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SUMMARY 

For the past six years, Colorado State University has provided 

complete graduate study programs for engineers employed in Colorado's 

industrial and government facilities, Under the SURGE program, 

regular campus classes add part-time students who participate by 

seeing the classes on video tape on a two-day delayed schedule at 

their place of employment. The faculty maintain consultation hours 

by telephone and visit the industrial sections twice a quarter, 

The video taping technique has been extended to provide educational 

programs for the students and teachers of community colleges and 

high schools, and also inmates of the state penitentiary. An average 

of 31 courses per quarter were offered in 1972-73 to 34 off-campus 

locations and 27 student groups. Over 400 video tapes were delivered 

by Colorado State University each week of the academic year. 

Faculty productivity has been increased significantly under the 

SURGE program. The operational costs and capital outlay for these 

programs are summarized herein. The average cost of instruction is 

shown to be appreciably lower than the cost for traditional instruc­

tion on campus. 

Resource sharing by Colorado State University with Colorado 

community colleges under the CO-TIE program includes a wide range of 

activities . A state-wide computer network is now operational 

supported by faculty workshops on the integration of the computer 

into college curricula, BIOCO-TIE focuses the talent of the biology 

faculties of two universities and thirteen community colleges in 

the production of color videotapes and other audiovisual materials 

to support effective audio-tutorial techniques in biology instruction. 

The Computer Managed Learning Laboratory is currently conducting 

an evaluation of a unique multi-media learning system. Some of the 

features, experience and potential of this system are outlined 

herein, 



INTRODUCTION 

This paper summarizes the current status of several innovative 

education programs which have been partially supported by grants 

from the Education Directora te of the National Science Foundation. 

The SURGE program in its first year was partially supported 

by the National Science Foundation, Division of Graduate Education 

in Science, Grant GZ-753 (L. V. Baldwin, Principal Investigator). 

CO-TIE received partial funding from Nat i onal Science Foundation, 

Division of Undergraduate Education in Science, Grant GY-5305 (Lee 
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M. Maxwell, Project Director) . Federal participation in the computer 

network and related teacher-training and curricula development came 

from National Science Foundation , Office of Computing Activi ties 

(now the Computer Innovation in Education Section), Grant GJ-1086 

(Lee M. Maxwell, Project Director). The CO-TIE computer project 

is also being partially funded by grants from Control Data Corpora­

tion. Partial support for the engineering laboratory development 

project was awarded by NSF Grant GY-8197 (L. M. Maxwell, Project 

Director). BIOCO-TIE is partially supported by National Science 

Foundation, Division of Undergraduate Education in Science, Grant 

GY- 9337 (John P. Jordan, Project Director). Ralph Niemann directs 

the in-service teacher training activities of the Department of 

Mathematics, College Science Improvement Program, GY-6599, and 

In-service Seminar Program, GY-5424 . The Computer Managed Learning 

Laboratory was initially funded by the Control Data Corporation, 

but its current activity is funded by N.S.F., Computer Innovation in 

Education Section, GJ-30613 (Sept., 1971) and EC-30613 (May 1973) 

under the direction of Robert W. Hayman and William Lord . 

UNIVERSITY-INDUSTRY COOPERATION: COLORADO SURGE* 

Colorado has a concentration of technologically based industries 

and government facilities situated along the eastern slope of the 

*Colorado ~tate Qniversity !_esources for Graduate Education 
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Rocky Mountains in a narrow, 130-mile strip extending from Fort 

Collins to Pueblo (see Figure 1). In order to provide continuing 

educational opportunities for the professional employees of these 

industries, the College of Engineering of Colorado State University 

initiated Project Colorado SURGE in 1967. The principle aim of 

SURGE is to provide graduate-level course work to professional 

employees of Colorado industry and government agencies regardless of 

geographical situation. Complete Master of Science degree programs 

are provided in Civil, Electrical, Mechanical and Industrial Engineer­

ing. Numerous courses are offered by the Departments of Mathematics, 

Statistics, Atmospheric Science , Psychology, Physics, Watershed 

Science and the College of Business (ref, 1), An expanded program 

under SURGE leading to a Master's degree in Business Administration 

was announced by the College of Business in 1972-73. 

The course work is delivered to industries in the form of video­

taped class sessions with supporting written materials, produced for 

classes on the CSU campus. Every course in this program is a regularly 

scheduled offering on campus attended by full-time students. The 

SURGE classes are held in specially equipped studio-classrooms so that 

not only the lectures but also the student questions and discussions 

are recorded on video tape . After the tapes are made, they are 

packaged with class materials , assignments and examinations, and carried 

by a conunercial delivery service to each of the industr ial and govern­

ment locations. The class sessions are viewed on a regularly scheduled 

basis by the off-campus students. The off-campus classes usually view 

class presentations two days following the on-campus class; over 80 

per cent of these off-campus sessions are during regular working hours. 

Tapes, however, may be retained by the industry so that any person 

missing a class session may see the tape at some later time. After 

being viewed at the off-campus location, the tapes are returned to the 

campus, erased, then reused to record other class sessions. 

The SURGE students are required to complete the same assignments, 

reports and examinations as the on-campus students. Laboratory work 
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is frequently required in electrical engineering courses; the 

SURGE students use the laboratory facilities of their employer to 

perform these studies. The students of many courses need computer 

facilities to complete assignments, Here again, the industrial 

computer facilities are utilized. To minimize the inconvenience 

of limited library facilities, the faculty frequently send a 

single Xerox copy of reference articles to each off-campus section. 

In the spring of 1973, 34 industrial and government facilities 

participated in the SURGE program. These are listed in Table 1. 

Table II is a summary of the number of courses and locations, 

and student enrollments, both on-campus and off-campus, for the 

history of the program. Appendix A lists the course titles and 

off-campus enrollments during this six-year period. 

During the first three years of SURGE, the CSU Human Factors 

Research Laboratory conducted an educational evaluation of the pro­

gram (ref. 2), These studies consistently indicated that the students 

in the remote classes were attaining levels of achievement equal to 

that of the on-campus students. Later surveys showed off-campus 

students' attitudes toward the video tape method of instruction 

were more favorable than to other options available to them . The 

faculty and on-campus students generally have favorable attitudes 

as well. 

Students in the SURGE program are enrolled as graduate students 

of CSU and are charged the regular resident, part-time tuition 

rate which is currently $23 per quarter hour, The participating 

industries and government agencies provide playback equipment, 

classroom facilities and administrative support of the program. 

No other charge is made by the university, The SURGE students receive 

academic credit on official CSU transcripts. No notation is made 

to distinguish on-campus and off-campus students in the records. 
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TABLE I 

INDUSTRIAL FIRMS AND AGENCIES 

PARTICIPATING IN SURGE PROGRAM 

Academic Year 1972-73 

Company or Agency 

Adolph Coors Brewery 
*Ball Brothers Corporation 
Bell Telephone Laboratories 
Canal Zone Society of Professional Engineers 
C. F. & I. Steel Corporation 
Cobe Laboratories 
Colorado Department of Health 
Colorado State Penitentiary 

*Dow Chemical Company 
Eastman Kodak Company 
First National Bank of Denver 
Hewlett-Packard Company 

*Hewlett-Packard Company 
*Honeywell, Inc., Test Instrument Division 
*I. B. M. Corporation 
Lamar Community College 
Lowry Air Force Base 
Marathon Oil Company 

*Martin-Marietta Corporation 
Mesa College 
M & I Incorporated 
Mountain States Bell Telephone 

*National Center for Atmospheric Research 
Nelson, Haley, Patterson & Quirk Inc. 
Northeastern Junior College 
Stearns-Roger Company 
U. S. Air Force Academy 
U. S. Bureau of Reclamation 
U, S. Bureau of Reclamation 
U. S. Geological Survey 
U. S. Geological Survey 
White Sands Missile Range 
Woodward Governor 
Wyoming Highway Department 

Golden, Colorado 
Boulder, Colorado 
Denver, Colorado 
Balboa Heights, Canal Zone 
Pueblo, Colorado 
Lakewood, Colorado 
Denver, Colorado 
Canon City, Colorado 
Golden, Colorado 
Windsor, Colorado 
Denver, Colorado 
Colorado Springs, Colorado 
Loveland, Colorado 
Denver, Colorado 
Boulder, Colorado 
Lamar, Colorado 
Denver, Colorado 
Littleton, Colorado 
Denver, Colorado 
Grand Junction, Colorado 
Fort Collins, Colorado 
Denver, Colorado 
Boulder, Colorado 
Greeley, Colorado 
Sterling, Colorado 
Denver, Colorado 
Colorado Springs, Colorado 
Denver, Colorado 
Billings, Montana 
Denver, Colorado 
Cheyenne, Wyoming 
White Sands Missile Range, New Mexic 
Fort Collins, Colorado 
Cheyenne, Wyoming 

* Original locations for initiation of program, Fall 1967. 
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TABLE II 

COLORADO STATE UNIVERSITY 

SURGE ENROLLMENT SUMMARY 

1967 - 1973 

Number of Number of 
Number of Number of Students Students Total/Yr. 

Quarter Courses Locations On-campus Off-campus Off-campus 

Fall, 1967 4 7 105 189 
Winter, 1967 9 9 132 249 
Spring, 1968 8 9 100 206 644 

Fall, 1968 12 13 283 341 
Winter, 1969 15 14 305 320 
Spring, 1969 13 15 314 288 949 

Fall, 1969 15 14 . 209 336 
Winter, 1970 14 14 262 295 
Spring, 1970 14 14 162 165 796 

Fall, 1970 17 15 232 403 
Winter, 1971 20 19 289 316 
Spring, 1971 18 16 235 202 
Summer, 1971 6 6 67 51 972 

Fall, 1971 22 23 410 351 
Winter, 1972 24 22 353 284 
Spring, 1972 23 20 331 253 
Summer, 1972 7 10 79 93 976 

Fall, 1972 32 24 527 426 
Winter, 1973 30 28 750 426 
Spring, 1973 31 29 367 27 5 
Summer, 1973 17 16 96 150 1,277 
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While there is no prescribed pattern, each faculty member 

teaching on SURGE is encouraged to make at least two visits per quarter 

to each industrial location for direct contact with each of his students 

in a class. Additional live interaction between faculty and students 

occurs in occasional telephone calls and more rarely, by student 

visits to the CSU campus. 

In addition to courses being sent to the Colorado locations, CSU 

is currently offering courses to selected locations in California, 

New Mexico, Montana, South Dakota and Wyoming on an experimental 

basis. 

Advantages realized in the video taping of upper division and 

graduate courses for engineers and scientists in SURGE are (ref. 3): 

1. Video tape allows complete freedom of scheduling 
of courses at each industrial location on a two-day 
delayed, regular sequence. 

2. Video tapes may be retained for those individuals 
who would otherwise miss a class because of illness 
or travel. 

3. Students both off-campus as well as on-campus may 
use the tapes to review lectures. 

4. Courses may be taught at locations beyond the bounds 
of a feasible live ITV system (there is no ITV system 
operating in Colorado at this time). 

5. The capital cost of the video taping operation is 
significantly less than a live TV system capable of 
providing the same opportunities. 

6. Faculty may review classroom presentations for self­
evaluation. 

During the first six years of the SURGE program, there have been 

50 engineers of participating companies who have been awarded M.S. 

degrees completely through the video tape program. Over 16,000 quarter 

hours of university credit have been earned by other professionals 

without leaving their place of employment. The program operates at 

a reasonable marginal cost to regular campus offerings as is discussed 

in detail in Appendix B. 
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UNIVERSITY-COMMUNITY COLLEGE AND COLLEGE COOPERATION: CO-TIE* 

In the f al l Qf 1968, Colorado State University and six other 

Colorado colleges, five two-year institutions and one four-year 

college , initiated a program which was originally aimed at enhancing 

the pre-professional course offerings at the six colleges, Projec t 

CO-TIE began with video taping sophomore level engineering courses 

at CSU and presenting them to students at the s i x participating 

colleges, thereby making it easier for the students to transfer 

between these colleges and the engineering programs of universities 

(ref. 4 and 5). This cooperative program has now expanded to more 

colleges and into a variety of resource sharing activities which are 

sunnnarized in Figure 2. 

Much of the CO-TIE program activity utilizes the same equipment, 

studio classrooms , record ing area and distribution methods as the 

SURGE program. In addition to the video taping equipment, CO-TIE 

employs a s t a tewide audio network which interconnects the campuses 

and enables a continuing dialogue to occur between the faculty and 

students involved in the program. Using the audio network, CSU 

instructors provide real-time recitation periods to the students at 

the participating colleges, Instructors employ blackboard-by-wire 

equipment to illustrate subject matter for the off-campus students . 

Slow-scan television has also been used to transmit video frames 

over this network to the off-campus students during recitation 

periods. 

By off ering t hese college students courses identical to thos e 

taught at CSU, CO-TIE strives to overcome the age-old problem of 

subject matter def iciency which faces many students who transfer to 

the university. CO-TIE courses have saved many student s at least a 

year in achieving their educational objectives, 

The CO-TIE Project is a cooperative program among the partici­

pating colleges and does not usurp the role of any of the par ticipating 

faculty (ref. 6), One of the significant aspects of CO-TIE is the 
* Cooperation Via Televised Instruction in Education 
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involvement of the cooperating college faculty in the design of 

courses, laboratories and curricula. Among the significant activi­

ties included in the overall CO-TIE program a r e: 

Avian Science -- Avian science became a part of the CO-TIE program 

in January, 1971, with the offering of a course related to poultry 

science and practice. 

By offering video-taped lectures supplemented with other 

autotutorial materials, up-to-date scientific information about the 

poultry industry is presented to students who might otherwise not be 

able to obtain the information at the two-year college. 

The avian science program for freshmen and sophomores provides 

video-taped lectures, a coordinated textbook and a laboratory manual, 

audio tape-color slide packages supporting laboratory presentations, 

and permanently preserved specimens of laboratory materials. 

This type of autotutorial course offering is useful to a community 

college which may not be able to offer a curricula as broad as desired. 

BIOCO-TIE -- In January, 1971, a new CO-TIE program came into 

being. BIOCO-TIE (Biology Core via Televised Instruction and Experi­

mentation) is a cooperative program involving Colorado State University, 

the University of Colorado and thirteen two-year colleges in Colorado 

(ref. 7). Appendix C gives more details. 

Colorado has a large reservoir of teaching talent among the 

biology faculties of community colleges. Through the use of video tape 

produced at CSU, project BIOCO-TIE allows these faculties to employ 

effective audiotutorial techniques in biology instruction. 

Color video tapes, 5 to 20 minutes in length, are produced at CSU 

studios to provide visual support of classroom presentations at the 

colleges, A mobile television van is utilized to make recordings in 

the field, in laboratories and other locations. The color video tape 
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recordings are produced in CSU's television studios utilizing techni­

ques specifically designed for illustrative and demonstrative 

materials, Slides, transparancies, audiotapes and motion picture 

materials for auto-tutorial booths are also provided for both class­

room and laboratory activities, These visual materials assist the 

colleges in providing the second year of a core curriculum in biology 

for their sophomore students, 

Community college faculty participate in all aspects of the BIOCO­

TIE program, including determining content of the tapes and partici­

pating in the making of tapes, In addition, the program draws from a 

resource of 450 biology-related faculty members and extensive laboratory 

and research facilities at CSU for preparation of the tapes. 

BIOCO-TIE provides an opportunity for the faculty of colleges to 

work together in developing effective methods of teaching basic 

undergraduate core courses in biology. Of significance is the teacher 

updating aspect accomplished through briefing sessions conducted each 

quarter for the teachers. The briefing sessions are generally four to 

five days in duration, In essence, BIOCO-TIE is a teacher extending 

program, not a teacher replacement program (ref. 8), 

Computer Network -- The computer center at Colorado State Univer­

sity houses a large high-speed digital computer (CDC 6400). The 

on-line mass storage capacity is 170 million characters. This computer 

can perform scientific and business data processing as well as 

multiprogramming, multiprocessing, time-sharing and data management 

tasks. Languages presently being supported are FORTRAN, BASIC, SNOBOL, 

COBOL, ALBOL, LISP, MIMIC, PERT, COMPASS, SIMSCRIPT and GASP, In 

addition, a program library of more than 1,000 fully documented 

programs and sub-routines has been developed, publicized and maintained. 

Prior to 1971, the computer facilities available to serve the 

needs of Colorado's community colleges were nonexistent or severely 

limited, Consequently, students transferring to university programs 



TABLE III 

1972-73 ENROLLMENT DATA FOR BioCO-TIE COURSES 

Quarter Fall Winter 

BY/BCT Course Number 201 202 203 · 201 202 

INSTITUTION 

Colorado State University 199 206 
Aims College 15 12 
Arapahoe Community College 13 8** 12 
Community College of Denver 

Auraria Campus 6 4 
North Campus 8 12 
Red Rocks Campus 8 14 

Colorado Mountain College 

East Campus 6 4 
West Campus 6* 4 

Lamar Community College 8* 5 
Mesa College 18 15 
Northeastern Junior College 15* 14 
Otero Junior College 3 0 
Rangely College 5 0 
Trinidad State Junior College 4 6 

TOTAL 314 8 308 

GRAND TOTAL*** 985 

Differs from Evaluation Report Number 1 * 
** 

*** 
Offered on a tutorial basis, not a regular classroom session 
1973-74 Expect between 1100-1200 

Soring 

203 201 202 

102 

5** 

7 

107 7 

203 

168 
12 
22 

0 
9 
5 

4 
4 

0 
14 

7 
0 
0 
6 

251 

f--' 
v.l 



or jobs which make significant use of computers, were at a great 

disadvantage. 
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Through a statewide computer network funded jointly by the N.S.F. 

Office of Computing Activities (now Computer Innovation in Education 

Section) and the state of Colorado, eight of the participating CO-TIE 

colleges now have direct access to the complete capability of the 

digital computer on the CSU campus. A series of video tapes have been 

produced on such topics as Fortran IV and Cobol programming, file 

handling, and permanent files for use in the program. A sequence of 

summer institutes for teachers have helped introduce the new capability 

in an educationally sound manner. 

Engineering -- Several basic courses taken by most engineering 

students in the sophomore year were not offered in Colorado community 

colleges prior to 1968. CO-TIE first focused on this deficiency. 

The pro~ram continues to offer three Electrical Engineering courses 

(Network Analysis) and one Civil Engineering (Fluid Mechanics) at the 

sophomore level. Regular campus classes are video-taped and used by 

the participating colleges along with live tutorial sessions which 

twice each week make use of the audio network and its blackboard-by-wire 

equipment for each course. It should be emphasized that the community 

college students are registered at their institution for credit. There­

fore, in each CO-TIE class, an instructor at the community college 

monitors student progress and administers examinations, several of 

which are coordinated with the CSU instructors. 

Modern laboratories for the study of electronics have been developed 

at each of the CO-TIE colleges. These facilities though small, are 

important additions. A matching fund grant for scientific undergraduate 

instructional equipment from the N.S.F. supported this cooperative 

effort (ref. 9). 

Mathematics -- Another program, sponsored by the College Science 

Improvement Project of N.S.F., that used the SURGE/CO-TIE facilities 
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was a cooperative program among the mathematics department at 

Colorado State University and the mathematics departments at five 

two-year colleges in the state . The objectives of the program 

were: (1) to improve the mathematical competence of the two-year 

ma t hematics staff; (2) to provide information on curricular matters. 

The first objective was achieved by CSU offering two mathema­

t i cs courses each term for the two-year college teachers. These 

courses were prepared in the standard SURGE fashion so the two-year 

college teachers could upgrade themselves without interrupting their 

job or moving to a new location. Approximately 75% of the staff 

members under 55 years of age took part in the program each term. 

The second objective was accomplished by providing two confer­

ences per year on topics of particular interest to the staff members. 

Well- known authorities were brought in to discuss and suggest ways 

that the particular topics could be introduced into their curriculum. 

These meetings were very well attended and resulted in a number of 

changes in the curriculum at the schools , 

UNIVERSITY-HIGH SCHOOL COOPERATION: HI-TIE 

CSU initiated a new project in winter of 1971 called HI-TIE 

which utilizes the same video taping facilities and studio-classrooms 

employed in the SURGE and CO-TIE projects , Through the HI-TIE project, 

CSU offers courses for university credit to both students and teachers 

of Colorado's secondary schools. Through these video-taped courses, 

secondary school teachers in a wide variety of areas will be able to 

complete in- service training and apply the credit earned to meet 

cer t ification r equirements, Students at the senior level will be 

able to embark on a university career prior to their high school 

graduation. 

Frequently, high school students simply overtake or outrun the 

course opportunities provided in their high school curricula. Having 

exhausted the advanced courses or study possibilities, a student in 
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the senior year may find a situation requiring less than full 

intellectual challenge. Currently, the geographical (and occasionally 

artificial) barrier which exists between high schools and universities 

almost precludes smooth transition between the senior year of high 

school and the first year of college. 

Significant progress has been made in many areas of our country 

in recent years. For example, many high schools have designed flexi­

ble curricula which permit sophomores the opportunity to take junior 

and even senior courses. Freshman students in universities are 

routinely allowed to enroll in sophomore courses. Undergraduate 

students often earn graduate credit before receipt of their bacca­

laureate degree. One of the missing opportunities is the high school­

university tie which would enable qualified students the chance to do 

college credit work on an elective basis. 

A pilot program, presenting CSU's first ten-week freshman engin­

eering course via video tape, was conducted with two Fort Collins 

high schools during the winter quarter, 1971, This course is an 

introduction to FORTRAN programing employing engineering problems as 

an instructional format, The pilot program was extended to five area 

high schools in the fall quarter, 1971, and a second course (sequen­

tial to the first) was added in the winter quarter, This past school 

year the program was announced to all high schools in Colorado with 

much interest expressed; however, due to a lack of facilities, only 

nine high schools participated with 40 high school students registered 

for CSU credit. (CSU loaned the high schools much of the equipment 

they needed, but only a limited amount was available.) 

The response from the high school students who took the course, 

high school teachers and administrators, and CSU's own faculty has 

been encouraging, A recent evaluation of the program by the high 

school students and teachers indicated the basic problems revolve 

around equipment limitations. Also, the teachers have requested 

college math courses be offered so their advanced students can keep 
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moving ahead, (Many high school teachers are qualified to offer the 

courses but minimum class-size limitations prevent the teaching of small 

classes,) Denver metropolitan schools have also indicated an inter-

est on the part of many students to take a college course in 

hort i culture. 

The freslunan engineering courses will again be offered in fall 

1973 and winter 1974 with fifteen schools tentatively scheduled to 

partic ipate, The program is still in a developing phase and each year 

more problems are eliminated. Expansion beyond the current somewhat 

limited operation is dependent upon acquisition of more equipment and, 

removal of the "pilot" nature of the program. The program is treated 

as experimental in most high schools and the teachers are volunteer­

ing their time and borrowing facilities from other recognized programs . 

A coordinate series of HI-TIE proposals have been prepared for 

preliminary review by faculty at Colorado State University, the 

University of Colorado, the University of Denver, and the University 

of Northern Colorado, The staffs of the Colorado Commission for Higher 

Education, Colorado Department of Education, State Board for Community 

Colleges and Occupational Education, Division of Communications, and 

t he Boar d of Cooperative Services are actively involved in these proposals. 

OTHER INNOVATIVE OFF-CAMPUS ACTIVITIES 

In 1970 and 1971, much national publicity was focused on the unrest 

i n the nation's prisons. Lack of educational opportunity was cited 

by pr i soners and prison officials alike as being one of the contribu­

ting reasons for unrest. Educational programs are known to be useful 

in rehabilitation efforts of almost all penal institutions. In the 

past, most effort was put into vocational training; in fact, many 

prisons have extensive auto and electric shops wherein inmates may 

learn by on-the-job practice. In a few cases where prisons are located 

near college campuses, professors are offering evening academic classes 

to the prisoners in the classic mode used by extension programs. 
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From the experience i n the SURGE and CO-TIE programs, CSU 

faculty members believe that the offering of university level courses 

to mature persons is possible using moder n communication capability. 

In the spring quarter, 1972, the Department of Mathematics offered a 

5 quar ter-credit freshman mathematics course to inmates of the 

Colorado St ate Penitentiary at Canon City. The students were 

officially enrolled CSU students and received credit on a transcript 

upon successful completi on of the course. The instructor employed 

video tapes of a campus class together with blackboard-by-wire 

sessions t o illustr ate concepts for his students who are located 150 

miles away. 

CSU intends to expand the prison project by offering courses to 

the inmates in several different disciplines. Complete programs 

are being planned so that it may become possible that persons enrolled 

in the "university within walls" will be able to obtain a good start 

toward a college degree. It will be necessary to find a small grant 

to cover the cost of tuition and books in order to encourage partici­

pation. 

FACILITIES 

The class sessions for the various outreach programs described 

herein are recorded in regular classrooms which have been specially 

equipped. A few graduate seminar sessions in management and all the 

recordings for the BIOCO-TIE activity are produced in the university's 

color production studio. Only the studio classrooms and supporting 

facilities used for t he great majority of the off-campus instruction 

are described below. 

Studio Classrooms One of the four CSU studio classrooms is 

illustrated in Figure 3 . Each classroom is equipped with at least 

three cameras. A camera over the instructor's desk allows him to 

display written or illustrative materials. The instructor controls 
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the overhead camera for functions such as zooming, focusing and 

composing. A monitor at the instructor's desk displays the picture 

being generated by the overhead camera. Another camera at the back 

of the room is mounted on a pan-tilt head; this camera is controlled 

by a technician in the central record facility. The technician 

may remotely pan-tilt-zoom and focus the rear camera. If the 

instructor goes to the three-panel chalkboard or walks around the 

room, the technician follows his movements. A wide angle, fixed 

camera at the front of the room is located to pick up a segment of 

the student class. By means of switches at the instructor's desk, 

the instructor selects the camera which is to be recorded. Two rooms 

have split-screen capability which allows the instructor to show 

two pictures on a single screen, Two monitors are located at the 

front of the room to allow students in the class to see all material 

presented via the overhead camera. A button is located in front of 

each student to activate an overhead microphone, which picks up the 

questions and other dialogue between the professor and students. 

Because students sometimes fail to push the microphone button, a 

similar button is located at the instructor's desk and the console 

at the recording headquarters. 

Two of the studio classrooms are identical to that shown in 

Figure 3. These rooms each seat 30 students, A third studio-classroom 

was tailored for the needs of the highly interactive instructional 

methods which are common in the College of Business. This seminar 

room accommodates 16 students around a large oval table, The TV 

camera arrangement is similar to that outlined above. A fourth 

studio-classroom seats 125 students in a small, wedge-shaped auditorium, 

Control Console -- Each classroom has an individual console at 

the recording facilities where a technician (frequently a work-study 

undergraduate student) is employed whenever an instructor is in the 

classroom. Figure 4 is a view of this area. The technician operates 

the back camera electronically from this location, He has telephone 

communications to the professor and can override the audio gain. 
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Courses are not rehearsed, thus, the technician listens to the class 

presentation and takes verbal cues so as to display the best picture 

possible on video tape. 

Record Area -- The record facility shown in Figure 5 consists 

of thirty-two video tape recorders and monitors on which tapes are 

made for the remote locations. An original video tape record is 

made as the class is conducted on-campus for each off-campus section, 

A switcher designed by the television staff is used to program the 

needed number of recorders for any given course, The number of tapes 

needed for each classroom varies from hour to hour. 

Tape Delivery -- Each video tape in the inventory is given a 

number. A card catalogue is maintained on all tapes recording the 

location of each video tape within the system, Tapes are packaged in 

fiber shipping cases and addressed for the proper destination. Each 

evening the tapes are picked up by commercial courier (United Parcel 

Service) for delivery the next day at each remote location, Approxi­

mately 400 tapes are shipped to the remote locations weekly, 

Audio Network -- Recitation and tutorial sessions are scheduled 

for CO-TIE, HI-TIE and the penitentiary participants over a dedicated 

audio network (see Figure 1). Over 1,000 miles of full duplex 

voice-grade lines of the Mountain Bell Telephone network are devoted 

to audio use in these projects. In addition to two-way audio communi­

cation being available for dialogue an electromechanical writing 

system located at CSU (Figure 6) is used to transmit graphic informa­

tion to TV monitors at the off-campus locati01!§, Slow-scan television 

is also used on an experimental basis between CSU and Mesa College, 

Grand Junction, The blackboard-by-wire and slow-scan TV utilize the 

same lines as used for the audio, An additional 1,000 miles of full 

duplex voice-grade lines are used to interconnect CSU with nine 

campuses participating in the computer network. Most of the lines used 

for the computer network are part of the state-owned microwave system 
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originally built for the Colorado State Highway Patrol now operated 

by the Colorado Department of Administration, Division of Communica­

tions, 

COMPUTER MANAGED LEARNING SYSTEM LABORATORY 

The CSU Computer Managed Learning System (CMLS) Laboratory 

became operational in 1969 with a $225,000 grant from the Control Data 

Corporation. Fundamental research, rather than operational develop­

ment, best characterizes this promising educational program. Experience 

to date in terms of student performance and motivation is very encourag­

ing. Appendix D gives a good overview of work completed to date. The 

following description focuses on work now in progress under NSF Grant 

EC-30613. 

The current program is designed to ultimately produce an opera­

tional prototype computer managed learning system that incorporates a 

wide range of delivery devices, an intrinsic form of instructional 

strategy, a natural form of author mode for the preparation of in­

structional lessons, and finally, the means required either to operate 

the entire system through a variety of general purpose computers while 

sharing the computer resources with other users or to operate with a 

stand alone mini-computer. The study and design is now underway of: 

(1) a centralized media complex which features a high-capacity natural 

image data bank consisting of still video images delivered to an 

individual learning carrel; (2) a student carrel built around a 

standard production color TV with local refresh; (3) a dedicated 

central computer facility which will drive the media equipment, exe­

cute the instructional logic, interpret communications from the 

terminals and maintain student files. The CSU work to date has 

actually demonstrated the feasibility and utility of this approach 

(refs. 29-40). The videofile technology is supplied by the Ampex 

Corporation. The key feature in the design is the local refresh 

capability to buffer the carrel TV set from the central videofile. 

The latter feature is critical if economical computer based instruction 
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is to become a reality (ref. 41). While this brief discussion has 

centered on "hardware", the CSU faculty involved in CMLS have a 

significant commitment to the concurrent application of pedagogical 

principles. 

DIFFUSION OF INNOVATION 

Descriptions of the SURGE, CO-TIE and t he Computer Managed 

Learning System programs have been widely distributed. During the 

past six years, ten journal papers describing various facets of 

these programs have been published (refs. 1-10) and presentations at 

many national conferences and meetings have been given (refs. 11-42). 

CSU hosted a self-supporting symposia on SURGE and CO-TIE for 

three days in the summer of 1970 which was attended by 35 people. 

During the past four years, an average of twenty groups per month 

visit the campus to view the SURGE, CO-TIE and CMLS laboratory activi­

ties, To date, there have been a total of approximately 9,000 

visitors from every state and many foreign countries. Among these 

visitors have been many college presidents and vice-presidents, state 

and federal legislators, state and federal bureaucrats and state 

department of education officials, 

Federal and foundation officials frequently bemoan the fact that 

effective, economical practices are not immediately and widely adopted 

in education. We believe that a major cause, though undoubtedly only 

one of many, is the total lack of consideration which is given to 

capital outlay amortization in budget preparation, In a growing system, 

physical plant construction may be financed over several years by 

bonds , But rarely do public officials make a decision from alterna­

tives which recognize that most technically based options are capital 

intensive and will not survive a budget exercise which focuses on 

minimum expenditure that year, State officials strive increasingly 

to control annual expenditures, and rightfully so, but "tight budgets" 

are wedded to fixed labor costs and perpetuate the spiraling costs 

of a labor intensive system, We believe that officials managing 



federal programs must recognize that innovational diffusion is 

greatly inhibited by our inability in education to plan capital 

expenditures properly. 
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APPENDIX A 

ENROLLMENT RECORDS 

Summer Quarter, 1973 Course Enrollments 

(All courses SURGE unless otherwise noted) 

Course 
Number 

AT 570 
BG 710 
CA 799 
CE 795f 
EE 395 
EE 795a 
EE 795e 
EE 799a 
EG 587 
M 420 
M 421 
ME 495 
ME 495 
ME 574 
ME 575 
ME 799n 
ME 799p 

(17 courses) 

Course Title 
Off-Campus 
Locations 

Air Pollution 3 
Human Relations Concepts 4 
Research in Continuing Education 1 
Special Studies in Structures 3 
Special Studies in Electrical Engineering 1 
Special Studies in Network Theory 2 
Special Studies in Solid State Electronics 1 
Master's Research in Network Theory 1 
Applied Biomedical Instrumentation 4 
Introduction to Complex Variables 3 
Introduction to Complex Variables II 2 
Special Studies in Mechanical Engineering 4 
Special Studies in Mechanical Engineering 8 
Reactor Theory I 1 
Reactor Theory II 1 
Master's Research in Industrial Engineering 3 
Master's Research in Environmental l 

Engineering 43 

Off-Campus 
Students 

23 
9 
1 

18 
29 

3 
1 
1 
8 
4 
4 

10 
23 
11 

l 
3 
l 

150 

Spring Quarter, 1973 Course Enrollments 

AN 660 
AT 570 
AT 630 
AT 763 

AT 797 
BD 700 
BF 720 
BG 470 
BG 476 
BG 720 
BG 788 
CA 799 
CE 440 
CE 550 
CE 580 
CE 606 
CE 724 
CE 795a 
CE 867 
EE 412 
EE 444 
EE 503 
EE 562 
EE 682 
EE 795h 
EE 799a 
ME 468 
ME 608 

New Developments in Animal Science 
Air Pollution 
General Circulation of the Atmosphere 
Satellite Observation of the Atmosphere 

and Earth 
Seminar in Atmosphere Science 
Computer Applications in Decision Making 
Business Financial Policy 
Advanced Business Statistics 
Operations Research II 
Management 
Managerial Economics 
Research in Continuing Education 
Environmental Health Engineering 
Foundation Design 
Imagery Interpretation/ Engineering 
Fourier Analysis of Geophysical Data 
Water Quality Hydrology 
Special Studies in Fluid Mechanics 
Structural Dynamics 
Control Systems II 
Electro-Acoustics 
Active Network Synthesis 
Energy Conversion II 
Digital Signal Processing II 
Special Studies in Control Systems 
Master's Research in Network Theory 
Direct Energy Conversion 
Stochastic Programming with Engineering 

Applications 
ME 799n Master's Research in Industrial Engineering 
M 421 Introduction to Complex Variables II 
M 433 Applied Mathematics III 
(31 courses) 

1 
4 
1 

1 
2 
4 
4 
3 
3 
6 
2 
1 
3 
1 
2 
1 
3 
1 
2 
4 
3 
8 
2 
1 
1 
1 
2 

4 
3 
1 
7 

82 

14 
7 
3 

8 
10 
14 
19 

8 
6 

39 
7 
1 
8 
6 

18 
1 
6 
1 
5 

14 
9 

22 
4 
2 
4 
2 
6 

10 
8 
1 

12 
275 

On-Campus 
Students 

6 
8 

N.A. 
7 

N.A. 
N.A. 
N.A. 
N.A. 

10 
20 
17 

9 
8 
7 
4 

N.A. 
N.A . 
96 

N.A. 
16 
24 

13 
N.A. 

19 
24 
25 
19 
10 
20 

N.A. 
35 
19 

6 
N.A. 

23 
N.A. 

5 
14 
21 
18 

8 
13 
12 

N.A. 
14 

4 
N.A. 
N.A. 

5 
367 

33 

Notes 



Winter Quarter, 1973 Course Enrollments 

Course 
Number Course Title 

Off-Campus 
Locations 

AT 300 
AT 610 
BA 700 
BF 485 
BG 475 
BG 570 
BK 485 
CE 544 
CE 562 
CE 622 
CE 642 
CE 767 
CE 799b 
EE 411 
EE 482 
EE 502 
EE 561 
EE 621 
EE 681 
EE 799a 
ME 410 
ME 467 
ME 532 
ME 697 
ME 788 

Introduction to Weather and Climate 
Radiat ive and Convective Energy Transfer 
Managerial Accounting 
Financial Environment and Operations 
Introduction to Operations Research 
Business Decision Making 
Marketing Systems 
Water Resources Planning 
Fundamentals of Vibrations 
Statistics in Hydrology and Hydrauiics 
Industrial Wastewater Treatment 
Structural Analysis II 
Master's Research in Hydraulics 
Control Systems I 
Digital System Design II 
Active Network Synthesis 
Energy Conversion I 
Statistical Communications 
Digital Signal Processing I 
Master's Research in Network Theory 
Engineering Economy 
Energy Conversion Fundamentals 
Reliability Engineering 
Seminar in Mechanical Engineering 
Operations Research Models in Engineering 

Econ, 
ME 799h Master's Research in Solid Mechanics 
ME 799n Master's Research in Industrial Engineering 
M 420 Introduction to Complex Variables I 
M 432 Applied Mathematics II 
ST 309 Engineering Statistics 
(30 courses) 

2 
2 
6 
6 
7 

11 
3 
3 
2 
3 
2 
1 
1 
3 
6 
8 
3 
1 
6 
1 
1 
5 
4 
1 

2 
2 
1 
1 
7 
5 

108 

Off-Campus 
Students 

13 
7 

31 
39 
23 
70 
14 
11 

9 
8 
5 
4 
1 

12 
22 
33 

4 
6 

21 
2 
7 

19 
16 

2 

5 
2 
2 
1 

22 
15 

426 

Fall Quarter, 1972 Course Enrollments 

AE 551 
AE 553 

AT 589 
AT 600 
AT 797s 
BA 485 
BF 710 
BG 270 
BG 430 
BG 485 
CE 422 
CE 754 
CE 766 
CE 780 
CE 799c 

Irrigation and Drainage Pumping Plants 
Operation and Management of Irrigation 

Systems 
Introduction to Atmospheric Science 
Theoretical Meteorology I 
Seminar in Atmospheric Science 
Accounting Concepts 
Financial Markets 
Basic Business Statistics 
Business and Its Environment 
Management Concepts 
Hydrology 
Special Studies in Soil Mechanics 
Structural Analysis I 
Special Studies in Structures 
Master's Research in Hydrology and Water 

Resources 
EE 422 Communications Systems II 
EE 481 Digital System Design I 
EE 501 Passive Network Synthesis 
EE 583 Microprogramming 
EE 701 Network Synthesis I 
EE 795n Special Studies in Computer Systems 
EE 799a Master's Research in Network Theory 
EE 899b Doctoral Research in Electronics 
M 431 Applied Mathematics I 
ME 372 Engineering Applicat ions of Modern Physics 
ME 410 Engineering Economy 
ME 610 SpP.cial Studies in Budgeting 
ME 697 Seminar in Mechanical Engineering 
ME 795q Special Studies in Biomedical Engineering 
ME 799n Master's Research in Industrial Engineering 
PH 611 Methods of Mathematical Physics I 
ST 520 An Introduction to Probability Theory 
(32 Courses) 

1 

1 
5 
3 
3 
4 
3 
2 
2 
5 
2 
1 
1 
1 

1 
2 
7 
8 
5 
6 
1 
2 
1 
5 
2 
9 
6 
1 
1 
3 
2 
6 

82 

*Fall Quarter, 1972 the Co llege of Business entered the program. 
SURGE students may now earn a master's degree in business, 

5 

3 
24 

8 
9 

25 
12 
16 
19 
34 
5 
3 
3 
2 

1 
8 

44 
30 
30 
12 

1 
3 
1 

21 
4 

57 
17 

2 
1 
4 
6 

16 
426 

On-Campus 
Students 

190 
27 
22 
25 
68 
36 
15 
28 
19 
25 
4 
8 

N.A. 
22 
30 
26 
12 

4 
12 

N,A, 
N,A, 

24 
6 

14 

6 
N.A, 
N,A, 

15 
73 
39 

750 

15 

15 
18 
26 
11 
32 
15 
24 
27 
30 
44 

4 
10 
10 

N.A . 
14 
34 
33 

2 
3 

N.A. 
N.A. 
N.A, 

20 
25 
18 
16 
13 

N,A. 
N,A, 

25 
43 

ill 

34 

* 
* 
* 
* 
* 



Course 
Number 

AT 570 
EE 421 
PY 797a 
ME 697 
ME 795e 
ME 795f 
M 432 
(7 courses) 

Course Title 

Su=er Quarter, 1972 Course Enrollments 

Off-Campus 
Locations 

Air Pollution 
CoDll!lunications Systems I 
Seminar in Industrial Psychology 
Seminar in Mechanical Engineering 
Special St udies in Energy Conversion 
Special Studies in Space Propulsion 
Applied Mathematics II 

4 
6 
1 
2 
2 
1 
1 

IT 

Off-Campus 
Students 

16 
24 

4 
14 
16 
14 

5 
93 

Spring Quarter, 1972 Course Enrollments 

AT 570 
AT 620 
BG 476 
BG 720 
CE 550 
CE 568 
CE 640 
CE 753 
CE 761 
ED 528 
EE 202 
EE 413 

Air Pollution 
Cl irna to logy 
Operations Research II 
Management Seminar 
Foundation Design 
Advanced Structural Des ign 
Sanit a ry Engineering , Unit Processes 
Design of Earth Dams 
Theory o f El a s ticit y 
Secondary School Reading Development 
Network Analysis II 
Control Sys t ems III 

EE 421 Communica t ions Syst ems I (Fo r Summer) 
EE 432 Pulse Circ uits II 
EE 503 Active Network Synthesis III 
EE 583 Digital Systems Design III 
EE 682 Digital Signal Process ing II 
M 1 21 College Algebra 
M 433 Applied Mathemati cs III 
ME 420 Intermediate Mechanical Vibrations 
ME 432 Quality Control 
ME 495 Fortran Programming 
ME 586 Topics in Bioengineering 
ME 788 Operations Research Methods 
ME 824 Applied Thermoelasticity 
PY 797a Empl oyment of Minority Personnel 
ST 525 Time Series Anal ys is 
(27 courses) 

6 
3 
4 

4 
2 

1 
3 
3 
2 

1 
2 

2 
3 es t. 
7 
6 

3 
7 
1 
6 
3 
7 

6 
2 

3 
2 
6 
2 

97 

Wint er Quarter, 1972 Cours e Enro llments 

AT 750 
AT 788 
AV 101 
BG 570 
BL 560 
CE 512 
CE 602 
CE 639 
CE 760 
CE 795d 

Hi gh Atmosphere Met eorology 
Survey & Meteor o l ogical Satellites 
Poultry Science 
Business Decision Making 
Research & Development in Industry 
Hydr aulics of Open Channels 
Intermediate Fl uid Mechanics 
Sanitary Engineering, Unit Operations 
Theory of Elastic ity 
Studies i n Mechani cs 

ED 427 Foundati ons o f Reading 
EE 201 Net work Analysis I 
EE 202 Network Analysis II 
EE 41 2 Control Sys t ems II 
EE 431 Pulse Circuits I 
EE 472 Solid State Theo r y 
EE 502 Active Netwo r k Synthesis 
EE 582 Digita l Syst em Design II 
EE 612 Phys i cal Sys t ems II 
EE 681 Digi t al Signal Process i ng I 
M 351 Numerical Analysis II 
M 432 Applied Mathematics II 
ME 532 Rel iability Engineering 
ME 561 Applied Fracture Mechanics 
ME 585 Cardiovascular Biomechanics II 
ST 309 Engineering Statistics 
WS 682 Remote Sen s i ng o f Natural Resources 
(27 courses) 

l 
4 

2 
3 
5 
3 

3 
3 
2 
1 
1 
4 
1 
4 
7 
1 
7 

5 
1 
7 
3 
5 
9 
2 
2 
8 
2 

96 

22 
8 

10 
28 

3 
5 

10 
8 
6 
8 
3 
3 

25 est . 
18 
18 

5 
20 
11 
11 

6 
14 
11 

4 
10 

5 
23 

8 
303 

3 
18 
39 est. 
11 
17 
17 

4 
14 

6 
6 
9 
8 
1 
7 

16 
2 

21 
11 

3 
28 
1 3 
15 
21 
11 

3 
26 

2 
332 

On-Campus 
Students 

N,A. 
7 

N,A, 
18 
11 
12 
31 
79 

15 
27 
26 
23 

8 
9 

10 
11 
10 
30 
58 
11 
21 
19 
24 

9 
5 

15 
21 

7 

14 
0 
7 
2 

6 
0 

16 
404 

0 
7 

35 

38 est. 
25 

5 
15 
21 
11 
14 

2 

30 
62 
69 
13 
21 

6 
29 
24 

7 
5 

20 
17 
14 
13 

8 
33 
13 

522 

CO-TI E 

CO-TIE 

HI-TIE 

CO-TIE 

CO-TIE 
CO-TIE 



Fall Quarter, 1971 Course Enrollments 

Course 
Number Course Title 

Off-Campus 
Locations 

Off-Campus 
Students 

AE 528 
AT 300 
AT 589 
BG 475 
BL 400 
CE 560 
CE 601 
CE 638 
CE 866 

Groundwater HydEology 
Weather & Climate 
Introduction to Atmospheric Science 
Introduction to Operations Research 
Production Planning & Control 
Advanced Mechanics of Materials 
Intermediate Fluid Mechanics 
Sanitary Engineering, Unit Operations 
Theory of Thin Shells 

ED 500 Principles and Practice of Guidance 
EE 201 Network Analysis I 
EE 411 Control Systems I 
EE 471 Solid State Theory 
EE 501 Pass ive Network Synthesis 
EE 581 Digital Systems Design I 
EE 611 Physical Systems I 
EE 682 Digital Signal Processing II 
EE 701 Network Synthesis 
EG 1 01 Engineering Principles I 
M 350 Numerical Analysis I 
M 431 Applied Mathematics I 
ME 410 Engineering Economy 
ME 584 Cardiovascular Biomechanics I 
PY 797a Employment of Minority Personnel 
(24 courses) 

2 
1 
5 
7 

4 
3 

4 
4 
1 
1 
1 
4 
1 
7 
9 
3 
2 

8 
3 

3 
4 

10 
2 
2 

91 

Summer Quarter, 1971 Course Enrollments 

EE 432 
EE 681 
ME 697 
ME 795a 
ME 795b 
ME 795h 
(6 courses) 

Pulse Circuits II 
Digital Signal Processing I 
Seminar in Mechanical Engineering 
Heat Transfer Seminar 
Compressible Flow Seminar 
Solid Mechanics Seminar 

4 
2 

1 
1 
1 
2 

11 

Spring Quarter, 1971 Course Enrollments 

AT 630 
AV 101 
BG 470 
BG 476 
CE 440 
CE 761 
CE 768 
CE 867 
EE 201 
EE 202 
EE 203 
EE 431 

General Circulation of the Atmosphere 
Poultry Science 
Advanced Business Statistics 
Operations Research II 
Environmental Health Engineering 
Theory of Elasticity 
Statically Indeterminate Structures 
Theoret ical Hydrology 
Network Analysis I 
Network Analysis II 
Net work Analysis III 
Pulse Circuits I 

EE 503 Active Network Synthesis III 
EE 603 Logical Design III 
EE 613 Physical Systems III 
EE 741 Wave Propagation 
M 332 Applied Mathematics III 
M 421 Complex Variables II 
ME 420 Intermediate Mechanical Vibrations 
ME 795x Quality Planning 
ME 795qx Topics in Bioengineering 
ST 522 Stochastic Processes II 
(22 courses) 

2 

1 
2 
4 

5 
1 
1 
2 
1 
2 

1 
6 
7 

6 
2 
1 
4 
3 

3 
8 
1 
1 

64 

10 
6 

20 
39 
11 

9 
6 

23 
9 

9 
1 

17 
4 

35 
24 

6 
7 

29 
9 

10 
13 
39 
10 
15 

361 

11 
9 
4 

12 
1 

14 
51 

5 

17 
3 
6 

24 
7 
3 

11 
1 
5 

17 
23 
31 
22 

2 
3 
8 
6 
9 

29 
5 
5 

242 

On-Campus 
Students 

28 
65 
22 
35 
22 
16 
25 

7 
9 

30 
87 
10 

8 
31 
32 
10 

5 
4 

20 
19 
34 
28 

8 
12 

517 

5 
7 

19 
12 

8 
16 
67 

20 
40 
20 
19 
31 
10 

9 

8 
0 

69 
40 est. 
29 
30 
23 

7 
3 

53 
27 
13 

6 
5 

39 
501 

36 

Notes 

CO-TIE 

HI-TIE 

CO-TIE 

CO-TIE 
CO-TIE 
CO-TIE 



Winter Quarter, 1971 Course Enrollments 

Course 
Number Course Title 

Off-Campus 
Locations 

Off- Campus 
Students 

AT 61 0 
AV 101 
BG 570 
BK 485 
CE 544 
CE 622 
CE 760 
CE 765 
CE 767 
CE 795f 
EE 201 
EE 202 
EE 472 
EE 502 
EE 602 
EE 612 
EE 702 
M 331 
M 420 
ME 697 
ME 795hx 
ST 521 

Energy Transfers 
Poultry Science 
Business Decision-Making 
Marketing Systems 
Water Resources Planning 
Statistics in Hydrology 
Theory of Elasticity 
Theory of Elastic Stability 
Statically Indeterminate Structures 
Numerical Computer Methods 
Network Analysis I 
Ne twork Analysis II 
Solid State Devices 
Active Network Synthesis I 
Logical Design II 
Physical Systems II 
Ne twork Synthesis II 
Applied Mathematics II 
Complex Variables I 
Cost Effectiveness Analysis 
Cardiovascular Biomechanics 
Stochastic Processes I 

ws 680 Remote Sensing of Natural Resources 
(23 courses) 

2 

1 
9 

7 
2 

2 
4 
3 
2 
4 

2 

2 
1 
8 
8 
2 
3 
4 

4 
7 
1 
1 
1 

80 

Fall Quarter, 1970 Course Enrollments 

BG 475 
BL 540 
CE 200 
CE 766 
CE 795fx 
CE 795hx 
EE 201 
EE 471 
EE 501 
EE 601 
EE 611 
EE 701 
M 330 
ME 410 
ME 424 
ME 697 
ME 795fx 
ME 795hx 
ST 410 
(19 courses ) 

Operat i ons Research I 
Automation 
El ementary Mechanics of Fluids 
Statically Indeterminate Structures 
Finite Element Method 
Water Resources Engineering 
Electrical Networks I 
Solid State Theory 
Passive Network Synthesis 
Logical Design I 
Physical Systems I 
Network Synthesis I 
Applied Mathematics I 
Engineering Economy 
Advanced Dynamics 
Information Systems 
Mathematical Optimization 
Cardiovascular Biomechanics 
Probability Theory 

4 
7 

1 
3 

3 

3 
3 
1 
8 
7 
4 
3 
4 

9 
3 

6 
2 

2 

4 

77 

Spring Quarter, 1 970 Course Enrollments 

AT 200 
BG 470 
CE 568 
CE 714 
CE 761 
EE 202 
EE 203 
EE 643 
EE 795a 
M 430 
ME 432 
ME 451 
ME 727 

Introduction to Weather & Climate 
Advanced Business Statistics 
Advanced Structura l Design 
Hydraulic Structures 
Theory of Elasticity 
Electrical Networks II 
Electrical Networks III 
Electromagnetics III 
Network Theory 
Vector Analysis 
Statistical Quality Control 
Compressible Fluids 
Continuum Mechanics 

ME 795f Topics in Linear Programming 
ST 432 Mathemati cal Statistics 
WS 697 Seminar in Remote Sensing 
(16 courses) 

2 
5 
2 

3 

3 
2 

3 
1 
7 
5 
5 

1 
2 
6 
4 
2 

53 

11 
15 
33 
26 
12 

7 
8 

10 
6 
7 
5 

18 
7 

44 
34 

7 

9 
8 

13 
55 

5 

5 
9 

354 

15 
52 

4 
12 
19 
1 7 
19 
11 
51 
41 
20 
13 
11 
77 
18 
25 

2 
10 
10 

m 

6 
20 

5 
4 

1 9 
10 

9 
3 

23 
24 
20 

4 
7 

25 
9 
6 

194 

On-Campus 
Students 

33 
35 est. 

9 
26 
27 
18 
1 2 

5 
10 
17 
81 
97 

8 
39 
34 

9 
0 

60 
37 
42 

5 
49 
16 

669 

21 
5 

39 
11 

2 

7 
126 

10 
39 
33 

6 
3 

17 
33 

9 
1 
0 
0 

35 
397 

17 
24 

7 
12 

3 

78 
45 

2 

3 
30 
11 
15 

9 
1 

22 
6 

285 

37 

Notes 

CO-TIE 

CO-TIE 
CO-TIE 

CO-TIE 

CO-TIE 

CO-TIE 
CO-TIE 



Winter Quarter, 1970 Course Enrollments 

Course 
Number Course Title 

Off-Campus 
Locations 

Off-Campus 
Students 

BG 475 
BG 570 
CE 400 
CE 544 
CE 562 
CE 712 
CE 760 
EE 201 
EE 202 
EE 402 
EE 472 
EE 642 
EE 702 
M 435 
ST 431 

Operations Research 
Business Decision Theory 
Applied Mechanics 
Water Resources Planning 
Fundamentals of Vibrations 
Hydraulic Structures 
Theory of Elasticity 
Electrical Networks I 
Electrical Networks II 
Passive Network Synthesis 
Solid State Devices 
Electromagnetics II 
Network Synthesis II 
Engineering Mathematics II 
Mathematical Statistics 

WS 680 Remote Sens ing o f Natural Resources 
(16 courses) 

7 
8 
1 
2 
6 
1 
3 
3 
3 
6 
2 
1 
2 

6 
6 
5 

62 

Fall Quarter, 1969 Course Enrollments 

CE 200 
CE 513 
CE 560 
CE 812 
EE 201 
EE 401 
EE 471 
EE 651 
EE 701 
EE 741 
M 420 
M 434 
ME 410 
ME 444 
ME 532 
PH 465 
ST 410 
(17 courses) 

Elementary Mechanics of Fluids 
Computer Methods in Hydraulics 
Advanced Mechanics of Materials 
Erosion & Sedimentation 
Electrical Networks I 
Passive Network Synthesis 
Solid State Theory 
Ionized Gases 
Ne twork Synthesis I 
Electromagnetic Theory 
Complex Variables 
Engineering Mathematics I 
Engineering Economy 
Heat Transfer 
Reliability Engineering 
Introduction to Qaunturn Mechanics 
Probability Theory 

1 
1 
3 
2 

3 
5 
1 
1 
3 
2 

1 
9 
7 

1 
6 
1 

10 
57 

Spring Quarter, 1969 Course Enrollments 

AT 630 
BG 370 
CE 716 
CE 724 
CE 813 
EE 202 
EE 203 
EE 433 

General Circulation of the Atmosphere 
Advanced Business Statistics 
Advanced Hydraulics of Open Channels 
Water Quality Hydrology 
Potamology 
Electrical Networks II 
Electrical Networks III 
Pulse Circuits 

EE 795a Special Studies 
M 440 Fourier Series, Boundary Problems 
ME 432 Statistical Quality Control 
PH 727 Electromagnetic Theory III 
PY 440 Industrial Psychol ogy 
PY 558 Human Factors of Systems Design III 
ST 284 Introduction to Numerical Methods 
(15 courses) 

3 
4 

3 
1 
2 
4 
2 

3 
4 
5 
7 
1 
8 
2 
9 

58 

48 
58 

6 
2 

31 
3 

22 
12 
12 
26 

3 
4 
6 

34 
20 
32 

295 

6 
9 

23 
5 

13 
27 

2 
4 

1 2 
6 
4 

38 
79 

2 

31 
3 

89 
353 

9 

17 
11 

4 
4 

12 
4 
5 

20 
18 
38 

1 
88 
23 
50 

304 

On-Campus 
Students 

27 
36 
25 
28 
10 
23 

2 
87 
82 
32 
11 

3 
5 

28 
22 
10 

262 

22 
7 

17 
23 

105 
5 

16 
4 
6 
4 

14 
24 
13 
32 

3 
13 
28 

336 

23 
20 

5 
11 
23 
98 
38 
23 

9 
46 
16 

6 
25 

3 
104 
450 

38 

No t es 

CO-TIE 
CO-TIE 

CO-TIE 

CO-TIE 

CO-TIE 
CO-TIE 



Winter Quarter , 1969 Course Enrollments 

Course 
Number Course Title 

Off-Campus 
Locations 

Off-Campus 
Students 

AT 751 
BG 475 
BL 485 
CE 400 
CE 512 
CE 562 
EE 201 
EE 202 
EE 402 
EE 432 
EE 602 
M 421 

Physics of the Upper Atmosphere 
Operations Research I 
Production Concepts 
Applied Mechanics 
Hydraulics of Open Channels 
Fundamentals of Vibration 
Elec trical Networks I 
Electrical Networks II 
Active Network Synthesis 
Pulse Circuits 
Logical Design 
Applications of Complex Variabl es 

M 430 Vector Analysis 
ME 495 Special Studies 
ME 532 Reliability Engineering 
PH 726 Electromagnetic Theory II 
PY 557 Human Factors in Sys t ems Design II 
(1 7 courses) 

2 
11 

3 
1 
5 
1 
4 
2 

4 
2 

4 
3 

1 
4 
5 
1 
3 

56 

Fall Quarter, 1 968 Course Enro llments 

AT 620 
BL 540 
CE 200 
CE 766 
CE 812 
EE 201 
EE 401 
EE 431 

Fundamentals of Climatol ogy 
Automation 
Elementary Mechanics of Fluids 
Statically Indeterminate Structures 
Eros ion and Sedimentation 
Electrical Networks I 
Passive Network Synthesis 
Pulse Circuits 

EE 601 Logical Design 
M 365 Matrices and Determinants 
M 420 Complex Variabl es 
ME 410 Eng ineering Economy 
PH 725 Electromagnetic Theory I 
PY 556 Human Factors in Systems Des ign I 
(14 courses) 

2 
6 
1 
1 
2 
2 

4 
2 

4 
1 
3 
7 

1 
3 

39 

Spring Quarter, 1968 Course Enrollments 

AT 742 
BL 490 
CE 795f 
EE 424 
EE 515 
M 435 
ME 432 
ME 719 
(8 courses) 

AT 670 
BG 475 
BL 560 
CE 400 
CE 562 
EE 458 
EE 511 
M 434 
ME 718 
(9 courses) 

Tropical Atmosphere 
Manufacturing Concepts 
Vibration Fundamentals 
Network Synthesis 
Advanced Pulse & Digital Circuits 
Engineering Mathematics II 
Statistical Quality Control 
Optimal Contr ol Theory 

3 
7 
2 

4 
4 
6 

8 
2 

36 

Winter Quarter, 1968 Course Enro llments 

Atmospher i c Constituents 
Operations Research I 
Research & Development in Industry 
Applied Mechanics 
Fundamentals of Vibration 
Pulse Circuits 
Network Synthes is 
Engineering Mathematics I 
Optimal Control Theory 

2 
7 
4 
2 

3 
5 
3 
5 
4 

35 

5 
100 

56 
10 

6 
3 

24 
8 

28 
9 

25 
11 

5 

1 7 
17 

1 
27 

352 

5 
64 

4 

7 
15 
17 
26 
13 
52 

7 
9 

79 
4 

50 
352 

7 
47 

7 
24 
16 
17 
81 

7 
206 

9 
82 
57 

9 
16 
24 
12 
18 
20 

247 

On-Campus 
Students 

15 
14 
29 
14 
15 
15 

106 
93 
62 
33 
10 
42 
42 

2 
6 
5 

1 
504 

21 
12 
25 
16 
22 
99 
39 
45 
11 
46 
53 

7 

6 
5 

407 

17 
26 

0 
12 
14 
13 
14 

4 
100 

15 
23 

4 
5 

14 
30 
15 
17 

9 
132 

39 

Notes 

CO-TIE 
CO-TIE 

CO-TIE 

CO-TIE 
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Fall Quarter, 1967 Course Enrollments 

Course 
Number 

EE 452 
EE 510 
ME 410 
ME 
(4 

417 
cours es ) 

Quarter 

Summer , 73 
Spring, 73 
Win t er, 73 
Fall , 72 
Summer, 72 
Spring , 72 
Winter, 72 
Fall, 71 
Summer , 71 
Spring, 71 
Winter, 71 
Fall, 70 
Spri ng , 70 
Winter, 70 
Fall , 69 
Spring , 69 
Winter, 69 
Fall , 68 
Spri ng, 68 
Wi nter, 68 
Fall , 67 

Course Title 

Pulse Ci rcui t s 
Ne t wor k Synthesis 
Engineeri ng Economy 
Automati c Cont ro ls 

Number of Courses 

17 
31 
30 
32 

7 
27 
27 
24 

6 
22 
23 
19 
16 
16 
17 
15 
17 
14 

8 
9 
4 

381 

Of f - Campus 
Locations 

4 
2 
6 
3 

15 

Recapitulation 

Off-Campus Students 

150 
275 
426 
426 

93 
303 
332 
361 

51 
242 
354 
427 
194 
295 
353 
304 
352 
352 
206 
247 
189 

5932 

Key to Participating Departments 

AE - Agr i cultura l Engineering 
AN - Animal Science 
AT - At mospheric Science 
AV - Avian Science 
BA - Business, Accounting 
BD - Business, Information Systems 
BF - Business , Finance 
BG - Business, Management 
BK - Bus iness, Marketing 
BL - Businesss, Administration 

CA - Continuing Education 
CE - Civil Engineering 
ED - Education 
EE - Electrical Engineering 
EG - Engineering Courses 
M - Mathematics 
ME - Mechanical Engineering 
PH - Physics 
PY - Psychology 
ST - Statistics 
WS - Watershed Sciences 

Off- Campus 
Students 

34 
15 

127 
13 

189 

On- Campus 
Students 

N,A. 
N.A. 
N,A , 
N,A. 
N.A. 

On-Campus Students 

96 
367 
750 
527 

79 
404 
522 
517 

67 
501 
669 
397 
285 
262 
336 
450 
504 
407 
100 
132 
N.A. 

7372 

Cours e Numbering 

No t es 

100-299 Freshman & Sophomore courses 
300-499 Junior & Senior courses 
500-699 Graduate courses 
700-899 Graduate courses 
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APPENDIX B 

COST ANALYSIS OF SURGE PROGRAM 

The institutional setting can greatly affect the costs of any 

program, In order to properly qualify the information to be pre­

sented concerning costs of the off-campus programs, a brief statement 

concerning the Colorado State University setting is in order. 

Colorado State University in 1967 did not have a history of 

either of f -campus general extension or evening courses offered 

on-campus for part-time students . Consequently, the university had 

no administrative superstructure to manage general extension. Faculty 

were not accustomed to ex tra pay for off-campus or evening instruc­

tion , When the SURGE program was initiated by the College of Engineer­

ing, the Dean of Engineering chose to integrate the activity into the 

resident graduate programs of the departments. The Dean of the 

Graduate School obtained approval from the faculty committees and 

faculty government for the changes of traditional rules necessary to 

accomplish this integration. The faculty, therefore, added the 

part-time students to regular classes with the full expectation that 

traditional standards of graduate student attairunent would be met, It 

was also possible to obtain the full impact of increased faculty pro­

ductivity without the burden of a new administrative structure. 

On the other hand, the University had taken steps in 1965 to 

organize media support within the Office of Educational Media as a 

central service organization. The function of this organization is 

to provide University-wide media support through its five operating 

units: Audio-visual, Graphics, Motion Picture, Photographic and 

Television Services. The total level of expenditure of the Office 

of Educational Media for staff and expenses in 1972-73 was approxi­

mately $500,000. 

When television was implemented on campus at Colorado State 

University in 1965, a television policy was adopted by the governing 
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board which placed the responsibility within the Office of Educa­

tional Media for: general supervision of all TV programs; purchase, 

inventory and maintenance of all equipment; all operating funds for 

the production and distribution of televised materials for resident 

instruction. Professional staff were employed for the television 

operation. Moreover, staff of the Office of Educational Media had 

demonstrated a strong willingness and ability to deliver. Thus, 

the placement of this responsibility was not a function of authority 

but rather a means of obtaining a coordinated, well-managed program 

with an avoidance of splintering and duplication. 

Projects such as SURGE, CO-TIE, HI-TIE and others have been 

smoothly integrated into an active campus program. There are several 

advantages to this procedure. Much test apparatus and other equip­

ment needed for the on-campus program is available to be used for 

the new off-campus programs. One highly qualified television engineer 

is able to design the off-campus program components as well as the 

growing campus system of TV. Video tape, recorders and related items 

are bid in University-wide quantities, thus reducing cost, Technical 

standards and equipment compatibility is maintained and improved 

utilization of both facilities and staff is realized. As the off-campus 

programs at Colorado State University expand into many disciplines, 

the inclusion of such efforts under a single service organization 

continues to be advantageous, Of course, all academic decisions remain 

the responsibility of the academic departments and colleges involved. 

The cost of instruction for the SURGE program which serves practic­

ing engineers and professionals in industry can be estimated with 

precision, because the program has completed six years of operation 

and attained a relatively stable level of activity. The following 

discussion concentrates on this program although much of the informa­

tion on the cost of operation is applicable generally to all regularly 

scheduled courses video taped for use off-campus, 

Faculty productivity measured in terms of student-credit hours, 

increased significantly in SURGE courses. The five-year average 



43 

enrollment of students per course is 16.2 on-campus and 18.2 off­

campus. There has been no adjustment in faculty teaching schedules 

due to this additional load, Rather, grading and graduate assistant 

help has been supplied to accommodate the increased enrollment. 

The "direct cost of instruction" on-campus in the traditional 

mode is defined here as the instruction cost (faculty salaries) 

divided by the total number of student quarter credit hours asso­

ciated with that instruction, This index is frequently cited as a 

measure useful for comparing regional variations between similar 

schools and between various disciplines . Clearly, although a domin­

ant cost in most instruction, this factor does not represent the total 

cost of instruction. The direct cost of instruction on-campus in 

the CSU College of Engineering averaged over all levels of instruction 

in 1972-73 is $37.45 per quarter student credit hour (qt. er,). 

Comparable data gathered by Dr. F . E. Terman and averaged over 

seventy-one engineering colleges yields $49/qt, er, (::!_. Engr. Ed.,~' 

pp. 510-514, (1969); a six per cent annual increase was assumed to 

update these data). It is widely recognized that graduate level 

instruction is appreciably more costly than undergraduate and that 

wide variations in this index are usually found between the physical 

sciences and social sciences. For the M.S. level SURGE courses 

which are predominantly in engineering and mathematics, the CSU direct 

cost of instruction on-campus has been estimated to be $65./qt. er. 

This figure is viewed as a conservative est imate for graduate instruc-

tion which averages 16 students per course. Any effective, non-traditional 

instructional system would generally be expected to compete with 

$65./qt, er, if introduced on-campus, We apply such a comparison 

directly to the off-campus instruction of the SURGE program. 

The cost of the SURGE program can be divided into three broad 

categories: (1) amortization of equipment, recording space and tape; 

(2) operating cost of production, delivery and program administration; 

and (3) incremental direct instructional cost of adding off-campus 

students to existing classes, We discuss these cost categories in 
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the following paragraphs in a manner which makes the scaling laws 

of the program clear. That is, we will focus on the cost of record­

ing a class hour in a studio classroom plus the cost of making and 

delivering tape copies with instructional support. 

Equipment, Recording Space and Tape -- The cost per hour of 

recording is dominated by the amortization of the $25,000 for the 

remodeling and equipping of a studio classroom and control console. 

Table B-1 gives the details. Assuming five-year amortization with 

six per cent interest and 1000 hours per year of utilization, we 

calculate $6./hr. Note that only the cost of the TV facility is 

considered, because a regular on-campus class must be held in a 

classroom, and we are interested only in the direct cost of adding 

off-campus students via video tape. 

A video recorder and monitor ($800) was amortized over three 

years assuming 1000 hours/year of use and six per cent interest, The 

resultant cost is $0.30/hr. 

An hour reel of 1 / 2-inch video tape purchased in large lots 

costs $20. An average life of 100 uses yields $0.20/hr. The video 

tape original copy which is costed here is not distributed to 

off-campus students, but rather serves as a redundant or spare copy 

to insure system reliability, 

The central recording facility space which houses the control 

console and a single recording unit is 300 sq. ft. This space was 

valued at $30/sq, ft. and amortized over 40 years with interest, 

This cost increment is $0.60/hr. 

The total cost in this category for recording an hours' class 

time is the sum of the above or $7.10/hr. 

Each additional tape copy requires $0.30/tape for recorders 

and monitors and $0.20/tape for the tape inventory. That is, the 

incremental cost in this category for each additional tape is $0.50/tape. 



TABLE Bl 

STUDIO CLASSROOM AND MASTER CONTROL STATION 

Capital Outlay 

(For Black and White TV Equipment) 

3 TV Cameras@ 1,000 

1 Sync generator 

1 Pan tilt control unit 

5 TV monitors@ 160 

2 Zoom lenses@ 1,100 

Instruction desk with control unit, split 
screen generator, and back pack play 
back recorder 

Electronic control, amplifiers, cables 
special room wiring 

Master Control panel with TV monitors, 
switching unit 

Studio classroom air conditioning and 
necessary remodeling 

Total Cost 
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$ 3,000 

1,000 

1,100 

800 

2,200 

4,000 

2,300 

5,600 

5,000 

$ 25,000 
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Operating Cost of Office£!. Educational Media -- The basic 

operating budget for production and program management at CSU for 

the current level of activity (80 courses/year) is $60,300. This 

budget includes fractional time of an administrator, a program 

coordinator and a TV engineer plus two full time TV technicians and 

a secretary. Other direct costs include student labor, supplies 

and spare parts, travel and telephone, and program correspondence. 

At the level of 80 courses per year or 2400 recording hours, this 

base operating budget is $25.15/recording hour. Details are given 

in Table B-2. 

A recent survey of both the CSU videotape system, the ITFS 

broadcast system of Stanford University and the microwave link of 

the University of California at Davis and the A.E.C. facility at 

Livermore showed these "overhead costs" to be dominant in all systems. 

(See: Loomis, H. H., Jr, and Brandt, H., "Television as a Tool in 

Engineering Education," Special issue of I.E.E.E. Transactions on 

Education, E6, Issue 2, pp. 101-109, May, 1973). 

Each tape copy of an hour's length requires an additional $0.50 for 

tape handling and $2.50 for round-trip delivery by commercial courier. 

The incremental cost in this category for each delivered tape is $3.00/ 

tape. 

Operating Cost of Instruction -- The faculty does not receive any 

additional pay or work load allowance for teaching a regular campus 

class in the studio-classroom. So there is no instructional cost for 

the recording hour. Rather it is the instructional support of the 

off-campus students which must be estimated here. The marginal cost 

of adding 15 students to a 3 quarter credit course is assumed to be 

10 hours/week of graduate teaching assistance to help the professor 

with all aspects of the instruction, This allowance amounts to $1.00 

for each off-campus student who views an hour length tape, or if 

we let S be the average off-campus enrollment in a SURGE location, 

$1.00 S /tape. To this incremental direct cost we add an allowance 



47 

TABLE B-2 

BASE OPERATING COSTS 

Present Expanded 
Level Level 

Administrator, $24,000. 1/10 time $ 2,400. 
1/10 time $ 2,400. 

Coordinator, $16,000. 1/2 time 8,000. 
3/4 time 12,000. 

TV Engineer, $15,000. 1/5 time 3,000. 
1/5 time 3,000. 

TV Technicians $10,800. 2 full time 21,600 
3 full time 32 ,200 . 

Secretary, $ 5,300 1 full time 5,300. 
1 1/2 full time 8,000. 

Student Labor, @ $2/hr 3000 hrs. 6,000. 
6000 hrs, 12,000. 

Travel and Telephone 3,000. 
3,000. 

Supplies and Spare Parts 8,000. 
11,700. 

Printing and Mailing Announcements 3,000. 
3,800. 

$60,300. $89,100. 

Allocated to each master recording on an hourly basis, these cost 
factors are: 

602300 = 2,400 $25.15/hr, Current operation of 80 courses annually. 

or 

892100 = 4,800 $18.35/hr. Expanded operation of 160 courses annually, 
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for secretarial support, supplies and telephone of $0.30 for each 

off-campus student who views a tape, or $0.30 S /tape. A travel 

allowance for the direct cost of faculty visits to the SURGE locations 

is $1.25/tape, independent of the number of students in a location 

but directionally proportional to the number of locations (or tape 

copies made each recording session). 

The total cost of instructional operating expenses can be 

expressed in formula fashion as: ($.75 + $1.30S )/tape, where S is 

the average student enrollment in each off-campus section. 

Total Cost of SURGE Instruction -- The factors outlined above ------
are summarized in the following table in 1971-72 dollars: 

Dollars per Dollars per 
Recording Delivered 

Hour Tape 

Equipment, Space 
and Tape 7 .10 0.50 

Office of Ed. Media 
Ope r ating Expenses 25.15* 3.00 

Instructional 
Operating Expenses -- 1. 25 + 1 . 30 S 

Total $32.25 $4.75 + $1. 30 S 

* Based on ability to opera te at current CSU level of 80 courses/year. 
This value becomes about $18.35 for enlarged program of 160 courses/year . 

i 

I 

i 
I 
l 
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The CSU unit costs of off-campus instruction for the 1971-72 

SURGE programs can be computed from these cost factors, The follow­

ing enrollment and program data are required: 

Total Courses = 69 

Total Sections* c 261 

Total Of f-campus enrollment = 88 3 

Therefore, N 
261 

69 (
sections) 3.78 or ( 

tapes ) 
recording hour 

F 

F 

F 

F 

F 

s 8.a.l. 
261 

course 

3 • 40 (students) 
section 

and let C = 1.00 qt, credits granted for 10 contact hours of course work. 

recording hours dollars 
course recordin hour 

ave. off-campus student credits 
course 

where (dollars )1 subdiv ided into fixed cost/course hour 
recording hour s 

plus variable costs/course hour, 

< 1 oc > • ( s 32. 2 s + _[_S_4_. 1_s ___ s 1_._J_o_s_] __ N-..6) 

322.S 
NS 

322.S 

+ 

N . S t 

47.S 
s + 13. 

47.S 
(3. 78) (3.40) + 3. 40 + 

$51. 97 /qt. er. r::s $52./qt. 

13. 

er. 

* A section is a group of off-campus students meeting at a location 
and requiring a tape. 
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Recall that the on- campus instruction in these courses has a 

direct instructional cost of $65./qt. er . for an average course 

enrollment in 1971-72 of 15 , 6 students. The average cost of in­

struction for both on-campus and off- campus instruction is: 

F 
ave 

+ 
= 

15.6(65.) 12.9(52.) 
15.6 + 12 . 9 

= $59/qt. er. 

Clearly, the program lowers the instructional cost from the 

point of view of the university and also increases faculty productivity. 

But it should be stressed that this is a very narrow view of the cost 

of this instruction. If the part-time student had commuted to campus 

during his regular work hours, the opportunity cost which is neglected 

here would have been large indeed -- perhaps, $300./qt, er.! Further­

more, the university may have been required to add campus classroom 

space and parking. Even more important, the cumulative cost of 

technical obsolescence to the national economy should be estimated 

because advanced engineering and management training frequently does 

not occur unless programs like SURGE are initiated. 

A convenient graphical presentation of the SURGE program cost 

analysis is given in Figure B-1. The marginal cost per quarter credit 

hour produced (F) is shown as a function of the average number of 

students per section (S) with the total number of sections per course 

(N) shown as a parameter. In the CSU example detailed above, S=3,40 

students/section and N=3.78 sections/course which yields F=$59/quarter 

credit. It is worth noting that video based programs for practicing 

engineers such as SURGE are far removed from the classical ETV model. 

That is , rather than $50,000/hour of production costs spread over 

mi llions of viewers, the televised engineering programs must operate 

at near zero production cost because the potential audience is small. 

In fact, the TAGER system of SMU in Dallas will televise a course 

for a total of 4 students, the Iowa State University videotape system 

sets a total enrollment minimum of 5, and the CSU record in this 

regard listed in Appendix A shows instances of taping for 2-3 total 

off-campus students. 
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The cost factors tabulated above are realistic and may be 

useful more generally than simply estimating the cost of a specific 

program in Colorado, For example, the decision whether to install 

a videotape system or an ITFS broadcast system, is a trade-off study 

between subtracting $3.50 N (the cost of making and delivering tapes) 

and adding the amortized cost of the ITFS hardware on a course hour 

basis to the base value of $7.10. For example, see "Technical and 

Economic Factors in University ITV Systems," by C. A. MartinVegue, Jr., 

A. J, Morris, J. M, Rosenberg, and S. E. Tallmadge, Proceedings of 

the IEEE, Vol. 59, No. 6, pp. 946-953, June, 1971. 
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John Patrick Jordan , C. A. Johnson, IV. ]. Gore, and F. ]. Vattano 

Ask a l1myer a11rl he wi ll tell yo u th at a coopera ti ve 
J-\.. anan ;Ic· 1nent lwl11·,,rn 1110 or more parli l's wl1i ch is 
not clear ly lw1wficia l In al l parli e, isn' t 1rn rth tl1 e effo rt 
it takes to cl r,m it up! 

l' rnjel't lli oCO-TIE 1 11a, founded up on th at f'hi!n sophy. 
IL is a stat e11 id e r· oo pcrat i,·e progrnrn invoki ng Culnraclo 
Stale (lniHTeity ,lllcl th e l1\'o -n,:1r colleges 11f Cri lorado. 
lt s basic purpn,,; is to a,si, t th e juni or and co n1munily 
college:; in C:olu radu in proyiding the second yea r o f a 
co re curr iculum in bioln;:v. th ereby ini tiatir ,g a com­
prelwns ive prn~ram of "cicnce curr icu lum in1prnYcmcnt 
across tl1c , tal c. The proj<Tl focuses th e allcnliun d 
biolot:i:Sl, on the lo,rer divi,ion courses and brings 
togl'l hcr fri l'ully rnembcrs frn11 1 tir e man y inslit11tio11s i11-
voli-ed in trach ing /re,;h1nan a11rl soph ornnrn biology 
.coursi,s. At tl1 e ,a rn e lime, in, lruclors al th e t1ro-year 
co ll rges arc .iblc lo increa se th eir teaching ea p11 bilitic,. 

Th e idea ori gi na ted 11hcn scn ;ra] biology i11 ;; lrncto rs 
frolll i-a ri ous junior co ll eges acro,s the slate di scussed the 
poss ibility of oL, taining aS"i, lance with th eir , el'o nd- yca r 
C(1re cour,cs. i11cludi11 g U $P of ti re sophistica ted lahnrator y 
fa ciliti es and rq uip111cut an rl th t' ex pertise of th e bi ology 
/a('ll lt )' o f a 111;,jor re/! ional uni,·ers il y. Throu g-h Project 
c:o:rn:c in the CS l ; Collcgl' of r:'.ngincering-. f'.Xpe rti sc 
had alrearh· h('cn deve loped in ;ircas such as videotape 
procl uctinn , cl r li,·ery S)slc111:'. ;1 1,d communica ti on arnoug 
th e ,·ario us j unior collq:es th r0u/!hnut Colorado. 

Jlit, CO-T I.I·: ,rn, <le1elopcd and accepted hy th e 10 
p.11 l1 tq, ,1t i11;,: 111,litu ti orr ,. I t irn·o lYes the p rod ucli un of 
h igh-qua lil) , i, ua l" using- co lor telev ision, slid es, and 
lra11, p,11-crrc ic, . The 111aler ial is sludio-proclu rcd by pro­
le,s iorwl lc lcvi:- ion directors, producers. and graphic 
arti sts ,111 d pacL10ed in .,111:i ll. s inglc-con ccp l modules. 
Th e unifi ed. s ingle-corwc·pl lHl'('S l'lll)lhasize tl, e \·irnn li za ­
lio11 of lesson rnalc ri,ds hul ,i re nut ,·id cotap('d ' ·stautl-up'' 
!rel urcs. Tapes range in Ie 11 1:_: lli from 7 lo :J (I lll inulcs ; 
th ey are kc)'l hrie f to ,11 1<,11· tli r in structor n111plr, li 111c to 
dcu, lop his 01111 apf'roach lo Ll ,e les:Son. Th e 1nat erials 

1 .-\1· n,1t ~ IH fpr /Ji .. j,, !:) (.\, r ,· ,·i;1 T, lni, n l / 11 ,: t nH· li"n au,I / ." ,.p ,·1i1111· 1t l :1liu11. 

~ Anoll}!ll f 11 r C oP 1' •· t :1lin 11 ,i;, Td,·,·i~•·d / 11 ,: 11ut'liou in 1: du l" :ll i,1 11 . 

APB !!. ]973 25 

O""''•"' CC..Hff. l 

OTIIIN ID11,0lTl',TI 
~UNIOII COlllU 

- -- ·------.. ·- -- - - - -------- --------

Map o f Colorado showing the location of each institution participat. 
ing in Project BioCO-T!E. 

si111pl y provide hi 111 ---a l his option- -wilh lop-qu1ility 
vis ual and co nt c11l sup por t. Viclco lapc materials also can 
be put into aulo- l11t11r ial booth s for student use 1d1cn the 
class is over. 

To iusurc th a t quality Jll a ler ials arc p roduced, they 
a rc clr er-kcd br J' l'Cr c·,·,duation at several stages durin g 
tlw prod11c li ll11 l'J 1;1 .sc. Th ey a rc also checked for s tud ent 
ac l'L'Jli.ahility and by stud ent pe rformance. O,·crall pro ject 
cva lu ;ilir,n is ;iccolllpl islicd l,y a tc:un which includ es the 
sla lT of CSU\ ll ullla n Factors Resea rch Laboratory , the 
L1nilty of parti cipa tin g coll eg<'s, and a small group o f 
<·x lcrn al cndu alors. E:xtn1rnl eYn lu ators fr om across the 
co untry arP org-a 11izccl th ro ugh th"' American In stitute of 
13iol og ir,d Sciences' Onice of Biolog ical EJ ucati on . 

Or. } ordt1,1 is u .... ·.rn cirrle dra11, College o f Natural Scirnccs, and 
nr. l'alf,111 0 is 11ssi.~ t,111r academic 11icc J>rcsidcnt , r:olormlo Sta te 
Un il'crsitr, Fo,t (:,,//ins, 80521. G. A. Johnson und IV . ./. Gore 
are /.ii(l/o;.:y iw;tru r fo rs, l\"'orth<'as tcrn. Junior Colfr~c. S1crling, 
(olurado R07.)J. This article is adapt{'(/ from l it<' au.:ard-1ci1111i11g 

11a11<·r o/ the same tiJ/e in th,, 1972 Gus/1111 0/wus--NST A Program. 



ln th e [07:3-7-1. academic yea r. com se;; 11 ill cover 
" l'opu la li on and Cu 1111 1111n il y i1iol~gy," "Cel l fliology," 
and "Cel lul a r ancl Den·lop111e11lal Biologv. " Th e floettcher 
Foundation, n pr irnt e Co lorado corp orati on, funded a 
pilot progrn m during the 1l' i11ler and spri11 g quarters of 
1071 " ·hi t'h inrnh·ed fo ur tll' o-yenr co lleges and six 
se parat e clas,cs . Th e Jirst course in th e sophomore level 
co re. ' ·Popu latio n and Con11 11u1.ii ty Biology ," se rved as 
the pilot. 

Ingredi ents for Success One of th e most impor tant 
rrs ults is the sp iri t of ju nior co llege/un i1·er, ity colleg ialit y 
--a spiri t based upon prin ciples th at in hind sight seem 
ohvious but th at. unfor lu11at ely, ;:i re seldom brought to 
bea r in cooperat i1·e programs. \Ve 11 0 , r think we can 
idenl if1 tho,e princ iples tha t will increa,e th e probabili ty 
of tl c1·e lop ing a , tr'ccessful cooperntil'e progra m. 

I ncl11rlcd in these pri nciples is the (icl·elopmen t of 
mulu al respect, and app rec i;:ition that , alth ough well 
qualifi ed in thei r sti! Jjccts, t,rn-yea r coll ege faculty are 
loo oft en burdened bv heavy teachi n!,! loads and limited 
fac ili ties. The senior college or uni ~ersit y can prov ide 
lab1 l and foci lili es for development of \ irna l support 
111atcrials. lL can provide specialized technica l and pro­
fess io1rn l assista nce. Proj ect TlioCO-TH'. is designed to 
be suppo rt iYe, not to he a teacher replacement pro gram. 

The i111pelus for such a prog ram should co me from the 
jun ior co ll ege lc1·el , not from th e st> ni or college or uni­
vers ity. Ot hern ise, it becomes just anoth er exa mple of 
ou tside "expert" interference. 

111 1070, L11·0 fac ult y 11wm bcrs from No rtheastern Junior 
Coll r;c at Ste rlin/! , Colorndo, lra1·cllccl throughout th e 
state spC'aking to faculty biol ogis ts at ear:h sister instilu­
tin 11 . outlining th eir goa ls, and ga ining support for a 
pro ,!! ran1. Coo rdi nator, were scledcd hy th eir coll eag ues 
to fu nction as Project Co- Director a11 d Juni or College 
Coordinalor. 

Ade'luat e plann ing for Lhc 11 ecds of th e junior colleges 
- lh c group tu be ,e rl'crl - is important in achi ev ing 
coonlinat ion . Before Lh c pil ot progri1111 was initiated, 
;:i 4-da1· coord in ating co n ft: rence ,ms held in \\·h ich we 
rev iewC'd phi losophy, specifi c plans, n1 nlerials, an d a de­
tailed surH~)' of each a11<.l ev C' ry class sess ion. During the 
con ference , far:u lty from both types of inslilulions par­
ticipated in a number of videotaping se,sions in order lo 
ident ify those persons who had promise for televisiop 
teaching. As a resu lt , cert a in vide otape sess ions were 
mad e for inclusion in th e co urse at the t1rn-year institu­
tions. 

Flexibility mus t Le allo1l'ed the junior college faculty. 
For each class session, a g rea t v:iriety of visual materials 
was prepared , some of which were subsequently duplicated 
in th e fo rm of full- color transparencies. 

Just as co mmunicalion plays a vital rol e in th e initial 
planning. it co ntinu es Lo he o f prime illlp r,r lance as the 
prograr n fun cti ons. The program also u,cs a telephone 
nelll'ork f'On sisti ng of two lin es-- one for l1rn-ll'ay voice 
and one for one-ll'a)' graphics-bet wcpn CSU and par­
ticip ati ng instit utions. The ,yslem alloll's for conferences 
betweP.n students at the t1rn-ycar instituti ons and fa culty 
at CSU. 

Some stancl ardi za tion arnon l:! the partici1, ating co lleges 
is necessa ry for eva lu ati on purposes. Bul , ta11d a rdizati on 
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lllUsl not cornpro 111i,e unn <'C(·ssar ily th e frct'dom of Lh c 
in d i1 idu :d in, lru c: tnr. Optional ,upporl al,,.o is ava il able 
in th e form of cx am in ali ons dCl'i ,ccl an d g raclcd al CSU. 
Some in -l iluti o11s l1avc chosen lo in cor porate exa m 
q11estion s from pa rti cipatin g cam pu ,rs in thei r own ex ­
a1ni11atio11s. [ :ltin1 alelv, thnc is a coonlinntecl set of 
qu e, tions 11 hich pro1·i;l"s for eY,du,:ti on of Lhc relatil'e 
elf<'c ti1·enc:; , of th e pror ram at each of th e i11stilutions. 

l. aLorn lo1') suppo rt ,h oul d be fl exihl e. For exam ple, 
one in stituti on may ll' ish to rece i1·(' onl y th e laboratory 
1nile-up,, ll' ith a !i sl of m·erl erl , 11pplirs and equ ipment ; 
another ma y ask that the bbornlo ry materi als he hoxed 
in prPpc·r am ounts, 11·i1h outlin es an d speci fic directions, 
an d tkrt tlw ma terial br rle li H'rerl at a specified Lime. 
If cli,tancl's a re not too gTP,1L the 11niver; it l' ca n provide 
opportu11i1i c:; for th e t,10-\'ea r l'o ll ege stude11t:; to use 
fac ilili t>s on th e uniYPl',i L1· ca mpus. 

Participnting fa culty shou ld he pro1·idecl opportunities 
to upcl a te th eir kn o11blgc and skill s. Insl ilules and 
se lr cird co ur ,es ca n h<'lp. In our case, th Pre .is a program 
a l Lir e l"ni1·e rsil \· of Dem er. spo n,o red by the Na tional 
Sc ience Founcla li on unrl l' r its Col lege Sc ience Improve­
ment Prog ram I COSl l' 'i , which neatl y complements 
BioCO-Tll·: by brin gin g junior eo ll ege teachers togeth er 
for in-d ep th 11 ork in cellular biology, one of the key 
subj ec ts in lh e second -year core courses. 

The biology fa cultie, of th e tll'o-yca r colleges like the 
progra,11 , because il pm vid l's high qualitv i,uppo rt which 
cnlrn nccs th eir teachin g dTort. Seni or co llege fac ulties 
like it. !Jl'ca11sc stude nts 1d1 0 come inlo th eir courses from 
th e participating !Im -yea r co llegP.s arc lwltr r prepared. 
The students arc pleased beca use of th e case of tra ns­
ferrin g co 11r, c crcrlits from th e junior lo the senior 
co ll ege, 

One of tlre 1110, t important results of this program is 
th e po"i ti1c at titude of p,nti cipa1i11 g: insti tutions. Essen­
tiall y, th e fa cu lt y and admini stra ti ve support stafT at CSU 
are sm· in g: lo th e tll'O·l'car in,titut1ons, '· \Ve ,rn rk for you . 
Tell u., " ·hat you nec cl and we' ll tr y to ddi l'c r." An d the 
two-year coll eges a re ,ay ing, "We recogn ize the benefits 
of having as n resource the l'ery large biology fac ulty 
at CSl', togeth er 1,·ith th e technica l faci lities and per­
sonnel tn de,·cl<> p needed med ia support.'' 

What d id th is pil ot progra m cosl? Lich parlicipaling 
in.,titution paid lPss th ,111 :31,000 ; a priva te foundation 
contributed ::31.3,000 to l·";r ti a ll y rl efra1 µro rluction costs. 
In addition. Lim e and efforl by th,.! faculty and sta!T of 
th e parti cipatin g instituti ons were co ntri buted. In our 
judgment , this is a small price to pay fo r a high impact 
progrrnn. 

The dcrirnble hencfit s of thi s program an~ obvious : 
good curri c· ul ar material, good reso urce fa culty, good 
fa .. iliLi Ps to produce \·is11 al materi als, ;:i sound eva luati on 
progru111 , •·11tlrn,iastic anrl tlctl ica led lcacl1 c1 s at the par­
ticip:1ting in ,l ilu tions. full i11vnh·,:n1enl by :il l parlicipnting 
in, lilutinns, ,rnd an :tllit11tl e of nrnlu al respec:l among 
parti cipa tin g fal'u lt y. a 

Ac...:. ~ow u :111: ~:, it::-. T: Th i:-; work \\' {1~ spnn ::- nrt'J in part by th e 
Hof'lfl'h t: r Found atio n, D t·llVt'f. Co h)r:tt l(). Th t· autl 1o rs wi sh to 
1· xpn ·'-s ll ll'ir ~!ppr('r·ia l iu11 lo Bonn i1.· Ti tl r: y <.\ll d ln G:1 ry Bl' lll1t'll 
f,,r th,·ir t"di t,, rial a:-- :,,; i.-; tarw1· . 
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A Technology-Based 
Educational System 

Using 
Computer Management 

R.W. Hayman and W. Lord 

Colorado State University has been working on the 
design and development of a computer-managed ap­
proach to education since April, 1969. 

It appears that a certain product image has been 
too firml y attached to the terms CAI, CMI, CBE , etc.; 
an inten tio nal effort is made, in th is arti cle, to avoid 
classification of the system being described according to 
any of these id ent ifiers because the design has been to 
cut across the properties customari ly ascribed to these 
various categor ies. 

The emphasis of this article is o n th t dcsc,·i;:;ti on c f 
a tech nology-based educational system which has been 
designed and implemented over the last three years. 
Discussion will be given in terms of an educational data 
base and a strategy to manage it , the media and 
com muni cat ions tec hniques utili zed , the hardware 
which contains the system and the software required tct 
drive it. Th e design of the system takes its shape around 
certain characteristic prnblems assoc iated with the 
traditional education process. These diffi cult ies will be 
discussed, at the outset, along with the defi nition of an 
alternative educational model whi ch is allowable only 
through a technological approach . 

A Major Problem with Traditional Education 
The operation of our traditional education al pro . 

cess does not provi de for an intimate interaction with 
the student throughout his attempts to perform the 
educational objectives that have been prescribed for 
him. Much has been written about the importance of 
developing instructional design arou nd a comprehensive 
statement of terminal behavior objectives-those attri­
butes which a student should acquire as a result of a 
given learning experience. Increased attention to the 
ob jective approach will pro babl y succeed in ca1.:is.ing 
course outlines to be perfected and exams to be 
rest ructured, and t hi s means that educational design wi ll 
have been improved. Howeve .-, little ev idence is avail ab le 
to show that recognition of the importance of develop­
ing formal behavior objectives will have much impact on 
the operation of our educational process. Having spec i­
fied the objectives more clearly, the traditional system 
st ill intends to put the student on his own as he 
attempts to write his poetry, compose his theme, or 
solve his calculus prob lems. 

R. W. Hayman and W. Lord are with the College of Engineering, 
Colorado State University, Fort Co llin s, Colorado. 



One difficulty with this approach is that the main 
learning resource-the classroom lecture-is always out 
of phase with personal problems that occur in the 
student's attempts to perform the terminal objective 
activities. When problems occur, he must wait for t he 
next offering of his primary resource to resolve them; 
even then, there is competition for recognition of 
personal problems. If we are interested in efficiency, 
from the learner's point of view, this situation is hardly 
ideal. 

Requirements for formal testing programs arise out 
of this same situation . Since the operation of the 
traditional education model lacks the mechanism to 
communicate with the learner as he actually performs 
the terminal objective fun ct ions, the process must rely 
on tests over some statisticarl y proper subset of the 
termin al functions in order to evaluate the stud en t, 
reinforce or guide him. If we could monitor his effort 
on a continuous basis, testing would be large ly unneces­
sary . 

Another tendency which this situat ion cncourai::es 
is that of overemp hasizing the ro le of the learn ing 
resource by comparison ro terminal objectives. We 
require the student to tak e advantage of the !earning 
resource; in fact, his performance evaluation (final 
grade) may account for hi s attendance in class. Portions 
of the formal testing progr;m1 may r.elate to clements of 
the resource (lecture) rather than to terminal objccfr1es . 

It is clear that the traditiona l edu cation process 
lacks the resources of money, time and pirsonnel which 
would be required to provide a solution for the 
problems described. However, events of the past decade 
have demonstrated at least th~ prom isc that modern 
technology , includi ng communications media and the 
digital com pute r, cou!d assist in the operation of a more 
complete educational cycle which would provide a 
continuous connection between learning resources and 
terminal beh avior objectives. This pros pect is examined 
in the section to follow. 

A More !deal Education?.. ! Model 
Improve ment in the manner of our traditionil! 

education system would require a model which is 
different by virtue of function ra ther than structure. 
The model would consist of two distinct components, 
the first of which is a set of activities which are, in 
themselves, the terminal behavior requirements . An 
aggregation of learning reso urces serves as the second 
com ponent. 

Any one of the learning resources should be made 
available for use by the student at any time during his 
attempts to engage the terminal performance activities. 
The traditio nal app roach presumes that the '.;tu dcnt will 
need all of the available resources which are delivered, 
once and for all, at a time and in a m2.nner that is 
convenient to the system. The strategy of the alternative 
model is more reactive than predictive. Because the 
model can always react, the education process can 
become highly personalized in its service to the individ­
ual student. 

Educational resources rr.ust be organized in a 
manner that clearly establ is hes their hierarchical rela-
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tionship with the various terminal performance activi­
ties. These relationships should be drawn clearly enough 
that the individua l student can, for himself, locate 
particular resources that relate to a given terminal 
behavior function. While it may be true that the 
student's termina l behavior can be monitored on a 
continuous basis, the student's own intellect may be 
superior to any algorithm devised to identify the source 
of his difficulty at any point in time. If the student is 
aware of natural relationships between terminal behav­
ior and learning resource, his own intellect is given the 
opportunity for expression . 

In a paper presented to the Conference o n Under­
graduate Science Education in 1970, 1 Bunderson warns 
again<,t the temptation to rely entirely on learner 
control of an educational system. Arguments presented 
in this article, and elsewhere, suggest that the student 
should be given wide latitude in the management bf the 
I car ning resources, but that some central tendency path 
of flow should be established through the various 
clement, of the model. This view has been adop ted as 
the crite rion for the strategy which will manage the 
model. The method of accomplishing this is given in a 
following section of the article , which deals sp:c iric:i!!,· 
with management strategy . 

There arc to be no tests given or acliie·1c111r 11t 
eva luation, made as the student engages the vari o,1, 
leari~ing resources. In fact, he will not be required to use 
the resources at al l. It will be presu med that the ~.tud en t 
wi ll (Juickly learn the value of a particular resource and 
will establish his own version of necessity to engage the 
resource as required support for achievement at the 
terminal objective level. The learner will be allowed to 
repeat resource activities as often as he may like and for 
whatever reason he ma y choose. It must be expected , 
however, that the learner will occasionally experience 
difficulty with a particular resource unit itself; accord­
ingly, management strategy should provide a means to 
lead the student through cognitive interrelationships 
which exist among the various learning resources. 

Theoretically at least, the new model could tJe 
designed to operate across boundaries of the normal ly 
au tonomous course structure . Such boundaries n01·1 
ex ist only as a convenience to man Jgcmen t of the 
traditional classroom lecture form of learning resource. 
The traditional process cannot afford a formal rcJction 
to the student whose present difficulty has root in some 
prerequisite course. 

The Role of Technology 
If the educational model proposed in the previous 

sect ion has sufficient merit, it remains to devise a means 
for its implementation. As stated earlier, the traditional 
approach to education lacks the resources of money, 
time and patience which would be required to interact 
with the student in the manner described in the previous 
section. Moreover, it is unfortunate that the traditional 
classroom lecture cannot be made available on a timely 
basis, or with enough flexibility from the viev,point of 
the lca.rner. It may be true that the lecture will remain 
as the most effic ient single learnin3 resource, but it is 
unmanageable in the context of the model proposed. 



There are many well-recognized signs that techno­
logical alternatives may function with a cognitive 
efficiency that is equal to the standard lecture system . 
Technology is a capita l-intensive approach, which en­
courages and even demands that progress and improve­
ment are cumulative. Because of this , there is every 
reason to expect continued improvement in the position 
of the technological learning resource relative to the 
classroom learning resou rce. Furthermore, technological 
costs are on the decline, and this picture should 
continue to improve. There is already some claim that 
techno logy such as CAI and educational television, 
considered as learning resources, are cost competitive 
with the traditional lecture resource , particularly at tht 
level of higher education . 

There is credible and forceful criticism of current 
attempts to replace the traditional classroom with 
techno logy. At least some of this criticism could be 
pointed at tec hnologi cal attempts to emulate the class­
room-centered educat ional model , and therefore are 
criticisms of the trad iti onal process, revealed and dis­
cernible because the technological model has been well 
organized and widely exposed to view. CAI, if undevel­
oped beyond the typical drill and practice form, can 
rarely be described as a complete educational process­
although it has proven itself as an effective educational 
resource. These systems often include achievement tests 
to determine if t he !ea rner has used the resource 
properly, once and for all. That such a system affords 
the luxury of self-paced learning usually means that the 
student will be allowed to finish his lesson in 20 minutes 
rather than in one hour, because he works faster. On the 
other hand, he must usuall y wait until Wednesday for 
the next lesson to be made available . Educational 
television suffers from some of the same faults . It is 
undoubtedl y an effective learning resource ; potentially, 
one of the most effective resources yet devised . How­
ever, it can rarely be the te rminal objective activity , nor 
can it interact with the terminal performances without 
benefit of some other interface with the student. 

The conclusion to these arguments would indicate 
that there must be a more effective means of integrati ng 
a va riety of learning resources with terminal goals and, 
in so doing , remaining within allowable bounds of 
acceptable financial structure. The remaining portions 
of this article describe attempts to accomplish this . 

Implementat ion of the Technological Model 
Descr iptions which follow take particular form 

around the subject of vector algebra. However, the 
details of structure and management strategy have been 
planned with a view toward more general applicabil ity. 
The digital computer is employed as the general 
manager of learning resource units, as interpieter of the 
terminal objective activities and as the interface between 
resources and objectives. 

General manage ment strategy is concerned with 
the selection of learning resource units and terminal 
behavior sets, and is largel y independent of the contents 
of resource units and termin al sets. This feature allows 
the instructional des igner to concentrate 0n subject 
matter content, forms of expression and ot her local 
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properties of a given in ~;t ructional uni t rather than on 
the decisions which may be taken to use the learning 
resource. In this way, the individual lec.1.rning resou rce 
units bear much the same relationsh ip to system 
management strategy as books and tccl.nical arti cles 
traditionally do to the instructor's prerogatives. 

Educational Data Base 
Instructional material s are organized into discrete 

functional modules and arranged according to a three­
dimensional classification, as shown in Figure 1. This 
matrix represents most of the learning resou rces to be 
made available to the st udent and all of the terminal 
activities which relate to a parti cu lar instruction set. The 
horizontal dimension identifies t he primary issues, or 
concepts, in the set. The vertical dimension represe nts 
the categories of the cognitive domain, as proposed by 
Bloom. 2 The third dimension specifies different types 
of treatment to be provided to each concept at each of 
the cognitive le vels. The instructional designer writes his 
materials or specifies some action expected of the 
learner for each node in the matrix . 

The top line of the application level re presents a 
general statement of terminal objectives. 131oom defines 
application as "the use of abstractions in particul ar and 
concrete situations. The abstractions may be in the form 
of general ideas, rules or procedure , or generalized 
methods. The abstractions may also be technical princi­
ples, ideas and theories which must be remembered and 
applied." 3 This general statement is transformi::d into a 
specific terminal objective by identifying the particular 
abstractions to be mastered and the use to be made of 
the m. In the data base matrix, the abstractions appear as 
concepts and the use to be made of these is described 
for the student at each of the matrix nodes located on 
the "terminal" line of the applications level . Several 
terminal nodes are provided for each concept and the 
student is allowed to select among these in satisfying 
some minimum number of objectives for each concept 
category. 



In the case of the vector algebra data base, each 
terminal node is composed of: 

1. An applications problem statement. 
2. An explanation of the physics of the problem, 

for those who desire it. 
3. An outline of the problem which transforms 

it into a collection of comprehension-level 
subproblems. 

4. A complete solution of the problem . 
The physical explanation is given, upon stude nt request, 
at no penalty. Shou ld the student be unab le to perform, 
he is presented with the comprehensive out li ne and 
asked to attempt the problem again. Subseque nt failure 
to perform results in discreditation of the student with 
respect to this particular exercise. 

Bloom's complete cogn itive taxonomy specifies six 
cognitive levels: knowledge, comprehension, applica­
tion, analysis, synthesis and evaluation. This project has 
made no attempt to develop a strategy for management 
of a data base which inc ludes the last three , or 
uppermost, of these. A wide range of traditio nal class 
offerings, including t he domain of higher education, 
presently require no terminal development beyond the 
cognitive level of application; therefore the technologi­
cal model developed here has wide potential , even with 
the restri ction noted . 

The resource components of the model are identi­
fied along the exe mp lary line at the applicat ions level 
and along the comprehension and knowledge leve ls. 
Resource materials are always available to the stude nt 
and he may use them repeatedly, or not at all. The 
mode l has a natural hierarchy of concept and cognitive 
level which is useful to the student in selecti ng among 
the resources for particular reasons of his own, although 
the managemen t strategy also develo ps a un ique pro­
gra m for each student, as will be discussed in t he next 
section . 

The use of Bloom's taxonomy seems particular ly 
appropriate to this model because of its organizationa l 
inference and because of its functional nature. The 
taxonomy does not imp ly just how much co mprehen­
sion will be required of a particular student in order for 
him to function at the applications level, but it does 
suggest the type of treatment that may be rnost useful 
in the treatmen t of difficulty in the appl ication per­
formances. 

Primary characteristics of each of the sublevels of 
the model are given in Table 1. 

In addition to those features discussed above, the 
resource component of the data base includes a compu­
tational support package and a blank common modu le, 
into which may be loaded standard batch-form comp u­
ter programs. The idea of this last feature is to all ow the 
user to access simulation and game programs from an 
available library, at any time he chooses and for 
whatever reason. Similarly, the comp uter mode feature 
operates as an instantaneous interrupt to whatever else 
may be happening at a given time and executes the 
standard operations of addition, subtraction, multiplica­
tion, division and exponent iat ion , and evaluates stand­
ard trigonometric and algebraic functions, including 
simultaneous equations. 
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Management of the Educational Data Base 
Functional specifications on the management 

strategy are as follows: 
1. Provide a norma l path of delivery of the 

materials contained in the data base. 
2. Allow the stude nt to enter the path initially 

at any po int he chooses and, subsequently, to 
skip about on the normal path at his own 
discretion . 

3. Account for cogn itive relat ionships among the 
resource elements of the data base as they 
may exist, in addition to those impl ied by the 
hierarchica l structure of the system. 

4. At any time , allow the student to access the 
computat ional support package and any simu­
lation/ga me package that may be attached to 
the data base. 

5. Monitor the student's performance at the 
terminal level and compose an individual 
program of remedy for any difficulty he may 
have . 

6. Require the student to execute successfully 
some mi nimum number of subsets from the 
collection of term in al-level activities. 

With all of the flexibility wh ich these specifications 
afford, it is implied that any student may use single 
components or any collectio n of components provided, 
for reasons other than to meet the terminal rl'quire­
ments expected of the formal stude nt. 

Upon ini tia l entry into the system, the student is 
given indoctr ination o n the organization of the instruc­
tional data base and is info rmed of the character of the 
set of terminal objective activities. He is also briefed on 
the use of control commands by means of which he is 
ab le to move about in the data base, according to his 
own pleasure. These preliminaries are conducted under 
co mputer control and consist of a f ive-minute videotape 
segment, a simulator package which allows the user to 
experiment with the system contro l commands and a 
dialogue which establishes user comprehe nsion of the 
introductory materials. Figure 1, in this article, serves as 
the basis for the student indoctri nat ion and will be 
refe rred to freque ntly in t he d iscuss ion to follow he re. 
Th is particular schematic has been named the learning 
matrix. 

It is anticipated that students wi ll come to the 
system with a wide variety of background in terms of 
cognitive ach ieve ment and concept exposure . Accord­
ingly, the student is asked to pick his own starting 
position within the learning matrix; any node of th e 
matrix, inc luding some terminal objective activity, is an 
acceptable candidate. Upon comp letion of the first 
learning event (matr ix node}, the starting position is 
confirmed or denied on the basis of the student's feeling 
of comfort with the leve l of t he mater ial and its 
applicab ility to his particu lar case. A stable poi nt of 
beginning, within the learn ing matrix , identifies a 
cognitive base and a concept base. 

A pretest could be delivered, as a more standard 
and elegant method of establ ishing a beginning point for 
each student. However, this would require much of the 
student's time, rel ies too heav il y on inferences which are 
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Table 7 

Properties of the Cognitive Level System 
and Method of Delivery 

1. Knowledge 
(a) Informative 

Funct io n-De liver fact, formula, d~finition, theorem, 
description or principle. 

Delivery Media-Combi nation of Cathode Ray Tube 
(CRT) character display and still imagery display 
on standard TV monitor. 

Student Response-Paging. 
(b) Discoursive 

Function-Amplification of fact, etc.; draw relation­
ships between facts and discuss inferences. 

Delivery Media-TV mon itor and headphones for 
audio. Black and white videotape is used at 
present. No single presentation to exceed five 
minutes' duration. 

Student Response- None requi red. 
(c) Interrogative 

Function-Question the student on fact, definition, etc. 
and draw the student out with respect to interpre­
tation and interrelationships among the elements 
of the know ledge base. 

Del ivery Media-Combinat ion of CRT character display 
and TV image disp lay. 

Student Response- Complete answers to questions via 
the CRT /key board console. Replies are acceptable 
in any format the student wishes to use; restricted 
only by the character set available on the key­
board. Response is recorded on hard copy but is 
not analyzed, by the computer, for content. 

System Respo nse-Answers the question, side-by-side 
with student response. Learner judges his own 
performance and repeats (a) and (b) if he feels this 
is necessary. All responses are recorded on hard 
copy , 

2. Comprehension 
(a) Demonstrative 

Function- Interpret the abstract ion in the context of 
physical reality through a series of examples. 

Delivery Media-Combination CRT message and TV 
imagery. 

Student Response- Paging. 
(b) Comprehensive 

Function- Asks the student to translate, interpret and 
extrapolate abstractions into a variety of forms 
and into a variety of physical circumstances. 

not well understood and den ies the use of the student's 
own intellect. The use of pretesting was rejected on 
these grounds. 

From a particular starting position in the learning 
matrix, the student is moved along a simple path 
upward in the cognitive direction through the terminal 
level. The next higher ordered concept is then consid­
ered, beginning again at the student's cognitive base 
level. The terminal materials, located at the head of any 

Delivery Media-CRT message and TV imagery. 
Student-Systems Response-A running dialogue, with 

the co mputer performing multi-level branching to 
provide individual correction or reinforcement to 
student response. This particular treatment repre­
sents the standard notat ion of a familiar CAI drill 
approach. 

3. Applications 
(a) Exemplary 

Function- Promote the use of abstraction in particular 
and concrete situations. This stage does not 
represent the terminal objective because the learn­
er is informed of the particular abstraction re­
quired for a given application. Furthermore, the 
use of abstr;i.ctio n, other than the central issue, is 
explained in the applicatio ns statement. 

Delivery Media-CRT message and TV imagery. 
Student-System Interaction- The learner performs the 

required actions, in 2.ny way he chooses. He 
reports only final results. If the results are 
unacceptable, a cycle is established which converts 
the application problem into successively lower 
cognitive forms, with the student re-executing the 
application function at the end of each cycle. 

(b) Terminal 
Function- To require the use of some random com­

bination of the entire assembly of abstractions in 
a variety of particular and concrete situations. The 
specific abstrac'lions which apply are not identi­
fied for the learner. 

Delivery Med ia-CRT message and TV imagery. 
Student-System Interaction- Same as for the exem­

plary level. The student' is not credited toward his 
objective until he performs the requ ired app lica­
tion activity without benefit of having the activity 
redescribed in terms of some lower cognit ive 
form . 

Selection Options-The student is allowed to selea, 
from among numerous alternative application 
situat ions, those which are most appealing to his 
individual taste. 

Performance Criteria-The student must eventually 
qualify with a totally acceptable performance on 
some minimum number of activities taken from 
the available group. 

one concept, actually involve random combinations of 
those concepts which lie to the left. For example, the 
terminal nodes for concept five involve some combina­
tion of the concepts one through five . The normal path 
through the system follows the two-dimensional hier­
archical structure of the data base and is presumed to 
represent the most natural sequencing of materials for a 
wide range of system users. This path is modified for 
each individual student. 
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Table 1 

Properties of the Cognitive Level System 
and Method of Delivery 

7. Knowledge 
(a) Informative 

Function-Deliver fact, formula, definition, theorem, 
description or principle. 

Delivery Media-Com bination of Cathode Ray Tube 
(CRT) character display and still imagery display 
on standard TV monitor. 

Student Response-Paging. 
(b) Discoursive 

Function-Amplification of fact, etc. ; draw relation­
ships between facts and discuss inferences. 

De livery Media-TV monitor and headphones for 
audio. Black and white videotape is used at 
presen t. No single presentation to exceed five 
minutes' duration. 

Student Response- None required. 
(c) Interrogative 

Function- Question the student on fact, defin ition, etc. 
and draw the student out with respect to interpre­
tation and interrelationships among the elements 
of the knowledge base. 

Delivery Media-Combination of CRT character display 
and TV image display. 

Studen t Response- Complete answers to questions via 
the CRT/keyboard console. Replies are acceptab le 
in any format the student wishes to use ; restricted 
only by the character set avai lab le on the key­
board. Response is recorded on hard copy but is 
not analyzed, by the computer, for content. 

System Respo nse-Answers the question, side-by-side 
with student response. Learner judges his own 
performance and repeats (a) and (b) if he feels this 
is necessary. All responses are recorded on hard 
copy. 

2. Comprehension 
(a) Demonstrative 

Function-I nterpret the abstraction in the context of 
physical reality through a series of examples. 

De livery Media-Combination CRT message and TV 
imagery. 

Student Response- Paging. 
(b) Comprehensive 

Function-Asks the student to translate, interpret and 
extrapolate abstract ions into a variety of forms 
and into a variety of physical circumstances. 

not well understood and denies the use of the student's 
own intellect. The use of pretesting was rejected on 
these grounds. 

From a particular start ing position in the learning 
matrix, the student is moved along a simple path 
upward in the cognitive direction through the terminal 
level. The next higher ordered concept is then consid­
ered, beginning again at the student's cognitive base 
level. The terminal materials, located at the head of any 

Delivery Media-CRT message and TV imagery. 
Student-Systems Response- A running dia logue, with 

the co mputer performing multi-level branching to 
provide individual corr~ction or reinforcement to 
student response. This particular treatment repre­
sents the standard notation of a familiar CAI drill 
approach. 

3. Applications 
(a) Exemplary 

Function- Promote the use of abstraction in particular 
and concrete situations. This stage does not 
represent the terminal objective because the learn­
er is informed of the particular abstraction re­
quired for a given application . Furthermore, the 
use of abstriction, other than the central issue, is 
explained in the applications statement. 

Delivery Media-CRT message and TV imagery. 
Student-System Interaction- The learner performs the 

required actions, in any way he chooses. He 
reports only final results. If the results are 
unacceptable, a cycle is established wh ich converts 
the ap plication problem into successively lower 
cognitive forms, with the student re-executing the 
application function at the end of each cycle. 

(b) Terminal 
Function-To requ ire the use of some random com­

bination of the entire assembly of abstractions in 
a variety of particular· and concrete situations. The 
specific abst_ractions which arply are not identi­
fied fo r the learner. 

Delivery Media-CRT message and TV imagery. 
Student-System Interaction-Same as for the exem­

plary level. The student is not cred ited toward his 
objective until he performs the required applica­
tion activity without benefit of having the activity 
redescribed in terms of some lower cognitive 
form. 

Selection Options-The student is allowed to sele,t, 
from among numerous alternative application 
situations, those which are most appealing to his 
ind.ividual taste. 

Performance Criteria-The student must eventua lly 
qualify with a total ly acceptable performance on 
some minimum number of activities taken from 
the available group. 

one concept, actually involve random combinations of 
those con cepts which lie to the left. For example, the 
terminal nodes for concept five involve some combina­
tion of the concepts one through five . The normal path 
through the system follows the two-dimensional hier­
archical structure of the data base and is presumed to 
represent the most natural sequencing of materials for a 
wide range of system users. This path is modified for 
each individual student. 



At any time, the student may select a new position 
on the learning matrix. This transposition is accom­
plished through one of eight master control keys located 
on the user terminal. The controls allow the student to 
select any resource module or terminal a¼tivity and to 
move against the local program flow within an instruc­
tion module . A RETURN key will restore the user to his 
most advanced position on the base path . 

The student may develop difficulty in the perform­
ance of some terminal objective activity; in this case, the 
system will detect that a problem has occurred. Alterna­
tively , the user may inform the system that he has 
difficulty over any one of the instructional modules. In 
either case, the system logic identifies those learning 
resources or terminal performance activities which show 
the most direct relationship to the area of difficulty, 
and the learning path is immediately modified to 
include the remedial materials. It remains true that the 
student may elect not to follow the modified path 
prescribed by the system logic. 

The basis for the system reaction to a student 
difficulty is constructed by the instructional designer. A 
binary association table is attached to each of the 
learning resources and terminal behavior modules and 
establishes the interdependency among the elements of 
the data base . As the student concludes his encounter 
with a given resource or terminal activity, the contents 
of that particular association table are either added to or 
deducted from the performance record which is kept for 
each student. This record, which is stored in the format 
of Figure 1, develops highs and lows which point to the 
student's strength and weakness. These data are 
ana lyzed by the system logic to produce modifications 
to the normal path for each student, on an individual 
basis. The original binary association tables are indepen­
dent from the other det.~ils of programming for the 
instructional modules. Because of this, any instructional 
program module may be altered, entirely replaced or 
even deleted without interaction with the basi c manage­
ment strategy. As experience is gained through use of a 
particular set of instructional materials, the individual 
interaction tables can be easi ly modified to increase or 
decrease attention to a particular instruction module 
,yithout having to interact with either the contents of 
the various instruction modules or with the basic 
management strategy. 

Aggregate requirements on the terminal perform­
ances of the students are set in to the system parametric­
ally and may be adjusted easily as experience might 
direct. Again , these adju stments require no interactio n 
with instru cti onal content or revision to managemen t 
logic. 

Media and Communications 
A typi cal student learning stat ion is shown in 

Figure 2 and consists of one standard CDC 211 
(TREND) Communications terminal, one video monitor 
and one headset for audio reception. At any point in 
time, the system response will fall into any one or 
combination of four·categories: 

1. An alrhanumeric display which delivers the 
result of unique computer processing, such as 
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Figure 2 

Student Learning Station 

an answer to numerical operations requested 
by the student. 

2. An alphanumeric display of some prepared 
te xt which has ~cen stored on a digital m0 cc 

memory device. 
3. Response prepared and stored on videotape 

representing Jive action and including sound. 
4. Response prepared as a single image (graph, 

data table, ph otograph, etc.) and stored 011 a 
random access video disc. 

The choice of delivery media Lo be used for a given 
purpose rests with the instructional designer, who Ins 
the flexibility of choosing any one or combination of 
media at any point in the instructional program. 

All media sources are centrally located and a single 
media unit is generally capable of servicing several 
terminals without substantial delay in delivery to any 
one terminal. Additional description of system hardware 
is given in a section devoted specifically to this purpose . 

Student response to the system is generated on the 
keyboard attached to the CRT display as shown in 
Figure 2. In the des ign of the communications system, it 
was cons id ered essential that the user be allowed lo 
represent his thoughts in a natural language format and 
that interpretation procedures be provided to allow for 
alternative forms of expected response. Interpretation 
of student input is accomplished in one of two w?ys. A 
numerical res pon se is checked against a single an S\·:er 
base, with tolerances allowed on either side of th e base. 
Word strings, in cluding a complete se ntence entry, are 
searched for key wo rds drawn from a dictionary 
prepared exclusively for each student response point. 
The local dictionary contains alternative acceptable 
forms of key words , including any anticipated misspell­
ing. The communications processing procedure provides 
for program branching in several different directions 
based on the expectation of several distinctly different 
responses at a given point. For example, action 1 is 
taken if the student says, "The car is green"; action 2 is 
taken if he claims the car is red, etc. It is also possible to 
distinguish between statements containing different 



comb inations of key words; for example, the student 
who says, "I am tired" is in a distinctly different state 
from one who says, "I am not tired." Through the 
consecutive search through t'.l(o key-word dictionaries, 
the proper distinctions can be made between these two 
statements-the key words being tired and not. 

Currently, no attempt is being made to employ a 
genera l purpose spel ling analysis algorithm. Such pro­
cedures commonly require considerable computer mem­
ory and co nsume relat ively large amounts of processing 
time by comparison to the key word search procedure , 
even where large dict ionaries are employed. Evaluation 
currently in process will have to confirm the acceptabil­
ity of the latter approach. 

Hard copy records are kept on all student transac­
tions with t he system. These records contain both the 
student responses and those of the systerT), in the 
natura l order of t heir deve lopment. Records are not 
physically developed at the student terminal but are 
stored on a mass memory device at the central computer 
and transcribed to paper copy as required. 

The project is curre ntly supporting work on 
proced ures to enable the interpretation of voice re­
sponse within a limited word vocabulary . Research to 
date has produced a process which is technically feasible 
and highly reliable. Reliability is achieved by measuring 
the voice signals for each student against his own 
vocabulary, previously prepared and stored in the 
system. 

Project personnel are not interested in voice 
ana lysi s as an easy mean s of communication compared 
to the use of keyboard response . The main reason for 
skepticism is in the very limited vocabularies that can 
currently be treated in this way . However, early results 
of this resea rch ind ica te that it may be possible to 
discri minate among a significant range of temperamental 
states of the speaker. It may be possib le, for example, to 
determine if the student is frustrated, angry, disinter­
ested, enthused, etc., through analysis of his voice 
pattern . Th is capabil ity could add another valuable 
para mete r to the instructional strategy which can only 
react, at present, to the cognitive condition of the 
student. 

Hardware 
7. Computer. The Colorado State University com­

puter managed learn ing system employs a CDC 6400 
digital computer, ten peripheral processors, three 841 
disc drivers and one 6603 rotating mass storage device . 
A standard CDC operating syste m, SCOPE 3.3, is used 
to drive the syste m. A 6681 data channel co nverter and 
a 3290 inquiry /retrieva l co ntroller connect the student 
learning stat ions and the media center to the main 
com puter complex. 

The learning system is operational at the same time 
that the computer is servicing a relat ively heavy load of 
standard batch entry jobs. The machine is fast enough 
that acceptable service is provided to both the batch job 
stream and the interactive instructional programs. Re­
cent measurements show that the average time required 
to service a student action at the interactive terminal is 
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approximately nine-tenths of a second. 
2. Student Stations. Four student terminals have 

served the needs for system design, development and 
testing and for eva luation of instructional material. This 
number must , of course, be increased in a fully 
operational version of the system. A single student. 
station consists of a CDC 211-4 interactive terminal 
equipped with sta ndard keyboard and Cathode Ra y 
Tube character display, one standard TV monitor and 
one set of headphones for audio. Hard-wire co nnec­
t ions are used to lin k the interactive terminal to the 
computer and t he TV monitor and audio to their 
respective media sources. The interactive display screen 
ca n write up to 1000 characters in approximately 1 /30 
of a second and can be selectively erased and written . 

3. Video Disc. A rotating video memory disc is 
used to store a wide var iety of fixed images to provide 
visual reinfo rce ment at any point in an instructional 
sequence. At prese nt, permanent storage is provided for 
450 video images which are recorded on the top surface 
of the rotating disc. A flying head searches out the 
required image and transfers the signal to the underside 
of the disc, where a fixed buffer head provides final 
reading-out to a given TV monitor located at the 
student station. The video image is continuously re­
freshed from its own buffer so that a given display may 
be held for an indefinite period of time without further 
attention from the computer or preventing access to 
some other image required at another student station. 
The disc unit ca n accommodate up to 21 buffer he:id:,. 
The ma ximum access time for any image recorded 011 

the master storage surface is approximate ly two sec­
onds. 

An inexpensive TV camera is used to write th e 
original video images on the master surface of the disc. 
The desired visual is simply sighted with the czmera, 
whose output is switched to a particular disc tr<!ck 011 
the master surface through the flying head. Master 
images may be altered , rearranged or replaced at will 
and at negligible cost. 

The video disc is an adaptation of c0rr,1n ,~rci1 I 
equipment present ly ueing used to provide in st:int 
replay of li ve action, particularly sports event s. An,µ ex 
Corporation manufactures this equ ipment and produce-,.! 
the modified version for this project. 

4. Videotape Equipment. Any one of the re .;owc~ 
modules sh·own in Figure 1 may, at the discretion of th ,~ 
instructional designer, consist of audio/video presc nLi · 
t ions. Practice to elate has been to restrict tr,e ler,gtil o f 
any one of these presentations to three or four mi11 utes; 
however, the reasons for doing so arc matters of 
instructional design preference rat her than any particu­
lar limitation imposed by equipment. 

Two videotape machines are currently in use. One 
is an Ampex Model VP-5900, one-inch helical scan unit 
which has been modified to allow random access and 
remote control. The second unit is an IVC (Interna­
tional Video Corporation) Model 800 CR, also a 
one-inch helical scan machine, which is originally 
equipped for random access and remote control. Opera­
tion of the two videotape un its is accomplished under 
computer contro l through an interface hardware unit. 



There is no prov1s1on for buffering the videotape 
programs. This means that any student station requiring 
a videotape segment demands the entire capacity of one 
videotape machine. Furthermore, access to any particu­
lar tape segment can require five or six minutes, in the 
worst case, although the average student wait is in the 
neighborhood of a minute and one-half. The slow 
response of an unbuffered video system imposes severe 
restrictions for which solutions are relatively expensive 
and generally unavailable with state-of-the-art equip­
ment. These problems have been alleviated to some 
extent by duplicating tapes of instructional materials 
and using the two machines in parallel to service the 
four active student stations. In this way, the delays in 
servicing student requests are generally not cumulative. 
This solution cannot be recommended for a fully 
operational version of the educational system, but has 
proven satisfactory for stud ies designed to evaluate 
student reaction to, and use of, this particular type of 
educational medium. 

5. Comp uter-Media Interface . The videotape and 
video disc resource i:;enter is integrated with the compu­
ter and stude nt terminal gro up through a digital logic 
inte rface wh ich was designed and constructed by project 
personnel. The interface is capable of connecting and 
driving as many as 32 independent media units and 
switching output to any one of 4096 student stations. 
The central computer delivers a request to the interface 
for a particular media device and a particular record in 
the device file, and spec ifies the location for delivery of 
the media output. Thereafter, the computer system 
proceeds on to its next functions and leaves the 
mechanics of media access and delivery to the interface 
unit. A complete technical description of the interface is 
ava ilable in a report by O'Neil.4 

6. The Centralization Concept. A consistent effort 
has been made, in the design of this system, to 
centrali ze all media sources. Moreover, the decision to 
share a central computer with other users was inten­
ti onal. Fundamental to these choices was the desire to 
take every possible opportunity to distribute capita l 
costs of equip ment over the widest possible user base . In 
this way, the educat ional system could employ th e most 
sophisticated equipment available and still hope to hold 
costs within reasonable bounds. 

The video memory disc provides the student with 
the most natural form of visual rei nforcement a:1d a 
single unit can service many learning stations. Since the 
unit can operate in a closely controlled environment, it 
is to be expected that operational reli,1bility can be 
maintained at a high level and that routine maintenance 
can be minimi zed. The single file of imagery may be 
easily updated, fo r reasons of improving instruction , in a 
very sho rt time and at negligible expense. Storage 
capability is la rge enough to accommodate the imagery 
requirements for a complete course and, sin ce all 
imagery is available at any time, the system is not 
media-bound. This means that it is unnecessary to 
constrain the individual user to a particular subset of the 
educational materials , on any given day or hour, simp ly 
because the necessary media support can not be coor­
dinated. 
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There is difficulty in economic justification of the 
videotape system, even though centra lization does help. 
The difficulty with the videotape arises for two reasons. 
First, presently available equipment cannot be driven 
fast enough in the random access mode; from one to 
five minutes are required to search out a particular tape 
segment. Second, the tape output cannot be buffered 
during play mode . This means that one machine is 
occupied for the entire time required for a student to 
see a particular tape segment. A particular machine is 
actually unavailable to more than one user for the total 
of access and play time. However, since a single unit 
wou ld not be kept busy all of the time by any one 
student, centralization does allow sharing of the unit 
among a limited number of other students. 

A centra li zed computer is common to most (if not 
al l) computer based educational systems. However, the 
centralizat ion concept is usually limited to mean that a 
single computer services all of the learning stations, but 
excludes all other uses of the machine. It was stated 
ear li er that this project utilizes a computer in conjunc­
tion with a large number of other users who are engaged 
in the most common type of batch mode computation 
activity . The cost scaling principle is evident here . A 
highly sophisticated piece of equipment is made avail ­
able to the specialized education function at marginal 
cost only. From the outset, the chief issue in attempting 
to take advantage of this situation was whether or no t 
the interactive educational system could operate with­
out intolerable response delays to the individual stu­
dent. The present response level of the computer is 
averaging nine-tenths of a second and some improve­
ment can be expected in the future. Such improvement 
may not prove worthwhile, however, as there is 110 clear 
evidence to show that the student would benefit from 
faster response . 

Software 
General composition and the system software is 

given in Table 2. Figures given for size of the 
various program components are somewhat dependent 
upon the number of student terminals utili zed in the 
system and the specific set of instructional materia ls 
being pre~.ented. In particular, instructional program , 
communications dictionary and prepared text blocks 
wil l vary greatly for different instruction sets. The 
figures shown represent the requirements for a complete 
treatment of the subject of vector algebra. 

An instructional program consists of a set of 
program modules; each module corresponds to a node 
point in the learning matrix (see Figure 1 ). The program 
module consists of a series of operators and operands 
written in an assembler language devised specifically for 
th is purpose . For example, one program step may result 
in a message display on the CRT of a student station. 
This would be accomplished by writing: DISPLAY 243, 
where 243 is the record number of the desired message 
on the file of prepared text. The assembler prese ntly in 
use provides for 30 operators which write messages 
contained in the text file, analyze student responses, 
activate the videotape and video disc equipment, per­
form program branching, etc. A typical program module 



Table 2 

Organization of Computer Programs 
for a Typical Instruction Set (Vector Algebra) 

Program 

A. Executor 

B. Data Base 
1. Student Records 
2. Instructional Program 
3. Communications Dictionaries 
4. Prepared Text 

C. Auxiliary Support Programs 
1. Computational Support 
2. Games and Simulations 

*varies for each course of instruction 

Storage Require­
ment 
(60-bit words) 

638010 

7808 
19456* 
4672* 

89600* 

1300 
variable 

requires in the neighborhood of 30 computer words, the 
maximum allowable size being 120 computer words. In 
the more normal case where a student works completely 
through a program module , he may be engaged as much 
as 30 minutes, or as little as 2 minutes, by the coding 
for that modul e. 

Flow through a program module is controlled by 
the executor, which also maintains student performance 
records, performs routine bookkeeping functions, pro­
cesses the natural language strings from the student 
console and analyzes the individual student performance 
records to identify the next program module which fits 
the current requireme nt of the student. The executor 
also controls the flow of data to and from the mas~ 
me mory devices of the computer system. 

During normal operation of the system, any 
studen t can work with any of the program modules 
whi ch the instructional package may contain, and a 
typica l stude nt will work with several of these during 
any one sessio n. To accomplish this, 8330 1 0 words of 
central memory are required on a continuous basis. Of 
this total, the executor requires 6380 words; 130 words 
are allocated to work space for each active student 
termi nal (five terminals are currently provided for) and 
a 1 300-word block is saved for use by any of the 
auxiliary support programs that may be attached to the 
specific subject package. During operation, the large 
volume of instruc tional programs, together with associ­
ated commun ications dictionaries and text, is stored in 
mass memory. A program module is loaded, as required, 
into the 130-word central memory work space that has 
been provided for each terminal. The ce ntral memory 
structure does not change with alterations to the 
program modules or as one course is substituted for 
another on the system; as additional terminals are added 
to the syste m, the central memory requirement in­
creases by 130 words for each new terminal. 
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The executor program is constructed to allow 
on-line editing of any element contained in the instruc­
tional data base, including the instructional program 
modules. 

Summary 
A technology-based education model has been 

defined and discussed against a background of educa­
tional philosophy and methodology of implementation . 
The model consists of a set of terminal objective 
activities and a collection of learning resources which, 
for practical reasons, can receive treatment as a learning 
continuum only through technological methods. The 
system described is now an operational model which 
remains to be thoroughly evaluated. Through exposure 
to a wide variety of students, the system evaluation will 
concentrate on two main issues. The first and most 
important of these concerns the learning experience of 
the student population . The important observations will 
be: 

a. whether or not the student can progress 
through the learning model; 

b. how much time is required for the student to 
achieve the desired level of proficiency with 
the subject matter; and 

c. student attitudes toward the system. 
That the student can actually accomplish the prescribed 
terminal level activities is a priori evidence that the 
required learn ing has been accomplished . The second 
category of evaluation concerns performance data on 
the system itself. Questions to be answered relate to 
integrity of the design, long-term cost of operation and 
prospects for optimization and further generalization. D 
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