 39762
(601) 325-1127

CARITHERS, JANINE
DEPT OF VET ANATOMY
IOWA STATE UNIV
AMES, 1A 5001!

(515) 294-7878

DICKINSON, WINIFRED
DEPT OF BIOLOGY

U OF STEUBENVILLE
STEUBENVILLE, OH 43952
(614) 283-3771

DRUECKER, JAY DEE
CHADRON STATE COLLEGE
CHADRON. NE 69337

{308) 432-6298

DUGGAN., ELEANOR L
BIOLOGY DEPT

UNIV NC - GREENSBORO
ROOM 309, EBERHART BLDG
GREENSBORO, NC 27412-5001
(919) 379-5839

ELDER, DR BETTY

DEPT OF BIOLOGY

GEORGIA SOUTHWESTERN
COLLEGE

AMERICUS, GA 31709

(912) 928-1250

FERNER, JOHN W

DEPT OF BIOLOGY

THOMAS MORE COLLEGE
CRESTVIEW HILLS, KY 41017
(606) 344-3374

FINKELSTEIN, MICHAEI.
DEPT OF ORAL PATHOLOGY
COLLEGE OF DENTISTRY
UNIV OF IOWA

IOWA CITY, 1A 52242

(319) 353-7370

FREED, JAMES M

DEPT OF ZOOLOGY
OHIO WESLEYAN UNIV
DELLAWARE, OH 43015
(614) 369-4431 EXT 400

GOOCH, VAN D

DEPT OF SCI & MATH
UNIV OF MINNESOTA
MORRIS, MN 56267
(612) 589-2211

GWINN, JOHN F

DEPT OF BIOLOGY
UNIVERSITY OF AKRON
AKRON, OH 44325

(216) 375-7160

GWYN, DG

DEPT OF ANATOMY
DALHOUSIE UNIV
HALIFAX, N § B3H 4H?
CANADA

(902) 424-2051

HERRON, MARY A

BIOMED LEARNING RES CTR
COLLEGE OF VET MEDICINE
TEXAS A&M UNIV

COLLEGE STAY ON, TX 77843
(409) 845-1780

HILLIARD, STEPHEN

DEPT OF BIOLOGY
BALDWIN-WALLACE COLL
BEREA, OH 44017

(216) 826-2265

HOUSE, EDWIN W
DEPT OF BIOLOGY
IDAHO STATE UNIV
PO BOX 8007
POCATELLO, ID 83209
(208) 236-3765

HOUSE, DR HERBERT W

ELON COLLEGE

BOX 2270

ELON COLLEGE, NC 27244-2010
(919) 584-5359

JONES, MICHAEL E

DEPTS OF ANAT & HIST

FLINDERS UNIV OF SOUTH
AUSTRALIA

SCHOOL OF MEDICINE

BEDFORD PARK,

AUSTRALIA 5042

KEETE, ] RICHARD
DEPT OF ANATOMY

CASE WESTERN RESERVE UNIV

CLEVELAND, OH 44106
(216) 368-2656

MEYERS, PAUL E

DEPT OF BIOL.OGICAL CHEMIS-
TRY & STRUCTURE

THE CHICAGO MED SCHOOI.

3333 GREEN BAY RD

NORTH CHICAGO, . 60064

(312) 578-3000 EXT 458

MICKUS, JOHN

DEPT OF BIOL.OGY

I.LINOIS BENEDICTINE COL.L.
5700 COLLEGE ROAD

LISLE, IL 60532-0900

(312) 960-1500 EXT 509

MILLER, IAMES S
BIOLOGY DEPT
GOSHEN COLLEGE
GOSHEN, IN 46526
(219) 535-7308

POSEY, ALANF

BIOLOGY DEPT

UNIV OF ARKANSAS AT
PINE BLUFF

NORTH UNIV AVE

PINE BLUFF, AR 71601

(501) 541-6880

RALSTON. HJ

DEPT OF ANATOMY §-1334

UNIV CALIFORNIA, SAN
FRANCISCO

IRD & PARNASSUS AVES

SAN FRANCISCO, CA 94143

(415) 476-186!

ROBBINS, HERBERT C

DALLAS BAPTIST UNIV
T1771 WEST KIEST Bl D
DAILLAS TX 752}1-9800

(214) 333-5302

SINNAMON, WALT
CENTRAL WESLEYAN COL.I.

BOX 443
CENTRAL, SC 29630
(803) 639-2453 EXT 356

SMALL, JAMES W

DEPT OF BIOLOQY
ROLLINS COLLEGE
BOX 2643

WINTER PARK, FL 32789
(305) 646-2433

SPRAGUE, RUTH M

DEPTS OF ANATOMY &
NEUROBIOLOGY

UNIV OF VT COLI. OF MED

GIVEN BLDG

BURLINGTON, VT 05405

(802) 656-0416

WALL, KATHLEEN
HUSSON COL1LEGE
BANGOR, ME 04401
(207) 947-1121

WILHELM, DALLAS
DEPT OF BIOLOGY
HASTINGS COLLEGE
HASTINGS, NE 68901
(402) 461-7382

WILLIAMS, ALBERT A
BIOLOGY DEPT
MANCHESTER COLLEGE
NORTH MANCHESTER, IN «'4 62
(219) 982-5308

WILLIAMS, STANLEY C

DEPT OF BIOL SCIENCES

SAN FRANCISCO STATE UNIV
1600 HOLLOWAY AVE

SAN FRANCISCO, CA 94132

WILSON, MARLENE MOORE
UNIV OF PORTLAND

5000 N WILLAMETTE BLVD
PORTLAND, OR 97203

(503) 283-7123

ZEITTER, SHIRLEY
DAVENPORT COLLEGE
4135 EAST FULTON
GRAND RAPIDS, MI 49503
(616) 451-3511

ANIMAL BEHAVIOR

AMIANER, CHARLES }, JR
DEPT OF ZOOL.OGY

UNIV OF ARKANSAS

632 SCIENCE-ENG
FAYETTEVILLE. AR 72701

ASUHTON, GEOFFREY C
DEPT OF GENETICS
UNIV OF HAWAIL

1960 EAST-WEST ROAD
HONOL.ULU, HI 96822
(808) 948-8552

GAMBS, ROGER

DEPT OF BIOLC LiCAL $CI
CAL POLYTECH STATE UNIV
SAN LUIS OBIS PO, CA 93407
(805) 546-2551

HECKENLIVELY. DONALD B
DEPT OF BIOLOGY
HI1ISDALE COL11EGE
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HILISDALE, MI 49242
(517) 437.7341

KESLER, DAVID H
DEPT OF BIOLOGY
RHODES COLLEGE
2000 NORTH PARKWAY
MEMPHIS, TN 38112
(901) 726-3557

LA BAR, MARTIN

CENTRAL WESLEYAN COLL
CENTRAL, SC 29630

(803) 639-2453

ODE, PHILIP

DEPT OF BIOLOGY
THIEL COLLEGE
GREENVILE, PA 16125
(412) 588-7700

STOUT, JOHN

DEPT OF BIOLOGY
ANDREWS UNIV

BERRIEN SPRINGS, MI 49104
(616) 471-3243

ANIMAL SCIENCE
KENNELLY, DR JOHNJ
DEPT OF ANJMAL SC1
UNIV OF ALBERTA
310 AGRIC/FORESTRY BLDG
EDMONTON, ALBERTA
CANADA T6G 2P5
(403) 432.2133

BIOCHEMISTRY
BATES, WILLIAMK
DEPT OF BIOLOGY
UNIV N CAROLINA
GREENSBORO, NC 27412
(919) 379-5391

BLANCHAER, MARCEL
DEPT OF BIOCHEMISTRY
FACULTY OF MEDICINE
UNIV OF MANITOBA

700 BANNATYNE AVE
WINNIPEG, MANITOBA
CANADA R3E 0W3

(204) 788-6570

COOK, DAVID E

DIV SCI & MATH

DAKOTA STATE COLLEGE
MADISON, 5D 57042

(605) 252-5194

CREUTZ, CHARILES
DEPT OF BIOLOGY
UNIV TOLEDO

2801 W BANCROFT ST
TOLEDO, OH 43606
(419) 537-4159

DICKINSON, WINIFRED
DEPT OF BIOLOGY

UNIV OF STEUBENVILLE
STEUBENVILLE, OH 43952
(614) 283-3771

FERNER, JOHN W

DEPT OF BIOLOGY

THOMAS MORE COLLEGE
CRESTVIEW HILLS, KY 41017
(606) 344-3374

FORRESTER, JOE

DEPT OF BIOCHEMISTRY
UNIV OF MISSOURI

M121 MED SCI BLDG
COLUMBIA, MO 65212
(314) 882-8795

GENNIS, ROBERT B
DEPT OF CHEMISTRY
UNIV OF ILLINOIS
505 S MATHEWS ST
URBANA, 1L 61801
/217) 333-9075

HOUSE, DR HERBERT W

ELON COLLEGE, BOX 2270
ELON COLLEGE, NC 27244-2010
(919) 584-5359

JOHNSON, WALTER

NW COLL OF CHIROPRACTIC
2501 W 84TH ST
BLOOMINGTON, MN 55431
(612) 888-4777 EXT 290

KELLEN, JOHN

DEPT BIOL CHEM & STRUCT
CHICAGO MEDICAL SCHOOL
3333 GREEN BAY ROAD
NORTH CHICAGO, IL 60064
(708) 578-3221

KIRBY, DR EDWARD

DEPT OF BIOCHEMISTRY

TEMPLE UNIV HEALTH
SCIENCE CENTER

3420 N BROAD ST

PHILADELPHIA, PA 19140

(215) 221-4180

KRUSE, ANNA C
CABRINI COLLEGE
RADNOR, PA 19087
(215) 687-2100

NORRIS, THOMAS E

SENIOR ASSOC DEAN

MOREHOUSE SCHOOL OF
MEDICINE

720 WESTVIEW DR §W

ATLANTA, GA 30310

PETERSON, JULIAN A

NEPT OF BIOCHEM

UNIV TEXAS HEALTH SCI CTR
5323 HARRY HINES BLVD
DALLAS, TX 75235-9038

(214) 688-2361

RAWITCH, ALLEN B

DEPT OF BIOCHEM
UNIV KANSAS MED CTR
RAINBOW BLVD AT 33TH
KANSAS CITY, KS 66103
(913) 588-6957

SOLL, DIETER

DEPT OF MOLEC BIOPHYSICS
AND BIOCHEMESTRY

YALE UNIV

260 WHITNEY AVE

NEW HAVEN, CT 06511

(203) 436-3611

SPENCER. TREVOR

DEPT OF BIOCHEMISTRY
QUEEN'S UNIVERSITY
KINGSTON, ONTARIO
CANADA K7L 3N6

(613) 545-2997

STRATTON, LEWIS P
DEPT OF BIOLOGY
FURMAN UNIV
GREENVILLE, SC 29613
(803) 294-3249

SUELTER, CLAREN. .
DEPT OF BIOCHEMISTRY
MICHIGAN STATE UNIV
EAST LANSING, Ml 48824
(517) 355-1708

TESKEY, SISTER NANCY
HOLY NAMES COLLEGE
3500 MOUNTAIN BLVD
OAKLAND, CA 94619
415) 436-0111

TREBLE, DONALDD H
DEPT OF BIOCHEMISTRY
ALBANY MED COLLEGE
ALBANY, NY 12208

(518) 445-5364

WAGNER, MARTIN ]

DEPT OF BIOCHEMISTRY
BAYLOR COLL OF DENTISTRY
3302 GASTON AVE

DALLAS, TX 75246

(214) 828-8261

WINTER, CHARLES G
DEPT OF BIOCHEMISTRY
UNIV OF ARKANSAS
COLLEGE OF MEDICINE
4301 W MARKHAM ST,
SLOT 516

LITTLE ROCRK, AR 72205
(501) 661-5190

BIOLOGY

BARLOW, SARAH F

BOX 357

MIDDLE TENNESSEE STATE
UNIVERSITY

MURFREESBORO, TN 37132

(615) 898-2041

BASHOR, DAVID P
DEPT OF BIOLOGY
UNIV N CAROLINA AT

CHARLOTTE
CHARLOTTE, NC 28223
(704) 597-4047

BAUR, JOHN M

DEPT OF BIOLOGY
BRESCIA COLLEGE

120 WEST SEVENTH ST
OWENSBORO, KY 42301
(502) 685-3131 EXT 276

BELL, TIMOTHY

DEPT BIOLOGICAL SCIENCES
CHICAGO STATE UNIV
CHICAGO, IL 60628

BENDER, GARY

PO BOX 82858
FAIRBANKS, AK 99708
(907) 452-8145

BERG, VIRGINIA

DEPT OF BIOLOGY
UNIV NORTHERN IOWA
CEDAR FALLS, IA 50614

(319) 273.2770

BO: NE, GEORGE €
BIC1.OQY DEPT
SUSQUEHANNA UNIV
SELINSGROVE, PA 17870
(717) 3724208

BOWKER, LESLIE S

DEPT OF BIOL SCIENCE

CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2788

BROADWAY, RUBY L

DEPT OF NATURAL SCIENCE
DILLARD UNIVERSITY

NEW ORLEANS, LA 70122
(504) 283-8822 EXT 246

BROWN, LES

DEPT OF NATURAL SCIENCES
GARDNER-WEBB COLLEGE
BOI_ING SPRINGS, NC 28017
(704) 434-2361 EXT 247

CARICO, JAMES E
DEPT OF BIOLOGY
LYNCHBURG COLLEGE
LYNCHBURG, VA 24501
(804) 522-8366

CHEW, FS

DEPT OF BIOLOGY
TUFTS UNIV
MEDFORD, MA 02155
(617) 381-3189 EXT 3195

CHIEN, PAUL K

DEFT OF BIOLOGY

UNIV OF SAN FRANCISCO
SAN FRANCISCO, CA 94117
(415) 666-6345

COCKERHAM, BILL
FRESNO PACIFIC COLLEGE
1717 S CHESTNUT

FRESNO, CA 93702

(209) 453.2045

COLLINS, MICHAEL AJ

DEPT OF BIOLOGY

MEMORIAL UNIV OF NEW-
FOUNDLAND

ST JOHN'S, NEWFOUNDLAND

CANADA A1B 3X9

(709) 737-8031

DILLEHAY, DR JANE
DEPT OF BIOLOGY
GALLAUDET COLLEGE
800 FLORIDA AVE NE
WASHINGTON, DC 20002
(202) 651-5531

DOVE, LEWIS

DEPT OF BIOLOGICAL $C1
WESTERN ILLINOIS UNIV
MACOMB, I1. 61455

(309) 298-1166

DUGGAN, ELEANOR L

BIOLOGY DEPT

UNTV N CAROLINA AT
GREENSBORO

ROOM 309, EBERHART BLDG

GREENSBORO, NC 27412-5001

(919) 379-5839

©1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION 0742-3233/90/$0.00 + 2.00

Aruitoxt provided by Eic:



E

COMPUTERS IN LIFE SCIENCE EDUCATION, VOLUME 7, NUMBER 6, JUNE 1990

EILEUS, LAWRENCE J
DEPT OF BIOLOGY
UNIV NORTHERN IOWA
CEDAR FALLS, IA 50514
(319) 273-2218

FANNING, MARSHA E
DEPT OF BIOLOGY
LENOIR-RHYNE COLLEGE
HICKORY, NC 28003

(704) 328-7270

FERNER, JOHN W

DEPT OF BIOLOGY

THOMAS MORE COLLEGE
CRESTVIEW HILLS, KY 41017
(606) 344-3374

FONTANE, DR AR

DEPT OF BIOLOGY
UNIV OF VICTORIA
POBOX 1700
VICTORIA, BC V8W 2Y2
CANADA

(604) 721-7131

FREY, DENNIS

DEPT OF BIOL SCIENCE

CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93401
(805) 546-2802

GIBSON, LINDA

DEPT OF BIOLOGY
EASTERN WASH UNIV
260 HALL OF SCIENCES
CHENEY, WA 995004
(509) 359.2845

GORMAN, MARK
BALDWIN-WALLACE
COLLEGE

LIFE SCIENCE BLDG
BEREA, OH 44017
(216) 826-217

HAMAN, AC

DEPT OF BIOLOGY
UNIV NORTHERN IOWA
CEDAR FALLS, 1A 50614
(319) 273-2726

HECKENLIVELY, DONALD B
DEPT OF BIOLOGY
HILLSDALE COLLEGE
HILLSDALE, Ml 49242

(517) 437-7341 ’

HEDMAN, STEPHEN C

DEPT OF BIOLOGY

221 LIFE SCI BLDG

UNIV OF MINNESOTA AT
DULUTH

2400 OAKLAND AVE

DULUTH, MN 55812

(218) 726-8122

HEIMBROOK, MARGARET E

DEPT OF BIOLOGICAL SC

UNIV OF NORTHERN
COLORADO

GREELEY, CO 80639

(303) 351-2644

HODGSON, DR LYNN M
NORTHERN STATE COLLFGE
BOX 673

ABERDEEN, SD 57401

(605) 222-2432

HOUSE, EDWIN W
DEPT OF BIOLOGY
IDAHO STATE UNIV
PO BOX 8007
POCATELLO, ID 83209
(208) 236-3765

HOUSE, DR HERBERT W

ELON COLLEGE

BOX 2270

ELON COLLEGE, NC 27244-2010
(919) 584-5359

HUMORA, PAUL

DEPT OF BIOLOGY

NORTH ADAMS STATE COLL
NORTH ADAMS, MA 01267
(413) 664-4511 EXT 343

JANKAY, PETER

DEPT OF BIOL SCIENCE

CAL POLYTECH STATE UNIV
» LUIS OBISPO, CA 93401

(805) 546-2860

JENSEN, RICHARD

DEPT OF BIOLOGY
SAINT MARY'S COLLEGE
NOTRE DAME, IN 46556
(219) 284-4674

JOHNSON, ] RONALD
DEPT OF BIOLOGY
MIDLAND COLLEGE
FREMONT, NE 68025

KESSLER, SISTER IRMA
DEPT OF BIOLOGY
COLLEGE OF ST ELIZABETH
CONVENT STATION, NJ 07961
(201) 539-1600

KLEINSMITH, LEWIS J
DEPT OF BIOLOGY

UNIV OF MICHIGAN

2056 NATURAL. SCIENCES
ANN ARBOR, M1 48109
(313) 763-3290

KONISKY, JORNAN
SCHOOL OF LIFE SCIENCES
UNIV OF ILLINOIS
CHAMPAIGN, IL 61801

(217) 333-3044

KRUSE, ANNA C
CABRINI COLLEGE
RADNOR, PA 19087
(215) 687-2100

LEISMAN, GILBERT A
DEPT OF BIOLOGY
EMPORIA STATE UNIV
1200 COMMERCIAL
EMPORIA, KS 66801
(316) 343-1200 EXT 5617

McCALLEY, DAVID V
DEPT OF BIC'.OGY
UNIV NORTHERN IOWA
CEDAR FALLS, IA 50614
(319) 273-2581

MELE, FRANK M
DEPT OF BIOLOGY
JERSEY AOTY STATE COLLEGE

2039 KENNEDY BLVD
JERSEY CITY, NJ 07305
(201) S47-3084

MILLER, HAMES §
BIOLOGY DEPT
GOSHEN COLLEGE
GOSHEN, IN 46526
(219) 535-7308

NICHOLSON, ROBERT

SCH OF HEALTH & LIFE SCI
FORT HAYS STATE UNTV
HAYS, KS 67601

(913) 628-5820

ODE, PHILIP

DEPT OF BIOLOGY
THIEL COLLEGE
GREENVILE, PA 16125
(412) 588-7700

ORR, ALAN

DEPT OF BIOLOGY
UNIV NORTHERN IOWA
CEDAR FALLS, 1A 50614
(319) 273-2150

ORR, CLIFTON

BIOLOGY DEPT

UNIV OF ARKANSAS AT PINE
BLUFF

PINE BLUFF, AR 71601

"(501) 541-6880

OWEN, LAWTON
KANSAS WESLEYAN
100 E CLAFLIN
SALINA, KS 67401
(913) 827-5541

PETERS. RALFH

DEPT OF BIOLOGY
LYNCHBURG COL1.EGE
LYNCHBURG, VA 24501
(804) 522-8367

PIPERBERG, JOEL B
DEPT OF BIOLOGY
SIMMONS COLLEGE
300 THE FENWAY
BOSTON, MA 02115
(617) 738-2196

POLLOCK, LW

DEPT OF BIOLOGY
DREW UNIVERSITY
MADISON, NJ 07940
(201) 377-3000 EXT 358

QUINN, DAVID L

DEPT OF BIOLOGY
MUSKINGUM COLLEGE

NEW CONCORD, OH 43762-1199
(614) 826-8225

RALPH, CHARLES L
DEPT OF ZOOLOGY
COLORADO STATE UNIV
FT'COLLINS, CO 80523
(303) 491-6105

RALSTON, HJ

DEPT OF ANAT OMY S-1334

UNIV CALIFORNIA, SAN
FRANCISCO

3RD & PARNASSUS AVES

SAN FRANCISCO, CA 94143

(415) 476-1861

RENISH, ALMA JEAN

UNIV OF WISCONSIN -
PARKSIDE

BOX 2000

KENOSHA, W1 53141

(414) §53-2213

ROBBINS, HERBERT C
DALLAS BAPTIST UNIV
T177 WEST KIEST BLVD
DALLAS, TX 75211-9800
(214) 333-5302

RUNYAN, MICHAEL E
DEPT OF BIOLOGY
LANDER COLLEGE
GREENWOOD, SC 29646
(803) 229-8385

SAVAGE, WAYNE
DEPT OF BIOLOGY
SAN JOSE STATE UNIV
SAN JOSE, CA 95192
(408) 277-2355

SCHNEIWEISS, JEANNETTE W
DEPT OF BIOLOGY

HOFSTRA UNIV
HEMPSTEAD, NY 11550

(516) 560-5521

SCHWARTZ, ORLANDO A
DEPT OF BIOLOGY

UNIV NORTHERN IOWA
CEDAR FALLS, 1A 50614
319 273-2106

SHOLES, OWEN DV

DEPT OF NATURAL SCIENCES
ASSUMPTION COLLEGE

500 SALISBURY ST
WORCESTEP, MA 01609

(617) 752-5615 EXT 257

SINGLETARY, ROBERT
DEPT OF BIOLOGY
UNIV OF BRIDGEPORT
BRIDGEPORT, CT 06601
(203) 576-4265

SINNAMON, WALT
CENTRAL WESLEYAN COLL
BOX 443

CENTRAL, SC 29630

(803) 639-2453 EXT 356

SKAVARIL, RUSSELL V
DEPT OF GENETICS
OHIO STATE UNIV

961 BIOL SC1 BLDG
COLUMBUS, OH 43210
(614) 422-1310

SMALL, JAMES W

DEPT OF BIOLOGY
ROLLINS COLLEGE
BOX 2643

WINTER PARK, FL 32789
(305) 646-2433

SOBIESKI, ROD

DEPT OF BIOLOGY
EMPORIA STATE UNIV
1200 COMMERCIAL
EMPORIA, KS 66801
(316) 343-1200 EXT 5620
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STANSFIELD, WILLIAM
DEPT OF BIOL. SCIENCE

CAL POLY TECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2875

STANTON, GEORGE E
DEFT OF BIOLOGY
COLUMBUS COLLEGE
COLUMBUS, GA 31993
(404) 568-2065

STEIN, PAUL

DEPT OF BIOLOGY
WASHINGTON UNIV - BOX 1137
ST LOUILS, MO 63130

(314) 889-6824

STEUCEK, DRGUY L
DEPT OF BIOL.OGY
MIILERSVILLE UNIV
MIL1ERSVILLE, PA 17551
(717) 872-3339

STONE, LARRIE E
DANA COLLEGE
BLAIR, NE 68008

(402) 426-4,01 EXT 229

STRATTON, LEWIS P
DEPT OF BIOLOGY
IFURMAN UNIV
GREENVILLE, SC 29613
(803) 204-3249

SWEET', HAVEN

DEPT OF BIOLOGY

UNIV OF CENTRAL FL.ORIDA
ORLANDO, FI. 32816

(305) 275-2922

TAUB, STEPHAN R
DEPT OF BIOLOGY
GEORGE MASON UNIV
FAIRFAX, VA 22030
(703) 323-2181

TESKEY, SISTER NANCY
HOLY NAMES COl11EGE
3500 MOUNTAIN BLVD
OAKLAND, CA 94619
(415) 436-0111

TURNELL, MJ

DEPT OF ZOOLOGY
UNI1V OF ALBERTA
CCW312 BIOL SCI BIL.DG
EDMONTON, ALBERTA
CANADA T6G 2E9

(403) 432-0665

VERCH, RICHARD
DEPT OF BIOLOGY
NORTHIAND COLLEGE
ASHILAND, WI 54806
(715) 682-4531 EXT 335

VOORHEES, FRANK RAY

DEPT OF BIOLOGY

CENTRAL MISSOURI STATE
UNIVERSITY

WCM 306

WARRENSBURG, MO 640393

(816) 429-4933

WAILLACE, ROBERT L.
DEPL OF BIOLOGY

RIPON COLLEGE
PO BOX 248
RIPON, W1 54971
(414) 748-8122

WALTERS, DIRK R

DEP1 OF BIOLOGY

CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93406
(805) 546-2721

WEISS, DR EDWARD
CHRISTOPHER NEWPORT COLL
50 SHOE LANE

NEWPORT NEWS, VA 23606
(804) 599-7044

WHALLS, MARVIN J

DEPT OF BIOL SCIENCE

CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-1357

WILHELM, DALLAS
DEPT OF BIOLOGY
HASTINGS COLLEGE
HASTINGS, NE 62901
(402) 461.7382

BIOMETRICS

BEAVER, JAMES §
DEPT OF AGRONOMY
AND SOILS
COLLEGE OF AGRIC 8ClI
UNIV OF PUERTO RICO,
MAYAGUEZ CAMPLUS
MAYAGU:.Z, PR 00708
(809) 834-4040 EXT 2380

BOYNTON, DR JOHN E
ST JOSEPH'S COLLEGE
155 ROE BLVD
PATCHOGUE, NY 117172
(516) 654-3200

STEUCEK, DR GUY L
DEPT OF BIOLOGY
MILLERSVILLE UNIV
MILLERSVILLE, PA 17551
(717) 872-333%

WATROUS, JAMES

DEPT OF BIOLOGY

ST JOSEPH'S UNIV
PHILADELPHIA, PA 19131
(215) 879-7342

WESSEL-BEAVER, LINDA

DEPT OF AGRONOMY
AND SOILS

COL1EGE OF AGRIC SCI

MAYAGUEZ, PR 00708

(809) 834-4040 EXT 2566

WILLIAMS, STANLEY C

DEPT OF BIOLOGICAL SC1
SAN FRANCISCO STATE UNIV
SAN FRANCISCO, CA 94132

BIOPHYSICS

AM'.ANER, CHARLES J, JR
DEPT OF Z001.0GY

UNIV OF ARKANSAS

632 SCIENCE-ENG
FAYETTEVILLE, AR 72701

RAM, JEFFRLY 1.

DEPT OF PHYSIOLOGY
WAYNE STATE UNIV
SCHOOL OF MEDICINE
$40 EAST CANFIFLD AVE
DETROIT, MI 48201

(313) 577-1558

SACHS, DR FREDERICK
DEPT OF BIOPHYSICAL. SC1
SUNY AT BUFFALO

118 CARY HALL

BUFFALO, NY 14214

(716) 831-3289

SLAYMAN, CL

DEPT OF PHYSIOLOGY

YALE SCHOOL OF MEDICINE
333 CEDAR ST

NEW HAVEN, CT 06510

(203) 788-4478

WUNDER, CHARIES C
DEPT OF PHYSIOLOGY
RESEARCH LAB

UNIV OF IOWA
OAKDALE CAMPUS
OAKDALE, 1A 52319
(319) 353-4704

BIOSTATISTICS
HECKENLIVELY, DONALD B
DEPT OF BIOLOGY
HILLSDALE COLLEGE
HILLLSDALE, MI 49242
(517) 437-7341

PETERSON, MARGARET
BIOSTAT RES CTR

UNIV OF CONNECTICUT
HEALTH CENTER AM034
FARMINGTON, CT 06062
(203) 674-3834

SAKTL JANA

DEPT OF CROP SCIENCE
UNIV OF SASKATCHEWAN
SASKATOON, SASK S7N OW0
CANADA

(306) 966-4952

BOTANY
BELL, TIMOTHY
DEPT BIOLOGICAL SCIENCLS
CHICAGO STATE UNIV
CHICAGO, IL 60628

BLA(K, JOEB

DEPT OF BIOLOGY
LOUISIANA COLLEGE
LLOUISIANA COLL STATION
PINEVILLE, LA 71359

(318) 487-7611

CASTANER, DAVID

DEPT OF BIOLOGY

CENTRAL MISSOURI
STATE UNIV

WARRENSBURG, MO 64093

(816) 429-4933

DICKINSON, WINIFRED
DEPT OF BIOLOGY

UNIV OF STEUBENVILLE
STEUBENVILLE, OH 43952
(614) 283-3771

DOYLE, JAMES

DEPT OF BIOLOGY
AQUINAS COLLEGE
GRAND RAPIDS, Ml 49506
(616) 459-8281 EXT 387

GIBSON, LINDA

DEPT OF BIOLOGY
EASTTRN WASIH{ UNIV
260 HALL OF SCIENCES
CHENEY, WA 99004
(509) 359-2845

HODGSON, DR LYNN M
NORTHERN STA'TE COLL
BOX 673

ABERDEEN, SD 57401
(605) 222-2+.2

HOLLAND, VL

DEPT OF BIOL SCIENCE
CAL POLYTECH STATE UNIV
SAN L.UIS OBISPO, CA 93401
(80S) 546-2789

HOLM, FA
DEPT O CROP SCl1 &

PLANT ECOLOGY
UNIV SASKATCHEWAN
SASKATOON, SASK S7N 0WO0
CANADA
(306) 966-5006

JANKAY, PETER

DEPT OF BIOL SCIENCE
CAL POLYTECH STATE UNlV
SAN 1.UIS OBISPO, CA 93401
(805) 546-2860

KEIL., DAVID )

DEPT OF BIOL SCIENCES
CAL POLYTECH STATE UNIV
SAN L.UIS OBISPO, CA 93407
(805) 546-2043

LA BAR, MARTIN

CENTRAL WESLEYAN COL1.
CENTRAL, §C 29630

(803) 639-2453

ROBBINS, HERBERT C
DALLAS BAPTIST UNIV
7177 WEST KIEST BLVD
DALLAS, TX 75211-9800
(214) 333-5302

RUNYAN, MICHAT L E
DEPT OF BIOLOGHY
LANDER COLLEGE
GREENWOOD, SC 29646
(803) 229-8385

SAVAGE., WAYNE
DEPT OF BIOL.OGY
SAN JOSE STATE UNIV
SAN JOSE, CA 95192
(408) 277-2355

SHAFI . M1

DEPT OF SCT & MATH
RUST COLLEGE

HOLLY SPRINGS, MS 386315
(601) 2524661

SNOW, MICHAEL D

DEPT OF PHYSICAL &
L1FE SCIENCES

UNIV OF PORTT.AND

©1990 BY NATIONAL RESQURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION

(1742-3233/50/30.00 + 2.00

rey

[4
]



COMPUTERS IN LIFE SCIENCE EDUCATION, VOLUME 7, NUMBER 6, JUNE 1990 47
500 N WILLAMFTTE BLVD (703) 362-6543 UNIV OF SAN DIEGO SEATTLE WA 98195
PORTIAND, OR 97203 SAN DIEGO, CA 92110 (206) 543-9320
(503) 283-7175 KELLEN, JOHN (619) 2604600 EXT 4459

DE~I' OF BIOL CHEM & STRUCT SESSLER, AMY

ULRICH, KARL CHICAGO MED SCHOOL DUGGAN, ELFANOR L CURRICULAR SFTWR STUDIO
WESTERN MONTANA COLLEGE 3333 GREEN BAY ROAD BIOLOGY DEPT TUFTS UNIVERSITY
UNIV OF MONTANA NORTH CHICAGO, IL 60064 UNIV N CAROLINA AT MEDFORD, MA 02155
DILLON, MT 59725 (708) 5783221 GREENSBORO (617) 628-5000 EXT 2009

(406) 683-7358

VERCH, RICHARD
DEPT OF BIOLOGY
NORTHLAND COLLEGE
ASHLAND, W1 54806
(715) 682-4531 EXT 335

WULFF, BARRY

DEPT OF BIOLOGY

EASTERN CONN STATE UNIV
WILLIMANTIC, CT 06226
(203) 456-2231

YOSHIMURA, MICHAEL A
DEPT OF BIOL SCIENCE

CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2466

CELL BIOLOGY
BATES, WILLIAM K
DEPT OF BIOLOGY
UNIV NORTH CAROLINA
GREENSBORO, NC 27412
(919) 379-5391

BERNSTEIN, MAURICE H
DEPT OF ANATOMY &
CELL BIOLOGY

WAYNE STATE UNIV
SCHOOL OF MEDICINE
540 E CANFIFID
DETROIT, MI 48201

313) 577-1029

BRAWNER, THOMAS A
DEPT OF BIOLOGY
CARTHAGE COLLEGE
KENOSHA, W1 53141
(414) 551-8500 EXT 373

CHISLER, JOHN A
GLENVILLE STATE COLLEGE
GLENVILLE, WV 26351

(304) 462.7361

COHN, STANLEY
DEPT OF BIOLOGY
DEPAUL UNTV
CHICAGO, 1L 60614
(312) 341-5243

CREUTZ, CHARLES
DEPT OF BIOL.OGY
UNIV OF TOLEDO
2801 W BANCROFT ST
TOLEDO, OH 43606
(419) 5374159

DRUECKER, JAY DEE
CHADRON STATE COLLEGE
CHADRON, NE 69337

(308) 432-6298

GRAY, F HARRIET

HOLLINS COLLEGE

ROX 9616

HOLLINS COLLEGE, VA 24020

PRESCOTT, LLANSING M
DEPT OF BIOLOGY
AUGUSTANA COLLEGE
SIOUX FALLS, SD 57197
(605) 3364719

RALSTON, HJ

DEPT OF ANAT §-1334

UNIV CALIFORNIA, SAN
FRANCISCO

IRD & PARNASSUS AVES

SAN FRANCISCO, CA 94143

(415) 476-1861

SAVAGE, WAYNE
DEPT OF BIOLOGY
SAN JOSE STATE UNIV
SAN JOSE, CA 95192
408) 277-2355

SHEFFIELD, JOEL B
DEPT OF BIOLOGY
TEMPLE UNIV
PHILADELPHIA, PA 19122
(215) 787-8854

STONE, LARRIE E
DANA COLLEGE
BLAIR, NE 68008

(402) 4264101 EXT 229

TOWLE, DAVID W.
DEPT OF BIOLOGY
LAKE FOREST COl1.EGE
LAKE FOREST, IL 60045
(708) 234-3100 EXT 347

WILLIAMS, WE

DEPT OF BIOLOGY
TRINTTY COLLEGE
HARTFORD, CT 06106
(203) 527-3151 EXT 570

CHEMISTRY

HESTON, WM

CTR FOR NATURAL SCIENCES
NEW YORK INST TECH

OLD WESTBURY, NY 11568
(516) 686-7665

COMPUTERS/COMPUTER
LITERACY

CHARDINE, DK JOHN W

DEPT OF BIOL SCIENCES
BROCK UNIVERSITY

ST CATHARINES, ONT L2S 3A1
CANADA

(416) 688-5550

CODY, RONALD

DEPT OF ENVIRON &
COMMUNITY MED

RUTGERS MED SCHOO!.

PISCATAWAY, NJ 08854

(201) 463-4490

CORBEIL, ROBERT R
DEPTS OF MATH & COMPUT SCI

ROOM 309, EBERHART BLDG
GREENSBORO, NC 27412-5001
(919) 379-5839

DURY, CARL G

OFFICE OF COMP & INFO SERV
TEMPLE UNIV HLTH SCI C1R
3333 NOBROAD ST, RM 327
PHiLADELPHIA, PA 19140

(215) 221.3479

HOFMANN, WALLACE C
DEPT OF PLANT SCIENCE
UNIV OF ARIZONA
BUILDING #36

TUCSON, AZ 85721

(602) 621-1257

KREIDER, DR DAVID L
DEPT OF ANIMAL SCIENCES
UNIV OF ARKANSAS

104 ANIMAL SC} BLDG
FAYETTEVILLE, AR 72701
1501) 575-4870

KRULL, DR SARA
SCHOOL OF NURSING
ST L.OUIS UNIV MED CTR
ST LOUITS, MO 63104

(314) 577-8903

LEONG, KINGSTON

DEPT OF BIOLOGICAL SCI
CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2788

LIBEY, TERRY

DEPT OF HEALTH CAREERS
LANSING COMMUNITY COLL
LANSING, MI 48901-7211

OLTIEN, JW

DEPT OF ANIMAL SCIENCE
OKLAHOMA STATE UNIV
STILLWATER, OK 74078
(405) 624-6670

OWEN, WILLISL

3224 N ROFF

OKIAHOMA (ITY, OK 73112
(405) 271-2229

PARISI, ANTHONY J
WRIGHT STATE UNIV
SCHOOL OF MEDICINE
PO BOX 927

DAYTON, OH 45401.0927
(513) 376-6711

POTTINGER, JAN
RM2050 MSC

UNIV OF WISCONSIN
MADISON, W1 53706
(608) 263-1595

SCHAAD. DOUGLAS C
DEPT RESEARCH IN MED EDUC
UNIV OF WASHINGTON SC-45

SKAVARIL, DR RUSSELL v
DEPT OF GENETICS

OHIO STATE UNIV

%61 BIOL SC1 BLDG
COLUMBUS, OH 43210
(614) 422-1310

STRINGFELLOW, HART R
DEPT OF DENTAL EDUCATION
UNIV OF FLORIDA

COLLEGE OF DEN1ISTRY

BOX J-406 JHMHC
GAINESVILLE, Fl1. 32610

(904) 392-2674

WETSTONE, SCOTT
UNIV OF CONNECTICUT
HEALTH CTR AM033
FARMINGTON, CT 06032
(203) 674-3836

CYTOGENETICS
GRANT, WILLIAMF
GENETICS LABORATORY
PO BOX 4000
MACDONALD CAMPUS OF
McGILL UNIV
QUEBEC, CANADA H9X 1C0

CYTOLOGY
GRANT, WILLIAMF
GENETICS LABORATORY
PO BOX 4000
MACDONALD CAMPUS OF
McGILL UNIV
QUEBEC, CANADA H9X i1CO

KEETE, J RICHARD

DEPT OF ANATOMY
CASE WESTERN RESERVE
UNIVERSITY
CLEVELAND, OH 44106
(216) 368-2656

DENTISTRY
TOWNSEND, DeWAYNE
SCHOOL OF DENTISTRY
UNIVERSITY OF MINNESOTA
MINNEAPOLIS, MN 55455
(612) 625-7467

DEVELOPMENTAL BIOLOGY
DAVID, JOHUN
UNIV OF MISSOURI
105 TUCKER HALIL.
COLUMBIA, MO 65211
(314) 882-0120

DRUECKER, JAY DEE
CHARDRON STATE COLLEGE
CHADRON, NE 69337

(308) 432-6298

HEIDCAMP, WIL.IAM
BIOLOGY DEPARTMENT
GUSTAVUS ADOIPHUS COLL.
ST PETER, MN 56082

(507) 931.7325

0742-3233/90/50.00 + 2.00
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AIMS AND SCOPE  The goal of Computers in Life Science Educationis to provide ameans of communication among
life science educators who anticipate or are currently employing the computer as an educational
tool. The range of content includes, but is not limited to, articles focusing on computer appli-
cations and their underlying philosophy, reports on faculty/student experiences with computets
in teaching environments, and software/hardware reviews in both basic science and clinical
education settings.

INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Educationare invited for possible
publication in the newsletter.

PREPARATION AND SUBMISSION OF MATERIAL

Articles submitted for publicationshould be typewritten, double spaced, with wide margins. The
original and two copies including two sets of figures and tables should be sent to the Editor:
Dr. Harold Modell, NRCLSE, P.O. Box 51187, Seaitle, WA 98115-1187.

Title page should include full title, list of authors, academic or professional affiliations, and
complete address and phone number of the corresponding autlior.

Iliustrations should be submitted as original drawings in India ink or sharp, unmounted
photographs on glossy paper (Laser pnnter output is acceptable). The lettering should be such
that it can be legible after reduction (width of one column = 5.7 cm). .

Reference style and form should follow the “number system with references alphabetized”
described in the Council of Biology Editors Style Manual. References should be listed in
s'phabetical order by the first author's last name, numbered consecutively, ar. " *ited in the text
by these numbers.

RESPONSTBILITY AND COPYRIGHT

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors
submitting manuscripts will be sent a copyright transfer form to complete. The completed form
must be returned before the work will be published.

SUBSCRIPTION INFORMATION Computers in Life Science Education is published monthly by Nationa! Resource for Computers
in Life Science Education, P.O. Box 51187, Seattle, WA 98115-1187. Subscriptionrate is $40.00
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of the world.

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal or intemnal use of specific
clients. This consent s given on the condition that the copier pay through the Center the per-copy
fee stated in the code on the first page for copying beyond that permitted by the US Copyright Law.
If no code appears on an article, the author has not given broad consent to copy and permission
to copy must be obtained directly from the author. This consent does not extend to other kinds
of copying, such as for general distribution, resale, advertising and promotional purposes, or for
creating new collective works.

Address orders, changes of address, and claims for missing issues to NRCLSE, P.O. Box 51187.
Seattle, WA 98115-1187. Claims for missing issues can be honored only up to three months for
domestic addresses and six months for foreign addresses. Duplicate copies will not be sent to
replace ones undelivered due to failure to notify NRCLSE of change of address.

Address editorial correspondence to Harold 1. Modell, PhD, NRCLSE, P.O. Box 51187, Seattle,
WA 08115-1187. (BITNET MODELL@UWALOCKE)

POSTMASTER: Send address changes to Computers in Life Science Education, NRCLSE, P.O.
Dux 51187, Seattle, WA 98115-1187.
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The primary goal of the National Re-
source for Computers in Life Science
Education (NRCLSE) is to cultivate col-
laborative efforts among life science
faculty interested in ucing the computer
as a teaching tool.

The listing that follows is a continu-
ation of the 1990 directory published last
month. Itis updated from thc 1988-89 di-
rectory and was drawn primarily fromre-
snondents 1o questionnaires printed in
CoSE (see page 8 in the January CLSE).
Itis intended to help readers identify col-
leagues with common interest areas.

The listings are arranged by the content
areas identified in response to the ques-
tion, "What content areas do you teach?"
As a result, entries may appear under
more than one heading.

Although every attempt has been made

DEVELOPMENTAL BIOLOGY

STONE. LARRIE E

to ensure that she informauon is current
and correct, it is likely that some errors
appear in tuis list. We apologize in ad-
vance for any inconveniences that may
arise due to such oversights. Part 3 of the
directory will appear next month.

If you are aware nf other colleagues that
should be listed, piease encourage them
to return the questionnaire that appeared
on page 8 of the January issue of CLSE,
or send their names, addresses, phone
numbers, BITNET addresses, and teach-
ing content areas to:

NRCLSE
P.O. Box 51187
Seattle, WA 98115-1187

orlet usknow via BITNET. NRCLSE's
BITNET address is MODELL®@
UWALOCKE.

WARRENSBURG, MO 64093

{(CoNTINUED) DANA COLLEGE (816) 429-4933
RALSTON, HJ BLAIR, NE 68008
DEPT OF ANATOMY S§-1334 (402) 426-4101 EXT 229 ECOLOGY
UNIV CALIFORNIA AT BEAVER, JAMES §
SAN FRANCISCO VOORHEES, FR DEPT OF AGRONY AND SOILS
IRD & PARNASSUS AVES DEPT OF B101.OGY COLLEGE OF AGRIC SC1
SAN FRANCISQCO, CA 94143 CENT MISSOURI STATE UNIV UNIV OF PUERTO RICO.
(415) 476-1861 WCM 306 MAYAGUEZ CAMPUS

0742-3233/90/30.00 + 2.00
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MAYAGUEZ, PR 00708
(809) 834-4040 EXT 2380

BELL, TIMOTHY

DEPT OF BIOL SCIENCES
CHICAGO STATE UNIV
CHICAGO, IL 60628

BELLMER, SISTER ELIZABETH
TRITINY COLLEGE
WASHINGTON, DC 20017

(202) 939-519%0

BOONE, GEORGE C.
BIOLOGY DEPARTMENT
SUSQUEHANNA UNIVERSITY
SELINSGROVE, PA 17870
(717) 372-4208

BOWKER, LESLIE §

DEPT OF BIOLOGICAL SCI
CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2788

BOYNTON, DR JOHN E
ST JOSEPH'S COLLEGE
155 ROE BLVD
PATCHOGUE, NY 11772
(516) 654-3200

CACCAMISE, DONALD F
DEPT OF ENTOMOLOGY
RUTGERS UNIV

PO BOX 231

NEW BRUNSWICK, NJ 08903
(201) 932-9459

CALDWELL, DOUG

DEPT OF APPLIED MICRO &
FOOD SCI

UNIV OF SASKATCHEWAN
SASKATOON, SASK S7N 0WO
CANADA

(306) 966-5026

CAMERON, DAVID G
DEPT OF BIOLOGY
MONTANA STATE UNIV
BOZEMAN, MT 59717
(406) 994-2670

CHARDINE, DR JOHN W

DEPT OF BIOLOGICAL SCi
BROCK UNIVERSITY

ST CATHARINES, ONT L28 3A1
CANADA

(415) 688-5550

CHEW, 8

DEPT OF BIOLOGY
TUFTS UNIV
MEDFORD, MA 02155
(617) 381-3189 EXT 3195

CLOUTIER,CONRAD

DEPT OF BIOLOGY
UNIVERSITY LAVAL
QUEBEC 10, QUEBEC G1K 7P4
CANADA

(418) 656-3183

COCKERHAM, BILL
FRESNO PACIFIC COLLEGE
1717 S CHESTNUT

FRESNO, CA 93702

(209) 453-2045

CYR, ANDRE

DEPT OF BIOLOGY

UNIV OF SHERBROOKE
SHERBROOKE, QUEBEC J1K 2R1
CANADA

(819) 821-7074

DOYLE, JAMES

DEPT OF BIOLOGY
AQUINAS COLLEGE
GRAND RAPIDS, MI 49506
(616) 459-8281 EXT 387

DUDLEY, PATRICIA L
DLPT OF BIOLOGICAL SCi
BARNARD COLLEGE
COLUMBIA UNIV

3009 BROADWAY

NEW YORK, NY 10027
(212) 280-2437

FANNING, MARSHA E
DEPT OF BIOLOGY
LENOIR-RHYNE COLLEGE
HICKORY, NC 28603

(704) 328-7270

GAMBS, ROGER

DEPT OF BIOLOGICAL SCI
CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2551

GILES, ROBERTH }r

DEPT OF FISHERIES &
WILDLIFE SCIENCE
VIRGINIA POLYTECH INST &
STATE UNIV

BLACKSBURG, VA 24061
(703) 9615910

HOLLAND, VL

DEPT OF BIOLOGICAL SCI
CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93401
(805) 546-278%

JENSEN, RICHARD
DEPT OF BIOLOGY

ST MARY'S COLLEGE
NOTRE DAME, IN 46556
(219) 284-4674

JOHNSON, DAVID W
DEPT OF BIOLOGY
CONCORDIA COLLEGE
MOORHEAD, MN 56560
(218) 299-3085

JOHNSON, IVAN M
DEPT OF BIOLOGY
CONCORDIA COLLEGE
MOORHEAD, MN 56560
(218) 299-3085

KESLER, DAVID H
DEPT OF BIOLOGY
RHODES COLLEGE
2000 NORTH PARKWAY
MEMPHIS, TN 38112
(901) 726-3557

NICHOLSON, ROBERT
SCHOOL OF HLTH & LIFE SC1
FORT HAYS STATE UNIV
HAYS, KS 67601

(913) 628-5820

NOVEMSKY, LISA

NEW JERSEY INST TECH
NEWARK, NJ 07102

(201) 596-3253

ROBBINS, DR HERBERT C
DALLAS BAPTIST UNIV
7177 WEST KIEST BLVD
DALLAS, TK 75211-9800
(214) 333-5302

SCHWARTZ, ORLANDO A
DEPT OF BIOLOGY

UNTV OF NORTHERN IOWA
CEDAR FALLS, 1A 50614
(319) 273-2106

SHAFL. M1

DEPT OF SCIENCE & M/ TH
RUST COLLEGE

HOLLY SPRINGS, MS 38635
(6U1) 252-4661

SINGLETARY, ROBERT L
DEPT OF BIOLOGY
UNIV OF BRIDGEPORT
BRIDGEPORT, CT 06601
(203) 576-4265

SLOEY, WILLIAM E

DEPT OF BIOLOGY AND
MICROBIOLOGY

UNIV OF WIS AT OSHKOSH
OSHKOSH, WI 54901

(414) 424-3068

SNOW, MICHAEL D

DEPT OF PHYS'CAL % LIFE SCI
UNIVERSITY C¥ #ORTLAND
500 N WILLAMETTE BLVD
PORTILAND, OR 97203

(503) 283-7175

STANTON. GEORGE E
OEPT OF BIOLOGY
COLUMBUS COLLEGE
COLUMBUS, GA 31993
(404) 568-2065

ULRICH, KARL

WESTERN MONTANA COLLEGE
UNIV OF MONTANA

DILLON, MT 59725

(406) 683-7358

UNGAR, IRWIN A
DEPT OF BOTANY
OHIO UNIV
ATHENS, OH 45701

VAN AMBURG, GERALD L
DEPT OF BIOLOGY
CONCORDIA COLLEGE
MOORHEAD, MN 56560
(218) 299-3085

WALTERS, DIRK R

DEPT OF BIOLOGY

CAL POLYTECH STATE UNIV
SAN LUIS OBISPQ, CA 93406
(805) 546-2721

WEISS, DR EDWARD
CHRISTOPHER NEWPORT COLIL.
50 SHOE LANE

NEWPORT NEWS, VA 23606
(804) 599-7044

WERNER, J KIRWIN

DEPT OF BIOLOGY
NORTHERN MICHIGAN UNIV
MARQUETTE, M1 49855

(906) 227-231¢

WOLF, THOMAS M

DEPT OF BIOLOGY
WASHBURN UNIV OF TOPEKA
1700 COLLEGE AV

TOPEKA, KS 66621

(913) 265-6768

WULFF, BARRY

DEPT OF BIOLOQY

EASTERN CONNECTICUT
STATE UNIVERSITY

WILLIMANTIC, CT 06226

(203) 456-2231

EDUCATION

GROBMAN, HULDA

ST LOUIS UNIV SCH MED
1402 S GRAND

ST LOUIS, MO 63104

(314) 577-8645

KERBESHIAN, LYNN
SCHOOL OF MEDICINE
UNIV NORTH DAKOTA
OMEE MED SCIENCE NO
GRAND FORKS, ND 58201
(701) 777-3833

KROGULL, STEVEN

DEPT OF EDUCATIONAL SERV
MEDICAL COLL OF WISCONSIN
8701 WATERTOWN PLANK RD

MILWAUKEE. WI 53226

(414) 257-8546

McCRADY, WILLIAM

SCIENCE LEARNING CTR

UNIV OF TEXAS AT
ARLINGTON

BOX 19389

ARLINGTON, TX 76019

(817) 273-2129

ELECTRON MICROSCOPY

SAVAGE, WAYNE
DEPT OF BIOLOGY
SAN JOSE STATE UNIV
SAN JOSE CA 95192
(408) 277-2355

EMBRYOLOGY

BELLMER, SISTER ELIZABETH
TRINITY COLLEGE
WASHINGTON, DC 20017

(202) 939-5190

BERNSTEIN, MAURICE H

DEPT OF ANAT & CELL BIOL

WAYNE STATE UNIV SCH
MIDICINE

540 E CANFIELD

DETROIT, Ml 48201

(313) 577-1029

FEEBACK, DANIEL

DEPT OF ANATOMICAL. SCI

UNIV OF OKLAHOMA HLTH
SCIENCE CTR

PO BOX 26901 BMSB540

OKLAHOMA CITY, OK 73190

(405) 2712317
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HARRIS, THOMAS M

DEPT OF ANATOMY

MED COLLEGE OF VIRGINIA
RICHMOND, VA 23298-0001
(804) 789.9534

HILLIARD, STEPHEN

DEPT OF BIOLOGY
BALDWIN-WALLACE COLI.
BEREA, OH 44017

(216) 825-2268

KESSLER, SISTER IRMA
DEPT OF BIOLOGY

COLLEGE OF ST ELIZABETH
CONVENT STATION, NJ 07961
(201) 539-1600

MEYERS, - «tLE

DEPT OF BIOL CHEM &
STRUCT

THE CHICAGO MED SCHOOL

3333 GREEN BAY RD

NORTH CHICAGO, IL 60064

(708) 578-3000 EXT 458

MILLER, JAMES §.
BIOLOGY DEPARTMENT
GOSHEN COLI EGE
GOSHEN. IN 46526

(219) 535-7308

ROBBINS, DR HERBERT C
DALI.AS BAPTIST UNIV
DALLAS, TX 75211-9800
(214) 333-5302

ENDOCRINOL OGY

CHAVEZ. & SCOTT

P A PROGRAM

UNIV OF NEBRASKA MED CTR
OMAHA. NE 68105

(402) 559-5266

nEGRAW, WILLIAM A,
DEPARTMENT OF BIOLOGY
UNIV NEBRASKA AT OMAHA
OMAHA, NE 68182-0040

(402) §54-2401

JEGLA, THOMAS C
DEPT OF BIOLOGY
KENYON COLLEGE
GAMBIER, OH 43022
(614) 427.2244

GRAY. F HARRIET

HOLI.INS COLLEGE

HOLLINS COLLEGE, VA 24020
(703) 362-6543

RAWITCH, ALLiLN B
DEPT OF BIOCHEMISTRY
UNIV KANS AS MED CTR
KANSAS CITY, KE 66103
(913) 588-6957

SAGE, MARTIN

DEPT OF BIOLOGY

UNIV OF MISSOURI
AT ST LOUIS

ST LOUIS, MO 63121

(314) 553-6218

SCHMIDT, THOMAS J
DEPT OF PHYSIOL & BIOPHYS
UNIV OF IOWA

5-432 BOWEN SCIENCE BLA3
1I0WA CITY, 1A 52242
(319) 353-4018

WOLF, RICHARD C
DEPT OF PHYSIOLOGY
UNIV OF WISCONSIN
MADISON, W1 53706
(608) 262-2939

YOCHIM, I M

DEPT I'"YSIOLOGY & CELL
BIOLOGY

UNIVERSITY OF KANSAS

LAWRENCE, KS 66045

(913) 864-3130

ZIMMERMAN, JAY

DEPT OF BIOL SCIENCES

ST JOHN'S UNIV

GP ND CENTRAL &
UTOPLA PRWS

NEW YORK, NY 11439

(718} 950-6161 EXT 5233

ENTOMOLOGY

CLOUTIER, CONRAD
DEPT OF BIOLOGY
UNIVERSITY LAVAL
QUEBEC 10, QUEBEC
CANADA GIK 7P4
(418) 656-3183

FARRIFR, M H

DEPT OF ENTOMOLOGY
N. CAROLINA STATE UNIV
RALFGH, NC 27695-7613
(919) 737-2833

HAMAN, AC

DEPY OF BIOLOGY

UNIV OF NORTHERN IOWA
CEDAR FALLS, IA 50614
(319) 273-2726

HILTON, DONALD ¥J
DEPT OF BIOL. SCIENCES
BISHOP'S UNIVERSITY
LLENNOXVILLE, QUEBEC
CANADA JIM 127

(819) 569-9551

JOHNSON, DONN T

DEPT OF ENTOMOLOGY
UNIV OF ARKANSAS
FAYETTEVILLE, AR 7270!
(501) 575-2451

LAMP, WILLIAM

DEPT OF ENTOMOLOGY
UNIV OF MARYLAND
COLLEGE PARK, MD 20742
(301) 454.5875

LEONG, KINGSTON

DEPT OF BIOL SCIENCE

CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2788

MUSICK, G

DEPT OF ENTOMOLOGY
UNIV OF ARKANSAS
FAYETTEVILLE, AR 72701
(501) 575-2451

ODE, PHILIP

DEPT OF BIOIKKGY
THIEL COLLEGE
GREENVILE, PA 16125
(412) $88.7700

PICKERING, JOHN

DEPT OF ENTOMOLOGY
UNIV OF GEORGIA
ATHIENS, GA

(404) S42-2816

WILLIAMS, STANLEY C

DEPT OF BIOL SCIENCES

SAN FRANCISCO STATE UNIV
SAN FRANCISCO, CA 94132

ENVIRONMENTAL SCIENCE

FORTNER, ROSANNE

OHIO STATE UNIV

SCHOOL OF NAT RESQURCES
COLUMBUS, OH 43210

(614) 422-2265

SABOSKI, E1.EANOR M
NEW ENGLAND COLLEGE
HENNIKER, NH 03242

(603) 428-2374

SNOW, MICHAEL D

DEPT OF PHYS & LIFE SCI
UNIV OF PORTLAND

S00 N WILLAMETTE BLVD
PORTLAND, OR 97203
(503) 283-7175

EPIDEMIOLOGY

KLAAS,JUDY C

DEPT OF BIOLOGY
FRAMINGHAM STATE COLL
FRAMINGHAM., MA 01701
(617) 620-1220 EXT 459

EVOLUTION

BOONE, GEORGE C.
BIOLOGY DEPARTMENT
SUSQUEHANNA UNIVERSITY
SELINSGROVE, PA 17870
(717) 3724208

CARICO, JAMES E
DEPT OF BIOLOGY
LYNCHBURG CO1.L.EGE
LYNCHBURG, VA 24501
(804) 522-8366

CHEW, FS

DEPT OF BIOLOGY
TUFTS UNIV
MEDFORD, MA 02155
(617) 381-3189 EXT 3195

FANNING, MARSHA E
DEPT OF BIOLOGY
LENOIR-RHYNE COLLEGE
HICKORY, NC 28603

(704) 3287270

FERNER, JOHN W

DEPT OF BIOLOGY

THOMAS MORE COLLEGE
CRESTVIEW HILLS, KY 41017
(606) 344-3374

GORMAN, MARK
BALDWIN-WALLACE COLL
BEREA, OH 44017

(216) 826-2217

ODE, PHILIP

DEPT OF BIOLOGY
THIEL COLLEGE
GREENVILE, PA 16125
412) 588-7700

SEAGER, BOB

DEPT OF BIOLOGY

UNIV OF NORTHERN IOWA
CEDAR FALLS, 1A 50614
(319) 273-2670

STANSFIELD, WILIIAM
DEPT OF BIOL SCIENCE

CAL POLYTECH STATE UNTV
SAN LUIS OBISPC CA 93407
(805) 546-2875

¢ "ANTON, GEORGE E
DEPT OF BIOLOGY
COLUMBUS COLLEGE
COLUMB S, GA 31993
(404) 568-2065

WILLIAMS, W E
DEPT OF BIOLOGY
TRINITY COLLEGE
HARTFORD, CT 06196
(203) 527-3151 EXT 570

FAMILY PRACTICE

PARISI, ANTHONY J

WRIGHT STATE UNIV SCHOOI.
OF MEDICINE

DAYTON, OH 45401-0927

(513) 376-6711

FISHERIFES

WHALLS, MARVINJ

DE™T OF BIOL. SCIENCE

CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 9340™
(805) 546-1357

GASTROENTEROLOGY

BARDE, CHRISTOPHER J
GI UNIT, VA MED CTR
DAYTON, OH 45428
(513)268-6511

GENETICS

AROGYASAMI, JOSEPIHINE
DEPARTMENT OF BIOLOGY
WESTMAR COL1EGE
LEMARS, IA 51031

(712) 546-7081

ASHTON, GEOFFREY C
DEPT OF GENETICS
UNIV OF HAWAIl
HONOLULU, HI 96822
(808) 948-8552

BELIMER, SISTER ELIZABETH
TRINITY COLLEGE
WASHINGTON, DC 20017

(202) 939-5190

BERNSTEIN, MAURICE H

DEPT OF ANAT & CELL BIOI.

WAYNE STATE UNIV SCHOCL
OF MEDICINE

DETROIT, M1 48201

(313)577-1029

BLACK, JOEB
DEPT OF BIOLOGY

0742-3233/90/30.00 + 2.00
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1.OUISIANA COLLEGE
LOUISIANA COLL STATION
PINEVILLE, LA 71359

(318) 487-7611

BOONE, GEORGE C

BIOLOGY DEPARTMENT
SUSQUEHANNA UNIVERSITY
SELINSGROVE, PA 17870
(M7) 372-4208

BOYNTON, DR JOHN E
ST JOSEPH'S COLLEGE
155 ROE BL.VD
PATCHOGUE, NY 11772
(516) 654-3200

BROWN,RANDALL E
HUNTINGTON COLLEGE
2303 COLLEGE AVE
HUNTINGTON, IN 46750
(219) 356-6000 EXT 2000

CAMERON, DAVID G
DEPT OF BIOLOGY
MONTANA £TATE UNIV
BOZEMAN, M1 59717
(406) 994-2670

CARICO, JAMES E
DEPI OF BINLOGY
LYNCHBURG COLLEGE
LYNCHBURG, VA 2450}
(804) 522-8366

CHISLER, JOHI. A
GLENVILLE STATE COLLEGE
GLENVILLE, WV 26351

(304) 462-7361

CORBEIL, ROBERT R

DEPT OF MATH & COMPUTER
SCIENCE

UN1V OF SAN DIEGO

SAN DIEO, CA 92110

(619) 2604600 EXT 4459

DAVID, JOHN

105 TUCKER HALL
UNIV MISSOURI
COLUMBIA, MO 65211
(314) 882.0120

DAVIS, THOMAS M

DEPT OF PLLANT SCIENCE/
GENETICS

UNIV OF NEW HAMPS!IIRE

DURHAM, NH 03824-3597

(603) 862-3217

DICKINSON, WINTFRED
DEPT OF BIOLOGY

UN1V OF STEUBENVILILE
STEUBENVILLE, OH 43952
(614) 283-3771

DOYLE, JAMES

DEPT OF BIOLOGY
AQUINAS COLLEGE
GRAND RAPIDS, MI 49506
(616) 459-8281 EXT 387

FREED, DR JAMES M
DEPT OF ZOOLOGY
OHIO WESLEYAN UNIV
DELAWARE, OH 43015
(614) 369-4431 EXT 400

GORMAN, MARK
BALDWIN-WALLACE COLL
LIFE SCIENCE BLDG
BEREA, OH 44017

(216) 826-2217

GRANT, WILLIAM F
GENETICS IARORATORY
P.0. BOX 4000
MACDONALD CAMPUS
McGILL UNIV

STE ANNE DE BELLEVUE
QUEBEC HIX 1C0 CANADA

HEDMAN, STEPHEN C
DEFPT OF BIOLOGY
221 LIFE SC1 BLDG
UNIV OF MINNESOTA
DULUTH, MN 55812
(218) 726-8122

JOHNSON, DAVID W
DEPT OF BIOLOGY
CONCORDIA COLLEGE
MOORHEAD, MN 56560
(218) 299-3085

JOHNSON,IVAN M
DEPT OF BIOLOGY
CONCORDIA COLLEGE
MOORHEAD, MN 56560
(218) 299-3085

KONISKY, JORDAN
SCHOOL OF LIFE SCIENCES
UNIVERSITY OF ILLINOIS
CHAMPAIGN, 1L 61801

(217) 333-3044

KRAUSE, DR ELIOT

DEPT OF BIOLOGY
SETON HALL UNIV
SOUTH ORANGE, NI 07079
(201)761-9532

LA BAR, MARTIN

CENTRAL WESLEYAN
COLLEGE

CENTRAI . 8C 29630

(803) 639-2453

NICKLA, HARRY
DEPT OF BIOLOGY
CREIGHTON UN1V
OMAIIA, NE 68178
(402) 280-2811

OLIVIERE. JAMES
P.O.BOX 271
MONTGOMERY, AL 36195
(205) 293-4467

PIPERBERG. JOEL B
DEPT OF BIOLOGY
SIMMONS COLLEGE
300 THE FENWAY
BOSTON, MA 02115
(617) 738-2196

SEAGER, BOB

DEPT OF BIOLOGY

UNIV OF NORTHERN I0WA
CEDAR FALLS, 1A 50614
(319) 273-2670

SHAFI, M1
DEPT OF SCIENCE & MATH

RUST COILEGE
HOLLY SPRINGS, MS 38635
(601) 252-4661

SKAVARIL, DR RUSSELL v
DEPT OF GENETICS

SHIO STATE UNIV
COLUMBUS, OH 43210
(614) 422-1310

STANSFIELD, WILLIAM
DEPT OF BIOL SCIENCE

CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) S46-2875

STONE, LARRIE E
DANA COLLEGE
BLAIR, NE 68008

(402) 426:4101 EX'T' 229

TAUB, STEPHAN R
GEPT OF BILLOGY
GEORGE MASON UNIV
FAIRFAX, VA 22030
(703) 323-2181

TORRES, ANDREW M
DEPT OF BOTANY
UNIV OF KANSAS
LAWRENCE, ES 66044
(913) 864-4257

ULRICH, KARI.

WESTERN MONTANA COLL
UNIVERSITY OF MONTANA
DILLON, MT 59725

(406) 683-7358

VAN AMBURG, GERALD L.
DEPT OF BIOLOGY
CONCORDIA COLLEGE
MOORHEAD, MN 56560
(218) 299-308S

VERCH, RICHARD
DEPT OF BIOLOGY
NORTHLAND COLLEGE
ASHLAND, WI 54806
(715) 6824531 EXT 335

WALKER, RICHARD
STERLING COLLEGE
STERLING, KS 67579
(316) 278-2173

WILHELM, DALLAS
DEPT OF BIOLOGY
HASTINGS COLLEGE
HASTINGS, NE 68901
(402) 461-7382

WOLF, THOMAS M

DEPT OF BIOLOGY
WASHBURN UNIV OF TOPEKA
1700 COLLEGE AVE

TOPEKA, KS 66621

\913) 295-6768

HEMATOLOGY

GRADY, DAVID V

DEPT OF BIOL SCIENCES
CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2883

KEETE. } RICHARD

DEPT OF ANATOMY

CASE WESTERN RESERVE U
CILEVELAND, OH 44106

(216) 368-2656

HISTOLOGY

ADAMS, DON

DEPT OF VETERINARY
ANATOMY

IOWA STATE UNIV

AMES, 1A 50011

(515) 294.7710

BENNETT, THOMAS E
DEPT OF BIOLOGY
BELLARMINE COLLEGE
NEWBURG ROAD
LOUISVILLE. KY 40205
(502) 452-8198

BERNSTEIN, MAURICE H

DEPT OF ANAT & CELL BIOL.

WAYNE STATE UNIV SCHOOL
OF MEDICINE

CETROIT, MI 48201

(313) 577-1029

BLACK, IOEB

DEPT OF BIOLOGY
LOUISIANA COLLEGE
LOUISIANA COLIL STATION
PINEVILLE, LA 71359

(318) 487-7611

HAKIM, RAZIEL §

DEPT OF ANATOMY
COLLEGE OF MEDICINE
HOWARD UNIVERSITY
WASHINGTON, DC 20059
(202) 636-6555

HARMIS, THOMAS M

DEPT OF ANATOMY

MEDICAL COLL OF VIRGINIA
BOX 709

RICHMOND, VA ©'  8-0001

(804) 789-9534

HERRO*, MARY A

BIOMED LEARNING RES CTR
COLLEGE VETERINARY MED
TEXAS A&M UNIV

COLLEGE STATION, TX 77843
(409) 845-1780

JENSH, RONALD P

DEPT OF ANATOMY
JEFFERSON MEDICAL COLL
1200 LOCUST ST
PHILADELPHIA, PA 19107
(215) 928-6633

KEETE, ] RICHARD

DEPT OF ANATOMY

CASE WESTERN RESERVE U
CLEVELAND, OH 44106

216) 368-2656

KESSLER, SISTER IRM2
DEPT OF BIOLOGY
COLLEGE OF ST ELIZABETH
CONVENT STATION, NJ 07961
(201) 539-1600

MEYERS, PAUL.E
DEPY OF BIOL CHEM &
STRUCTURE
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THE CHICAGO MED SCH
3333 GGREEN BAY RD NORTH
CHICAGO 11, 60064

(708) §78-3000 EXT 458

MICKUS, JOHN

DEPT OF BIOLOGY

ILLINOIS BENEDICTINE COLL
LISLE, 1L 60532-0900

(312) 960-1500 EXT 509

PADAWER, JACQUES

DEPT OF ANAT & STRUCT
BIOLOGY

ALBERT EINSTEIN COLL MED

BRONX, NY 10461

(212) 430-3057

PAULSEN, DOUGLAS F
DEPT OF ANATOMY
MOREHOUSE SCH OF MED
720 WESTVIEW DR SW
ATLANTA, GA 30310

(404) 752:1559

VOORHEES, FRANK RAY
DEPT OF BIOLOGY
CENTRAL MISSOURI STATE

UNIV, WCM 306
WARRENSBURG, MO 64093
(816) 429-4933

WILLISTON, JORN §

DEPT OF BIOLOGY

SAN FRANCISCO STATE UNIV
1600 HOLLOWAY AVE

SAN FRANCISCO, CA 94132
(415) 584-5319

IMMUNOLOGY

ALBRITTON, WILLIAM L
DEPT OF MICROBIOLOGY
UNIV OF SASKATCHEWAN
SASKATOON, SK S7IN 0W0
CANADA

(306) 966-430%

BAUR, JOUN M

DEPT OF BIOLOGY
BRECCIA COLLEGE

120 WEST SEVENTH ST
OWENSRORO, KY 42301
(502) 685-3131 EXT 276

BRAWNER, THOMAS A
DEPARTMENT OF BIOLOGY
CARTHAGE COLLFGE
KENOSHA, W1 53141

(414) 551-8500 EXT 373

CREUTZ, CHARLES
DEPT OF BIOLOGY
UNIV OF TOLEDO
2801 W BANCROFT ST
TOLEDO, OH 43606
(419) 537-4159

DRUECKER, JAY DEE
CHADRON STATE COLLEGE
CHADRON. NE 69337

(308) 432-6298

HALL, LEO
PHILLIPS UNIV
BOX 2000 UNIV STATION

LA BAR, MARTIN

CENTRAL WESLEYAN COLL
CENTRAL, §C 29630

(803) 639-2453

LEVINSON, WARREN

DEPT OF MICROBIOLOGY
UNIV CALIF, S5AN FRANCISCO
SAN FRANCISCO, CA 9414}
(415) 476-8197

SMITH, ROGER

DEPT VET PATHOLOGY
TEXAS A&M UNIVERSITY
COLLEGE STATION, TX 77843
(409) 845-3827

SPITZNAGEL, DRJOHN K

DEPT OF MICROBIOLOGY &
IMMUNOLOGY

EMORY UNIV SCH OF MED

502 WOODRUFF MEM BLDG

ATLANTA, GA 30322

(404) 727-5947

STANSHELD, WILLIAM
DEPT OF BIOI. SCIENCE
CAL POLYTECH STATE UNIV
SAN LUIS ORISPO, CA 93407
(805) 546-2873

VOORHEES, FRANK RAY
DEMT OF BIOLOGY
CENTRAL MISSOURI STATL

UNIV, WCM 306
WARRENSBURG, MO 64093
(816) 429-4933

WILHELM, DALLAS E
BIOLOGY DEPARTMENT
HASTINGS COLLEGE
HASTINGS, NE 68901
(402) 461-7382

WOLF, THOMAS M

DEPT OF BIOLOGY
WASHBURN UNIV OF TOPEKA
1700 COLLEGE AVE

TOPEKA, KS 65621

(913) 295-6768

INSTRUCTIONAL DESIGN

HEESTAND, DIANE

! EARNING RESOURCES
MERCER SCH OF MEDICINE
MACON, GA 31207

(912) 744-4026

INTERNAL MEDICINE

BETESH, DR JOEL

LAWRENCE PARK MEDICAL.
OFFICE

200( SPROUL ROAD

BROOMALL, PA 19008

(215) 359-1355

TALLEY, ROBERT C

UNIV OF SOUTH DAKOTA
2501 W 22ND ST

SIOUX FALLS, SD 57101
(603} 339-6790

WAIVERS, LEOE
UNIVERSITY HOSPITAL
NEW JERSEY MED SCH

NEWARK, NJ 07103
(201) 456-6057

LABORATORY MEDICINE
FINE, JAMES S
DEPT LAB MED 8B-10
UNIV OF WASHINGTON
SEATTLE, WA 88195
(206) 548-6131

LIMNOLOGY
WHALLS, MARVIN )
DEPT OF BIOL. SCIENCE
CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(305) 546-1357

LIVESTOCK PRODUCTION
O.TIEN, I W
DEPT OF ANIMAL SCIENCE
OKLAHOMA STATE UNIV
STULLWATER, OK 74078
(405) 624-6070

MARINE SCIENCE
BOYNTON, DR JOHN E
STIJOSEPH'S COLLEGE
155 ROE BLVD
PATCHOGUR, NY 11772
(516) 654-3200

FORTNER. ROSANNE
OHIO STAVE UNIV
SCHOOL. OF NAT RES
2021 COFFEY ROAD
COLUMBUS, OH 43210
(614) 422-2265

SINGLETARY, ROBERT L.
DT OF BIOLOGY

UNIV OF BRIDGEPORT
HRIDGEPORT, CT' 06601
(203) 576-4265

MEDICAL TECHNOLOGY! ASS'T
GRADY. DAVIDV
DEPT OF BIOL SCIEMCES
CAL POLYTECH STATE UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2883

KLAAS, JUDY C

DEPT OF BIOLOGY
IRAMINGHAM STA ¥ COLL
BOX 2000

FRAMINGHAM, MA 170,
(617) 620-1220 EXT 459

ZEITTER,. SHIRLEY
DAVENPORT COLLEGE
415 EAST FULTON
GRAND RAPIDS, M1 49503
(616) 451-3511

MICROANATOMY
CARITHERS, JEANINE
DEPT VET ANATOMY
IOWA STATE UNIV
AMES, 1A 50011
(315) 294-78,/5

FEEBACK, DANIEL

DEPT OF ANATOMICAL $C1
PO BOX 26901 BMSB540

UNIV OKLA HEALTH SCI CTR

MICROBIOLOGY

ALDRIITON, WILLIAM L.
DEPT OF MICROBIOLOGY
UNLV OF SASKATCHEWAN
SASKATOUN, SK §IN 0W0
CANADA

(306) 966 4305

AROGYASAMI, JOSEPHINE
DEPT OF BIOLOGY
WESTMAR COLLEGE
LEMARS, (A 51031

(712) 546-7u81

BAUR, JOHN M

DEPT OF BIOLOGY
BRESCIA COLLEGE
OWENSBORO, KY 42301
(502) 685-3131 EXT 276

BRAWNER, THOMAS A
DEPT OF BIOLOGY
CARTHAGE COLLEGE
KENOSHA, W] 53141
(414) 551-8500 EXT 373

CALDWELL, DOUG

DEPTS OF APPLIED MICRO-
BIOLIX}Y & FOOD SCIENCE

UNIV OF SASKATCHEWAXN

SASKATOON, SK SN 0W0

CANADA

{306) 966-5026

DILLEHAY, DR JANE
DEPT OF BIOLOGY
GALLAUDET COLLEGE
WASHINGTON, DC 20002
(202) 651-5531

DOYLE, JAMES

DEPI OF BIOLOGQY
AQUINAS COLLEGE
GRAND RAPIDS, MI 49506
(616)459-8281 EXT 387

EISENSTARK, A

DEPT OF BIOL SCIENCE
UNILV OF MISSOURI
COLUMBIA, MO 65211
(314) 882-7098

EIDER, DR BEI'TY

DEPT OF BIOLOGY

GEORGIA SOUTHWESTERN C
AMERICUS, GA 31709

(912) 928-1250

GIHSON, LINDA

DEPI OF BIOLOGY

EASTERN WASHINCTON UNIV
CHENEY, WA 99004

(509) 359-2845

GRADY, DAVID V

DEPT OF BIOL SCIENCES
CAL POLYTECH STATE UNIV
SAN LULS OBISPO, CA 93407
(803) 546-2883

HAGEN, THOMAS ]

DEPT OF MICROBIOLOGY
UNIVERSITY OF GEORGIA
ATHENS, GA 30602

(471 542-2682

ENID, OK 73702 100 BERCEN ST OKLAHOMA CITY, OK 73190
(405) 237-4433 EXT 398 ROOM [.247 405) 271-2317 HALL. LEC
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PHILLIPS UNIV

BOX 2000 UNIV STATION
ENID, OK 73702

(405) 237-4433 [EXT 10K

HEIMBROOK, MARGARET I
DEPT OF BIOL. SCIENCES
UNIV OF NORTIHERN COLO
GREELLY, €O 80639

(303) 351-2644

HODGSON, DR LYNN M

NORTHERN = "ATE COLLEGE

BOX 613
ABERDEEN, SD 57401
(605) 222-2432

KLAAS, JUDY C

DEPT OF BIOLOGY
FRAMINGHAM STATE COLL
BOX 2(X%)

FRAMINGHAM, MA 01701
(617) 620-1220 EXT 45¢%

KRUSE, ANNA °
CABRINI COLLEGE
RADNOR, PA 19087
(215) 687-2100

LEVINSON, WARREN

DEPT OFF MICROBIOLOGY
UNIV CAL, SAN FRANCISCO
SAN FRANCISCO), CA 94143
(415) 476-8197

NIERLICH, DONALD P
DEPT OF MICROBIOLOGY
UCLA

LIFE SCIENCES 5304

LOS ANGELES, CA 90024
(213) §25-6720

OLIVIERE, JAMES

PO BOX 2N
MONTGOMERY, Al 36195
(205) 293-4467

PARKER, CHARLOTTE D
DEPT LIF MICROBIOLOGY
SCHOOL. OF MEDICINE M2 4
UNIV OF MISSOURI
COLUMRBIA, MO 65212

(314) v22.4152

PRESCOTT, LANSING M
DEPT OF BIOLOGY
AUGUSTANA QOLLEGE
29T AND S SUMMIT
SIOUX IFALLS, 81D 57197
(605) 336-4719

REDD, THOMASINA

DEPT OF NATURAL SCIENCE

ALDERSON-BROADDUS
COLLEGI

BOX 517

PHILIPPL, WV 26416

(304) 457-1700 EXT 243

SABOSKI, ELEANOR M
NEW ENGLAND COLLEGE
HENNIKER, NH 03242
(6U3) 428-2374

SCHADLIR, DANIEL 1.
DEPT OF BIOLOGY
OGLETHORPE UNIV

4484 PEACHTREL ROAD NE
ATLANTA, GA 30319-2797
(404) 261-1441 EXT 403

SINNAMON, WALT
CENTRAL WISLEYAN COLL
BOX 443

CENTRAL, SC 29630

(803) 639-2453 1EXT 356

SOBIESKI, ROD

DEPT OF BIOLOGY
EMPORIA STATY UNIV
1200 COMMERCIAL
EMPORIA, KS 66801
(3i6) 343-1200 EXT 5620

SOTTNEK, HENRY M

DEPT OF MED TECHNOLOGY
GEORGIA STATI UNIV
ATTANTA, GA 30303

(404) 658-3034

SPENCE, 1 1SLIE
1% INLZ COURT
WILLOWDALE, ONT M2M 12
CANADA

(416) 595-3079

SPITZNAGEL, DR JIONUN K

DEPT MICROBIOIL. & IMMUNOL.

EMORY UNIV SCH ML)

502 WOODRUIF MEM BLIXG
ATLANTA, GA 30322

(404) 727.5947

STONL, LARRIE [
DANA COLLEGE
RLAIR, NI 68008

(402) 426-4101 EXT 229

STRATTON, LEWIS P
DEPT OF BIOLOCGY
FURMAN UNIV
GREENVILLE, §C 29613
(803) 294-3249

ULRICH, KAR!.

WESTERN MONTANA COLL.
UNIV OF MONTANA
DILLON, MT 59725

(406) 683-7358

WALKER, RICIIARD
STERLING COLLEGE
STERLING, KS 67579
(316) 278.2173

WILHELM, DALLAS
DEPT OF BIOLOGY
HIASTINGS COLLEGE
HASTINGS, NI: 68901
(402) 463-2402 EXT 264

MODELING

WATROUS, JAMES

DEPT OF BIQLOGY

ST JOSEPH'S UNIV
PHILADELPHIA, PA 1913
(215) 879-7342

MOLECULAR BI0LOGY

BLERGQUIST, BART

DEPT OF BIOLOGY

UNIV OF NORTHERN IOWA
CLDAR FALLS, 1A 50614
(319) 273-2723

BOND, CLIFFORD

DEFT O MICROBIOLOGY
MONTANA STAI'i UNIV
BOZEMAN, MT 59717
(406) 9944130

DILLEHAY, DR JANE
DEPT OF BIOLOGY
GALLAUDET COLLEGE
800 FLORIDA AVE NE
WASHINGTON, D 20002
(202) 651-5531

GORMAN, MARK
BALDWIN-WALLACE COLL.
LIFE SCIENCE BL.IDG
BEREA, OH 44017

(216) 826-2217

HARLEY, CALVIN B
DEPT OF BIOCIHEMISTRY
McMASTER UNIVERSTIY
HAMILTON, ONT 18N 375
CANADA

(416) 525-9140 EXT 2040

KELLEN, JOIIN

DEPT BIOL. CHEM & STRUCT
CHICAGO MEDICAL SCHOOL.
3333 GREEN BAY ROAD
NORTH CHICAGO, 11. 60004
(708) 578-3221

KIEINSMITH, 1EWIS }
DEPT OF BIOLOGY

UNIV OF MICIHGAN

2056 NATURAL SCIENCE
ANN ARBOR, MI 48109-104%
(313) 763.3290

KONISKY, JORDAN
SCHOOL. OF LIFE SCIENCES
UNIVERSITY OFF I1.1LINOIS
CHAMPAIGN, I1. 61801

(217) 333.3044

PRESCOTT, LANSING M
DT OF BIOLOGY
AUGUSTANA COLLEGI
SIOUX FALLS, SD 57197
(605) 3364719

REDD, THOMASINA
DEPT OF NATURAL SCIENCE

ALDERSON-BROADDPUS COLIL

PHILIPPI, WV 26416
(304) 457-1700 EXT 243

TOWLE, DAVID W

DEPARTMENT OF BIOLOGY
LAKE FOREST COLIEGE
LAKE FOREST, 1. 60045
(708) 234.3100 EXT 347

WOLF, THOMAS M
DEPT OF BIOLOGY

WASHBURN UNIV OFF TOPEKA

1700 COLs.EGE AVE
TOPEKA, KS 66621
(913) 295-6768

MOLECULAR GENETICS

HALL, LEO

PHILLIPS UNIV

BOX 2000 UNIV STATION
IINID, OK 73702

(405) 2374433 EXT 398

NIERLICIL DONAID P
DEPT OF MICROBIOLOGY
UCLA

LIFE SCIENCLES 5304

[.OS ANGELLS, CA %024
(213) #25-6720

NATURAL HISTORY
GAMBS, ROGER
DEPF OF BIOL SCIENCE
CAL POLYTECH STATE UNIV
SAN LUIS OBISIO, CA 93407
(805) 546.2551

NEUROANATOMY
MEYERS, PAUL I
DEPT OF BIOL CHEM &STRUCT
THE CHICAGO MED 5CIT
NORTH CHICAGQ, 11. 60064
(708) 578-3000 EX'I" 458

NEUROBIOLOGY!/
NEUROSCIENCE
BUCHNOLZ, ROBERT 11
DEPT OF BIOLOGY
MONMOUTH COLLEGE
MONMOUT, 1I. 61462
(309) 457-2350

COULTER, DWIGITT B
COLLEGE OF VET MED
UNIV OF GEORGIA
ATIIENS, GA 30602
(404) 542.5728

NEAIFSEY, 1)

DEIT OF ANATOMY
LOYOLA UNIVMED CIR
MAYWOOD, 11. 60153
(312) 531-3355

PETERS, RALPH
DEPARTMLNT OF BIOLAXGY
LYNCHBURG COLLEGE
LYNCHBURG, VA 24501
(R04) 522-8367

RALSTON, 11 ]

DEPT OF ANATOMY §-1334
UNIV OF CAL, SAN FRANCISCO
SAN FRANCISCO, CA 94143
(415) 476-1861

STOUT, JOIIN

DEPT OF BIOLOGY
ANDREWS UNIV

BERRIEN SPRINGS, MI 49104
(616) 471-324)

YORK, DR DONAID If
DEPT OF PHYSIOLOGY
UNIV Ol MISSOUR]

MA41S MEDICAL SCI BLDG
COLUMBIA, MO 65212

(314) 882-7168

NURSING
ABBATE, DI
COLLEGE Ol NURSING
UNIV OF RHODE ISLAND
KINGSTON, RI 02841
(401) 7922766

HENEDICT, DR SUSAN

209 MOUNT AIN RIDGE DRIVE
HUNTSVILLE, Al 35801

(205) 536-7101
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BUDIN, WENDY
COLLEGE NURSING
SETON HALL UNIV
SOUTH ORANGE, NJ 07079
(201) 761-9299

ClAUS, SACPIKO K

DEPT OF NUR SING

SAGINAW VALLEY STATE
COLLEGE

UNIVERSITY CTR, MI 48710

(517) 790-4129

DREHER, MARY ANN
25034 SHEFITELD ROAD
GLEN ELLYN, I1. 60137

GARDINER, MARY

RED DEER COLLEGE

RED DEER, ALBERTA TSN SHS
CANADA

(403) 342-3362

GROBLE 8]

SCHOOL OF NURSING
UNIV OF TEXAS
AUSTIN, TX 78701
(512) 471-7311

HASKIN, DOUGLAS E
SCHOOL. OF NURSING
UNIV TEXAS MEDICAL

BRANCIH R-49
GALVESTON, I'X 77550
(409) 761-1577

HODSON, KAY K

SCHOOL. OF NURSING CN35S
BALL STATE UNIV

MUNCIE, IN 47306

(317) 285.5583

KRISTENSEN, KAREN
TRICOLLEGE UNIV OF NURS
NORTH DAKOTA STATE UNIV
FARGO, ND 58108

(701) 237-8170

KUREN, KATHERINHE
COLLEGE OF NURSING
SIEETON HALL UNIV
SOUTH ORANGE, NJ 07079
(201) 761-9303

LARSON, DONNA

SCHOOL. OF NURSING
GRAND VALLEY STATE UNIV
ALLENDALE, MI 49401

(616) 8953558

LIBEY, TERRY

DEFT OF HEALTH CAREERS

LANSING COMMUNITY
COLLEGE

419 N CAPITOL. AVE

LANSING, M1 48901.7211

LOUIS, MARGARET

DEPT OF NURSING

UNIV OF NEVADA, L AS VEGAS
LAS VEGAS. NV 89154

MIKAN, KATH!LEEN
SCHOOL. OF NURSING

U ALABAMA AT BIRMINGHAM
BIRMINGHAM, Al 35294
(205) 934.4837

MURRAY, LAURIE R
COLLEGE OF NURSING
UNIV OF RHONDE ISTAND
KINGSTON, R! 02881-0814
(401) 792-2766

RONALD. DR JUDITH
SCHOOL. . & NURSING
SUNY AT BUFFALO
BUFFALO, NY 14214
(716) 831-3045

SCHARF, MARY ANN
COLILEGE OF NURSING
SETON HALL UNIV
SOUTH ORANGE, NJ 07079
(201) 761-9293

SINCLAIR, VAUGHN G

VANDERBILT UNIV SCHOQL.
OF NURSING

NASHVILLE, TN 3723%

(615) 322-2813

SKIHA, DIANE

UNIV COLORADO HEALTH
SCIENCE CENTER

CENVER, CO 80262

WHITE, JOYCE E

LINIV OF PITTSBURGH
426 VICTORIA BLIDCG
PITTSBURGH, PA 15261
(412) 624-3835

NUTRITION

DICKINSCN, WINIFRED
DEPT OF BIOLOGY

UNIV OF STEUBENVILLE
STEUBENVILLE, OH 43952
(614) 283-3771

HARROLD, ROBERT

DEPT OF ANIM & RANGE SCi
NORTH DAKOTA SYATE UNIV
FARGQO, NI 58108

(701) 2. *-7659

HESTON, WM

CTR FOR NATURAL SCIENCES
NEW YORK INST TECH

OLD WESTBURY, NY 11568
(516) 686-7665

HU, CHING YUAN

DEPT OF ANIMAL SCIENCE
OREGON STATE UNIV
CORVALLLIS, OR 97331

(503) 754-4761

OLTIEN,J W

DEPT OF ANIMAL SCIENCE
OKILAHOMA STATE UNIV
STIL1.WATER, OK 74078
(40%) 624-6670

SCHNEIWEISS, JEANNETTE W
DEPT OF BIOLOGY

HOISTRA UNIV
HIEEMPSTEAD, NY 11550

(516) 560-5521

SHORT, SARAH 1
SYRACUSE UNIV

112 SLOCUM HALL
SYRACUSE, NY 13244.1250
(315) 423-2386

WAGNER, MARTIN §

DEPT OF BIOCHEMISTRY
BAYLOR COLIL OF DENTISTRY
DATLAS, TX 75246

(214) 828-8261

ORAL HISTOLOGY

FEEBACK, DANIEL

DEPT OF ANA  SCIENCE
UNTV OF OKIA HLTH SCICTR
PO BOX 26901 RMSB540
OK1.AHOMA CITY, OK 731%0
(405) 271-2377

ORAL PATHOLOGY

AHBLY,LOUIS M

DEPT OF ORAL PATHOLOGY

VIRGINIA COMMONWEALTH
UNIVERSITY

BOX 566 MCV STATION

RICHMOND, VA 23298

(804) 786-0547

FINKELSTEIN, MICHAEL
DEPT OF ORAL PATHOLOGY
COLLEGE OF DENTISTRY
UNIV OF IOWA

IOWA CITY. 1A 52242

(319) 353-7370

ORNITHOLOGY

CYR, ANDRE

DEPT OF BIOLOGY
UNIV OF SHERBROOKE
SHERBROOKE, QUEBEC
CANADA JIK 2R

(819) 821.70174

PARRISH, DR JOIN
DLEPT OF BIOLOGY
EMPORIA STATE UNIV
EMPORIA, KS 66801
(316) 343-1200

VERCH, RICHARD
DEPT OF BIOLOGY
NORTHLAND COLLEGE
ASHLAND, W] 54806
(715) 6824531 EXT 335

PARASITOLOGY

BAUR,JOHNM

DEPT OF BIOLOGY
BRESC'A COLLEGE
OWENSBORO, KY 42304
(502) 685-3131 EX'T 276

HILTON, DONALD ¥}

DEPT OF BIOL. SCIENCES
BISHOPS UNIV
[ENNOXVILLE QUE IIM 177
CANADA

(819) 569.9551

PATHOLOGY

FEEBACK, DANIEL

DEPT OF ANAT SCIENCE
UNIV OF OKLA HLTHSCE CIR
PO BOX 26901 BMSBS540
OKLAHOMA CIT'Y, OK 73190
(405) 271-23717

GANDER, G WM

DEPT OF PATHOLOGY
MIDICAL COLL. OF VIRGINIA
BOX 662

RICHMOND, VA 23298

(804) 786-7719

JOTHY, DR SERGL

DEPT OF PATHOLOGY
McGILL UNIV

3775 UNIVERSTTY ST
MONTREAL, QUEBEC H3A 2134
CANADA

(514) 842-1231

KIL.AAS, JUDY ¢

DEPT OF BIOLOGY
FRAMINGHAM STATE COLL.
BOX 2000

FRAMINGHAM, MA 0170]
(617) 620-1220 1XT 459

LEIGHTON, FREDERICK A
DEPT OF VET PATHOLOGY
UNIV OF SASKATCIHEWAN
SASKATOON, SK §7TN (W0
CANADA

(306) 9667293

MASSEY, K LORNE

DEPT OF PATHOLOGY
COLLEGE OF MEDICINE
UNIV OF SASKATCIHEWAN
SASKATOON, SASK SIN aowo
CANADA

(306) 966-2167

McMANNO, BRUCE

DEPMT OF PATHOLOGY
UNIV NEBRASKA MID CIR
42ND & DEWEY AVE
OMAHA, NI 68105

(402) 559-5192

PALMER, KENNETH ¢

DEPT OF PATHOLOGY
WAYNE STATE UNIV SCH MED
DETROIT, Ml 48201

(313) 577-5152

YOSHIMURA, MICHAEL A
DEPT OF BIOLOGICAL SC')
CAL POLYTECH STATE UNIV
SAN LULS OBISPO, CA 9347
(805) 546-2466

PEDIA(RICS

1.ARSON, DONNA

SCHOOIL. OF NURSING
GRAND VALLEY STATE UNIV
ALLENDALL, M1 49401

(616) 895-3558

WINTER, ROBERT J
CHILDREN'S MEMORIAL HOSP
2300 CHILDREN'S PILAZA
CHICAGO, 11. 60614

(312) 8804196
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AIMS AND SCOPE  The goal of Computers in Life Science Education is 1o provide ameans of communication among
life science educators who anticipate or are currently eniploying the computer as an educational
tool. The range of content includes, but is not limited to, articles focusing on computer appli-
cations and their underlying philosophy, reports on faculty/student experiecnces with computers
in teaching environments, and softwarc/hardware reviews in both basic science and clinical
education settings.

INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Education are invited for possible
publication in the newsletter.

PREPARATION AND SUBMISSION OF MATERIAL

Artlcles submitted for publication should be typewritien, double spaced, with wide margins. The
original and two copies including two sets of figures and tables should be sent to the Editor:
Dr. Harold Modell, NRCLSE, P.O. Box 51187, Seattle, WA 98115-1187,

Tltle page should include full title, list of authors, academic or professional affiliations, and
complete address and phone number of the corresponding author.

Hlustrations should be submitted as original drawings in India ink or sharp, unmounted
photographs on glossy paper (Laser printer output is acceptable). The lettering should be such
that it can be legible after reduction (width of one column = 5.7 cm).

Reference style and form should follow the "number system with references alphabetized”
described in the Council of Biology Editors Style Manual. References should be listed in
alphabetical order by the first author's last name, numbered consecutively, and cited in the text
by these numbers.

RESPONSIBILITY AND COPYRIGHT

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors
submitling manuscripts will be sent a copyright transfer form to complete. The completed fornn
must be retumned before the work will be published.

SUBSCRIPTION INFORMATION Computers inLife Science Education is published monthly by National Resource for Computers
inLife Science Education, P.0. Box 51187, Scattle, WA 98115-1187. Subscription rate is $40.00
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of the world.

This newsletter has been registered witii the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal or internal use of specific
clients. This consent is given on the condition that the copier pay through. the Center the per-copy
feestated in the code on the first page for copying beyond that permitted by the US Copyright Law.
If no code appears on an article, the author has not given broad consent to copy and perniission
to copy nust be obtained directly from the author. This consent does nol extend to other kinds
of copying, such as for general distribution, resale, advertising and promotional purposes, or for
creating new collective works.

Address orders, changes of address, and claims for missing issues to NRCLSE, P.O. Box 51187,
Scattle, WA 98115-1187. Claims for missing issues can be honored only up to three months for
domestic addresses and six months for foreign addresses. Duplicate copies will not be sent to
replace ones undelivered due to failure to notify NRCLSE of change of address.

Address editorial correspondence to Harold 1. Modell, PhD, NRCSE, P.0). Box 51187, Scatile,
WA 98115-1187. (BITNET MODELL@UWALQOCKE)

POSTMASTER: Send address changes to Computers in Life Science Education, NRCLSE, P.O.
Box 51187, Scattle, WA 98115-1187.
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DESIGNING COMPUTER BASED
TUTORIALS TO REINFORCE
REASONING SKILLS

Harold 1. Modell

National Resource for Computers in Life Science FEducation, Seattle, Washington

Ralph, in his recent description of biol-
ogy courseware development for under-
graduates, made the interesting observa-
tion that college students scem w prefer
working with courseware having a tuto-
rial rather than a simulation format.*
What distinguishes a “tutorial” from a
“simulation™? From astudent’s perspec -
tive, the “tutorial™ is designed to impart
specific information, while the simula-
tion is designed o provide an environ-
ment in which the student “discovers™ in-
formation.  Perhaps the apparent prefer-
ence for tworials reflects the training that
most students reccive, beginning in high
school and continuing through their
undergraduate (and, in some cases, their
graduate) carcers. The entering medical

5:

¢

student, forexample, isa highly competi-
tive individual whose learning skills
have been directed toward achieving
high scores on fact oriented, multiple
choice examinations."® How many times
have we heard students say, “Just well me
what I nced o know to pass the exam!™

The traditional tutorial format does just
that.  Screens of information are pre-
sented, sometimes with color illustra
tions, animation or other wtention-get-
ting devices, followed by a scries ol
questions. Based onthe student response
to the questions, additional information
is presented, again in a manner that re-
quires the studentonly toserve asarecep-
tacle for the information.

A successful science curricuslum should

0742 3233/90/30.00 + 2.00
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F¥PRCESE

' l
A ey b e e s
'
[ v
PENCISCE SR . LI ceta an .
Chambers ft and B hoth cantain watrr.
They are separated Ly * nemiperncalle
membirane. The water moiccales are amal

nnough 1o paws thraagh the membrane,
but ?nrqop moalecules can not.

Cp,e » any key to continue)

For our first experiment, we'tl add
wome sucrast to ane oide of the
apparatus until we have a 12 wotution.

tnto which side of the chamber sbhould
wt odd the sucrose (A upr B)? A

Cpressy Rackeyace to review ort up)d

Cpress any key to continue)

FIGURE 1. Series of screens frorm osmosts tutorial demonstrating the result of placing a 1% sucrose solution on one side of a semipermeable
membrane. Left Panel : The experimental setup is explained. Middle Panel : The experiment is defined. Right Panel: Theresults of the experiment.

be directed toward helping the student
develop investigative problem solving
skills in addition to providing content
information in a specific discipline and
promoting a positive attitude toward sci-
cnce.  In other words, the curriculum
should deal with the scicntific reasoning
process as well as specific factual con-
tent. Computer-based Icarning materi-
als, as part of such a curriculum, should
also help students develop their reason-
ing skills.

Traditional tutorials, however, scldom
include a component designed to rein-
force scientific rcasoning or problem-
solving skills. What options arc avail-
able for including such a component?
Somc authors have incorporated simula-
tions into teaching programs.>® In these
programs, students predict how the
modcl will behave under a specific set of
conditions. The modsl is then run, and
descrepancics between the predictions
and the actual model results are “dis-
cussed” with the student. The objective
in these exercises is to help students
develop the ability to analyze the behav-
ior of complex systems.

Another approach is to rcinforce the
notion of posing and testing hypothescs
by having the students test their answers
(hypotheses) to the tutorial questions by
running experiments. In this case, simu-
laiions arc again incorporated into the
tutorial. A rccently developed tutorial
dealing with osmotic pressurc and os-
motic rclationships scrves to illustrate

this approach.

The tutorial begins with a4 demonstra-
tion of watcr movement in an osmomelter
after a 1% sucrose solution is added to
onc side of the scmipermeable mem-
branc (Figurc 1). The next several
screcns ask the student what took place,
cxplain the phcenomenon, and define
osmotic pressure. In asking the student
what happened, the program begins to
decal with the process of data gathering.
The studentis thenasked whether the size
of the particles, the number of particles,
or both determine the osmotic pressurc
(Figure 2). No information regarding the
answecr to this question is presented in the
previous screens. Thus, the student must
form an hypothesis. In thc cxample
shown in Figure 2, the student has hy-
pothesized that the size of the molecules
is an important factor. The program then
allows the student to test this hypothesis

by providing a simulated osmomeler
with several choices for the molccules
placed on onc side of the osmomeler
membranc (Figure 3). Upon completing
the experiment, the student may choose
to run another experiment or choosc 10
stop gathering data. Ifthe student has not
run atleasttwo experiments, the program
reminds him thatthere is insufficient data
with only onc cxperiment to test the pro-
poscd hypothesis. The student must then
run a sccond cxperiment. If sufficient
data have been gathered to test the hy-
pothesis, the program asks if the data
support the proposed hypothesis. The
program responsc provided following
the correct choice reinforces the ob-
scrved results of the experiment rather
than ' restating the correct answer.

PROS AND CONS
It is clear that this approach forces the

Now that we have defined osmotio
pressure.... 1s it

A) the size (eiq.. molecular weight) of
es

the rartic
B) the number of particles
C) Loth the size & number of particles

e side of *he semipermneable
ﬁQn%Qane that determines the osmotic
pressure?

CHOICE? A

(press Baokspace to review definition?

Let’s run sowme oxfcrznents to find out
if Yyou are correct.

Your hypothesis 1s that particle
s1ze determines the osmotic
pressure .

(press any ke to continue)

FIGURE 2. The student is asked a question without the benefit of prior information from the
tutorial. The answer becomes an hypothesis to be tested (see text).

ol
I
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student 1o engage more actively in a sci-
entific reasoning process than the more
traditional format that presents informa-
tion and reinforces that information by
asking fact-based questions. It is also
clear that this tutorial takes more time to
complete than a traditional tutorial cov-
cring the same information.  One must
ask if this time is well spent. That is, will
students using tutorials of this design
begin applying the hypathesis posing-
testing approach toothermodesof study?
ttis doubtful that one tutorial would have
suchanimpact. However,whenacritical
mass of tutorials with this design have
been developed, studies can be designed
to address this question.

CONCLUSION

We must, when desighing tutorials, ad-
dress the issue of whether such software
should focus exclusively on content or
should process also be an important con-
sideration.  If, as teachers, we feel that
knowing how to deal with information is
as important a lesson as the specific facts
of a content arca, we must do more o
incorporate process into our teaching
malterials. Perhaps using “simulatons”
as a vehicle for assessing responses in
“tutorials™ will provide the added ingre-
dient that truly distinguishes the com-
puter wtorial from the high-tech text-
book.
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FIGURE3. Ascriesof screens presented inresponse to the student’s hypothesis that particle size
deterniines osmotic pressure. Upper left. The available experiments are defined. Upper right

The student has run an experiment with glucose. Lower left - The student has decided 10 stop
collecting data and must make a conclusion based on the observed data. Lower right The

program reinforces the correct conclusion.

CLSE 1990 COLLEAGUE
DIRECTORY - PART 3

oal of  the National Re-
source fogomputers in Life Science
Education (NRCLSE) is to cultivate col-
laborative cfforts among  life science
facully interested in using the computer
as a leaching tool.

The histing that follows is a continu-
ation of the 1990 directory published Last
month. Itisupdated from the 1988-89 di-
rectory and was drawn primarily froni re-
spondents to questionnaires printed in
CLSE (sec page 8 in the January C1LSE).
Itis intended to help readers identify col-
leagues with common interest arcas.

The listings are arranged by the content
arcas identified n response 1o the ques-
ton, "What content arcas do you teach?”
As a result, entries may appear under
more than onc heading.

The primar

£)Ll

Although every attempt has been made
to ensure that the information is carrent
and correct, it is likely that some crrors
appear i this list,. We apologize in ad-
vance for any inconveniences that may
arise due to such oversights.

I youare aware of other colleagues that
should be listed, please encourage them
to return the questionnaire that appeared
on page 8 of the January issuc of CLSE,
or send their names, addresses, phang
numbers, BITNET addresses, and teadi,
ing conlent areas Lo

NRCLSE

P.O. Box §1187

Scattle, WA 98115-1187
or letus know via BITNET. NRCLSE's
BITNET address is MODELL@
UWALOCKE.,

ry
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PHARMACOLOGY

BEHEL, MARGARET A
ROUTE 3 BOX 77

PHIL CAMPBELL., Al 35585
(208) 993-5331

CONAHAN, SHAWN T

DEPT OF PHYSIOLOGY

LLOUISIANA STATE UNIV MED
CENTER

1901 PERDIDO ST

NEW ORLEANS, 1.A 70112

(504) 582-5783

GOLDSTEIN, DORA B
DEPI OF PHARMACOLOGY
STANFORD UNIVERSITY
SCHOOL. OF MEDIKCINE
STANFORD, CA 94305

(415) 723-6038

GWINN, DR JOHN F
DEPT OF BIOL.OGY
UNTV OF AKRON
AKRON, OH 44325
(216) 375-7160

HAGEN, STANLEY VON
DEPT OF PHARMACOLOGY
NEW JERSEY MED SCIIOOL.
NEWARK, NJ 07103

(201) 456-4385

SPECHT, PHILIPC
PHARMACOLOGY DEPT
UPR MEDICAL SCHOOL.
GPO BOX 5067

SAN JUAN, PR 00936
(809) 758-2525 EXT 1300

SPYKER, D A

UNIV OF VIRGINIA SCHOOL.
OF MEDICINE

BOX 444

MEDICAL CENTER

CHARILOTTESVILLE, VA 22908

STULL, RICHARD E

BOX 522

UNIV ARKANSAS MED SCH
LITTLE ROCK, AR 72205
(501) 686-6057

PIYSIOLOGY

ABRAHAMS, VC

DEPT OF PHYSIOLOGY
QUEEN'S UNIVERSITY
KINGSTON, ONTARIO K71. 3N6
CANADA

(613) 547-3022

AMLANER, CHARLES ] Jr
DEFT OF ZOOLOGY

UN1V OF ARKANSAS
FAYETTEVILLE, AR 72701

AROGYASAMI, JOSEPHINE
DEPARTMENT OF BIOLOGY
WESTMAR COLLEGE
LEMARS, 1A 51031

(712) 546-7081

BASHOR, DAVID P

DEPT OF BIOLOGY

UNIV N CAROLINA AT
CHARLOTTE

(704) 597-4047

BAUR, JOUN M

DEPT OF BIOLOGY
BRESCIA COLLEGE

120 WEST SEVENTH ST
OWENSBORO, KY 42301
(502) 685-3131 EX'T 276

BENNEITT, THOMAS E
DEPT OF BIOLOGY
BELLARMINE COLLEGE
NEWBURG ROAD
LLOUISVILLE, KY 40205
(502) 452-8198

BERG, VIRGINIA

DEPT OF BIOLOGY

UNIV C F NORTHERN IOWA
CEDAR FALLS, IA 50614
(319) 273-2770

BERGQUIST, BART

DEPT OF BIOLOGY

UN1IV OF NORTHERN {OWA
CEDAR FALLS, LA 50614
(319) 273-2723

BEUMER, RONALD J
BIOLOGY DEPT

ARMSTRONG STATE COLLEGE

SAVANNAH, GA 31419
(912) 927-5314

BORQUEZ, DR RICARDO 1 EON

UNIV AUTO GUADALAJARA

1.LOMAS DEL VALLE 1ERA
SECC

GUADALAJARA

MEXICO JAL. 1-440

BOYLE, JOSEPH

DEPT OF PHYSIOLOGY
NEW JERSEY MED SCHOOL
185 S ORANGE AVE
NEWARK, NJ 07103

(201) 456-4464

BROOKE. DrJOUN D
NEUROPHYSIOLOGY LAR
UNIVERSITY OF GUELPH
SCHOOL. OF HUMAN BIOLOGY
GUELPH, ONTARIO NIG 2wW!
CANADA

(519) 824-4120 EXT 3416

BROWN, DAVID E

DEPT OF ANIMAL. SCIENCE
UNIV OF NEVADA AT RENO
RENO, NV 89557-0004

(702) 784-1629

BROWN, LES

DEPT OF NATURAL SCIENCES
GARDNER-WEBB COLLEGE
BOILING SPRINGS, NC 28017
(704) 434-2361 EXT 247

BROWN, RANDALL E
HUNTINGTON COLLEGE
2303 COLLEGE AVE
HUNTINGTON, IN 46750
(219) 356-6000 EXT 2000

BROWN, SCOTT
DEPY OFF PHYSIOLOGY

COLL OF VETERINARY MED
ATHENS, GA 30602
(404) 542.5860

BRUMLEVE, STANLLEY )
DEPT OF PHYSIOLOGY
SCHOOL OF MEDICINE
UNIV OF NORTH DAKOTA
GRAND FORKS, ND 58202
(701) 777-3974

RUCHHOL.Z, ROBERT H
DEPT OF BIOLOGY
MONMOUTH COLLEGE
MONMOUTH, IL 61462
(309) 457-2350

BURNS, DR THIOMAS A

DEPT OF BIOLOGY &
MICROBIOLOGY

NORTHWESTERN STATE UNIV

NATCHITOCHES, LA 71497

(318) 357-5323

CAMERON, DAVID G
DEPT OF BIOLOGY
MONTANA STATE UNIV
BOZEMAN, MT' 59717
{406) 994-2670

CAMPBELL, KENNETH
VCAPP

WASHINGTON STATE UNIV
PULLMAN, WA 99164-6520
(509) 335-6621

CAMPRELL, KEVIN P

DEPT OF PHYSIOL & BIOPIHYS
UNTV OF 10WA

IOWA CITY, A 52240

(319) 351-5833

CHEW, CATHERINE S

DEPT OF PHYSIOLOGY

MOREHOUSE SCHOOL. OF
MEDICINE

ATLANTA. GA 30310-1495

(404) 752- 1692

CHISLER, JOHUN A
GLENVILLE STATE COLLEGE
GLENVILLE, WV 26351

(304) 462-7361

CHRISTOFFERSON, JAY P

DEPT OF BIOLOGY

CALIFORNIA STATE UNIV AT
STANISLAUS

TURLOCK, CA 95380

(209} 667-3476

CLARK, FRANCIS !

DEPT OF PHYSIOLOGY

UNIV OF NEBRASKA MED (TR
42ND & DEWEY AVE

OMAHA, NE 68105

(402) 559-6478

CLARK, JAMES R

DEPT OF ANIMAL SCIENCE
TEXAS TECH UNIV

PO BOX 4169

LUBBOCK. TX 794(9-4169
(806) 742-2469

COCKERHAM, BILL

1717 8 CHESTNUT
FRESNO, CA 93702
(209) 453-2045

CONAHAN, SHAWN T

DEPT OF PHYSI0LOGY

LOUISIANA STATE UNIV MED
CENTER

1901 PERDIDO ST

NEW ORLEANS, LA 70112

(504) 582-5783

CONSIGNY, P MACKE

DEPT OF PHYSIOLOGY

MEDICAL COLLEGE OF
PENNSYLVANIA

3300 HENRY AVE

PHILADELPHIA, PA 19129

(215) 842-7059

CUBINA,JOSEFA M

DEPT OF LIFE SCIENCES
NEW YORK INST OF TECH
OLD WESTBURY, NY 11568
(516) 686-7622

CUENA, EUGENIO MARTIN
DPTO DE BIOLOGIA ANIMAL
FACULTAD DE CIENCIAS
UNIVERSIDAD DE GRANADA
GRANADA, SPAIN

202212 EXT 243

DEJONG, ALVIN A

DEPT OF BIOL. SCIENCE

CAL POLYTECH STATIL UNIV
SAN LUIS OBISPO, CA 93407
(805) 546-2209

DE GRAW, WILLIAM A
DEPARTMENT OF BIOLOGY
UNIV OF NEBRASKA
OMAHA, NE 68182-0040
(402) 554-2401

DICKINSON, PROF C JOHN

DEPT OF MEDICINE

ST BARTHOLOMEW'S HOSP
MEDICAL COLLEGE

WEST SMITHFIELD, LONDON

ENGLAND ECIA7TBE

DICKINSON, WINIFRED
DEPI' OF BIOLOGY

UNLIV OF STEUBENVILLE
STEUBENVILLE, OH 43952
(614) 283-3771

DIGGINS, MAUREEN
DEPT OF BIOLOGY
AUGUSTANA COLLEGE
29TH ST AND S SUMMIT
SIOUX FALLS, SD 57197
(605) 3364809

DOBSON, ALAN

DEPT OF PHYSIOLOGY

NYS COLLEGE OF VET MED
CORNELL UNIV

ITHACA, NY 14853

(607) 253-3847

DOVE, LEWIS

DEPT OF BIOI. SCIENCES
WISTERN ILLINOIS UNIV
MACOMB, 1L 61455

CHARLOTTE, NC 28223 UNIVERSITY OF GEORGIA ~'I'RF.SNO PACIFIC COLLEGE (309) 298-1166
-8
6§
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DRUECKER, JAY DEE
CHADRON STATE COLLEGE
CHADRON, NE 69337

(308) 32-6298

DUGGAN, ELEANOR L,

BIOL.OGY DEPT

UNIV OF NORTH CAROLINA
AT GREENSHORO

GREENSBORO, NC 27412.5001

{919) 379.5839

ELDER, DR BETTY

DEPT OF BIOLOGY

GLEORGIA SOUTHWESTERN
COLLEGE

AMERICUS, GA 31709

(912) 928.1250

ERICKSON, HOWARD H
DEPT OF ANAT & PHYSIOL
COLL. OF VETERINARY MED
KANSAS STATE UNIVERSITY
MANHATTAN, KS 66506

(913) 5324503

EUSTIS-TURF, E1 IZABETH

ROX 694, MCV STATION

MEDICAL. COLLEGE OF
VIRGINIA

RICHMOND, VA 23298

(804) 786-9824

FANNING, MARSHA E
DEPT OF B10L.OGY
LENOIR-RHYNE (OLLEGE
HICKORY, NC 28603

(704) 328-7270

FERNER, JOHN W
DEPT Ur BIOLOGY
THOMAS MORE COl1 KGE

- CRESTVIEW HILLS, KY 41017

(606) 344-3374

FREFD, DR JAMES M
DEPT OF ZOOLOGY
OHIO WESLEYAN UNIV
DEI.AWARE. OH 43015
(614) 369-4431 EXT 400

GRAY.F HARRIET

HOLLINS COLLEGE

BOX 9616

HOLLINS COLILEGE. VA 24020
(703) 362-6543

GREEN, JONATHAN
DEPT OF BIOLOGY
ROOSEVELT UN1V
CHICAGO, 1L 60605
(312) 341-3676

GOOCH, VAND

DEPT OF SCIENCE & MATH
UNIV OF MINNESOTA
MORRIS, MN 56267

(612) 589-2211

GRUENER, RAPHAEL
DEPT OF PHYSIOLOGY
UNIV OF MARYLAND AT

BALTIMORE
BALTIMORE, MD 21201
(301) 528-2678

GWINN, DR JOHN F

DEPT OF BICLOGY
UNIVERSITY OF AKRON
AKRON, OH 44325

(216) 375-7160

HAMPTON, JOHN K

DEPT OF BIOL SCIENCES
CAL POLYTECH STATE UNIV
SAN [.UIS OBISPO, CA 93407
(805) 546-2819

HECKENLIVELY, DONALD B
DEPT OF BIOLOGY
HILLSDALE COLILEGE
HILLSDALE, Ml 45242

(517) 437-7341

HEIDCAMP, WIILIAM

DEPT OF BIOLOGY

GUSTAVUS ADOLPHUS
COL1.EGE

ST PETER, MN 56082

(507)931.7325

HEMPLING, HAROLD G
DEPT OF PHYSIOLOGY
MEDICAL UNIV S CAROLINA
CHARLESTON, SC 29425.2658
(803) 792-3648

HILLIARD, STEPHEN

DEPT OF BIOLOGY
BALDWIN-WALLACE CcoOilL
BEREA, OH 44017

(216) 826-2265

HOUSE, EDWIN W
DEPT OF BIOLOGY
IDAHO STATE UNIV
POCATELLO, ID 83209
(208) 236-3765

HOUSE, DR HERBERT W

EL.ON COLLEGE

BOX 2270

ELON COLLEGE, NC 27244-2010
(919) 584-2294

JEGLA, THOMAS C
DEPT OF BIOL.OGY
KENYON COLLEGE
GAMBIER, OH 43022
(614) 427-2244

JENNINGS, MICHAEL L

DEPT OF PHYSIOL & BIOPHYS
UNIV OF IOWA

IOWA CTTY, IA 5242

(319) 353-4035

JOHINSON, CLYDE E
DEPT OF BIOL SCIENCES
SOUTHERN UNIVERSITY
BATON ROUGE, LA 70813
(504) 771-5210

JOHNSON, DAVID W
DEPT OF BIOLOGY
CONCORDIA COLLEGE
MOORHEAD, MN 56560
(218) 299-3085

JOHNSON. IFAN M
DEPT OF BIOLOGY
CONCORDIA COLLEGE
MOORHEAD. MN 56560
(218) 2993085

JOHNSON, WALTER

NORTHWEST COILLEGLE OF
CHIROPRACTIC

2501 W 84Tl ST

BLOOMINGTON, MN 55431

(612) 8884777 EXT 290

JONES, MICHAEL E

DEPT OF ANATOMY &
HISTOL.OGY

FLINDERS UNIV OF SOUTH
AUSTRALIA

SCHOOL. OF MEDICINE

BEDFORD PARK,

SOUTH AUSTRALIA 5042

(618) 2759911 EXT 4281

JOYNER., RONALD W
DEPT OF PHY SIOLOGY
UNIV OF IOWA

IOWA CITY, 1A 52242
(319) 353-7024

KALICHSTEIN, DENNIS
DEPT OF SCIENCE

OCEAN COUNTY COI1.LEGE
TOMS RIVER, NJ 08753
(201) 255-4000

KENDRICK, J E

DEPT OF PHYSIOLOGY
T'™NIV OF WISCONSIN
.34 SM1

MADISON, WI 53706
(608) 262 1465

KESSLER, SISTER IRMA
DEPT OF BIOLOGY
COLLEGE OF ST ELIZABETH
CONVENT STATION, NJ 07961
(201) 539-1600

L AGLER, REGIS
CRITICAL CARE DEPT
METHODIST HOSPITAL
1701 N SENATE BLVD
INDIANAPOLIS, IN 46202
(317)929-5293

LAROCHELLE, JACQUES
DEPT OF BIOLOGY
LAVAL UNIV

QUEBEC, PQ

CANADA GIK 7P4

(418) 656-3187

MAFFLY, ROY H

M-105

STANFORD UNIVERSTTY
SCHOOL OF MEDICINE
STANFORD, CA 94305
(415) 725-4728

McDONALD, DR GORDON
DEPT OF BIOLOGY
McMASTER UNIV

1280 MAIN ST WEST
HAMILTON, ONTARIO 188 4K 1
CANADA

(416) 525-9140 EXT 4266

McHALE, PHILIP A

DEPT OF PHYSIOL & BIOPHYS

COLLEGE OF MEDICINE,
BMSB.357

UNIV OF OKLAHOMA HEALTH
SCIENCES CENTER

PO BOX 26901
OKLAHOMA CITY, OK 73190
(40S) 271-2316

MELNYCHUK, MARK §
DEPT OF BIOL & ALLIED
HEALTH SCIENCE
HART BLOOMSBURG UNIV
SCIENCE CENTER
BLOOMSBURG, PA 17815
(717) 3894219

MESSICK, JOHN P

DEPT OF BIOLOGY

MISSOURI SOUTHUERN STATE
COLLEGE

JOPLIN, MO 64801

(417) 625.9376

MICHAEL, JOEL.

DEPT OF PHYSIOLOGY
RUSH MEDICAL. COLLEGE
1750 WEST HARRISON ST
CHICAGO, 11. 60612

(312) 942-6426

MICKUS, JOHN

DEPT OF BIOLOGY

ILLINOIS BENEDICTINE COLL
LISLE, IL 60532-0900

(312) 960-1500 EXT 509

MIKITEN. TERRY M

GRADUATE SCHOOI. OF
BIOMEDICAL SCIENCES

UNIV OF TEXAS

SAN ANTONIO, TX 78284

(512) 567-3709

MILLER, JAMES §
BIOLOGY DEPARTMENT
GOSHEN COLLEGE
GOSEHEN, IN 46526

(219) 535-7308

MILLS, STEVEN H

DEPT OF BIOLOGY

CENTRAL MISSOURI STATE
UNIV

WARRENSBURG, MO 64093

(816) 4294933

MODELL, HAROIL.D
NRCISE

P.O. Box 51187
SEATTLE, WA 98115
(206} 522-6045

MORIARTY, C MICHAEL

DEPT OF PHYSIOL & BIOPI1YS
UNIV OF NEBRASKA MED CTR
OMAHA. NE 68105

(402) 559.7282

NOCENTI, DR MR

DEPT OF PHYSIOL & BIGOPHYS
COLUMBIA UNIV

NEW YORX. NY 10032

(212) 305-3636

ORTIZ, C LEO

DEPT OF BIOL.OGY
UNIV OF CALIFORNIA
SANTA CRUZ, CA 95064
(408) 429-2247

OWEN, LAWTON

0742-3233/90/30.00 + 2.00
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KANSAS WESLIEYAN
SALINA, KN 67401
(913) 827-5541

PALMER, KENNETH €

DEPE OF PATHIOLOGY

WAYNE STATE UNLV SCHOOL.
OF MEDICINE

DETROCT, MI 45201

(313) 577.5152

PARRISH, DR JOHN
DEPFT OF BIOTOGY

EMPORIA.KS 66801
(316) M3-1200

PITFERS, RATPH
DEPARTMENT OF BIOLOGY
1 YNCHBURG COLLEGE
LYNCHBURG, VA 24501
(K04 §22- 8367

PETERSON, NILS

FROM THE HEART SOFI'WARE
P.O. BOX 3158

1244 WALNUT ST, SUNTEH
EUGENE, OR 97403

(503) 345-7749

PETZEL, DAVID I
DIVISION OF PIYSIOLOGY
SCHOOL. OF MEDICINE
CREIGITTON UNIVERSITY
2500 CALIFORNIA ST
OHMALIA, NI 68178

(402) 280-1833

POSEY, ALANT

BIOLOGY DEPARTMENT
UNIV OF ARK AT PINE BLUFE
NORTH UNIVERSITY AVENUE
PINE BLUIF, AR 7160

(501) 541-6880

QUINN, DAVID 1.

DEFT OF BIOLOGY
MUSKINGUM COLLEGE

NEW CONCORD, OH 43762-1199
(614) 826-8225

RAM, JEIFREY 1.

DEFI OF PHYSIOLOGY

WAYNE STATE UNIV SCHOOL.
OF MEDICINE

DETROIT, Mi 48201

313) §77-1558

REINKING, LARRY N
DEPT OF BIOLOGY
MILLERSVILLIE UNIV
MILLERSVILLE, PA 17551
(717) 872.3792

RIESEN, JOUN

DEFT OF ANIMAL SCIENCE
UNIV OF CONNECTICUT U 40
STORRS, CT 06268

(203) 486-2541

ROBBINS, DR HERBER T €
DALLAS BAPIIST UNIV
177 WEST KIEST BLVD
DALLAS, TX 7521 1-9800
(214) 333.5302

RO, WALTER E

DEPI OF VET PHYSIOL SCT
UNIV OF SASKATCHEWAN
SASKATOON, SK SN OW0
CANADA

(306) 966- 7371

ROSELLL, ROBERTJ

DEPT OF CHEM ENGINEERING
VANDERBILT UNIV

BOX 36 STATIONB
NASHVILLE, TN 37235

(615) 322.2602

ROTHE, DR CARLF

DEPI OF PHYSIOL & BIOPHYS
INDIANA UNIV SCH OF MED
635 BARNIINL. DRIVE
INDIANAPOLIS, IN 46223

(317) 264-8250

ROVICK. ALLEN A

DEPI OF PIY SIOLOGY
RUSH MEDICAL COLLEGE
CHICAGO, 11, 60612

(312) 942-6567

RUF, DR KURT B

DEPT OF PHYSIOL & BIOPHYS
DALHOUSIE UNIV

HALIFAX. NOVA SCOTIA
CANADA B3 47

(902) 424-3517

SAGE, MARTIN

DEPT OF BIOLOGY

UNIV OF MISSOURT - ST LOUIS
8001 NATURAL BRIDGE RD
ST LOUIS, MO 63121

(314) 553-6218

SCHMIDT, THOMAS J

DEPT OF PIYSION & BIOPHYS
UNIV OF IOWA

TOWA CITY, 1A 52242

(314) 353-4018

SCHNEIWEISS, JEANNETT W
DEPI OF BIOLOGY

HOESTRA UNIV
HEMPSTEAD, NY 11550

(516) 560-5521

SIEGMAN, MARION

DEPT OF PILY SIOLOGY
JEFFERSON MEDICAL COLL.
1020 LOCUST ST
PHILADELPHIA, PA 19107
(215) 928-7893

SIMPSON, R 3

DEPT OF BIOLOGY

UNIV OF NORTHERN IOWA
CEDAR FALLS, 1A 50614
(319) 273-2645

SINNAMON, WALT
CENTRAL WESLEYAN COLL.
CENTRAL, SC 29630

(%03) 639:2453 EXT 356

SLAYMAN, C 1.

DEPT OF PHYSIOLOGY
YALE SCHOOL. OF MEDICINL
NEW HAVEN, CT 06510-8026
(203) 788.4478

SMALL, JAMES W

DEFE OF BIOLOGY
ROLLINS COLLEGE
WINTER PARK, 17. 32759
(305) 6462433

STEIN, PAUL

DEPE OF RIOLOGY
WASHINGTON UNIV
STLOUIS, MO 63130
(314) 8896824

STENROOS, ORRIE O
DEPT OF BIOLOGY
LYNCHBURG COLLEGE
LYNCHBURG, VA 24501
(804) 522-8.362

STOUT, JOIIN

DEPT OF BIOLOGY
ANDREWS UNLV

RERRIEN SPRINGS, MI 49104
(616) 471.3241

SULAKHE, DRP YV

DET OF PHYSIOLOGY
COLLEGE OF MEDICINE
UNIV OF SASKATCHEWAN
SASKATOON, SK §7N W0
CANADA

(306) 9666534

SWEET, HAVEN

DEPT OF BIOLOGY

UNIV OF CENTRAL i1 ORIDA
ORL.ANDQO, F1. 32816

(305) 275-2922

TAYLOR, JAMES WM
KALAMAZOO VALLLY

COMMUNITY COLLEGE
KALAMAZ.OO, Ml 43K
(616) 372:5356

TESKEY, SISTER NANCY
HOLY NAMES COLILEGE
OAKILAND, CA 94619
(415) 4360111

TIIRUMALAL CHARLES TIR
DEPT OF PHYSIOLOGY
UNIV WEST INDIES
KINGSTON 7, JAMAICA
WEST INDIES

(809) 927.2060

THOMAS, STEVEN P
DEPT OB BIOL SCIENCES
DUQUESNE UNIVERSITY
PITTSBURGH, PA 15282

TURNELL, MJ

DEPT OF Z00LOGY
UNIVERSITY OF ALBERTA
CW 312 BIOL SCLBLDG
EDMONTON, AL BERTA
CANADA 160G 21:9

(403) 432.0665

VAN AMBURG, GERALD |
DEPT OF BIOLOGY
CONCORDIA COLI EGE
MOORHEAD, MN 565
(218) 299- 3085

VUANDE, MANUEL.
FACULTY OF MEDICINE
UNMIVERSIDAD DI OVIEDO

OVIEDO 33006
SPAIN

WALKER, RICHARD
STERLING COLLEGY
STERLING, KS 67579
(A16) 278-2173

WALL., KATHLEEN
HUSSON COLLEGE
BANGOR, ME 04401
207) 9a47-1121

WATROLS, JAMIS

DEFI OF BIOLOGY

ST JOSERIS UNIV
PHUILADELPHIA, P/ 1913)
(215) 879-7342

WEISBART, DR MELVIN
DEPT OF BIOLOGY

ST FRANCIS XAVIER UNIV
ANTIGONISH, NOVA SCOTIA
CANADA RB2¢ 1C0

(902) 867-22%4

WILHELM, DALLAS
DEPT OF BIOLOGY
HASTINGS COLIEGE
HASTINGS, NE 65901
(402) 461-7382

WILLIAMS, ALBERT A
BIOLOGY DEPARTMENT
MANCHESTER COLLEGE
N MANCIHESTER, IN 46962
(219) 982-5308

WILLIAMS, W E

DEPT OF BIOLOGY
TRINITY COLLEGE
HARTFORD. CI' 06106
(203) 527-3151 X1 370

WILLISTON, JOIIN §

DEPT OF BIOLOGY

SAN FRANCISCO STATE UNIV
SAN FRANCISCO, CA 94132
(415) 584.5319

WILSON, DR MARLENE M
UNIV OF PORTLAND
PORTI.AND, OR 97203
(503) 243.7123

WOLF, MATTHEW 13
DEPT OF PHYSIOLOGY
SCHOOL, OF MEDICINE
UNIV S CAROLINA
COLUMBIA, SC 29208
(803) 733.3241

WOLLIN, A

DEPT OF PHYSIOLOGY
COLLEGE OF MEDICINE
UNIV OF SASKATCHEWAN
SASKATOON, SK 57N 0wWQ
CANADA

WUNDER, CHARLES ¢
PHYSIOLOGY RESEARCH TAN
UNIV OF IOWA

OAKDALLE, TA 92319

(319) 3534704

YOCHIM, M
DEPI PHYSIOLOGY & CELLL
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BIOLOGY
UNIVERSITY OF KANSAS
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AIMS AND SCOPE The goal of Computers inLife Science Education is to provide ameans of communicalion among
life science educators who anticipate or are currently employing the computer as an educational
tool. The renge of content includes, but is not limited to, articles focusing on computer appli-
cations and their underlying philosophy, reports on faculty/studen: experiences with computers
in teaching environments, and softwarchardware reviews i both basic science and clinical
education sellings.

INVITATION TO CONTRIBUTORS Anticles consistent with the goals of Computers in Life Science Educationare invited for possible
publication in the newsletler,

PREPARATION AND SUBMISSION OF MATERIAL

Articles submitted for publication should be typewritten, double spaced, with wide rargins. The
original and two copics including two seis of figures and tables should be sent 1o the Editor:
Dr. Harold Modell, NRCLSE, P.O. Box 51187, Scattle, WA 98115-1187.

Title page should include full ttle, list of authors, academic or professional alfiliations, and
complete address and phone number of the corresponding author.

Nlustrations should be submitied as original drawings in India ink or sharp, unmounted
photographs on glossy paper (Laser printer output is acceptable). The lettering should be such
that it can be legible after reduction (width of one colunn = 5.7 cm).

Reference style and form should follow the “number system with references alphabetized”
described in the Council of Biology Editors Style Manual. References should be listed in
alphabetical order by the first author’s last name, numbered consccutively, and cited in the text
by these numbers.

RESPONSIBI* ITY AND COPYRIGHT

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors
submitting manuscripts will be sent a copyright transfer form - complete. The completed form
must be retumed before the work will be published.

SURBSCRIPTION INFORMATION Computers inLife Science Education is published monthly by National Resource for Compulters
inLife Science Education, P.O. Box S1187, Scattle, WA 98115-1187. Subscription rate is $40.(()
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of the world,

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal or internal use of specific
clients. This consentis given on the condition that the copier pay through the Center the per-copy
feestated in the code on the first puge for copying beyond that permitied by the US Copyright Law.
If no cade appears on an article, the author has not given broad consent to copy and permission
lo copy musl be obtained directly from the author. This consent does not extend 1o other kinds
of copying, such as for general distribution, resale, advertising and promolional purposes, or for
creating new collective works,

Address orders, changes of address, and claims for missing issues to NRCLSE, P.O. Box 51187,
Scattle, WA 98115.1187. Claims for missing issues can be honored only up to three months for
domestic addresses and six months for foreign addresses. Duplicale copies will not be sent o
replace ones undelivered due to failure to notify NRCLSE of change of address.

Address editoria! correspondence to Harold I. Modell, PhD, NRCLSE, P.O. Box 51187, Seattle,
WA 98115.1187. (BITNET MODELL@UWALOCKE)

POSTMASTER: Send address changes o Computers in Life Science Education, NRCLSE, P.O).
Box 51187, Scattle, WA 98115-1187.
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INTEGRATED SYSTEMS FOR
TESTING AND GRADING

Gloria H. Lombardi

County College of Morris, Randolph, New Jer sey

Personal computer based programs are
available that penmit test preparation, test
delivery, test scoring, test analysis, and
grade management. Oncor more of these
functions such as test banks and test
scoring have been previously available.
Now, integrated software packages pro-
vide a fully automated system for test
administration and grading. This allows
an educator greater flexibility in test
design and cnhances the quality and re-
liability of the exam. In addition, the
rapid access Lo the test data and the auto-
mation of record keeping frees the educa-
tor to do tasks that improve the quality of

cducation.

The integrated systems manage all the
details of producing a test in an interac-
tive form. The educator creates a test
from an existing test bank. The test is
graded, the item analysis is updated, and
the point valued is placed in the grade
book within & very short time. The key
can be corrected, the test rescored, and
the roster updated in a few seconds.

There are several systems on the market
that have these capabilitics.  These in-
clude the Par System, cxamSYSTEM,
MicroTim, MicroPac, and the Examiner.
These systems arc user friendly, require
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no programming skills or sophisticated
computer skills, and prompt the uscr at
every step. There arc other systems on
the market. However, because this au-
thor is not familiar with them, they will
not be included in this discussion.

There are features common to all inte-
grated software packages for the compo-
nents of test preparation, test delivery,
test scoring, test analysis, and grade
tnanagement. There are also features
unique to specific packages. How does
one decide on a package? Some consid-
erations will be discussed including fea-
tures of specific packages.

SYSTEM REQUIREMENTS

Only MicroPac can be purchased for the
IBMor Apple. The rest are IBM compat-
ible. Allof the programs support popular
optical scanners. Although speed of
optical scanning is dependent on the
hardware available, the convenience of
having an automatic class roster and an
automatic input of student responses
generated is significant. Ifyou give a test
of more than 100 questions, you must
consider a scanner model that reads two
columns of answer forms (ParScore de-
livers 200 questions per test).

PRICE

The software package prices begin at
about $1200 and range to over $2000.
The Examiner is the most expensive of
the packages. One needs to consider the
price of the microcomputer, . :anners
(which begin at about $1300), answer
forms, and special cards and cables nec-
essary for the computer.

DOCUMENTATION

How well is the program described?
Does it lend itself to staff and faculty
training? The better the documentation,
the casier it is to educate new staff and
faculty. Are the developers available for
consultation? Our institution uses the Par
System which has excellent documenta-
tion and user support.

TEST PREPARATION

The preparation of tests can be stream-
lined through the use of test item banks.
Test item barks are a collection of coded
test items where the number of test items
is larger than the number of items used in
a test.

As educators, we want to use a variety
of test questions. The software testing
programs should allow matching, mul-
tiple choice, fill in the blank, true-false,
and case presentations. You might want
to consider the inclusion of graphics into
items. The more restrictive the fo..nat,
the least likely the software package will
be accepted by the faculty.

What means docs the program have of
entering test questions? How easy is it?
How do you make changes? Is the soft-
ware compatible with other word proces-
sors? Is there a built-in cditor?

Test sccurity needs to be considered
especially when building a very large
pool of items over an extended period of
time. The Examiner meets the most strin-
gent security requirements. It is pro-
tected by passwords, and all the items are
encrypted when stored on disk.

The method of coding, selection of
items, and type of items to include in a
test varies greatly from program to pro-
gram. I would suggest conducting a
nees’ -~alysis of the potential users, and
then .wouking for the program that best
meets their needs. MicroTim includes a
biochemistry item bank of 7,000 ques-
tions.

TEST DELIVERY

Once the instructor develops atest, it can
be delivered to the student via computer
(on-line testing), or in printed form (off-
line testing). Careful consideration of
available hardware must be taken into
account before the faculty makes a deci-
sion to test students on-line. The Par
System and the Examiner allow for on-
line testing. For off-line testing, the soft-
warc packags should be flexible to meet
the uniq'.c nceds of all faculty. The

-y
)

features of the test gencrating package
should be evaluated to ensure that direc-
tions, titles, graphics, and test format all
conform to the desired style of the in-
slructor.

ParScore allows “on the spot” on-line
correction of errors and prints anerror log
forlaterreference. The studentresponses
are also recorded. This is an especially
important feature if a student tries toalter
the answer shect.

TEST ANALYSIS

After scoring a test, the results can be
used for item analysis. A statistical
analysis is also used toanalyze the results
of the test. All the programs put the
results of an itein analysis directly intc
the testitem bank. Each program differs
in the analysis of the test. ParScore
includes the mean, median, standard
deviation, and the KR-20 reliability ratio
in the analysis of the test. In ExamSys-
tem, all classes taking the same test can
be combined for statistical suinmary re-
pors.

GRADE MANAGEMENT

Once a test has been delivered, student
grades may be accumulated using several
methods. Does the software package
provide for test grade averaging, ranking
and so fcain? In the examSystem, the
grade book can handle up to 90 different
scores per student per class. Grade crite-
ria can be changed at any time. Letter
grades are automatically assigned bascd
upon the instructor’s grading criteria.

FEEDBACK OPTIONS
Does the software provide student feed-
back to each question? MicroTim allows
automatic display of instructor generated
error explanation upon entry of an *acor-
rect student response. 1t also allr.ws stu-
dent feedback to the instructor about
particular questions through a comment
facility.

The interactive microcomputer soft-
ware systems offer a faculty a decision

©19%0 BY NATIONAIL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION

0742-3233/90/30.00 + 2.00




COMPUTERS IN LIFE SCIENCE EDUCATION, VOLUME 7, NUMBER 9, SEPTEMBER 19%) 67

making tool for flexible test design and
construction, provide rapid access to test
data, and are a uremendous savings in
faculty time. 1 feel that the time saved in
test construction, and the improved qual-
ity of the test, as well as the ability totrack
students far outweighs the costs incurred
by the system.

VENDORS
Examiner

Media Computer Enterprises, L.td,
880 Sibley Highway, Suite 102

Mendota Heights, MN 55118
(612) 451-7360

ExamSystems

National Computer Systeims
11000 Prarie Lakes Drive
P.O. Box 9365
Minncapolis, MN 55440
(800) 447-3269

MicroPac

MicroSystems Software, Lid.
Educational Sy-tems

P.O. Box 3123

Tempe, AZ 85281
(602) 966-8615

MicroTim

JL. Educational and Computer Services
P.O. Box 35142

Dallas, TX 75235

(214) 351-1283

Par System

Economic Research Inc
P.O. Box 7200

Costa Mesa, CA 92626
(714) 641-3955
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Dr. Harold Modell

NRCLSE
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or let us know via BITnet. NRCLSE’s
BITnet address is:

MODELL@UWALOCKE

OCTOBER 2-3,1990. EANET 90: The
Educational Technology and Tele-

communications Markets Confer-
ence. Washington, D.C.

Contact:

Nelson B. Heller and Associates
Suite 600

707 Skokie Boulevard
Northbrook, IL 60062

(708) 205-4390
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Systems and Technology for the
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tion for Computer Educators. Min-
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College of Business
Minot State University
Minot, ND 58701
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OCTOBER 9-11, 1990. 3™ Annual
Multimedia Expo. San Francisco, Ca.

Contact:

American Expositions, Inc
110 Greene St. #703

New York, NY 10012
(212)226-4141

OCTOBER 14-17, 1990. EDUCOM
'90. Preparing for the renaissance.
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Atlanta, GA
Contact:

EDUCOM '90
P.O. Box 364
Princeton, NJ 08540

OCTOBER 24, 1990. Videoconfcrence
- Educational Technology for Nurs-
ing: A Solution for Today's Prob-
lems. Cupertino, CA

Contact:

Gladys Penner, Teleconference Coordi-
nator

De Anza College Television Center

Cupertino, CA 95014

(408) 864-8300

OCTOBER 28-NOVEMBER 1, 1990,
32 Annual ADCIS Conference: Re-
structuring Training and Education
Through Technology. San Dicgo, CA

Contact:

ADCIS International Headquarters
229 Ramseyer Hall

29 West Woodruff Avenue
Columbus, O 43210-1177

(614) 292-4324

ERRATUM

Modell, Harold I: Designing computer
based tutorials to reinforce reasoning
skills. Computers in Life Science Educa-
tion 7(8):57-59, 1990.

The citation of references in the body of
the article do not correspond to the order
in which the references are listed. The
following list properly identifies the ref-
crences as cited.

November 7-11, 1990, IFER Workshop
on Altematives in Education, Hous-
ton, TX

Contact:

International Foundation for Ethical
Research

53 W .tJackson Blvd.

Suite 1542

Chicago, IL 60604

(312) 427-5025

NOVEMBER 15-16, 1990. Western
Educational Computing Conference -
“The 90's: The Decade for Transi-
tion”, Irvine, CA

Contact

Gene Dippel

Computer Center

California State University, Fullerton
Fullerton, CA 92634

(714) 773-3203

JANUARY 18-20, 1991. Association of
Biologists in Computing, Los Ange-
les, CA

Contact:

Bob Desharnais

1. Aurens, EH,, Jr. and C.M. Axms.
Report to the alumni council. Har-
vard Alumni Bull. pp 70-76, 1981.

2. Rovick, A.A. and L. BRENNER.
HEARTSIM: a cardiovascular simu-
lation with didactic feedback. The
Physiologist 26:236-239, 1983.

3. Moy, R.H. Critical values in medical
cducation. N.Engl.J. Med. 301.694-
697, 1979,
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Biology Department

California State University. Los Angeles
5151 State University Drive

Los Angeles, CA 90032-8201

(213) 343-2056

FEBRUARY 5-8, 1991. 11* Annual
Florida Educational Technology
Conterence. Tampa, FL

Contact:

Barbara Ann Cox
Conference Coordinator
Suite B1-54

Florida Education Center
325 West Gaines Street
Tallahassee, FL 32399
(904) 488-0980

FEBRUARY 20-22, 1991. Fifth Annual
Conference - Learning Technology in
the Health Care Sciences and Eighth
Annual Conference - Interactive In-
struction Delivery. Orlando, FL

Contact:

Program Coordinator

Societyfor Applied Learning T'echnology
50 Culpeper Strect

Warrenton, VA 22186

4. Raus-t, C.L, Biology courseware for
college freshinen. Computers in Life
Science Education 7:33-36, 1990.

S. Rovick, A.A. and J.A. MiCHAEL.
CIRCSIM: an IBM PC computer
teaching exercise on blood pressure
regulation. Proceedings of the XXX
Congress of International Union of
Physiological Sciences, Vancouver,
BC, 1986.
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NATIONAL RESOURCE FOR COMPUTERS IN LIFE
SCIENCE EDUCATION QUESTIONNAIRE

To be effective in cur effort to promote a communication network among life science educators interested in using computers in their
educational efforts, we need your help. 1f you have not completed our questionnaire this year, please take a few moments to complete
the questionnaire below and return it to the following address:

Harold Modell, Ph.D.
NRCLSE

P.O. Box 51187

Seattle, Washington 98115

Name:

Address:

State ——— Zip

Phone: BITNET:

What cortent areas do you teach?

What student population(s) do you serve? (Please check appropriate categories)

Undergraduate Graduate Nursing Medical
— Allied Health Dental — . Veterinary
Other (please specify)
Are you currently using the computer as an educational tool? __Yes ___ No
If yes:
How many years have you used the computer in this way?
What kind of equipment are you using?
Have you written any software for use in your teaching efforts? —Yes___No
What commercially available software have you found useful?
Would you be willing to help critique software for peers? ___ Y(Z 2 —— No
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AIMS AND SCOPE

The goal of Computers in Life Science Education s to provide ameans of communication amnong
life science educators who anticipate or are cun entiy employing the compulter as an educational
tool. The range of content includes, but is not limited to, srticles focusing on computer appli-
cations and their underlying philosophy, reports on faculty/student expericnces with computers
in teaching environments, and software/hardware reviews in both basic science and clinical
education settings.

INVITATION TO CONTRIBUTORS

Articles consistent with the goals of Computers in Life Science Education are invited for possible
publication in the newsletter.

PREPARATION AND SUBMISSION OF MATERIAL

Articles submitted for publication should be typew ritten, double spaced, with wide margins. The
original and two copies including two sets of figures and tables should be sent to the Edito

Dr. Harold Modell, NRCLSE, P.O. Box 51187, Scattle, WA 98115-1187.

Title page should include full title, list of authors, academic or professional affiliations, and
complete address and phone number of the corresponding author.

Hiustrations should be submitted as original drawings in India ink or sharp, unmounted
photographs on glossy paper (Laser printer output is acceptable). The lettering should be such
that it can be legible after reduction (width of one column = 5.7 cm),

Reference style and form should follow the "number system with references alphabetized”
described in the Council of Biology Editors Style Manual. References should be listed in
alphabetical order by the first author's last name, numbered consecutively, and cited in the text
by these numbers.

RESPONSIBILITY AND COPYRIGHT

Authors are responsible for accuracy of statements and opinions expressed in articles. Allauthors
submilting manuscripts will be sent a copyright trans{er form to complete. The completed form
must be retimed before the work will be published.

SUBSCRIPTION INFORMATION

Compulers inLife Science Education is published monthly by National Resource for Computers
in Life Science Education, P.O.Box 51187, Scattle, WA 98115-1187. Subscriptionrate is $40.00
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of the world.

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal or internal use of specific
clients. This consentis given on the condition that the copicr pay through the Center the per-copy
fee stated in the code on the firstpage for copying  yond that permitted by the US Copynght Law.
If no code appears on an article, the author has not given broad consent to copy and permission
to copy must be obtained directly from the author. This consent docs not extend to other kinds
of copying, such as for gencral distribution, resale, advertising and promotional purposes, or for
creating new collective works.

Address orders, changes of address, and claims for missing issues to NRCLSE, P.O. Box 51187,
Seattle, WA 98115-1187. Claims for missing issues can be honored only up to three months for
domestic addresses and six months for foreign addresses. Duplicate copies will not be sent to
replace ones undelivered due to failure to notify NRCLSE of change of address.

Address editorial correspondence to Harold . Modell, PhD, NRCLSE, P.0O. Box 51187, Seattle,
WA 98115-1187. (BITNET MODELL@UWALOCKE)

POSTMASTER: Send address changes to Computers in Life Science Education, NRCLSE, P.O.
Box 51187, Scattle, WA 98115-1187.
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A COMPARISON, FOR TEACHING
PURPOSES OF THREE DATA.-
ACQUISITION SYSTEMS FOR THE

MACINTOSH

Harold D. Swanson

Biology Department, Drake University, Des Moines, lowa

As the first phase of studying how com-
puters might be used for datd acquisition
in teaching laboratories of the Biology
Department of Drake University (and as
anecessary prelude to purchasing a sys-
tem for doing that), I conducted a““hands-
on" comparison of two systems that
scemed especially suited for this pur-
pose, coupled with a more limited com-
parison of a third system.

Each of the three systems proved to
have many virtues, but they differed in
several important respects and in how

suitable we judged them to be for our
department and program. Onc widely
advertised and much acclaimed system,
LabVIEW software and accompanying
hardware from Natiosial Instruments, we
Jjudged the most versatile and powerful
but far too difficulty to learn to fit our
needs. A less well-known system, Ana-
log Connection WorkBench software
and accompanying hardware from Staw-
berry Tree Computers, was judged casy
to learn and use and powerful enough for
all our anticipated uses; it was the one

Editor's Note

This article is reprinted from the June, 1990 issue of the American Journal of
Physiology:Advances in Physiology Education. published by ihe American

Physiological Society.
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chosen for purchase. The systern seen in
less detail, MacLab hardware and soft-
ware from World Precision Instruments,
was judged to be the one best preadapted
for routine physiological recording and
to have the casiest instruction manual to
use. But it is so much less poweriul and
flexible than the other two programs that
we judged it less suitable for our irnmedi-
atc project of investigating the wholc
rangce of possible applications of comput-
ers to teaching laboratories.

The conditions and results of the com-
parison arc presented here in some detail,
in the hope thcy might aid other depart-
ments in judging which of the systems is
most likely to fit their particular uses.

BACKGROUND .
Data from instruments can be read di-
rectly into computers 1o be stored, proc-
cssed, and graphed.  Signals from the
computer can be used to control the ex-
perimental procedures and measuring
instruments. Both these functions of
computers have become increasingly
important in rescarch and testing labora-
tories, usually with expensive computers
dedicated to specific tasks.** Such tech-
nology, however, israre in physiological
and other biological teaching laborato-
rics, both because of expense and be-
causc of the difficulty of making appro-
priatc hardware conncctions and writing
the nccessary programs.

All these barriers to the use of comput-
ers in tcaching laboratories — for con-
trolling instruments and acquiring data
from them— are now becoming much
less formidable. Powerful and versatile
systems are now available for these pur-
poses, using the same relatively inexpen-
sive microcomputers used for other pur-
poses. Several of these systems are ad-
vertised as being user friendly, requiring
litle electronic knowledge and no famili-
anity with programming languages.>’
Most of these systems present menus for
choices about their operation.

THE CONTESTANTS

Theclaim to be user fricndly ismade with
special strength by the two systems for
the Macintosh that were the prinary
subjects of my comparison. With both of
them, the details of operation are pro-
gramnied by means of icons, similar to

thosc familiar to users of the Macintosh.
These icons can be combined in flow-
charts to create unique programs. In
addition, many choices are presented in
menus. The two systems include much
the same sorts of hardware and software.
The hardware consists of a board insened
in the computer and fastened by acableto
an external connection block, which has
screw-terminals accepting wires from
any external source. The software in-
cludes “drivers” for the board (invisible
to the unsophisticaicd uscr) and the
iconic programining language.

The better known system is from Na-
tional Instruments of Austin, TX; the
programming language is called
LabVIEW. It may be used either with
one of the National Instruments boardsor
with boards supplicd by certain other
companies.® (I will, somewhat inaccu-
rately, refer to the whole package tested,
both hardware and software, as
Labview.)

Less well publicized is the system sup-
plicd by Strawberry Trec of Sunnyvale,
CA, whose software is called Analog
Connection WorkBench. It supports
only the boards from Strawberry Tree. (I
will call the whole system Workbench.)

These systems were compared directly
with each other and less directly with
Maciab from World Precision Instru-
ments (WPI) of New Haven, CT. This
was seen in a demonstration by a WPI
representative, ina “‘demo-disk,”andina
collecague’s laboratory. MacLabis menu
driven; yet it cannot be programmed in
the sense the other systems can be (al-
though many options are presented) and
does not have much capability of control-
ling instruments (although this is prom-
ised for the future). Itis mentioned in this
comparative study because, in conspicu-
ous contrast to the two systems being
primarily considered, it was designed
specifically to fit the needs and expecta-
tions of physiologists and biologists and
isaccompanicdby instructions biologists
have little trouble reading.

BASIS OF COMPARISON
The three systems were compared on the
basis of versatility, suitability, and feasi-
bility; they showed differences with re-
gard to all three.

Versatility was judged with respect to

possible uses in the Drake Biology De-
partment, on the basis of trials of a few of
the possible applications, and of informa-
tion in the instruction manuals supplied
with the various systems. Our student
laboratorics include a varicty of measur-
ing instrurnents, all of which generate
data that might usefully be analyzed with
the computer. Most obviously, the labo-
ratorics in physiology, cell biology, and
occasionally in general biology mcasure
quantities that change in minutes or frac-
tions of a second, including both biopo-
tentials and physiological actions de-
tected by transducers. In these and other
arcas of study, various instruments need
to be turr.cd on and of f or triggered to per-
form particular operations, all at particu-
lar times and under particular circum-
stances. The need for powerand versatil-
ity in student laboratories is increasing
for our department as we increasingly
involved undergraduate students in re-
scarch activilies.

Suitability was judged by comparing
the capabilitics of the hardware and soft-
ware (according to specifications and
descriptions suppliced by the manufactur-
ers) with what were assumed to be the
most difficult uses to which we might
expect to putthem, and by testing afew of
thesc challenging applications. the three
arcas of greatest concern were frequency
response (how fast changing a signal
could be faithfully recorded), sensitivity
(how small a voltage change could be
detected), and data maniy “lation (how
many of the desired analyscs of data and
comparisons between sets of data could
be performed and how casily). Feasibil-
ity was a judgement of how user friendly
the systems really arc — whether it will
be practical to try to use them for our pur-
poses. This judgement was based on my
personal experience in the comparison
project. Answersto questionsof feasibil-
ity of such systems are very much a
function of the individual people who
would actually use them. Can I, as the
department member first involved in
trying to usc the systems, succeed in
doing so in the time available? Can 1
expect other members of the department,
with a little bit of help from me, to de-
velop and apply the necessary skill to use
the system intheir laboratories? Will our
students be able to do some of their own
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programming for their own projects?

My personal capabilities for lcarning to
use such systems are probably not
unusual among physiologists and biolo-
gists. I have long used, and occasionally
tinkercd with, a variety of instruments
including physiological recorders. Many
years ago I took two coursed in physics
and one in electronics, and I have taken
(but not used) three courses in simple
computer programming. Just by using
manuals and occasionally asking ques-
tions of the experts, I have taught myself
to do what I wanted to do with the Statis-
tical Package for the Social Sciences, and
with Microsoft EXCEL, as well as learn-
ing to use three word processing pro-
grams on three different computers.
Thus if I can use these data-acquisition
systems, most biologists can. If I cannot
do so without extensive training, many
others cannot either!

Juston the basis of catalog descriptions
and of the reviews that were available,*
it secmed fairly evident that the three
systems constitute a progressive series in
both power and ease of use, with MacLab
the least powerful and casiest to use and
Labview the most powerful and the most
difficult tousc. Butcatalogs and reviews
can be misleading. Some reviews in
trade magazines are even written by rep-
resentatives of the company promoting
the product! or are based heavily on the
specifications furnished by various sup-
pliers. Eventheobjective reviews of new
technology, generally written by engi-
necrs, may not be realistic about the
suitability of a product for the final user.

The purposes of this comparison proj-
ect were, first, to determine whether the
published comparative descriptions of
these three systems are correct, and sec-
ond, to assess how v -itical are the differ-
ences among these sy tcms in power and
case of use. The conclusion was that the
comparative series is correct and that the
differences can be critical.

CONDITIONS OF THE TEST

Representatives of Strawberry Tree and
of National Instruments allowed me to
borrow hardware, software, and manuals
for two months in the summer of 1989.
The two systems were installed in a
Macintosh II computers with a 20Mb
hard disk, fumished by a grant from

Drakz University Computer Intensive
University Project. 1 worked principally
from the manuals but made a few tele-
phone calls for programming advice
from the representative of the two com-
panies. (Both Strawberry Tree and Na-
tional Instruments supplied competent,
quick, courteous, and imaginative advice
by telephone.) The MacLab system was
demonstrated to several faculty members
a couple of months before the compara-
tive study began; a demonstration disk
and amanual continue to be available for
reference, and a colleague in a neighbor-
ing department has just begun working
with MacLab.

The two systems, Labview and Work-
bench, were compared by setting up each
one to accomplish two tasks. The first
task was to receive an electrocardiograph
signal, display it in real time, and record
it for more detai’ed computer analysis.
The second task was to supply powertoa
force transducer, receive, display, and
record the signal, and facilitate zeroing
and calibration. The capabilities re-
quired by these two tasks are basic for
phy.iological teaching laboratories and
resemble the capabilities of popular
physiological recorders (plus the ability
to record data in a for suitable for direct
analysis using the computer). In addi-
tion, the capabilities tested broadly over-
lap with those of MacLab, meking that
further comparison possible.

It was originally intended that Labview
and Workbench would be studied in an
evenhanded way, but there came to be
two expectations to that policy. First,
Labview was installed and demonstrated
by acompany representative, wha used it
to program a **virtual instrument” (a soft-
ware program controlling acquisition
and use of data) for displaying and re-
cording electrocardiograms (ECGs). (I
later modified this virtual instrument for
use with the force transducer.) Work-
bench, however, was shipped to me, and
I installed it and started using it on my
own. The second exception was that 1
spent about twice as much time during
the trial period working of Labvicw as
with Workbench.

COMPARATIVE DESCRIPTIONS
Hardware
The differences in hardware between

Labview and Workbench are not critical,
but the MacLabhardware is significantly
different from the others.

The particular National Instruments
(1.abview) and Stawberry Tree (Work-
bench) data acquisition boards that were
compared are very similarin capabilities.
Both provide foreight channels of analog
input (recording of quantitative electrical
signals), and two channels of analog
output {controllable direct current (DC)
voltage up to ~10 V]. Each also offers
eight channels of digital output or input
(pulses that trip switches or signal the
state of switches). The oneimportantdif-
ference between the two is that the
Labview board (NB-MIO-16L-25) is
described as having a maximum sam-
pling rate of 40 kHz on a single channel,
whereas the Workbench board (ACM2-
12) can sample at aratc of only 10 kHz.
This difference is critical for recording
the shape of a nerve impulse. (Work-
bench promises a new board soon, ca-
pable of more than 40 KHz.) (For record-
ing on multiple channels simultaneously,
the sampling frequencies possible may
bereducedby asmuch asafactor of five.)

Either board isconnected by cable to an
external panel with screw-terminals for
wiresto and from laboratory instruments.
The Labview conncction panel is a little
easier to connect wires to but is not as
well labeled as the Workbench pancl;
labels facilitate using the right terminal.
The Workbench panel offers 5, 12, and
6.9-V fixed power sources, the Labview
panel only S V. The 5-V source is in-
tended for use with the digital signaling
system, but can be used to supply excita-
tion voltage to a bridge-type transducer,
ascan the 12-Vsource. The 6.9-V supply
in the Workbench board is described as
rcgulated, to give an especially steady
excitation. But the manuals for both
systems wam that the power sources
available on the connection panel might
not supply a full eight transducers atonce
—— perhaps only two or three. (With the
12-V supply from the Workbench board,
transducers might be connected both in
scrics and in parallel, to a fairly large
total, depending on their resistances and
voltage requirements.) Thus for multiple
transducers, it may be necessary touse an
external battery or power supply any-
way; so the differences between connec-
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tion panels are not critical.

In contrast to thesc two systems,
MaclLab has no internal board for the
computer; the hardware is external, with
connections by way of the serial port.
(this means that dawa may be acquired
using a Mac Plus; a Mac SE or Mac Il js
not required, but the hardware is much
more expensive.) The external hardware
includces a power supply for transducers
and circuitry for balancing, zeroing, and
calibrating them, preamplifiers for mag-
nifying weak sisnals, and a stimulator.
The frequency response on one channcl
is 40 kHz, sufficient for nerve impulses.
There are no provisions for digital input
or output for us in controlling instru-
ments, although the stimulator outputcan
be used for some kinds of control. The
modc] I have seen provides only four
channels of analog input, one channel of
analog output, and no digital input or
output (compared with 8,2, and 8, respec-
tively, for the other two systems.) A
newly available version offers cight
channels of analog input, but still no
digital capability.

Software
Both Labview and Workbench can be
described as programming languages
that usc Macintosh icons instead of writ-
ten commands. The programmet selects
icons from a mecnu and arranges and
connccts them by “wires” into a flow-
chart. The software instantly creates a
program that carries out the operations
indicatcd. The flowchart remains as an
casily rcadable documentation of how
the program works. National Instru-
inents uses the term “virtual instrument”
for these programs and for their visual
representation as flowcharts. LabVIEW
is an acronym for Laboratory Virtual
Instrument  Engineering Workbench.
For some particular instruments, Na-
tional Instruments ofters prewritten vir-
tual instruments in which the appearance
of the computer screen closely mimicks
the front panel of the instrument being
controlled and monitored. In thisdiscus-
sion, I will occasionally use the term
“virtual instrument” for {lowchart pro-
grams of either system.

For building a1 virtual instrument, there
are icons represeating particular analog
input channels (for receiving electncal

signals that may vary in any pattern),
analog output channels (for emitting
electrical signals in some pattem), and
digital input and output channels (for
signals that are either on or off). Eachof
these external icons represents one of the
scts of screw-terminals on the external
panel. There are also internal icons for
generating valuesor pulses, turning parts
of the program on or off, and performing
a great variety of mathematical and logi-
cal operations on signals comingto them.
Finally, there are icons for logging data
onto disk ana for displaying it in meters
or charts.

Once the programmer has in mind
whichicons to connectin what order, this
is casily accomplished with cither
Labview or Workbench, using the
mouse. A particular setup might take 15
minutes to construct with Labview as
opposed to only § minuies with Work-
bench, because in Labview the mouse
must be changed into particular “tools”,
and because “wires” must be removed
from them before icons can be shifted.
But the result is a somewhat more read-
able flowchart. Similar tradeoffs without
great advantage to cither system can be
noted with regard to many other small
differences inthe styles of the flowcharts
of Labview and Workbench.

The really critical differcnce between
Labview and Workbench is in the num-
ber of different icons. Workbench has
only 14 (although some of them: represent
a great variety of functions that can be
chosen), whereas Labview offers many
more, many hundreds, often with mul-
tiple options. A large fraction of the
Labview icons perform functions that
can be duplicated by combining two or
more Workbench icons; another large
fraction perform functions and manipu-
lations of data that cannot be so dupli-
cated with Workbench.

Its many functions make Labview not
only a data-acquisition system but a
powerful data-processing program as
well. It can pcrform not only algebraic
manipulations but sophisticated statisti-
cal analysis and several kinds of Fourier
analysis, :unong others. It appears that
most often these analyses would be per-
formed on alrcady-collected data, but
some might be important on-line for
changing, automatically, some aspect of

the whole setup.

Workbench, ir comparison, has limited
data-processing capabilitics. Many alge-
braic functions or two streams of data
may be calculated and then logged, dis-
played, or uscd to control something, but
statistical and other analyses are hardly
represented. Thus any detailed analysis
of data acquircd from Workbench re-
quires logging the data and entering them
into a spreadsheet, statistical, or grapliics
program.

Any analysis of recorded data that is
done by a data-acquisition program can
bedoneequally well by one of these other
programs, so the critical importance of
capabilities for data analysis concerns
what can be done on-line. The first
important reason for a data-acquisition
program to include some processing
abilities (as both Labview and Work-
beneh do) is to give immediate display of
the derived output of some instruments,
for immediate use. The second rcason,
potentially much more important, to use
the results of calculations to turn on log-
ging or fast recording, to prompt the
sending of a digital control pulse, or to
control the respons? to an incoming sig-
nal pulse. Labview offers a greater vari-
ety of calculations that can be used for
such purposes.

The problem with having multiple
icons for programming and multiple
choices for calculations, as Labview
does, is that there is so much to learn
before a virtual instrument can be con-
structed. Although the manual describes
each icon, it is difficult to know which
description to look-up, and in what se-
quence the descriptions must be studies
to be intelligible. Furthermore, the man-
ual is uneven in its treatment. It gives a
good description of how to manipulate
and*wire” icons on the screenand how to
use simple calculation icons to achieve a
result. However, it gives very little guid-
ance in the use of the more advances
features, i.c., multiple icons for control-
ling analog input and output. and “struc-
tures” for defining the sequence or dura-
tion of particular operations. Conse-
quently, it is just not practical to use the
manualtoteach oneselftousc Labview to
construct a varicty of virtual instruments.
In sharp contrast, on can casily learn to
build virtual instruments with Work-
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bench, using just the manual.

Feasibility: hands-on experience
These opinions ar¢ based on and illus-
trated by my hands-on experience during
the summer of 1989. Workbench manual
inhand, I crecated, in a few hours, a virtual
instrument that displayed my ECG very
well, and I added a feature that kept the
mean voltage at zero. In a few days, |
modified and augmented this into a vir-
tual instrument that supplied excitation
to a force transducer and displayed its
output, that corrccted the output to zero
when no load was applied, and that cali-
brated the virtual instrument to give a
display in grams. At first,Ihadtotypein
values (generated by the instrument) for
zeroing and calibrating, but in another
day's work I modified the virtual instru-
ment, so that when I pressed a button
{with the mouse) when there was noload,
the instrument zeroed itself; with a 2-g
standard added, I pressed another button,
and the instrument calibrated itself. Jam
now confident that I can learn to perform
a greater variety of such control and data
manipulations and can show my col-
leagucsandstudents,in minutes or hours,
how to begin to do this for themselves.

My experience with Labview was dif-
ferent. The National Instruments repre-
sentative had used Labview to create for
me a couple of virtual instruments for
displaying ECG (it took him a number of
minutes). Using the manual, I worked for
several wecks to modify and augment
one of these to display calibrated data
from a force transducer. For 2 weeks |
was frustrated as | have ever been; then |
began to understand how to do such
simple things and construct a quite satis-
factory virtual instrument that I could
zero and calibrate by typing values from
a display into an icon. I spenta week or
two trying to duplicate my Workbench
provision for automatic zeroing and cali-
brating, but { was not successful. {I think
I'waspretty close when I decided toquit!)
Iwould guess that if I spent 2 or 3 months
doing nothing but read the manual and
tinker with Labview, I could learn touse
it quite effectively (and so could some
other biologist). But it would not be an
cfficicnt thing to do (and might not yield
a sane biologist!)

National Instruments offers 3-day

training courses in Labview for about
$500 per person; in retrospect, it would
have been wise for me to include a
Labview training coursc in my evalu-
ation project. It is my judgement that a
department should plan to use Labview
only if it can provide such training for
everyone who is expected to create new
virtual instruments. I suspect that even
with the training it would require quite a
bit of practice to become and remain
proficient in Labview. Given the slira
budget of our department and the only
tentative interest on the part of some
members who might profit from a data-
acquisition system, I was not able to
recommend that we choose a system that
requires so mach training for its users.

How much did our department lose by
not choosing Labview, the more power-
ful system? I cannot give a clear answer
to thatquestion. Fordata that have previ-
ously been gathcred, Labview has many
provisions not provided by Workbench
for processing, comparing, and display-
ing them. However, the most important
of these processing capabilities are other-
wise available. Faculty and students at
Drake University have Microsoft EX-
CEL available to them; this or another
sprcadsheet program can perform most
of the manipulation, statistical analysis,
and graphing in which we might be inter-
ested. Also, quite a number of the func-
tions of which Labview is capable, fast
Fourier analysis is an example, are more
commonly used by physicists and engi-
neers than by physiologists and biolo-
gists.

The third system, Maclab is, again,
quite different. Thereisnoprogramming
(iconic or otherwise) to perform special
tasks, although there is a grecat deal of
choice about such things as amplifica-
tion, calibration, sampling rate, and dis-
play. Macl.ab can perform s¢veral analy-
ses of data, different but somewhat com-
parable to the capabilities ot Workbench,
but not approaching the variety of
Labview. MacLab has several built-in
functions — difficult or perhaps impos-
sible toduplicate with Labview or Work-
bench — that a physiologist might find
very attractive. Most notably, one can
review a complicated curve on the
screen, use the mouse to sclect a poriion
of it, display that portion in greater detail,

and store just that portion on spreadsheet
form. Also, if oue points with the mouse
to a particular point on a curve on the
screen, the program will display the
numerical value (to several decimal
places) of the coordinates at that point,
and if desired, the slope. Other provi-
sions similarly mimic and facilitate the
kinds of examination commonly made of
data gathered with physiological record-
ers and oscilloscopes. Dats is logged to
disk for further analysis on a spr¢adsheet
just as with the other two systems. If one
wishers only toduplicate (ata saving) the
actions of physiological recorders and
simple oscilloscopes, to add a few new
analyses, and to record data for computer
processing, MacLabis theeasy way todo
it. Its manuals are dctailed and well
written, specifically for physiologists
and their projects. But one must then
settle for the (very nice) options that
MacLab offers, and for only a very lim-
ited ability to control instruments.
(World Precision Instruments now offers
asoftware program, WaveEdit, that costs
$400 and is said to work on any data in
sprcadsheet form and that includes many
of MacLab's abilities to display data in
graphic form for closer examination,
selection, and storage. This capability
may prove uscful whatever system is
used to acquire the data.)

Speed

All three systems can record data for a
limited period in a “fast mode”, with
sampling frequency limited only by the
hardware: 40 kHz for Labvicw and
MacLab, 10 kHz for Workbench. I pre-
sume they all function as advertised. (1
have used this capability of Workhench,
quite successfully, to record, calculate,
and eventually display the “locp” of elec-
trical axis of the heart.)

During normal (as opposed to fast
opcration, however, the three systems
differ significantly in “cycle time” and,
hence, in how faithfully any rapid
changes of a signal are displayed or re-
corded. The cycle time is a function of
how fast the software performs various
calculations and adjustments. The effect
of cycle time can be illustrated by my
experience with displaying the FCG. A
virtual instriment made with Workbench
displayed an acceptable ECG on a con-
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tinuous basis. Similarly, one of the stan-
dard options of MacLab did this atlcastas
well.

By contrast, the similar Labview virtual
instrument displayed ongoing ECG very
imperfectly and inaccurately, not much
more than an occasional blip on the line.
This was not due to any deficiencics in
the virtual instrument made for me by the
National Instruments representative,;
rather, it was because Labview is very
slow and cannot handle such rapidly
changing signals. To understand this
difference in effective speed, I compared
cycle time (time bctween successive
sampling of data) for my Workbench and
Labview virtual instruments that zeroed
and calibrated the output from a force
transducer. The rival setups were nearly
identical in number of icons and equally
straightforward. However, the cycle
time of the Workbench instrument was
only 35 ms, whercas that of the Labview
instrument was 1.1 s, nearly 30 times as
long. It was only by accident that a
sampling rate in this range would detect
any indication of an ECG pattern! (This
shows why, for rapidly changing da'a,
the analytical and processing power of
Labvicw cannot be used on line and must
be applicd only to data already recorded.
This applies to complicated Workbench
manipulations as well.)

Inventing new capabillities

The Workbench literature includes fairly
detailed instructions to programmers
who wish to create new functions to use;
such functions become new options
within the calculation icon. But pro-
gramming such new functions requires
skillwithaprogramming language. Thus
the level of difficulty of using Work-
bench increases abruptly form “iconic
programming” to “new functior - ”

Although Macl.ab does not have a pro-
vision for simple iconic programming,
the company offers (at a cost of $595) a
programming system using Pascal for
creating new applications.

This is where Labview is clearly supc-
rior to the other two systems. All the new
functions one might necd are alrcady
available, symbolized by icons. Al-
though it is more difficult to leam and to
use for simple applications, Labview
would secm to be no more difficult for

complicated applications than for simple
onces.

Like everything cls¢ in the computer
world, data-acquisition systems are
changing rapidly. All threec companics
considered here have recent or expected
innovaiions in both hardware and soft-
ware. National Instruments’ newest
catalog offers new, less expengive boards
for classroom use. Strawberry Tree says
a board with higher frequency response is
imminent. World Precisions Instruments
now offers eight channels, and, eventu-
ally, digital control.

It would be comparatively simple for
both National Instruments and Straw-
berry Tree to make their systems far more
attractive to physiologists and biologists
than they are now. They could create half
a dozen virtual instruments to gather the
kinds of data most commonly of interest
tc physiologists and biologists, supply
these virtual instruments on a disk, and
accompany them with detailed instruc-
tions for their use. The virtual instru-
ments would not need to be much more
sophisticated than those I made last
summer. Given such aids, new users
could begin to use LabVIEW or A.nalog
Connection Workbench immediately.
Some uscrs would never need to create
new virtual instruments for themselves;
these would fill all their needs. Those
who wanted innovations could easily
copy and then modify these standard
virtual instruments or follow their pat-
terns in creating new ones.

Costs

Any of these systems could replace, at
considerably lower cost, most or all of the
functions of standard physiological re-
corders and simple oscilloscopes, while
adding the capability of reading data di-
rectly into computers for further detailed
analysis. Comparative cost among the
three systems depends not only onthe list
prices, but also on particularcomponents
chosen and any educational discounts
that may be available.

The list prices (in US dollars) for the
configurations compared in this article
are as follows, based on the most recent
price lists I was given.

National Instruments:
Board 1,195

Connector 150
Labview 1,995
Total 3,340
Strawberry Tree Computers:
Board 1,190
Connector 179
Workbench 995
Total 2,364

(The cost of a spreadsheet program for
analyzing the datamust be added to this.)

World Precision Instruments:

MacLab 2,925
MacBridge 975
Total 3,900

(As with Workbench, detailed data
analysis requires additional software.)

The most expensive component of any
of these systems is the computer itself,
preferably with a hard disk, if any amount
of data is to be collected. That is where
WPIs MacLab has the advantage, since it
can be used with any Macintosh. The
particular boards for Labview and Work-
bench whose properties have been com-
pared here are for a(relatively expensive)
Mac II. For multiple use in a student
laboratory, it would be preferable to be
able to use the same iconic programming
capabilitics in & (less expensive) Mac SE
(the smallest Macintosh that will accept
aninternal board.) Bothcompanies make
boards for the SE that might be suitable
for student use, but with limitations.

National Instruments offers the Lab-SE
board for only $595. It has the same
numbers of analog input, analog output,
anddigital input-output (1/O) lines as the
board for the Mac I, and an ¢ven faster
sampling rate of analog input, i.c., 125
kHz. But the analog input channels are
single-ended instead of differential. It is
myunderstanding that itis cither difficult
or impossible to use single-ended chan-
nels for signals from bridge-type
transducers, amajor part of physiological
instrumentation. So their suitability is
doubtful. (A representative of National
Instruments informs me that it would be
possible to construct a virtual instrument
that converted the 8 single-ended chan-
nelsinto4 differential ones. If that virtual
instrument is supplied, the Lab-SE board
would be much more suitable for use in
physiology laboratories.)
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Stawberry Tree Computers offers the
ACSE-12-8 (for the SE) for only $695.
Its analog input channels and digital I/O
channels are like those of the board for
the Mac II. But the SE board does not
support any analog output channels, a
moderately serious deficiency. The use
of analog output to supply excitation
current for bridge transducers can easily
be replaced by connecting these to the
several fixed-voltage supplies present on
thc connecting panel. Uses of analog
output for providing stimulating im-
pulses at programmed times can proba-
bly be replaced by using an external
power supply (such as a stimulator) and
regulating it by way of the digital output.
[ suspect that these substitutions would
prove prictical in student laboratorics, so
that this board would be useful.

COMPARATIV'E SUMMARY

All three syster s weie judged suitable
for use in st -+ * laboratories; they will
gather the kind. of data we are likely to
want for the kinds of experiments rou-
tinely done. Each systein, however, has
limitations. The MacLab system cannot
be used for digital control of instruments,
which may be important for some teach-
ing purposes. The suitability of Work-
beneh for recording nerve impulses de-
pends on a new board with higher fre-
quency response. The Labview system
does not work well for displaying a fast
signal on-line. Butitis thconly one of the
three capable, by itself, of doing nearly
all the kinds of data manipulation and
analysis which might be of interest; the
other systems must be supplemented
with other analytical software such as a
spreadsheet. .

The versatility of both Labview and
Workbench was judged quite sufficient
for all our anticipated needs (altiough
that of Labvicw is quite a bit greater).
The versatility of MacLab is much less
than that of the othertwo: thisdifference
was decisive in eliminating it from con-
sideration for our immediate purposes of
investigating all possible applications.

The feasibility (ease of use) also dif-
fered decisively. MacLab is much supe-
rior in this regard, whercas Workbench
requires more effort than MacLab but is
still quitc acceptable. By contrast, it
would be feasible to use the Labview

system only if all those people putting it
into operation took a training course in its
use. On this basis, Labview was elimi-
nated from considcrations for our depart-
ment at the present time.

USING COMPUTERS IN TEACHING
LABORATORILES

It has now become truly feasible for
physiologists and other biologists —
with no special training in either elcc-
tronics Or computer programming — to
use computers in teaching laboratorics
for acquiring as well as manipulating
data. The three systems reviewed here
can, to different degree, make such use
feasible. Just what applications of this
technology are practical, and how much
these applications can improve the edu-
cational process, are matters still to be
determined. Our department will be
considering these questions intently in
the necar future and probably for a long
time to come. Other departments will
neced to make the same judgements. 1he
following possible uses are among those
that necd to be evaluated.

Recording data for later analysls

Data recorded directly into a computer
are stored in a form directly accessible to
sprecadsheet and statistical programs,
eliminating the nccessity of keying inthe
data. For isolated values, this is of limited
value, except that the valucs are pre-
sented in numerical form and need not be
estimated from atracing. The real utility
comes of there is intesest in a continuous
strcam of data or a whole sequence of
sampling points or if the computer canbe
used topick out the points of intcrest from
such a stream or series. Some laboratory
exercises may be devised or improved by
taking advantage of these capabilities.
All three systems reviewed here record
data quite satisfactorily, but only
Labview provides, of itself, a wide
choice of further analyses.

Constructing physiological simulations

Any physiological process or control
system that might be simulated with an
clectromechanical model can be even
more casily simulated with a virtual in-
strument constructed using Workbench
or Labview. Kiel and Shepherd, ¢ using
Labview, have published a simulations

of several cardiovascular functions.
Constructing such simulations is much
easier using iconic programming than
with conventional programming lan-
guages. Theavailableoptions for display
will probably notallow the simulations to
appear either realistic or esthetic, but the
available labeling capabilities can allow
them to be quite informative. With
Workbench (but not with Labview) it
would be suitable to assign the construc-
tion of simple simulations as student ex-
ercises.

Enhancing and replacing instruments
Any device that emitsan clectrical signal
inproportion to some quantity of biologi-
cal interest can be connected to the com-
puter with one of these systems reviewed
here and be zcroed and calibrated. The
data can be sampled and recorded con-
tinuously or at chosen intcrvals or cir-
curastances, all with minimal difficulty
and at no expense after the initial invest-
ment. This means that it may be cost
effective toreplace physiological record-
ers (and some associated equipment such
as preamplifiers and stimulators) with
computer systems. Beyond this, it is
possible to take antiquated but still func-
tional mcasuring instruments alrcady
available in ateaching laboratory and, by
connecting them (o a computer system,
turn them into modern *“*smart” instru-
ments capable of various calculations
and enhancements. The Labview and
Workbench systems lend themselves
well to this kind of use. With Work-
bench, it would even be possible to have
students plan and program the enhance-
ments to be made with certain instru-
ments; this would be a way of assuring
that the students understand what their
instruments are doing. In contrast,
MacLab canreceive, amplify, and record
the output from instruments, but the
connection cannot be as thoroughly cus-
tomized as with the other two systems.

Automating laboratory manipulations and
data gathering

Many experiments that might be of inter-
est in a teaching laboratory require sev-
eral hours of elapsed time, during which
conditions are manipulated and data is
gathered. Such an experiment cannot be
fitted into a 2- or 3-h laboratory session,
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and there are often many practical diffi-
culties 10 huving even a few of the stu-
dents work during the extended period
necessary.  Such computer systems as
those described here may make such
extended cxperiments more feasible.
Many experimental manipulations (tumn-
ing lights onor off, adding some ingred:-
ent to a solution. even adjusting the ten-
sion of a connection) can be performed
by electronically controlled switches,
pumps, or motors. With computer sys-
tems (Labview and *Workbench) that can
send and receive digital signals, it seems
as though it would be relatively casy to
preparc a program that would control
such manipulations and record the ensu-
ing data (which could be scrutinized
during the following session of the labo-
rat ry.)

There are, however, several immedi-
atcly obvious problems to such an ambi-
tious scheme. How to make connections
of digital control-signal devices to the
com, uler is not intuitively obvious, and

the manuzls of both Labview and Work-
bench lack a complete discussion. Even
more importantly, the various peripheral
devices needed for such automation
come with many different specifications,
and the physiologist/biologist is unlikely
to be confident of which ones are most
suitable. Because the costs of such de-
vices range from fairly expensive to very
expensive, itis not cost effective to learn
which are suitat.le by buying many kind:
and trying them all. It will requirc efforts
by many people to determine whether
such automated arrangements are suit-
able for student laboratories and to in-
struct biologists in setting them up.

I look forward to reading, in future
issues of Advances in Physiology Educa-
tion, many descriptions of the successful
use¢ of computers in teaching laborato-
ries.
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PRINCIPLES IN BIOLOGY

Harold 1. Modell
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Students often approach cach course in a
curriculum as a body of compictely new
information that has little in common
with previnus or future courses. In doing
so, they fail to realize that our undei-
standing of biological phenomena is
based on a set of basic principles that arc
applied in a variety of ways. For ex-
ample, the ratc of molecular .o omentin
biological systems by diffusion is gov-
erned by the same factors regardless of
whether that movement is in a plant or in
an animal system. Qurtask as “teachers”
of biology is to help swudents recognize
the existence of these common principles
so that they can develop a conceptual
framework in which what they 10w per-
ceive as new knowledge is, instead,
viewed as an extension or application of
prior knowledge. Many colleagucs

would argue thal they o, indeed, rein-
force the notion of common principles by
referencing prior applications when pre-
senagnew topic maerial. For example,
when a pulinonary physiclogist dis-
cusses gas exchange, he may mention at
some point in the presentation that the
cquations governing alveolar gas ex-
changearc based on the same pri neiple of
conservation of mass as the “Fick” equa-
tion for cardiac output or renal clearance
cequaiicas.  This reminder is often one
sentence in a stream of information that
contains unfamiliar symbols and cer-
tainly not the same symbols that were
used when conservation of mass was
presented previously. 1t may precede or
follow presentation of the new applicu-
tion of the principle. In either case, the
student m st associate the system spe-

k Charlntt town, Prince Edward 1sland J
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cific equation name (cg, Fick) with the
principle before the similarity between
applications can bemade. Asa result, the
student often ircats the new application
as completely new information with a
mental note 1o look back to find out vhat
the Fick equation is all about. The
student has again failed to apply prior
knowledge to a new siluation.

One approach tothis problem may be to
“precondition” students by exposing
them to common principles inthe context
of the course malcrial prior to the actual
presentation of the course material. The
purposc of this exposure wou!d be two-
fold; first, to expose students to the un-
derlying principle, and, sccond, to make
them aware that these principles are
applicd in a variety of ways ‘n different
aspects of the course material. Taking
this approach, we have begun to develop
a serics of compuler exercises designed
for use in an independent study sctting
focusing on common themes in mam-
malian nhysiology. The purpose of this
anticle is to describe the underlying phi-
losophy and the key clements of the pro-
gram developed to make students aware
of the varicty of ways in whichconscrva-
tion of mass is anrlied to physiological
systems.

INDICATOR DILUTION EXPERIMENTS

1) GENERAL
2) BODY FLUID VOLUMES
3) LUNG VOLUMES

MASS BALAIICE EXPERIMENTS

&) MIXING FLOWS

5) BLOOD-TISSUE GAS FXCHANGE
6) MASS BALANCE IN THE KIDNEY
7} PULMONARY GAS EXCHANGE

8) QUIT

CHOICE?

FIGURE 1. Mainmenu from conservation of
mass program Themenufollows several text
screens defining conservation of mass and
emphasizing its importance in physiology.

TUTORIAL, DRILL AND PRACTICE,
OR SIMULATION?

The overall goal of the program was 10
acquaint students with the principle of
conservation of mass and demonstrate 1o
them that even though specific applica-
tions of the principle may appear differ-
cnt, the underlying concept is still the
same. To do this effectively, the student.
of course, must be an active participant in
the exercise and must be able to control
the flow and extent of the cxperience.
The first design question then became,
“Can these goals be best met by using a
tutorial, drill and practice, or simulation
format?”

A traditional wtorial format in which
informaton is presented and its acquisi-
tion tested is best suiled for a progression
of new information. However, the goal
of this exercisc was o promote the im-
pression that the contentunderly.ag cach
aspect of the exercisc - as the samc.
Thus, although components of the pro-
gram could certainly contain tutorial
aspects, the overall thrust of the program
shouid not be thai of 4 wiorial.

If the goal of the program was to help
students become adept at applying the
principle to physivlogical situations, the
program should certainly provide re-
peatad opportunilies to work problems.
In that sense, it should contain some
aspects of ¢rill and practice. Only, in this
case, the student should play a role in
defining the problem, and shie shouid be
able to control the total number of prob-
lems o be attempted.

The progrzm should also contain some
aspectsof asimulation, for if applications
of the principle are to be illustrated within
the context of an experimental science,
the student should participate in design-
ing and conducting experiments.

The format of the program, then, con-
tains aspects of all three approaches. The
overall context of the exercises is that of
a serics of simulated experiments, all
requiring some aspect of a conservation
of mass analysis for determining the
value of the parameter being sought. In

defining the specific experiment, the
student provides descriptive data about
the subject or conditions of the experi-
ment. From this description, the program
calculates values for the physiological
parameters within the system being
tested. Thus, the simulated exneriment
leads to a drill and practice problem.
Each drill and practicc problem contains
appropriate feedback for reinforcing the
how conservation of mass is applied 10
‘he problem, should that be nccessary.

PROGRAM OVERVIEW

The program begins with several text
screens defining coaservation of mass
and emphasizing the range of applica-
tions to which this prirciple can be ap-
plied. This introduction ends by alerting
the student to the overall goal of the
program. The main menu, showrn in
Figure 1, shows the organizaticn of the
cxercises. Two general Gspechs . CO-
scrvation of mass are illusirated.  “ihe
first is use of an indicator to detc: nincan
unknnwn volume. Thrce exjperiments
arcincluded. The guatof th Sasiey e
ment is to scmonsuste the 1se of the
indicaton  Ailution tchiague using a
siuple experimental Cesiga.  The other
exper.ments in this s2ries ilusie < appli-

EX: . 1: INDICATOR DILUTION - GENERAL

PURPUSE: To demonstrate that, ina well
mixe 1 system, volume can be
determined from 4 known

quantity of indicator and the
final indicator concentration

MATERIALS. Beakeor, liquid. indicator,
gtirrer, concentration meter

PROCEDIRE: Place a volume of 1iquid in
the beaker, Add a known
amount of indicator.

Mix well, Measure the
concentration of indicator
in the beaker. Calculate the
volume of liquid from the
starting amount and final
concentration of indicator.

(PRESS ANY KEY TO CONTINUE)
FIGURE 2. screen turesucing Experiment

1 tocusing on the apolication of conservation
of mass to indicator dilution te< hniaugs.

©1990 BY NATIONAL RESOURCE FCR COMPUTERS IN LIFE SCIENCE EDUCATION

0742-3233/50/30.00 + 2.00

53



COMPUTERS IN LIFE SCIENCE EDUCATION, VOlL.UME 7, NUMBER 11, NOVEMBER 1990 83

cations of this techaique in physiological
systems. The program flow then leads to
application of mass balance relationships
under various steady-state conditions. In
this series of experiments, mass balance
relationships are applied in a variety of
ways using examples from cardiovascu-
lar, respiratory, and renal physiology.

INDICATOR DILUTION
EXPERIMENTS

In this series of experiments, the student
begins by confirming for himself that he
can determine a unknown volume by
adding a known amount of indicator to
that volume, and, after the indicator is
evenly distributed within the volume,
measuring the final concentration (Fig-
ure 2). Ina laboratory setting, the student
would take & beaker containing a known
amount of water, add a known amount of
indicator, mix the system, measure the
final indicator concentration, and calcu-
late the original volume put into the
beaker. The program provides a simula-
tion of this experiment and shows the
student the calculations involved (Figure
3). Thestudentcaneither repeat the same
experiment, change the volume in the
beaker, change the quantity of indicator,
or stop the exercise (Figure 4). When the
student elects to return to the main menu,

L =
<
il -
nu

he is presented with one additional ex-
periment in which an unknown volume
has been put into the beaker. The studc.at
must then apply the calculation that has,
so far, only been presented to him. If the
student supplied answer in incorrect, the
rationale underlying the calculation is
reviewed, and the program suggests fur-
ther examination of the principle with
this set-up.

Having focused on the basic principle
of indicator dilution, the next step is to
deal with indicators that have specific
voluraes of distribution. Body fluid vo-
lumes serves as the context for this exer-
cise. The student may measure plasma
volume, extraccllular fluid volume, or
total body water using an indicator with
the appropriate volume of distribution.
The student defines the subject by pro-
viding the subject’s weight. The pro-
gram calculates values for various fluid
volumes using staudard relationships
between body weight and individual
fluid volumes, but it does not reveal these
values to the student. The student then
defines the volume of interest that will be
measured and the amount of indicator
added (Figure §5). The experiment is
conducted, and the student is presented
with the final concentration of indicator
in the plasma. The student must then

QUANT / CONC
MG / (MG/L)

/7 23

FIGURE 3. Final screen showing general indicator dilution experiment. Earlier screcns show
the indicator being added to the beaker and the solution being siirred until the indicator is well

mixed within the system.

OPTIONS:

= CHANGE VOLUME IN BEAKER

= CHANGE QUANTITY OF INDICATOR
GO AGAIN

= RETURN TO MENU

T~
n

CHOICE?

FIGURE 4. Options menu for Experiment 1,
This screen follows the one shown in Figure 3.
The student can choose to change experiment
variables, repeat the experiment, or return to
the main menu.

calculate the volume of interest (Figure
6). If the calculated answer is correct, the
correct answer is confirmed. and the stu-
dent isallowed to continue. If the answer
supplied is incorrect, tutorial assistance
is provided. The studen? may then elect
torepeat the experiment using a different
subject, a different volume of interest, or
a different quantity of indicator. In this
format, the student may generate a large
number of problems dealing with the
same relationships. To extend thisrange,
the program includes a small amount of
noise in the calculated volumes to ac-
count for biological variation. Hence,
repeating the experiment with two sub-
Jects of the same weight does not neces-
sarily yield the same values fo: e vari-
ous volumes.

The next exercise provides another
example of an application of indicator
dilution techniques. In this case, the
volume s the lung volume at end-expira-
tion, and the indicator is a tracer gas. The
student again provides data describing
the subject from which the program cal-
«ulates the “unknown” value of the vol-
ume of interest. The experiment is a re-
breathing experimeznt, and the student
must also supply the volume of the re-
breathing bag and the amount of the
tracer gas to be used. In this exercise, the
pictorial representation looks very differ-
ent from wat in the previous exercise
(Figure 7).  Although the problem
“looks” different, the principle applied is
the same.

0742-3233/90/3".00 + 2.00
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SUBJECT'S BODY WEIGHT (XG)? 70
BODY FLUID VOLUMES:
VOLUME INDICATOR

1) PLASMA VOLUME
2} ECF VOLUME
3) TOTAL BODY WATER

EVANS BLUE DYE
INULIN
ANTIPYRINE

CHOICE?

FIGURE §. Input screen from Body Fluid
Volumes cxperiment. After designating the
subject's body weight, the student can choose
to measure plasma volume, extracellular fluid
volume, or total body water. After choosing
the volume of interest, the student is prompted
for the amount of indicator that will be used in
the experiment.

MASS BALANCE EXPERIMENTS

The experiments in this portion of the
program present the student with ex-
amples of situations from various arcas
of physiology that utilize mass balance
calculations under steady-state condi-
tions to dctermine values for desired
paramciers. In cach case, the student
defines specific aspects of the problem
from which the correct value of the un-
known parameter is calculated. Data are

TOTAL

%lsnailoh

BODY WATER

‘,

FINAL TRACER AMI
- UOL X FRACTION = AMI
¢ 5°L ¥ .0825 =.123 L
<- YOL X FRACTION = AMI
L X .0825 = ? L
TOTAL TRACER =.29 L

W ‘IS THIS SUBJECT’ 5 LUNG UOLUME
ﬂ#nEND—EXPIRnTION (L>? B

FIGURE 7. Final pictorial screen from lung volume indicator dilution experiment. Previous
screens show the initial conditions with all of the indicator in the rebreathing bag and an animated
sequence depicting rebreathing to mix the indicator with lung gas.

presented to the student, and he must
calculate the correct value. The purpose
of each experiment, the experimental
situation, the student supplied variables
that define the experiment, and the pa-
rameter value to be calculated for the
experiments in this section of the pro-
gram are presented in Table 1. The exer-
cises illustrate applications of mass bal-

BODY WT =
78 KG

INDICATOR =
28 MG
EVANS BLUE

Lconcnnrhnr:on OF EVANS BLLUE

E PLASMA VOLUME (L)?

FIGURE 6. Screen depicting the Body Fluid Volumes experiment. In this case, the student

chosc to measure plasma volume in a 70 Kg subject using 50 mg of Evans Blue dye. A previous
screen showed the -lyz being injected into and distributing within the plasma volume. The student

must now calculate the plasma volume for this subject. If the student had chosen 1o measure
extracellular fluid or total body water volume, the pictorial would have shown the indicator
distributing within the appropriate volume following injection into the plasma volume.

ance in cardiovascular, rena, -~ respi-
ratory physiology. Ineach case, the pic-
torial representstion of the ¢xperiment
includes an animation to illustrate sche-
matically the movement of mass within
the system. These representations are
designed to appear very different from
each other (Figure 8) to further empha-
size the point that even though the view-
point may be different, the underlying
principle 1s the same. Tutorial help fol-
lows any incorrect answers supplied by
the student (Figure 9).

ERROR MESSAGES

Although tutorial help is provided when
students respond with an incorrect value
for the requested paramcier foilowing
cach expcriment, error messages must
also be provided - hen the student enters
inconsistent or unphysiological values
while defining the conditions of the ex-
periment. These error messages are also
designed to provide information related
to the feasibility n{ ~unning a success{ul
experiment under the conditions de-
scribed. Forexample, if the quantitiy of
indicator chosen results in concentra-
tions that are too lcw for measurement
with common laboratory cquipment, an
error message s presented alerting the
student to the problem.
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TABLE 1. Gverview of mass balance experiments.

Exp't

Purpose

To examine mass mix-
ing from two flow
sources

Todetennine the cardiac
output (total blood flow)
in a normal 30 year old
individual

To apply the principle af
conservation of mass
with sclective indicators
1o the kidney to measure
cffective renal plasma
flow and glomerular fil-
tration rate in 3 30 year
old subject.

To :llustrate mass bal-
ance applications in res-
piratory physiology

Situation

Patient with lung discasc in
which part of the total flow
(cardiac output) bypasses the
gasexchangearcasof the lung
(shunt).

The : iect's oxygen con-
sumpti . has been deter-
mincd by applying mass bal-
ance principles to gas ex-
change in the lung. Mixed
venous (pulmonary artery)
biood has been sampled, and
its oxygen content (ml O,/ml
blood) has been determined.

the appropriate indicator is
admimstcred to asubject with
tunciioning kidneys. Ablood
sample is obtained to deter-
mine the concentration of in-
dicator in the plasma, and
urinc is collected over a pe-
riod of time to determine how
much indicator has been
“clearcd” by the kidney.

You arc in a laboratory
equipped with a tr admill, a
weather balloon, a one-way
brecathing valve, a stopwatch,
and anoxygen analyzer. Your
task is to determine a subject's
oxygen consumption during
stcady state, moderate excr-
cisc. While breathing room
air through the one-way
breathing valve. the subject
runs on the treadmill. Aftera
steady .tate is rcached, ex-
pired gas is collected and
analyzed.

Assumptions

Hemoglobin concen-
tration = 15 gm/100 mi
blood; Oxygen con-
sumption = 300 ml/min

Hemoglobin concen-
tration = 15 gm/100 ml
blood; Arterial O, con-
tent = 0.20 ml O,/ml
blood

1) Any PAH ecntering
the kidney is com-
pletely excreted in the
urine.

2) Inulin is neither se-
creted nor reabsorbed
by the kidney. Hence,
any inulin rcaching the
ncphron is removed
from the plasma by fil-
tration.

Student
inputs

Patient’'s body
weight; Per cent
of flow that is
shunt

Paticnt's body
weight

Subjert’s body
weight; Indica-
tor to usc PAH
or Inulin);
Quantitiy (mg)
of indicator to
administer

Treadmill speed
(Km/hr); Col-
lection time for
expired gas

Value to
calculate

Arnterial
oxygen
conicnt

Blood {low

Effective
renal plasma
flow (PAH);
Glomerular
filtration
rate (Inulin)

Oxygen con-
sumption

0742-3233/%0/30.20 + 2.00

©1990 BY NATIONAL RESO!

FOR COMPUTERS [N LIFE SCIENCE EDUCATION

56

- - r




86 COMPUTERS IN LIFE SCIENCE EDUCATION, VOLUME 7, NUMBER 11, NOVEMBER 1990

a B
02 QUANT 7/ MIN = FLOW X BLOOD 02 CONTENT 02 UPTAKE = 02 IN/MIN - 02 OUT/MIN
= BLQOD FLOW ¥ CONTENT

gunc:lﬂ- Sux ML O2/MIN = BeRPouikd~ % (WL 02/ML)
%02 WL 0t mL CONYENT ERERRRRRRRES cggzzur

- FLOM FLOH
1620 ML 02/MINT: ARTEREAL: ?? SR 72
SHUNT: MIN wi282 i ARTERY SRR VEIN
2% a5fiL oz2/mML B TISSUES :

02 UPTAKE = 229 ML O2/MIN

127 ML O2/MIN

- —— T - o P - G €% S S o D W S D e O P S Y M D S S G €D e M4 D e R S S e

Hhat ARTERLAL 02 CONTENI results when
Hhat ARIERLAL 02 CON EPRLTBLOODS?

INDICATOR = PAH

KIDNEY s IR i
z — 1 S
URINE FLOW — T~~~ =~ — == BoDY
VOL/MIN = .71 ML SUBJECT’ S LUNGS
7 CONC = 16.11 MG/ML
Hhat is_the EFFECTIVE RENAL
PLASMA FLOW (ML/MIN)? B DATA FROM EXPERIMENT

INSPIRED GAS is 21 Z oxugen
EXPIRED GAS:

UOLUME collected in 1 MINUTES
36792 nl
PER CENT OXYGCEN in balloon
17. %
HOW MANY MLS OF OXYGEN DOES THE
SUBJECT CONSUME IN ONE MINUTE? B

FIGURE 8. Representative output screens from the four mass balance experiments summarized in Table 1. Panel A: Experiment 4, Mixing flows.
Panel B: Experiment 5, Blood-tissue gas exchange. Panel C: Experiment 6, Mass balance in the kidney. Panel D: Experiment 7, Pulmonary
gas exchange. The screens are designed 1o appear very different from cach other to emphasize the point thal even though the viewpoint may be
different, the underlying principle is the same.

CALCULATOR ¥ UNCTION

problems and then retum to the question

students arc aware that our understand-

1 Most of the problems in this program froin which the calculator was called. ing of biological phenomena is based on
require the student to carry out at [ast a set of common principles or common

3 onc calculation. To facilitate this, a ~ CONCLUSION themes, they will change their approach
simple calculator is incorporated intothe ~ The conservation of mass prog im repre- t0“new" information. Instead of vicwing
the program. It can be accessed by or.2  sents onc component of a serics of exer-  this information as a ncw database, unre-
keystroke at any time that the program is ~ cises designed lo redirect the way in laled to their current database, they will
secking input. The student can use the  which students approach biological in- view thenew infor.,.ation as anextension
calculator mode 10 do simple addition,  formaticn. The underlying premise of  of their current database. The goal of the
subtraction, multiplication, and division  this and its companion programsis that if  softwarc is not to teach specific applica-

©1990 BY NATIONAL RESOURCE FOR COMPUTLRS IN LIFE SCIENCE EDUCATION 0742.3233/90/30.00 + 2.00
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a B
02 QUANT / MIN = FLOW X BLOOD 02 CONTENT 02 QUANT 7 MIN . FLOW X BLOOD 02 CONTENT
out Lug: H our
160 ML/MIN
3“‘2 E‘&:’%‘ s, 2199 M85 %
1028 ML O2/MIN . ARTERIAL: 1020 ML 02/MIND: ARTERIAL:
SHUNT; 1147 SHUNT 1147
agi ML/MIN ML O2/MIN 500 ML/MIN s ML O2/MIN
xe“qunn 02/ML " % .141ML OZ/HLV,/’?~
127 ML O2/MIN =~ 127 ML O2/MIN =
43 RIAL 02 CONTENI results when NO...H many mls of blood flow out
Hhat AR R i (RN IENAL Bi008S - 8 the arterial side in a minuter 6008
C D
02 QUANT /7 MIN = FLOW X BLOOD 02 CONTENT 02 QUANT 7/ MIN = FLOW X BLOOD 02 CONTENT
IN outT ouT
LEe: L MIN sfa 'ML/MIN
% .2 ML 02/ML 89 ML 8L
7MIN™ 02/MIN >
1020 ML 02/MINI. ARTERIAL: 1620 ML e ARTERIAL:
1147 SHUNT 1147
359 ML/MIN ML 02/MIN 9@0@ ML/MIN ML 02/MIN

L 141ML 02/ML -~
127 ML O2/MIN =~

- e . GO B - W S Sk ey T b - ——— —————

Now. . £ 1147 mls 02 flows out the
a é ria end fer min, and 1t
S 5 nls of ood to achieve
mus t each n of

How many m
blcod cgntaﬁng .

% 14TML 02/ML >

No.
takes 114
ll_v

127 ML O2/MIN =~

.Each ml of blood will contain
/68808 o»r

. 191 mls 02

(PRESS ANY KEY TO CONTINUE)

FIGURE 9. Representative example of ttorial aid ¢”ered in response to an incorrect answer. This series is from Experiment 4 - Mixing Flows.
Panel A: The student enters a value of .2 mi O/ml blood for the calculated arterial oxygen content. Panel B: Inresponse to the wrong value, the
program begins o lead the student through the calculation. Panel C: The utorial pracess continues, and the student is again asked to calculate
the arterial oxygen content. The entered rusponse (.2) is again in error. Panel D: The correct answer is calculated and displayed for the student.

tions of the principle, but rather to
heighten awareness of the range of appli-
cations of the principle. The target stu-
dent population could be high sciiool,
undergraduate, or graduate level biology
students. However, the choice of ex-
amplesisoricnted toward students study-
ing mammalian pnysiology. The under-
lying premise remains to be tested, how-

ever, and will be the focus of a future
study that will be conducted when the
softwarc scrics is completed.

PROGRAM AVAILABILITY
Additional topic areas that will be included in
the Common Themes in Physiology series

include osmotic pressure relationships, pres-
surc-volume relationships, pressure-flow re-
lationship, and ferdback mechanisms. The
conservation of mass and osmotic pressure
relationships programs are currently avail-
able for MS-DQOS systems from the National
Resource for Computers in Lifz Science Edu-
cation. A Macintosh version will be devel-
oped in the future. For further information,
contact NRCLSE.
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AIMS AND SCOPE

The goal of Computers in Life Science Educationis to provide ameans of communication among
life science educators who anticipate or are currently employing the computer as an educational
tool. The range of content includes, but is not limited to, articles focusing on computer appli-
cations and their underlying philosophy, reports on faculty/student experiences with computers
in teach’ § environments, and software/hardware reviews in both basic science and clinical
education settings.

INVITATION TO CONTRIBUTORS

Articles consistent with the goals of Computers inLife Science Educationare invited for possible
publication in the newsletter.

PREPARATION AND SUBMISSION OF MATERIAL

Articles submitted for publication should be typewritten, double spaced, with wide margins. The
original and two copies including two sets of figures and tables should be sent to the Editor:
Dr. Harold Modell, NRCLSE, P.O. Box 51187, Seattle, WA 98115-1187.

Title page should include full title, list of authors, academic or professional affiliations, and
complete address and phone number of the corresponding author.

Ilustrations should be submitted es original drawings in India ink or sharp, unmounted
photographs on glossy paper (Laser printer output is acceptaole). The lettering should be such
that it can be legible after reduction (width of one column = 5.7 ctn).

Reference style and fonn should follow the "number system with references alphabetized”
described in the Council of Biology Editors Style Manual. References should be listed in
alphabetical order by the first author's last name, numbered consecutively, and cited in the text
by these numbers.

RESPONSIBILITY AND COPYRIGHT

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors
submitting manuscripts will be sent a copyright transfer form to complete. The completed form
must be retumaed before the work will be published.

SUBSCRIPTION INFORMATION

Computers inLife Science Education is published monthly by National Resource for Computers
in Lifc Science Education, P.O.Box 51187, Seattle, WA 981!5-1187. Subscriptionrate is $40.00
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of u.e world.

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal or intemal use of specifis
clients. This consentis given on the condition that the copier pay through the Center the per-copy
fee stated in the code on the firstpage for copying beyond that permitted by the US CopyrightLaw.
If no code appears on an article, the author has not given broad consent to copy and permission
to copy must be obtained directly from the author. This consent does not extend to other kinds
of copying, such as for general distribution, resale, advertising and promotional purposes, or for
creating new collective works.

Address otders, changes of address, and claims for missing issues to NRCLSE, P.O. Box 51187,
Seaitle, WA 98115-1187. Claims for missing issues can be honored only up to three months for
domestic addresses and six months for foreign addresses. Duplicate copies will not be sent to
replace ones undelivered due to failure to notify NRCLSE of change of address.

Address editonial correspondence to Harold I. Medell, PhD, NRCLSE, P.O. Box 51187, Seattle,
WA 98115-1187. (BITNET MODELL@UWALOCKE)

POSTMASTER: Send address changes to Computers in Life Science Education, ™. SE, P.O.
Box 51187, Secattle, WA 98115-1187.
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C“f{‘k:;ﬁ"ﬂ:ﬁ,’f“ f}’;}’:‘;",‘iw part of a qua..erly feature in CLSE de- approach to maximize student partici-
Thousand Oaks, Califomia signed to help readers become aware of pation in computer-based education.
DONNA LARSON current !itera_lur«; pert_incnt to computer Collegiate Microcomputer V1II(4):
School of Nursing applications in life science education. 293-300, 1990.
o, Moy Lniveny Bork, A and Pomicter, N: Practical tech-

niques usefu’ in authoring technol-

g?p:[n:.en L:‘ff‘g;::}fy Beck, JR et ai: Medical informatics for ogy-based leaining material. Journal
Skidmore College the other ninety percent: The Dart- of Computer-Based Insiruction
Santogs *  ings, New Y-k mouth experience. Academic 17:53-60, 1990.
JOEL A. MICHAEL Medicine 65:298-301, 1990. Collins, MAJ and Earle, P: A compari-
m:‘“;f (‘:’:g'i?&? Benest, ID: Computer-assisted learning son of the effects of computer-admini-
Chicago, lincis — using dynamic electronic books. stered testing, computer-based learn-
CHARLES L. RALPH Computers and Education 15:195- ing and lecture approaches on learn-
Department of Biology 203, 1990. ing in an introductory biology course.
{.3:""8;’1; Sutéélonivgity Bergeron, BP: Program instrumentation: Journal of Computers in Mathematics

 Collins, Lotons A technique for evaluating educa- and Science Teaching 9:77-84, 1989-
CATHERINE J. SCHAAP tional software. Collegiate Micro- 90.
e Pusialogy computer VIII(1):34-46, 1990. Cross, SS etal: Computer-assisted jeam-
University of Prince Edward Island
Charlottetown, Prive Edward Istand ¢

J 30

(742-3233/90/30.00 + 2.00

©1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION




9 COMPUTERS IN LIFE SCIENCE EDUCATION, VOLUME 7, NUMBER 12, DECEMBER 1990

ing in morbid anatomy: A simulation
of autopsy procedures and death
certification. Medicine, Science and
the Law 30(2):115-118, 1990.

Elsom-Cook, MT and O'Malley, CE:
ECAL: Bridging the gap between
CAL and intclligent tutoring systems.
Computers and Education 15:69-81,
1990.

Farabaugh, N: Maintaining student in-
terest in CAL. Computers in Nursing
8(6):249-253, 1990.

Fisher, KM et al: Computer-based con-
cept mapping. Journal of College
Science Teaching 19:347-352, 1990.

Frachel, RR: Computer applications for
community health nursing educators.
Computers in Nursing 8(6):243-248,
1990.

Fricdler, Y and Shabo, A: Developing a
high level data base to teach reproduc-
tive endocrinology using the Hyper-
Card program. Journal of Computers
in Mathematicsand Science Teaching
9:55-66, 1989-90.

Gagne, RM and Merrill, MD: Integrative
goals for instructional design. Educa-
tional Technology, Research and
Development 38:23-30, 1990.

Gardner, N and Darby, J: Using comput-
ers inuniversity teaching: A perspec-
tive on key issues. Computers and
Education 15:27-32, 1990.

Gundy, GC: HyperCard-based teaching:
Preliminary experiences and research
in anatomy and physiology courses.
Collegiate Microcomputer VIII(4):
287-292, 1990.

Habowsky, JEJ et al: The databasc as a
leaming tool. Journal of College
Science Teaching 19:363-366, 384,
1990.

Heller, RS: The role of hyprrmedia in
education: A look at th: research
issues. Journal of Resear: h on Com-
puting in Education "2:431-441,
1990.

Hooper, R: Computers and sacred cows.
Journal of Computer Assisted
Learning 6:2-13, 1990.

Isaacs, G: Course and tutorial CAL les-
son design: Helping students take
control of their learning, Educational
and Training Technology
International 27:85-91, 1990.

Jones, M and Wipond, K: Curriculum
and knowledge representation in a
knowledge-based system for curricu-
lum development.  Educational
Technology 30:7-14, 1990,

Jones, RA et al: Annual hypermedia
update. Academic Computing
4(4):20-26, 20-32, 34-44, 1990.

Kinze, MB: Requirements and benefits
of effective interactive instruction:
Learner control, self-regulation, and
continuing motivation. Educational
Technology, Research and
Development 38:5-21, 1990.

Koohang, AA: A study of attitudes to-
ward computers: Anxiety, confi-
dence, liking and perception of
usefulness. Journal of Research on
Computing in Education 22:137-150,
1989.

Lambert, WJ: BUFCALC: A program
for the calculation of buffers of speci-
fied pH, ionic strength, and buffer
capacity. Journal of Chemical Edu-
cation 67:150-153, 1990.

Leonard, WH: Computer-based technol-
ogy for college science laboratory
courses. Journal of College Science
Teaching 19:210-211, 1990.

Litchfield, BC: Criteria for evaluating
videodisc interactivity. Performance
and Instruction 29:23-26, 1990.

Litchfield, BC et al: Presentation se-
quence and example difficulty: Their
effect on concept and rule leaming in
computer-based instruction. Journal
of Computer-Based Instruction
17:3540, 1990.

Mezei, J et al: Computer-assisted in-
struction: How to solve drug formula-
tion problems. American Journal of
Pharmaceutical Education 54:30-34,
1990.

Newman, F: Technology oncampus: An
uneven msiage. CAUSE/EFFECT

31

13:9-14, 1990.

O'Malley, CE and Scanlon, E: Com-
puter-supported collaborative leam-
ing: Problem solving and distance
education. Computers and Education
15:127-36, 1990.

Rajendran, K etal: Computer graphicsin
the teaching and learning of anatomy.
Journal of Audiovisual Media in
Medicine 13(2):49-52, 1990.

Rieber, LR: Animation in computer-
based instruction. Educational Tech-
nology, Research and Development
38:77-86, 1990.

Rode M andPoirot, J: Authoring systems
- are they used? Journal of Research
on Computing in Education 22:191-
198, 1989.

Romiszowski, AJ: Computer mediated
communication and hypertext: The
instructional use of two converging
technologics. [Interactive Learning
International 6(1):5-29, 1990.

Ross, SM et al: Uses and effects of
learner control of context and instruc-
tional support in computer-based
instruction. Educational Technology.
Research and Development 37:29-39,
1989.

Salisbury, DF: Cognitive psychology
and its implications for designing drill
and practice programs for computers.
Journal of Computer-Based
Instruction 17:23-30, 1990.

Schaefermeyer, S: Standards for instric-
tional computing software design and
development.  Educational Tech-
nology 30:9-15, 1990.

Seidman, RH: Knowledge intensive
programming: A new educational
computing environment. Journal of
Educational Technology Systems
18:207-214, 1989-90.

Snyder, HD: Computer instrumentation
and the new tools of science. Journal
of College Science Teaching 19:171-
175, 191, 1989-90.

Spencer, KA: HyperCard: Teaching
technology for successful learning.
Journal of Audiovisual Media in
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Medicine 13(1):25-30, 1990.

Staman, EM: Anaction plan for infusing
technology into the teaching/lcarning
process. CAUSE/EFFECT 13:34-40,
1990.

Summers, S it al: Creative use of micro-
computer software by graduate nurs-
ing students. Computers in Nursing
8(5):198-200, 1990.

Tripp, SD: Rapid prototyping: An alter-

native instructional design strategy.
Educational Technology, Research
and Development 38:31-44, 1990.

Watson, DM: The classroom vs the
computer room. Computers and
Educatio~ 15:33-37, 1990.

Wells, GL: Instructional use of comput-
ers in the junior college. New Direc-
tions for Community Colleges 18:57-
69, 1990.

THE BULLETIN BOARD

The Bulletin Board is published periodi-
cally to inform readers of upcoming
meetings of interest. If you know of
meetings, symposia, continuing educa-
tion courses, etc, of interest to life scicnce
educators, and they do not appear in The
Bulletin Board, please let us know. Send
pertinent information to:

Dr. Harold Modell

NRCLSE

P.O.Box 51187

Seattle, WA 98115-1187
or let us know via BITnet. NRCLSE's
BITnet address is:

MODELL@UWALOCKE

JANUARY 7-9, 1991. Introduction to
Interactive Vidco workshop,
Bloomsburg, PA

Contact:

Dr. Harold Bailey

Institute for Interactive Technologies
1210 McCormick Center
Bloomsburg University

Bloomsburg, PA 17815

(717) 389-4506

JANUARY 18-20, 1991. Association of
Biologists in Computing, Los Ange-
les, CA

Contact:

Bob Desharnais

Biclogy Department

Ca.ifornia State University, Los Angeles
5151 State University Drive

Los Angeles, CA 90032-8201

(213) 343-2056

JANUARY 22.24, 1991. Sixth Interna-
tional Conference on Multimedia and
CD-ROM, San Francisco, CA

Contact;

Mark LoGiurato
Conference/Marketing Manager
Cahners Exposition Group
Cahners Plaza

999 Summer St.

P.0. Box 3833

Stamford, CT 06905

(203) 352-8224

FEBRUARY 5.8, 1991. 11* Annual
Florida Educational Technology
Conference. Tampa, FL

Contact:

Barbara Ann Cox
Conference Coordinator
Suite B1-54

Florida Education Center
325 West Gaines Street
Tallahassee, FL 32399

32

Williams, RD and Benedict, S: RN edu-
cation flexibility utilizing laptop
computers. Computers in Nursing
8(5):201-203, 1990.

Wu, YK etal: Computer use, computer
attitudes, and gender: Differential
implications of micro and mainframe
usage among college students. Jour-
nal of Research on Computing in
Education 22:214-228, 1989.

(904) 488-0980

FEBRUARY 20-22,1991. Fifth Annual
Conference - Learning Technology in
the Health Care Sciences and Eighth
Annual Conference - Interactive In-
struction Delivery. Orksiddo, FLL

Contact:

Program Coordinator

Societyfor Applied Learning Te:hnology
50 Culpeper Street

Warrenton. VA 22186

FEBRUARY 24.28, 1991. Seventh
IEEE Conference on Antificial Intelli-
gence Applications, Miami Beach, FL

Contact:

CAIA-9]

The Computer Society of the IEEE
1730 Massachusetts Ave, NW
Washington, DC 20036-1903
(202) 371-1013

MARCH 4-8, 1991. Basic Skills Vide-
odisc Design/Production Workshop,
Lincoln, NE

Contact:

Nebraska Videodisc Group

0742-3233/90/50.00 + 2.00
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1800 North 33%Street
Lincoln, NE 68583
(402) 472-3611

APRIL 22-25, 1991, Communicating
Disney Style Seminar, Lake Buena
Vista, FL.

Contact:

Walt Disney World Co.

Seminar Productions

P.0O. Box 10,600

Lake Buena Vista, FL 32830-1000
(407) 363-6620

APRIL 6, 1991. The Social Creation of
Knowledge: Multimedia and Infor-
mation Technologics in the Univer-
sity, Cambridge, MA

Contact:

Edward Barrett

Conference Director

Massachusetts Institute of Technology
160 Memorial Drive 14N-336
Cambridge, MA 02139

APRIL 19-20, 1991. Intellectual Prop-
erty and Authorship, Cleveland, OH

Contact:
Professor Martha Woodmansee

Department of English
Case Western Reserve University

Cleveland, OH 4106

OR
Professor Peter A. Jaszi
Washington College of Law
American University
Washington, DC 20016

MAY 6-9, 1991. Nebraska Interactive
Media Symposium, Lincoln, NE

Contact:

Nebraska Videodisc Group
1800 North 33%Street
Lincoln, NE 68583

(402) 472-3611

MAY 13-15,1991. Introduction to Inter-
active Video Workshop,
Bloomsburg, PA

Contact:

Dr. Harold Bailey

Institute for Interactive Technologies
1210 McCormick Center
Bloomsburg University

Bloomsburg, PA 17815

(717) 3894506

JUNE 18-20, 1991. National Education
Computing Conference, Phoenix, AZ

Contact:

NECC
(602) 965-7363

AUGUST 21-23, 1991. 13® Annual
Conference on Interactive Videodisc
in Education and Training and 7* An-
nual Conference on CD-ROM Appli-
catoins in Education and Training,
Arlington, VA

Contact:

Societyfor Applied Learning Technology
50 Culpeper Street

Warrenton, VA 22186

(703) 347-0055

OCTOBER 16-19, 1991.
'91, San Diego, CA

EDUCOM

Contact:

EDUCOM ‘91 Program Committee
San Diego Supercomputer Center
University of California at San Diego
La Jolla, CA 92083-0505

NOVEMBER 10-14, 1991, 33* Inter-
national ADCIS Conference: Con-
nectious and collaborations - Tech-
nology and people for the 90's, St.
Louis, MO

Contact:

ADCIS International Headquarters
229 Ramseyer Hall

29 West Woodruff Avenue
Columbus, OH 43210-1177
(614)292-4324

F

price.

.

NRCLSE RELEASES NEW SOFTWARE

NRCLSE announces the availability of the first two programs in our new series entitled "Common Themes in Physiology."
The first program is a tutorial dealing with osmosis and osmotic pressure relationships (sce CLSE, August, 1560). The second
program is a problem set focused on applications of the principle of conservation of mass (see CLSE, November, 1990). Current
versions of the programs are available only for IBM compatible equipment. Macintosh versions of the programs will b

available late in 1991. The costof each program is $30.00 (US). Permission to copy the programs is included in the purchase

/

)
Ju
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SUMMARY OF LIQUID CRYSTAL DISPLAY
PROJECTION PAD VENDORS

Liquid crystal display (LCD) projection
pads have improved considerably since
their introduction several years ago. In
1987, Stull and Knoll surveyed this mar-
ket and listed § distributers of LCD
projection panels (see CLSE 4:76-77,
1987). The number of distributors has
since more than doubled. Kesolution has
improved; units are available for a
broader range of graphic output modes
(CGA, EGA, VGA, Macintosh); and
many units now offer "color” display.
Last year CLSE presented our first list of
LCD projectiors pad vendors to help
CLSE readers identify sources of LCD
projection pads that will meet their pro-
jectionrequirements. The following isan
updated version of that list. If you are
aware of other vendors that we have
failed to list, please let us know about
them. Send appropriate information to:

Dr. Harold Modell

NRCLSE

P.O.Box 51187

Seattle, WA 98115-1187
or let us know via BITnet. NRCLSE's
BITnet address is:

MODELL@UWALOCKE

Apollo Audio- Visual

60 Trade Zone Court
Ronkonkoma, NY 11779
(516) 467-8033

ASK LCD Inc.

5 Dunwoody Park, Suite 116
Atanta, GA 30338
(800) 255-1379

Computer Accessories
6610 Nancy Ridge Dr.
San Diego, CA 92121
(619) 457-5500

Comtrex Accessories
P.O. Box 1450

El Toro, CA 92630
(714) 855-6600

Dukane Corporation
Audio Visual Divix 'on
2900 Dukane Dr.

St. Charles, IL. 60174
(800) 356-6540

(800) 634-2800

(708) 584-2300 (lllinois)

Eastman Kodak

343 State St.
Rochester, NY 14650
(800) 242-2424

Eiki International

27882 Camino Capistrano

P.O. Box 30000

Laguna Niguel, CA 92677-8000
(714)582-2511

In Focus Systems, Inc.
7649 S.W. Mohawk At
Tualatin, OR 97062
(503" 692-4968

(800) 327-7231

MECC Etc.

3490 Lexington Avenue North
St. Paul, MN 55126

(800) 228-3504 ext 693

(612) 481-3500 ext 693

(800) 782-0032 ext 693 (Minncsota)

nView Corp.

11835 Canon Blvd., Suite B-10
Newport News, VA 23606
(804) 873-1354

Sharp Electronics Corp.
Sharp Plaza

P.0O. Box 650

Mahwah, NJ 07430
(201) 529-8731

Telex Communications
9600 Aldrich Ave. So.
Minneapolis, MN 55420
(612) 887-5531

(612) 8844051

(800) 828-€107

Toshiba America
1101A Lake Cook Rd.
Deerfield, IL 60015
(708) 945-1500

Visualon, Inc

3044 Payne Ave.
Cleveland, OH 44114
(800) 321-3860

(800) 362-3108 (Ohio)

f

SHARE YOUR EXPERIENCE

NRCLSE wants to know about your experiences with LCD projeciion pads. What brands and models have you used? How
were they used? How well did they meet your needs? How have they changed ynu approach to teaching?

~

/

4
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Analog Connection WorkBench 10:73-

80

analog to digital conversion 10:73-80

anatomy
colleagues 6:43, 7:53
software 2:9-10
videodiscs 5:37

annuval report, NRCLSE 1:5-6

BICEP 5:34-35
biology
colleagues 6:44-46
courseware 5:33-36
software 2:10-11, 5:34-36
videodiscs 5:37
biotechnology videodisc 5:37
botany
colleagues 6:46-47
software 2:11-12
videodiscs 5:37-38
bulletin board 9:69-70, 12:91-92

cell biology
colleagues 6:47
videodiscs 5:38
clinical medicine
colleagues 7:51-53, 7:55, 8:63
software 2:12-13
videodiscs 5:38-39
CLSE colleague directory 6:42-47,
7:49-55, 8:59-63
colleagues
agronomy 6:43
anatomy 6:43
animal behavior 6:43-44
animal science 6:44
biochemistry 6:44
biology 6:44-46
biometrics 6:46
biophysics 6:46
biostatistics 6:46
botany 6:46-47
cell biology 6:47
chemistry 6:47
computer literacy 6:47
cytogenetics 6:47

cytology 6:47
dentistry 6:47
developmental biology 6:47, 7:49
ecology 7:49-50

education 7:50

clectron microscopy 7:50
embryology 7:50-51
endocrinology 7:51

entomology 7:51

environmental science 7:51
cpidemiology 7:51

evolution 7:51

family practice 7:51

fisheries 7:51

gastroenterology 7:51

genctics 7:51-52

hematology 7:52

histology 7:52-53

immunology 7:53

instructional design 7:53

internal medicine 7:53
laboratory medicine 7:53
limnology 7:53

livestock production 7:53
marine science 7:53
medi.ai technology 7:53
microanatomy 7:53
microbiology 7:53-54
modeling 7:54
molecular biology 7:54
molecular genetics 7:54
natural history 7:54
ileuroanatomy 7:54
neurobiology 7:54
neuroscience 7:54
nursing 7:54-55
nutrition 7:55

oral histology 7:55

oral pathology 7:55
ornithology 7:55
parasitology 7:55
pathology 7:55
pediatrics 7:55
pharmacology 8:60
physiology 8:60-63
plant physiology 8:63

I

population biology 8:63
psychiatry 8:63
quantitative biology 8:63
research techniques 8:63
serology 8:63
statistics 8:63
taxonomy 8:63
virology 8:63
zoology 8:63

college freshmen 5:33-36

common principles in biology 11:81-87

computer as a teaching tool 1:1-8

computer assisted instruction 4:25-28

courseware, biology 5:33-36
cytology
colleagues 6:47
software 2:13

data acquisition systems 10:73-80
drill and practice 11:82

ecology
colleagues 7:49-50
software 2:13
EDUCOM 1:2
erratum 9:70
evolution
colleagues 7:51
software 2:13-14
Examiner 9:65-67
examSYSTEM 9:65-67

forestry software 2:14

genetics
colleagues 7:51-52, 7:54
software 2:14, 3:18
grade management 9:66
grading systems 9:65-67

health science videodiscs 5:3%
hematology

colleagues 7:52

videodiscs 5:39
histology 4:25-28

colleagues 7:52-53
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indicator dilution 11:83

integrated testing and grading systems
9.65-67

interactive video 1:2, 4:25-28

Jensh RP 4:25-28

Keeping Abreast of the Literawr
3:17-18, 6:4142, 9:67-68,
12:89-91

LabVIEW 10:73-80

Liquid Crystal Display Projecton Pads
12:93

Lombardi GH 9:65-67

Macintosh 10:73-8C
MaclL.ab 10:73-80
mass balance experinzent< 11:84
medical hisiology 4:23-28
medicine software, clinical 2:12-13
microbiology

colleagues 7:53-54

software 3:18
MicroPac 9:65-67
MicroTim €:65-67
miscellanes... tottware 4:29-30
Moded Tu 1:1-8, 8:57-59, 11:81-87

neuroscience
colleagues 7:54
software 3:13-19
NRCLSE
annual report 1:5-6
feedback request 9:68
questionnaire 1:7, 9:71
software evaluation submission
form 4:30-31
nursing
collcagues 7:54-55
software 3.19

osmosis 8:58-89

pathoiogy
colleagues 7:55
videodiscs 5:40
Par bystem 9:.65-67
phasmacology
coileagues 8:60
suftware 3:19
whysiology
colleagues 8:60-63
snftware 3:19-22

vidondises 5:37
popuiaticn uynamics software 3:22
projection pads 12:93

Ralph CIL. 5:33-36
reasoning skills 8:57-59

simulation 8:58-59, 11:82
software
anaromy 2:9-10
biochemistry 2:10
biology 2:10-11, 8:57-59, 11:81-
87
botany 2:11-12
clinica’ medicine 2:12-13
cytology 2:13
ecology 2:13
¢volution 2:13-14
forestry 2:14
geretics 2:14, 3:18
microbiology 3:18
miscellaneous 4:29-30
neuroscience 3:18-19
nursing 3:19
pharmacology 3:19
physiology 3:19-22, 8:57-59,
11:81-87
population dynamics 3:22
substance abuse 4:29

¥

zoology 4:29
substance gbnse software 4:29
Swanson HD 10:73-80

tearhing laboratories 10:79-80
technology in the classroom 1:1-2
test

analysis 9:66

delivery 9:66

preparation 9:66
testing systems 9:65-65
tutorials 8:57-59

vendors
LCD projection pads 12:93
software 2:15-16, 3:22-23, 4:30,
9.67
videodisc 5:37-40
videodiscs
anatomy 5:37
biology 5:37
biotechnology 5:37
botany §:37-38
cell biology 5:38-40
health science 5:39
hematoiogy $:39
pathology 5:40
pathophysiology 5:40
physiology 5:37
wildlife myanagement 5:40
zoology 5:40

wildlife management videodisc 5:40

Where are the Videodiscs? 5:37-40

Where's the Softwan:? 2:9-16, 3:18-23,
4:29-30

200logy
colleagues 8:63
software 4:29
videodiscs 5:40
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AIMS AND SCOPE

The goal of Computers in Life Science Education s to provide a ineans of communication among
life science educators who anticipate or are currently employing the computer as an educational
tool. The range of content includes, but is not limited to, articles focusing on computer appli-
cations and their underlying philosophy, reports on faculty/student experiences with computers
in teaching environments, and software/hardware reviews in both basic science and clinical
education settings.

INVITATION TO CONTRIBUTORS

Articles consistent with the goals of Computers in Life Science Education are invitea for possible
publication in the newsletter,

PREPARATION AND SUBMISSION OF MATERIAL

Artlcles submitted for publication should be typewritten, double spaced, with widemargins. The
original an1 two copies including two sets of figures and tubles should be sent to the Editor:
Dr. Harold Modell, NRCLSE, P.O. Box 51187, Scattle, WA 98115-1187.

Title page should include full title, list of authors, academic or professional affiliations, and
comnplete address and phone number of the corresponding author.

Illustratlons should be submitted as original drawings in India ink or sharp, unmounted
photographs on glossy paper (Lauser printer output is acceptable). The lettering should be such
that it can be legible afier reduction (width of one column = 5.7 cm).

Ref'erence style and form should follow the "number system with references alphabetized”
described in the Council of Biology Editors Style Manual. References should be listed in
alphabetical order by the first author's last name, numbered consecutively, and cited in the text
by these numbers,

RESPONSIBILITY AND COPYRIGHT

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors
submitting manuscripts will be sent a copyright transfer form to complete. The compieted form
must be retumned before the work will be published.

SUBSCRIPTION INFORMATION

Computers inLife Science Education is published monthly by National Resource for Computers
in Life Science Education, P.O. Box 51187, Seattle, WA 98115-1187. Subscriptionrate is $45.00
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add
$20.00 for postage (airmail) in Europe and South America and $23.00 for the rest of the world.

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal or internal use of specific
clients. This consent is given on the condition that the copier pay through the Center the per-copy
fee stated in the code on the first page for copying beyond that permitted by the US Copyright Law.
If no code appears on an article, the author has not given broad consent to copy and permission
to copy must be obtained directly from the author. This consent does not extend to other kinds
of copying, such as for gencral distribution, resale, advertising aad promotional purposes, or for
creating new collective works.

Address orders, changes of address, and claims for missing issues to NRCLSE, P.O. Box 51187,
Seattle, WA 98115-1187. Claims for missing issucs can be honored only up to three months for
domeslic addresses and six months for foreign addresses. Duplicate copies will not be sent to
replace ones undelivered due to failure to notify NRCLSE of :hange of address.

Address editorial correspondence to Harold I. Mode!!, PhD, NRCLSE, P.O. Box 51187, Seattle,
WA 98115-1187. (BITNET MODELL@UWALOCKE)

POSTMASTER: Send address changes to Computers in Life Science Education, NRCLSE, P.O.
Box 51187, Seattle, WA 98117 .1187.
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