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i , "Introduction : - ' \;\\\\\\\\\T\\\\\
. . R v . [ . t . Lt . ) . /
Scope of the Research h o ' ‘ - /
During the academic yearﬂi97l71972, a dissertation proiect was'conductedﬁ . .

. ‘. . R ! R
to investigafe the feasibility of teaching material from an introductory
N -
‘course in, operations research on the PLATO III computer—based educaqional ;
I .
e system of the Uniyersity of Illinois. Three aspects of the question of
Y / ’ N

.

' ° o . ) . ] ¢
feasibility were considered: . R o

' '

. . . . . .
¢/ 1. the technical aspect in terms of the hardware and software

which support the PLATO system

.‘" . *

‘2. the operational aspect, in terms of the cap’ﬁility ‘to develop

/ ¢ . -
to teach subig;;/maferial from an introductory course ir operations
¢ = > . Lo
., s researfﬁ - . .

the economic aspect in terms of ih/>costs and/;;z;fits of utilizi;;\“‘\\\\\\

Z i ‘. f
- e - t‘PLATO system.

The emphasis in the research was to develop information relev%ht to the -

¢ -

'operational feasibility of the PLATO system to.teach this type of subject
- \ " material, but the other aspects of feasibility were consider _where- * T
appropriate. ) | )
\ : Throughout the research, various attributes of the PlA?g'system‘were/' N

examined. The méjor character1st1cs of this type of educaﬁional system

- ' -

,explored in the instruct\pnal material deﬁeloped were: / L o
. \

* 1. the ability to pfpvide better individual attention to a student

th:cugh fasﬁer and concurrent responses to studept input




PR el '
3. the ability to p&ovide the student with the computational pOWer
R .
of the computer during a lesson . ‘.
\..L : ", o . . ':/’ . . N . "'l -~ ‘mv

‘the ability to allow a student,tO'workvthrough_aelessoniat h}s/

’ o i owms\ T )
. N - .- - ) o - ’ . /

5. the-ability to ure that’ the student "learns" the cufrent

-

materiél in a lesson’be;;.e moving on to subsequent material

L - L. DRV
o e T . .'.‘, .

o , competence ,{:c“i“agf- : .'f '_:A»' e
‘ 7.3_the ability to present instructional/material in a more consistent
- L L e ‘
e T manner I _»l..v - H,I,,~' , ;
\ 8. the ability to Judge student r sponses in a broader and more
- - . o B \ B ; - v

-

accurate manner S . SR 'f .

. the ability to collect data throughout a Iesson regarding the

e ~ "

o system\\it was attempted to coll

of interest, such as:

1. Would a student's use of the PLATO system to learn operations
research»materi%lrinstill in him a greater appreciation for the
‘\use of the computer and the techniques of operations research_in

aToblem.solving?

- . < 2. In which aspects of an introductory course in operations research
- 5 - . e . ) . - ‘17“77_ e Ta
f" ' can computer-assisted instruction be advantageously utilized?

T e the abflity to accqmmodate students with*varipﬁs levels of S

9. the ability to psovide the student with a variety of visual material

t information relevant to related questions‘




1\ C Ce ‘3§:¢Can an analysis of a student s participation in a PLATO lessonr

N %

'—provide:insight into his problem—solving and decision—making .

;o ™ . : i 2
. procesaes? . ' L . e o

. ' : o b Hhat are the effects of enabling the student to participate more .

»

actively,in the teaching-learning process?
Y o

Tor s, How*well can' @ computer-based educational system handle theJroutine

°

L .‘_,“" L . o typeséof'teaching responsibilities to free teachers—to perform_ more
'« ‘meaningful work? o ' .
‘ 'y‘:i.r)!} ‘ ' - ’ | - . ’ - . ity .
RS g’v . A e . - B N . : . PO
oot Methodology | o
N@ . . . . ) N
K In order to investigate this question of feasibility, PLATO exercises ’

were developed to treat one ofuthb primary topics in an introductory course

e

‘in opera;ions research, linear decisipn models. Initially, a PLATO type

= - e~ OF exercise was developed and administered to graduate students in an

Bl PO ~:’
’ - *

Operations research seminar, BA'AZA, in the fall.oﬁ 1971. This exercise

-
[l

° e o

was a simulation of a PLATO exercise and was designed to observe how

v -
*

students-would react in this type of a learning envirpnment.; o . 8
Subsequently, five exercises were developed on the PLATO system
and administered to M B.A. students who were enrolled in the introductory

‘fug. - coursewin operations research, BA 573, in-‘the spring of 1972. The exercises

°

were developed to present the subject of linear decision models in a
manner which should be readily comprehended by-first year M.B.A. students.
‘\\\Qll the students in BA 573 were scheduled to attend the f£irst ‘ PLATO exercise

to acquai:t them, with the PLAIO system and an interactive computer

environment as well as to teach them the subject_matter presented in this . ¢

- e . . ¢ ) . ) b - b
é> exercise. B ‘ ' '

g
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" exercise was designed to provide the students ‘with a review of a basic _\

-

4 - .l N 4" ‘y ,
. o ) 3 \‘ . ‘
..\ \ - * X N . -
»
The. next three PLAIO exercises were administered "to controlled groups w o,

- . y oL e

_ of studénts as a homewogy assignment and the remaining students here requested

- De 4 \ .
to complete‘a.compafable PLATO type of homework set, Tests.were given to s

c:\«ﬁv.‘:.‘:m

examine a‘student s understanding of the m%ferial presented in the LATO

exercises and homework sets to determine if differences in learning 'ccurredr
i
. ) e - s
between the PLAIO and non-PLATO groups. : : SRE o

. The fifth PLATO exeFfcise was offered to all thHe students in BA 573.\\ is .

~e . . a . . ,_\,"\'
approach for solving linear: programming pfoblems. The approach had been #»
presented previously in lecture-discussions and textual material for tie

course, but the students had dembnstrated a relatively pooréunderstanding

. . ) (S N i
of ‘this approach on the mid-term examination. Therefore, the fifth PLATO : \\

- *

*

) . L . . - : ¢ » . o
-exercise was developed to enable students to review this material before . \

. the final examination was given. - \\s ‘ ) ' - \\

.contlusion of each of the first four- PLATO exercises to obtain the

During the implementation of these‘five PLATO‘exercises,tan effort . ' \v

. : SN L : - : :
was made to collect as much as possible of theobjective and subjectjve ta ' _ \\\

9 [y

available concerning a student's performancelin 3: LATO exercise and his - ' \\,\ .

reaction to this type of teaching medium. In addition’to a istering the ‘

tests mentioned pri;iously, each/PLATO session was monitored t observe the -

reactions of students andidata tapes we:e -prepared wh1ch contaiped all student ) r
3 o . . " }

responses in an exercise. -Questionnaires were distributed to students at the T

Pl

N

students' opinions of the specific exercise and the PLATO type of teaching ‘ . f;

_medium. An attitude survey was distributed to all the studentg in BA 573 . . f

\ e . .

®,

prior to.the completion of the/éourse to collect data relevant to their‘v J

.y
-

attitudes about computer-assisted instructidn and £he capabilities of the o R

b
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\ ‘ "§,~ : Summary of Reéulce . -
'Imtreduction o ' : L o o B -.‘ﬁ
s Throughdut the disSertafionfproject,data maS'cellected re12vancn£o the‘
' : 9 * ' : . - N .
. design and implementation of the PLATO exercises. Tme:significant“reeults
’ realized‘ihjthiseﬁiojeet/wili be summa;ized ip'this section and groupediinto
.ahe followingicatego:ies: : . |
. ‘ 1. develppment of educational material /
. ’ 2. Eechnical‘feaeibilie& of the PiATO~system _ )

3. operationalvfeasibility'ef'the PLATO system

y 4, economxe feasibility of the PLATO sysgem
N "

5. indirecx.benefits reallzeg.

g (o
.‘\\‘,/ v

Development of Educafional Material

%, . ) °

_ . ' ¢ 3 | -
! As a result of this research project, five exercises have been.developed

on the PLATO system which can be used to complement an intréducto:& course.

. . ) , . ’
T : ’ L] IS

in operations'research.'vTable 1 summarizes the amount of’edUcational material

-

developea and presented im this research effort. ' . /

o 7/ ' . TABLE 1 R K

Summary of Educational Material Developed and ﬂresented

. "Students in Average Lesson  Student Contact
* PLATO Exercise Session Attendance . Time (minutes) " Hours
1 ' . ' - 43 ,* 49.5 . 35.5
' R - 15 -, 38.9 o 9.7
: - e 10 - 44,2 . .- 7.4
. o L N3 13 60.7 13.2

- Tt 4 S 5 - . 62.4 . 5.2 -«

R 2 o A 15 - : 39.3 - 9.8
I 2 B B S 17 F T 4003 R T 114
S AT s Tt 13, -, 42.9 943
o o 5. C — .32 ’ _ 92.6 \49%4
- CL DR U | R I ¥ § . -95.5 . v 17.5
| T R S N 85.2 . 15.6
v Ty 3 16.3

10 o 97.‘5 ’




I» ~-j o : . e : = - .
Mjhﬁw Thus, Lt,can be stated that ‘the students in BA 573 collectively worked on the-'

. / o .

‘ PLAIO system approximately 115 ‘hiours as a part of this research effort.' This.

~

figure is composed of the total student contact hours on the PLAIO system

‘for each of "the’ fiVe exercises.
.\ 5 ‘ ’ : . .
The. number of'lesson hours of instructional material prepared in this

il n >

researqh is a little more difficult to determine. Table 2 which follows f_’

- e \ .

presents the data relevant to the number of these hours.

. - .
.. ‘1" ‘\.! . o

0 . B i

P 5 TmmEz o T
R § ‘ ' v
Number of Lesson Hours of Instructional Material in the PLATO Exercises . . .
x - Average Completion Range of Completion Times (minutes) i
PLATO,Exercise Time: (minates) . - 3 Low - _ ., = -High ‘ T
SRR L T R
2 S0 39%.3 L 30 55 . B
A p 40,3 22 T 59 0 L ST
L 4 o 429 S 28 . , 54 0
.5 S 92,6 460 T 134 ]
. i : ) ! ' ] ) -
totals (minjfites) 274.5 - - ' 180.5 " 392, s
totals (hours) 4.6. L 3.0 T '6.5 . .

o
/

The above data should be interpreted on the high side for several reasons.

o~

. - s

First, for each exerc1se, there was at least one student who d1d .not complet"

L4

¢

-v»—44;and who' would have ratsed the average completion time if time had been
) r’-
\

T

available for him to complete the exercise. Also, the times recorded on

,tape prig}/ﬁﬁbw only the times fox student responses. Thus(/jhe times

‘Y rbported for each exercise are based on the time,until the student s last

N f '
‘response in the exercise. Each exerc1se concluded with some summary narrativ

: material s0 the exerc1se continued several minutes beyond the student s,
T b

V:f’lastfresponse. An additionaL consideration 1s that the t1me aLlowed for

., .

<A,

' }a PLAIO eéercise should provide for about ten minutes of startrup time to

\\ B r,
acquaint the student with the PLATO system and to introduce thexexerc1se~ o

- Ly -




s - : - 3 *®
. The five lessons. developed for the.PLAlO system covered only part S ,
of the material normally presented in an inﬁroductory course at ’ '-‘ »
?research. In these exercises ‘ﬁlany of the basic concepts the field of 1‘%‘-.‘,“ _‘
- operations research were- treated in‘géHEral and the sub' vof linear ‘
deci81onwmodels was. presented'in greater etail. ‘The following list of ‘ .. e
topics summarizes -the specific material presented in these exercises. "
; ( flt.-concepts of a: policp, behavior and utility in a decision—making T
X Ed
- situation and.their representations verbally, symbolically and with- '
mathematlcalaabstractions fi o . !f ‘ o | : _bu
2. basic concepts of modeling and. represen#atiOns of models with . .
- algebraic, 1nner product a‘dkvector notation g
R .general capabilities of the digital computer "- - . E
] 7 ';1 basic concepts of vector algebra and ve tor operationshsuch as, T
‘f'”%l‘ ’ additlon, subtraction “and multiplicatioL‘:f":f- : '-;7 - ; ,feffi‘:Tf‘
. 51 basic concepts of matrix algebra with dn emphasis on dimensioning ‘
‘.', of matr1cEs and matrix multiplication’;_*’ - _,'; | {. ;
or_‘generaliconcepts of the-technique of lmnear programming with . o
,: .speCial emphasis on the aspects of:’ ! | :'
‘ v . . L
& ¢ rthe matrix representation of the cdnstraining }quation Ax = b
. b. verbal descriptldn of the policy and behavior sp ces and their .
., - mi/ﬂ basis vec;ors ) \: . j ! o »k
/ ot ’ .

7. introduction to the information geqerating capabilaties of  the i

N .".’—‘: .
- - . : Lo
. . . P ' |
, Co . . 3 |
> i o . .
.
.
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"Technical Feasibillty of the PLATO System*

.

" In this research effort the techn1cal feasibility of the PLATO system-,:
was assumed to exist. This technical feasibility is measured,.in general, ,
. ’ I . ."'
’ by the capability of the hardWare and software available in the PLATO system. S <

> -

'The\e 1s no- doubt that’ capabil ‘Iﬁxists 'to develop lesson material on '}‘ AR

“r —

the PLATO system and to have students 1nteract with ‘this material on the e
Tl .

PLATO system.a However, in -view of the author s‘recent"ex\erieace on the

-

PLATO system, a few remarks\about the technical feasibility of this system
‘ . T~

'4 are in order. ’ _ o ' . . : \\4;‘\\\\;;h\;\f- o
. » ' | e . : : e 27
In general the hardware capabilities of the PLATO system are cons1dered I

- A K

'adequate. The PLATO author and' student do not come into direct contact with

" all the phy31cal components of - the- system, so - only the relative items of

s hardwate will be commented\upon in th1s discussion.' The primary piece of

hardware to’ the user of the PLAIO system is obViously the terminal. In _
-general the terminals used on the PLATO system are good devices for viewing =
. 1nform§ti0n;and forbkeying 1nformation into the system.' However, these _

,terminals are old and h:ve'had many.contact'hours»of.use. Condequently, the e
\'viewing screens of the terminals somet mes behaved inla manner comparable o

o Y ES

to the way a picture tube in an old hlack and white televi}ion set does.

. There are times, for example when 1mages fade, gqt distorted are too dark o ﬂw
. |)‘ : ~ : o 2
or are too light. The keys 1n the keyset may stick at t1mes, alsomf' : .

0

is: believed th\t perhaps the terminals are,not maintained as well as they

K

. R , S :
A should be since the 1mplementatlon date of.the PLATO IV system with its new

s
. e

v . . K . - . -
. . . L .

o terminéls is 1mminent. -

RUTEY t&he other hardware component of- the PLATO system which the user’is most e

" . ) \ A
: directly concerned with is the' compute/. ‘During thé author's work im this

)
! ’ i . -~ [ L. .



,. -9- ' .
research effort thﬁie\were several instances of systems failute attributed to

.

\ . .the computer when he was working as an author, but none when students were
orking on exercises on the system. Like the terminals.—the computer is old

~in terms of design and hours of use. It is presumed that/&he computer and ths<~_

terminals for the PLATO IV system will alleviate most of these problems
-ﬁ v

¢ \because of their newer design gud improved capabilicies. Despite the few

]

ca system, it/is the author’ s belief that the hardware fon this system was , F\

C e proble zjcounﬁered with the operation of the hardware for the ‘PLATO ;ll

v

N .entirely adedhate for the preparation of the lesson material and the student

participation in the exercises developed in this research effort.

fo

o - The other major aspect ,of _the PLATO system which rélates to its -

.

technical feasibility is the software. 01In general, the writer considers ‘the. .-

.. Co sgftware for the PLATO system to be very good. The TUTOR language appears to.

' ‘be a versatile and useable compiler level language. Its set of commands providefwf?)//

Pt

an author w1th the abil%ty to display and sequence instructional material in

L]

.: e B variety of ways. The author learned to use most of the TUTOR commandSwand

c Ve t

has come to appreciate the capabilitics of the TUTOR language.' There are

~undoubted1y other uses of the TUTOR commands which the writer is unfamiliar .
. N
w1th which can be used/to present instructional material ‘more effectively -and

efficie cly. However, if/has been the writer's experience that one does not

.’

become ighly proficient “in the use of a programming 1anguage unt11 he has

) th\the language. . ' Ty T ,:24
. & /’//'
R The\TUTOR language was developed pecifically for the PLATO computer- T

/

based educational system. Its set o commands were designed especially to
d}splay instructional material, sequence instructional material and evaluate
v - : . .

d L4 o : . )

.
o,

VR
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N\
responses. .Therefore, it is the writer's ‘opinion that in developing lesson

material for a computer-based system it would be more efficient and effective

¢

to use a specially designed language such, as TUTOR than commercially
. 3
available languages such as FORTRAN. This indeed must-have been the thinking

" of PLATO's'techniéaf staff since TUTOR was ‘designed to replace FORTRAN as

k 3

the primary user language on qpe PLATO system back in 1967
Y T

' s

However. in the deve10pment of the PLAIO exercises for thia researéh/

N \ o

effort, there were some aspects of the TUTOR language thcﬁfcaused problems.
// - " ‘

Specifically, the available commands to bgiid’ﬁncomplicated response judging

routines for verbal answers did not appear to, be entirely adequate. The
biggest fault appeared to be the judging of correct student angwers as in-
correct. It-is primarily the author's responsibilitytto designate the

acceptable responses tor a question, but it becomes quite a siaeable and ,
. complex task to designate for every acceptable word that, say, its plural
form and all reasonable synonyms are acceptable, also. If commands could be
developéd which allowed the judging for verbal responses to be more flexible..
then TUTOR would be an even better user language. _'

The other major aspect of the software of the PLATO system which a
user frequently comes in” contact with, - although indirectly, is the Operating
sysgem/”Thisﬂset of programs allows an author to go from author mode where
he develops new lesson material or modifies existing lessbn material to
student mode where he.can interact with the lesson material. In this
reSpect; the operating system for PLAgb appears to be excellent. Existing ‘-
. TUTOR programs can be rev1sed in a very expeditious manner. In the,authorv
mode, the set of commands for the program i8 viewed By the use of very

i

simple procedures, a command can be deleted, revised or replaced or additional
. N

‘; . - ' - ,- 14 | » ° : .\
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commands can be added to the program. Then, an author can- go dirfctly to

student mode and test the changed p;ogram. This interactive type of p‘ogram

L - -

. ~modification makes the use of an author's time, much more efficient than if
- T
program changes_ had to»ﬁe made through some type of batch processing system.” ’
. 7

T The above/remarks were intended to substantiate the’ assumption that the -

PLATO system is considered technically feasible as a medium for developing

° k

educational materia;/and presenting this material to students. The hardware

¥

- . .
N ¢ - x - °*

.
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0 - s

Operational Feasibility of the PLATO System ~ . - _Lﬂ;

~1. Introduction , i ("\“b- _ A . ; 7

The major question to be answered ‘in this research effort was could

*

\
operations research. Throughout the research,hvarious ways were used to

the PLATO system be used to teach material from an introductory course (%

collectvdata relevant to this questfon. Several methods to collect objective ‘; )

data were attempted, such as, tape“prints of student responses during a PLATO

-

‘exercise, graded homework sets for the non-PLATO students and tests administered
to all the students over the subject material presented in the PLATO and
homework exercises. Various ways were used to collect subjective data, also,
such as questionnaires, attitude surveys, observations of students during a.

PLAIO'eﬁercise and personal discussions with students. The‘results_of the
“gata collected relevant to the operational feasibility of the PLATO system

will be summarized in the suCceeding sections of this report in terms of the

i .
[

objective results and the subjectiVe results.

\ K . P
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- 2. Objective Results'" o b
The objective reSults realized in thia study regarding the operational :
feasibility of the PLATO ayatem to teach material from an introductory course
. FeS .
in,operations research. wiil be aummarized in terms of:
N ‘e . ' ‘
’; 1, the test scores realized in PLATO relathd tests: by etudente participating o
. in the PLATO exe’ciqes contraated to the teat scores’ attained‘by the -
" "‘studbnts who did not participate\in the PLATO esercises’ = ...
' A [
;VVfZ.f length of time necessary to complete a PLATO exerciae in contrast
: o * s S
v to the length of.time necessary tb complete a companaﬁle homework .
/ ’ . N e S ”
A T exercise. . . A o \
The'mesults in this research indicate tha{/ the students who participated
“ in a PLATO exercise scored higher, in general, in the related text than did
. \
students who did not participate in the relevant PLATO xercise. TABLE .
3 ::;éarizes-the results realized in these tests. ‘ B
' ., Summary ‘of Results «of PLAIQ;Teats
- S _
) I ‘ - 'PLATO . non=PLATO '
PLATO Test . " Question Group ‘ Group Other
’ .1 | - 87.8 - 80.4 82.2 - -
. ; r - - - 21.5 20.4 - 19.7
) Ce ' . . . . 2 4807 o 39-1 ) 02
' - ' 3 7.7 z\Y.9 /,//3{3
. 2 LY 83!9 8 . "/// 9105
3 8709 " 0.2 - 69.8
4 46.8 . 43.0 .
"1 11,2 11.1
) 2 10.3 7.4
, 3 12.4 10.9
’ é . 4 - 7-3 9-8
5 5.6 3.9 =
| ) s L . [
| . ‘
\ A"
A\ '
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quee%ion most directly relate to the qtestion

)

of the PLATO system. The students in the PLATO-E?

about 24 percent higher on, ‘this- estion than did the students who did the .
K set and about:42,percent betﬁer than the students who

Furthérmore, a statistical interpretation

ot these results indicates that a t—teet of the difference of the mean
score 6n question 2 by‘the PLATO group and the mean score on this question by
. ) N

the non-PLATO group signifies that the probability of this difference occurring

This t-test was conducted using a standard

by chance was between .02 and .04.°
Aeviation of 3.52 for the~scoree”of the PLATO group on qgeStion 2’;3

standerd deviation of 14.5 for the non-PLATO group'and 45 degrees of freedom.
Questien 1 on test’1 has'des}gned to test how well the students under-
stood the material presente; in the‘homework exercises and."could extend the
use of this materiel based on other materiel‘%reviously presented ih'clase—.

.

room lecture-discussions. On this question, the students in the PLATO group

scored only slightly better than the other students did., It was observed that

on question 3 in this test, the studeqts in the.PLATO group;scored noticeably

\1Qwer”than the students in the other groups did. This question required the

*students to formulate and solreﬁa linear decision problem and was considered

'the most difficult questiopson the test. Therefore,' it could be inferred

3

i7




——final course grades’adhiéved b Atﬁe/studenta in BA”573 support the claim

-~

. homework set or by studylng other material on théir own. !

. -l4-

"

research.mate

gxfnlgeneral, was less than that of the other~students. The

that the PLATO grou//or students in this exercise had a. lower ability to
perform in/this/courﬁe than the other students did. This‘Ihitial PL
contained about’ 28 percent of the students who wéféﬁenrolled in BA 573

’ . ’ . e ..'.':'..:.'[

at the time, but 75 percenf“or the ‘students who'eventually.droppesvthis
_ e , ,

3 e i

course were in this éroup and only 13 percent of the students who received

'A's in BA 573 were in this group. In summary, the results oanLATb'Test l

H

strongly indicate that the PJATO system has the ability to teach material N

, J
- from an introductory course in operations résearch; It appears X@at

‘.i.students with a lower. aptitude for operations research learned this subject

material better in a PLAIO exercise~than the other students.did in the related !

K
PLATO Test 2 was designed to test -the student's knowle ge of the material

N

' presented in PLATO exercise 3 and its related homework set directly. An

attempt was _made topdevelop a test which ¢losely covered the material presented

in these exercises and which would indicate a student s understanding of that /2,///

material. Ag Table 3 indicates, the students in the ELATO group on the// k o

average had about 3 percent higher scores on this test than,did the students

in the non-PLATO group which completed the homewo;k//kercise * The fact

that the students in the "other" group scored higher should be discounted
B . . \

!

e ' ¢

: ;IThﬁet test of the difference of the mean score of the PLAIO group on this -

test and the mean score of the non-PLATO group indicates thdt the probability-
of this difference occurring by chance is between .8 and 1. . This test

was baged on a. st;ndard deviation of 8.3 for the PLATO group and 12.3 for

" the n—PLAED group and ‘upon 46 degrees ‘of freedom.,
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since there.nﬁpe only two students in this group, one who stated he completed
: /
Lo the homework exercise but lost it ahd a'other student whose background was

?/
so strong in this type of mgferial he fel he did ot ,need to prepare for the
. ’ \ L
)I test. Thus, the strongest stqiement which can\be maJe based‘on this test is- .

that it tends to indicate that when this speciﬁic type of material was

presented in a PLAIO exercise and a comparable homework exercise, the students

\

" in the PLAEO group demonstrated on an appropiate\test that thgy learned the

Subject material as well or better as the~students who did not'participate in

‘the PLATO ‘exercise did.
PLATO Test 3 was designed in much the same manner that test 2‘wa9. The
test was developed to-examine the students on the material presented in

N \ L L

PLAT? exercise 4 and its related homework set in a straightforvard fashion.

i€ 3 The results in Table 3 indica;e/tﬁat/the students in the PLAIO group'did .
v%é well on this’ test, buf‘not’as well as the group who completed the homework |
.ém ' /An/anai;;is of the StudentszinJ;he group wﬂich completed the homework

////f/ set disclosed that,this’group“contained about. 64 percent of the students who
/////// ) ;/;gok’fﬁe test, 69 percent of the students who r\ceived A's in BA 573,

63 percent of the Etudents who réceived B's and norie of the students who

received C's. So, t ;\ on~-PLATO group for this test appeared to have a

¥

-/jéfgher percentage 6f the better students in it and it appears these students
. ) N i ‘ R ( .
were able to learn this subject-m@terial as well or better on a homework

. [ .
exercise than the other students did on PLAIQlexercisebnr by other means.

Nevertheless, thé results' on this test, also, tendfto,indicaﬁe uﬁ‘t

. :‘ }u
students can learn this type of material through exercises developed for *F .

Ll

o the PLATO system. Moreover, the-results suggest that for the type of

material presented in PLATO exercise 4 a well ‘structured homework exercise
\ : Y .
was also a very good teaching instrument. o

. - . ¢ . \
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The fourth test used in this research was the final examination for,

BA 573. This test ‘was designed to examine students on their knowledge,ef

T ’

"fhefinitions and préblem'formulations and solutions over the “entire range of

e

materjal presented inﬁBA 573 during the/semester. Therefore, only'questions

/
3 and 4 on this test/related/directly to the material pyresented in PLATO

-exercise 5. Question 3 basically required the students to identify alternative

solutions in}a linear programming problem through_the change of.ha&is‘pro‘_m__-_ﬁ

'-cedure. This question\was designed to examine the student very closely on
" the material presented in PLATO exercisé!S The results on this question as -

depieted~in Table 3 show that students in the PLATO group off the average

>

received about 14 percent higher\scgres than did the students in.the non-
. \ — . o

PLATO group. Furthermore, when the\results\aEhfeveg\Ez\these groups of . i;f

studen p on this question are contrasted with the scoresTaEEi- ed by the

same groups of students on the prigr question concerni:g/iheésalution o
linear programming problem on PLATO Test 1, the result attainedvby the

PPATO~group on this question on the final examination are even more impressive.

. .
3 . . L e =

_Table 4 which follows summarizes the performance of these groups of students -
\\* . ¥ b . . . .

on the two test_questions which related to the formulation andtsolution of a

" linear programming problem. ‘ ' : -
TABLE 4 - I 8 T
* o .
Summary of Performance on Linear Programming Problems e ‘/f“ .
| ;  PLATO Test 1 “‘\ PLATG// - .
Group Students . Question 3 = . - 4 estfon 3

~ PLATO 2. - : "
. non—-PLATO » 17 . Co v 10.9 \
pe I

‘These results tend uggest. that without”the benefit-of’participating,inv,

gxercise which presentéd the generaliConceptsiof linear programmingé:

-
- .

\\ V | Y ‘ A 20 - | A ‘
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the PLATO group averaged:scores’ only 67 percent as high as those in. the non:

o~

PLAIO group on a test question concerning the formulation and solution of a‘

1inearfprogramming problem. After participating in ‘a PLATO exeroise which

covered the concepts of linear programming, the PLATO group ‘on the average

question‘regarding thexformulation and solution of a linearaprogramming
© = . \ . ) . .
problem.** . N

o Question 4 on the final examination n BA 573 required the students to

formulate the problem presented symbolically ,s ‘an optigizﬁtion problem and

te dimensional vector space
C % :

em assigned as homework .

-

to identify a set of basis vectors for each fi

»

used., This problem was an adaptation of a pro

f/_;/ during the semester which the students found very difficnlt ‘to solve.

vPLATO exerciseég would not have directly ptepared a student tg answer

/qdestion 4 on thevfinal examination. Rather if a student fuily understood

- -~

- the concepté of linear programming as presented in.PLATO exercise 5 and -

could extend.this type g& reasoning to:a more complex problem, he would

] -

have done well on. question e An gnalysi

question showed that one-half ¢l6) of the st.

scored five or less-po-'ts on this question and~only two people in the

.non—PLATO group scored \five or iess points on the question. These sixteen

‘people in the PLATQ group averaged 10.5 points o &uestion 3 while the two

*The t-test of the. difference of'the _tean . score of ’PLATeigroup on this -

test question- and the mean score of the non-PLATO ®¥oup indidates tha the™
probability of this difference occurring by chance is betweén .04 and .10.
This test was based on & standard deviation of 12.5 for'the PLATO group
-and 15.5 for the non-PLATO group and upon 47‘degrees of freedom. -

S **The t-test of the difference of the mean score of the PLAIO group~on this
test question and the mean score of ‘the non-PLATO group indicates that the’
probability of this difference occurring by chance is between .8 and ki -

t was based on a standard deviation of §.5 for the PLATQ-g oup and
‘_ the non-PLATO grou and upon 47 degrees of freedom. -

.
o
v

‘; .;' »v,‘ . . .. | | 21 B ] - .‘ . . .:'...—_. | /'V': | |

of the individual grades on this"

hl.'a ' .

-

%
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people in the non—PLATO group ‘who scored five or less points on question 4 B gkp : “i;
averaged only 3 0 points on question 3.‘ This analysis tends to indicate o
that this RLATO group of students learned the basic material in P£AIO .
exercise 5 w;fl as evidenced by their scores on question 3, but did ot

- e . -
P .

have the ability to extend this typa of thinking and perform well on _ . ,
. ,f", . . A ‘

question 4. These results are summarized in Table Sain terms»of the average '
scores received on questions 3 and 4 by the studentsqwho received a score =

-~

of ffve or less poin%s on question 4 of the\final'examination.

[N

- 7 TABLE 5 o
. . . y »\\ L )
i Analysis of -Students Receiving Low. Scores ‘ ot .
: v on Question 4 of PLAIO Test 4 0\ S e ,
. . o \ o Co
Group . Students ~&‘ guestion 4 \ \,-Questidn 3
PLATO e A\ 2.6 * 7 10,5 - N N
‘ non*“PLATO 2 ST 2.0 . 3.0 ‘
The results on this test, also, serve\to ‘upport the conclusion that it is © | yr'
v,operationally feasible to teach material Jfrom.an introductory course in o o }vt:

operations research on the PLATO systen. In ge\eral it can.be inferred fron

3

the results on this test that the stude ts, who participated in PLATO exercise
S fu f

’J‘-

"5- did ot know the basic concepps 'Of - 17near programming as well as the non—

‘: PLATO group before the ekercise but that they understood thesé«concepts{l o s

1 - +

better than the non-PLATO group after/the exercise. It appearS'that PLATO

\ _ .

exercise 5 was effective “in presentidg some of the bagic concepts of the v
\ .

technique of linear programming. quthermore, thgaresults in Table 5 e : " ':\

S ’\(x" -

suggest that even students in the PLAIO group who' did very poorly on 5. N R

.
-

’-Aquestion é-on,this test, indicating that;they did not have a sound under- .
. “ fa ¥ * V ,'.
standing of the technique bf linear programming,_were able to score fairly N < -

! R . . . -




"'eil on question 3 exhibiting thac they understood some - of the basic concepts

‘, of linear programmlng after they had completed PLATO exercise 5.

"In summary, the tests administered in this research ‘have indicated that

H -

‘ students who p&;tiéipate in PLATQ exercises learn the material well which ’ ¢ -
is presented in these exercises as demonstrated by their sc0res on the f;f;gf?":”g

N ° .

related tests. In most instances, it was seen Lhat these students scored

o

better on the related tests than the students who completed the,homewofk'r'

exercise or used other means'to prepare for the tesns

~

for this better performance bv PLﬁIO students was the-level of correc:

‘exercise. With the PLATO exercises, a student was réquire
*. \ .. S

‘&‘

answer, before proceeding with the nektv

L4 , T
complenting a PLATO exerC'ise was aWare o,

r

v o

nop,

oS ' . ,,- K

,graded homework and corrected wrong . "answers so that they were aware of the

correct answers. to homework questions before they .took the related testshr}{i ‘5:1%
/> o . Table 6'which follows summarizes the student s awareness of thetrerrecé‘ﬁr :_ fﬂ
| information whien he had completed e1ther the PLA$0~exerC1se or the related .
/ o ’ : homework assignment for the three PLATO exercises where c0mparable homework\ ;

- RN N . . . v
sets‘were-develOped. The percent correct was computed by dividing the V.

M ;
-, -’ / -

tdtal correct responses entered for an. exercise by the total responses
¥

‘ N . N . ‘ P

© . .
. L \

required. " L ' . ‘ . . R . .

¥ LY CEN - . : -
- . ) S . . .o n
. . L. . L
. , B , e, .
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Lo Summary of Homework Performance : :
\ , ; o

i
/

PLATO - ' PLATO Exercise Group a Homework Exercise Group -

Exercise = % Correct Time (minutes) % Correct - Timeggminutes)
. - 2 . . 99.2- - 3.3 . - . 80.0 ., 536
' 3 98.9 40.3 . 83.0 % - 287 .
, 4 97 3 42, 9' . 82, 3‘ s ' 7l 0 .

-

The results depicted in Table 6 suggest ‘that students in tne PUh_O group

c0uld have performed better on the related tests because the}ylf

- -

3 greater~ .

- i

Table 6 also. presents the information developed releva t to the average

/

time required to complete a ‘PLATO or homework exercise.

’ knowledge of the correct infzfgatlon when they completed an- ?kercise.

t’is cgntended

o" *
e

[}

.identified in -

S
¥

.

" Table 6 follows. R , : ' f’.
o e " - o y . N . . - -
PLATO exercise°2 was a relatively straightforward lesson, but an analysis '

~
S

5 g of the tape print for is exercise 1ndicates it caused the students some

n £

difficulty because of the confusion surround1ng the fill—in—the—blanks type

questlons and - the routine used to. calculate the value of the studentﬁyear‘ .

o

end portfolio. ‘This calculatlng routine was not meant to sawe a student time

) ( ) -
. in thlS relatively simple problem, but rather. was’ ‘used to degonsﬁrate the ; oo

-t 2

computational capabilitles of the PLATO system. In fact, the value of the :

‘. 2

year—end pOtthllO c0uld probably have’ been calculatedaJust as’ quickly by

‘ . e

hand. Nevertheless, thevresults indicate that on the a%erage the students‘

- . .

) ! .

f'\ required only about 73 percent. as much time to complete the PLATO exercise

- T - “

*as they did tb complexe the coﬁparable homework exerc1se. As Lndicated

. : - -
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this group of students appeared to be: lower 1n ability than the other 1

“

, students, but they scored higher on, the related test. So, the presumption

[

e -
s B R BRIl HOANHTEN S

: .o can be made that for this grqug of - students w1EH‘ ss ability in operations

research, the PLATO exercise prepared them better for the related test in

*

S _ a lesser amount of time than the homeWbrk assignment prepared the other
) _ S .

A AN

group of students who appeared to have more ability in operations research

R PLATO exercise 3 was developed as.an introduction to matrix algebra
- C

‘o u ]
.

and matrix operatibns. It contained a routine which could be called by the

o , . C -4
student to perform:the necessary-Vectoramultiprications. Table 6 indicates

that, on the average, students required 40 percent longer to complete the

) PLATO exercise than to complete the comparable homework exercise. Theftape"'

print for thlS exercise and a summary of the results of the homework exercise

' were analyzed to. determine Why the PLATO exercise required more time than :
‘ the homework exercise. The following aSpects of PLATO exercise '3 weré dis-~y
F ‘.\' . . Or o .
°covered to be the major reasons why the exercise was not comp1eted in less time.

1. Students averaged over five minutes on the lead in question which -

K3

asked "What type of information is necessary to determine capacity?" because

the reSponse Judging routine was nQt flexible enough but ‘on the homework °
. ) : .0 .
coel T ' exercise any reasonable 1tem of information was accepted-as a correct. answer

. , \ :
. . \
vt for this question. For this quest'on, there were 68 1ncorrect responses in-

~

Ed
< 2. A question which asked what e appropriate vectors were to compugp
. ‘, -
wh _— the capacity used in a process1ng Operation required their names and some
. \ PN ‘

'students entered the numeric representation of the vectors instead. The _"
e

':PLATO exercise would not accept tle numeric representation, so there were

[} . - -

. 132 incorrect responses an. this ‘exercise for this question and students
- : . A _ . N

- . : N
25 -
. . .
T . . * . 1] N '

I
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f‘
S were given full credit for .the answef.,35

' ~

R were ngt-required to spendrthe additional.time nqcessa tp;develop-the
o %, . A A\ . . - : .
. Y . .
N -ucorrect answer whicﬁ a PLATO!exercise requires. N S .w/
,‘ . a . L . C :,. o ) 1
’ 4., The averége student required about six minutes xo “use the vector

_ _ . O o 5 L
. e 'ﬂmultiplication routine developed for this exercise and si;7é this was a -
T \ L e

relatively simple\example, the computation could probably ave been done

0

faster by . hand. In‘addition, five students did not bqther to compute the

"f'; answer required in the vector multiplication question in ‘the gomework
. . o8 :

exercise, so their times to complete this exercise would be expEcted to
. [ ' . @ - ”
ower. . X e e s ; ik
be low oy -

v Nevertheless\ the PLATO group for PLATO exercise 3 did perform better*

f -

’chan the non—?LAIO group in the related test. Even though the’BLATO g oup

’

required longér t6'complete the exercise“than the noy=PLATO group-did, there

- % ) . . :
oo were extenuating circumstances. The RLATO exercise required more precise
\ © ) N -
o ) @ . o . L
""answers and@was used to illustrate the utational power .of the PLATO

N

) . o ; > . . ) .
«.+ . system, so this exerWsé understandably took more time for a student-to
R , ./ c - o S - \

complete than the ass ciated_homework exercise. : .
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PLATO exercise 4 was developed to extend the student s knowledge of

'matrix 0peratlons. In this exercise, a routine was develOped which performed

three vector-matrix multiplications and a s//kraction to compute profit.

ane-the student had set up/the matrix represenuation of the profit equation,

DT C .
he could call this routiﬁe to perform the necessary calculations. Thhs, the
Y4 *
answers requested in this exercise required more complex calculations than

- ’

' were required in he prior exerqise, so the' comp ter routine,in PLATO

[ " ¢

’ \ exercise 4 was not oniy illustrative of the computational power of the

‘v‘
~ VY
el

as,a much faster way:to perform the necessary cal- R
\ p
" culavions-than by hand. So, on the'average, the Students in the PLATO group \

\ »~ . L

required only 60 perce t as. much time as the students in the non-PLATO

: , | PLATO system, but 35

group to completeAthis exercise. Therefore, the’ inference can be draWn

‘l‘fromkthe results relate to PLATO exercise 4 that the PLATO group of \

stugénts learned;the subject mater1alvalmost as well as the non-PLATO'group

: (> . : ' : : : [
o did”in copsiderably less time. R . :

. L .
| It is realized that the objective/resultS'att ined in‘this research .

eff rtimust be put into propéy perspect ve. An a tempt has bgen madF to

~int rpret these results in a ational manner based on reason ,le assumptions
but_there isi much informatio relevant to the P ATO e ercisé,

I ! " H
: ) e
; homework as ignments which i ‘unknown. The qu stions listed

kind wnich need answerlngito be certain e resu ts &é lized in this
. g . ! \
oy .
research are: truly obJective ind1cators 133 t e operational feas1bility of s

hé‘?LATO system. v . _" o ’ ' K )

-

1.. Did the studentszactually learn the material pre ented in the

-

- P ATO exercises or*did the exerciaés/merely motivate the to study othér




-2b=
. /7 . . .
.~ material better before the test? § s

2. How much of a disadvantage was it to the PLATO students not to
have a graded homework exercise to review hefore the test?
*.r 3. How accurategly did the students report their fimes required to

LIPS

.complete the homework exercise? ‘ L — 'Y

4., What was the effect on the results that some students received

K

‘and ~gave assistance on the homework exercises? ' X '
h o ‘ <

5. What was*the effec on the results of the authdr s inexperience

with the PLATO system and the TUTOR language in developing effective PLATO

.

egerciges, espegcially the initial.ones?

1 ., The objective results presented in this section were based on the
N . ' L] -.‘: o S L. ,‘ E
‘€ssumptiohs that a PLATO exercise and] its related homéwork exercise
p: ‘A‘. , . . , ‘\ .
" | presented comparable educational mateyial, that the related tests did \

-~

' 'provide a good measure of a student's|linderstanding of the material presented
t . - .

_9} in these exercises and that the.homew k exeicises and the tests were graded R
é in a‘fair and consistentbmanner; tH respe¢t to these assumqtions'and_'
?Iall that is known about the objective esult "in this”researc , 1t should /)//

/ he stated that the evide ce indicates [hat

) Vo ' ' §

8 operationall feasible .
‘ﬁ . to teach'material from“an introductoyyi courge In operations regearch on the ,\.

hf PL&&O system. Furthermore, the result§ sugpest that most studpnts learn

¢ more traditional means of inetrqction.

/

3. Subjective Results

effort to collect the objective data [relevant to the question of tﬁe operational.

\‘, ) i, '— . . , W : ] - .
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P feasibility of teaching material from an introductory course in operations

research on the PLATO sys em, Furthermore, the studen%s who participated in

th:;:}esearch-effort were- agked their opinion of the feasibility of teaching

;
L f s

this type of material on the BLATO system in oxder to collect subjective g W_
information relevant to this question, also. Questionnaires were distributed B l"
to the students who participated'in each of the fir;t four PLAIO.exercises
and an attitude survey was distributed to all ‘the students in 'BA 573 at i
the end of the course. In addition, each PLATO- session provided the author ‘ .
‘with an opportunity to observe the’ students _reactions to the BLATO system

and  to discuss with students various aspects of this teaching ‘medium. There-

S fore, written comments, observations and discussions form the basis for -the L e

- 7/

rd

presentation of the subjective results of this research.

The*§omments to the Questionnaires which were completed by . the sthdents

after the PLATO exercises have been summarized and included a"Appendices

A, B, C and-D. -.It+can be;observed that the majoji y.qf'the's uden
reEurned~questfbnnaires were-ppsitive”in their ‘Yem rks;conce :
PLATO ,8ystem as a teachin% medium. Spme of thf~more signific
by the students are included below ] ) _ o | (;41\ f o' 3'- I
1. It‘causes me to ﬂearn faster because of .the feedback. - - *}&\ N o ‘/

- ’ , l . |
2, My impressions arb entirely positive.,'I like to learn at *y ,1 !

own speed and hav% immediate feedback. ‘ X ~ .
. R ! T I

. i i S
' o _ 3. It's easier to learn concepts this way. -'/ ‘ . N
S . . .

“ . 4. This method is much better than classroom present tj¥ns since the\ 4

-

material is easier to follow. ' o ‘

[
L N , . . T

5. This exercise was more/iﬁteresting than thé conyentional type of

< ‘ . i +
. i -~

'« . - = homework. ' : ‘ - f .

2
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H

(6. "This method Erovides greaten.personal involvement and greater
demands plated on'my learning. =~ “
7. This exercise was very~helpfui and practical. I am impressed
| with“this type of teaching procedure. x \"_' |
These types of comments emphasize.the students' appreciation for some of
the unique charactfristics of this type of teaching medium,

Furthermore, the comments made on the attitude survey which have been

summarized in Appendix E support‘the.belief "that it is operafiqnally

~

. feasible to teach material from an'introductory course in operations.research .

. on the PLATO.svstemf In response to the question on this survey, "What

! T 1 / . .
| Forty=one students marked their :

A\

!

'technique?" alsb su ported the'o

teach£ng techniques used in this course have been the most effective in

L4

your opinion?" .seventeen of the’ forty-two students who regPonded to this

“

question answered "PLATO" Eleven .types, of\teaching techniques were named

by the studentB in answer to this question and the techniques named thq

.

;”Vdst often besides\PLATO were "computer work" by seven students and class\\

p oblems" by s@g‘sAudents. .So, more students in BA 573 considered PLATO

é be the most efchtisb teaching technique used in this course than any.
& ~ B -
odhqr technique. o o, I ' L

: \ o

) . .
I N 2 addition, the maJority of the respons "tovthe question on this
sukvey, "What.is your general impression»of thHe PLATO system as a teaching

/ rational feasibility of the PLATO system.

sion of the PLATO system on the attitude

cale provided for this: question which ranged from u favorable to’ very
vich « %
,favorable. The average ranking was co puted to be very mnear the favorable

"; ~ ) . - " . Lo .‘J. ‘
.position on the_sc‘fef. Also, the m nik& of'the_Written comments to ‘this

) - Y .
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) question were complimentary to the P;AIOxsystem as a teaching technique.

Only three of the forty-one students who responded to this question"oonsidered
N . 8

te

(  PLATO an unfavorable teaching technique. , C o

( \ The other question on this survey which related directly to the(operational
‘ . e

feasibility of the PLATO system'was'"What recommendations would. you make

,,\Tor,using PLATO type instruction in future BA- 573 courses?" Students

B interpreted the intent of this question differently. They considered it

to mean how much PLATO instruction should’ be used in the course - or to

‘I

Awhat aspects of the course should PLATO be applied or how should the
! .
development and implementation of PL TO exercises be improved Whichever

way the student ‘interpreted tire question, his response ‘was favorable to.
the PLATO system in general. The students who 1nterpreted the question
\ .
to mean how much PLATO 1nstruction should be used in BA 573 made the commaQ:s

N

s which related most directly to'the1r opinion about the operd nal feasibility

o of the PLATO system as a teaching technique.A Twenty—six students made

commenits which reflected they interpreted the question to have this meaning.

A

Of the se(conments, twenty—th;ee were positive and three negative toward the

\\htinued use of PLATO exercises in BA 573. The relevant comments extracted

.

_frod'those listed for this question in Appendiva are:

1. increase:its use (11 students) . S -
2. use it right from the beginning of the course (6 students) '
3. continue to use it (3 studerits) , ;o '
. 4, wuse it as much as possible {3 students) - - . Y.
R .~ 5. none (1 student) L . ‘ -
6. drop it (1 student) - C B ",
7. preﬁer an instructor (1 student) g ‘ o

¢ \)t 9

Thusffmost of the relevant information provided on the attitude survey'
" indicates that the students in.BA 573 found the RLAIO system to be an

4

efffective and desirable teaching medium..

o
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As indicated previously, the students were observed ddring each

PLATO. exercise and numerousdconversations were held with them.throughout

the semester to better determine their reactions to the PLATO system. -

| From the initial kLAIO exercise, the writer received the impression that the’

- In the beginning exErcises the students did express some frustration b e

‘.‘Economic Feasibility of the PLATO

- have been made more flexible. However, .as the writer gained experience on ~

(.

,éxperience since it ti d gégethem many of the concepts .of linear prografming B

students considered the PLAIO exercises worthwhile learning Experiences.

q »
they did not, believe some of the questions and directions were clear enough
and because they thought that some of the response judging routines should
the PLATO system.and with the TUTOR language, the reactions of-the students
aeemed‘to indicat thato each suCceeding exercise was an improvement in

terms of the content of the material and the way in which the mati’ial was

\

presented. Furthe re, -at the conclusion of PLATO exercise 5 many students ' 4

commented that they liked the exercise'and considered it a vefy good iearning

for them very well. "\: o j '-, | : ‘. < '_
Thus, it is believed\that the ohjeptiveqresults and the subjective

resu}ts for this research a_e compatible. ‘These results strongly suggest

»

Qtem _

/ . C
Although the primary purpose o this research effort was to develop - e T

)

relevant information to determine th Qperationdl feasibility of teaching
material from an introductory course ir operations research on the PLATO

o\ I

. .
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. system,-some information relevant to the economic feasibility of the PLATO
- s;svem was collected. ‘The determination of the economic feasibility of a

,f' systemqia\based upon aﬁdetermination of the ‘costs and the benefits of the

,”_ i system. Theé® costs of the system can normally be divided into the develop-

" mental or one time costs and the recurring or maintenance costs.- The
‘developmental costs aesociated\with the preparation of exercises for the

. PLATO sBystem are basically a function of an author's experience with the
PLATO system and thelTUTOR language his familiarity with the subject—material
\to be presented in-the exercise%'and the type of educational strategies to- be
sed in the exercise.‘ These developmental costs are generally in terms of the
time an author requires to develop anﬁexercise and the. time the PLATO system

. . . l
is required in the development of an éxercise. ' o o '

:> terminal testing the material at the PLATO terminal a making suitable

ali. Tﬁis author wrote narratives which substantially utlined the material"

to be. included in a PLATO exercise. No detailed record were kept during

be made as to how much time it required the author to develop each'PLAIO "

: exercise. However, by referring to Table 7 an estimate can be mad' of the




. IR ~ TABLE 7

_Implementation Dates of PLATO Exercises
In BA 573 During Spring Semester 1972

}PLAIOfExercise - -~ Date Implémkntedw‘

s

. ; o Y .
*Based on the average completion times for ‘each exercise reported in Table 2.,'
Exercise 1 required an unusual amount: -of development time.‘ Probably

. five weeks of elapsed time occurred between the beginning of thevdevelopment
of the exercise and its implementation. Even though the auchor was ex-,ﬂ , ‘ _

. - - N . 1.
-perienced in the use of computers and other programming languages, there '

fl - v . f.‘,'

was a considerable amount of time required learning how to use the PLATO

¥ -

'system and the TUTOR language to develop suitable instructional material for

BA 573. Referring to Table 7 it ,can be seen that exercises 3 4, and. 5 were

a

each implemented about&two weeks after the prior exeiciée was implemented.
This basically reflects how much faster the : author could‘ﬂevelop an gxercisef

once he had the experience of developing two, PLATO exercisesvbehind Him.'

The best estimate of author development time required to devg;op PLAIO

| exercises for this type of material can be drawn from the results of

R

exercise 5. It is estimated that the authof”pent about 50 hours in the -

B G N

development of this exercise. Therefére, at this stage in the author s

experience with the PLATO system, since exerctse 5 provided 1. 53 hobrs of ' ; ;;Ql?/ ‘ -

» . TN
<

<

instruction, about 33 hours of development time were reguired-to produce

1 hour of instructional material for a PLATO exercisefcovering-aarelatively .



4 PLATO ~system since no charges were incurred for the students in BA 573 who

This estimate .appears realistic when compared to the average develop—

- ment time of 27 hours per hour of instructional material developed wh1ch . _"

3

1 uoted at the PLAIO laboratory by staff personnel It appears that _,-ﬁ"

this igure was developed by asking all authors for a Speleied time“‘;;

~ . ]

period to\report the development time reqdired for their lessons. 'So, . T
this figure w probably based on times reported by new. authors and very ) -
experienced autho alike For the development of everything from straightforward

drill exercises'to—the complex inquiry exercisestoverisubject material which.

'

varied greatly in its. technical content. TheSe‘time estimatesrdo not include

/

the time necessary to properly document a PLATQ exercise 'so that someoneoelse JV

-could understand or modify the exe?hife.

.. .

At this stage in- its development PLATO is considered to be an. experimentalo-

/
system so there are no charges incurred directly for the use of the PLATO

gsystem. Thérefore, the only ‘real costs incurred in this perlod are those -
‘relatedaoo the'time required for an author to develop exercises for.the .
-lPLATQﬁsystem. Likew1se; when the recurrlng‘costs for thesPLATO system are
considered no comment can be made about the charges for the use of the.. ’ =
F ’ ) ' /

participated in the exercises atﬁ%he PLATO laboratory in this-research N

RS ¢ .
effortb«pThe other maJor element of recurring costs,athe amount af an ,
& . '
bx)n) . . . /
”%uthor s time requ1red to mainta1n developed exercises cannot be est ed ’

—

‘”\——‘\' P

’uirements from ‘him can be-:::::> -

identified.. An'author would be required to monitonEachzéggg}OB of a PLATO
. 2 . . .
‘ ~
exercise scheduled for students and make appropriate revisions to these .

exerci\sF based oneslgnificant developments in his field and the PLATO

[y




;into those .associated with: :
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’sYstem, Thus, based specifically on thisfresearch%effort, not,much

P
2

information can be provided rélevant‘to the'direct costs”associated with

.developing and processing exercises on the PLATO system.

. . 4 *
\ However, based on material published by the originators of the PLATO r

program, a- few comments can be made about the estimated operating costs

e

-h.of PLATO III and the proJected 0perating costs of PLATO IV The~cost o

proJections r PLATO IV and the related costs . for PLATO IIL. are based upon

a"unit of’vi ing t1me of - instructional material, a student contact hour.

The 1ndividual elements of cost considered in these estimates are categorized

v

4 ' S AN
. % °
- »

1, central computer facili@y which prov1des the communacation control

o
‘and data processing facility for the system i'“"f;“. .
: 2} computer software systemfwhich:suﬁports.the language.in which_ vv
instructional material is writtenb, " . B
3. student consolevor'terminal.which prowides»the interface between \ . -
. the authorror student and the computer ' | I v
'j4; 'central anagement services which are assoclated with the computer— -
" based educ 1onal _system ‘“' . o f fl_' L :3 .!3_‘ : N
»’5- communicatio aﬁhels which carry the information\be;;een the. .
computer and, e 1ndividualAQLQQEEE\Eerminal ﬂ"f:' ) ;:; ' i
- b.- devElopmentvof~fesson material which is to be presen:ed on the.\ ) i_*i f:’
, o ‘ o -
< - \computerﬁbased educational system. ) o . : - L
'fﬂélcpscs of‘the.current PLAlo;EIf system arejnot-specifie&‘in detail, . ;\\\\i
but it is-suggested'that the operating'costs“of‘the/;LATO 111 swstem'wifﬁ%fhi#\x\\f§f<‘§‘

optimum number of 50 student terminals in use’ range from $l 90 to $2. 90

iper student\c0ntact hour. These- operating costs include charges- for the

»

, T b g . n -
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up to 4000 student~termin§ls concurrently with several hundred * . -
;~‘ o different 1 ssons'avéiiéb1e~for usgqat the same time l.) .

o [
central computer faciIity, studeﬁt terminal and centr l management services.

[N L%

It is estimated that the cost for the deuelopment o software for,the

PLATO III syste:ﬂjybuld be allocated at an additional $.30 per student

v

‘contact hour. ese costs for the PLAIO III system are based on the asSumption

7 4

that ‘the 50. student terminals will be tsed 2000 hours per year to provide‘ oo

_1about lOO 000‘student ‘contact hours per year, f
R These eosts which it is est1mated are presently being incurred on the

APLATOgIII system can be contrasted to the prOJected costs for the PLATQ\IV -

o

system. The features of PLATO'IV,whichvenable the proJected costs per
student,contact hour to bg significantly less are: ' -
"1. the use of a large, third generation computer “which can‘service

i . ) - e
¢ i

. O

Z.f the use of a lower cost student ‘terminal with improved ‘design

, .., e RS
| . . : . o

characteristics
0

Qr' the capability of serving student terminals at remote locations <

[
W

~~Within a.lSO mile'radius‘of the central computer facility at

\!A

reasqgable .costs. ; . . , .
- : ’ . : -

Thus, the PLAIO IV system is proJected o have the capability to

e

~\\Ver -8,000,000 sfhdent contact hours o use per,year throug‘~it 4000
:_student terminals which each can'provide 00 student contact houi:Sof use

l

per~fear. This broader Rase of student centact hours oVer which cdsts can

h//r/for thl§\szfigi\;;$:LA70 to‘be significantly lower than the estimated
'eOperational costs of P I11 per student conta;tdﬁﬁhh\ Table'8 has been

‘ hl

tedgazﬁgfﬁiﬁﬁnger unit costs of the hardware components of the

'PLATO IV s stem cause the proJécted operational costs’ ent contact!'
y hnﬁ//s

-
o

[ . \\ - e . . ‘_ ‘




-

T

ﬁ develOped to .compare the estimated costs for,the current PLATO III system

v

,'.. - |. BRI | s | E -3 ) ". V .

’

and'the planned PLATO IV system. ,
-

The ‘other major element of cost'incprred'in a computer-baaed,egucational

A

system is for the development of lesson material.

¥

It‘is estimated that on’

\

the PLAIO III system this cost has ranged form ¢400 to $800 per hour of °

L2

Qinstructional material prepared.

R )

students who'tooh‘a given~one'hour lesson,Were 500 per year for-fivg;years,r,

rs

b i

It is suggested that if the number of

©o$12. 5 , a charge comparable to the cost of -a textbook.

1

«this cost could:be‘prorated in terms of a charge of”about'$}25 per )

sug est that a fee for-this course for using-the PLATO systemchuldﬂbe ’

)

It has been suggested

that this. type of thinking can be extended to the PLATO IV system as 2

RS

development of lesson material. ;

All of, the~above cost information was - extracted from an article written

(]
»

4

) **method to be considered for recovering the-costs associated with the’

’

S,

-

-

by the originatorg of the PLAIO program in order to. provide the reader with

b7 . THBES L
CiaL T ' Summaryfoi Es;imated“Operating Costs . N \
S of PLATO III vs/ PLATO IV ' :
o ;wa,;\;‘, (per student contact hour)
 Type of Cost. PLATO III PLATO IV
“Gentral. computer-facility - >-$0.11Q':”‘ :
Student “terminal -V $0.18to $0.50,
. Central’ management serqices - $0.03 L
_total of abové operating coats $1.90 to $2.90 $0:32 to $0.64 '
“Computer software. system_ . § .30 . $0.01 T
. Communication channels” - $0.01 : $0.01 to $0.03 ’
. total of all operating costs . $2. 21 to $3. 21 '$0.34 to $0.68

ﬁthe flavor of the type of reasoning whic has been dome rélative Ro determinfng

’




@
_-_-__35" ) »
.M""—“—M- -

. e nn . —— ,‘_.“A._A—‘

- the mic 'feasibi_lity of the'P_LAT‘a‘system. The rese&hﬂ&n%;s /

.

,-3

the subJect of this paper can’ only comment on this economic feasibillty to the

‘,extent‘preViously‘indicated. The reader is’ referred to the article referenced

" . in this discussion of economic feasibility for the,detail'data behind the

quoted costs.l . - L ":: - -t, g : , T

(3

The benefits associated with the use of the PLATO system are, the .

* l
[

i "oﬂher maJor aspect wh1ch must be considered to determine the economic

’ . IS t €

feasibility of the PLATO system. ‘During this research many of the potent1al

0

benefits oﬁnteachlng material/irom an 1ntroductory course in operations

. research on-the PLATO system were ident1f1ed The maJor benefits which it <f

« % ‘ v v p

is believed would be derived from implementing this type of material on. .. . -

et Y o e ..
\

the PLATO system are listed below. They 1nclude"' c o7 e,

n . [
.

1. Students could learn certain subJect material better.

‘

2. Studentsucould learn certain material faster.,

- 3. Students. could bedome more involved in the educational process

a . ’ . ‘,‘, v

' . and moniVated to perform better work

-
. Y

' "‘5S£udents couldjmuxmmnmore awaxe of the capabilities of the computer,

: . N ' "_
eapeclally interactive computing. ¥ .,

5. ,Students deficient in certain subject areas ,could be brought to.
4 - : X . N T ,

a degired level of competence at.their oﬁn‘pace. o L

1 . P / ’ o v - .
6a_~Instructional material could be presented to students in a more

consistent manner. M . : ,

S M
‘1 o

"~ 7. PLATO exercises could be mod1f1ed more easily‘than otherotextual
o -, o
K ~. o . 1

materialﬁcould be revised.

s

@

" Most of these benefits would begif,‘ficult to *quantify, bu

lalpert, D., and D. Bitzef,_Science; 167, 1582 (1970). O .{f*
’ N O,
. °T 3 9 g :
: RV ; ) . °
AN ‘ 0 S ;

X,

T g
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0 nefﬁg which reduced the amount of time )

"required to tgach specific sub ect/ﬁ?rtexi In Cotr sﬁ, it would be very

——

e j5 B difficult to quantify the’ Value of a benefit related to produc_"

MR Py
v ’

quality student. No attempt has been made to quantify the benefits whic -

were realized in the eﬂucational pfocess for course BA 573 as a result‘

of thils research.. Therefore, to conclude~this section 1t should be stated - . -
. " \ s .___(/“"

Indirect Benefits Realized

Uy _

techniques of operations research in the problem—solving process.. The'
capabilities of the computer were demonstrai:id/? the student both directly ;

and indirectly in the PLATO-exercises develo for BAﬂ573:- Aoutines were,_

developed in the individual exercises which demonstrated the computational ' 5(f¢/§§_;”

+ " power of the computer as well as the yalue of subroutines which. could a ;’yﬁ

. perform iterations of calcu@ations{/vector multiplication and a l the

// ’

" ve or-matrix calculations associated.withfa profit model. In the. PLATO
v

| % . L

“exercises, “the student was indirect]y exposed to the capabilities of the

L computer when various types of instructional material were presented and
'various types'of response Judgingiroutines—were\used which demonstrated the" . v
*s N ‘ l- < " . X . o, \‘\\_ e - A

" versatility of the computer. In addition, each PLATO exercise was built

around'a problem situation whicli the student participated in solving'using
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the t chniques of OperatiOne research. - o ‘
Lt ' Therefore, in the attitude survey which the students were requeated

/

. to complete on th last day of class in BA 573. an attempt was made to
gain information about how valuable the studente believed the technigﬁes S

A of operetions reseatch and the computer wouI//be in. solving problems 10\

" o/
In addition; the attitude survey was designed to /.
> e L

theubusiness world.

. attempt dipdetermine

’//ha///these\opinions. Appendix E presents a summary of. the

/
t educational experiencee in BA 573 caused the

. ‘ _'students

" comments and rankings on these purveys. The following femarks

- ® \

_will attempt to’ interpret their responses regarding the \ lue of the techn&queé
d A - .
. . 8f operations résearch and the computer. R

. . t

-ranking on the attitude scale provided for this question was

W;:oximately
midway betwegx a composite opinion of useful and very useful. rthermore, J L.

»

sixteen of the nineteen stude?ts\who provided written comments to this (. \
question indicated a high regard for the capabilities of the computer.

‘The students re ponses to question 2, "How do you foresee using the material
taught in this course in your nesponsibilities asﬂa manager?" showed that

27 of the 40 students commenting anticipated applyﬁng the material taught in -
\ .

BA 573 constructively. Question 3 was Weant to draw ou the student's

I

a ‘opinion about the combined use, of the taols of the techniques of operations\

Y research and the computer in problem solving. In this question, the student
Jo ¢ ,

! i

-Was asked "What is your Opinion about how valuable the techniques of : v -

\
< operations research and the computer will be as ‘problem solving tools in the\

~




| e | \
buoingoo world?” The composite ranking on the attitude scale pro&ided
for thio question was very close to a combined opinion midway botwien

valuable and very valuable. Thgtofote, it io asoumed that'the otud nts S \

attitude towatd Lhese ptoblem‘golving tools hsa changcd during hil.couroewotk

»
“in BA 573. In teaponue to the Quaation, "@pﬁ have the 1carning experiences

’
g

in thia 9outse caused yout tegagd for thﬂ/;omputet and the techniques of
opetationa teseatch ‘to change from what it was befote this course?" 24 ' .
of/the 37 tesponses indicated that atudentn now had a more enlightened attitude

/¢{owatd these tools after having completed” their coursework in BA 573. In,

tefetence to these comments which reflected an attitude change, 21 students

indicated a more positive opinion about using the computer and the technigues

" of operations teseatch fot_ptobﬂem solving. Sin e moot of the students

learning experiences in BA 573 changed rheir attitude toward thoae tools

siightiy, if at all, ~tobéb1y had a oitl{wgood attituio t&gotding the use
/of-thé computer and tgé techniques of‘operation; taseatcn befote they entered
"»~ﬁBA"S73t .ihgtefoté;.it'can be assumed that”the learning,exﬁgtionqgs in

. ‘BA 573 did cause some studontséto appreciate mo:e«lhe‘usé of the capabilities

e ' . G - _ \
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Qu.ltion 5 was designed to de:ormine wha: ‘affect the cgudent 8 expuerience

~on :he PLATO ays:em had on his formation of a more favorable atti:ude

toward these tools. Question 5 asked the student, "To what ex:on: has your
work on the PLATO system affected your attitude towards the use of the
computer and :ho'gléhniques of operationa‘reaearch as probleh solving tools?"

The composite measure on the a:cffudo scale provided for this question

| indicated that the use of the PLAIO»ays:em affected the student's attitude -

* and operationa

toward these tools favorably, in general. Appendix E lhuw; that eleven of

+

‘thq four:een students whd/mndo writcen commenta to this question were very

14

. §
complimpntary to :he‘PLAIO tyge of teaching .and found the -PLATO exerciael

to be helpful in making rhemoaéq;e~df”£he capabilities of the computer and

the :echniquea‘of opetatioﬁé;reaearch. Thus, it éppeara :haﬁ-ihe sujective

eviden&é tends to'indicate that a atudeﬂf'd participation in PLATO exeféisaé'

daveloped for an 1n:roduc:ory course in operationa reaearch does cause
him eo apprcciaee more the capabili:iea ‘of the compu:er and the techniques

of operatione ‘research in :he'problem-solving procesa.

Conclusion oy - P

y feasible to teach subject material from an ihttoductory

Tde reaul T of this research effort 1ndic§£é that it is technically,
. " AR . \E

course in’ operationa research on the PLATO‘syscem. but :ha: this type of

teaching medium is not curren:ly economically feasible. The hardware ada the

software which. support :he PLATO system were comple:ely adequa:e for the

devglopment and presentation of instruc:ionplimateriala For :he'PLATO exercises

developed in this projec:ﬂ':he sJLject students}aépeared to.learn the material

as well or better on the PLATO system and in llesser>amoun: of time, in
e - ouat | .

e
] : : - v

b [
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general, than through the more traditional means of reading textual material
and completing homework aqaignmcnqb.‘ Furthermore, the majority of the students -
‘\v who participated in PLATO exercises exp:ebeedtlho opinion that they believed
- @* ~ - DV )
a computer-based educational system was an effective teaching medium and ,

&

that this ty§¢ of instruction ahou%q be continued and %nc;eaSQd in the
inéroductory cpurse in opdrat;ons research. ‘
® Although tﬁé'ecdnomic feasibility of this type of instructionai medium -
 vas not provea, there are several considerations which épould'be evaluated . .=§
.when the futuré potenfial of éomputer-based édugation;l aysfems is being )
1nvestigated.. |

- .1, The hardware and software supporting theie,aygtems;ih’being improved “-

o ‘e continually to provide instructional systems with improved operating

_— characteristics and lower unit operating costs, .

o

Z, Instructional material devclbped for theég systems ﬁaq the potenti

for widespread usage which would reduce the unit ﬁ}veioﬁmental‘coats.
3. The'atngnt who participatgsAih this type 6} educatioﬁal ayatem N
1a'réceiving avbeneficial educationSI éxperienﬁé bf functioning in;‘ o
an interactive computér gnvironmeﬁﬁ. |

- ' ’
4. The unit costs assoclated with the more traditional educational

- Mgt ; media have been exhibiting a steady growth Erend.2 v .

¥*

hh- o éincé it is believed that the potential existg‘tb apply the capabilities
| . ‘ ‘ A ‘ : : S
‘ of the modern digital computer to upgrade the¢pducational-proéess in an

! . '//. .
economic manner, it is recommended that research to_determine-tﬁé‘feas;bility ‘ .

of;computErfbasqd educational systems be cont;nhed.‘ The major objective of

ZAtkinson, C. R:, and H. A. Wilsén, Editors, Computer—-Assisted Instructioh -
A Book of Readings, Academic Press, Inc., New York City, New York, 1969.

-

.\\.

LI




and’ techniques/possible with this type of medium.. ' . .

- /. ; - . -41-
future research in this area should be tg,develop thévadditi( al infqrmation
required to answer fully the‘question of ‘the feasibility of this‘medium

of instruction. However, another important objective oﬁ,this'researcﬁ’should'
§ ~ .

be to explore further the characteristics of computer-based edugational
systems to more completely understand and evaluate the educational strategies

In gummary, the’ attributes of computer-~based edueatipnal~systemsuwhich

' vjre‘identified in this research project were: o o W

1. capability to aceemquate students with a,uidejvariety of’individual

ability'levels and learning styles thraugh highly individualized |

'instructional sequences which are either student controlled or

. ~N .
based upon an apalysis of the student s past pérformance

2. provision of an educaqional environment which enhances'the learning

k-

- process by enabling .a student ,to hecome'mbre actively involved in.

the educational process, to have his responses evaluated on a

. real time basiséfand to work at his own pacq in relative privacy
3. ability to-provide instructional material frum,session to segsion
\ an a more consistent'basis in»terms pf lesson content than an

\ ' ' I ' .
\ individual instructor eould or different instructors could

4, provision of an opportunity for students to beCome‘aware of the
capabilities of the computer and to develop appdsitivevattitudev
. . i ! - ’ . . /
egarding the use of computers in a modern society / -

5. provision for students to use the COmputational power of'thé:\
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)with'themdgportunit

a problem'situation and discover_answers_fpr_himse

ability to provide a student

inquiry type ofeenvironment ' e

©
e

i

and the .

8. capaH/lity to record a student 8 responses during a lesson

gntential to analyze the’ pattern of'his‘respdnses to‘provide

»

" L4 . .. % e
significant infotmation about the student’s learning process,

.

problem—solving process and decision-making process

e, .

9. ability to easily modify a lesson to improve it 8o that it will
affect all stude s i

4

*other types of instructi nal material

comparison to the mearns available to_modify

10.
and related audio material during\a lesson

11. ability to handle a wide variety of teaching tasks and.“thus,

provide instrﬁctors with ‘the opportunity to do mo-e meaningful work.

LS

A

should be evaluated to determine which aspects of this medium are more

efficient and/or effective than the attributes of the more traditional media
A {-

of instruction. "To facilitate this type of evaluation, future research with

i

compuder-based educational systems should be documented better in terms of the

As indicated, these characteristics-of computer-based’educational sYstemsf"

K

*

\

1

o

principles utilized in preparing the instructional material to be presented

the educational strategies and techniques used to implement lesson material, i

e

and the specific results attained through the use of this medium4 This

»
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'through the use of this type of. educational systém are.'

¥ . . i

: kind of'proposed evaluation implies"that the‘attributes of the more traditiopal

o

. ) . B . s " . e ~ . .
educational media shodld be better undérstood and more capable of measurement,

alSo. Moreover, a reIated objective of future research with computer-based

R

" educational systemé should be ‘to discover how best to’ integrate this medium

" into the instructional Pr°c?95‘W1tQ the“traditional media to improve the-

: e . / N o : /7 R
overall educational process. ) A p
. - ¢ o

To conclude this report, it should be stated that computer—based educa-
tional systems appear to have the capability to impﬁbve the educational

process. The -major advantages which it is believed could be realized

. 7
* R " . 1

,l. a more efficient, educational medium W1th attend N -wer'unit'

”developmental and operating~c--\f -ependent primarily upon the'

necessary technical improvements in such systems’ and-the widespread
L .. . _
7 usage of instructional material developed ' o SRR

'
x4

“2. - .a more effective educationa‘,medium whereby student achievement and

performance is improved in. learning and’ applying subject material

{ ~

* 3. a more versatile educafional m<dium in terms of the type of student'
who can be accommodated,the tvpe of,subject material which can be

. presented and the setting in which the learning experience can be

-

atcomplished . . _ o ii

I

4. - a better understanding.o§/the‘1earning'process based\ypbn the

collection and analybis of the student,rgSponses providea'by.a

_computer-oriented fhstfuctional system. - 0 -

Thus, computer—based'educational systems seem\tQ‘have the potential to‘

revolutionize the educational process.. As\th\\modern digital computer, whidh

s
T

. . . -

,

provides the capabilities for this type of instructionaI medium, has - ) }"'




" revolutionized the field of data processing, so can this method of presenting

’ '44? “ .
AN ' v

_ » . R :
gubject material impact on-the field of education. ' Computer-based educational
-"Systeqs.can'ﬁrovide thé opportupity to enhance the educational process by - A
presenting instructional material in a more effective; versatile and efficient a
. o . f . - .. . . L
manner and by providing the méaps-to gain additional insight into. the : -
learning process. IR ' . . o _ ';
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- . . : Appendix A"
. I Summary of Comments from Questionnaires
/ S for PLATO Exerc1se 1

7 ‘ i ) \ ' . i ) o ., . ) .
Typical Comments o C v o Students Commenting
’ . / - o .

B .
. . ~ - .
[ N - -

Do you have any suggestions to improve this specific exercise?

allow more time

make questions clearer

explain keyset better ] .

make answer judging more ilexible T ' -
allow mote use of ANS key '

P s N 00

. * k % %
« - . What 6 your impression-of this type of teacninglprocedureimhereryOu
intetact with a computer-based system such ag PLATO through' a terminal?
. ~ ; . . ' /n.. e L B _' R v - '
_excellent teaching procedure ‘ ' : ’ ' '
. ,great, outstanding, very impressed ‘
. . interesting, fun, enjoyed it o
‘ ‘gcod supplementary ezercise ] _ _
limits way to answey’ quastions : ' (‘ ,
prefer reading a good text o ST
prefer to hdve a good instructor C : e
had a feeling of ‘man vs. machine :
| ' ' Sk ok ek - E E ‘ | .

v . . e
X . - -

]
' _ How do you believe\the PLATO system can best be, utilized ‘té teach the
C : .. materfal usually presented in an introductory operations research course?

¢

ST - )

: +
.

.Supplement lectﬁres ) L .
“reinforce basic. concepts .. . | . o
-~ for examples and homework problems
teach FORTRAN and linedr programming -
. " make students be more explicit = ° -

= WUt Ui

W

s In what way has this exercise served to clarlfy or. reinforce the materiar
’ currently being taught in BA 5737 " : 4 C .

. i

. clarifies course material .and d1rection . “
. presents good examples of use of mateérial in real ‘world "
B -good review of linear algebra
- helped me to understand vectors -
computer interaction made me understand computers better

. > .
exercise was a novelty ' v . Sl

FERERWOe

R ”

Lo

. D Rk aaw L -‘ :
e o oo

-
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,‘_{ L aadl . ; .' P . V _. L] ) ) . ‘ N . .
. Typical Comments ~ . - Students Commenting
KE ; . .

.

‘
-

" Do you have any additional comments or suggestions regarding the -
development of a computer-baséd operations research course?

' . M . - . ‘.

: mechanize calculations o ' R N X .
- furnish written material before the exercise 2 e
develop more operations research material 2
: furnish a copy of lesson material ‘after exercise o - .
, e ) . . v ) L.
) ~3 ) 2 . ‘ . l[ "J ‘
] "‘ co o " ‘ -‘"_-\\_ [
44 . 4 . i
o Appendix B\r ' ‘
. : Summary of Comments - from Questionnaites . . - - °;+~°;~ R
- L o .~ for PLATO Exercise 2 ‘ .
Comments which related to‘how ‘this" 1esson or future lessons might be? -/

; improved.
1. clearly indicate when computations should be performed .
. manually and the ‘result entered into the system :

2. introduce the use of the PLATO system better

3.. use the’ computational capabilities of the machine more_
| b, try using multiple choice~questionsg_ i ,l-

v

5. 'develbp harder problems , “

6. don t compliment xhe student ‘when his answer is correct

o
- ~

< 7. .some questions_were ambiguous : o -
_ - P ) y

Comments which’related to the student s impression of . this type of
teaching procedure:

’ . 1. very valuable method o I S
25[ good possibilities

3. 'effective teaching prOcedure (two students)

1 »

| c{t . | E : L _5‘) L »}l
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BN : \ . R . .

N4l T like it since it's easier to learn concepts this way

- 5;.ﬂimpressions are,entirely positive since I like to learn at py - kY
“ ' own speed and to’ have immediate feedback T
: , - i _ o E

a

S L. 6. 'impressive»and_more'interesting than conventional type of “homework

7. good because‘of feedback to answers.(two students)-

- . . . . - LI % . . LI

o

8. good method and would cause me to learn faster:hecause of

- immediate feedback onjerrors% L J'

. .
9. 1 don t like it because it is frustrat1ng to have to guess what

answer is acceptable . o . . X . A -

. f . . e : " ] \\

Comments relevant to the vabue of the cqntinued use of the PLATO system
in teaching mater1a1 in an introductory course in operations reseaxch:

A

‘»;1.¢ use for homework problems (five studépts) ~

2. use to teach modeling, Vector algebra and a problem solving
approach (three students) , . _ =

3. wuse to perform computatlons

. - F . \ .
L , . .o , . * e

4. “use to reinforce conceptsitaughq in class and make them-clearer -

. are considered acceptaBle oo V T ’
. & . F 2N . . ..’ t!“‘ .‘ | .
Z'\ 2. provide more instruction on how to get into—subroutines - = . s

A .
e« 5. use to-solve problems illustrating concepts = - L “
: . A N . ‘ v v
* 6. use to test students o _—_—
AU £ o 'Appendix c ~ "
- N » ‘ v
{ N B ‘\; )
Summary of domments from Questlonnalres ~

for .PLATO Exercise 3

v Fl .
P -
»
|
.

Comments wh1ch related to how this lesson or future lessons might be 1mproved.

AR Y , - ’1‘»«
+1. provide more instructions on the forms of . corréﬁt answers which

.
' N A

numeric answers are requ1red

*

;:j> 'm:3- indicate spedifically when word answers are required and when

]
-
N

)
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4, prov%de class lectures on mhtexial to be Covered by a PLATO o L.
' lesson and then require related homework to be completed after
a'PLAIO segsion . ‘*}?x : ;

%
-

‘5. develop more complex. fqllow—up problems - v oy
\ R

>e

by make the lessons more difficult and challenging
o . \ :
7. rprovide more ‘than one assistant to answer questions during.a
~ PLATO exercise . - ' :

-

v

Comments which related to the studen§ s impression of this type of teaching ".7
procedure : - . A .
’b P . . . - W -

1. 1like it very much* X
2, much~better than glaSStoom discyssion, . o

3.}:interesting/and enjoyable learning experience -

4.“gain satisfaction from completing‘an exercise

’é. like real time grading of your answer
6. like the subroutine'io multiply vectors.< -
. , .

0.K., if it fits into the course . o AN

8. process interesting, but can only agt as a review of material
taught in class ' _ »

9. am concerned about the consequences of exposing a graduate student
to this system _

-

- .10, verf}frustrating, typing answers is tedious
.ll. prefer class : IR - . o ‘ . .

Comments rebevant to the value of the continued use of the PLATO system.

in teaching material in an introductory ‘course in‘operations research:

L ’.‘. ' \\

1. reinforce basic'concepts of linear algebr (five students)
é: \solving homework problems Cthree students) ~
vt 3. teach\new and more d1fficu1t concepts o o
' h N ) » . E ~
~ o , §
o S
v o8 - 4 r ]
: 02
' . 4
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S . Summary of ‘Comments from Questionnaires : . '
J . : , : for PLATO Exercise 4 _ ' ) ' "
€ _ . ‘ . ) B J - ) .-
. Com@ents which related to how this lesson or future lessons might be improvedf

1. provide add1tional written material fon the lesson to facilitate

» understanding'it . o~ ) e
2. provide ‘for more extensive review of prior material in the lesson
“when.the student reQuests it N : €
. o - 3. provide the written material for the leSson to the stdfilent for his .
S . review prior to -the lesson o S \ .

. . . s ) : »

. -4, make‘the questions less: vague and the hints as to the correct . . v
R ' . answers clearer- - ‘

. B R ; o
a % . -

5. provide the acceptable answer for a question to the Student
automatically after he responds ‘incorrectly a certai, number of

T times > - .
Comments which related to‘the"student's:impression.of'thisltypeiof teaching B
procedure: \\ . , . R ' ‘[/%
‘4. o . ) l.. inpréssed,.cah_be,very helpful and practical - . . ‘ |
k" - ‘ 2. thoroughly enjoyed it . | h . | \ : S N

3. :much)Lasier to follow than class presentations .
v 4. beli ve in audio-visual teaching procedures and would like to
tdke more tests of this nature - T S )

‘5. much greater personal involvement and’ greater demands placed on

-+ my learning : . , K- _ oo
' 6. it is a viable idea . . o o s T f}
' 7 te 1ous, but would be very worthwhile the f1rst couple of . . . t
' ks of the _course : S .
"% 8. nmot a8 frustrating since this was my sécond exercise) with_even
. more familiarity it could become much more effi¢ient and fun . . '
, L , . . . k \. S

9. fair, like having an average instructor \

. . ’
[ v

10. exercise was 0.K., but sometimes it gOtidown toéman'vsr machine
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Comments releuant to the yalue of the continued use of the PLATO system
in teaching material in an\introductory coursg in operations research'

' # . 1. supplement and‘relnforce baslc course material (six students)
v . R . - ) . L ' ‘/'
2. act as' a means to integrate course materiali .
3. help to solve problems | ' : ‘ .
4. tackle all areas of the course B ! . |
.;5; provide the step-by—step solution of classic pperatioqp researdh
~ problems & - , S R
. \' 6. provide a student intermittent feedback on progress in thé course
- provided now only by tests S : . , ’
7. have PLQ;O classes in basic areas before classroom nstructiOn,
then have similar lessons after classroom instrueti N «as feedback
for progress analysis . . - - . S
’ . P I ‘ '
: . Appendix E . : :
\ /  A 2t - . . _. S~
- ~-.’Summary of Comments and Rankings from the Attitude Surveys
-1, “What is you¥ opinion about the role the.computer will. play in y0ur
h , - career as a manager’ . ' v
N e T 7
Typical Comments P
~ \ N 3 . -
immensely gseful tool , . 3
Y, .great deal ' 3 '
_ impoxtant role - - 3 o
key tio doing better business 20,
. big shpporting role ;5\ - R o R ; .
.ever [increasing role: \\ oy & : 21 ST
la » depending on company ! ‘ 1
faikJy importamnt role ’ R 2
not used much in management in India -~ - - ; 1
don't know , N o1
the/lese% the better ‘ S T
i £~_._..._' I ‘:i" L
- .Total/commenting - ) 19 s e
E / n . » ““3"3\ . . . i . ; 7' " .
G égtl :
'.’.”“ N F 5 !
.\ . .
.’, . . .b‘*\‘ .
/.,’ 4 :
l., | : ' ‘_. !
=
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~ Summary Attitude Sc#le for the Above Question - '
. . R -3 s B i K
¢ “ ' A ’ .
| B - N DA 3
. ’ . 2 2111 11. :
L ‘ A I | L1 I \
M B L | T 1 | \
not useful \slightly useful ) useful very useful . 'y "
'[' . \ ' . \ g e 'é\:g
; . 3 - ’ . Bﬁ:“"’.. .
4 ) 3 f
»

2. How do you foresee\using the material taught in.this course “in your *

‘ responsibilities as a manager?

Eypical Comments

“»
s
-7

provide a basic understanding of’ the’are

perform reasonable problem solving

‘f.problem formulation
concept construction '

i

control “Aind recordkeeping

n't know
not much

o

7

’

a0 r t

~ Total, commenting~ o

s

3. What is your opinion about how valuable the techniques of operations

\

>

-

1

., ‘Number
Commenting

16

research and the computer will be ag problem solving tools in the. busineBs

55

world? e ‘u =
. _ ‘ - : Number _
Typical Comments ‘- Commenting “0 Ni
'ng other efficient way 1 ;
puter will be excellent ) . sl
be.valuable . 1 .
. [§
7o Total commenting . _ . S
. o " .
Summary Attitude Scale for the Above Questioéf
\ . . “0
) . \ .
. i I 19 13
< , 11 2 . 1 L
l | o I B l N I L"l
"‘ l I l l 1 l L} \‘i RN LI " |
. ) ' : ‘0. . ."\ ) ) .« .
not valuable slightly valuable valuable very valuable
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e . * L N
' ~ ‘ -

v ‘ 4. How have the learning experiences in this cburco cauccd your’ regard - =
) ’ ' for the computer and the tcchniQuQ. of oporaticnc research to, ehnnso
from what it was before this course? .

.

o . o .,
: . L Number
Typical Comments ' ’ Commenting ‘o
realize how valuable’ they are now 6 / \\\'
" understand thém better . 5 , .
" place value on them now ‘ . 77 -
" more interested now ' , "2 v
see them more &s tools now 1 . =
“now realizé their imperfections " . ‘ 3 .
alightly. if at all ' S R & e
N Total commenting . L e S 37
. \ 0 s ' .

5, To what extent hac your work on the PLAIO iyctem affected your lttitude
' towards the use of the computer and the techniqucc of gopgrations .
research as pxqblem solving tools? T , AN
- o . ' | S Numbor
TypicalﬁCommente / o : Comncnting

_PLATO was very helpful . /)
. PLATO w cellent .

work on/PLATO was very useful . ’

PLATQ ‘has hglped me see their relationaﬁips

‘usin PLAIQ was fun and ﬁffective

didn't usei PLATO enough .

use PLATO 4s much as péssible as a tool to
learn operations research

the more exercises, the better

changed from attitude of frustration and
worthlessness to feeling of valde

improved attitude toward the computer some

not at all ' , .

‘indifferent ' .

PLATO was too picky on answers :

e

al MR M RPN

Total commenting

o : ) ‘tl

~
o
‘\\n~
I}
Ty
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¢ o . Summary Attitude Scale for the Above Question - . | //'
N . o y 4 SN ’ _ o ,
2 0 . '
i 1 PT «
| e 31 - i BN G | | \
1 ) o I bl | I * | s j
. N . 4 o . / \ —
‘unfavorably | slightly -faverable favoteyly . c’éety favorably -
, ) ‘ ) “ ‘
6. Whdt teschiog techniques used in thiilcourse have been the mast effectiVQ, o/
in your opinion? St . . .
. o . : - Number ,
‘Typical Comments Commenting , /
/ PLATO : - _ ; (- 17 ) ////
computer work & 7
class problems : , K o 6
graded homework "_ ) \\\\. o 2,
PLATO homework problems ‘ ' o 27
< quizzes / L2 .
direct problem solving 2. ’
availability of outside assistance 1 . ‘
. working with- the instructor in his office 1, v ‘\\\
*  lectures 1 ’
«  gelf study 1 "
Total'commenting o ' . 42 -

7. What recommendations would you make for using PLATO type 1nstruction
“in future BA 573 courses? «

‘Number

~ Typical C 8 . . g 'eréj/ s - Commenting .
‘ Lo i ‘/ c . y
increase 1its use ) ] . .

use it right from the beginning of the course 6
problem solving : 4
continue to use it 3
as much gs possible _ 3
supplement lectures 3 : . 3
. 3

2

2

1

1

,  basic concepts

‘ quiz preparation and quizzes : PO

. . definitions .
: extend its use to more complex concepts . : 4]
application of theory ' °

e " . .« .
. . [ J

oa
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, - Y Number
Typical Comments//// T e Commenting
_introduce student to use of computer 1 I
make it a programmed learning course ’ 1
none 1’
drop it . . 1
. prefer an instructor ’ ‘ \ - |
needs more improvement %gwff e
allow more time in an exercise _ s
coordinate with class lecturgs better ~-®%m. - L 2
make keyboard instructions better N L2
. make programming'mote flexible N T3 =
Total commenting / .'/ 53 \

8. What is your general impression of the PLA 0 system as a teaching |

technique?

- Typical Comments

helped me considerably

very inmpressed ’

excellent teaching method *

very useful ' ‘ )
like/its immediate ieedbsck

has much potential, use iif to solve harder problems

very worthwhile if integrated with classroem instructions

Jlearned more from it‘$han classroom instruFtions
interesting exercise

provided helpﬁu%ﬁteacﬁmng fgm.fi ._.!;, ﬁ4fwk‘°

RTINS

. valuable, but could be improved
could be geod, can also be very frustrating
0.K. for some courses
by requiring the exercise, you force the student to
do some studying .
another method of exposure
you can guess your way through the exercise :
prefer a good text to reference
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Summary of Attitude Scale for thj/égove Question ‘ ._;
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