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Abstract 

The systenrs approach described here evoh>ed over a ten 
year period itr rrspotlsp to cha~rges itr an exp~rimer~ti l l  
reaching progriitn. The experit?zcntal progriinr began in 
1966 rvith use of audio-tutorial (AT) ~c t~ i t s  it1 it1 troducronl 
soil science. Tile A T  progranz required Iearnitrg objec- 
tives, and the ohiecth~es were gillerr to the students. Addi- 
rioi~al esperimet~tatiotr produced a s~tcct~ss$d tnasten 
I~urtritrg program in wittter 1972. Wlret~ e~rrollttterrr in- 
crecrsed j?om 162 itz witrter 1972 to cover 600 itr rr itrrer 
1976, o?tphasis itz course dcselopmet~t shifted to itrcrease 
the c~ficietrcy oj-qft'eritzg the coursc to larger etrrolln~et~ts. 
Tlre re.s~ilt rvas 11 qatettzs iippronch ro rei~clzitrg the course. 
This paper describes the lean~itrg cetrrer designed to 
acconrtnodate  he sj~slstems approczch to reachiug and rhe 
orgunizcltion t/zat ~ ~ . o h e d  lo increase teachitzg ef'ficielrcj. 

The first requirement of a systematic approach to 
teaching and learning is development of learning objec- 
tives. After objectives have been established, teaching 
strategies can be designed for efficient student learning 
and minimization of costs. 

Integral to a systems approach to teaching is physi- 
cal facilities. Some teachers have few options for altering 
physical facilities. More options, however, may be pre- 
sent than are commonly recognized. Many colleges have 
audio-visual learning centers; conventional labs can be 
modified without great expense to accommodate audio- 
tutorial programs: partition of time into various activities 
(lab, lecture, recitation, tutorial, etc.) can be changed to 
make most effective use of physical facilities; arid facili- 
ties may be used on a more open, nonscheduled basis. 
Organization of any course will reflect both the educa- 
tional objectives of the teacher and the availability of 
physical facilities. Experimentation with several different 
formats for the introductory course showed that we need 
one large auditorium for a lecture section that meets 
three times a week and a nonscheduled audio-tutorial 
program in a learning center. 

A single large lecture class is efficient for providing 
motivation, evaluation, and some content. A nonsche- 
duled learning center program available many hours 
each week and operated largely by undergraduate stu- 
dents provides for individualized learning and oppor- 
tunities for one-to-one interaction (including tutoring) in 
a minimum amount of space with low labor cost. At- 
tempts to offer small recitation sections on a scheduled 
basis were abandoned due to the work required to main- 
tain a crop of continuously changing teaching assistants, 
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Figure 1. Activity Areas of Learning Center: 

(1) Entrance and coffee bar lounge, 
(2) Resource store and storage, 
(3) Audio-tutorial, including tutor station (3a) and 

display table. 
(4) Wet-lab, and 
(5 )  Multipurpose area for independent study. A-T 

expansion. etc. 

large expense, and poor timing of the activity. Students 
were encouraged to use the learning center for discussion 
of course content and exams. I believe that giving stu- 
dents responsibility to initiate discussion and ask ques- 
tions whenever they wish in a learning center, promotes 
effective and efficient learning. I hope the system teaches 
students to be more responsible for their learning and to 
become more independent learners. 

A Center Designed for 
Systematic Teaching 

In 1974 a learning center facility was designed and 
built to satisfy the physical needs of a systems approach 
to teaching (4). The center has five major activity areas as 
shown in Figure I: 1) entrance and coffee-bar lounge: 2)  
resource store with counter for dispensing and checking 
in materials, storage and retrieval lockers, and some 
work space for making displays: 3) audio-tutorial learn- 
ing center with tutor station (3a), and a display area 
(along the right hand side); 4) wet lab: and 5) multi-pur- 
pose wet lab for special projects, informal meetings, and 
expansion space for audio-tutorial activities. 

The counter of the resource store is the hub for acti- 
vities (Fig. 2). A wide variety of materials including tapes, 
slide sets, reserve reading materials, etc. are checked out 
and in. Students can sign up at the counter for noncredit 
activities such as field trips or plant propagation mini- 
courses. The attendant is available for tutoring, and 
phone calls are accepted. Two undergraduates are sche- 
duled during the busy hours to handle the full range of 
activities (tutoring, refilling reagent bottles, replacing 
broken equipment, providing supplies and equipment to 
special problems students, etc.). 
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Figure 2. The counter of the resource store is  the hub for using 
fhe  center's services. Storage shelves line rear wall and coffee-  
bar lounge is at  right. 

The storage and retrieval system is a uni.que feature 
of the resource store area. Mobile storage lockers hang 
on a wall rail and can be moved about to dispense or col- 
lect materials (Fig. 3). Only lockers needed for courses 
currently taught need to be stored in the resource store 
area. A small storage area therefore can serve a large 
number of courses during a year. Variable shelf spacing 
and a wide variety of storage containers promote efficient 
use of storage space. Materials for a course are stored in 
chronological order of use to facilitate retrieval and stor- 
age. Shelves and lockers are labeled to effect accurate 
replacement of any shelf at any time. 

Figure 3. The wall storage lockers are moved about on cart at  
right. Note variety of shelf types and storage containers. 

Locker shelves are used to store both supplies and 
displays. For example, a tray fitted with a colored card- 
board forms the background of a display showing granite 
and the common minerals in granite (Fig. 3). The display 
is stored and used as constructed. Standard laboratory 
supplies and large equipment are stored in the wet lab 
storage cabinets where they are used and shared by sever- 
al courses. 

A notebook has been developed, with written corn- 
ments and colored photographs. giving instructions on 
how to set up the center each week. A color code system 
identifies all materials associated with any given learning 
center unit. This organization reduces the labor needed 
to set up and take down the center each week and re- 
duces loss of materials. An undergraduate assumes this 
responsibility. 

The audio-tutorial area is shown in Figure 4. Low 
carrel height provides a feeling cf openness, and the 
tutors can observe all activities. Plants and pictures make 
the learning environment attractive. Beauty of the center 
is also enhanced by the use of yellow, brown, orange and 
blue panels, shelves, and storage cabinets. Figure 5 
shows the modular display table of the AT area. 

The wet lab area (area 4 of Fig. 1) is also equipped 
with modular-mobile con~ponents. Lab bench surface 
height is alterable, and the modular concept permits 
rapid arrangement of lab work surfaces. shelves, tack- 
boards, etc., to accommodate changing needs (Fig. 6).  
Upper level storage shelves have flipper doors for easy ac- 
cess. Shelf surfaces are easy to clean, and plastic shelf 
covers protect work surfaces where acids are dispensed. 
The oven on the right is on a mobile lab cart that serves a 
variety of uses. Shelf height and types of drawers used on 
the cart are variable. The cart and a mobile table are 
used to create work space in the center area of the wet 
lab. 

Flexibility for using space is an outstanding feature 
of the center because wall panels and partitions are mov- 
able. Perimeter plumbing, gas and electrical service, 
along with electrical service from the ceiling with power 
poles (see Fig. 4), leaves all the interior space "open" for 
rapid rearrangement of partitions, etc. The sinks in the 
wet labs can be disconnected and removed. On the other 
hand, there is stubbed-in plumbing for three sinks along 
the display table wall. The center's space could be quick- 
ly concerted to a research lab or office space for faculty 
or secretarial services. The center is frequently rearrang- 
ed to respond to changing needs. Some of the wall panels 
have one side that is a cloth-covered tack board, useful 
for posting exam results. notices, pictures, instructions. 
etc. 

Mastery Learning System 
The mastery or competency based learning system is 

designed to maximize learning of the objectives. Its 
essential features consist of 1) communication of objec- 

tives to students; 2) varied opportunities to master thk ob-- 
jectives, including reading assignments, audio-tutorial 1 
modules, assigned problems, tutoring service. etc.; 3) 
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Figure 4. Audio-tutorial area. 

feedback in terms of two self tests for each audio-tutorial 
module; 4) opportunities for remedial learning which in- 
clude virtually unlimited access to materials both in the 
learning center and the audio library of the main univer- 
sity library; and 5 )  summative tests to establish degree of 
mastery or grades. 

Summative tests are given twice - once on Friday 
and on the following Monday. The higher score of the 
two tests is used to determine course grades. The pro- 
gram is a modified mastery program in that there are 
only two opportunities to take summative tests for each 
unit, and students are not required to master current 
units before proceeding further. Grades are given ac- 
cording to a straight scale. Normally 50 to 60 percent of 
the students earn a 4.0 or an A (based on 88 percent), and 
about 70 to 80 percent earn a grade of 3.0 (based on 78 
percent) or better. Failures are only one or two percent. 
Detailed results of achievement, organization, and stu- 
dent response have been reported (2) (3). 

The Testing System 
A large amount of time can be required to construct 

exams for a five-credit course in a mastery forniat ~ 4 t h  a 
large enrollment. This results from the need to construct 
10 or more exams per term and the desire to have exams 
without errors. (Making corrections is difficult when 
there are several sections taking the exam simultaneously 
and when a significant number of students arrive for the 
exam five to ten minutes late). The Savin 900 Word Mas- 
ter has been used to reduce the tinie needed to compose 
an exam and the time and effort needed to type stencils 
that are error free. 

The bank of multiple-choice exam questions has 
been typed onto magnetic tape with a Selectric typewriter 
connected to the Savin 900. The magnetic tapes are 
divided into 250 records that store 10 to 12 typewitten 
pages or 500 records that store 20 to 24 pages. Each 
question is given a record number to identify its location 
on the tape. After all the questions for a unit have been 
typed onto the tape, the typewriter is put on automatic 
and the questions are automatically typed at 150 words 
per minute. This copy is proof read, and appropriate 

Figure 5. Display table in A T  area has cloth covered tack boards 
to aid display of  pictures. etc. Panels and shelves are modular 
and easily rearranged. 

corrections are made on the tape to provide an error-free 
copy of the questions. 

A printout copy of questions with their record num- 
bers is stored in a 3-ring notebook for composing exams. 
A standard form is filled out indicating unit title, objec- 
tive number, and record number !'or each exam question. 
The typist uses the standard form to select the proper 
tape and location of each question. The typewriter stops 
after a question is automatically typed on the stencil. Thc 
tape is advanced to the next appropriate record and the 
process is repeated. For the typist, less tinie and effort is 
needed to type exams. For the instructor, less time is 
needed to compose exams, stencils need not be proof 
read, and exams are error free. 

The content covered on each exam has been stan- 
dardized for the past several years. This has produced a 
large number of "old" exams that can be randomly selec- 
ted when students are sick, etc. Make-up exams are 
given. graded. and recorded by the tutors in the learning 
center. 

Record Keeping System 
Machine gradcd exams are given during lecture 

periods. The machine graded score sheets are coded by 
exam number before exarns are given. Upon complelion 

Figure 6. Corner of wet-lab showing modular nature of shelves, 
work surfaces, etc. The lab cart on right is used for support of 
equipment, storage, work surface. etc. 
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of the exam, the scoring sheet is turned in, and the test 
questions are retained by the students. Answers to the 
questions are provided in the lobby immediately after 
exams so students can score their papers and determine 
their grades. If they want to improve their scores, they 
sign up to take a different version on the following Mon- 
day. The higher test score is used in determining the 
course grade. 

For each exam paper. the scoring ofice provides a 
computer card that contains the student number, stu- 
dent name. test number. and number of correct answers. 
A computer provides a printout of the student number, 
highest and lowest test scores. and cumulative total of the 
higher scores. The printout also provides a grade distri- 
bution of the class. The printout showing the cunlulative 
test scores or grade is posted in the center after each 
exam. Most questions about test scores are caused by 
students' errors in grading their own papers. Placing the 
machine graded sheets in an accessible place in the cen- 
ter enables students to check answers and virtually eli- 
minates all questions about whether or not the test scores 
recorded are accurate. At the conclusion of the term, a 
printout lists students' names alphabetically with ail 
exam scores for the term, the total number of correct 
answers for the term, and the computed course grade. 
This past year a soil science senior operated the com- 
puter record keeping system. 

Cost Considerations 
The original introductory soil science course had 

four lectures and a 2-hour lab each week. Graduate 
teaching assistants taught the labs. An enrollment of 500 
would require about 5 teaching assistants. Now one TA is 
used for managerial functions, and the remainder of the 
labor is by undergraduates. Since the salary of one TA 
can provide 40 to 50 hours of undergraduate labor, labor 
costs have been greatly reduced. In addition. 80 percent 
of the course content is now taught in the AT center as 
compared to 20 percent that was taught in the lab pro- 
gram. The total labor cost (including salary of lead teach- 
er) is about 'A of student tuition. 

Labor costs can be reduced further by offering 
several courses in the AT center at the same time. For 
example, in the winter term 100 agricultural technology 
(2-year) students taking soils ride "piggy-back" on the 4- 
year introductory soil science course. For 7 of 9 weeks 
topics are similar. and the agricultural technology stu- 
dents use the same displays and wet lab equipment and 
supplies as the 4-year students. This arrangement has 
saved the cost of one TA for the uinter term. Further. the 
agricultural technology students are from 3 areas, each 
with its own AT tract (turf, floriculture. and landscape 
nursery). (I). The separate tract option has created more 
student interest. The tracts were not feasible with the 2- 
hour lab format because the soil science TA's generally 
lacked experience in these areas. 

An AT center can be created for the same cost or 
less than a typical chemistry lab. AT centers can reduce 
the number of scientific instruments needed because stu- 

dents work individually. High-quality AT equipment 
should be used to keep repair costs reasonable and en- 
able the AT center to operate at maximum capacity at all 
times. 

Student Teaching Opportunities 
The opportunity for TA's to reach a lab section is no 

longer available. One TA, however, gains exposure to 
and experience with all phases of operating an AT cen- 
ter. Graduate students and undergraduates are given op- 
portunity to engage in optional teaching activities such as 
field trips and nonscheduled mini courses on any subject 
they desire. 

The limited teaching opportunity for graduate stu- 
dents has been offset in part by creating a small section 
of the introductory course for all interested graduate stu- 
dents. They have access to all facilities and materials (AT 
center program, exam file, lecture materials). Handling 
the lectures is not unduly taxing as they visit the lead 
teacher's lectures, and there are only 1% content lectures 
per week in the current format. The system permits a be- 
ginning teacher to concentrate on classroonl manage- 
ment and student interaction vs. program development. 
setting up labs, etc. Three graduate students have made 
use of the opportunity. They receive no pay but the ex- 
perience satisfies the teaching requirement for advanced 
degrees. 

While fewer graduate students are actively involved 
in teaching the introductorj course, about 6 undergrad- 
uate students are involved. They greatly expand their 
knowledge of the subject, have opportunity to develop 
conimunication skills, and gain a valuable perspective of 
the teaching profession. On balance, rhe current format 
provides greater opportunity for students to receive 
meaningful teaching experience. 

Summary and Concluding Comments 
The major organizational changes resulting from 

ten years of experimentation in a large enrollment course 
have been described. Originally the goal of experimenta- 
tion was greater student learning. Later, the goal was 
more efficient operation of the course to accommodate 
an increasing enrollment. Both of these goals tended to 
produce an organized mode of teaching. 

Student response to the changes has been favorable. 
Teaching cost per student credit hours has declined due 
largely to substitution of undergraduates for graduate 
teaching assistants. More satisfactory opportunities for 
student teaching are now available. 

The role of the lead teacher has changed so that 
there i s  less lecturing and more program development 
and management. Perhaps the major disadvantage has 
been the great amount of time necessary to make the 
changes. During the past ten years I have given up field 
research and serving as major advisor for graduate stu- 
dents (except for a few involved in teaching problems) 
and have devoted nearly all my time to teaching and de- 
velopment of 2 courses. Once established, the program 
requires less time to operate even though enrollment is 
much greater than originally. Some released time is used 
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to visit with students in the learning center and office. 
The learning center is an inviting and informal environ- 
ment where meaningful interchange between students 
and workers is nearly always possible for any slack time 
or needed diversion. In a sense, the learning center is also 
a social center. 

Changes in course organization are continuing. Cur- 
rently, the colored slides used in most of the AT n~odules 
are being eliminated due to the high cost of colored slide- 
carousel tray management, and maintenance and repair 
of equipment. The equipment is also noisy and provides 
unwanted heat. This change is expected to create certain 
educational advantages as well as reduce costs. Some of 
the colored slides of the AT program will appear as black 
and white photographs in the study guide. This results in 
a permanent record for future study and reference since 
the photographs will always be available to the students. 
Some of the colored slides will be shown in lectures. and 
more use will be made of colored photographs at the dis- 

Resources 
for Teaching 
and learning 

Wesley J.F. Grabow, Editor 
Jargon and "Term" Dropping! 

A barrier to understanding exists in our use of the 
short cut terminology called jargon that developes and 
builds around a particular field of study. This language 
of its own that is used in publications and other presenta- 
tions may facilitate or expedite the flow of information 
and the understanding of those in the particular field. 
but it really turns off all those outside this fraternal 
framework. Just as many of us can be accused of "name 
dropping." we also can be accused of "term dropping." 
We often communicate for effect rather than for under- 
standing. I'm reminded of the joke writers who number- 
ed all their jokes. When they came together at periodical 
conferences, they would simply toss numbers back and 
forth, and laughter would break out anlong those that 
heard the joke and thought it funny. Those passing the 
conference room thought they had stumbled by the "fun- 
ny farm." This may be carrying the point to an extreme. 
but how many times have you heard a colleague state, 
"its Greek to me" after attempting to decifer a new 
coded language in a journal article. Our communications 
are usually not meant to be top secret, but we certainly 
code them as such. 

Weslej- J. F. Grabow is Dircctor of the International Resources 
Center. 1400 Eckles, University of  Minnesota, St. Pnul, Minnesota, 
55108. He is also on the faculty of the College of Agriculture and the 
Department of Information and Agricultural Journalism. 
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play table and in the wet lab. There should be little loss 
of visual material. It will be possible. however, for stu- 
dents to listen to tapes at more locations on campus be- 
cause facilities for viewing slides will not be needed. Now 
tapes and slides are available only at the audio-visual 
room of the main library. This change in handling the vi- 
suals has also made me realize that a large part of the AT 
tapes were used in association with the slides, and the 
new tapes will be able to cover the content in less time. 
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So many times we fail to communicate because we 
assume that a base of understanding exists in the lan- 
guage we use. Effective use of words in reading, writing, 
speaking, and listening is a major job of any educational 
system. 

Congratulations to the editors of NN&Q, the news- 
letter of Phi Delta Kappa, the professional education fra- 
ternity. Their special research issue, Volume 21. Number 
5, May-June 1977, should be read by all concerned with 
education. According to a survey they conducted a year 
ago most practicing teachers would say "No!" to the 
question, "Does research provide help for the teacher or 
practicing educator?" Of course this is not true, for re- 
search does provide help; but most of it needs to be tran- 
slated. Education, as many other fields of study, suffers 
from jargon. ~esearcheri  develop a technical lang;age 
and phraseology that helps them communicate quickly 
and accurately. Other educators have not mastered that 
technical language; to them it is confusing speech or gib- 
berish devoid of meaning. 

Modeling effects studat leornin cj..." 
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