
























































































































































































































































































































































































































































Project Number: IT19 

Computer Programming Tutor 

Maria Gini 
Department of Computer Science . 

Purpose 

The project is aimed at improving the process 
of learning the basic skills of computer pro­
gramming. We expect, by improving the qual­
ity of the computing environment, to improve 
substantially the skills of our lower-division 
students and to prepare them better for upper­
division courses. 

More specifically, the idea is to create an 
interactive system to help beginners learn how 
to debug their Pascal programs and to identify 
what the student did and did not understand. 
The system will identify nonsyntactic bugs and 
help novices understand the misconception that 
caused the bugs. We have chosen Pascal 
because of the large number of students who 
learn Pascal in introductory courses. 

Progress 

We have spent a considerable amount of time 
in designing a system that satisfies our needs 
and is flexible enough to be useful. We have 
implemented most of the system and are in the 
process of debugging it. Four Master students 
and various undergraduate students contributed 
to its design and implementation. Two of the 
undergraduate students presented a paper on 
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their work at a conference for undergraduate 
students in April 1987. Two Master theses 
related to this work will be completed in 
September 1987. 

The availability of TI PC Scheme has helped 
the students taking the course CSci 3106. In 
that class we teach Scheme, but in the past, 
since we did not have any implementation of 
Scheme, we had to use Common Lisp instead. 
Using PC Scheme has meant a major improve­
ment in the class. Since 3106 is a lower­
division class taken by many students outside 
Computer Science, we have helped a large 
community. 

We have developed software to enable us to 
use the PC network in a more effective way. 
For instance, we have developed a system of 
student accounts so that we can avoid random 
use of the systems and guarantee file space to 
authorized users. We have provided a commu­
nication line that enables the PC network to 
communicate with any computer reachable by 
phone. The PC network is also on the Arp~ . 
net. The mail program we have developed 1s m 
regular use and allows the exchange of elec­
tronic mail with any site on the Arpa net. 

Publications: 

Mohamed Bendelloul, '' A Flexible Matching 
Process to Diagnose Logical Errors in 
Pascal Programs'', Master Thesis, 
September 1987. 

Ramdane Maarnri, ''Understanding Logical 
Errors in Novice Programs'', Master Thesis, 
September 1987. 
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Future Plans 

Testing a large and complex program talces a 
lot of time. We need to guarantee that the 
system is reliable and robust, because we do 
not want to confuse students with errors in a 
system that is supposed to help them in finding 
their errors. For this reason, we expect to 
spend a whole year in testing, beginning next 
year. The system should be ready for major 
demonstrations and for practical use at the end 
of the coming academic year. 

We will continue working to provide better 
communication with other machines. We will 
continue using the PCs for 3106 and may start 
an experimental section of the Pascal class 
when we are ready to test our software. 

Equipment 

6 PC/ A Ts with Enhanced Graphics displays 
2 PC/ATs 
14 PC/XTs with Enhanced Graphics displays 
1 Monochrome display 
1 3812 Page Printer 
1 Proprinter 
1 Streaming tape drive 
PC Network 
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Project Number: IT20 

Software for Robot 
Programming 

Maria Gini 
Department of Computer Science 

Purpose 

This project will develop sophisticated soft­
ware tools for robot programming using tech­
niques and methods typical of artificial intelli­
gence. 

Progress 

We have developed a variety of programs to 
simulate activities of robots. In particular, we 
have worked on simulation of navigation tasks 
for a mobile robot in a 2D environment. We 
have developed a method for representing the 
free space with generalized cylinders and for 
finding a path between two points. We have 
also developed a program in which a simulated 
robot explores an unknown 2D environment. 

In addition, we have. worked with the IBM 
robot in Mechanical Engineering (Woksape 
Project IT08) to design a robot system architec­
ture that achieves reliable execution of indus­
trial robot tasks. The system autonomously 
handles failures in robot programs performing 
parts manipulation and assembly. It starts with 
a robot program and generates an expanded 
form of the program, which monitors and 
controls the robot's operation in real-time. If a 
failure is detected during the robot's operation, 
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information collected during execution is 
passed to a recovery process that handles the 
recovery. The recovery process analyzes the 
failure and plans the sequence of robot opera­
tions necessary to correct the failure and 
proceed with the robot's task. The recovery 
process passes the procedure back to the real­
time system, which gets the robot going again. 

We have also developed a prototype system 
that demonstrates the feasibility of this ap­
proach. The prototype system executes simple 
manipulation tasks and autonomously handles 
errors involving lost, dropped, missing, or ob­
structed parts. The present configuration of the 
system controls an IBM 7565 manufacturing 
manipulator. In addition, we have performed 
experiments of more complex tasks and recov­
ery strategies on a simulated system. 

The design of the error-recovery system incor­
porates three features of particular interest. 
First, the reasoning system and the real-time 
functions operate independently and execute on 
separate processors. Second, sensors are 
activated and monitored selectively, according 
to the robot's current action. Third, if the 
robot's task fails repeatedly, the system per­
forms successive restarts and recoveries with­
out ill effect. 

The system uses separate processors for execut­
ing the reactive (or real-time) software compo­
nents and for executing the reflective (or 
symbolic-reasoning) components of the system. 
This separation prevents time-critical software , 
components from having to compete for com­
putation time. It also allows us to choose a 
managing processor for its symbolic computa­
tion capabilities, rather than its real-time 
capabilities. Since the real-time executive is 
the only component that interacts with the 
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robot continuously, a large-scale system could 
probably share a single reasoning system 
among several independent work cells, each 
with its own executive. 

In the current implementation, the reasoning 
components reside on a Vax 11n80. Motion 
control and sensor filtering for the IBM 7565 
are implemented on an IBM Series 1 minicom­
puter using the AML programming system. 
The real-time executive resides on an 
MC68000-based personal computer system, an 
Apple Macintosh. 

Future Plans 

We will continue working on the system for 
error detection and recovery, modifying the 
software to make the system more robust and 
flexible. We will also work on filtering sensor 
data to handle more types of operations. 

We have plans to use one PC to control a 
mobile robot that we will acquire in the Fall of 
1987. This will allow experiments with navi­
gation, sensor processing, and real-time con­
trol. We will test with the real robot some of 
the algorithms developed in simulation. 

Publications Related to the Project: 

M. Gini and R. Smith, ''Monitoring Robot 
Actions for Error Detection and Recovery'', 
to appear in Proc. of JPL Workshop on 
Space Telerobotics, January 1987. 

M. Gini, ''Symbolic and Qualitative Reasoning 
for Error Recovery in Robot Programs'' in 
U. Rembold and K. Hormann eds, 
Languages for Sensor-Based Control in 
Robotics, NATO ASI Series, Vol F29, 
Springer-Verlag, Berlin, West Germany, 

1987, pp 147-167. 
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M. Gini, '' Automatic Error Detection and 
Recovery'', to appear in Robot Technology 
and Applications, (U. Rembold, ed.), M. 
Dekker, 1987. 

R. Smith, ''An Autonomous System for 
Recovery from Object Manipulation Errors 
in Industrial Robot Tasks'', PhD Thesis, 
University of Minnesota, June 1987. 

Equipment 

1 PS/2 Model 80 with 8514 display 
2 PC/ATs with Enhanced Graphics displays 

1 Proprinter 
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Project Number: IT21 

Development of a Mathematics 
Laboratory 

Thomas R. Berger and Charles A. 
McCarthy 
School of Mathematics 

Purpose 

Math Lab is an international effort to develop 
mathematics projects suitable for students 
studying science and engineering who have 
completed calculus. Small groups of students 
are intended to work together solving mathe­
matical problems. The problems require self 
study and use some major software package. 
Projects range from series solutions of differen­
tial equations using MACSYMA to the struc­
ture and generation of the group of Rubik's 
cube using Cayley. Currently, there are more 
than a dozen projects being tested at various 
universities. 

Progress 

Late in the Fall of 1986, two IBM PC RTs 
were acquired for the development of Math 
Lab projects here at the University of Minne­
sota. Since the international software effort is 
being done on UNIX systems, these machines 
came equipped with AIX (IBM's implementa­
tion of Unix System V). 

Problems have been encountered in getting 
some of the major software packages to run. 
Further, certain system software (such as uucp) 
has presented recurrent.problems. Some of 
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these problems stem from the early version of 
AIX and others stem from porting software 
developed on Berkeley UNIX to AIX. Linker 
and compiler problems combined with porting 
problems have significantly slowed develop­
ment. These problems, along with limited 
development time, have made progress slower 
than anticipated. 

Future Plans 

During the summer of 1987, plans were revised 
to take computer difficulties into account. De­
velopment will be shared between PC RTs and 
University computing systems. Software will 
be moved to the RTs on a longer time scale. 
Further experiments are underway on both AIX 
and Berkeley 4.2 UNIX to see if a shift 
from AIX might facilitate development. 

This fall, faculty will be solicited on a small 
scale to test individual Math Lab projects. It is 
hoped that one year from now a larger test can 
be conducted involving more students. 

Equipment 

2 RT PCs with Extended Mono Graphics 
displays 
2 Proprinters 

1 Streaming tape drive 

University of Minnesota Project Woksape 



Project Number: IT22 

IBM VLSI Academic Program 

Gerald Sobelman 
Department of Electrical Engineering 

Purpose 

Very Large Scale Integration (VLSI) provides a 
technological opportunity for designing and 
implementing complex digital systems on a 
single silicon chip that would otherwise occupy 
complete circuit boards. In order to success­
fully carry out a VLSI design project, one must 
have a set of computer-aided design (CAD) 
tools, a reliable manufacturing environment, 
and suitable testing procedures. IBM Corpora­
tion, through its VLSI Academic Program 
(Manassas, VA), is providing precisely this 
type of support to four participating universi­
ties, including the University of Minnesota. 
This program enables students to participate in 
a realistic VLSI design experience, all the way 
from initial design description to final testing. 

Many universities offer various types of 
courses in VLSI design, some of which include 
actual VLSI design experience. This design 
experience is normally obtained through use of 
the federally-funded chip-design facility known 
as MOSIS, administered by Information Sci­
ences Institute of the University of Southern 
California. This facility contracts with com­
mercial semiconductor fabrication houses and 
offers a variety of technology options. Univer­
sities that submit designs through this service 
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must, however, assemble their own sets of 
CAD tools, and develop and apply their own 
design and testing methodologies. While this 
facility offers the chance to explore a wide 
range of design alternatives, it requires a 
considerable amount of sophistication on the 
part of the users. Thus, it is not entirely satis­
factory as a student's first exposure to VLSI 
design. 

The IBM VLSI Academic Program represents 
a truly unique educational resource. In contrast 
to the MOSIS program, IBM has supplied us 
with a complete set of CAD software devel­
oped explicitly to support IBM's fabrication 
environment. In addition, the design process is 
greatly enhanced by the use of a library of 
functional modules that comes as part of the 
system. A student uses these modules, which 
have been verified by IBM for correctness, as 
basic building blocks. Another element of the 
design system is a well-developed testing dis­
cipline that ensures that manufactured chips 
can be sufficiently checked for proper function­
ality. 

Progress 

The Electrical Engineering course sequence 
5574-5575 (VLSI Design Laboratory), offered 
during the Winter and Spring Quarters of the 
1986-87 academic year, was based entirely on 
the Woksape-sponsored IBM VLSI Academic 
Program. Five XT/286 workstations and other 
required communications hardware had been 
installed in our departmental Woksape Lab just 
prior to the start of the Winter Quarter. After 
considerable developmental work by key 
individuals from St. Paul Computing Services 
(SPCS), Project Woksape, the local IBM field-

. service office, and IBM Manassas, our VLSI 
design system becam~ fully operational in time 
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for use by the students. In our current configu­
ration, students enter their designs directly onto 
workstations, using a menu-driven graphical 
format. Then, this design information is sent 
electronically to the SPCS IBM 4381 main­
frame, where large simulation and chip-layout 
programs are run. Finally, the students can 
access the results of these mainframe programs 
on their workstations and make modifications 
in their designs as required. 

In this initial offering of the course sequence, 
eighteen graduate-level Electrical Engineering 
students worked in teams of two persons each 
to produce nine complete chip designs. IBM 
supported our efforts in various ways through­
out the two-quarter period. For example, 
technical experts from IBM facilities in Manas­
sas and Rochester, Minnesota gave particularly 
informative presentations to the class on sev­
eral aspects of VLSI design. 

At the end of Spring Quarter, 1987, the designs 
were sent via Bitnet to IBM Manassas, where 
they were checked for adherence to design 
rules. In addition, IBM Manassas generated 
large plots of the chips for distribution back to 
the student designers. Our chip-design projects 
were highlighted in the July, 1987 issue of a 
newsletter about the program produced by the 
group at IBM Manassas. In addition, one of 
the projects was sufficiently interesting from a 
research point of view that a paper describing 
this design was presented at an international 
conference. All parties involved agreed that 
this first offering of the course had been a 
success. 

The same course sequence was offered again 
during the Winter and Spring Quarters of the 
1987-88 academic year. This second offering 
of the course sequence focused on the imple­
mentation of some novel architectures for 
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digital signal processing applications. Two 
graduate students who were veterans of the 
1986-87 course sequence assisted as part of 
their Master's degree programs, by developing 
some promising new architectures that wereim­
plemented by the second group of students. 

Future Plans 

Some new CAD software packages have been 
obtained which also run on the workstations. 
These new packages provide additional capa­
bilities for creating advanced VLSI designs. 
We plan to use these systems in our senior­
level design project course, EE 5450. 

Equipment 

5 PC/XTs with Enhanced Graphics displays 
5 Proprinters 
1 Color plotter 

PC Network 

University of Minnesota Project Woksape 



Project Number: IT23 

Modelling and Visualization of 
Three-Dimensional Crustal 
Features in Stratigraphy and 
Structural Geology 

C. Paola, C. Teyssier, K. Kleinspehn 
Department of Geology and Geophysics 

Purpose 

The overall purpose of this project is to de­
velop novel programs to help geology students 
visualize complex three-dimensional structures 
in the Earth and to understand how their forms 
are controlled by the forces that produce them. 
Specifically, we are focusing on two areas: 
sedimentary geology and structural geology. In 
sedimentary geology, various combinations of 
surficial processes (e.g., wind, rivers, ocean 
currents) deposit sediment on the Earth's 
surface, mainly in areas where the crust is 
subsiding. Many practical problems involve 
predicting the size and shape of bodies of some 
particular sediment type (usually sand) within a 
given deposit. The sedimentary-geology 
section of the project involves writing pro­
grams that allow students to vary interact~vely 
some of the main parameters that determine 
deposit and/or sand-body geometry (e.g., rate 
of subsidence, sea level, current strength) and 
to see the results in the form of a three-dimen­
sional model. 

In structural geology, the emphasis is on 
deformation of the crust under applied stresses, 
often the result of interactions between tectonic 
plates. These deformations can create three­
dimensional features of great complexity (e.g., 
refolded folds). Their geometry depends on, 
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among other things, the geometry of the ap­
plied stresses and the mechanical properties of 
the rocks being stressed. Again, our approach 
is to let students vary the main governing 
parameters interactively in a computing envi­
ronment that allows them to see the results 
immediately (more or less) and in three dimen­
sions. 

Progress 

One PC/RT system with 5080 graphics proces­
sor was delivered to the Department of Geol­
ogy and Geophysics in September, 1986. Since 
there is no high-level 3D graphics interface that 
we are aware of that is geared towards display­
ing images like those with which we are work­
ing, we decided to use IBM's implementation 
of the PHI GS standard (IBM graPHIGS) for 
the display sections of our programs. This has 
proven to be a formidable task: PHIGS pro­
vides a great deal of control but, as usual, the 
tradeoff is that coding even relatively simple 
displays is very complex. Thus, we scaled 
back our ambitions a bit in the first year and 
decided to focus on PHIGS display programs 
that students could use easily without doing 
any programming. This effort was a success: 
We have been using and developing a software 
package in GEOL 5653, Basin Analysis. In 
that class, students were given realistic well 
data (cores, electric logs, etc.) and asked to 
provide a three-dimensional map of the strati­
graphic units in the wells. The display of such 
maps is something for which PHIGS is well­
suited. The students were able to produce 3D 
images of the stratigraphy in the basin and 
view them from any angle, in real time, by 
manipulating dials attached to the 5080. This 
provides a picture of the geometry of the strata 
that would have been very hard to obtain using 
conventional, two-dimensional techniques. 

215 



The IBM RT PC workstation has been used in 
the Structural Geology laboratory (GEOL 
5201) for the last two years. The emphasis has 
been on the mechanical aspect of deformation. 
The two laboratory sessions ( 4 hours total) that 
address this question are aimed at isolating the 
effects of different elastic parameters (such as 
Poisson's ratio or Young's modulus) on the. 
flexural deformation of an elastic plate. After 
studying the elastic properties, the student then 
addresses the effect of boundary conditions 
(such as the thickness of the plate or the load 
imposed on it) in the geologic cases described 
below. 

The first exercise is an experiment that simu­
lates the instantaneous load produced by the 
geologic emplacement of a volcanic seamount. 
The second experiment is concerned with the 
deformation of the crust just following a 
caldera collapse or the melting of an ice sheet. 
These simple cases illustrate the fact that more 
complicated rheological properties have to be 
adopted in order to account for the time evolu­
tion of geological phenomena (time-dependent 
rheology of the mantle, for instance). Realistic 
results are obtained in certain cases, however 
(ice sheet), by using elastic models. 

Future Plans 

Our main goal during the coming year is to 
continue our original plan of providing students 
in at least three courses (Sedimentology, 
Structural Geology, and Basin Analysis) with 
interactive-modelling labs as described in the 
first section, using the RT/5080 system. In 
addition, we are encouraging other faculty 
members to use 3D graphics in their classes. In 
particular, PHIGS is suited for displaying four­
member phase diagrams common in igneous 
and metamorphic petrology. 
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Equipment 

In 1989, this project was discontinued and the 
equipment allocated to Project Number ITl 8. 
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Project Number: IT24 

A Microcomputer-Based, Real­
Time, Three-Dimensional 
Machine Vision System 

Steven K. Case 
Department of Electrical Engineering 

This project has been terminated. 
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Project Number: IT25 

Microcomputer Yield­
Optimization Software 

Rolf Schaumann 
Department of Electrical Engineering 

Purpose 

The intent of the proposed work was to develop 
a design-centering package for student and 
faculty use that can be run inexpensively on a 
personal computer. Design-centering deals 
with the very practical problem of maximizing 
yield in circuit or system design under the 
constraint of components that have finite 
tolerances. The goal for this project is to use 
the kernel of an existing design-centering 
program (DECE), link it with an existing 
circuit simulator (SPICE), and make the pack­
age available and easy to use on a personal 
computer. This pilot program should permit 
testing whether the availability of a design­
centering software package on a personal 
computer will facilitate teaching the concepts 
of tolerance and yield, and their interrelation in 
engineering design to both undergraduate and 
graduate students in practical, hands-on, inex­
pensive ways. 

Progress 

Having received our hardware only in August, 
1987 has held up progress to the final state of 
the software considerably. Nevertheless, two 
programmers worked over the summer on an 
IBM PC/ AT to arrange for the needed interface 
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of SPICE and our design-centering program 
DECE. To this end, a commercial version of 
SPICE (in FORTRAN) was loaded on the PC, 
analyzed, and modified as appropriate to permit 
direct interfacing with DECE. The task proved 
more difficult than anticipated, mainly due to 
memory limitations on our AT; but in an 
approximate way, this goal was accomplished 
some while ago. Our initial intent, to let the 
two programs simply communicate by data 
exchange via array transfer through their own 
1/0 routines, had to be abandoned because of 
excessive run-time limitations. Instead, we had 
to modify the source code to achieve direct 
transfer of data while bypassing the programs' 
1/0. We are now in the process of adapting/ 
tuning the program to the new hardware. 

Current status: We have simulated a few 
sample designs with known results to test the 
program. At this time, the total program 
(DECE-SPICE combination) works fine, with 
the exception of a couple of minor and well­
identified bugs that should be cleared up in 
about a week. The main, somewhat expected, 
difficulty with the software is extensive run 
time: The computer will run for hours to 
optimize realistic circuits. 

Future Plans 

Apart from bug-fixing, our remaining job 
consists of making the software useful for 
instruction. That is, we need to: 

1) Create easy-to-understand 1/0 routines. , 
Currently the input requirements are largely 
the same as those of SPICE; output is as in 
SPICE via tables or line printer. A friend­
lier circuit input will be sought. 
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2) Write a user manual suitable for users who 
are oriented to electronic circuits, but who 
are not experts. 

Equipment 

1 PS/2 Model 50 with VGA display 
1 Streaming tape drive 
1 Proprinter 
1 Color plotter 
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Project Number: IT26 

High-Speed Real-Time 
Computer-Control Unit for Multi­
Parameter Manufacturing 
Systems 

H. Kazerooni 
Department of Mechanical Engineering 

Purpose 

One of the most prominent applications of 
microcomputers is in real-time control of 
engineering systems, which is quite common in 
industries and universities. Many commercial 
software packages for real-time control of one­
parameter systems have been developed. 
Among these, the bang-bang controller for 
temperature control and PID servo controller 
are quite well-known. Multi-parameter sys­
tems, however, need more computation power. 
The more complex the system is, the more 
computation is needed to develop an appropri­
ate output for control of the system. Thus, the 
limiting factor in real-time control of processes 
is the computation time. If a computer cannot 
keep up with the dynamics of the system, errors 
and eventual instability of the system will 
occur. This project concerns an innovative 
approach to develop a high-speed computing 
environment using a workstation comprised of 
two PC/ATs and one NCUBE parallel proces­
sor for real-time control of multi-variable 
systems. 

While one of the PC/ AT' s is being used solely 
for data acquisition and 1/0 operations, the 
other hosts the NCUBE parallel processor 
board via UNIX operating system. Presently, 
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there are four electromechanical systems in the 
Motion Control Laboratory of the Mechanical 
Engineering Department (room 359) that are 
being controlled with Woksape computers. 

In addition to the research need for high-speed 
computation, the following classes use the unit 
for homework, experiments, and term projects: 

ME8280, Multi-variable Control I 
ME8281, Multi-variable Control II 
ME5283, Industrial Instrumentation and 

Automatic Control 

Progress 

Described below are the four target systems 
being controlled with the Woksape computers. 
These systems are tools for practical evaluation 
of the performance of the workstation in 
different regions. 

1. Automated Deburring: The dominant vari­
ables in deburring three-dimensional edges 
of industrial parts are the contact forces, ve­
locities, and position of the deburring tool. 
The objective is to control the trajectory 
(position and the velocity) of the tool along 
the edge of the parts, while the forces are 
under control to prevent chattering. A two- , 
dimensional automated deburring system 
has been developed in the Mechanical 
Engineering Department to develop adap­
tive control methodologies to automate 
deburring processes. The system consists of 
an XY-table to maneuver the part, a robot 'to 
move the tool, and a computer to control the 
process. The contact force, the position, 
and the velocity of the tool in two dimen­
sions are measured by the computer. After 
the data acquisition is completed (four 
digital and two analog inputs), the control 
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algorithm is executed and the appropriate 
signals (total of two analog signals) are sent 
out to maneuver the tool along the edge of 
the part. The entire cycle-time of the above 
operation is 4ms with one PC/ AT. 

2. Active End-effector: We have built an 
active end-effector, which can be used with 
any robot to compensate for robot-position 
uncertainties and vibrations. Six variables 
are measured by the computer, and two 
signals are sent to the actuators of the end­
effector for compensation of robot vibra­
tion. The control algorithm consists of the 
execution of a six-input, two-output filter, 
in addition to I/0 operation. The sampling 
time is about six miliseconds with one PC/ 
AT. 

3. Wide Bandwidth Tool Positioning Systems: 
In this project, we are investigating the de­
velopment of the high-frequency motion 
control of a cutting tool via a computer. A 
servo system controls the motion of the tool 
at a particular frequency. This frequency 
can. be chosen to be up to 40 hertz. The PC/ 
AT has been used for development of the 
real time control algorithms. The position 
and velocity of the motor are measured by 
the computer. This system is attractive in 
machine-tool industry for generation of the 
non-circular cross section cylinder. 

4. Minnesota Robot: We have also con­
structed a robot manipulator for high-speed 
assembly. The robot has a new architecture 
that is attractive from the stand point of 
manufacturing operations. We have not 
interfaced the robot with the computer yet, 
although several software codes have been 
written for robot control. Joint angles and 
the joint-angle rates will be measured by the 
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computer, and the appropriate signals will 
be sent to three actuators of the robot. 

Proposed Methodology 

The final architecture is as follows: One PC/AT 
is used for data acquisition and one, which 
hosts the NCUBE board, for computation. 
Both units are instrumented with parallel 1/0 
boards and can communicate with one another 
via these I/0 boards. Unit one has also been 
instrumented with an I/0 board for communi­
cation with the physical system only. The 
NCUBE board has 4 nodes and a PC-AT bus 
interface. While unit 2 is computing the 
control action, unit 1 is sending out the previ­
ously computed output and collecting new data. 

To accomplish these operations, we have 
completed the following tasks: 

1. Control programs have been written for the 
first three projects in Fortran, C, and As­
sembly. The first three systems have been 
interfaced with one computer (an AT 
without the NCUBE). This phase of the 
project is only for verifying that communi­
cation and control of the process and one 
processor is stable. Then, we will expand 
this to using parallel processors. 

2. Four major software programs have been 
developed in assembly language to allow 
the PC/AT/NCUBE to communicate with 
the outside world. These software programs 
are: 

a. Analog to Digital Conversion 
b. Digital to Analog Conversion 
c. Digital Output 
d. Digital Input 

221 



The I/0 boards are from Data Translation 
Company, and no software program is 
available to read these boards in a UNIX en­
vironment. 

3. The PC/AT/NCUBE has been tested very 
carefully by running a variety of exper­
iments. The test involves the incorporation 
of the PC/AT/NCUBE in a loop. In one 
experiment, we interfaced the computer 
with an analog controller (a proportional 
and derivative controller made by MOOG 
company). We simulated the dynamic 
behavior of an unstable hydraulic actuator 
in the computer. The simulated output 
velocity was fed to the analog controller and 
the control signal from the analog controller 
passed to the computer as the input to the 
simulated actuator. The communication 
was successful, and the analog board stabi­
lized the simulated unstable hydraulic 
actuator. 

Future Plans 

I. Further development of the C-callable and 
Fortran-callable subroutines allowing for 
communication between the computers and 
boards. 

2. Interfacing the two PC/A Ts together via the 
two 1/0 boards. The major problem with 
this step is the timing management between 
the two computers. 

3. Evaluation of the performance of each 
target engineering system when using the 
system of two PC/ A Ts and the NCUBE 
board in terms of how fast one can control a 
particular process with the proposed com­
puter architecture. 
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4. Studying 1/0 time vs. computation time. 
Accumulation of the 1/0 time and the com­
putation time in a cycle is the minimum of 
the all possible configurations of using the 
nodes. 

Equipment 

2 PC/ A Ts with Professional Graphics displays 
1 PC/ AT with Enhanced Graphics display 
3 Proprinters 
2 VGA displays 
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Project Number: IT27 

Computer-Aided Teaching in 
Electromagnetics 

M. Riaz 
Department of Electrical Engineering 

Purpose 

The project is designed to develop a series of 
computer-aided design experiments based on 
finite-element methods (FEM) for use in 
teaching design and analysis of typical generic 
electrical engineering structures or components 
such as transmission lines, transformers, actua­
tors, electric machines, and magnetic recording 
heads. The experiment will exploit specific 
and modified FEM software packages in 
electromagnetics for use on IBM personal 
computers. 

Progress 

The 3 IBM PC/PS/2's requested for phase 1 of 
the project arrived at the end of August. An 
IBM PC-XT286 was used during Spring 
Quarter 1987 to test and explore the capab.ili­
ties of several FEM packages. Based on 
comparisons, it was decided to adopt the 
flexible and powerful approach used by the 
Ansoft Corporation. Therefore, six computer 
packages were acquired for use on ten IBM 
machines to study field problemsin electrostat­
ics, magnetostatics (both linear and nonlinear) 
in 2-D planar and axisymmetric geometries. 
These programs have just been installed on the 
new PS/2 computers. 
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Future Plans 

The finite-element method will be applied to 
obtain the parameters of single and three-phase 
transmission lines. 

A series of simple, computer-based experi­
ments will be developed during Fall Quarter 
1987 to examine static field distributions in 2-
D for simple geometries such as a parallel-plate 
capacitor, slot leakages in machines, conduc­
tors and dielectrics in uniform external fields, 
forces on conductors, and magnetic structures. 
The object of these experiments is to supple­
ment the classroom teaching of electromagnetic 
field theory. 

Equipment 

3 PS/2 Model 50s with VGA displays 
1 PC/XT with Enhanced Graphics display 
3 Proprinters 
3 Color plotters 
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Project Number: IT28 

A NETBIOS-Based Gateway to 
Internet 

Neta Amit 
Department of Computer Science 

Computer networks, both Wide Area (WAN) 
and Local Area (LAN), bridge physical gaps 
between remote sites, for better economy, (e.g., 
access to exotic hardware) and better communi­
cations. 

In the construction of any network, a crude 
distinction can be made between the network 
end, which is responsible for actual transmis­
sion of bits from source to destination, and the 
machine end, which defines the type of service 
available to users. These roughly correspond 
to layers 1-3 and 4-5 respectively, in the well 
known ISO-OSI model of 7 network layers 
(layers 6-7 are application-oriented). The 
relation between the machine end and the 
network end is many-many, i.e. many machine 
ends can be built on top of the same network 
end, and the same machine end can be con­
structed on various network ends. A good 
example is the IP/TCP machine-end protocol, 
which has been implemented on various WAN s 
andLANs. 

When two networks are connected, services 
available on one end need to be translated to 
equivalent services available on the other end, 
through a gateway. This is a relatively simple 
matter when both ends match, since minimal 
translation is required. This is the case with 
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Ethernet (LAN) connected to the Arpanet 
(WAN), since they both speak IP/TCP. As a 
result, all the major services are supported: 
Mail, File Transfer (FTP), and Remote Login 
(Telnet). It is much harder when the ends 
don't match, for example when Bitnet (WAN) 
is relayed to Arpanet. It is not surprising that, 
in this case, only Mail services are supported. 

All the subnets and stand-alone computers in 
the Computer Science Department at the 
University of Minnesota run the IP/TCP proto­
col, with one exception. The IBM-donated 
Woksape subnet runs an IBM network proto­
col, PC-LAN. This puts PC-LAN users in 
relative isolation. In support of other Woksape 
projects, ours started as an attempt to remedy 
the situation in a cost-effective way. 

As indicated above, since IP/TCP and PC-LAN 
do not match, there is need for translation of 
services from one network to the other. Our 
first priority was to provide Mail services and 
link Woksape PC-LAN users with the rest of 
the Arpanet world. This part is now nearly 
complete, with a user interface similar to 
Unix's Mail program. The additional hardware 
was minimal -- one Ethernet card (3Com 
Ether-link) inserted into the Gateway PC. The 
software has four parts: PC-LAN Client and 
Server, Gateway, and IP/TCP. The last part 
was ported from MIT. This work was accom­
plished as part of Woksape project IT20. 

The higher level machine end communicates 
with the lower level network end via a set of " 
system calls (or primitives, or hooks). One 
i!llportant set of hooks is called NETBIOS, and 
several machine ends, including PC-LAN, are 
built on top of NETBIOS. Our goal is to 
implement the machine-end IP/TCP directly on 
top of NETBIOS. We will then have a much 
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closer match between the Computer Science 
Ethernet and the Woksape subnet, and be able 
to offer FfP and Telnet, as well as Mail (which 
will be re-implemented). Furthermore, the 
resulting IP/fCP and services will be portable 
to any NETBIOS environment. 

Equipment 

TCP/IP Software for IBM PCs 
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Project Number: IT29 

Computer-Aided Teaching in 
Electric Energy Systems 

Vernon D. Albertson and Ned Mohan 
Department of Electrical Engineering 

Purpose 

The objective of this project was to develop 
computer programs to complement the teaching 
of electric-energy-system theory, design, and 
analysis. The programs developed will be used 
in demonstrations and laboratory exercises for 
students in the simulation and design of elec­
tric-energy systems, or specific segments of 
energy systems, and can also be used for 
research. Areas of applications include electric 
and magnetic field effects of transmission lines, 
overvoltages due to switching transients, power 
flow and voltage profile control, determination 
of short-circuit currents and system voltages 
during unsymmetrical faults, control of inter­
connected generators and system stability, 
frequency-dependent and traveling-wave 
phenomena, effects of harmonics on system 
equipment and loads, ac/dc conversion and 
inversion for high voltage de transmission, and 
control of alternative energy sources interfaced 
with power grids. 

Progress 

The project involved the adaptation of the PC 
version of the large Electromagnetic Transients 
program (EMTP) for use in teaching and 
research. The PC version of the EMTP is 
called the Alternative Transients Program 
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(ATP), and is available in the public domain at 
minimal cost. 

The ATP is an exceptionally versatile and 
complete computer program for modeling and 
solving electric-energy-systems problems but, 
unfortunately, has an extremely large and 
complex user's manual. The complexity of the 
normal user's manual makes it prohibitive to 
use the ATP as an undergraduate teaching aid 
in classes, and difficult to acquire proficiency 
with the program even in 3 to 6 months for 
graduate students in advanced courses or 
research. Thus, a major goal of the project was 
to write a condensed user's manual with rela­
tively elementary examples, to allow under­
graduate and graduate students to quickly 
acquire familiarity with the program. It is then 
much easier for students to progress to the 
more difficult analytical or design levels after 
confidence is gained with the simpler example 
problems and variations. 

We wrote a condensed user's manual for the 
ATP, called the "ATP Primer". The manual 
contains an example of determining the tran­
sients in a series RLC circuit, as well as an 
example that determines the electrical parame­
ters of a high-voltage transmission line from 
conductor data and line-geometry data. 

Future Plans 

Additional examples will be developed for 
inclusion in the condensed user's manual as the 
program becomes more widely used in senior­
level and graduate courses. It is also hoped " 
that modifications can be made to the ATP 
_program to make it more user-friendly and 
interactive, within the storage and memory 
capabilities of microcomputers. 
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Equipment 

1 PS/2 Model 60 with 8514 display 
1 Proprinter 
1 Color Plotter 
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Project Number: IT30 

Automatic Test Case Generation 
Tool 

W.T. Tsai, M.E. Fayad, D. Volovik, 
T.F. Keefe 
Department of Computer Science 

Purpose and Progress 

We developed a method and a complete soft­
ware system to automatically generate test 
cases for relational-algebra specifications 
expressed as queries. Since black-box testing 
requires test cases to be generated from specifi­
cation alone, it is impossible to completely 
generate test cases automatically for arbitrary 
specifications. We thus restrict the specifica­
tions to be written entirely in terms of rela­
tional-algebra queries or expressions. 

Testing is usually done very late in the devel­
opment cycle; most of the large errors discov­
ered in specifications after design and implem­
entation stages are very expensive and time­
consuming to correct -- Testing specifications 
allows early error detection. 

- Test cases are usually generated manually. 
We generate test cases automatically. · 

- Test cases are generated from code. We 
generate test cases from specification. 

- Testing usually leads to difficult, time-con­
suming, and expensive procedures. Our 
method explores the idea of specification 
testing, which allows early error detection 
and reduces time and cost for the testing 
process. 
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Besides these advantages, we can compare our 
method with random mutation testing from 
code. 

Automatic Test Case Generation Method 

Given a module of a subsystem that is specified 
by a relational algebra query, we generate a 
sample data base and an answer to a query to 
test the specification. 

Given an implementation (code) of a module of 
a subsystem that is specified by a relational­
algebra query, we generate a data base and an 
answer to a query to test the code. 

System Architecture 

The architecture of the system is illustrated by 
Figure 30-1 on the following page. 

Random Mutation Testing 

Testing is random in two senses: 

- Random data are generated. 
- Mutation test cases are selected randomly. 

A table summarizing the test process is shown 
in Figure 30-2 on the following page. 

Mutation testing is used to compare and show 
the advantage of our method for specification 
testing over the_ method of mutation testing and 
any other methods used for testing code. 

The table in Figure 30-2 shows what is mutated 
~md how. The mutation testing is demonstrated 
on five queries (process query programs writ­
ten in C) and three to four random data bases 
with different ranges. We end up with about 
17 process-query programs that are mutated at 
least 15 times each. 
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Structure Chart for Automatic Test Case Generation Tool 

Query 
~ Query •> Prefix -~ (A) 

s chi tna 

. 
Find Vertices -Find Tuples (F) -

' 

Map Domain 
(G) 

Where 
LP = Linear Predicate 
NP = Normal Predicate 

- Prefix-> LP - (B) 

SSLI (E) 

Interpretation 

Map (H) 

Interpretation 

SSLI = Set of systems linear inequalities 

LP-> NP 
(C) 

NP-> SSLI 
(D) 

Interpret 
Tuples (I) 

~ 

· ~ample 
Database 

~ 

& 

an answer to 
a query 

Figure 30-1. System Architecture 

# 
Howls it 

Comments What is mutated ? mutated? 

Values -- Random -5 / +15 

Sign {ineq) -- Random <, <=, =, !=, >=, > 
1, 2, 3, 4, 5, 6 · 

Condition & and II -- Change 

Variable.names .. Next occur and 
different or 
previous occur 
and different 

Initial 1 Random 0,20 

Loop Sign {ineq) 2 Random <, <=, =, !=, >=, > 
1, 2, 3, 4, 5, 6 

Increment 3 Flip++ 

Figure 30-2. Random Mutation Testing 
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Automatic Test Case Generation Tool 

This tool, illustrated in Figure 30-3 below, has 
a menu-like user interface in which the main 
menu has access to three different submenus: 

l Tool Chart 
2. Generic Query Driver -- allows the user to 

enter his or her own relational-algebra speci­
fication (query), generate code and check 
the intermediate results and final result. 

3. Select Query Menus -- allows the user to 
select one query out of five and automati­
cally open a new submenu that allows the 
user to process the query, check the result, 
go through the mutation testing selecting his 
own mutation test cases, and check the 
result. It also allows the user to generate his 
or her own random data bases for the muta­
tion testing. 

Systems: We developed an automatic Test 
Case Generation tool on the IBM PS/2 Model 
80. 

Languages: Turbo Prolog, Turbo Pascal, and 
C. 

Conclusions 

In this report, we describe a complete software 
system (a method and an implementation) for 
automatic test-case generation from relational­
algebra specifications, in contrast to the more 
commonly-used random-mutation testing 
method. The major components of this system 
are: 

1. The mapping rules from relational-algebra 
queries to linear predicates; 

2. The translation from linear predicates to a 
set of systems of linear inequalities (SSLI); 

3. SSLI interpretation; 
4. The use of SSLI to generate a complete test 

case, inputs, and expected outputs from the 
queries; 

5. User interface; 
6. A large number of mutated C programs 

Equipment 

1 PS/2 Model 80 with 8514 display 
1 Proprinter 

Tool Magic Box Chart 
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Project Number: IT31 

Rating of Highway Bridges 

Roberto T. Leon and 
Theodore V. Galambos 
Department of Civil and Mineral 
Engineering 

No report was submitted for this project. 

Equipment 

1 PS/2 Model 80 with 8514 display 
1 PC/AT 
1 Proprinter 
1 Color plotter 
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Project Number: IT32 

Computer Access for Disabled 
Students 

James Slagle, James Albers, and Curtis 
Griesel 
Department of Computer Science 
Sue Kroeger 
Office for Students with Disabilities 

Purpose 

This program, funded in March of 1988, arose 
from cooperative planning among four Univer­
sity units and one community agency. The 
University units involved are the Institute of 
Technology, Office for Students with Disabili­
ties, Department of Independent Study, and 
General College. The community agency 
involved is the Courage Center, a rehabilitation 
center in Golden Valley. 

There are two primary purposes of this project. 
First, we will develop ''accessible computer 
stations'' that will open educational opportuni­
ties to disabled students at the University of 
Minnesota. We aim to provide the tools neces­
sary for an otherwise qualified disabled student 
to have full access to the University's comput­
ing services, thereby enabling the student to 
complete university course work. These acces­
sible computer stations will be located at the 
Courage Center and in the Department of 
Computer Science at the University. 

Second, we propose developing an Independent 
Study offering of Computer Science 3001, 
''Computers and Society.'' This course will be 
offered to disabled students via the accessible 
computer stations. In addition to giving stu­
dents the opportunity to earn college credits, 
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the course will provide a means to test the 
value of such computer-based aids in achieving 
academic goals. 

Progress 

In April, 1989, an accessible computer station 
was installed in the Computer Science Instruc­
tional Lab at the University of Minnesota. 
This computer station was demonstrated to the 
public during the week of April 24. As of 
May, 1989, there are seven persons using the 
station to complete a variety of tasks. The 
needs being served are primarily those of 
vision and motor impairments, and the tasks 
performed include word processing, spread­
sheet analysis, and computer programming. 
The equipment is available to all members of 
the University community. 

The Independent Study offering, Computer 
Science 3001, is under development and will 
be available in Fall, 1989. This will provide 
further academic opportunities for the users, as 
well as another means of testing the equip­
ment's success. 

The Office for Students with Disabilities has 
identified 150 current students who could 
benefit from accessible computer stations. The 
need for such equipment has also been ex­
pressed among the University's faculty and 
staff. Demand for accessible computer stations 
on campus is expected to increase as the 
community becomes aware that such services 
are available, and as the trend toward main-

streaming the disabled continues. 

To meet the demand for accessible computer 
stations on campus, we are pursuing three 
courses of action: 

First, we will make more accessible hardware 
available by installing a second accessible 
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computer station on campus in the next year, 
and by installing an off-campus station at the 
Courage Center. 

Second, we will propose continued staff 
support in the following areas: 

1 installing and maintaining accessible 
equipment; 

2. assessing and training potential users of the 
stations; 

3. disseminating information about accessible 
computer stations within the University; and 

4. maintaining contact with appropriate city, 
state, national, and international organiza­
tions to keep abreast of the current technol­
ogy in this field. 

Third, the development and implementation of 
the Independent Study offering will provide 
information on how accessible computers can 
be incorporated into academic course work. 
The knowledge gained from this experience 
will provide guidelines for how all courses can 
be made accessible to people using adaptive 
equipment. 

Equipment 

2 IBM PC/ A Ts with Enhanced Graphics 
displays 
2 PC Serial Aid, alternative keyboard 

interfaces 
2 TASH Mini Keyboards 
2 Unicom Expanded Keyboards 
2 TSI Vista, large-print computer-screen 

output devices 
1 TSI Advantage, CCTV print enlarger 
1 VTek MBOSS-35, braille printer 
1 VTek Braille Display Processor, braille 

computer screen output device 
2 Artie Business Vision, speech output devices 

for the computer 
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In addition, we are using a variety of assistive 
computer software. 
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·. Law School 
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Impact of Project Woksape on the Law School 
Betsy Baker, Assistant Dean 

Project Woksape is allowing the Law School to 
expand on its leadership in the use of interac­
tive video (IA V) technology for innovative 
instruction. It is fitting that the first and single 
Woksape project granted to the Law School 
involves IAV, since law professors from 
around the country and faculty members from 
many disciplines have consulted with Professor 
Steve Simon of the Law School Clinic for his 
expertise in developing IA V exercises. 

With the Law School's Woksape grant, Profes­
sor Simon and the Law School Clinic are 
developing IA V exercises to teach the compli­
cated skills of personal interaction that are 
involved in client interviewing. This applica­
tion of IA V brings new dimensions to an area 
of skills training that has traditionally been 
taught using student simulations or non-interac­
tive viewing of videotaped interviews. Neither 
of the older methods allows for satisfactory 
instruction in handling complicated factual 
circumstances. Use of IA V will allow the· 
students to respond interactively to a branched 
series of questions involving both factual 
questions and issues of substantive law. 
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The Law School Clinic has traditionally com­
bined practical skills training with instruction 
in substantive law. By being introduced to new 
computer applications in the Law School 
Clinic, students learn that use of these tech­
nologies will have very practical applications in 
the actual practice of law. Woksape is promot­
ing not only the use of computers in an aca­
demic, instructional setting, but encouraging 
the continued development of new applications 
by practicing lawyers as well. 

Increased use of IA V instruction will also 
promote student use of the non-IAV computer 
instruction available in the Law School, by 
increasing general familiarity with and appre­
ciation for the computer as an academic aid. 
The Law School is home to CALI, the Center 
for Computer Assisted Legal Instruction. More 
than 100 law schools around the country 
belong to CALI, receiving its software and 
promoting authorship of new CALI exercises. 
CALI provides instructional software used in 
class assignments, as a supplement to class 
discussion, and as a tool for reviewing topics 
covered in the classroom. As CALI expands its 
use of IA V, all member law schools will adopt 
the technology more widely. 
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Project Number: LAW01 

Client Interviewing 

Stephen M. Simon 
Law School 

Purpose 

Client interviewing is fundamental to the 
effective and efficient practice of law, yet is 
difficult and time-consuming to teach using 
existing teaching methods. The current method 
of teaching client interviewing involves stu­
dents conducting a simulated interview with 
each other, then receiving faculty critiques on 
the quality of their performance. Teaching 
client interviewing with interactive video 
(IA V) allows students to practice the skills in a 
lifelike situation. IA V can present students 
with complex interviewing situations and then 
give immediate feedback on how well they are 
performing the skills and understanding the 
concepts involved in interviewing. This com­
plexity is difficult to obtain in live simulated 
interviews using law students as interview 
subjects. While IA V will not totally replace 
faculty/student interaction in the teaching of 
this and other skills, it will allow the student to 
spend much more time actually performing the 
skill, because it breaks the time-limit barrier 
that exists when a faculty member must ob­
serve every live-interview simulation. The 
project will be one of the first IA V client­
interviewing exercises produced anywhere in 
the country and could be used in law schools 
throughout the country. 
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Progress 

During the 1988-1989 year, we developed four 
client-interview exercises in the areas of crimi­
nal law, family law, personal-injury law, and 
immigration law. These four areas represent 
four of the largest and most frequently-occur­
ring types of legal problems that an attorney is 
likely to deal with. In each area we identified 
key legal and interview process issues. A basic 
instructional design was developed with help 
from the staff of Project Assist. Scripts incor­
porating the legal and interview process issues 
have been written and are being edited and 
refined. 

The Law School selected the University of 
Minnesota Media Resources Department to do 
videotape production. As originally proposed, 
amateur actors were going to be used for this 
project. Media Resources recommended that 
professional actors be used to increase the 
quality of the project and agreed to contribute 
approximately $6,000 for professional actors' 
salaries. Media Resources has been conducting 
interviews and screen tests of professional 
actors to select the actors for this project. They 
also recommended that the interviews be 
videotaped in a real law office. We have 
identified a suitable office and obtained per­
mission for its use. Videotape production of 
the four exercise areas is scheduled for the first 
part of June. 

Future Plans 

After the interview exercises are videotaped, 
we will edit them at Media Resources in June 
and July. When editing is complete, the laser 
videodisc will be manufactured. This should 
take place in late summer or early fall. When 
the disk is completed, text drafting and pro­
gramming will begin. This process will be 
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time-consuming, but should be completed by 
the end of 1989. 

Equipment 

1 PC/XT with Enhanced Graphics display 
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Medical School 
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Impact of Project Woksape on the Medical School 
George L. Wilcox, Associate Professor 

Computers have made significant inroads into 
both medical practice and biomedical research. 
It is therefore a high priority of the Health 
Sciences to expose medical students, other 
health professionals, ai:id graduate students in 
the basic medical sciences to microcomputers. 
The Woksape projects administered through 
the Medical School are encouraging develop­
ment of microcomputer applications in diverse 
fields of research and teaching in biomedical 
areas ranging from the levels of genes and 
macromolecules to those of cells and organ 
systems, and even to entire anatomic structures. 

One Woksape-funded Medical School project 
will extend student microcomputer use by 
coupling relatively inexpensive PC worksta­
tions to videodisk players. The players will 
display movies generated from sophisticated 
three-dimensional simulations and animations 
of dynamic anatomical models. The PC will 
guide the student through lessons, provide 
detailed study in areas requiring attention, and 
allow the student to skip areas already learned. 
This application will allow the investigators to 
bring students into indirect contact with 
technology that cannot be economically 
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provided to them on an individual basis: i.e., 
3-D graphic workstations with animation 
software. Two other projects will allow 
students to manipulate simulations of 
biomechanical or neurophysiological 
interactions. Such hands-on interactions with 
simulations can significantly enhance a 
student's appreciation of the important 
parameters in the function of the body. 
Another project is developing new methods of 
steering students through a complex diagnostic 
field involving heart sounds. In this, PC 
workstations will provide an inexpensive way 
to present the sounds repeatedly, so that stu­
dents can learn the sounds associated with 
various pathologies better than is now possible. 

Woksape projects are encouraging interdisci­
plinary developments of educational tech­
nology in the biomedical sciences. Future 
developments in this field may include incor­
poration of sophisticated graphics applied to 
biomolecular, biomechanical, and organ system 
simulations. Visual interaction between the 
student and the ''teacher'' will allow develop­
ment of entirely new methods of instruction in 
the future. 
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Project Number: MED01 

Computer-Aided Instruction in 
Anatomy Using Videodisc 
Display Technology and Three­
Dimensional Graphics 
Jean E. Magney 
Department of Anatomy 
Charles K. Knox 
Department of Physiology 

Purpose 

Design and development of an interactive 
videodisc program for first year medical 
students and undergraduates in the allied health 
sciences is in progress. Based on the anatomy 
of the kidney, the program integrates form with 
function and uses a variety of high-technology 
devices in its presentation. 

Progress 

Techniques available to basic scientists, includ­
ing all modalities from scalpel to electron 
beam, are used to describe the kidney. We 
have videotaped the dissected cadaver to 
establish gross relationships between the 
kidney, other internal organs, and the body 
wall. Microphotographs and illustrations are 
part of the visual material on disc. 

A sophisticated 3D computer graphics package 
(Model, Preview and Image from Wavefront 
Technologies), provided in part by Project 
Woksape, is used to enhance biological materi­
als digitized on equipment already available to 
us in the Biomedical Image Processing Labora­
tory. 

As an example, a student may see an illustra­
tion of a renal corpuscle and learn its compo-
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nent parts. He or she is then asked to identify 
these parts on a transmission electron micro­
graph of the renal corpuscle. Next, the inside of 
the corpuscle is viewed at low magnification by 
the light microscope and at higher magnifica­
tion, by a scanning electron microscope that 
shows details of the visceral epithelium. A 
motion-picture segment then describes the 
filtration barrier of which the epithelium ,is a 
part. After a tutorial on the filtration barrier as 
a unit, computer animation describes the 
process of glomerular filtration. 

Within this short segment, the student might be 
questioned on the development of the renal cor­
puscle in the embryo, or on the location of 
renal corpuscles in the kidney. Students study 
blood flow to the renal corpuscle and are asked 
to describe the effects of changes in blood flow 
on glomerular filtration. As feedback, they see 
another computer animation based on different 
parameters. If a student is interested in the 
clinical manifestations of diseases affecting the 
renal corpuscle, he or she may choose to view 
short tutorials and will receive references to 
further reading on the subject. 

We designed our project for delivery on the 
IBM Infowindow system. We first completed 
a proof disc that resulted in some changes to 
the visual material. We have now completed 
the master videodisc and have had ten replicas 
made. 

The final phase of our project is underway, 
with programming being done using the IBM 
Authoring System, LS 1. We are incorporating 
PC graphics in the program, using Microsoft 
Paintbrush, because the images are easily 
transported to LS 1. 

Future Plans 

The Fall 1989 Medical School class will be 
used to evaluate our program. 
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Equipment 

2 PC/ATs with Enhanced Graphics displays 
2 InfoWindow displays 

2 Proprinters 
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Project Number: MED02 

Learning Cardiac Auscultation 

James H. Moller 
Department of Pediatrics 

Purpose 

The intent of our project is to provide an 
efficient means for medical students and 
residents to learn a broad range of cardiac ab­
normalities through an understanding of both 
cardiac auscultation and physiology. To 
accomplish this, actual heart sounds and mur­
murs recorded with International Acoustic 
Incorporated' s (IAI) digital stethoscope will be 
incorporated into programs that teach the seven 
major heart sounds and individual cardiac 
diseases. 

For developmental purposes, the project is 
divided into 4 sections: 

1) writing text, 
2) creating questions and a set of unknown 

sounds for testing, 
3) developing software, including extensive 

graphics, and 
4) incorporating heart sounds directly into our 

program (Currently the sounds are accessed 
through IAI's own program). 

The information presented in "Learning Car­
diac Auscultation'' is organized in three teach­
ing modules: 1) heart sounds, both physiologic 
and abnormal; 2) specific cardiac diseases; and 
3) other, innocent, heart sounds. 
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Progress 

Using IAI's digital stethoscope to record heart 
sounds, we have built an auscultatory library 
with representative sounds from these three 
groups. IAI' s technology for digitizing and 
storing sounds allows for an excellent repro­
duction of sounds presented by cardiac patients 
at the University's hospital and clinic. Under 
the direction of Dr. James Moller, a fourth-year 
medical student has researched and written the 
program's text, and has also directed the 
integration of textual and graphic information. 

Since many people retain information best 
when it is presented in more than one form, we 
have developed a program that is rich in its use 
of graphics and color as well as in text and 
sound. We expanded both the Pascal Instruc­
tional Language (PIL) and graphics package 
(technical note #3) developed by the University 
of Minnesota's Microcomputer Systems Group 
in order to enhance the user's learning experi­
ence. 

Throughout the program, color is used to 
highlight important ideas and to clarify dia­
grams and pictures. Simplified pictures of car­
diac abnormalities (complete with animated 
blood flow) reinforce the reasons and location 
of particular murmurs. A diagram of the 
precordium aids in discussion of the location 
on the chest at which to listen for particular 
murmurs, their origin, and direction of radia­
tion of sound. Other diagrams show each 
murmur's specific qualities: its shape, duration, 
and timing. We also developed graphics that 
present each heart sound's relative position in 
the cardiac cycle and its amplitude in compari­
son to other sounds. 

With an eye toward the computer-illiterate 
user, we have made the program flexible and 
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easy to use. Menu selections allow the user to 
change between different areas of the program. 
Complete instructions appear on each screen, 
and the user can scroll either forward or back­
ward through each section. Each area has an 
introduction familiarizes the user with impor­
tant concepts and new graphic images. 

Future Plans 

The remaining aspects of the program present 
challenges. One concerns incorporating heart 
sounds into the program. Currently, heart 
sounds are recorded, stored and reproduced 
using IAI's digital stethoscope and software. 
The quality of these sounds is excellent; the 
amount of time needed to transfer the digitized 
information from the computer to the stetho­
scope is, however, unacceptable. To achieve 
both quality sound and speed of transfer, we 
propose using IAI's stethoscope to record and 
store sounds, and to develop software that will 
reroute the digitized information through our 
own analog-to-digital/ digital-to-analog board 
for playback. The University's Engineering 
Services group of Academic Computing Serv­
ices and Systems is currently investigating the 
extra hardware that we will need to accomplish 
this.· IAI has loaned us an edited version of the 
source code they use for playback. We antici­
pate a significantly shorter time needed to load 
heart sounds once we discover how IAI stores 
each record. 

Second, a wider library of heart sounds and 
murmurs needs to be gathered. Currently, we 
are working with Thomas Johnson, Assistant 
Professor of Psychology, University of Minne­
sota, Morris, to record a variety of sounds from 
patients on reel-to-reel tape. These are being· 

stored for subsequent use. 
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Thirdly, through research previously performed 
with Professor Johnson, we have identified 
methods of developing materials to test auscul­
tatory skills. This fall, we will identify specific 
areas in which to test auscultatory skills, 
outline the sequence for testing, and identify 
the type and characteristics of heart sounds and 
murmurs required to develop the materials. It 
will then be necessary to identify these auscul­
tatory phenomena in our library or to record 
additional material and then organize the 
sounds into our testing material. 

The principal investigator has recently been 
awarded a grant to develop an interactive 
videodisc on congenital heart disease. The 
videodisc will present a variety of visual 
images, such as from x-ray or electrocardiogra­
phy. The visual materials and recorded heart 
sounds developed during the Woksape project 
could be valuable additions to this program, 
and we will investigate their incorporation as 
that project progresses. 

The program, Learning Cardiac Auscultation, 
is scientifically accurate, uses sound educa­
tional techniques, and exploits the capabilities 
of the computer. Once sound can be incorpo­
rated into the program, the result will be out­
standing and unique. 

Equipment 

1 PC/ AT with Enhanced Graphics display 

1 Proprinter 
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Project Number: MED03 

Orthopaedic Biomechanics 
Teaching Aids 

J.L., Lewis, R.C. Thompson, and R.E. 
Hunter 
Department of Orthopaedic Surgery 

Purpose 

It is proposed to enhance training of orthopae­
dic-surgery residents and engineering-bi­
omechanics graduate students by forming 
teams of residents and engineering graduate 
students (one of each) to create biomechanics 
teaching software modules. The residents will 
define clinical problems, assist in program de­
velopment, and interpret the results; the engi­
neer will write the software and solve mechani­
cal problems. Computer graphics will illustrate 
analytical concepts. Experience will be the 
training process, but a software module will 
result as well. In addition to teaching bi­
omechanics, the process will formally intro­
duce the orthopaedic resident to computers. 

We also propose to develop computer-graphics 
programs to illustrate knee-joint laxity or subtle 
motion changes that occur after injury or 
repair. Both comparison of two static joint 
configurations and simple animations will be 
developed. Input data for the motion will come 
from experimental research data we are cur­
rently generating. The resulting programs will 
serve as aids in teaching medical, paramedical, 
and research personnel the changes in joint lax­
ity or motion that occur after injury and surgi­
cal repair, and between different types of 
repair. 
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Progress 

A lesson module for teaching statics to ortho­
paedic residents was written, using Storyboard 
to generate graphics and text. Residents are 
testing the program; we will make alterations 
as warranted. 

Equipment 

2 PS/2 Model 50s with VGA displays 
1 PC/XT with Enhanced Graphics display 

3 Proprinters 
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Project Number: MED04 

Computational Molecular 
Biology in the Laboratory: 
Software for Recombinant DNA 
and Genetic Engineering 
Technology 

Ernest F. Retzel 
Department of Microbiology 
Medical School 

This proposal centers around the development 
of a suite of workstation programs primarily to 
serve the students of Microbiology 5125 
(graduate students, advanced undergraduates, 
medical residents and technical staff) and, by 
extension, the laboratories and departments of 
which the students are members. 

The basis of this proposal is that genes and 
their products can be defined at the most basic 
level as long strings of four letters [the individ­
ual bases in DNA] or of twenty letters [the 
amino acids in proteins], representing the 
chemical units from which.the genes and 
proteins are assembled. For many purposes of 
biotechnology, these strings can be manipu­
lated by computers using programs that incor­
porate the physical, chemical, and biological 
properties of components of the strings as they 
are represented in nature. In addition, many of 
these properties can be graphically depicted 
after analysis, making the comprehension and 
comparison of complex phenomena relatively 
easy. 

This project is directed toward developing a 
software package with the following attribut~s: 
1] programs capable of performing various 
analytical tasks, particularly by reducing a 
large problem to several smaller problems; 2] 
aids in protein sequence determination; 3] aids 
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in the design of synthetic protein molecules; 4] 
aids in the design of synthetic DNA molecules; 
5].emphasis on graphical rather than textual 
output format; 6] access to LANmark ethernet 
in order to access data bases stored at other 
facilities; 7] manipulation of data in a format 
compatible with other programs and facilities 
maintained as university resources; and 8] 
portability to other IBM personal computers to 
be explanted to student laboratories upon 
completion of the course. 

Initial work has been begun on this project, 
even though the machine will not be delivered 
until later this year. We have begun work on 
one of the ancillary programs, namely, that for 
the detection of potential antigenic sites in pro­
teins. This program does not depend so much 
on the data format as some of the others we are 
developing and, consequently, was one of the 
easier ones on which to begin while we con­
tinue to develop the overall structure of the 
programs and what will be included. This 
particular program was chosen because the 
output will be particularly useful in the early 
stage of the class, and can be used directly to 
predict regions in the proteins of interest for 
further study. Initial raw data will be textual in 
nature; a fourier transform of this data will 
provide a graphical output. 

, 

Also proceeding is the more difficult task of 
assembling the algorithms for implementation 
in a single program format. We want to make 
the program sufficiently comprehensive for 
both class and research use without trying to do 
everything and accomplishing nothing. 

Equipment 

1 PS/2 Model 80 with 8514 display 
1 Proprinter 
1 Color plotter 
1 Streaming tape drive 

University of Minnesota Project Woksape 
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Project Number: MED05 

Software Nervous System for 
Students 

Donald C. Quick 
Department of Orthodontics 

Purpose 

The program developed for this project simu­
lates behavior in a small nervous system, and is 
useful for experimentation and research, and 
for instruction in neuroscience courses. The 
software was designed to run on a minimally­
configured microcomputer and to be very easy 
to use. 

Progress 

The project has been completed. The simula­
tion program, titled "NERVOUS," has been 
published commercially, along with a user's 
manual. The program and manual are available 
in the Biomedical and Dental Learning Re­
sources Centers. 

A related simulation program, ''SQUID,'' has 
also been developed using resources provided 
by Project Woksape. This program simulates 
the electrical activity in a squid giant axon. 
Like NERVOUS, it can serve as a subject for 
experimentation. It has also been published 
with a user's manual and is available in the 
Resource Centers. 

Future Plans 

A new grant from the Academic Health Center 
will enable us to continue development of 
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simulation software for the neurosciences. The 
next program will be a simulation of cable 
properties (relations between geometric and 
electrical parameters) in nerve fibers. This 
program and any subsequent ones in the series 
will be bundled with NERVOUS and SQUID 
to be distributed as tools for neuroscience 
education. 

Equipment 

1 PS/2 Model 50 with VGA display 
1 Proprinter 
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Impact of Project Woksape on the School of Nursing 

Cynthia R. Gross, Assistant Professor 

The School of Nursing was fortunate to have 
two Woksape grants. These grants have sup­
ported the development of three clinical­
nursing simulations to enhance nursing knowl­
edge and decision-making, and the creation of 
a CAI-based nursing-administration course on 
financial management. The first of these 
software packages has been used in nursing 
courses, and the others will be introduced in the 
coming academic year. Project Woksape 
provided faculty with the impetus to explore 
the instructional capacity of microcomputers, 
and the opportunity to adapt novel and diverse 
instructional approaches. 

The environment for the entire nursing faculty 
has been greatly enriched. Project Woksape 
has generated a core of computer-literate 
nursing faculty and increased the availability of 
high-quality hardware and software. As our 
Woksape-funded faculty endeavored to accom­
plish their particular instructional-computing 
goals, they enhanced their personal knowledge 
of microcomputing and such related technology 
as videodisc. They have become widely 
recognized within the School for their technical 
expertise, and have been used as the School's 
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advisors in further hardware and software 
acquisitions. The peer-level transfer of techni­
cal knowledge has been assisted by the creation 
of a Nursing Faculty Development Computer 
Laboratory funded by a grant from University 
of Minnesota Instructional Computing funds. 
The objective of this lab is to provide oppor­
tunities for all interested faculty to explore 
computing, and much of the hardware and 
software selected for this facility was chosen 
with the advice of our Woksape grantees. 
Pretesting of Woksape-developed instructional 
computing packages was facilitated by this lab. 

The School of Nursing focused first on faculty 
computing. The expectation was that faculty 
who relied on computers for their own needs 
would be likely to generate opportunities for 
students to use computers as well. This has 
been an effective strategy. The number of 
faculty engaged in computing has dramatically 
increased over the last five years, and more 
computer hands-on learning opportunities are 
being proposed for nursing students each 
quarter. Woksape has been instrumental in 
"seeding" our School with leaders in this 

effort. 
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Project Number: NSG01 

Clinical Simulations of Complex, 
Acute Care Nursing Situations 
Utilizing CAI 

Karen L. Alaniz, Laura J. Duckett, and 
Dorothy M. Fairbanks · 
School of Nursing 

Purpose 

The purposes of the project are: 1) to create a 
link between the classroom and clinical compo­
nents of a complex, acute-care, senior nursing 
course in the form of three computerized 
clinical simulations; 2) to appraise the students' 
kn_owledge acquisition and decision-making 
skills as determined by performance in these 
simulated situations; 3) to evaluate the influ­
ence of learner characteristics and the use of 
the CAI on students' synthesis of course mate­
rial and attitudes about using CAI; and 4) to 
develop and pilot an instrument to evaluate the 
impact of this computerized instructional 
strategy on the enhancement of selected com­
ponents of students' actual clinical decision­
making. 

The computer simulations are designed to 
fa~ilit~te the development of critical thinking 
skills m undergraduate nursing students. The 
format being used incorporates clinical judg­
ment-making within the context of the nursing 
process. The simulations also will provide 
learners with opportunities for useful self 
evaluation of both basic knowledge and proc­
essing skills that are essential for clinical 
practice. 
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Progress 

Simulation I: Emergency Room - Asthma 
Karen Alaniz 

Description. This simulation focuses on a 
young adolescent who is brought to the emer­
gency room while experiencing an acute 
asthma episode. It is composed of three sec­
tions: a pretest, a clinical simulation, and 
nursing grand rounds. The pretest is a random 
ordering of 10 multiple choice questions. The 
student must answer 8 correctly to continue. 
The simulation is a series of questions that take 
the student from the patient's admission to the 
emergency room to the point of discharge. It is 
based on an actual case and includes a menu 
through which a glossary, lab values and 
medical records can be retrieved. During the 
nursing grand rounds, the student is asked to 
complete nursing diagnoses and develop a care 
plan. Answers are compared to those an expert 
might give; this section may be printed. 

Current Status. The entire simulation has been 
programmed and extensively reviewed by all 
three project faculty. Alaniz and Fairbanks are 
completing the process of editing and modify­
ing the simulation. 

Time Line for Completion: 
By May 20, return edited material to program­
mer for final programming revisions. 
By June 20, programmer completes revisions. 
During Summer Session I, use simulation with 
senior students taking N5615, Complex I. 
1989 - 1990 Academic Year, continue using 
simulation with students. 

Simulation II: Emergency Room - Trauma 
Dorothy Fairbanks 

Description. This simulation focuses on 
assessment, priority setting and intervention 
with a young man.involved in a motorcycle 
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accident. This situation involves a series of 
respiratory, cardiovascular and abdominal 
emergencies ensuing from multiple trauma. 
The student is expected to apply principles of 
advanced-trauma life support within a limited 
time frame. 

Current Status. Most of the content has been 
written. The same instructional design that was 
used for the ER - Asthma simulation will be 
used for this module. Therefore, it seems wise 
to have the same programmer do the program­
ming for this simulation. With the same 
instructional design and the same programmer, 
the programming for this module is expected to 
proceed much more rapidly. 

Time Line for Completion: 
By June 20, give simulation content to pro­
grammer for programming. 
By July 20, initial programming completed. 
By August 20, faculty editing and modifying 
completed. 
By September 20, programmer completes 
revisions. 
1989 - 1990 Academic Year, use simulation 
with students. 

Simulation Ill: Very Low Birth Weight 
Neonate 
Laura Duckett 

Description. Critical-nursing decision making, 
which is central to the care of very-low-birth­
weight neonates with respiratory distress 
syndrome, is the focus of this simulation. The 
"composite" infant in the simulation repre­
sents similar infants who are typically in the 
Neonatal Intensive Care Unit at the University 
of Minnesota. This simulation will include a 
clinical simulation and nursing grand rounds 
similar in design to those sections of Simula­
tion I. There will be no pretest, but a portion 
of the simulation will require students to solve 
a variety of problems in administering medica-
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tion. These will include: 1) determining 
whether or not various drug orders are appro­
priate for the age, weight and condition of the 
infant; 2) calculating amount of medication to 
be given; and 3) determining under what 
conditions ordered medications should and 
should not be given. It is intended that the 
computer program will be written so that doses 
to be given are varied randomly within set 
parameters. Students will get feedback both 
about the correctness with which they set up 
problems for solution and the correctness of 
their answers. 

Current Status. The macro design of the 
simulation is complete, and the micro design is 
being finalized. The content is partially writ­
ten. 

Time Line for Completion: 
By June 20, finalize micro design, complete the 
content in preparation for programming, and 
hire a programmer. 
By July 30, initial programming completed and 
videotaping completed. (Students will view a 
short segment of videotape of a very low birth 
weight infant prior to doing the simulation.) 
By August 15, faculty editing and modifying 
completed. 
By Sept. 15, programmer completes revisions. 

Other Activities 
An analysis of critical thinking skills at various 
levels of clinical competency has been 
prepared, together with a clinical evaluation 
tool. The tool will be used in an attempt to 
evaluate the effectiveness of this type of 
computer-assisted instruction in relationship to 
students' actual clinical performance. 

Equipment 

1 PC/AT with Enhanced Graphics display 
1 Monochrome display 

1 Proprinter 

University of Minnesota Project Woksape 



Project Number: NSG02 

Computer Assisted Financial 
Management Instruction 

Sandra R. Edwardson and Judy Beniak 
School of Nursing 

Purpose 

The continuing move to prospective payment 
systems for health-care services has increased 
pressure on providers to improve productivity. 
Although most health-care facilities are now 
using commercially-available, computerized 
cost-analysis systems, most nursing administra­
tors lack the skills to make full use of them. 
Experience has shown students to be so preoc­
cupied with learning the technology that they 
lose sight of the financial concepts they need to 
function in today's health-care system. 

The proposed project is the pilot phase of a 
long-term project with the goal of converting 
core concepts from the financial-management 
course into autotutorial, computer-assisted 
instruction. Content for the long-term project 
will include hospital cost behavior; methods for 
cost finding, financial analysis, and estimating 
the feasibility of new programs and equipment; 
and basic budget development and monitoring 
principles. The instructional packages will be 
used in ongoing University courses, in continu­
ing-education programs held on campus, and as 
self-study modules for use by practicing man­
agers in their own settings. 
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Progress 

Five computer-assisted learning modules have 
been developed: 

(1) Introduction to computer spreadsheets and 
Quattro tutorial; 

(2) Break-even analysis; 
(3) Cost/volume relationships; 
( 4) Calculating staffing requirements; and 
(5) Budgeting exercise. 

The modules are being programmed within the 
Quattro macro facility to reduce the hardware 
and software requirements and thereby increase 
portability. Programming of two of the mod­
ules is near completion, and the remaining 
programming is scheduled to be completed by 
September, 1989. 

Future Plans 

When we have completed the pilot project, the 
budget-development and monitoring units of 
N-8702, Nursing Administration II, will have 
been converted to computer-assisted instruc­
tion. Goals are to: 

(1) develop a computer-assisted instruction 
(CAI) module to teach students to analyze 
financial data and to project and monitor 
financial trends, 

(2) reduce learning obstacles related to lack of 
experience with computer technology, and 

(3) increase the knowledge and experience of 
the project directors with computer-assisted 
instruction, in anticipation of a larger grant 
application to accomplish the long-term 

goals. 

Equipment 

1 PS/2 Model 50 with VGA display 

1 Proprinter 
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Impact of Project Woksape on the College of Pharmacy 
Ronald S. Hadsall, Associate Professor 

Developments in microcomputer technology 
have had an impact on virtually every aspect of 
the practice of pharmacy. The recognition of 
this reality has encouraged the University of 
Minnesota College of Pharmacy to evaluate 
ways of integrating this technology into its 
educational mission. Proper integration will 
provide our students with opportunities to 
develop microcomputer skills. In an attempt to 
meet this goal, the College has developed a 
demonstration pharmacy computer system for 
use in the practicum laboratory. Additionally, 
the College, with funding from the Century 
Mortar Club, has constructed a microcomputer 
lab for use by students of the College of Phar­
macy. Project Woksape has provided the 
incentive for faculty to investigate areas of 
instruction in the College that could be en­
hanced or facilitated by computerization. 
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The College of Pharmacy has been fortunate in 
that two of the seven proposals submitted have 
been approved: Drug Therapy Training and 
Patient Simulation CAI Models, by Robert J. 
Cipolle; and Chemical Aspects of Drug Dispo­
sition: An Interactive Learning Module, by 
Rory Remmel. The proposal that was funded, 
Drug Therapy Training and Patient Simulation, 
is progressing extremely well and has had the 
unanticipated result of promoting a joint 
working relationship outside the university 
community. A full description of the project 
follows. 

Faculty of the College of Pharmacy will con­
tinue to look for innovative ways to introduce 
CAI methods into its graduate and undergradu­
ate curricula. Project Woksape and other 
university-affiliated programs have contributed 
significantly in this endeavor. 
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Project Number: PHR01 

Drug Therapy Training and 
Patient Simulation CAI Modules 

Robert Cipolle 
Department of Pharmacy Practice 

Purpose 

Our goal is to develop teaching modules and 
patient case simulations in major areas of phar­
macotherapy. These will demonstrate to 
health-science students the framework, data 
and interpretation of drug-related information 
necessary to optimize drug therapy in individ­
ual patient situations. 

Progress 

The clinical case situation (deep venous throm­
bosis requiring antithrombin pharmacotherapy) 
and all associated data have been collected for 
the initial case. We have also compiled stan­
dardized normal lab values which will be ap­
plicable for all subsequent case examples. 
After considerable review of existing pro­
grams, major progress has been made. in identi­
fying software support for this project, and a 
written agreement has been negotiated with 
DataMed Clinical Support Systems of Minnea­
polis, Minnesota to use portions of their pro­
prietary pharmacokinetic/pharmacodynamic 
software for this educational project. This 
includes their screen displays, graphics, printed 
case-consultant reports, and programming 
assistance. 
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Additionally, we have reviewed several soft­
ware packages to assist in the authoring process 
of these case simulations. Recently, we have 
decided to use Autotrainer (Software Record­
ing Technology) to create and incorporate 
screens for users. The text and flow for over 
100 screens has been developed for the initial 
case simulation. These include three levels of 
help screens: 1) how to run the case simulation 
program, 2) definition of clinical terminology 
and abbreviations designed to help the novice 
user, and 3) interpretation of the case informa­
tion as it applies to the specific case. 

Other changes have been incorporated into the 
design of this project. It is not being designed 
as a test, and the user will not receive a grade. 
The users will receive feedback as to the 
completeness with which they have examined 
the case, and a parallel example of how an 
expert would have evaluated the therapeutic 
problem. Additionally, we are incorporating 
probabilities of success given the patient 
situation, which will sometimes yield negative 
patient outcomes, even if the user makes all of 
the preferred choices. This aspect of the 
software design is used to more closely simu­
late real-life situations and to introduce the user 
to the concept of treatment failure. 

Future Plans 

Yet to be completed are: 1) Additional screens 
for the therapeutic drug monitoring sections. 
2) Assignment of cost data to specific user­
selected screens. This will allow us to give the 
user feedback as to the effectiveness, effi­
ciency, and expense of his/her drug-therapy 
decisions. 3) The draft program will be exten­
sively field tested by student users, as well as 
by experienced clinicians. 4) We also plan to 
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develop additional, more complex case simula­
tions that will require minimal development 
following completion of this initial case. 

Application of these case simulations to Col­
lege of Pharmacy coursework will be greatly 
facilitated by our newly developed Century 
Mortar Club Computer Laboratory. Students 
will be able to work with the Woksape cases at 
their own pace in this laboratory. 

Equipment 

2 PC/A Ts with Enhanced Graphics displays 
1 PC/XT with Enhanced Graphics display 

3 Proprinters 
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Impact of Project Woksape on the Carlson School of Management 
Mary K. Weber, Assistant to the Dean 

As part of the mission of the Carlson School of 
Management (CSOM), we are committed to 
providing our students with the skills, theories, 
and hands-on experience necessary to meet the 
expectations and demands of the business 
community. 

The CSOM received a Woksape grant to 
develop an innovative method for teaching 
students the principals of economic markets. 
The new method of instruction that has been 
developed through the grant enables students to 
simulate the action of economic markets. This 
is accomplished by building the software 
required to establish computerized markets to 
demonstrate the principals of economic theory. 

The project team developed the software tools 
necessary for conducting experimental eco­
nomics on a personal-computer network. The 
software was developed and tested on a four­
station IBM Token-Ring network provided by 
Project Woksape. After development was 
completed, the software was taken to the 
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CSOM 's 16-station student computer labora­
tory where three test markets have been run. 
These test markets have demonstrated the 
advantages of presenting economic theory 
using computerized markets. Traders quickly 
learn how market forces work. The computer­
ized economic markets developed by this 
project are real-time, interactive simulations of 
market forces. 

Use of a computer network for information 
storage and for simulating these market dynam­
ics has, in addition, freed students from per­
forming tedious accounting and information 
record-keeping functions, thus assisting them in 
gaining an understanding of market forces. 

The CSOM is creating an environment that 
attracts top-quality students and faculty. Pro­
grarris such as Woksape are a key component in 
fostering this environment. It has enabled the 
faculty to develop an innovative curriculum 
that prepares our students for what faces them 

when they operate in a wide range of markets. 
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Project Number: SOM01 

Computerized Economic 
Markets as a Teaching Method 

Gordon Duke 
Department of Accounting 

Purpose 

This is a proposal to develop an innovative new 
method for teaching principles of economics: 
the use of computerized markets. Students will 
actively trade assets over a computerized 
network. All information about the market will 
be displayed on the computer screen. All input 
from the students will be from the keyboard. 
The power of the computer network, coupled 
with student participation in an active market, 
brings a realism to the teaching of economics 
that can augment and supplement traditional 
methods of instruction. 

Graduate students in business will learn the 
fundamentals of economic markets by partici­
pating in trading. All traders will operate from 
personal-computer workstations networked 
through the IBM Token-Ring Network. They 
will make decisions to buy, sell, or hold assets 
based on information made available to them at 
the computer screen and controlled by the 
instructor. Various forms of markets, such as 
monopolies, asymmetric information and many 
forms of auctions, can be demonstrated. Hav­
ing participated in markets, the students can 
better understand economic theory. 
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Progress 

We have completed the first market and have 
prepared some preliminary materials for run­
ning that market. That market will be submit­
ted to WiscWare shortly. 

We have previously developed the methodol­
ogy and software for running computerized 
markets (under a separate Woksape grant). We 
have tested the methodology on three groups of 
graduate students and faculty. The markets run 
reliably, and participants are quick to grasp the 
functions of market forces. This project takes 
that methodology and develops the specific 
markets required to teach principles of eco­
nomics to graduate business students. 

Future Plans 

We are presently completing the teaching notes 
for the first market and will begin work on the 
second and third markets soon. These notes 
will be tested on a class of introductory eco­
nomics students during Fall Quarter, 1987. A 
second market, the market for audit services, 
was tested on a group of faculty and graduate 
students on Friday, 28 August, 1987. Some 
technical problems were discovered. We plan 
to modify the control program for the markets 
to allow the operator to correct these problems 
if they recur. 

Equipment 

1 PS/2 Model 60 with VGA display 
1 PS/2 Model 50 with VGA display 
1 PC/ AT with Enhanced Graphics display 
3 PC/XTs with Enhanced Graphics displays 
2 Enhanced Graphics displays for existing PCs 
1 Proprinter 

PC Network 
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Project Number: SOM02 

The Knowledgeable Interview 
Subject System (KISS) 

J. David Naumann and 
Cynthia M. Beath 
Department of Management Sciences 

Associates: Macedonio Alanis, 
Richard Ye, Yu-Kuang Lim, John Libra 

Purpose 

The most critical step in the development of an 
information-processing system is determining 
user requirements. Systems analysts in busi­
ness, engineers in software development, and 
knowledge engineers in expert-systems devel­
opment rely heavily on the personal interview 
for information gathering. Typically, inter­
viewers discover conflicting, incomplete, and 
inconsistent facts, opinions, needs, and desires, 
and must combine them into a complete and 
consistent requirements document or prototype 
system. 

The initial objectives of the KISS project were 
to develop a hardware and software system that 
would respond to questions about a specific 
knowledge domain in about the same way as 
would a human interview subject. KISS is 
intended to support both teaching and research 
in Systems Analysis by providing a laboratory 
setting for student assignments and controlled 
experiments. A student user of KISS has a 
specific analysis task, and conducts an inter­
view by typing questions on the keyboard. 
KISS responds to the questions it "under- • 
stands'' in English (graphic or printed mater­
ials may also be produced in response to certain 
questions). KISS is organized around a 
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knowledge base that contains facts about the 
organizational units, people, processes, and 
data that make up a particular requirements 
determination knowledge domain or case. The 
KISS knowledge base may be modified or 
redefined by the researcher or teacher to 
encompass a different knowledge domain. 

Progress 

The KISS knowledge base has been organized 
as a hierarchy of frames, each of which refers 
to and describes one or more "real-world" 
entities. Each frame is either a class frame or 
an instance frame, meaning it either describes 
properties that apply to many instances in the 
corresponding ''real world,'' or to one specific 
instance. Each frame is made up a number of 
slots and, in turn, each slot may (a) contain a 
value that applies to a class or an instance, (b) 
derive a value, when queried, from a related 
frame, or (c) contain a program that computes a 
value or set of values when triggered by a 
question. 

There are three broad classes of frames in 
KISS: actors, processes, and data. These 
broad classes include several sub-classes. For 
example, an actor frame may be an organiza­
tional unit, a position, or a person. Frames are 
also interconnected by relationships that are 
analogous to relationships in the world. For 
example, a manager [actor] is responsible for 
[relationship] an operation [process]. The 
contents of the knowledge base are constructed 
by first describing organizational units, posi­
tions, people, processes, data files, structures, 
reports, etc., both one at a time, and as classes. 
Secondly, relationships among classes are 
defined, and finally relationships among se­
lected instances are specified. The result is a 
complex knowledge structure that contains 
information such as that in the following 
example: 
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The manager [position class frame] of 
Finance [organizational-unit instance] is 
John [person-instance frame]. John is 
responsible for [relationship] produce 
financial statements [process-instance 
frame], create credit instrument [process 
instance], ... 

The KISS user interface is primarily English­
language statements. The user types a question 
as a complete, grammatical sentence, and the 
interface responds with an English sentence 
that has been generated from the facts con­
tained in the knowledge base. (The knowledge 
base also contains a few "canned" responses 
that are output directly. The most common of 
these are simple text descriptions of instance 
frames, for example, a text description of a 
process.) The user interface has been con­
structed using a "Lexical Functional Gram­
mar" parser and generator tool. 1 Using the 
parser, a simple grammar encompassing a 
broad range of English questions was con­
structed. The grammar includes a dictionary 
derived from the contents of the knowledge 
base, and is therefore specific to the case being 
used. 

The parser converts a question into two internal 
representations: a grammatical parse tree, and 
a knowledge-base query. The knowledge-base 
query is processed by the knowledge base, 
which returns the results of its search. Thus, 
for example, the question "What does.John 
do?'' is transformed into a knowledge-base 
query that searches for the list of things pointed 
to by the slot "does" of the frame "John." 

The results of the knowledge-base search plus 
the parse-tree representation of the original 
question are then passed to the sentence genera­
tor. The generator converts the combination of 
the original question and the answer into one or 

1 The Generalized LR Parser/Compiler was provided by the 
Center for Machine Translation, Carnegie-Mellon Univ. 
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more grammatical English statements. The 
generator has its own grammar and dictionary, 
which are closely related to the parser's gram­
mar. 

KISS is not completely operational at this 
report date (May 31, 1989). The project team 
is currently revising the generator grammar to 
produce a broader range of grammatical re­
sponses. The input parser and grammar combi­
nation, and the knowledge base work together 
reliably for the set of questions expected. Our 
experience to date suggests that student ques­
tions relevant to the knowledge domain will be 
properly interpreted and answered. Comple­
tion of the generator grammar will close the 
loop, and will permit planned pilot use to 
proceed during the summer. 

Overall, the KISS project has been delayed by 
a number of unforeseen events and problems: 
the hardware configuration was revised, and 
therefore delayed, several times to take advan­
tage of the PS/2 Model 80. The underlying 
software, Gold Hill Common Lisp, was not 
available in the correct version, and was not 
delivered when promised. The search for 
public-domain, natural-language parser soft­
ware took much longer than anticipated. Find­
ing competent programmers was very difficult 
and time-consuming. As a result, several 
features that had been planned to make KISS 
more useful or more convenient to use have not 
been implemented, and system testing remains 

to be done. 

Future Plans 

At this time, we are looking forward to both 
pilot testing this summer and, if testing is 
successful, full use in the fall. 

Equipment 

1 PS/2 Model 80 ·with VGA display 

1 Proprinter 
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Impact of Project Woksape on University Counseling Services 

Elizabeth Wales, Director 

In the first year of the Woksape program, the 
University Counseling Setvice (UCS) received 
a Woksape grant to further counselor-training 
activities. The proposed counselor training the 
Woksape grant supports is carried out in 
conjunction with faculty in the Department of 
Psychology, the College of Education, and 
units of the Medical School. The Woksape 
grant enables UCS to continue to make a 
contribution to the counseling profession in 
terms of new and better ways to train 
counselors. 

The grant has had several effects on the UCS. 
One is the impact on specific aspects of coun­
selor training. In part, changes come from 
prior effort under the Woksape grant, such as 
the program to teach new counselors to make a 
differential diagnosis of test anxiety. Besides 
diagnosis, the program also suggests treatment 
options based on empirical outcomes. Train­
ees' use of the program helps them to expand 
or deepen their learning on their own initiative. 
At this time, the program is being revised. The 
current objective is to broaden the program so 
that, in addition to decisions about test anxiety, 
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it can model diagnoses for vocational choice 
and academic motivation problems. 

The second training impact is on the use of the 
Minnesota Multiphasic Personality Inventory 
(MMPI). A program under development will 
help trainees learn to interpret this very widely 
used assessment instrument. Again, the student 
can use the program individually to expand on 
instructional time. Thus, the Woksape grant 
has allowed UCS to offer more flexible, in­
creased instruction in important topics with less 
supetvisor time involved. 

The third impact has been on UCS research. 
The Woksape grant stimulated UCS to install a 
computer-assisted program for short-term, 
focused counseling. This activity, called the 
Therapeutic Learning Program (TLP) has not 
previously been used extensively with a univer­
sity student population. UCS staff are engaged 
in a controlled comparison of computer­
assisted group and individual counseling. The 
data may increase our understanding of what 
kind of treatment is most effective for what 
kind of client, and of the role of computers in 

personal counseling. 
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Project Number: STUD01 

Computer Applications in 
Counselor Education 

David M. Wark 
University Counseling Service 

Purpose 

The initial purpose of the Woksape grant was to 
explore computer applications for training 
advanced graduate students to become profes­
sional counselors. Part of their learning was to 
master seven stages in the counseling process: 

Stage 1: Use basic interviewing skills 
Stage 2: Identify and set counseling goals 
Stage 3: Build a professional relation and trust 
Stage 4: Assess the client's psychological state 
Stage 5: Develop therapeutic interventions 
Stage 6: Integrate and generalize therapeutic 

growth 
Stage 7: Terminate counseling 

The Woksape grant was requested in order to 
develop a computer-implemented experience at 
each step in the process. 

The planned applications covered a broad range 
of computer technology. The proposal in­
cluded computer-assisted instruction, simula­
tion of clients, computer-driven biofeedback, 
graphic displays of psychometric data, and 
modeling of diagnosis by an expert system. 
The original proposal assumed a five-year time 
frame. In retrospect, even five years was not 
enough to plan, program, and establish all of 
the applications. In actuality, the Woksape 
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grant stimulated more ideas than were actually 
accomplished in the three years of support. 

Progress 

By the third year of the grant, computer appli­
cations have been developed for the following 
stages: 

Stage 2: Identify and Set Counseling Goals 

Insight 1. 1, an expert-system shell, was used to 
develop a three-part model for diagnosis and 
treatment of test anxiety, which is estimated to 

affect 20% of the student population at some 
time. The program takes data from student 
admission records (high-school graduation rank 
and ACT or PSAT admission tests), client 
interviews, and personal history. The output is 
a set of suggestions for the counselor trainee to 
use in setting client goals to reduce test anxiety. 

The program was available for use by graduate 
students in the Counseling Practicum, Psy 
8514-5-6. One IBM PC/AT was designated for 
use by the trainees, who enter data and obtain 
printouts about their clients. The trainees' 
documentation kits include copies of psycho­
logical measures for further diagnosis. Treat­
ment manuals are also available. Practice 
materials for test-anxious clients were prepared 
and placed in the Learning and Academic 
Skills Center for easy access. 

The program was targeted for further refine­
ment. Decision rules were written to classify 
students as possible late bloomers (low class 
rank, high ability), creative focusers (midrange 
class rank, high ability) or super leaders (high 
class rank, high ability). The using counselor 
would receive suggestions from the program 
about possible goals for the client. We dis­
covered after the deadline for budget submis­
sion that the AT computers would have to be 
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upgraded to 640K in order to handle the expert­
system shell needed to build the new features. 
In addition, it seemed unlikely there would be 
enough time in the support grant for a research 
assistant to do the required programming. The 
decision was to stop work on program 
refinement at this time, and to put effort into 
other aspects of the Woksape project. The first 
version of the program was, however, 
described in IBM materials. Counselors in 
California and Taiwan have requested 
information and received copies of the program 
and documentation. The program will also be 
listed through Wisc-Ware. 

Stage 3: Build Professional Relations and 
Trust 

The Woksape program provided University 
Counseling Services some physiological moni­
toring equipment. A few staff went through a 
familiarization program. A graduate student 
planned to use the equipment to study the 
relation between reduction of tension and the 
increase of treatment skills in second-year 
graduate students learning to be counselors. As 
they became more relaxed in their training 
sessions, they should be better able to learn 
new complex skills for working with clients. 

CLIENT 1, a computer simulation of some 
basic counseling techniques, was chosen as a 
standard behavioral criterion measure. The 
sooner the trainee uncovered the basic problem 
presented by the simulated client, the higher 
the trainee's skill score. The goal for this 
stage's training was to use the computer­
monitored equipment to help the trainee reduce 
tension that would interfere with learning how 
to respond to the client. 

Unfortunately, variability in the physiological 
measures monitored by the computer was 
higher than expected. Statistical analysis 
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indicated that the number of student trials 
needed to produce reliable results was larger 
than expected. It would have taken an unac­
ceptable amount of time to carry out the train­
ing. Human supervisors were more efficient in 
helping the trainees relax and presenting the 
necessary clinical instruction. 

Stage 4: Assess the client's psychological state. 

In 1986-87, a program to teach interpretation 
of the MMPI was started. The objective was to 
develop a teaching aid to assist the counselor 
trainees in three ways: 1) organize research 
about the MMPI so it could be retrieved 
quickly; 2) conveniently provide alternative 
interpretations of a client's score; and 3) 
manage the mechanics of printing the trainee's 
interpretation. 

The program has gone through two versions 
during the life of the grant. In the first, the 
counselor trainee enters a client's MMPI scores 
for 13 scales. The program then sorts the scale 
scores from high to low. Then the trainee is 
offered a menu of interpretations grouped by 
score range. Thus, the trainee's attention is 
focused on scores suggesting serious problems 
that need to be addressed first. But this version 
offered only elementary interpretations, based 
on single scores. Advanced use requires an 
understanding of the complex patterns of all the 
scales. So the next step is to create a training 
aid that could present any of the hundreds of 
combination scores that have been documented 
in the research literature. 

The second version of the program asks train­
ees to enter two highest scores in the client's 
profile. Then it offers a research-based inter­
pretation of the two-point code. The wording 
of the interpretation is specifically designed to 
help the trainee use language that will be 
appropriate when working with clients of 
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college counseling centers. In addition, the 
output warns the trainee if the two-point code 
is associated with suicide attempts. 

This version of the program is being developed 
for publication. A nationally-recognized expert 
on the MMPI is doing a review. She will 
evaluate it as a possible adjunct to her book on 
interpretations for college students. Since the 
program is written in the PILOT language, it 
can be modified or expanded to take advantage 
of research on the new version of the test. 

Summary 

The Woksape grant has produced two opera­
tional programs for training counselors, the 
MMPI interpretation aid, and the Test Anxiety 
diagnostic and treatment program. Both are 
evolved to the point where they can be used in 
the field. Moreover, each is general enough to 
be revised and expanded by other instructors 
and investigators. Research on other aspects of 
counselor training may be carried on after the 
grant is ended. In addition, the existence of the 
Woksape equipment stimulated University 
Counseling Services to install and evaluate a 
computer-assisted program for short-term, 
focused group therapy. Current results indicate 
the Therapeutic Learning Program helps 
students solve certain problems as effectively 
as does conventional therapy, but takes less 
counselor time. 

Equipment 

3 PC/ATs with color displays 
3 Proprinters 
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Impact of Project Woksape on the College of Veterinary Medicine 

Thomas F. Fletcher, Professor 

Use of computers as instructional aids and 
computer literacy of students are priority goals 
of the College of Veterinary Medicine (CVM). 
Computers, originally introduced into veteri­
nary practices for business management pur­
poses, have become important as educational, 
diagnostic, and health-management tools. The 
computer promises a solution to the dilemma of 
coping with an increasingly rapid expansion of 
medical knowledge and an accelerating demand 
for more sophisticated service. 

Veterinary service has two modes. One con­
cerns the diagnosis and treatment of disease in 
the individual animal; the other deals with 
population units (herds, flocks, etc.), particu­
larly in the contexts of agricultural economics 
and wildlife management. Computers are 
essential for effective population health man­
agement, and they are becoming important aids 
in delivering health care to the individual 
patient. 

Two of the four Woksape development projects 
in the College relate to the individual patient. 
One project is developing diagnosis-assistance 
units by making use of a Problem-Knowledge 
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Coupler (shell program) to establish data bases 
of parameter values per disease per species. 
Students will make use of these units to ensure 
they have not overlooked anything in the 
process of arriving at proper diagnoses. An­
other project deals with lameness diagnoses in 
horses. By making kinematic measurements 
and using the computer to construct vector 
diagrams that display gait differences in a 
dramatic way, the time it takes to develop 
competence in lameness diagnosis can be 
significantly reduced. 

The remaining two Woksape projects pertain to 
population medicine. One is geared to instruct­
ing students in principles of epidemiology by 
computer simulation of disease-scenario prob­
lems within an instructional laboratory setting. 
The other project is designed to instruct stu­
dents in data collection and processing for herd 
health management or production medicine. 
The goal of production medicine is to deal with 
factors that lead to sub-optimal animal health 
that impairs agricultural productivity and, thus, 
farm profitability. Computers are essential 
because of the mass of data involved in this 
mode of veterinary service. 
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Project Number: VM01 

The Development of Computer­
Based Veterinary Medical 
Teaching Aids to Promote 
Effective Clinical Problem­
Solving 

Thomas E. Stein 

Purpose 

The purpose of this project is to use a commer­
cially available software package (Problem 
Knowledge Coupler) to develop knowledge­
c~u~lers for various diagnostically challenging 
chmcal problems in veterinary medicine. The 
process consists of identifying a target prob­
lem, constructing a knowledge network using 
published literature and experts' opinions, 
creating a list of clinical facts, and linking the 
knowledge network with the clinical facts. 

Progress 

Since the project began, fourth-year veterinary 
students and participating faculty have devel­
oped the following set of knowledge couplers: 

(1) A management-options coupler for equine 
lameness. Usually, couplers address a clini­
cal problem to aid the diagnosis. In this 
case, we assumed the diagnosis had been 
made. In the field of equine medicine and 
surgery, the management options -- medical 
or surgical treatment -- are quite extensive 
and complicated. This knowledge coupler 
was created to aid the development of a 
treatment plan. 
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(2) A diagnostic coupler for bovine gastrointes­
tinal problems. 

(3) A diagnostic coupler for problems of inter-
nal parasitism. 

In addition, we made contact with a group of 
veterinary schools, each working on knowledge 
couplers and using the same software. We 
exchanged knowledge couplers, receiving 
couplers on the diagnosis of swine abortion and 
polyuria/polydipsia in dogs. 

Our assessment is that the Problem Knowledge 
Coupler software is below average as an educa­
tional technology development tool. The 
knowledge couplers themselves stimulate little 
creative problem-solving, and serve more as 
memory-joggers for diagnoses of low proba­
bility. 

We have been unable to integrate these coup­
lers into the clinical hospital rotations, due to 
lack of computer equipment. 

Future Plans 

This project has been discontinued. 

Equipment 

2 PC/ATs with Enhanced Graphics displays 

1 Proprinters 
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Project Number: VM02 

Computerized Reproductive 
Monitoring for Teaching 
Theriogenology in Dairy Herds 

Norman B. Williamson 
Department of Large Animal Clinical 
Sciences 

This project allows senior veterinary students 
to use a microcomputer-based dairy herd repro­
ductive information system currently under 
development, to analyze a herd's reproductive 
performance. Preventive herd-health visits 
involve collecting and analyzing the perform­
ance records of a herd, and not just diagnosing 
and treating individual sick cows. The major 
economic gains from reproductive improve­
ments on dairy farms are due to the identifica­
tion and correction of inadequacies of repro­
ductive management and control, rather than 
the treatment of a few sick animals. 

The system will provide performance indices 
for the herd in key areas of reproductive effi­
ciency: estrous occurrence, estrous detection, 
conception efficiency, and reproductive cull­
ing. Students compare these indices with 
established targets and then enter the indices 
into an available reproductive model 
(DairyORACLE - Optimization of Reproduc­
tive Activity in Commercial Livestock Enter­
prises) to demonstrate the economic efficiency 
of current herd reproductive performance levels 
and changes. Since some students have just 
returned from farm visits and have just seen tbe 
livestock, facilities, and management, they are 
able to develop and test realistic alternatives for 
that specific farm. 
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The program teaches students how to use: 

- the concept of herd (in addition to individ-
ual animal) performance monitoring, 

- records in evaluating herd performance, 
- a herd record system, 
- computer modelling as a forecasting and 

planning tool, and 
- a comparison of performance against 

targets as a management technique. 

Equipment 

1 PS/2 Model 60 with VGA display 
1 Proprinter 
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Project Number: VM03 

The Development of Computer­
Based Problem Solving 
Exercises in Veterinary 
Epidemiology 

Robert A. Robinson 
Department of Large Animal Clinical 
Sciences 

Purpose 

The objective is to develop computer-based 
instructional (CBI) exercises in problem solv­
ing outbreaks of disease and identifying risk 
factors associated with lowered production or 
reproduction in animal populations. Initially, 
this requires determining specific disease rates 
(e.g., morbidity, mortality, incidence, preva­
lence, case-fatality, age- and sex-specific rates), 
as well as indices of production (e.g., mean 
weaning weights) or reproduction (e.g., inter­
calving intervals). Also, the student will be 
expected to develop appropriate questions that 
lead him/her to identify the specific risk factors 
in these problems, related to population, place, 
and time, as well as nutrition, management, and 
environment. 

An important part of problem solving in veteri­
nary medicine is to have an adequate knowl­
edge base as well as technical and analytical 
skills. Nevertheless, unless students can de­
velop skills in questioning clients or interro­
gating data bases, they will be unable to fully 
apply their other skills. Techniques of asking 
careful questions in an ordered sequence will 
provide them with a sound basis for work with 
problem knowledge couplers being developed, 
and with computerized herd health delivery 
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systems (such as 'Dairy' and 'PigCHAMP') in 
subsequent classes in the professional curricu­
lum. The investigators are not aware of similar 
CBI exercises developed specifically for 
veterinary epidemiology. 

Investigators will develop six computerized 
exercises for LACS (Large Animal Clinical 
Sciences) 5-650 for Spring Quarters 1987 and 
1988. Exercises will be designed for students 
to solve individually using University micro­
computer laboratory facilities on the St. Paul 
Campus. 

In the first three exercises, students will be 
presented with a series of data bases describing 
hypothetical but realistic situations involving 
disease outbreaks or lowered productivity. 
After each set of data is presented, the com­
puter will present a series of questions designed 
to show by example how a client or herdsman 
should be interviewed to establish an orderly 
accumulation of information. Check questions 
will also be included. For each questions, five 
answers will be provided, and the student will 
choose what he or she believes to be the most 
correct. Explanations will be provided for both 
the most correct solution, and why the other 
options presented are less useful. 

In the second set of three exercises, students 
will be provided with only a very brief data 
base concerning a disease outbreak or produc­
tion problem (as they might receive, for ex­
ample, following a phone call). From then on, 
students will be asked to develop their own set 
of questions based upon their experiences in 
the first three exercises. The student will type 
questions into the computer. The ability of the 
program to respond to questions asked in 
natural language is feasible as the domain is 
limited. Responses to the questions will con­
tain data that may or. may not be relevant to 
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solving the problem. Students will have to 
continue questioning in order to receive the 
information available on particular aspects of 
the problem. It will be the student's responsi­
bility to make judgements (including statistical 
tests) concerning the appropriateness of the 
data, and also to determine which line of ques­
tioning is required next to ultimately solve the 
problem. 

Students will be graded on their ability to ask 
questions in the predetermined sequence 
leading to the most rapid resolution of the 
problem. The exercises will also be evaluated 
by students and clinical faculty in the College 
of Veterinary Medicine as to their significance 
and value for later curriculum subjects. 

The investigators currently lack experience 
with authoring languages for these exercises, 
but have sought assistance from Project Assist 
and the special projects group providing gen­
eral consulting on artificial intelligence. Pre­
liminary discussions reveal that the most 
appropriate programming language would be 
LISP. 

Progress 

Initial work has consisted of designing the 
conceptual framework of the first problem­
solving exercise: a hypothetical outbreak of 
pseudorabies in a number of pig herds. 

Future Plans 

As outlined in the original timeline, consulta­
tions with Project Assist and the artifical 
intelligence consulting group will be initiate~ 
to design the exercises. Additional financial 
support for programming has also been ob­
tained for this project. 
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Equipment 

1 PS/2 Model 60 with VGA display 
1 Proprinter 
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Project Number: VM04 

Quantitative Gait Analysis for 
Lameness Diagnosis 

Calvin Kobluk 
Department of Large Animal Clinical 
Sciences 

The purpose of the project is to instruct veteri­
nary students in the diagnosis of equine lame­
ness, especially in making accurate diagnoses 
early in the course of disease, when treatment 
is most effective. The project will provide 12-
20 senior veterinary students annually with the 
opportunity to augment traditional qualitative 
methods of lameness diagnosis with computer­
based quantitative analyses of equine gait. 
Experts recognize that future progress in 
equine lameness diagnosis will require such 
quantitative gait analysis, including generating 
gait diagrams, which are visually dramatic and 
very effective teaching tools. 

Students will collect videotaped data of horses 
locomoting on a stationary high-speed tread­
mill. A scanning device will generate the 
coordinate locations of markers placed at 
selected anatomical sites on each horse. For 
each phase of a stride, the microcomputer will 
generate values for various length and angle 
parameters based on distances between markers 
on the horse and the ''ground.'' Statistical 
estimates of parameters per stride-phase per 
gait per horse will be computed, and gait 
diagrams (graphically illustrated vectors) will 
be produced visually to summarize stride 
characteristics per horse. 
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Computer software to perform these operations 
has already been produced for an IBM micro­
computer. The programs will have to be 
modified to maximize didactic effect. Didactic 
impact will result from the juxtaposition of 
techniques of qualitative diagnosis with the 
generation of quantitative analytical parameters 
in a clinical setting. 

The project will expose students to a new 
diagnostic technique which, despite its ac­
claimed potential, is not currently available at 
any veterinary school in the United States. The 
project will demonstrate the limitations as well 
as the capabilities and value of the new tech­
nology. Thus, students engaged in routine 
practice in the future will know firsthand when 
and under what conditions to refer patients to a 
major center to benefit from the quantitative 
diagnostic service. In addition, student diag­
nostic competence using traditional qualitative 
methods, which normally takes years to de­
velop, will be accelerated by virtue of the 
students having precise quantitative insights 
regarding gait. 

Equipment 

1 PS/2 Model 60 with VGA display 
1 Proprinter 
1 Color plotter 
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Appendix One: Survey on the Effects of the IBM Grant for Project Woksape 

1. What best describes your position at the University? 
___ Assistant Professor ___ Associate Professor 
___ Academic Professional ___ Civil Service Staff 

2. What is your college? 
___ Agriculture 
___ Dentistry 
___ Graduate School 
___ Liberal Arts 
___ Medical School 
___ Pharmacy 
___ University College 

___ Biological Sciences 
Education ---

---Home Economics 
___ Libraries 
___ Natural Resources 
__ Public Health 
___ Veterinary Medicine 

Professor ---
Student ---

__ Cont'g. Ed. & Ext. 

---General College 
Law School ---

--- School of Mgmt. 
___ Nursing 
___ Institute of Technology 
__ Other (please specify) 

3. What, if any, has been the impact of the grant from Project Woksape, and your work on that 
project, on decisions affecting your receiving tenure or promotion? Use the middle (third) box to 
indicate no impact. 

Very Neutral 
Negative 

Very 
Positive 

4. What percentage of the total time you spend using computers is allocated to the following 
activities: 
___ Research 
___ Teaching 
___ Service 

--- Other (e.g., professional correspondence, electronic mail) 

5. What, if any, has been the impact of the grant from Project Woksape on the quality of the follow­
ing activities: 

Research 

Teaching 

Service 
Very 
Negative 
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6. For the computer equipment granted to you through Project Woksape, what percentage of its total 
hours in use is taken up by the following people: 
___ Faculty 

Academic Professional Staff ---
Civil Service Staff ---
Students ---

--- Other (please specify) 

7. Will you continue to develop instructional software without special funding such as that from 
Woksape? 

Very 
Unlikely 

Very 
Likely 

8. Is it likely that you will continue to use the software developed with Woksape funding in future 
years? 

Very 
Unlikely 

Very 
Likely 

9. Will you update and otherwise modify your Woksape software to keep it current for your classes in 
the future? 

Very Very 
Unlikely Likely 

10. Please rate the following. Check the box marked N.A. if you had no occasion to use a service. 
Inadequate 

Support from U of MN staff in Project Woksape office 

Response from IBM representatives on campus 

Excellent 

I 
I , 

Maintenance support from Engineering Services · j 
...___.__..,____,_ _ __.__ ..... 

Help with instructional design from Project Assist 

Assistance from the ACSS Micro Group 

Facilities for pilot-testing software 

... 

N.A. 

□ 
□ 
□ 
□ 
□ 
□ 

1 1. Has the grant and your work on the project enabled any spinoff benefits -- such as additional re­
search funds or computers -- to you, your department, or the University? 

Yes ___ Np __ _ 
If yes, please describe briefly: -------------------------
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12. If the University received another grant similar to the Woksape grant from IBM, what changes 
would you suggest in management or support of the grant? --------------

The following three questions apply to your use of electronic mail on the St. Paul Computing Services 
(SPCS) IBM mainframe, using PROFS and Bitnet. 

13. How many times have you used PROFS and/or Bitnet on the SPCS mainframe? 

___ o __ 0-10 __ 10-50 50 or more ---
14. If you did not use PROFS regularly, what are the ~easons for that? (Check all that apply.) 

___ · Already had an account on another system 
___ Tried a few times, but could not log in, so gave up 

--- Had no modem 
--- Had no modem cable 
__ Couldn't hook up the modem correctly and couldn't get help fixing it 
___ Couldn't figure out how to use PROFS 
___ Didn't know whom to call for help 
___ D}dn't have time to learn to use electronic mail 
___ Other (please specify) ________________________ _ 

15. How satisfied were you with services provided by SPCS? 

Very 
Unsatisfied 

Very 
Satisfied 

16. On the following lines, please add other general comments about Project Woksape. Please add any 
highlights or comments you would like included in our report to central administration on the 
benefits or impact of participation in Project Woksape. 

/', 
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Appendix Two: Index of Investigators 

Investigator Project Number Page 

Abrams, Peter CBS02 51 

Ackerman, Phil CLAll 91 

Ahearn, Sean FOR02 149 

Alaniz, Karen NSG0l 257 

Albers, James IT32 232 

Albertson, Vernon IT29 226 

Alstad, Donald CBS02 51 

Amit, Neta IT28 224 

Andersen, John CLA07 78 

Anderson, Lee B. IT18 205 

Anderson, Ronald E. CLA09 82 

Apland, Jeffrey AG04 33 

Bailey, Fred IT12 192 

Bakke, Bruce CLAll 94 

Barker, M.A.R. CLA14 102 

Barten, Paul K. FOR03 150 

Beath, Cynthia SOM02 272 

Beniak, Judy NSG02 259 

Berger, Thomas IT17, IT21 203,212 

Bhattacharya, Mrinal AG03 31 

Borgida, Eugene CLAll 93 

Brehob, Diana IT02 169 
Brooks, Kenneth N. FOR03 150 

Cameron, Jean CLA0l 65 
Case, Steven IT24 217 

Chaplin, Jonathan AG03 31 

Cipolle, Robert PHR0l 265 

Collins, W. Andrew ED05 132 

Craig, William CLA18 107 
Curtsinger, James CBS02 51 
Dawis, Rene CLAll 90 
DeBower, Mark AG05 35 
Donath, Max IT03, IT08 171, 182 
Donchenko, Adele K. CLA08 80 
Duckett, Laura NSG0l 257 
Duin, Ann AG02 28 
Duke, Gordon SOM0l 271 
Edwardson, Sandra NSG02 259 
Fairbanks, Dorothy NSG0l 257 
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Index of Investigators, cont'd. 

Investigator 

Fayad, M.E. 
Fleming, John 
Fletcher, Charles R. 
Fox, Paul W. 
Franck, B. 
Galambos, Theodore V. 
Garfield, Joan 
Gersmehl, Philip 
Gini, Maria 
Gray, Larry 
Griese!, Curtis 
Hackett, Perry 
Halley, J. Woods 
Hansen, Deborah J. 
Hansen, Jo-Ida 
Hanson, William H. 
Haverkamp, Beth 
Hayes, Laurie 
Hendrix, Vernon 
Hieb, Thomas 
Hoover, Emily 
Hsu, Mei-Ling 
Hunter, Robert E. 
Jahn, Gary 
Janni, Kevin 
Johnson, Paul E. 
Kac, Michael 
Kain, Richard 
Kanfer, Ruth 
Kazerooni, H. 
Keefe, T.F. 
Kelkar, Kanchan 
Kelton, Christina M.L. 
Keynes, Harvey 
King, Robert P. 
Kittelson, David 
Klee, Carol 
Kleinspehn, Karen 
Knox, Charles 
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Project Number Page 

IT30 228 
CLAll 87 
CLA13 100 
CLAll 95 
FOR04 152 
IT31 231 
GC02 161 
CLAlO 85 
IT19, IT20 208, 210 
IT16 201 
IT32 232 
CBS03 53 
IT14 197 
AG03 31 
CLAll 89 
CLA0l 66 
CLAll 89 
AG02 28 
ED0l 123 
FOR03 150 
AG0l 27 
CLA16 105 
MED03 249 
CLA08 80 
AG03 31 
CLA13 100 
CLA13 100 
ITlO 188 
CLAll 91 
IT26 220 
IT30 228 
IT06 178 
CLA20 110 
IT17 203 
AG04 33 
IT02 169 
CLA17 106 
IT23 215 
MED0l 245 
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Index of Investigators, cont'd. 

Investigator Project Number Page 

Koch, Laura GC02 161 
Kobluk, Calvin VM04 291 
Krauthammer, Ted IT13 195 
Kroeger, Sue IT32 232 
Kuehn, Thomas IT04 173 
Lambrecht, Judith ED03 126 
Lange, Dale L. ED04 129 
Larntz, Kinley CLA07 78 
Larson, Curtis L. AG03 31 
Larson, Virginia CLA19 108 
Leik, Robert CLA09 82 
Leon, Roberto T. IT31 231 
Lewis, Jack L. MED03 249 
Magney,Jean MED0l 245 
Markhart, Albert AG0l 27 
McCaa, Robert CLA03 70 
McCarthy, Charles IT21 212 
Mc Murry, Peter IT04 173 
Megard, Robert CBS04 54 
Menard, Russell CLA03 70 
Mikelonis, Victoria AG02 28 
Mohan, Ned IT29 226 
Moller, James MED02 247 
Morey, Vance R. AG03 31 
Morgan, James L. ED05 132 
Nassauer, Joan AG0l, AG07 27,40 
Naumann, J. David SOM02 272 
Neckar, Lance · AG07 40 
Nieber, John L. AG03 31 
Packer, Craig CBS05 56 
Paola, Christopher IT23 215 
Patankar, Suhas IT06 178 
Pitt, David AG07 40 
Quick, Donald MED05 251 
Ramalingam, S. IT05 175 
Rekow, Dianne DEN0l 117 
Retzel, Ernest MED04 250 
Riaz, M. IT27 223 
Riley, Donald IT0l, IT07 -167, 180 
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Index of Investigators, cont'd. 

Investigator 

Robert, Pierre 
Roberts, Craig L. 
Robinson, Robert 
Romano, John 
Rose, Dietmar 
Rose, Susan 
Ross, Donald 
Rouda, R. 
Ruggles, Steve 
Saurugger, Peter N. 
Savaiano, Dennis 
Schaumann, Rolf 
Scheman, Naomi 
Schwartz, Stuart 
Sederberg, Charles 
Seeley, Mark 
Sherar, Greg 
Shur, Michael 
Simon, Stephen 
Sims, Christopher 
Sire, Geoffrey 
Slagle, James 
Snyder, M~k 
Sobelman, Gerald 
Speaks, Charles 
Spector, Janet 
Starr, Patrick 
Stein, Thomas 
Stelson, Kim 
Sullivan, John L. 
Swan, Patricia 
Teyssier, Christian 
Thomas, Ruth 
Thompson, Roby C. 
Thompson, Travis, 
Tilman, G. David 
Trollip, Stanley R. 
Tsai, Wei-Tek 
VanTassel, Dianne 
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Project Number Page 

AG06 37 
CLA09 82 
VM03 289 
ED09 141 
FOR0l 147 
ED07 136 
CLA0l 65 
FOR04 152 
CLA03 70 
CBS07 60 
AG09 43 
IT25 218 
CLA0l 67 
CLAOl 66 
ED0l 123 
AG06 37 
IT13 195 
ITll 190 
LAW0l 239 
CLA06 76 
GC0l 159 
IT32 232 
CLAll 87 
IT22 213 
CLA05 74 
CLA12 97 
IT09 184 
VMOl 287 
IT03 171 
CLA02 68 
AG09 43 
IT23 215 
ED08 138 
MED03 249 
CLAll 94 
CBS02 51 
ED02 125 
IT30 228 
CLA05 74 
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Index of Investigators, cont'd. 

Investigator Project Number Page 

Vickers, Zata AG08 42 
Volovik, D. IT30 228 
Voxland, Philip CLA16 105 
Wakefield, Ray CLA15 103 
Wark, David STUD0l 279 
Weiss, David CLAll 88 
Wetmore, Clifford CBS0l 49 
Wharton, W. Keith AG05 33 
White, Dennis IT15 199 
Williamson, Norman VM02 288 
Wilson, Archie CLAll 95 
Wood, Gloria GC03 162 
Woodward, Clare CBS06 58 
Young, James CLAlO 85 
Ysseldyke, James ED06 134 
Zahavy, Tzvee CLA04 72 
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