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Introduction

Microcomputers are available to most high school and college science teachers.

Microcomputers would be used more often if the teachers knew how to interface them

to experiments. The purpose of this project was to investigate the available literature

and prepare a resource list for teachers to help them learn how to interface. This pro-

ject was funded by the Indiana Academy of Science under the Fellowship Program

for Secondary School Science Teachers.

Why Interface?

Why should a teacher learn how to interface a microcomputer?

1. A computer can take some data better than a human. Data may be taken automatic-

ally, periodically, every millisecond or every hour for 24 hours a day for a year or

more. Human errors caused by boredom will be eliminated. The human is freed to

pursue other more educational inquiries while the data is being collected.

2. A versatile interface can perform numerous functions and save money by eliminating

the need for specialized pieces of equipment which can only perform one function.

3. The educator can program the computer to pre-lab the student, collect data,

manipulate the data, store it, print the data, graph the data, or interact with the stu-

dent to get more learning mileage from the experiment.

4. The computer can be used to control instruments. It can turn devices on or off.

It can sound alarms when damaging temperature, water levels, pressures or even color

changes occur.

5. Students can use the computer to do scientific investigations. One of our students

investigated the effect of the color of the stimulus on reaction time. The computer

randomly sounded a stimulus and measured the reaction time. The data was stored

for a specified number of trials, which were alterable, and then would print out the

data, graph the data, or statistically analyze the data.

6. Students will be introduced to high tech science. Scientists now use computers to

collect data, control experiments and number crunch. Students can do the same thing.

How to Interface

The user has 4 approaches to interfacing. Graef (1) lists

1. add an A/D converter on a printed circuit board

2. add an external A/D converter using the computer's serial port

3. attach transducers to the game paddle ports or

4. connect an instrument to the computer.

In this investigation, the 3rd option was used because it has the lowest cost and

is the least complicated. Most educators will use interfacing if they see the benefits

and realize the cost will be minimal and the difficulty is low. Packaged interfacing

equipment is convenient but is still too expensive for most high school teachers.
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Rather than trying to tell someone how to interface, please refer to the resources

listed by type of computer at the end of this article. If you can not find the resource

articles, copies are available, when not copyrighted, from the authors.

Procedure

Library research was performed at Tri-State University, Ball State, Taylor, IPFW,
Goshen, Notre Dame and North Manchester. Databases were searched by Tri-Alsa

including ERIC, RICE, BRS.

The articles were photocopied and read. They were organized by computer type:

Apple, TRS-80, Timex/Sinclair, Commodore and others. The articles were arranged

from most useful to least useful, in the author's opinion.

Interfacing was performed with the Timex/Sinclair and Apple II Microcomputer

by Replogle and the Commodore 64 by Pinkham. The Radio Shack was also available

but it seems more difficult to interface than the other computers.

A VOTEM was purchased for the Timex at a cost of $60 from Alger Salt, Box

3096, Greenville, NC 27834. It was already assembled and tested. Software sugges-

tions, directions for connection to the Timex, and a temperature probe accompanied

the A/D converter. Salt claims that the interface should be able to be connected to

the Apple II but he was not able to tell the author how to do this.

A "blue box" was purchased for the Apple II from Sci-Comp, 2404 Cherokee

St., Adelphi, MD 20783. The interface allows the user to use the game port on the

Apple. For $95 the interface, a light probe, thermometer probe, and solid state switch

(to turn devices on/off automatically) was purchased. All components were already

assembled and tested.

The author had previously attended an AAPT interfacing workshop at a NSTA
convention in Boston, MA and had the software and instruction manual provided by

that workshop. The "blue box" was used in that workshop. The workshop is highly

recommended to any teacher interested in learning in one day how to interface.

What was Accomplished

With the Apple II, for under $100, measurements were made of temperature,

resistance, velocity, acceleration, light intensity, time, distance and heartbeat. Devices

can be controlled with the Apple using the solid state switch.

With the Timex, for under $70, measurements were made of temperature, fre-

quency, voltage, resistance, current, absorbance, % transmittance, light intensity,

distance, pH and strain. It is believed that pressure or mass could be measured using

a transducer from Omega Engineering, Box 4047, Stamford, CT 06907. Excellent inter-

facing handbooks are available free from this address.
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Appendix

A. Appple Computer Interfacing Articles arranged from most useful to least useful

to high school science teachers

1. Layman, John W. and DeJong, Marvin L. Tutorials for teachers workshop apple

game I/O lab interfacing experiments. AAPT.
2. Tinker, Robert. 1984. Lab inputs for common micros. Hands-on!. 7:5-7.

3. Antonucci, Paul, et. al. Experiments in Science. HRM Software, 175 Tompkins

Ave. Pleasantville, NY 10570.

4. Durham, Bill, et al. 1983. A versatile interface for the Commodore 64. Collegiate

Microcomputer. 1:319-323.

5. Bross, T.R. 1983. Laboratory manual—computer instrumentation applications

for H.S. science laboratories. 4313 Green Pond Road, Bethlehem, PA 18017.

6. Vernier, D.L. Precision timer. 2920 SW 89th St. Portland, OR 97225.

(503)297-5317. Other interfacing packages available.

7. Experiments in human physiology. HRM, 175 Tompkins Ave., Pleasantville, NY
10570. Cat. #502-00-sasa.

8. Haney, M.R. The microcomputer in the high school science laboratory. Disserta-

tion. University of Oregon, Eugene, OR. ERIC # AN ED219871.

9. Nicklin, R.C. 1983. High grade data converter for the Apple II. Computers and

Electronics. 55-60.

10. Hallgren, R.C. 1984. Putting the Apple II work. Byte. 9:152-64.

11. Ratzlaff, K. 1984. Scientific applications of the Apple game port. Computers

in Chemical Education Newsletter. 7:6-7.

12. Malone, D. et. al. 1984. Experiments in chemistry: a model science software tool.

Hands-On! 7:8-9.

13. Walton, K.D. 1984. Computers make strange lab fellows. The computing teacher.

50-51.

14. Hager, T. 1982. Micros in the lab. 80 Microcomputing. 174-181.

15. VanWandrusska, R. 1982. Instruction in voltammetry and amperometric titra-

tions. Journal of chemical education. 59:781-2.

16. Adams, R.C. 1983. Doing science. The computing teacher. 22-3.

17. 1983. Review of precision timers, graphical analysis, ray tracer. The computing

teacher. 24-25.

18. Hildebrath, M. et. al. 1982. Nuclear analyzer-computer interface: an inexpensive

digital multichannel analyzer-computer interface for use in the modern physics

laboratory. American Journal of physics. 50:667-8.

19. Bates, P.A. 1983. Microcomputer measurement of the velocity of sound in air.

Physics education. 18:128-133.

B. TRS-80 Computer Interfacing Articles arranged from most useful to least useful

to high school science teachers.

1. Braden, W. 1983. TRS-80 Models I, III & color computer interfacing project.

Howard W. Sams & Co. Indianapolis, IN.

2. Barbarello, J. 1983. What's your tenseness level. Computers and Electronics. 75-84.

3. Hughes, E. 1984. Interfacing microcomputers through joystick inputs. Journal

of chemical education. 61:168.

4. Braden, W. 1982. Inexpensive transducers for the TRS-80. Byte. 416-442.

5. MimsIII, F.M. 1984. Use your TRS-80 color computer as a storage oscilloscope.

Computers & Electronics. 22:64-101.

6. Bagnall, A.G. 1981. Using a microcomputer to measure and produce voltages.

School Science Review. 63:145-152.
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7. Gardener, P.H. 1982. Using a microcomputer as a signal generator. School Science

Review. 64:323-330.

8. Mangieri, A. 1983. A DAC for TRS-80 interfacing. Computers & Electronics. 76-83.

9. 1982. The DAC 1000 D/A converter. Computers & Electronics. 82.

10. Keller, W. 1982. TRS-80 laboratory. 80 Microcomputing. 197-200

11. Nelson, D.C. 1980. Testing 1,2,3—use your 80 to check test measurements
automatically. 80 Microcomputing. 136-139.

12. Titus, J.A. 1980. TRS-80 interfacing—book 1 & book 2. Howard W. Sams &
Co. Indianapolis, IN.

C. Timex/Sinclair Interfacing Articles arranged from most useful to least useful to

high school science teachers.

1. Salt, A. VOTEM analog interface reference manual. Down East Computers, Box
3096, Greenville, NC 27834.

2. Rossiter, B. et. al. 1983. Using the ZX 81 for experimental science. School Science

Review. 64:741-744.

3. Dighera, L. 1983. Talk can be cheap. Computers and Electronics. 39-51.

4. Salt, A. 1984. Measuring and calculating energetics of an electrochemical cell.

Journal of Chemical Education. 61:168-170.

5. Stoner, T. 1983. Improving the Timex/Sinclair tape loading. Computers & Elec-

tronics. 21:80-83.

6. Tinker, R. 1984. Lab inputs for common Micros. Hands-On!, 5-7.

D. VIC-20 and Commodore 64 Interfacing Articles arranged from most useful to least

useful to high school science teachers

1. Shaw, D.E. Wunderlich, F.J. Experiment control with the Vic-20 computer.

Villanova University, Villanova, PA 19085.

2. Wunderlich, F.J. and Shaw, D.E. 1983. Under $100 home computers as lab devices.

American Journal of Physics. 51:797-801.

3. Farringer, D. 1983. The VIC-20 for laboratory interfacing. Hands-On!.

4. Breen, R.D. et al. An inexpensive, high performance plotter, interface for a

laboratory based microcomputer. Computers & Chemistry.

5. Tinker, R.F. 1981. Microcomputers in the teaching lab. The Physics Teacher.

94-105. (KIM micro)

6. Mims III, F.M. 1984. Experimenting with Coleco's ADAM. Computers & Elec-

tronics. 22:22-34.

7. Carlstrom, R. 1984. An Atari tape interface. Computer & Electronics. 22:77-80.

8. Wiberg, K.B. 1976. Calorimetric data collection using computers (INTEL 8008,

PDP-11). Computers & Chemistry. 1:61-64.

9. Rafert, B. et. al. 1982. Microcomputers in the laboratory. American Journal of

Physics. 50:108-113. (KIM-1)

10. Cacec, M.S. 1982. Microcomputer controlled ration calorimeter. Computers &
Chemistry. 6:161-164.

1 1

.

Doane, L.M. et. al. 1979. Automatic and microcomputer-controlled potentiometric

titrimetry. Journal of Chemical Education. 56:415-416. (Altair 8800B)

12. Barrett, T. et. al. 1979. A microcomputer-controlled transient recorder. Journal

of Chemical Education. 56:67-68. (Altair 8800)

13. Soltero, R. et. al. One semester microcomputer/instrument interfacing course.

Journal of Chemical Education. 170-171.

14. Wong, P. 1983. The use of a microcomputer in sampled AC polagraphy. (SYM-1
with 6502 CPU)
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15. Walrand, J. et. al. 1983. An HP microcomputer for experiment control in the

physics lab. Computers & Education. 7:197-202.

16. Sheehan, B.J. 1983. A VIC-20 cassette adapter. Computers & Electronics. 21:84.

E. PET Interfacing Articles arranged from most useful to least useful to high school

science teachers.

1. Johnson, R.L. 1982. A microcomputer based data acquisition system for use in

undergraduate laboratories. Journal of Chemical Education. 59:784-786.

2. Sparkes, B. Microcomputers in physics. Physics Education. 141-151.

3. Crandall, A.J. 1982. A microcomputer controlled measurement of acceleration.

The Physics Teacher. 20:304-308.

4. Larminie, J.R. A useful microcomputer controlled interface that makes a com-

puter cost effective. School Science Review. 62:348-351.

5. Kirkman, J. et. al. 1982. Microcomputer controlled experiments. Physics Educa-

tion. 17:139-142.

6. Swee, M.A.S. Linking your microcomputer to the outside world. Physics

Education.

7. Atkinson, P.A. et. al. 1981. Digital voltage measurements using a microprocessor.

Physics Education. 16:340-351.

8. Gorham, D.A. 1983. A microcomputer interface for external circuit control. Physics

Education. 18:284-289.

F. OTHER Computer interfacing Articles arranged with type.

1. Mclnerney, M. et. al. 1983. An HP microcomputer in the lab. Science Teaching.

21-25.

2. Abramson, J.J. Goldstein, J.H. Design and implementation of an economical

instrument computer interface based on the SDK-80 microcomputer. Computers

& Chemistry. 139-141.

G. NO COMPUTER SPECIFIED interfacing Articles

1. Tinker, R. 1984. Microcomputers in education. TERC, 8 Eliot St. Cambridge, MA.
2. Barr, W.E. 1982. Linear electronic thermometer with variable sensitivity. School

Science Review. 63:733-736.

3. Sparkes, R.A. 1982. Microcomputers in science teaching. School Science Review.

63:442-451.

4. Martin, P. 1983. An introduction to science teaching. School Science Review.

64:545-549.

5. Haney, M.R. 1982. The microcomputer in the science lab. Where can teachers

find resources. The Computing Teacher. 34-36.

6. Tinker, R.F. 1975. Integrated Circuits in Teaching: A Guide to Tinkers Toys.

AAPT
7. Graef, J.L. 1983. The computer connection— four approaches to microcomputer

laboratory interfacing. The Science Teacher. 42-47.

8. Ford, B. 1983. Pixels and pendulums. Classroom Computer News. 3:47-55.

9. Stifter, F.J. 1983. Power line disturbances. Computers & Electronics. 35-43.

10. Larson, J.L. 1982. Nike sport research lab. 80 Microcomputing. 188-189.

11. 1984. Adding an output interface to a digital timer. Computers & Electronics.

22:102-103.

12. Coffron, J.W. 1984. Getting Started with 8080, 8085, Z80 and 6800 Microprocessor

Systems. Prentice Hall. New Jersey.
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13. Buchsbaum, W.H. Personal Computer Handbook. 1984. Howard W. Sams &
Co. Indianapolis, IN.

14. Carr, J.J. 1982. Microprocessor Interfacing. TAB Books, PA.

15. Watson, P. et. al. 1983. Measurement of capacitor charge decay using a microcom-

puter. School Science Review. 333-337.

16. Comerfield, A.E. A demonstration of analogue to digital and digital to analogue

conversation. School Science Review. 62:358-363.

17. Houlden, M.A. et. al. 1983. A phenomena laboratory for physics students. Physics

Education. 18:125-127.

18. Martin, P. 1983. A modular system of interfacing microcomputers. Physics Educa-

tion. 18:

19. Mims III, F.M. 1984. Analog sensors for personal computers. Computers & Elec-

tronics. 22:82-86.

20. 1980k An interface for equipment control by decoding ASAII characters. Com-
puters & Chemistry. 4:163-164.

21. Wyss, C.N. et. al. 1982. Planning a computerized measurement system. Byte.

9:127-132.

22. Haney, M.R. 1982. The computer in science education: defining the role of

technology. The Computing Teacher. 32-35.

23. Genet, R.M. et. al. 1984. Interfacing for real-time applications. Byte. 137-148.


