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. sion of résults asd the1r 1mp11catlons. Cnapter 2 descrlbes the methods by

.Thls fxxal report descrlbes the program conducted to reach these ob]ectlvesr

=

¥\ INTRODUCTION * , S

‘o ”

The major.objectlves,wereé i S e
J

l. Develop, test and opera large geographically dispersed
PLATO IV computer—based cation network serving at least 500
student consoles at several educatlonal institutions at un1vers1ty,
community cnllege and elementary levels. PR .

,ﬁﬂ v ’ ‘ - : AR

2! _Implement an educational program involving educational liadison’ <
(cooperative programs) with participating institutions,, teacher/ . ,
author training, .cupficulum, planning and the development of curri- '
crlar materials. ' - '

~

3. ﬂCarry out a.two-y&ar field teit “and demonstration with the PLATO IV
system providing a substanti component of dlrect computer-based
1nstruction at each 1nst1tutlon. ) e .

4. 1In cdzperation with alqualified external evaluation team, develop-

plans and strategies and assist in' a systematic evaluation during

the\field test period of the educational effectiveness of:.the PLATO"

Iv computer-based education system. 4 . '

q

] -

Th pfogram was centered at the Cbmputer‘based Educatlon Research Laborax\
\
torles (CERL)»at the University of Illinois, but much of the work was performed\‘

P

in associated departments in the;University of Illinois, in other universities,°

.I
-

/ ; . N s ' ‘ ‘ N
in junior colleges,,andﬂln elementary schools.\/Tﬁe report begins in Chapter 1 . _

with a br1ef account of PLATO hlstory, a summary of thexprogram, ‘and a discus-

R

m

which the PLATO’ Serv1ce Organlzatlon prov1des author trainifig, 11alson\ docu—

mentatlon;:Fnd othr serv1ces to allarge user community. Chapter 3 prov1des

-
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) ‘evaluation of system reliability, system.performance, system use, and edu-

“

cationalyeffectiyeness,c“lt‘p7esents, inrdetall,:a case study in elementary:
 mathematics. The next two chapters describe experience in the use of PLATO
) L. ‘ L Co, L ‘ . s
o -in elementary schools; Chapter 4 reports on ele%éntary mathefatics and
[ ! : : . o : .

' Chaptey S'on elementary_reading.' Chapter 6 describes tée community college
ki : ' ; ' ' . . -
o H program project which has introduced PLATO curricula in.accountancy; biology,’

" chemistry, englLsh, and mathematics in five communlty colleges. Chapter 7

0 ’
) o

\ descrbbes the experience with PLATO in the teachlng of physics at the univer-

.

- slty level) Chapter 8 does the same for chemls¥ry Finally, Chapter 9_dis-
, cusses the contlnuous development of systems software for PLATO. R

' A separate report is being prepared by the Educational Testing Service
’ (ETS), the external evaluator. , ' '
¢’ v ' i o )
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7" 4.1 BACKGROUND ) a

- o A

PLATO began in 1960 with a single’ termlnal 1mprov1sed from a used black

. . ] B .
and whlte teleV1slon set, a stoﬁage tube memory and a s;ngle keyset deslgned
~ N (‘J
- and built in the laboratory. This terminal ‘was connécted to the Illiac, an

_' early vacuum tube digital computer, through 1nterface clrcu;try that wavan-'
herlted from an earlier resehrch program. The concept, Stlll valid, was'thaé\-

;he.student would talk to the computer through use of the keyboard, the computer

T would talk to the student by wr1t1ng messages,,alphanumerlc or graphlc, on a

-

> dlsplay surface (the v screen), artd the software would be deslgned so that the.

. .e -4
L3

dlalégue would be meanlngful, and so that it could be hlghly 1nteract1ve. More
‘ Ed

pr clsely, the conputer wrdte the message on the storage tube from wh1ch it was
. . -

scénned at TV rates for dlsplay ‘on the face of the CRT. Or, alternatlvely a
P\
ES

flying spot écanner transferred the image from a&photographlc transparency to
" SN .

the storage.tube. 'The two kinds of" images could be merged on the TV dlsplay

‘;” T 5 ) , T | | 1; -
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was galled PLATO II. _This_early version of PLATO was actually used for

A . [l . . . . .

University departments,vtn a grade schodi and 1n a hospltal, but only 20

. version of PLATO II in whichrth

’
expanslon, but clusters of 12 to .20 terminals allo

y ‘
. plays became better understood, and a basis for the design of a truly expandrf

 able system was prepared. - SR

ey » .

1 . . i ' . e oo
g R / R ot . .o )
The follow1ng year (1961) the system capac1ty was doubled to two ) '&

termlnals, and to dlstlngulsh lt from the orlglnal, the expanded system e

) W

teaching on a small scale,:and, in fact, college.credit was‘given for the

-
first time to students whd took a course using BLATO.. =~ . oy ot m
' , v el
) v ; . . . . L. ) _v" ux"\ mf ” .
St Development based oh this experience led iﬁﬂlate 1963 to PLATO III
PV . o~

L : PR . 3

whlch by March 1966 reached 1ts max imum of‘twenty termlnals dperatlng on-'
%ane slmultaneously. (There were actually 70 termlnals scattered in other

i . .

could be used at one time.) PLAIO III\ was essentlally a well eng1neered

N »

Image.from'anygoneﬁof 122 transparencies'
w o . o .
(loaded at any given»timei could be selected by the computer. Furthermore,

aci L
e . »

thls verslon of PLATO was,1nterfaced dlrectly to a more modern computer, the

k]

CDC 1604 -With the storage tubes at the central combuter and w1de band- v1deo
links from.memory to dlsplayf thls system did not lend‘/

N

chedul;\g\of entire =

- - .
» -t P g

o&as €S More teachers were mot1vated to prepare m ter1al for PLATO and

by 970, four;years later, usage re hed 100,000 rminal. hours. -

v v

- During ten years of producti: se, teachers an :
Lo A . RS - Lon

,’ . . ’ e . . B ,-‘”D : . . . . B B . —." B
selves in the use, potential, and problems of this new meflium. A new language,.
. N i - ‘\ .' .

Q

i

and, at the same timeg to slmpllfy the authorlng prog# ures. -The’kinds and
o', 3, . : . .
amounts of’ computer processlng requlréd for 1nteract1ve use,of - graphrc dls-
u ).‘

’

, T . . S . T . s
The antLC1pa§ed requlrements of thls new system, PLATO IV, st1mulated
’ B
the invention of new hardware that 1ncluded the Plasma Dlsplay Panel (éfflat

, - S A\~ ; .

1ﬁse1f to greater Ce .

s
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panel display dev1ce that could double as a projection screen for ,images

~
. -
-~

stored on microfiche), ‘an advanced graphics terminal, a random access pro-

- . -

jection systém for miCrofiche, a random access audio system for automatically
A - . - . . . - , .

" selecting segments of speech or music under computer\control, a touch entry
- _ . . _
device, a communications system to support terminals over standard telephone
'q R i .‘@ A « R ’ ' ‘ ' . L

“lines, television,channels, or'through microwave transmission, and interface"

e . a

-

. equipmagt tokhandle the input/output requirements of thousands of terminals.
ndustrial development, stimulated by early research at the UniverSity of
( : = v‘ . -
Illinois, brought the Plasma Panel to thE'commercial stage in 1971. The .t
.

other new deVices were developed to- the protqtype stage at CERL by the same
time and were becoming available from commerclal manufac%urers. Finally a

computer, the CDC 650&, was available which, ‘throwgh a rapid block transfer

)

‘rate of 00 million bits per second between main mory,and extended core

e

storage,;”vﬁiﬁ;efficiently support a time sharing com%gnity offhundreds of

_By—the start of the NSF program in Janudry 1872, the basic technology
)‘.";;,-"4'- 4 " . .

: needed for'the PLA%O'IV'system‘aas at hand, and ten ®erminals were connected
td the'system; Hardware research would, of course, be necessary to increase

R / ] .
versatility andfto'aécrease sosts, but further new developments were not ‘re-
L \ 5
\ -
quired to 1mplement PLATO IV on the scale env1$ioned in theﬂNSE program
A A R .
. , "

This was not quite true for software, Although the basic¢ system was

ready i% l97l, it has expected (and proved to be correct) that systems soft-

(o

ware would continue to evolve as both the systems software staff, andfthe user

S T
S

“':“Community geined experience. Software development,ﬁfherefore has been an im-

B .
.portant cbméonent of the program through its entire existence.

ERIC
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1.2 'SUMMARY OF THE PROGRAM

From a beginning of ten terminals on PLATO IV in January 1972, the
number has grown to ‘about 950, with uﬁ to 500 active simultaheously. The

. 3 .. . ~ . .
sites are scattered across Continental United State;; eone terminal is in
- Pl .

. .

Sweden, and terminals have been.connected for demonstration in the Soviet
I * - '

3 . N 7 )
Union, Italy, Rumania, Venezuela, Sweden, France, Germany, and Iran. There

are pré%ently over 2,000 .users of the system who prepare material for PLATO IV,

’

and over 20,000 students are using th system. For the past two years system
usage has exceeded one million terminal hours per year.
. - With this ‘®xpans'ion, system reéliability has remained high with more than

_95? of total scheduled tihe available tdausers. Of apparently more concern *

. ‘

to classroom teachers is the probability of a failure during a class hour,
. ) 1

a figure that tests b%{usér attitude indicéfg should be less than 0.8. Ex-

.cept when har8ware changes have produced'brief periodstof/réiatively'low re-

5

liability, this condition has usually been met.

During jhé expansién of PLATO IV the system has also met design standards

‘

which include an average response time, to key ‘inputs, of about 0.2 seconds,

\ . . . R
and processor loads of about 2,000 instructions per second per terminal for

students. Peak loads for a terminal may be much higher and are well\tolerated
. X ~
by the system. These figures are meaningful, of course, only if the system is

acceptable to users, and if'it provides effective instruction. - User acceptance
) /

has been generally enthusiastic and all available evidence indicates that the

N ‘ } i
system is effective educationally. . '

-

\

To support fhis expansion, CERL has dperated the PLATO Services Organizaf

tion, a group that provides, training for authors both through short courses

’

held in the Laboratory, and through on-line lessons. It has also developed

' . g

an on-line, comprehensive engyclopedia (AIDS) for PLATO and the TUTOR languagc.

O

ERIC o 1
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In addition, it provides consulting services in which a user and a consultant

converse on‘the system by ityping messages which appear instantly at the.bottom

of the displays.' To help in.these consultations the.cohsultant can, with

user consent, view the-hserls display imaces on his' own terminal. These ser- ‘
R - h . 7 -

~vices are widely'used. .For example, in 1975 AIDS was cansulted more than.

D

600,000 times, orwon the average, once every 40 - minutes for each author. This’

group also provides system_documentation and performs the Administrative tasks \

» : : .
. -

.hecessary in the opetation of a 1arge‘system. | - /.
. . ' } .. .
When the development of, neW courses for PLATO is begun, the ‘responsibility

- .
N S

for curriculum and lesson design'genexglly #e§ts with the users. PSO and
. Gt e o .
staff members of CERL are prepared to provide help and guidance. However, in -
\ ‘order to implement the educational ‘Program - of the NSF program, three grdups(

i

were established within CERL, two to work with the'elementary schools. in®
~mathematics and reading, and a third group to work in five subject areas with

community colleges in Illinois. All groups developed and adapted 1nstructlonal

-

materlals, and all malntalned close llalson with classroom teachers and appro-

priate administrators. ,

>

.

The elementary mathematics group produced about 1( hours“of‘instructlonal
material for grades 4 through 6, enough to allow a cpll to work at a* PLATO

crminal one- halfiﬁour a day for a full school year,i The lessons were' d1v1ded .
. 5‘ ‘ . . S
into three "strands", fractions, whole numbers and graphs. These - lessons proved !
' !
‘ v ; _
to be effective and gained high acceptance with teachiers and students. One

problem encountered in this program was a restriction in the allotment of ex-
aQ . 0
tended core storage (ECS) which, in the first year of| the field test, restricted-

the number of lessons that could be available at one time. Expansiom of ECS

n 1975 from one million 60 bit words to two million words cri@ated this

‘problem. . : ‘ . . ' l' . &.

ERIC. o - L5
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.. The elementary reading group developed about 80 hours of ipstxpctional' .

\

. material ahd has provided about 17,000 hours of instruction tovl,225 kinder-

)

garten, .first grade, remedial and'edqcéble ﬁe?télly-reta¥ded students. ~‘Thes?'
1esséps make extensive use of the random accazﬁ audio devicé and the‘micrg—'j
L . P - 1 . )
fiche projector. 'Acpeptance of'PLATO'lessonstas paft of the daily inéiruc-
tion has beeﬁ:enthqsiastic for both teaéhgrS ?nd students. . ‘% ’
N . ° . .' Y ' :

This program engountered two problems. bne s temmed from an é%rly de-

o . b " - ' ’
ciglon to use a relatively complicated computer management system (CMS) to

select lesson. sequences for students on the basis of on-line measures of
[ . . . N .
s

student performanqe. Disparity between what a student had- learned and what .

.

the computer thought he had learned, often led to inappropriaﬁe choices.

A,

Furthermore, the CMS structure allowed for 1it%1e teacher “intervention. At

\ .

least in its prqﬁent form, CMS has been replac?d by a system which can be

. N R \ " :
used by the teacher with‘greatg§ ease and control. A second problem related !

o

to difficulties in early versions of the audio response ufiit, and in the

production of magnetic disks for these,.units. nreliability interfered with
AL . o G S

P A S : e o N - ‘ '
* S - hormal use, and cfﬁbgrSOme methods of producingidisks impeded the development

¢ B N E -

" of lesson material. With further development these problems have how'been

~. N N
- X

resolved. N\
' ‘The community colleége program has been a lafge effort involving 175

'<.teaéhers in'five qommunity colleges, their‘admiﬁisﬁrapors} anq the comﬁﬁnity ‘
collegé'(CC) staff in CERL.Q'From~Septemb?r 197§$ gntil Jﬁne>1976, over
21,000 studenté'participated in the'pfogram,ié%dv?ége?ﬁed over 97,Qoo.h9uré
6f7ingtruqtion>in>époup,400f1es$§h§ in g;ve sﬁbjgcts:(éccqupting,rbiology,

.

qhemistFy, english, and mathematics).’

+

Close liaison was maintained between the colllege, teachers and the CERL
. h N . ;
4 .

staff, but the teachers had complete control of c&urse selectdion, the times
! ’ 8 : i VR ..
. . _ : e

- e N ' [}
PR . l vJ ;

o

Q ’
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o ' and e ways in which PLATO would be used. .. .Teachers also participated‘in the

o T

. - * : - 7/
7 ) review and in some cases in the preparatign of lessons.

‘ ] Response. on the part of studentsjmteachers,'and administrators has been /':

; . enthusiastic, and each community college is continuing the operation f the /,
B PLATO beyond the NSF grant!period ’ : . : ' ) ._ﬂf. Vi -\)ﬁ.
At the University OfﬁIlIIHOIS, the Physics and Chemistry Departments |

‘were. among the earliest td explore the uses of PLATO in undergraduate

A4 .

:gteaching. With NSF support, each department acquired 30 termi%le to form/

) ‘a PLATO IV classroom, and>w1th these faCilities introduced PLATO 1nto the“

: "regular curriculum In each .case PLATO has become an . effective and well '

’ N - .
‘ o : N ’ * ’ ‘/ . - ) <

accepted part of the teaching program

-

-

,In physics, about lOO-hours bf instructional material have been pre:

. . ~ . N . .

' . . o L - ) \ .

pared and have been tested with several thousand students at the University - 3.

. »

fof Illinois and at otHer collegesLand universities. . Student attitudes'as

,\-{V

- '

“measured by examinations have been statisticallx the same as studgg%éper- R

) e .,
: Tana

formance in non-?EATO versions of the same course, despite a decreds n',

* \
‘e

formal_class time. Course development has-emphasized classical mechanics
and modern pPhysics with waves and'optics, topics that are taught as part of
- a three semester sequence at Urbana. Usage reaches a peak in the Spring

’ “ > s : . . . .
semester when. from 250 to 300 students enrell .in the PLATO version of the

1

¢

classical mechanics course: R T T

In chemistry, jover 50 hours of PLATO lessons have been developed for
R gse in teachihg general and“organic chemistry.z By the end of the NSF pro-
e - : Ll S N SN

4 -

gram’ about 1000 students were using PLATO for ‘Gne to two Hours per week.

! .
g .
B -

v}-' '

by
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-

Total usage in the 1975-76 academlc year was over 506\00 t;e:rxnlﬂal Y‘°“rs~

kY

. Suggestions and requests from & large, sophisticgted,, ﬂQ] artlou.late seg

The flgures represent a saturatiorn point for the 30 tﬁ{m lf}a'l classro% _

[y

’ More termlnals are requlred to handle more students.

~ : ‘ -
Thrbughout ' the entire four years of the NSF ProuA ﬂ phe s}’Stem§sth_ O

ware has evolved contlnuously. This has heen true iy Wa%f’ ch@uSQ of ihe

-~

community, andin part as a result of both the respo ‘IQneSS 51—@ lnltlatlve

of an increasingly experienced software staff. «An lmP'\anI‘t rela%d t‘actOr R

-

is that users of the PLATO system’ can communlcate wi- th\pt;hers go eaSlly

4.,

‘the system itself; through notes, conversations and dr’\v’?\nes- Thls Cszx.nuaus )

mteractlon has cont1nuously st:Lmulated addltlons to sc\fhw@fe w‘hlch pl‘ovl-de

new features not preVLously ay lable to the user. En \&’Qaﬂ‘f’le ls the facu_;ty

for creatlng alphanumeric and graphlc 1mages dlrectlly fm ghe dlsplay Slcreep 4
e

i admnlstrative declslons promptly delays in developr—mr\v Q‘gé

through simple- controls. ‘The system- produces riot onlly 6h~e dlsplay, but ’hlso

the correspondlng source language program Other Chanaﬁs pr Qddltlons re'late :

i

" to. system organlz,atlon and even ‘to the structure of thé\ 'I'UCOR 1anguﬁge

[N

1.3 PROBLEMS

C

The problems which have been encountered in the”) P‘\psram geherally

.. 'resulted from the sheer magnltude of the program -1tsel% g’_‘hey lnc],ude
/

/’
deadllnes mlssed because of delays on the part of Ve”da\/& faliure to. make

z

software, tremendously straine® resources, .and other pp\&b v elthef Wldlin. )

[

or outside the control of CERL ~As a result, ~some parl;\ \\;’ths have ern
dlsappolnted or di/sccouraged. ‘On the other hand, whem b\heQ¢ dQ lays han even~

tually been corrected, acceptance and enthuslasm‘ .havezlhsée:;j a}moﬁt unvars'al oo

49‘ o - s / o i

. - . \
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‘Second, the existence of &ﬁé external evaluatjon serlously dlscouraged g
, ) -
‘or prevented efforts to conduct internal evaluation; to avold 1mP051ng too
v 2T . [ Y
great1y on students“and teachers and to avold p0551ble 1nterferenceaglth the

[}

- S w‘

t -

external evaluatlon.

mhe Ehlrd dlfflculty aSSOClated with the approach follgyed by NSF is

Prxﬂe{paliy due” to ﬁhe buﬁden placed on the external evaluator.. In parti--
. . ¢ - ' ~
: Cular becauSe of the»deVelopmental ndture of the program, ity 1s vnESNally

r

N =

‘lmpog#ible for an external evaluator to ’develop an adequatw uhderstandlng of

.. such a program to develop an evaluatl n deslgn. Even if the re uired effort
R ! !

@ )

is expended to develop such. an understandlng and to prescribe meanlngful

evaluatlon obJectlves and'approaches, it is llkely that the nature of the

Program Wlll have changed in the meantime, negating i:he va of tl@ plans
o ,' ’ ..

madefﬁ'Only the orﬁanlzatlon operating the program can hav Pny hope of being
- able to car;y out an evaluation which can keep'current with the program

’evolution- This‘is an extremely difficult task, even for the operating =~ . .

Organlzatlon. In addltlon, the performance of the evaluation by. the program

4

< "".'. e

'1tself would Provide a greater 11ke11hood and capablllty of. u51ng the

.

l

. eValuatlon data in the guidance of -the program. R o

e

If the issue of Ob]eCtlvlty is crltlcal, with regard to-the operation

ti

~

of . an 1nternal evaluation effort, it would seem that the proy151dn of an i < .
' -

= * - g

- external monltor of the evaLuatE‘. could facllltate such objgctlvlty

- ; Y .
In the present case, we feel that valuable data has been lost, effort .

has been wasted, and the pr—?ram has falled to beneth from. data Whlch could

.have been very useful to. the program. - We strongly recommend that ‘the method -

of 1nternal evaluatlon suggested by the above be considered for .future

prOgrams of this type.
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[ . - . ' . . K "
2 The original cost objective for PLATO service (approximately ‘$1.00 = - o
: . ’ (S ' - - . P . . T
‘ a per contact hour in 1976 dollars) has not been met to date; however, sub-'

) ’ e o T
§ . . )

. -
P

. : . S .
' stantial progress has been made in this direction (estimates of present costs °
"are in the :range of $2 to $4 per contact hour), and all signs indicate that

"~ the original objectives are obtainable. Research and development i% pre- ) g
. P e R e Lo
. sently underway-.in both industry and at the University to reduce costszéf -
. o, ! /, R 2 ) B S -
-termlnal equ1pment, computer equipment, and communications. The results of
' .
this development, comblned w1th the cost reductions normglly accompllshgﬁ/’— >
@ ) @
with experlence (learnlng theory), should prov1de cost characterlstlcs wh1ch

w1ll allow very broad dlstrlbutlon of the technology during;the next decade. .

/- ‘ e
~ - Finally, a comment relative to a continuing problem faced in this pro-

v N . . . .
- . ‘- - . M
. e )
. : .. .

gram i$ perhaps warranted, Namely, the problem of evaluation. There is no
. v . ..’, ' - v I ~
question.asﬂti the importance of monitoring development programs of the pre-

r

sent type. This mon1tor1ngushould be 1ncorporated both to deterﬂlne the
//J level of success or failure of the program 3% well as to provide guldance

in the- evolutlon of the program itself. The approach adopted by NSF in thls

7
4

. ! ) . - v .
/ ' a substantial summative component. o . ' < .-
. : .

WThis approach has threer fundamental difficulties. First, thevnature of

program was to c:f:ract w1th an external agency for an evaluatlon hav1ng

4 .

the PLAﬁOFprogram during the period of this effort was highly developmental. _
- N , e

This means that greatest emphasis should be placed on formatlve, rather than .
(=] .
vésummatlve, evaluatlon. The empha51s on summative evaluation cont1nually raises .
L 5 . / i '
& . » . ‘
as to the approprlateness,of-providing the .program with access
-

to evaluatlon data, for. fear that thls data. mlght _be. used to. modlfy the program~—ﬁxné»

n )

in an effort to 1mprove performance. It 1s-qu1te,unfortunate that such a
’ 4 ) . .

situation should exist during a period when the primary intent is to develop

o N ' ,
and make an initial demonstration of a system. W S/

I3 . . N

y - - <y - S ) -
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. 1.4, MAJOR ACCOMPLISHMENTS - L R : / L
; . - | 1 EB. . | . ) ) |
.‘/// The majos act1V1t1es of thlS program ﬁall 1nto seven ategories: - S,
_ . oL ) , ! ;"(é; L \
‘ 1. system. development~ 4 .
1- N . Yoo
. 2. Hardware'development -4 g
- ' 3. oftware_development > -
| - 4.:. 'Systém implementa‘ w, ° L.
p , : Sy 5. Curriculum development, .
. ’ ! _ . : - Applications research - | - -
1, . ey ~ 7. Media developmant S '; . ¢
~ The ~ follpw1ng is a ‘summary of ‘the. major accompllshments accordlng

{ C -

to theseriategorles.

' |

) - 1.4.1 System Development

in addressing a problem"as complexy as CBE (Computer—based Education) .

By ’ ‘S p0

It is’
relatively easy'to.iﬁglement haigware, software, curricular materials, of
. 1 . . . -

instructiona% design.strategiesféqg.fail to make significant progress towards

I ‘the goal of the program. The entire system problem must be addressed.

Ea

In

the case. ‘of CBE the entire sequence, from the initial design of the instruc-

‘

tlonal materlals, to the translation of thls deslgn to code, to the presenta-

_ tion of materlals to students, to the collection of evaluatlon data concernlng

thxs whole sequence, must be addressed as a-51ngle roblem. In addition, =

,evolutlon. In parti—

T R

culay, adequate power and flexlblllty must be 1ncorporated in order to make

1

modif¥cations and improvements 1n_response to experience gained in the appli—
" cation of the medium. Without this latter feature, a program*éan immediately
. ) ) . : b . .

‘o
» .

R -'run-in£o¥a»dead'end,-because'of'theﬁdiscoﬁery"that‘some preconceptionis
either misleading or totally “in error.

3 . . L o . . o
' ' o L d

sy,

O

E
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) medium has been deveIéped which addresses th}slfull spectrum of issues.

’Q l_,3 ] '. ¥
d , o v ; o oL
-./ - . . . '4 \

Perhaps\one of the most importhnt contribdtipns,of the PLATO program %3

{ ’ L. . c oy . ’ -

< -, . . . \ < .. L 'Q',-,
is in/this‘area qf-%ystem,development. fan extremely powerful and flSXible
A .o R T o

B

~ - - ) L . ) ) N \ ‘ .' . /- ... . ‘
sson materials can be created, with relative ease.  The system provides , ) e
- , o ‘v - . . - _“ , . - . q

lpowerful capabilities that aid in this process. xThousands aof persons'7 e ,“
,) \Y ’ . - \: PR
untrg\\\d in instructional design or computer technology have successfully N ‘hA

. . s - v o
éayeloped lnstructlonal\materials ~The interface with th studet& has psoved to

be’ effective gnd enthusiastically accepted The data collection and analy-

‘v\'\\ 5 .

. sis capabilities are broadly and effegtively used. And finally, a powerful

eyolutionarygcapability has been demonstrated This latter is demonstrated

. 7 [ /

through the rapidity of software and hardware development as well as the

‘development of new instructional,techniques‘and new applicatibns and methods_

of utilization which has been and continues to be maintained‘in the program.-

4.2 Hardware Development o o ,T _ S

.’l - soa ) o - S .

The rangelof hardware developed prior to and Quring the'operation of

the present program is substantial. Most of this development took place

H

- L.

outside of the NSF program, howeverh\_ince this program has been essential J§

\
\

to\ the guidance of this hardware development,'it S€ems appropriate tg,summa- , ,

rize it here. ' .

‘ o , ) A
" The implementation of the PLATO system has required the development of

A

a.new. and unique display technologY: the’ plasma drsplay panel~ a powerful,

- - ld

low-cost graphics display terminal~ an interface system to distribute computer

output and receive student/author input 'si ultaneously from hundreds’of termi- .

F)

nals; a communications system to serve, te inals locally distributed over ‘ 2 .

. »a.

< - g 2 ° . %
;
either TV of tWisted pair linkages and to serve terminals remotely distri-

buted through standard telephone'lines, TV, or microwavewlinks;'and a series



’ - ‘. ‘ . . . f'l. ’ .. . -

. C N i St~

‘ - L . l ' s
.. of peripheral devices, including e\random-access slide’ projector, the rand¥m— o
B Y

N\ - !

“ -

access audio deVice, the muSic synthesizer, the touch inputsystem, hard—copy
' 'y INe , e, o

output units, and a variety of specialized instr tional and research deVices. . .

\ 9' ' v ‘&

Present’ developments include a low—cost replacement -for core—based’swapping

R ) [}
“memory, improved communications deVlCES, intell&gent termini}s, portable
{

. . e - ‘ , - ! R
. terminals, "and Voice.recognition and systhesis capabilities. . _ . o L
. N ., N - Y
~ I . : . A + A
- 1.4.3 Software Development: o R _ LN S

- , o
. - . .

. A _ , C y
The PLA['O operating system and the TUTQ? languagefrepresent major .-

. s . . . o . . . . a
deviations from\he mainstream ofésoftware devélopment. Possibly as a re-

\ : sult of this, these developments have often been critizediand'misunderstood .

\&Wby the computer science communitf{ However, during the‘past onle to twofyearéi -

~ as the power and effectivnness of the.system"have been demonstrated 'these
deveIopments have begun to receive more and more’ recognition for mha§¢We
i
belié/e them to be-~very novel and creative approaches which prov{de great . Y
o A

insight ,and progress towards addressing the ‘design of software ?@r systems

intended for use by people who are not knowledgeable in computer technology.

-+ 1l.4.4 sSystem Implementation.ff v .
z . ; w0 _ o B

. - . ., N

Once a system development, With the concomitant hardware, software, ' e

curriculum, etc. .sub- developments, has reached a state of maturity to allow'
Y > .

the initiation of.the "applications.research".phase, the issues of.implemen-

! < . > X '

tation must be squarely addressed. These issues include the development'of

'"“““Lcommercial sources for ‘equipment; the" organizatiQn of support“operations, A= '”xV‘
’ T : . - ‘ v '

. — |
cluding author training and consultation, maintenance, and the procurement

.’ . * - ' ' N ~ I\\
and installation of communications systems, the development of working arrang- :

. ments With participating institutions and. the scheduling of these and a myriad

7

ERiC . S ‘ S N S A s

~
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. of other act1v1t1es to insure Ehat‘functlonlng termlnals appear 1nVc1assrooms

o=~

-

v

£ o i A .. : Y .
o . i . . - ) ’ S
' of hundreds of terminals in more than-a huha!ed;sites in the ‘absence’ -
of prior experiehce with a program-of’this magnitude is not a trivial
S . ' y ‘ ,
~task. -And? indeed, the present progfbm certainly encOuntered a fair -

share of problems as a resu;tT\\bn\the dkher hand, a system of over 900

termlnals, -at more than 140 sltes, funct;onlng w1th a rellablllty factor

“of more than 95%, prov1d1ng more than-a mllllon contact\ hburs per year .

- . ~

or rhstructlonal labo lorles in ‘synchronism with predetermlned academic cal—

’ - endars: ,The~initiati' of suchH a prodram oriented towards the installation

in more than 149 subject areas,_providing a variety of agditional services,

u - includiﬂg'cémmunicatigns features, reseaichhsupport, compotational

. . gécilities? riference_services, consultation,;ﬁaintenance reporting and
‘diagnostics;-and~eva1uatidh data has been.implemepted and operates on an
.around'the year around the clock basis. .
i " SCEN . ' o

1.4.5 Curriculum Development

The currlculum_development programs which have operated durlng the

.
-

perlod Sf the NSF contract have varled in approach from that of an indivi-

dual author 1ndependentlyawriting legson materials to that of relatively
. : . ) N o : &> i ’
o large cilrriculum deﬁelopment groups. The output of these programs has

— *  been -approximately 6000 hours of instrﬁctional material in .moretthan

4

100 subject areas. . The types of materials range from simple drill and

practice lessons to Fomplex student'controllgd simulations. The quality

'

of the materials;rangeMfrom;poorwto superior, and“eachﬂtype of approach

i

has :resulted in materials over this range of quality. Thus, while it is

clear that substantial additiofial work must be aone'in order to -evolve

"

: currlculum development procedures to 1mprove effectlveness and eff1c1ency,

“

R o : el _ ‘ ‘. :
Q . L _ ‘ , .(,-:". - g
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J

by ' . .
. ; . . N .. ~ ] ) ) - n . .
we have Hembnstrated'the sttem capability to operate under a variesy of . -

.

development models. . . s : : " o . - . i

. . : B . s . .
- v . S/ s
« ! e Qo Lo

~ . . . . .

Uy

.5.4:6 Applications Research Y ‘ . . .

‘l . V ’ & v
N : - . / A . =
. Yo . L L ) . 2 )

el -
L

As has been indicated,-.a wide variety of'applications of the system has
' ‘ ’ o .8 ' ~

= been explored. ,Thése range from Utiliza%ipq%Of,teernqls in individual .- &

. R ; " . . L « - e L.
. L] . . . s N - o
4 " v 'R . ’ § . g . ) / o

classrooms, 1n-léarn1ng centers, in offices, and 1n "PLATO" classrooms._ Many- £

-~

models;of use have also been explored, ranglng from cqurﬁes taught essentlally

. 4totally on PLATO, to partlal substltutlon'of PLATO sesslons for'classroom' .; .

K ' sesslons&552\3551gned‘supplementalxsgsS1ons,‘to optional_use of’PLATO in !v ‘ V

oonjuhction'Withlnor@al classrBoQQinstruction{ .Adain, var;inévdegreesfof“ v_~; 8

Y o _ K n ; . s [ [ T

‘ \ success have been  observed in each of these cases;w The:system capabilities - _
- . Y 4 . ‘ ) . - ~

' are adequate to function under ahy of the models;ihowever, this area of .

"applicatiohs research" is an area where a éreat deal-of_additionali;ork |
. - - N S - N . ‘;4,${ L :

must\be done.

Thus, far, we have only begun to explore the nature and degree of

-

- ]

1nstutlonal changes&whlch should be. 1nVest1gated in an- effort]tQJoptlmally
'utlrze th;isistem 1n the accompl;shment of .the educational objectxves of o .' , 2

K d1fferent edycational 1nst1tutlons at the varlous levels of educatlon. We ~

N . J ”

have had relatlvely llttle opportunlty thus far to accompllsh such optlma- ¢ N

. - <.t

.zatlonl and,'ln general, 1t has proved'very d1ff1cult‘for establlshed lnstl-'

™~ - . t

;2 tutlons to\develop a good worklng perceptlon of how thls new medlum relates.\” . . ,
A V4 - B ‘.

,to-rts problems. These issues need to_be explored ca{efully, if the medlum‘

e

«

.- -is to.provide.the. beneflt Whlch has- been qualltatlvely demonstratedvln thls e s
: ’ o, _ . : . - »

' program. » = ° i N ’ o : - ‘

. —~— . . g / . . ) V. R , )

[ ’ ; ~ ) ~ ‘.,'

RN of ! Ce 4? .

.. _ , . o s .
Q . L o ' UL AP
: ‘ .t N LT ;
FRIC o~ » 7o 2 74 Gl N
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1.4.7 Media Development . ) S

AN : _— ‘ v A e e T P
At : ’ h . . ’ L LoTe l.‘; Ve ’ . . '
, Perhaps one of the most exciting and 1mportant_aspedts of the present . :
B 3 \a Lo ) ’
program 'is bue that was noE’antlclpafed\a‘ the 1nceptldn of the pregréé% -

\uch broader than CAI or. CBE,-

e e

. . KN
. Namely, the roots of a new medium, whlch 1s
o : 7 , .

N : » ‘ \

-

have been_established.f Tt\ls\too earl to*%ttempt andfggurate,and complete '.b ';‘

-

/ ‘. ' : > - N ) - .
! ‘ charaﬁterlzatlon of this medlumf ‘Perhaps the best that can be\done at’tnms' :
\ . . . - Y ¥ MRS ., N real. "2' P --_e \
. time is to describe it as a computer-based.information/communications' .
. Y > gg/, ¥ %
work (CICN). 1In addltlon to 1nstructlon, the PLATCMsystem presently prov1des .t
e - , . ERTS e T
a broad,set'of serv1ces lncludang: NS o C ) 1_»~_‘;J: IR
- ; ! . : T e
yo 0. T - R f

{
Electronic mall,_lncludlng text, graphics, and- an1mat10n.
On-line" communlcatlons, including text, graphics, and animation.

—_

3
v

2.
3. Entertalnmeqt, 1ncludiﬁg games, m musical presentations, simulation, e
4. Personal services, including medical,. f1nanc1al, psychologlcal, and \.
_ educational and career plannlng. : : . 1 ‘
. - 5. Research computatlon. - C

6. On- line research, Physical experlments are contnolled by the PLATO
termlnal, and analyzed results are graphically dlsplayed in real\tlmé

o ¢ In addition educatlonal and soc1al research can bé . conducted- on-llne
’ "and in real t1me. n\\- ) : o
7. Data processlng. s L. .
8. Information retrieval. " L T .
b N N e Lo T .

' AN
" In 1976, the PLATO system at. the Unlver51ty of Ill1n01s was electronl- v

» -

. cally llnked to the Contrél Data PLATO system at Arden Hllls, Mlnnesota.
i .
d
Through thlS llnk any termlnal on one systen«fan operate .on. the other system,
g - - -
*so that all of these serV1ces are avallable in'a network" For example, elec-
B

~

- - 'tron1c mall can be dellvered from a termlnal connected to the Urbana éystem

(-

. S - o T . ' s.
. . 5 < . . - < i
In addition, lesson materials, software, and data are .

perhaps in Baltimore). .

transferred from one system to the other through this 1ink. ' . S .

/ ) \

Y N ')- N . C o ] , g - . " ) ‘
O ? - | . ) . . vy ) N \'s . T

EMC _— . . . . . . i‘, ’ <oy
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"

It thus becomes possible-tovvisualiéefa national network of PIATO

.
v -

systems‘providing these and other services to institutions and individuals.’

The ilﬁact of thid. new medium is difficult to estimate, but the potential

for improving communications and ‘access to 1nformation is immense. Pro--
- v

perly applied, this potential can have profound social and economic benefit

“to the nation and to the world. The NSF program discussed in this report has

. . .~

brought computer—based education, and more generally computer—based infor-

-

mation/commhn,cations networks, a large step closer to this vision of the

' .

: _ , ; o
future. ‘ ‘ : .
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2, PLATO SERVICES ORGANIZATION

’ Y
I

”

H

. . . . ,
. «sThe PLATO.Services Organization (PSO) was established in the Fall
of 1973 to provide many of the services'needed by users of the PLATO iV

\

system.  Among these were documentation -of the system and, language; assis-

tance on evaluation questions; training of authors, instructors"aﬁd other

classes of users; allocation of scarce system recources; and géeneral liaison

witlt the user commupity. (Obviously, mdst of these services had existed in

some ‘form in the paét, indeed throughout the'PLATO III and early PLATO IV
eras.‘ PFor much of that time, ﬁilliam Golden.was in charge of genéral }&aison
and resgurcegallocation. Elisabeth Lyﬁan kept records on the ownership of ' ')

files and allocated the terminals controlled by CERL. R. A. Avner assisted
users and CERL oh matters of evaluation. A number of individéals provided
~ ’ ’ -

training for new authors, and James Kraatz devoted most of his time to con-

’ - . I3 N

Sultation with authors on questions concerning the TUTOR ldhgﬁage. ‘The

creation of PSO was, therefore, a matter of expansion and coordination of these

!

”

services rather than the initiation o them.j
By the timé PSO was established, PLATO IV had already achieved a nation-
wide network of users. That fact, the relative inekperience of the users, and

~the unique capgbifities of the"PLATO system suggested that we concentrate on

(=S ~

’ e, - . :
on-line proc res for training and consultation. Other nationwide computer
A 3 ? ‘ . ' . R ¢ R . .
systems existed,‘b&t these could geherally assumeé that their users were familiar

with the terminals and computer languages to be used. Such users need only

o "i N ' // : - | . | : 'f;”/_f//,ﬁ\\\
ERIC- ~ . o | |
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, be téught the peculiarities of the specific system, not t#e system in

its entirety. Also, at most locations novice users could find experts

who might.help them.. In the case of PLATO, our terminalsiwere unusual

and highly sophisticated. The language we used was generAlly unknown.
Some of the'functions, e.g., running classes 1nclugsd/thersetting up of

routers, class rosters, data collection mechanismg, and the analysis of

!

S |
' student  data, have; no .analogs in typical computer usage. tA great manyﬁ

\DA

© of the use‘s were complete novices who had never wgﬁﬁﬁﬁgon a computer.

e »‘ba"k/ R

Finally, the PLATO system, then as now, was undergoﬁnq rapid development
which meant that even experienced users required frequent retraining. Thus,
theientire PLATO community had to be trained from Urbana. These arguments
had already-produced elements of the "aids" system which was to become the
most important part of our system documentationi'
Originally, "aids" wasito be a(set of PLATO lessons that helped users’
understand the TplOR language and simultaneously served as a teference‘
manual for ﬁhe erperienced author whoimight forget details. Some of the
lessons prov1ded interactive" training-by which an author might practice the
use of TUTOR conands before entering them into his own lesson. It has ex-
~

Panded into a rather. complete encyclopedia of PLATO. The'bulk of the con-

tents is still related to details of the TUTOR language, but there dre .sub-
' 2

'stantial portions of other aspects of PLATO: the use of PLATO bibliographiesv

of other sources of information, instructional design considerations, étc.
The PSO author group has devoted more of its time to- the writing and mainte-
nance of "aids" than to any othgﬁhproject. Acceptance by the user community

has been extremely gratifying. ring the Iast complete calendar year for

which statistics are available (1975), "aids" was used by authors more than

600,000 times which meant' that on the average, each” author consulted "aids"

29 1.
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' once in 40 minutes. The medn ‘waiting time after an author made a reéuest
and before relevant information began to appear on his screen was 3 seconds.
Current statistics'(August 1976, a rather slow time of the year for PLATO)
show 773:5 users per day requesting answers for 1905 questions. ‘All parts
of‘the "aids" encyclodedia have been completely rewritten several times.,,In

.addition to major rewrites in which whole chapters are reworked so as to

-
better answer the questions we hear users asking, there are daily corrections
to remove errors found by useié and to” keep it an accurate description of
the ever-changing TUTOR language and PLATO system. We usually aohieve our
goal of making relevant changes to "aidgs" within 24 hours.of'the time the »
’ system programmihg‘staff announces new or changed caﬁabilities. | ) - .

. What we have, then, is an encyclopedia of several thousands of pages

(more than 100 separate PLATo lessons) organized into chapters,aeach of N
. , . . \'l .

‘which provides both an overview for the interested reader and individual
. & - . '
! descriptions of TUTOR commands and system capabilities. Access to the. cor-

»

L
/[ . rect description is available to an author in two ways. He may epter the

faids“ lesson as he would any-other lesson, read through the main index
(chapter headings), chodse awchapter,'and then read'through the appropriate

. “
v . . .

sub-indexes until his questions.are/answered. - Authors interested in over-
o "). “ N :

views .are best served this way. The author seeking fine details about some

topic he believes he g®herally understands goes directly to the relevant in-

-
’ . -

formation by entering a keyword or phrase. Typicalfy, the sequence is the

<

following an author is working in the TUTOR editor; he presses the "Q" key
. 7 4 .

and types a key word (even most mi%spellings willibe recognized);:in a few

seconds he is looking at information relevant to his question. When his -

question has been answered, he presses the shifted BACK y%§ and in oné’ second o

a
’

* ’ . ’ ~
. N . .
' . g q__o"\,
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"aids" serves as consultants to the user community. They perform that

,time-an'author may press the‘TERM key and type the word "consult!.

» :”' i
3 !
or less is returned precisely to the place in his lesson where he wag \

working.” No printed documentatlon or network of human consultants could
' g ' e

match a1ds> for the prOV1510n of accurate and rapld author assistance
» , .

day and night throughout the nationwide PLATO community.

One should ndét conclude that human consultants are unneeded.  They ’
are necessary. For PLATO, the same PSO group which writes and maintains

\

4 ) - - ' { .
service from our offices in Urbana via the system itself. An on-line

consultant service was implemented with the -following features.

LN

T}I .
fact that someone needsﬁassistance is transmitted to the terminals at

which consultants are working. When he is free to do* so, a consdﬁtant

fchecks the llSt of people waltlng for help and offers ‘his service to one

of them During the consultation se551on3 the consultant‘can see the conl'

tents of the screen of the consultee. The two of-them can converse-by

typing ofe line at-a time which appears at the bottom of both screens

Although we,can only- guarantee that consultants w111 be on duty durlng the

A

r“normal worklng week ~1h facE thefe are usually c0nsu1tants avallable most

.l . B -
) |. . J' /

tweekday evenlngs and oftem‘qn weekends . Additlonal consultative help is

P .u} -,' \

prov1ded voluntarllx/by‘éom”;of the Junior systems programmlng staff. “Thus,

authors f1nd human help mostwofithe tlme xhat they'mlght need it. Cleariy,

e '1‘,“ s

in addltlon to serv1ng theineeds of the users, this service prov1des feedback'

to the consultants about those aspects of the system which are confuslng to

users and wh1ch need be better descrlbed in "aids". Although we have just'

begun to‘keep accurate statistics on the use'of'the‘consultation service, it
. . , )

- o\
. ‘ - dl
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+# is generally agreed that the rate'of use is'two to three‘dozen requests - _l

; / 1 \
' per day. That number does not include a substantlal number of requests’ (\\§‘
- \ . ' / . . . '
for help whlch come in QY other - "unofflclal" means suc# as thé system

i

"talk option", the public telephone, or in person VlSltS by - authors. It ‘ A3

{ .
, also fails to include the one or two follow*up communications which many °
1 ) . ' . .

0 consultant calls require. Limited evidence indicates that authors typi-

receiving help from a consultant and that
]

cally wait about 8 m1nutes before

a typical consult interaction lasys for about 11 minutes. Again, that'time

’

. . >
does not include follow-up. its for service of much longer than the 8-
x et

minute average sometimeg”occur when all of the consulting staff are called

ko a meeting or

ly in the morning when none of the staff are likely to \\\

- be present. : s o
Because of: thelr experience and sklll in communlcatlng ideas to users,
, ‘ the PSO staff has been asked to. produce other forms of on—llne assistance. to

users. They have wr1tten "help pages" available in the TUTOR edlﬂBr and

‘ «
~other system lessons. They also produce the text for error dragngses seen

» by users when either a condense or executlon érror occurs. In these and .all

)

our efforts, we work véry closely w1vh the system programmlng staff.
¥ . - t ‘
' The PLATO llbrary of disk files numbers about 17, 000’ These are lessons,

1

and a'variety of data files; Elisabeth Lyman and her staff keep track.of all

those flles, their creation, renamlng movement among the various dlsk packs,

and destructlon so as to assist: autho s who from tlme to tlme "lose" Some of

.

the space assigned to them. This effort is primarily a manual one and probably

unacceptable as a permanent part of .the PLATO system, but we have always pro-

! %

vided ,the service.” In the process, 4rs.“Lyman's staff gains the knowledge"
. . ~ a - q .

~

needed to advise users about what curricula are available'on-PLATO. Until a

Q ' ) A

ERIC | - e ,
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. . . i B4 i -
'functioning catalog of available lesson§7is provided?on the system, that
. \&.-——/ :
service is’ vital. When such a catalog is availablg/ the same staff will

the catalog. In recent months, we have begun to offer lessons

maintai >
for comiercial publication.- It seemed natural that Mrs. Lyman's knowledge—'
———— o \

able staff handle the-many and detailed communications between publisher ’,'

ng;;rafﬁfgg of be-

N

and authors.

1

Still another function of the PSO staff concerns t
o \

.ginning authors‘and upgrading of the training<of authors.
'would be performed via the system; and the series of lessons entitled "intro-

tutor” provides a limited .capability along that lgne. However, we have re-

off. We recommend that new authorg come to‘Urbana for at least a_week and

preferably several weeks if they

me t projectﬂ

4

\re going to enter a seérious lesson develop-
Lackfof foresight, time, and travel money prevent most authors
Nevertheless,

\
there have been enough students to permit us to develop a rather effective

-frgm taking advantage of our otherWise free tra1n1ng:serv1ces.

b giEning.training program. It deals mostly with elements of the‘TUTOR lan-

S o %
guage and the usg of the PLATO.terminal.

§

More needs,to be added about'efféct

[
!

deSign. The staff of consultants also. prOVldeS this train1ng.

Memory allocafion, both. for magnetic disks and for the extended core

y
storage (ECS) that

’

1lds the records for,on-line users, is another responsi-
- ~ bt B

bility of PSO.  Origi .

lly, PSO actually created the individual\files re-
guested by all the‘various’authors.L Now-that is done for only a minority of
authors.
,space on a maﬂthly~or'less frequent basis. Similarly, the allocation of ECS"
has been reduced to ah almost automatic per-terminal allotment.
r
: ~
v

‘.

Ideally, this’ too )

peatedly demonstrated that concentrated training by skilled instructors pays

Ly

ive

use of PLATQ in ongOing instruction and questions of effiCient instructional

. . ' " . .
‘Our major responsibility is limited to the bulk distribution of disk



» *. _ over the years, CERL had received some unfavorable criticism about the

&
.

+ . volume of information concerning PLATO availaBle in print. PSO also has

the responsibility to stimulate production of hard copy doqﬁmentation of the

-PLATO software~system, the TUTOR language, educational experiments nﬁing PLATO,

. t N N . . . .
hardware inventions, etc. We did notghave the resources to employ a number -

Il W * 0. . ‘ .
: ' of'pr%é:ssional technical writers. We could provide editorial‘assistance and -
R . o o , v .
. constant reminders to the researchers that documentation is vital. To a con-

B N . * 3

2 v - . -
siderable extent, those two factors did succeed in stimulatifig the production
e ‘ L - | | : : . ‘ . ‘
of hard-copy documentation. Some documenhts were produced without any a551stanceA;5

- s e LT '
v ] from PSO. Many receiveé%h&xiiﬁst editorial attention from PSO, and a few were
produced entirely by PSO staff.

i
is the series entitled BRATO Report to Msers. This 1s an oc a51ona1 pub -

third category /)

tion sent to administnﬁiors in charge/%f the more than 100 PLATO sites. . It .

discusses policy questions and recent or upcoming major changes in the ways

‘PLATO functions. Wek{ound it necessary to’ produceuthis series since there is

a small but very important minority of people who direct PLATO activities' at

1

.various sites and. who do not themselves use PLATO terminals on_a daily basis. . p
. -
In summary, the PLATQ\Eerv1ces Organiﬁftion has succeeded 1n develop}ng -,
a rich variety of 1nformat1qnal serv1ces for the many use;s of the PLATO system.
. i p ,
Most of those serv1ces rely directly upon tﬂéJhnique instructional "and com—

municative featunes of PLATO.s4 All of ‘the services, 1liRe the PLATO system 1tself,v

are under continyal .redevelopment as a'fesult«of feedback from our thousands

>

of users. Users'View‘PSO services as an integral part of the PLATO world.

L . . .

They appreciate them and rely upon them.-;They_never hesitate to tell us whex P

we fail, but they are also free with their praise.

. . Sy

~ Lo . . - ST

¢ . .
% - - . . . . | ’..

X
Y
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\ 3. INTERNAL EVALUATION

" 3.1 INTRODUCTION: | - N

-

. 4 - : o _
All major groups within CERL are involved in some aspect of research N
~and/or development. As a result, most collect fnd evaluate data which can

L
-~

-

_ cont ibute’ to a ﬁ;tter understanding both of the current-status of the PLATd
syéiim,and of the effgctiveness of alternative applications of thg system.

PR . s.,ﬂx \

The PLATO Educational Evaluation and Research Group (PEER Group) serves as ////

P

“ an in-housé resougce.for this effort by supplementing the evaluation‘re‘

sources of indiVidual groups and by performing applitd educational research
! ° . 7
- of general benefit to users of the PIATO system. :

b

The major goal of PEER'Group'sunport of 'work under.the NSF contract was :
- N . . ‘ ‘

v ) N N . . : . o W
in providing data for improyement of services. Effort$ included measurement LA

s

- and dooumentation of(system availability, monitoring of sydtem acceptability

-

" by users, and aid in formative evaiuation and_instructional design to the
* - . \
_various curricular groups.ﬂ As: w111 be detailed’ below, the latter function -

: Y :
¢ was limited both by the small number o qualified personnel available and a

e . Pl 3
-

‘ deSire to insure that the DemOnstration project not be a "hot-house" effort

nurtured by profeSSional-support‘unavailable under normal conditigns. Members ;//

" of the group also provided direct support to the.external evaluator, the\Edu-
. cational TestingEService (ETS),ﬁand-its subcontracdtors where coordination or

'-\
aid was required in- collection of spec1al evaluative informatlon

. r.i-—f.
/ o ‘ et ) ' . &Q




degree of (1) system accessihility, (2) user acceptance, an\;f?) instruc—

tional effectiveness. A summary of evaluatlon problems encou\teres during

the-National Dembnstration will complete the section. .

3.2 SYSTEM ACCESSIBILITY S
System accessibility is the basic requ1;ément for effective implementa- |

tion.ofaCBE. It is determined by the degree to which (1) hardware is phys;-. ~

cally present, (2) system components function reliably (3) the system per-

forms within design specifications, and (4) these specifications/permit useful

&

ingtruction to be presented. .Vherever'possible, data‘on'these factors have’
i . AT . .
been’collected_by’techniqués intended to reduce reporting bias. Results have,

'.been reported to users in open files to permit a cgntinual independent audit

of accuracy‘and appropriateness. ‘Personnel from NSF. and ETS. have additlonally
- had access to systems data not nogmally provided to general users of the PLATO

e

system. : ST o b

4 - e
3.2.1 Availability and Reliability ( - I =

/>
: . The first tyo aspects of accessability are summarized in Tabl;LghT\>

The data in Table 3.1 give a very conservative estimate of the reliability

-

of a -system in stabie operation. For example, terminal availability data

include down-time during night and weekend hours (even thdugh.maintenance .

"

'service would not normally befexpected at those hours),because-terminal use

is not'limited to "office hours." Similarly,:this down-time includes travel'
L4 .

tlme to terminals that were over 1000 miles from Urbana and which were not a

partiof the Demonstratlon.. Constant modlflcatlons_ln hardware and software

,
L\

)
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termlnals in #ran
not act

h

between sites, termlnals belng

y in use.

37

(TABLE 3.1 bontihued)_

I

Bl Lo ‘
' TABLE 3.1
g PLATO SYSTEM AVAILABILITY
. & " | oy ,
[ 1972 1973. 1974 . 1975' 1976
a . ’
HARDWARE . .
. i o : A ‘ .
Texrminals :
purchased 200 304 -.801 950
in place 200 - 304 . 780 921
_“Audio Units 1 4 72 197
- Touch Panels 0 31 S 111 717
) b - ' T
USAGE - &
R A t . . -
Thousands of terminal : ; .
hours per year 138 - 348 676 1,105 1,189
, . - N
) Average hours per . : A . .
terminal per week 26.5 . . 26.5. 23.9 25.4 - 25.4
RELIABILITY® - N .
N 12
Central system mean- e L '
hours to interruption 7.24 6.51 11.90 16.60
. - . . ‘ .
- Mean hours of 1nter— C ° \. o ' - f‘g; ‘/_  ’.1“.
ruptlon v . o100 0 L23 ',334_3 39 s
.Probability of class " : - -
'hour interruption . .14 .15 12 .10 ‘
K Termlnals-Mean weeks ‘ L
to maintenance ' 5.21 7.35 - 11.58 13.24 .
Mean hours ‘down per N B - .
. month per terminal 7.6 13.6 10.2 9.6
Totdl System i - ' . ' \\\\f
% Total hours L
termlnal time usable 95.9 94.4 94.3 95.0;

aTerminals "in ace" were determined by phsical inventory. Not .included were .
¢paired, or termiﬁals
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~

) - (TABLE 3.1 Continued) -~ - .~ L
' [ ‘ * v l': hJ ‘ o

v

bU;age prior to July 1974 was based on. mamual sdmpling at .periodic_

intervals. After that date usage was_based on a program which auto-
matically recorded use of every terminal once' each hour... -
-~ ‘ ) .

‘ . . - . ey ; A LR
cCent':;al system reiiability based on automatic fecording.routine.'
Terminal reliability based on data base attached to on-line repair )
request progktam. Note the increase.in,meah'hdurs'of intérruption ‘' for

the central system in recent years. This effect is due to elimination .,
of minor problems from the mix of system problems. what remains are
Jlargely hardwaxe difficulties which'occur upon ingtallation of new
quipmqnt and which typically require more time ‘for solution.

~

e

o

. BN . ‘ . .
L . -



v

Lt . f ¢ )
L were als® being made (dnd tested) during the period‘coveredﬁ.'A commercial

'5installation which Eses'only‘tested yersions of software produced By'this

- ]

“;‘ ‘ system currently i&ows reliability flgures approx1mately twice as good as
‘those shown here. The software sectlon of this report 1nd1cates the bene— e,
N

flts and Justlflcatlon for cont1nued modlchatlon of an operatlng system.

> o ! >

Very briefly, the mod1f1catlons belng ‘made at thlS t1me are of a. nature

[

that go beyond the present state—of the art. Hence,,complete evaluatlon
regulres that they be tested under conditions of full system load or w1th1n

ﬁreliminary

the context ‘of an actual 1nstruct10nal/sltuatlon Naturall

&

test1ng is always done during non-prime t1me ("prlme—g}m ' con51sts-of the o W

bt -

hours from 7:40 a.m. to 10:00 p.m. Monday through Frld y and 8: 00 ‘to 12 00 a m.

~ - a

on Saturday--the time dur1ng wh1ch service of h1ghest rellablllty is provlded)

@
LIt will be noted that about 94 to 95% of ‘total prime time has actually

been avallaole to users slnce 1973 Thls flgure is unfortunately not an ade-

[ 2 . v - s

quate indication of the quality of service provided to'instructional‘users.

s . . , ) . ‘ :
Unlike many time-shared computer operations, instructlonal users are as \

severely affected by 1nterruptlons of serv1cé .as by lost serv1ce A‘better'

-~
.

) 1nd1cator of quallty of CBE service 1s provided by knOW1ng the probablllty

©of a class hour Qelng 1nterrupted A.study of new instructors 1nd1cated,

W
-

for exampl~, that know1ng the. percentage of scheduled t1me that the1r class

. « .
was able to use PLATO accounted for only 21.8% of the variance in the1r att1- 1

tudes toward system.reliability while knowing'the percentage of hours inter-

e : . ‘ 7 . . . .
rupted,accbunted-for‘62”A%. This study (which is being performed as a part - v
_':of"a contract with the Advanced Research Projects Agency'of the Department

-

—— . -
of Defense) also 1nd1cates that 1nstructors who experlenced interruptions in '

less than about 3% of the;r classes percelved PLATO as suff1c1ently rellable

*

&
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.ruptiodn 'generally perceived‘RLATOvas being too unreliable for_instruc— o

. . v . ) ’ .
(. 8 = e
. . . 3 . .

oy .
/ 3 . .
. . : - . »

for instructional'use( éhose/whoaexperienCed;higherratgi‘of inter-
.~ . N . ’ .-

r

\
P o

. . : . A . "
tional use. Because hardware modlflcatlons often caused brief perlodsq

\

of very loW'rellablllty, the yearly averages réported for probabllltles

i .’

-'(34 . . B

of class—Hour interruption;inﬁghe above-table.are well above the rates o i
actually observed by most lnstructors. Thus,fa.gr up of 24 new instruc-
" : .

R - : v

. v o e : ‘ : - :
period. A group.of 109 Community College'instructo s alsojsaa\system un- : o /(

=Y .

-

'. lack of enougH termlnals for all students who desxred texuse CBE. » ,J : B o

R o N ’ o et T,
< . . - . . , v k ., -

3.2.24‘Desi§n7standards‘
L R T ] . , . _
P : ’ v e, S : SR Lo .
The PLATO system depends on three major deslgn factors.. These have to ,\\\\~'

. o

do w1th permlttlng students to have rap1d access to a speclfled quantlty of

computer‘gnd storage resources,independent of~system load;‘ Specifically{

. '

,in.order to permit smooth operatidnjwithout hesitations that-might‘be inter-

.".v

-

preted by the student as a fallure for a response ¢q be accep?e response . .

. \
- . .
t1mes for key 1nputs for students in~” lesson materkal are expected% gl\}ess
‘ ° ’ . o nn*i :
~than 0:2 second. Also, each,stu%ent should be able to use materlals that o ~

s .
N .

execute 2000 computer lnstructions per gecond and access diskﬂstorage’an

»

average of .once each minute. Meeting these specifications ‘is of(little. . A

e I3



.

i

s practical_interest'unIess there is also evidence that useful student
operatlon ¢an be done at such levels of _access to- resources. Sampling -

ho times unde? a varlety of system load congétlons has indicated

A

. . \
ful' in this area. In general, it has ‘been found that the probabllaty
" is at-least .99 that 99% of key .echo. times will fall below the statlstlcal

tolarance limit of 0.2 seconds regardless of system load if the student is

" ’ n. . . " . » .’. - . . . » . T e .
using lesson material that is itself -within design limits (i.e.--load inde:
N . . v o O .

pendence is insured by limiting the igad that any individual user can‘piace

on the entire*system). To détermine,if these other design limits permit

‘) .//# . . .
L reasonablevapplications of CBE, recoxds of all users of the PLATO system

were examined in‘eariy Décember, 1976. Of the 27,731 records, 22,401 (80.8%)
N . R . . ¢

were* for individual students and the balance were for authors, instructors,
R . L .

. Sor forlspecial multipleéstudent use {(commonly usedlfor demonstration or other

'_non—instructional applicatioj;). The records summarized usage for periods

- of up to‘several years in scme cases and included a totaI of over 1 mllllon
"hours of termihal experlence._ Table 3.2 1nd1cates centile polnts for totah

hours, TIPS (Thousands of Instructlons Per Second), and DAPM (Dlsk Accesses

’

s Per Minute) for student other records. 4 I

. !

o FoY students,” 85. 5% of records averaged less than .2 TIPS and 75% of re-

t o 1

'cords aVeraQed less than 1. DAPM. Thus, the majority of student records appear

/ to have.been able to stay well within the design limits. '

. '

N T
3.2.3 sSystem Utility o _ '<&
¢ . Usage by indiyidual‘students could also have been fgr higher for brief
C\k' periods without dégradrng cither system operations or theit own operation
Y o ;‘;"' i . ‘ ‘," .'\ .
o e .
o QuL -

ERIC ;= ) ,
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TABLE 3.2
’ USER DEMANDS ON SYSTEM RESOURCES.
. 4
’Centilg Student engr - Student Other %pudent Other
_ S . .
50 3.9 17 (:\ .75 2.3 41 1.69
75 '10.6 f 0113 +1.28 '3.87 1.00 3;32
90 “=7i34,8 7 468 2.52  5.53 2.69  5.43
- 95 hu\m21;9 - " 948 * 3.55  6.78 . 4.51  78.15
Note: p

~

Entries for each centile listed inficate the upper bound for

‘that quantity. For example, 75% of students had accumulated no more’

than 10.6 hours of system use. -



since the peak uéage of one student is likely tJ coincide with a period ,
 of low usage for other students when/éufficiently large numbers of users

share the same resource. Thét‘thigf?s possible is suggested by the fact
* /

that some students and most other users actually averaged higher rates
than ‘the design levels (thus indicating that the resdurces were in fact

. available). ﬁn.addlt;on, contact with instructors of major courses indi-
cated that there were seldom apy’indications of student dperation beiﬁé
degraded as a result of “excess demand on resources (users with author-and

instructor records could and did notice degraded service during peak

s : .
usage since they had lq@er‘priority than séudents in accessing resources

beyond the design limitations). Only one méjor curriculum area (computer
SCience) consistently reported degraded student performance. In this

case, very sophisticated materialsﬁwhich‘pérmitted students to sipulate ,
ks :
operations in a variety of computer languagesvmadefdemands on system re-
sourcés that were far beyond design specifica?ions. Mater£;ls of similar
& ~
levels of sophistication in the areas, of chemistry and physics, hqwever,

.+ showed demand levéls that were well below the'design levels. Thus, it

¢

~appears that the design specifications of the PLATO'system do permit useful

¢ instructional materials to be supported in a wide variety oﬁ:fifject-areas,

-

s . .
3.3 USER ACCEPTANCE e ‘

The second requirement for effective system implementation is the pre-

sende of user support., Special efforts were made throughout the Demonstratioﬁ

period to insure that students and instructors who used PLATO also served as

3 Id

expert sources of information for modifications of software and courseware.

These efforts were primarily intended to insure that erroneous precohceptiongo

e

Aruitoxt provided by Eic:
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of how CBE should be used would;not’dictate actual design. Secondary

. . - - \ :
benefits of the approach included direct production of materials by .

members of the institutions and a ‘general acceptence of PLATQ as a tool
‘ - [} ' - L

. . . ’ ) . : 3 M ) . ) . .
for aiding instruction rather than as simply a technological gimmicks

Individual descriptions of curricular projects found later in.this.re-

VP
. N

port contain evidence of such widespread user acceptance. This infbrma-
tion will 'not be repeated here. It will, however, be useful to consider

some overall measures of acceptance. At the institutional level, the

’

°

best evigghce for acceptance is the fact that, despite severe financial

restrictions, evefy community college which was part of the Demonstration

has underwritten the major costs of continued use. At the elemenggry

-

level, funding was Simpl%é;;t available despite continued interest by

'teachefs and students. A restricted implementation {(with equipment costs

3

h . 7 .
underwritten by the University of Illinois and the State bf Illinois) does

continue in the elementary schools. Tables 3.3 and 3.4 below indicaﬁe

x
that the average rate of usage of terminals at these sites has remained
essentially sFable thrgugh this change in support. Since_there are large -
individual differences ambng sites in the number of sched&led school days,
the figures in these tébléé sho&la not be used as an iﬁdicatiog of teF-

’

"minal usage dufing class days.

TABLE 3.3
Community College Uéage

dBmparison of Externél and Local Support

Total Terminals Total Hours Hours/Terminal

N November 1975 (NSF' Supports |t 118 11,092 - 94.0
\ November 1976 (local Support) 118 ’ 12,043 . 101.2-

ERIC ' 4
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. - « TABLE 3.4 ~

7 ‘ ' Eletentary School Usage

lComparison of Exterpal and Local Support

A B " Total Terminals Tetal Hours Hours/Terminal
November 1975 (NSF Support) ' . 98

o x | ‘ o ' ‘ " 40.5
November - 1976 (Univ. Support), 60 2,430

3,898 39.8

- } ) R . ‘v -. ) I co J
An opinion survey of 109 community college instructors who had used PLATO

for at least one samester indicated generally enthusiastic attitudes. In re-

'

', sponse to an item asﬁing if they would use PLATO again if they had a chance,

the following ‘responses were observed:

TABLE 3.5 )
Instructor Response;‘ <
Response Number ° - Ppercent
. , Never! 0 0.0 .
Rrobably not 1 0.0
) Not really sure 6 5.5
. - Probably would 32 29.4
Absolutely! - 70 - 64.2

109 100.0%
N ~—
The major advantaqes of CBE seen by/this group of experienced instructors
were that it permitted instruction of a type not otherwise possible (e.g.

indiv1dualized .attention and real-time slmulations of chemical ofyhiological

experiments) and that it gave the instructor a better idea of student hneeds.
Even the disadvantages of CBE most’ frequently cited by this group could be
.considered ashfavoring CBE. The two disadvantages scored most frequently by
the group as "major problems" were insuffic1ent termina s for all students

(most sites had only 24 terminals) and 1nsufficient computer memory to peinit\

!
!

open access to all available materials for every ?tudent

L
’ In addition to sites supported as part of the National Demonstration,

- mady other organizations make use of the University of Illinois PLATO system.

-

0
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. ) 3 -
Table 3.6 summarizes these users by type. In all cases except "elemen-.

<
tary and secondary schools", termina

usage is being supported by the

institution involved. No efforts are fnade to interest new users in the

. L ' L
system since demand for access far excegds current or planned resources.
. . . ‘ _ \
New users are, however, being served by e Control Data Corporation which

k] . . 0 . . : 0 ‘ -
1s rapidly expanding facilities on commerc1al{y operated PLATO systems.

~\f7§pree pf these commercial systems are currently in operation in North

American with many others planned. °= = . K
v ) . \
' TABLE 3.6
Major Users of Urbana PLATO System as of December 1976 o
'Type of User - i Number of Organizations . Number of Terminals
o ‘ . N
Universities - - . 36 46l
Community Colleges ’ 6 119 |
Elementary and Secondary . 5 64
State and Federal Government 11 49
Military wﬂ§ 12 90
Commercial » 8 12
System Support and Research -1 64
‘ 79 859
Note: o v ‘ Py

lines to Urbana. Additional users with lower rates of| usage share dial-in

access.

3.4 EDUCATiONAL EFFECTIVENESS~ DISCUSSION

v - ° o~
CBE is a medium rather than a specific instructional treatment. Thus,

4

a demonstration of superior teachihg by CBE is in itself of little value

£

. other than as proof that the meditim doés not hinder instruction. The field

K

of educatlonal innovation has been plagued by progects in gplch the: hlghly

T

ERIC - o _
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“tional institutions.

masters-level degrees

motivated originators of an'innovationugre,able to show dazzling results
-' ‘ . . l s ) . ) . - ‘ , . :
which, unfortunately, dwindle to nonsignificance when the device or tech-

nique’is.used under .more realistic conditipns; Both to prevent such an

unrealistic "demonstration" and to maximize chances for observing novel

)
»

approaches to use of~fAe medium, the PLATO curricular development efforts

made maximum use of personnel .from the igstitutions.: Personnel employed ':’

by/FERL to provide the“day—toéday'contactlwith these institutions for
. P _

»

-coordination and communicatiohs were typical of the pulation of educators
. P P Jf e po ¢ 3

who might be hired to provide such services on a permanent basis by organi-

zations which had the limited financial resources characteristic of educa-

>

R
A total of 66 persons were employed during the duration of the National

Demonstration in the areas of development and hanagement of curricula. The

median salary paid was $10,500 per year and most haé either bachelors- or

[ . o
(usually in some field of education). As might be

expected at this salary level, turnover was rather high with a median dura-
tion of employment of 12 months (mean 16.25 months). Some personnel did

have higher qualifica%ionq) a longer period of employment, and/or a higher
salaty. During initial implemeéntation efforts, for example, personnel with

[

spgcial'gualifications in adultveducation and implementation of educational
technology were employed temporarily to smooth the introduction of PLATO into

the community colleges. Curricular development teams alsg tended to have

-

personnel with more experience. However, during the entire project only six

persons at the doctoral-level were employed in curriculum development. While -

a few of these people had experience in various curriculum development'pfq;'

jucts,. none could be described (at the time of their,emponment) as an

] ’ ‘
" ‘4' . N ) \

,



- )

"exbert in CBE cugriculum development™". With rare excebtions, they were

learning to use a medium that wq% totally new to\them. :
: . . R N . . . ‘(- . ‘ -

Professional support from experienced CERL ployes was lafgely

o« -

limited to aid in"learning use of various feature$ of ‘the PLATO system.

N Initial support in)?he‘afealof instructional design and evéluationvwas"
\ -'supplied on}y_by-personnel who-had CBE baékgrquﬁds roughly equivalent to
those of the curriculgﬁfgesign t??ms. Later support in formative evalua-

‘tion was given by persons 'with substantial experience in CBE, but was

* .

lim\fted mainly to aid in test design or analysis of Mata reqﬁiréd for

special reports as part of the National Demonstration. Thus, materials

-

pfoduced by these groups should be représeﬁtative.of what could realiéti-
cally be expected of pegsons who were qualified in their subject—hatter
fields.;s teachers’but who were nét highly,expefienced in use of CBE or l
(iq many casgs) in the managémentvof‘méjof curriculum development efforts. -
The resu}ts of this‘app;oach are evident in the sections'of this report

“ which cover each subject-matter area. 1In brief, an impressive quantity -

3

-

of material of commendable quality resulted. The approach is probdbly not
the most efficient method of producing effective instructional terials,
. but it did provide a good deal of data on authbr behaviors. Thesel data

are now being used to complete several studies on general techniques for

-

effective use of CHE under a project funded by Advanced Research Projects

A

" Agency.

’ y ) . : . - v '
4‘_ In several areas, personnel from the curricular design ‘teams made

substantial contributions to tools and techniques that#te of value to all

users of the PLATO system and,'ultimately,_to users of all flexible CBE ,.\)

- systems. One example is the collection of data on student interactions with
. . ":\ﬂ_ .

. A -
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. /'/ .
CBE materials. PLATO alldws one to store detailed information on such.

v . . M - .. " ) .
interactions for each student. A basic program for storage §hd\analysis e
of th e data was written by members of the CERL evaluation staff. This
program was extensively supplemented and expanded by members of the CERL

COmmunity College staff and was used to provide summary tables, graphiCal

* - .

displays, and_statistical analyses of value in lesson and student evalua-
- « . - '. . A , l . . ' B
' tion., Techniques suggested by’ the experienice gained in analysis of ‘the

) * . . ) . . Sy )
great variety of data from the various community college efforts are now -’

’be%ng_developed further under separate, funding. For example, promising

relationships have been found between performance on standard tests and
. ’ - e \'—‘
selected student-behaviors within CBE lessons. - T;W‘ . . e
— Qé-- . .
\} . - 4
Evaluation of effectiveness of 1nstructiona1 materials w111 be done

-

"By the external eval ator (ETS) However, it will be useful to considgr

" one major generaliza fon that may be drbwn from formative' evaluation data
‘PrOJects which tended to use CBE as a treatment rather than as a medium
-did nét preduce maierials'which showed great sudcess.- Simply generating ’
instructional materialsv(even materials that mAde exemplary use~of features

- . - ' : ’

: . ] . . . . <
not available through any other medium) 1s not sufficient to insure effec- \

tive instruction. As with any medium, success goes to the instructional

desigper-who takes special pain insure a match between needs and abi- v

lities of student, nglds and bilities of teachers, and designLéf instrbc—
: e H
3

casgs, - results of such care will be clearcut. . L

tional materials. 7;h ome.
S—— A o ~—

cantly higher mean scores for the PLATO group (Ef48) = 3.168, .a diffefendef




7

a1

- ' . - -t
.on . :
- . R - &

o

“this large or larger would occur by chance alone only 3 times in 1000)

5

In other cases, the normal "nolse" of 1ntact—group com| arlsons may obfus-

-

cate?results. Table 3.7 shows results of three tests for a PLATO—non—PLATO

. ‘ ; .
companison (again in Math). ; . ' ‘ : . e
( . % . . - i

P T TABLE 3.7 o

: !

Performance Scores for Math Students

\

Prerequisite Pretest ﬁosttest
" PLATO 18 . 58.11 (21.80) 12144 (9.85) 35. 39 (9. 89)
non-PLATO 22 71.91 (16.27) 11.23 (8 30) 32,59 (10.42)

. _ v . \X o
Notes: = =~ o oo A S :

' 5 b N /" . - ..
Entries are mean scores (standard deviation). "Prerequisite"

scbres are for'a test of skills that were prerequisites‘for the course; o

¢ .

"Pretest"™ and "Posttest" scores are for tests of the skllls taught in the

S

course. .Both sectlomi were taught by the same teacher. -

Scores on the "pretest" Gﬂhich,covered only the material to be taught)
as well as the "posttest! showed no slgnlflcant dlfference between the two
L3 . Y "‘
groups. However, a test gf’%hllls which were assumed to be Prerequisites

. o

fot the course 1nd1cated that the PLATO group actually d1d not begin the

PR

»

course with all the . slffneeded to understand th\é instruction to be given.

’Thus, the PLATO group started at a lower p01nt and ended at a sllghtAy higher

p01nt than the non-PLATO group. When thls difference in startlng lévels is

statlstlcally compensated for by use of analysls of covariance procedures,

- the PLATO group is shown to have learned 51gn1f1cantly ore than the non-— ')

PLATO group , (F (31, 36)— 12.099, a d1fference thls large lar er would be .
| 2 o' larg

3
1\

T
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expected to occur by .chance alone only 14 timgs in 10,000). The major
reason the PLATO materials were able to cope wlth students who weré{
strictly speaking, not prepared for the course was that a great deal of
. care had been given to determining the actual (rather than assumedl levels
of’ student skills. -It had been noted that many students were entering
- these courses without an adequate background. Therefore, materials were
designed to permlt such.students to take special remedial segments where
needed on an ind1v1dual basis.' If the materials had not contained automatlc
remediation, 1; is likely that many students who did not have the assumed

rerequisites would ha¥e been forced to drop out of the course. In other .

t
1nstances, the structor might have been automatically alerted when PLATO

- detected a st dent with problems that could be alleviated by ind1v1dual

attention. point to be noted is that CBE materials'Can be éfféctive

only when they &re designed as'a part of the total instructionaf.setting.

In additlon, CBE is llkely to be particularly effective when 1t is used to

adapt instruction to the needs of students w1th widely\differing back- >
. : \ '

rounds. - .
g 7

s+
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3.5 A FORMATIVE ASSESSMENT OF.'THE PLATO ELEMENTARY .MATHEMATICS CURRICULUM

3.5.1 Summary

s\

- The PLATO, Elementary Mathematics Curriculum consists of three quite inde~

pendent "Strands" -- Whole Numbers, Fractions, and Graphs, all designed for use
) ‘ [ / ° . . '
in\elemenéary grades 4, 5, and 6. Apparent relat%ve‘success, as indicated by

‘ v

summarized performance results communicated to us informally‘by Educational < .

. - t

Testing Serviee, is in the order: Fractions (most successful), Graphs, and

»

Whole Numbers. 0 ¢

The Fractions Strand was qulte dlfferent in’ several respects from the
y 7 v
.other two. For example,”most Fractions\lessohs adjusted the difficulty of
. _ : . . , 7 ‘ :
tasks presented to the student on the basis of the student's own recent per+

. » . . :
formance; while few or no.lessons of the other Strands did sé. Also, most

Fractions lessons used avmastery—of-skill critérion to determine when'to
- ‘- oy) . v . : .
advance the student to new lessons, whereas few Whole Numbers and Graphs

lessons had this feature. In addition, the Fractlons Strand 1ncluded by
: A

‘far the most extenslve prOV1s1ons for lntegratlon of PLATO mathematics lnstru

S

tion with the regular mathematics 1nstructloﬁ-ofpthe,classroo
. ’ g Sl )

~0
.

<teacher. e

‘Since it”is altogether plausible that differenti%l pregence of sudh;' ~

i

characteristlcs should be related to dlfferentlal success, Wye entertain.the

*

formatlve Judgment that future PLATO work ln basic. skills argas should "y

5\
A o o 7 i S &

3.5.2 The Three Strands

N K
' . . . XY . . . .
The topics gpvered by ‘the’ Whole Numbers Strand, inbluding‘meaningsl "facts")

expressions, algdrithms, and word problems'fbr eagh of the foéur operations, are

J

This section covers only student performance test results. Other goals and‘yé; . )
outcomes are discussed in Section 3 ("Elementary School Mathematlcs") -

P ) ' ('l “ '



e

mostly standard ones ‘for grad'es.,t'l—6.~ S ‘ &

N

The topics covered by the Fractions'strand are also mainly standard ones

for grades 4-6: meaning of fractions, mixed numbers., and~decimal fractions;,

’

ordering; equivalence and conver51ons, common denomlnators; and addltlon,'

subtractlon, and mult1p11catlon of fractions and mixed numbers. . .
L4 \ ’ ~
The Graphs Strand is concerned ma1nly with top1cs that are not usually

taught in gkades 4-6, such as Cartesian coordinates, signed numﬁers, vari- B
- : ’ L
)' [
abies, and functions. I ‘, ,

Fach of the three Strands was developed by 1ts own author group, whrch
had its own phllosophy of educatlon and its own approach to the use of the

PLATO medium, and there was llttle formal coordlnatlon among: the three
1 . 2 N . .
groups.+ Hence, as one might expect, the Strands vary in structure, approach,

1

style, and conventlons, as %fll as in contejt. 'Thus, in many respects'they'have

& ¥

the character of three separate attempts to use PLATO in the’ elementary

mathematlcs classroom, even though they Were Jolntly 1mplemented and managed

L]

during the two succegsive curriculum trials whose results are discussed here.

. e . ) _. ) e

3.5.3 Performance Results ' . %ﬁ'
/ Duz:ng 1974-75, PLATQ;math lessons were used in about a dozen demographi-
iegated elementary (4th, S5th, and 6th grade) classrooms in Champaign-

cally v
xllrbana; the same was true in 1975~76. In each year, Educational Testing; o

% Service conducted an e;ternallevaluatlon_study using'the available PLATO :
,classes together with'about a dozen non-PLATO classes intended to'he:matched
by grade, ablllty, and ne1ghborhood to the 'PLATO classes. » 'jor :omponent of *°

LY

each stu&y was measurement of performance ga1ns 1§ each of the thrée *content

IEN
. 1

geas by.means of pre and post testing. The inspents used, one for_each

N FRE .
} content area, were d@veloped by ETS in consultation*zith senior authors from
) , N [ o P
- o . ¢ L - y .
[ A v

\

VT80 ,_ |
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t v
N

th\)respectlve PLATO Strands. Exgept-fo? a modestureV1slon of the Fractlons‘

. e

test in summér t975 (Whlch coﬁslsted ma1nly of 1ncreaslng the number of items

‘é - 0

on equlvalence,_and 1nclud1ng a.page on ‘decimals), the original three tests -

’
P f

were used unchanged for both administrations in both years. .
* ETS has never officially communicatedﬁto us_any-findings for ‘edither yean;
5 Py

v

However, we were 1nformally glven tables of 1tem data from the 1974 75 trlal,

and we have 1nformally been tpld ETS's assessment of the Strand by-grade’but—
N

y

*comes for'197H-ZP. Table 3.% summarizes Strand-by-grade results for the two

Tl

years, . )
Strands . "~ Fractions ; | . Graphs ~ Whole Numbers -
Grade . €2 -4 5 -6 . a’s 6 - 4 5 &
' » ) . + L ' R
o 1974-75, + o+ 0, o0+ 0 . - 0 0%
1975-76 - T+ 4+ o+ ... 0 + o+ '+ 0 0 ’

Table 3.8 Relative performance results, PLATO vs, non-PLATO, in two‘;' )
successive curriculum trials. A plus sign (+) means that PLATO showed
significantly (& = .05) syperior gains; a minus sign ( -) means that non-
» PLATO did so; (0) “means therg was no slgnlflcant dlfference- and. (o+) -
gmeans ‘the superiority of the PLATO gains approached (p< 07), but’ did
not ach1eve, the designated level of sig 1f1cance. 1974-~75 results were
. derived by CERL from tables of item d1ff1culty data, via binomial tests
*of jtem difference scores. (The. b1nom1al ‘test's assumption of experi-
mental independence of observations was Judged to be met, indsmuch as
the testswere untimed, and ‘tHe opportun1t1es for inter-item” cueing . (éx-
cept possibly in the case o}*the Graphs test) were judged to be small.)
Results for 1975-76 were communicated to us verbally by Spencer Sw1nton

of ETS 1n December 1976. e ~ : 7

-

G1ven that the two rows in Table 3 5 were obtained by dlfferen;_people,

- Y

Ce

uslng dlfferent methods, from data of two trlals run und r very dlfferent cond1

A\ N L Lo

tlons»(see sectlon,3.5.6d), the degree'of apparent order_t ere displayed is

~. he ’ ] v'-."

surprlslng, in eacn year, the Fractions results appear : strongest, the Graphs

results next, and the Whole Numbers results lést And,hfor every Strandu.

'the 1975-76 results were better than the 1974 75 results (posslbly due, in

‘ser\part,lto the better PLATO runnlng condltlons that obtalned in 1975+ 76

ok o . PR

~ ,'l o ’ )
. ¢ N . ' S O
\ s ¢ . , . R ) .
. - . . e !

.-

-
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3.5.3.1 ETS Covariance Analyses for 1974-75.

~

The outcomes for 1974~75 given in Table 3. 8, which w%fe computed at CERL

k)

from the ithm data tables recoived from ETS;’are confirmed in their main out-

line by the results of analyses of covariancc performed by ETS, based on
. '(pnesumably) the same body of test data from which were computed the tables

of ftem data that we were glven. The relevant results of these analyses of .

l \
.

»

o .
..covariancd are summarized in Table 3,9, . .
s . ! ]

, Probability 7f¥}” Adjusted Means (all pupils)
. : : } L e ¢
. PLATO - ; non-PLATO

4;' ' Fractions . .006 o ‘ . 'ﬁ5.6 S i 2f8

Graphs °:' . .21&4' ‘ 3.9 2.8. ,'v

Whole Numbers 952 98 o 1041

; " " ‘ . . ) . | . )
. Table 3.9 Results of three analyses o ariance. Eabh "Adjusted Means"

entry is a measure of posttest performance adjusted for pretest perfor-
mance. :Lach "Probability" entry gives the likellhood that the observed
difference of adjusted means "(PLATO vs. non-PLATO} could have occurred

_ by chance alone:. (These analyses weré dpne by. ETS.) , »
s - oo » '
H : . :’~,"?‘ ‘31‘1 . . . 3 ‘ . o, ."
The table says that the. likepihood that the favorable-appearin Fraotions '
. . i N
test resultz could have occurred byhchance is vanishingly smallrﬂwhile theg}ike- R
*_,".lihood that thﬂfaVorablerappearing Ggaphs test results,could have occurred - by
(‘5‘ ' . ‘ ,,:‘:' o . ,' ) . . .
Y chance is quite high (better than one chance in five). The observed difference

\ 3 ~ . ) . , .. )
o o . . S . . . -
in Whole Numbers adjusted means is insignificant,\since—larger differences could
:P' ’ 3 * : » - . : .

have occurre% by chance alone. . : . o .. . ‘// )

. The covariance results c1ted were conveyed to us infoxmally byihTS. Further

details of the analyses should-be obtalned fﬁom ETS@ R ~." . . .
e . e
3.5.3.2 CERL Matched-Pair sAnalysis " . L 'fﬂ\\ .

to

~

Same~table for 1975 76 are confirmed in part by a CERL analysis. : . = |

"'1”' TN ‘

O \ - .,'_ i—" . ' : . C B ’ e e > ' : o




o ,kﬁpr 1975=76, ETS permitted us to obtain the full’student—by-item matrix

£ . FE “ . v
for two of the ETS tests--the "comprehensive" standardized test, and the ETS

.,// achievement test on Fractions. We used the former as a matching'instromenty

in order to look at the results for the Matter with initial ability/achievement

differences removed, insofar as possible. This was done mostry to obtain

.
f

bpelelC 1nformatlon for lesson improvement, but the results are presented

- .

~ here in the [form d} an overall c{mparison.
s Ca

Matching was€arried out as follows-- )
. .‘L\Qe pair:i{ng‘ of PLATO and non-PLATO classes which ETS had set up at the

beginning of the trial were used as a beginning point. Within each such
pairing of classes, PLATO students were pairea with non-PLATO students on

the basis of the three subscores, and the total score, of the stjandard-

ized test. Stringent matching’criteria were employed, but the number of
matched pairs obtalned was 75% of the maximum number of such pairs that

could possibly “have been obtail . The adequacy of the matching operation
was checked by examining the mgsns and standard deviations for the two parts
of the sample on each of the subscores,’ and on the: total score, of them;}and—
ardlzed test. For all four scores, the means were never different by e
than a few tenths of a point (.01--,1 S. D ), either-'on raw, scores’or on corre-
sponding grade equlvalent scores, and the stabdard deviatlons were also

very nearly equal. : ar :

-~

Figure 3.1 shows'the matched—pair results for the ETS Fractions test.~ Each

o
.

t Oector 1n Figure 3,1 is"associated with an 1tem from that test. The tail of

~
each vector (shown as a circled item number) is plotted at the p01nt//eter-

mined by. the percentages of PLATO;and non-PLATO students who passed the

~

associated test item on the‘pretest. The head of zhe vector (labeled with an

- P )
uncircled item number) is plotted at the point détermined by corresponding TJ

percentages from the posttest. 'Since PLATO is on the ordinate, a steeply
sloping vector indicates.better relative performance by the RLATQ group. A
’ ' . AW R .

slope less than 45 degrees indicates better relative performance by the non-

PLATO grodp. As the figure shows,ionly a handful of vectors have slopes
less than 45 degrees. The overwhelming majority have slopes greater than. .
2 : b L

- ©n v
that, and many of them are quite steep. N .

ERIC
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"and Jo are excluded, because the old, incomplete, form of
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Figure 3.1 ‘Matched pairTre 1ts- for Fractions (1975-76). Each vector

represents an item on the ETS Fractions test. The figure ‘
is based on the 122 matched pairs for whom complete results

from that test were obtained. (Sixth-grade classes Ha, Ya,

the Fractions test was accidentally administered to classes

Ha and Ya at.pretest time, and because classes Ha and Jo

appear to have spent an unusual amount of class time on

Fractions.)
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The'probdbility of so mary of the slopes exceeding 450 by chance is p<.00001
(n=36, s=31). The binomial test is justified given that the Fractions test

was untimed and given that the opportunities for inter-item cueing were

judged to be small., When the 19 items on equivalence and decimals, where

.inter~item cueing is conceivable -(though unlikely), are neglected, the.re<

sult is p<.025 (n=17, s=13). The binomial test is, of course, extremely

conservative, in that it ignores the information contained in the magni-.kx

a

tudes of the slopes and in the 1engths of the vectors. N

These results would appear marked enough to have practical, as well as

- v

merely statistical, significance; and they confirm the strong showing fppnd

for Fractions-in 1975-76 by ETS. We only regret wi'do not have the data to

do similar analyses for Whole Numbers and Graphs. : . S -,
_ \ c ) . .

: ?
3.5.3.3. 'CERL Attempt at Analysis of the Standardized Test I -

‘

) 4 . . - .

s Because the -increment of effort required was small, relatively speaking,

an attempt was made to anal?ze“the.standardized test itself in the same ‘'way
S,

Just shown for the 1975-76 Fractions data, but the results werg disappointing.
Most of the vectors had slopes favoring PLATO, but the difference ‘from 45

degrees was small for almost all items. This is conSistent with preVious
‘ - Y
experience “that multiple-chOice items are generally too unstable to repay

. oL L

this kind of analysis.'

P
3.5.4 Time Data : . A

. The amounts;of’tine;that PLATO students spent working in‘the various
Strands are, important data in connection with attempting to interpret per-
formancevresdlts. Figures computedffrom_on-iine redggds of[student time
in Strand—lessons dre’ given in the\Tahle'3;1§ for 1975576. |

| by

N ) ’* : . “ \& -t N
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'~ Whole Numbers ) Fractions , Graﬁhs
Per cent = | '50.4% - - 7 35.6% . 14.0%
. Mean Hours : 22.9, ° 161 .. 6.3

- - . ) } . { '
S

Table 3.10 Measures of student time-on—PLATO spent in lessons of
the various Strands. (If tlmes for two.disputed lessons on whole
,numbers are neglected, the respectlve percentages are 48.1%, 37.3%
\\ and 14.7%, and the Hours figure for Whole Numbers is 20.8.) Times
are given as they stood on April 30, since most ETS posttests were
administered just before or just after April 30.

.-
‘
. * . + . ! .
- . + »
S ' .

The figures show that students spent about as much time on'Whole_Ngﬁbers'

'as on)E?é other'tWo Strands comBined, and that they spent'relativeiy little
time on Graphs. 1In gross terms,;the same was true fdr!1974-1975, but precise
figwres for that year are not available. o ( o

' . . . ) v ' ’ ‘

‘ " Amounts of time spent by teachers, both PLATO and non-PIATO, in class

work in the three content areas is also'impdrtant to interpreting- the per-
N . . . - .

’

'forﬁance reSults. Unfprtuhately‘ gata»from the retrospective "Math Coverage

\ Questidnnaire" which ETS administered ‘to PLATO and non~PIATO teachets at

.
o

the end of,the'197§47€-trial present very serious difficulties of interpre-
tation. (The' questionnaire is discussed further in gection 3.5.7.) o
Oniy in the case 6f Graphs, because responsee relevant to Graphi,gp

not vary much across grade and treatment, does it seem safe to interpret the

t

questionnaire'data. These data seem to show that Graphs topics were little

tre&ted in the non-PLATO classes, or even in the PLATO classes beyond- the

v PR & . -

students’ exposure to the PLATO lessons themselves. ' On the average, teachers
) . oL ) ° SR

 designated Graphs topics as receiving "extensive coverage [in class]" in’
.only 2.5% of the pb551b1e 1nstances, whereas they designated Graphs toplcs

as receiv1ng 'no- coverage [1n class]" in 72 5% of the p0551b1e 1nstances.

rd

Thus, the finding in several cases that the PLATO cldsses o@tperformedrthe

noh:ELATO classes on’the ETS ‘Graphs test can be taken as evidence that the °

'\)(‘_ "—53'. . {.n v(? K | 7 S - | , .
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! PLATO Graphs lessons teach the topics in that test to a measurable.deéree, \
. ' . . . ; *

b . . #
. R . . g L L L R
but not as evidence that..they achlexg)hgtter results than "conventiohal methods".
< T | A |
. . . : L
¢ A

3.5.5" Discussion o ' ) ’

) L d

[ o . . . g . '
s Pl . '0\ - . . .

’. . . ‘ ‘ /i ‘ Y .. ) ' p
In Section 3.5.6, some general discussion is giwven to .external. factors

.

which might, have contributed to'the'obser%fg performance results.: However,
data necessary to evaluate the importance of these various factors is )
. o : . g A i e
SRV URTU o e - .
not available to us, We could speculate further in such diredctions, but it would

seem-more useful, 1nstead, to'examine the three Strands themSelves,pin the -

ho of: flndlng dlfferertlal characterlstlcsrkhlch mlght account for ‘some

3

“ - of the observed dlfferences in performance results. Results of 'such an .

examlnatlon could prov1de useful guldance to - f?ture PLATO curriculum efforts.

- B

oo In fact, it has been known for some time that the most successful Strand, .

‘,7 b \ . . ) \}
Fractions, was different in several important respects from the other two

ks

.

Strands. Among themf- . : .
a. Only the Fractions Strand %ully exploited the ability of PLATO to adjust
» -

1nstructlon to the performance of the student. Most of the Fractions'lessons_

.

adjusted dlfflculty constantly for the 1nd;v1dgal student on the ba51s of

i

his recent performance, often through 10 or more levels, and (in 1975~ -76) b .o

. . 9]
- provided constant‘feedback to the student about hiS»progressthrough the

levels;'in addition, Fractions .lessons used mastery-of-sklll criteria to

determine when to adva%ce-the‘student to new lessoﬁgi Only the.Fractions v

Strand was individualiéed in,this,tﬁorcughgoiné sense,has is shown by the

a i
« . . .,

data in Table 3s*f.' . . e

Y » -
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. ' " 52 (-
' \ & S
Fractions ', . Graphs \ Whole Numbers
B . AllTlessons (except quizes) -~ 84 e 73
o . : ~ % .
Required lessons ) 79 57 _ 55
' v ’ : . N
) + Adjustive (strict def.) TR Y A f“g 0 - 0 T
\ ‘ ) : q i . | 4." . i . ] \
Mastery (strict def.) ‘ 54 oot 1 >
Adfjustive (weak def.) - 58 8 T 5 <
Masgkry (weak def.) . 57 2 I
. . 4 ‘ \

Table 3.11 Characteristics of lessons of the three Straﬁds:* Each
entry is the number of lessons having the designated characteristic.

[ *‘ . .
. LeSsons were classified according to both a strict and a'somewhat relaxed
,

definition of adjustiveness, likewise, they were classified according to.

both a strict and a somewhat relaxed definition of mastery—of—skill criterion.

The weaker definition in each case al#gwed(all reasonable borderline-cases to .

be included.

: There,is,no implication, of cou se, that EVERY lesson should.adjust
” difficulty and demand mastery-of-skill. These concepts are ‘appropriate only

A

" to lessons whose purpose is, in fact, to produce mastery of skill, and all

. three Strands had objectives beyond mastery of their respective target skills._
- b. All three Strands were designed to.be used by the classroom teacher
(not to bgyindependent of the teacher), but only the Fractions Strand gave'

sustained attention to the probléms of integrating PLATO instruction with

’

regular classroom instruction. Specifically, the Fractions support machinery
included effective on-line and off-line student data feedback to teachers, a
: 3 B

-handbook to help teachers understand and use the feedback, a 100—page illustrated

/ N ——

'teachen's guide to help teachers understand and use the Fractions lessons,'and

extensive off—1ine student- materials. In 1975 =76, data feedback was proVided

for all three Strands in¥the form pioneered by the Fractions Strand in 1974 75

e L . / . o *)

*,'/\.
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The following tables give $ome further information about the other factogs.

- : o Fractions =~ Graphs Whole Numbers
/_ o . ot ‘ I : .
o . '?eacher's manual‘providsgz;\;/> Yes » Yes No
o , . | | | . )
g_,f’ L Looseleaf for teachers? = Yes . No Aw " /
""" I : ! . . . . : . ‘
é‘;@@ . » Revisions before 1975-76: } Two . None - '
aaat -‘. ) K , . . ' ‘- ) : ] . . .
- Edition used in 1975-76: _JNov 75 | ' Jun 74 -
Number of pages: ® o A 108 80 - = .
'Pages over 1/3 full: 4 - 99 i 45, - ’
. ‘ G M . w . . .
Number of illustrations: . 223 5- -
# Of screen illustrations: 218 0 " - ' v b

T
'

Table 3.12 Charact i}tics of Eeacﬁer's manuals provided by the various

Strands. r . ) b
Y . ’
- o Fractiéns | Graphs  Whole Numbers

.~ Off-liné métérials provided? : tes | P Ye; : "~ No
o ,keyed céﬁy forfteachers? Yes o~ 7 v : - -
" intégrated wiéh manual? .vaes ‘i-: No - : .t

: Integrated withifeedback?' .‘l\,Yes”‘ . No - - '
o Number of pageé:. _ ‘ 65 . A 24 '_ '; %
" Number of fasks; : | » 445’ . | 139. . -

v . " . '

f’//~ Table 3. 13 ‘Characteristics of off-llneastudent materlals prov1ded
: by the various Strands. - :

i

; . : / . .
3.5.6 Words of Caution ) .
B B N I—‘/'
The performance tesultS.@iséussed in Section 3.5.3 are those.of two: small-
P . - . : . . , ?v

- scale educational studies conducted under nﬁturali;tic conditions. That bein
. . . ; . .
so, it is necessary to give some.consideration to the various alternative

.' bk) .
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explanations which could account, inghole or in part, for the results reponked.

There are a number of them; only a few of the more important ones will be dis-

cussed. ‘

a. Aside' frqm the fact that, -in each case, one set of classes used the

PLATO Elementary Mathematlcs lessons and the other~set did not, we know
{

rela\ively‘little about ‘what actually went'on in the classes includeév'

.the studies. (Sectlons 3. 5 4 (above) and 3. % 7 (follow1ng) also relate to thls : .
problem.) Thus, there is no way to. rule out the possibility th t parameters
) . (:
. . . t . . . o - . -
‘other than the use of the PLATO curriculum materials were important\in deter-

mining the observed results. ﬁﬁfferent amounts of teacher time spént on

different topics in different ‘classes, for example, could have had a large ﬁ

effect ‘on the results we .have. \ .
S ' - ' - . [

b. Neither teachers nor students were randbmly selected, and the total

number q; teachers involved was quite small. Thus, the results observed

could easily have been due, at least in part, to accidents of sampling.

' c Y

‘One known bias: PLATO teachers were lar65ly"self¥selected.'whowever, the
differential success of the three Strands suggests that such factors,

though almost certainly present to various unknown degrees, were not

v

ey \%ﬂ

)

overriding.

c. As is customary in educational experiments, ,the trial was not "blind",;7
let alone "double-blind". Thus, it is altogether posslble that the observed

9

‘results were infludenced by 1rrelevant 1ncent1ve effects (Hawthorne effect

John Henry effect Pygmallon eﬁfect, etc. ). One pqssible source of such effects,

- . )

in addltlon to the generally high Visibility 'of EL?;?:lFPLATO teachers received

3 -

jextra pay. (On the other'hand, the differential success of the - three
-~ ) b i -

Strands suggests, once again, thathsuch effects, if present, were not overriding.)

- P PO . -

’ . - N 2" ,A(;

\

[ <

T . . f PR , . .
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A

d. The circumstances of the PLATO trials were in a number of respncts

v

far from optlmal The fact that the three Strands were the products of three
i quite separate” groups led to séme jury-rigged compromises in the way ‘the

curriculum was managed. Particularly unfortunate in 1?75-76 was the wide-~-

s . v

spraad use'ofazmiied“ or /balanced" schedules--ones where a student would

" . . . N -
.o . \

receive main-line instruction in two, or even all three,”different_Strands
. each week. (By. actual e¢ount, abdut 79% of all student-weeks had "mixed" .-

R | Py - . - -
VY schedules.) This practiceventailed constant re-origntation on the part of

. E
.

the students,.and llm;ted the-opportunlty of PLATO teachFrs o coordinate

their classroom work with the PLATO curriculum, _/) .

*

2 - In 1974-75, severe system limitations (system instability, inadequate computer o

T o
»

~memory, and lack of touch panels)|prevented "mixed" schedules, but caused
serious problems of other kinds: Briefly, Whole Numbers and Graphs ran for a .
al : . H
) ) \ . ’ o .
long time,. but under poor copditions; whereas Fractions ran under good conditions,

i

but .only for a short'cime (students, on the average, completed less than half

the available Fractions sequence). . ’ . - .

- . ~
. .

In the flnal analysls, there is no way to rule out the pOSSlblllty that

all three Strands of the PLATO currlculum mlght have shown better results in

one gr both of the two years if these various difficulties of 1mplementatlon

had been avoided. ) - N
,e. Except for the standardized test .and Fractions test data‘for ' Iy

‘1975a76,.mdst of the,data on.which the4discussion here is based were, collected

a v

and processed by Educatlon Testlng Serv1ce (tne demands of the ‘ETS Evaluatlon'

on teachers and studentsseVerely llmlted the amount of data we could collect o

independently),'and our knowlgdge of how it was done is minimal. Only summaryf
) * : B . * L .

numbers were made available to us for 1974-75; we have not had access to

Aruitoxt provided by Eic:



. \ e N .4. . f
‘ or{EQnal_student'tests a&d questionnaires, nor to student-byjdtem matrices
» : L c o ' < R N
derived from them; nor have we any’ information about the standards/procedures

. , . ) —
which were used to convert student responses on the open=ended ETS Strand tests -

into item scores. For the 1955-76 results, we“have obtained~9tudent—by-item‘

- matrlces for the standardlzed test and the ETS Fractlons test ‘But we have

* a . . 0

only a generalized verbal report on results for the other two Strand% Obv1ously,

i
~

: : R ' C L . ‘
it is ‘highly unsatisfactory to have so much of the .data from these two trials’
. v -
'aVailable'only in such pre-digested forms.
More tould be said, but the five points ﬁiven should be sufficient to
’ - .

[

persuade the reader that, while it seems possible to form useful judgments on

the"basis,of the available results .of the two trials, such judgments must be
regarded as hypotheses, not as conclusions. ¢ o <

] - . .

3.5.7 ETS's Topic Coverage Questionnaire L

J o ’ : - ' .
| ‘ The PhATO and non-PLATO "treatments"fmere not weil-defined in either

year's trial) and such data as. we have indicate that both Wtreatments" were

¢ "mafkedly and irregularly non-homogeneous (; e., dlffer?’% teachers did W1de1y
varying things). For: 1974—75, ETS ‘has not reported any data about what the’ |
two "treatments" were 1n_fact like (i.e., about’what the varlous teachersaﬁ
;actua11y<did in their math classes dnring the year).i However, at the endwoéf‘
the_1975—76 year; ETS did ask teachers to'figl out a "Math Coverage Questlonnarrén

in an attemptrto gather some information of this kind. . o J?ﬂ'v

L ~ To comment adequately on this questronnalre would requlre many pages.ﬂ ‘t}?-é'

the test'data that some general comments, at least, are required.

- . . o
. .

a, The questionnaire was seven pages long and required nearly 100

.
yy
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» ’ . . . ' . . . . ’ .. . : v'
: responses, includlng{61 51x~way ciassifications; It has the appearance of a- -

rough-draft, and there qu no- preliminary field testing of it that we know of.
_ (o . , _ ,
\ ' b. The questionnarre came at the end of the year, but attempted to -ascer- "’
v tain deta*is of’class mathematics attivities conducted Since the beginning of
A s .o .
the year--a procedure which, hy tself, renders the data co%}ECted rather
' '4... e - _7 "o .
'questionable. . R - 6
Lot N ‘ : ’ :
' Co There is ample evidence that respondents often did not understand
P e

dingct&ons,Lqéaored them, or read variant meaning into them, and‘th many

' respondents were answering hastily.
[ RN : : .
. - » .

d.: The questionnaire took no notice of the .fact that ETS'svaSttests
- - . J S .

+
)

o were given about a month,‘more or less, before the end of school. This is -

'important,because topics which teachers covered after about April 30 were, .

»
'

as far as the posttests were concernéd, not covered at all. HoWever, it is
A

‘\ «
not p0551ble to tell from' the questionnaire data which topics were covered & '
before April 30 and which after. ' ‘ ’

’

"e. In six cases, a Single questionnaire covered classes Jhich included
‘children from two, or even three, differéent grade levels. In another case,
. \ ) . ( o o
just one gquestionnaire was obtained from a teacher who taught 'both a PLATO

‘class and'twolnon—PLATO classes. “For one group of'PLATO 4th graders, no

! questionnaire data at all were obtained.
. 5 ‘, . -v\.:
s . ‘. .
- For these and other reasons, the questionnarié data present very serious

N

;

difficulties of interpretation. The‘operations necessary to convert the

nawfresponses into useful indices necessarily introduce assumptions and = .
. ] ) .
Judgments, not previously specified, which muddy the interpretation picture

L
e
2 -

still further. Altogether,»we ‘do not believe ﬁt is p0551b1e to extract

» ~ 0

‘from these data much that is helpful,in,interpreting the'achievement test .
-t ., V" ' ,l v . r‘/' 4 N
data. This is a finding we deeply‘regret. We hope that with the,help of

data from classroom observatiOns, teacher logs, interv1ews, etc. (none of which~
t

are available to u5), ETS will be 551e to do better than we at asseSSing the
k) . } . . . . e .

e o L es
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: NI . : : ‘
.contribution oﬂnthe maz% factors other than PLATO whicq undoubtedly influnenced 2

the observed per formance results. : . . .

: . b
L * 4 L e ]
o -y . . e '

3.5.8 Conclusion to Section 3.5 R AN _ ~\f‘%'&‘ o \

~ T ¥ . -
N .

PLATO is not itself a treatment, and in particular it is not a magic

treatment which will always produce good results, Instead, .PLATO is a'medium

which can ke usedﬂwell or badly../Experience with the. Elementary Mathematics
: . A

t . . : - ’

curriculum suggests that among -the: factors which can’ contribute to effective use -

of PLATO are:  a) having lessons adjust difficulty in response to the recent

f

performance of the student, b) using mastery-of-skill criteria to determine
whenfto advance students from lesson“to lesson;;ahd c) making generous

+ ‘ N . d \‘ - . . N _\ &
provision for integrating PLATO lessons . .with the ongoing work of the class=

room. A curriculum, especially a basic'skills@curriculum, which does not make
~ - v,

‘ . o
. appropriate use of these techniQues may not be using PLATO as effectively as 1t

]

+ could and shoulda_ Vo .

Of course,-these techniques are themselyes tools which can be used well

LA . s

' or badly. a large element of judgment, which_as yet does'not lend itself ;v .
easily to “description in quantitative. terms, plays a crucial role in detep—J .
pining the success or failure of instructional design and‘implementation'

- efforts. So attention to adjustiveness, maggery critekia, and integration‘ .\f:x i
Sy oW :
- with teachers' activities does not guarantee success. But, in skilled hands

{ T .’ * -

these techniques seem able to make importaht contributions to sucdﬁss.‘ We hope -vh
' ( 2. - L
: that continuing PLATO efforts in baslc skilIs areas will enable us to explore ... | »
the possibllities further.i T g ‘
o . R J 9 . . . ' _ S
N - ) f .~ .‘
» - ' — . ‘
., . _ _ ‘
/ N . . "?_ ? — .‘ . “ ' N
iv : .
| o e .
\)4 X . ) . . . . . Lo
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L L.6mvtIon ppoums g -l B s
gﬁm, oty Three xﬁﬁo; eyaluation'problems encountered during'the ﬁational tw
‘ 2 . ; ‘ - “ . ) . :\

5 ﬁDemopstration seem'sufficiehtly general'that:they warrant descfiption) -. - o {
'iﬁjt‘; ’and'discussion. _ e ",u§ B ey ;

v

. . .
Flrst 19 the matter of clear SpElelCatlon of evaluation’ goals; Ine | S

7_retrospect 1t ‘appears that ETS and CERL each ﬁ&d dlfferlng v1ews of l

',whaf were proper goals of the external evaluaé&on. Early ‘ETS personnel

-
A

e concgntrated, for example, on the products of~- the currlculum deslgn pro-

B C - . 5y,
I. . . . v

- jects at a t1me when CERL personnel were penq}nced that evaiuatlon of the . ' ‘}.F

v processes being cgrried out was most 1mportant. From the v1ew of the ETS o

{ } . N . “
o personnel, PLATO /had been presented as a completed 1nstructlonal product '

N i~ -

. ready to be eva1uated~for the market.:_From the view of CEBL personnel,_ : Cw /&

. y .. - . .
- ' L . 3 ) -

PLATO was a,Vehicleiwhich would permit'study of a variety of techniques - -,

— of implementing a new in tructlonal med1um Eagch' of these<views could”be

. \
v . ' . A e

< hdefended and llttle would oe ga1ned by clalmlng either as “the; correct v N
' ' { N
v1ew._ The Jmportant outcome was that\each qf’these organlzatlons ln follow-

- i v,

A %

.
. ing what‘they'perceived as the'expected diréction of the Demonstratlon wasted

. .
L - - .

resources that could have been better’used. ETSu under the assumption thatﬂ .
. . %

1n1t1al spec1f1catlons of courseware objectlves were f1rm,°began devq}opment .
\ .

-~
R PN <

- . 1

.of tests wh1ch turned out to be 1nappropr1ate fo* th%’materlals ult;mately

. ¢ . Al '
’ . «

ii:-produced as outcomes'of an evolutlonary/dQSLgn proééss. CERL, under the L
. . . . - , 2T ]

. ' assumptlon that’ the process of learning to use ‘a new medlum,was of major ﬁ? ﬂ
' . . PR (" . . e ‘. - s *
e 1nterest, spread llmlted resources ‘over so many d1fferent proge?ts that chances .
. - - 1A LY > .
for clearcut uccess of &ny one were restricted. Slnce the dlfferences in, e
e r Y _ -

—s - : \L'\ -~

\é\‘-\lylewp01nts became “apparent only after, m%ny months of 1nteract10n,*;§ seems -

r . L{ ,}/ 7
S , clear that future pﬁﬁifffpants in progects for whl%H ciear precedent§fare

L ] .."x

’ . A . : v - oo
. ' . 3 . . ’ . e T T

- . B o E : SN B
) . ) : e 3 . a Lo N PR
\)‘ ~ Coe . . ')") b ‘. Vi wv o '1' ) : »
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not avallable should be very. cautlous in assumlng thau general descrlptlons
» 0 -
of planned act1v1t1es of others can be 1nterpreked in only ohe way. L S

' Second is the matter of conflicting evaldation efforts. Materlals

v

3 .
develdped during the Natlonal Demonstratlon;had to undergo a format1ve,——~
1

v

evaluatlon during productlon to- prov1de de51gners with 1nformatlon needed for -

nodlflcatlon andilmprovement They also.underwent a eummatlve evaluation |

to determine their effectivenees‘as a\finished*product.'_Since both o; these
, - . ) . . ‘

" evaluations require collection of'substantialﬁéuantities of’ opinion and pér-

[ . . .
- . _— . - .

formance, it was seen that sharing'of data between’evaluators"would mini-
-‘mize duplication of gffort and undue demands on the limited time of student
and instructors. Since it was felt that the needs of the external evalua-
. . . _ . }70 I3 - R LT a
- tor to insurz the validity o/ collected data was stronger than the need - -
. - w : e : \

?f the{internal evaluator to insure prompt feedback to' designers, ETS
personnel agreeaﬁto perform all.collectfbn-of data'from off~line tests and
. PR ’ L w

R \ ' T - 8 N

.to share_thesevdata within a few days with.design gronps° “Unfortunatelynu )

changes in personnel and fears of possible‘misuse of these data (to "teach

LY ¢ . oo . - ¢

to the test item") resulted in delays of up to a year between data collec-~
tion and sharing., As a result, many materials never benefited from a .

. N - . » - .
{}nal revision cycle based on data from students from.more than one institu-
- . . B » ) . ' * . . ..\

+ tion., A’ solution for this prxoblem is not,simpleu Clearly, somethlng yg

awry when the act of evaluatlon lecads to-a pOSSlbly 1nferlor product Yet;
2 ) - : . - !l _77 .
if an external cvaluation is necessary, onc would hesitate to:compromise

' ‘ , - & . o

o2

its indeﬁendence. Probably the only workable ccmpromlse is for both typea

of ~valuatlons to be carried out 1nternally and* for the summatlve evaﬁnatlon

to he subjected.to an independent audit or meta—evaluation;

- NS N
The' third problem is the matter of Spec}alfgkllls being neceded for
evaluations of novel technologies. There are oertain basic skills in the
: . ' 1 ' .
. ! | N : - X v T . <
areas of experimental desim, dservation, test development, and %ca analySLS_
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: thelr own personnel acqulred skill and use of the PLATO system. The uni- /

-

‘that any competent evaluator is expected to possess. In addition, special

SklllS and knowledge must be possessed or- acqulred in order to de31gn and

perform an effective evaluation in a specific areajguch_as early childhood

education or CBE. ETS’recognized this need in subcontracting certain por-

tions of the evaluation to nationally recognized specialists. In addition,

- ]

queness of the PLATO System, in fact; made it-necessary eVen for the sub-

-

contracted speclallsts to devote time to understanding details of this CBE’

system befg§5 they were able to make useful contribution 7 In retrospect,

Q:

3 ) 3 3 13 3 L3 ! \ "- -
this time required for vaULSltlon Of'SklllS that are unlikely to benefit -

. -
’ -

N ’
euexternal eval tprs in other situations seems %o be a~m?ste of their
14

~’ff‘of quallfled evaluators w1th theSe spec1al skills

alread exigtéd,at CE At no tlme\durlng the Hatlonal Demonstration. was"
4 " L . ’ . » N . . " : )
this internalls.staff sup d for more than two full-time-—equivalents of

time for that effbrt; Even this level was present only at the énd of the:

/ .

.
N
.

Demonstratlon and then &argely in support of data analys1s (although limited

/r

ear\ier suppo:t in formatlve evaluatlon had been given also)., With llmlted
addltlonal support, generallqable stud1es of CBE systens\fuhctlonlng and
lnstructlonal design could hgye been produced by the-group (several‘such

studies are,. in fact, now in progress under support, of the Advanced,ResearcH

» g » N IR
~ - - ’ N 3

«<Projects Agency) - Freed from having to learn the esoteric nuances of one

-
s «

: ' : ' ¥ '
specific €BE system, the talents of ETS personnel could have been used to *

perform a thorough audit of the resulting internal evaluation and technical

reports: Such a role was'indeed assumed by~ETS in the case of*most'o% the
technical information on system usagekand rellablllty These'last?data were
collectedbalm0st entirely by the CERL. evglu&tlon staff as a part of theln
normal duties' and would have been available even in the absence of an ex;

1 AL .
ternal evaluation. i : .-

’



3.7 PERSONNEL -

[al

The following persons were members of the PLATO Educational Evaluation

and Research Group (ﬁﬁER Grodgz during the National Assessment. Their

‘.

contributions to this project are briéfly indicated beside their names.

Allen Avner - Chief of PEER group. System reliaEZiity ad usage.
_ - Early versions of student data routines. General aid.to Communlty
. A College groups in collection and analy51s of usage. data."

John B. Gilpin - Internal evaluation work with the Elementary

. Mathematlcs ‘Preject. - Instructional design and test design support i
for Community College Mathematics and Elementary Mathematlcsf Internal
Evaluation of Communlty College Engllsh - . , *

. . -

~Martin A. Siegel - Data Analysis Service Prfograms. Curriculuym
Contultant/to the Community College.Mathematics. Group.

~ - ' e . » . e
Esther R. Steinberg - General Aid in lesson design for Community
College groups. Internal evaluation of Communlty College
Mathematlcs and Elementary Reading.

©
]

Klkuml Tatsuoka - Data Analysis and Statlstlcal §%rv1ce Programs.
t Deslgn and Data Analysis of some PLATO-non-PLATO comparlson study

, A 1n Communlty\College Mathematics. - . .

Tamar Weaver - Design :of student data handling procedures for. all .
Community College.projects (except Engllsh). Consultlng w1§h o d >
Community College personnel on gathering of formatlve»data Jpxm f;~<
lesson design and revision. - . ] § '

El{lc _. ‘
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4. ELEMENTARY SCHOOL MATHEMATICS

s 8

%» 7 ‘ .
Loy,

E R The goal of the elementary school ma atics program has been the

., idemonstration‘of the feasibility and Qalue of PLATO in the’mithematics
o ‘

‘curriculum in grades four'through six. In the years from 1973 to 1976
the/program-has developedvover 100 hours of instruétional material ,®
ave{fged for many students), and has delivered approrlmately éo 000

student, contact hours of 1nstructlon to about 500 students. Test results

<

and Qersonal'response from teachers and+students indicate that PIATO can

provide an effective medium %or learning and teaching.

i - .

«4.1 STATEMENT OF THE PROBLEM

v N M B
. . . i .

The intermediate-grade math demonstration came to focus on two sub-

r biems: ’ £! '
prok » . ¥ B /)

‘1. The determination of the mathematlcs teachlng roles PLATO can play

~in an elementary school classroom.

2. The creation-of enough courseware to explore the utilization o£

¢

PLATO in some of these roles. , L . L,

These problems necessarily had to be dealt with simultaneously, since
\ - , > ’ . A .

’ without:Some‘determination of appropriate roles one cannot-design suitable

. ' . « ¢ TN T
courseware, yet at' the same time, without a reasonable body™of .courseware
t. L . - , . .

“

o . L _ .
one can get no empirical results on how well PLATO can play- each particuldr

role. “ : ‘ i

- -~ ’ .

-

@ o | S : c
elementary school students learn mathematic®y teachers ordinarily carry -
. 1 . - N -
. ’ L . N,
9 ' | o e
[ERJ!:‘ ) SR . o //’- W ’ ’.
: [ T - o v
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. [y * . -
. and ?;bghaps-worsg) they did no&Alearn to talk about the work they were

) . -
- _ L . !
Tl .

. B .

,pxpﬂtﬁactivities: they administer tests, both for d!agnostic
o, S l

out man %-”
=T
P S g

"and for motivational reasons; they correct these tests, sometimes with

'Y N

subtle attentiohwto the precise fd£m+and_probable-cause of the various

—~

_ Ce - ﬂ - -
student errors; they attempt to diagnose studentﬂqggg§; they introduce

homework, g?ey answer student queétioﬁa& and much,

- - -y

‘new ideas, they asgg

W

"much more., On thefir side, students also do many different thinés: theynﬁ

receive assignments from the teacher; they listen to other students, and
get ideas fﬁkm them; .they compete with other students; they consider student’

remarks and make judgemenﬁs on them; they do work that they are proud of .

and show it to other students, or to adults; they are influencéd by various

- peer-group pfessures, and they contribute to the creation of peer-group
. =

pressures that influence other. students; they give answers which ‘embarrass
them before other children; they make' errors and try to go over their work

to find what went wrong; they discover patterns; they explain things %o

.

other students; they make suggestions to wother students; and, again,

much, much-more.

~

Where, among these tasks, could PLATO Play a useful role? In trying
to answer this question, several factors must be considered. .

Some observers, for example, have feared that the use of CAI in schdoly

3 .

would have a harmful effect on children's social development; these observers

) R

*visualized one. child, wbrking alone at a terminal, cut off'jrom social con-

- Y

tacts with other human beings, so that their social development was retarded,
Y . : : .

doing, so that they failed to develop a "meta" language for discussing

mathematics,
’ ~

Another fadtor is that Since different schools use, roughly, two
. e !
. r . -
different approadhes to the . learning of mathematics, one by rote imitation

v

'
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and drill, and the other by creative analysis of problem situations, some -

observers have feared.that the /introduction of computers into classrooms

‘would increase the empﬁasi§¢on rote arithmetic, and diminish the role of

..

- creative heuristic amalysis.

o, ~ More objectively, it seemed that_neithér of these dangers were inevit-

able,-and one goal for the design of PLATO coudseware was to demonstrate
that CAI cap place quite adequate emphasis on the creative and exploratory

v

aspects of mathematics, and on various forms of .social cooperation and

L F . . -

A

‘interaction.

A third factor éonéerns the difference between "special" and "opera-

[

tional" testing. Up to_.a point, at least, a CAI lesson cah be tested by

. L N - ‘- - . ’ - -
itself, as a special activity by students.” We have called this "special

testing." Some information can be gained from special testing -- for

. - E . - ‘ . N ' - . .
example, confusing wording on ambiguous diagrams can often be identified --
. i N : - ) ' ) . 1Y

and a great deal of special testing has been done on every PLATO lesson,

but. special testingfban not be used for,efchtive evaluatibﬁ'of how PLATO
Lt '_ » _ ', . »_v ) . v
Yo (or any particular lessons) will function in typical classroom implementa-

.

tion. ., Special testing %s in faét, too special, too unusual., 6 ‘Testing
lessons yhen they are ‘embedded at their intendédvpoint‘in a curriculum that
; - ] .

is in routine, day-to-ddy use in classrooms, we have called ."operational
\"\ - 4

testing." Only from operational testing can one infer how PLATO (or the
St 1

lessons in question) will function in regular classroom implementation.

¢ # ) . :
This implies that the demonstration had to have enough courseware for

regular day-in, day-ogt usage. In fact, enough courseware has been created

to provide a curriculum that occupies the average intermediate grade student
. » . '.,f‘,.. . ' | )

one half hour per day, every school day, for more than one school year (that

is, the avérage student will not complete the course in one yeafa. When

a 2 ‘ < ] - ’ . . .
Q . [ i /[ . . L ’
ERIC R

Aruitoxt provided by Eic:



66 - 3 ! \' & . B v

lessons are tested,'embedded.into this regular.usage,'one gets a.more;reliab1e3

' indication of their wvalue in routine implementation. T : o = L\
Finally, if PLATO is to be a helpful tool for teachers, and not: an )
added nuisance, ‘teachers must be able to assign'students to appropriate
study units with very little effort-*and teachers must get hlghly readable
feedback on . student performance in order'to monltor what students ‘are doing
(and in order to know what asSLgnments to make) Furthermore,rlf, for any
‘reason, a teacher does NOT make an asslgnment for Some student, PLATO must
1nc1ude a default student-schedullqg\Procedure that w111 schedule the
’ Y
student in the best way posslble based on the‘accumulated.performanoe'reCord '
, N .
(stored  ,in computer memory) of that 1nd1v1dua1 student o oy
VA & .. -
i . . -,
4.2 SUMMARY OF THE PROGRAM o . : ;
— - . .
‘f . ¥ .
The elementary mathematlcs demonstratlon was set up wit .enough course-
I3 . ' T
ware to allow students tonork on PLATO one half hour each déy, every schopk—
ﬂﬂ@ j; déy, for one year. Thefiourseware was,developed in three strands,'a follows:
= ' 1. Whole number arjthmetic, including: . A / L=~
v oo means of operations - - ; . o
”f 'wy o computation techniques and practice ’ A
o ©  algorithms o N - A - . '“
place value I ’ ' -y v S
' . : ) SR
’ renaming and-.symbols V. ‘ T
: ' : R S
word problems o ﬁ L e
. . . . M ) ) | '-.\
2, Fractions, mixed numbers, and decimals, including: ‘;:? o
meanings of fractions and mixed numbers '
9 " - T ’ )

equivalent fractions

2]

addition, subtraction, and muitipIication of fractions and

mixed numbers ~ ° ‘ g
' b~ ’

o ' ' (U




the -meaning. of decimal numerals S B

—_—

heuristlcvapproaches to problem solvijg

C ‘
3. Graphs, variables, functions, and equatlons, 1nclud1ng:_ <
; . ; ’
slgned numbers (1nteger and ratlonals, posltlve, negatlve, .
. ‘ e - ‘ ’ ¢ ! { . . ’ ’
- and zero)
! " . . . ’,
variables and open sentences . s,
o, . . ' _ »
o fexponents - . I
i . ., . 'graphs ' tf ' . ‘ . ..Q - o

, oo -+ . the representation,of,fhnctions b%"graphs, tables,'and'formulas
SUP A c . -/

: Tnls courseware was designed for a wide range of student abilities
and backgrounds, 1ntended for gradesifour through six. In most school

there are also many students 1n grades seven through nine who have not '@

- Lo —

o ‘

o mastered thls materlal, and review and remedlaflon at ese grade levels
) B f S
-might be an espec1ally 1mportant use of such coufseware 1n the future. " a
T 5 o .

It should Qelstressed tha the present courseware has undergone

N

v

‘ektensive "special® testing,'aé defined above, but has had only onef9éér‘i TN
» ’ )l. 7 - . v, : “ ’ 5 .
.+, of "operational' testing, and has neve® gone through appropriate micro- .t

-

»

! . M ‘ ) !
assessment in an operational setting; it has therefore never“been revised .-
. ) . . . , ,, .
. , . - \ . .o
on the basis of suéh feedback data. It represents a r?spectable "f1rst -
: . ' ¢ :
' . draft,";largely free of flagrant flaws, but NOH{improVed by any extensive

IS v
&

. use of feedback data. In partjiculdr, thére has been no chance,tz?gqge
. - , . i . . . .
pirical comparisons of aljmmmative versions. We do not consider it a
flnlshed p uct. "'7 SO . e o T
‘” Ii" An indivi dual chlld s half-hour seSslon~foﬁ the da? is\ﬁxesented toK

’ ' h1m - hav1ng been "computed" by PLATO from his 1nd1v1dual past record of!

peg@ﬁrmanoe, taklng aCcount of whatever inputs th; teacher has madev’and o

‘using a default schedullng ;rocedure whenever teacher plannlng 1nputs have~i#“J

E i%:f not been made; ) . ’ -"': , _'f; . j . ‘ V‘xkb B ::v o
B k's ' .

’

Aruitoxt provided by Eic:
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[ . . " The typical half-hour sessiongis’divided into three parts (or slots), sl
: Wt : [ - S, .
and' ;s deslgned and "computed" roughly as followsfm The second %f the three

-

- parts is v1ewed as. the maln new‘TEss}n, and is computed- f1rst,/from "currlc- i

N
» N

o ulum trees" and 1nv1d1dual records of previous student performance. “ane
. A N i
15- the "secdnd slot" has been planned, PLATO in effect asks, and answers, the
~ questlon. "1f thls is to be our ma[4-work today, what review,of what topics
- |- Y . 1

* . s should precede ie2" The aﬁswer is assi'ned for the first slot, o}*else the

. ’ -

flrst slot is fllled w1th other review materlal, or even with prellmlnary
v " .
materlal intended to bulld read1ness for other new lessons that will be

coming up soon. Flnally, the thlrd slot 1s filled. w1th material 1ntended -
“ )“ V . . .

to be partlculaﬁly enjoyable (but, slmultaneously, educatlonally valuable,

elther as review or as drlll), often cast in some, sort of "game" format

o

Wherever‘feasible, studeaéb are given thedf cholce of act1v1t1es, or of

alternatlve forms of act1v1t1es, or of non-currlculum matters w1th1n lessons

’
— v

(e.qg., w1ﬂh1n a game, students can choose the name whioh‘PLATQ_calls them,

and choices such-asl"Superman" or "The Greatest",gfe common) . In fact,‘ "

teacher inputs and student ch01ces combine to allow qulte/flexlble uses of

the three slé&s. (For the 1976~- 77 year, it w1ll be pesslble for teachers'

4 X ’
S to arrange for each sesslon to cdnsist of N slots, where 1 SNZT))
For many[fessons there are two versions: a "regular" version, intended

\ i ’ . i . . ) o -
“  for students who are encountering it for the first time, and a»:fastﬁ or .

va

) -

‘ . . 5 . ) . ~' . . - R
"review" vergion for students to use as d.quick review; whlle both versions
~ - . . 3 : . B B e 0 : v

. A ¢

 are paced by student perforsmance (so that the "regula;" versioncan move

" _quickly if students do well, and the "review" version &an nge slowly for .
, a student who needs extra help), the "review" version is ordinarily shorter®
] 0{‘},) . )& ) R
‘ : t : Y '
v and faster.r - = o , S ' .
. , N g P N e
. - ~ i - A -
(,_\,\. " . - L .
® . O -
t | <o £ o "
. S - , _ i o z
Q7 . To - ¢
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4.3 THE DIFFERENT ROLES THAT PLATO CAN PLAY IN A CLASSROOM: .EXAMPLES OF l

COURSEWARE ‘ e ' i o

N ‘a -

: ) - The versatility of the PLATO system and its graphics eapabilities_allow
< it to:play many-different roles in a classroom. This section desCribes‘
v : ). . , .9 : - .
_ v : . . -
a-few/of tlie roles that we have explored in the elementary school mathematics
. N .

curriculum. ' ' S
' . hd S 4
PLATO can introduce i new mathemapical idea. . This is dohe via the , ~ 4

. . L .
B . v

v

. 1 - . .
"paradigm" teaching strategy . The student is asked to perform s:ge action - - -

which he is easily able to do, after which his act is re-interpre

LN .

For example, to 1ntroduce the fractiqn 1/3, the student is asked to’ share

<A -
3

f‘, a. candy‘par equally among three children, whenJPe has done this, he is told :

that he has given each chid 1/3 of_the can7y’bar-

A EY

. ‘ The PLATO screen can present pictures that have precisely the property o

, that 1s<relevant -to the 1mmed1ate task These pictures can help introduce : :

> <’

new tasks, and can later be surmoned as aids when students seém to need them.

K
0
. Loy

PLATO -can provide additional motivation for drill or practice‘aCtiVities.ﬂ ‘*
: .o K . ) e T : : -
. The two preceding roles can_ ,be illustrated-by the lesson -"Speéedway,"

EI . N A
- ¢

from the whole number arithmetic strand. Figure 4.1 shows fiveiplasma‘ o ‘Xjf

< . . . ! X . 1 . .
‘panel'displays from "Speedway." _Exactly what displays a student sees as

)'he works through .a lesson’wilf‘depend upon his individual pefformance, but, . im

. . - : g A T

M. . ,
'Yj these fiaf displays are suggestive of éie possibiiities. The first panel ' o

' occurs at-the beginning pf the lesson, and is a typical \Ehetcé page, f -

£

S allow1ng the student a max1mumxnumber of chouces w1th1n the overall planned.
« .0 _.,/ ?5 k""’é‘}i‘“ 1 a4

- 1Explanations of this are 1n-“'Davis, Robert B., "Naive Foundations for a Ca

+Theory of Mathematics, hearning," Learning and theSNature of Mathematics, : ‘

ed. William E. Lamon, Science Research Assoclates, Inc., 1972 and , o -

. Dav1s, Robert B wo Mysteries ﬂxplained- ‘The Paradigm Teaching Strategy, " y

. and Programmabillty ;" Journal.of Children's Mathematical BehaV1or,: . '
)’ Supplement No. 1 (Summer 1976). ! : ' '
3 y ! L 2 . . . 1
e L ) o e @ . L e, LY
S - . . T ! ‘o - B : ®
Qo .. S ot P - - v & .
CRICTT ! - -
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curriculum stractyre. -The second panel shows the "race" in progress —- .
o . : . - . i X

’ d . N

. B \. .
Ws thevstudent answers questions, PLATO’uses his speed and accuracy in

[ . * P .

answering Eﬁldetermine ‘the speed with. ‘which the student s car advances dlong

T the track; (The OppOSlng race' car Has its speed determined by the student's 2.

-

T past performance, or,, if the student prefers, by ‘a rate wh1ch he sets a5

o 0
" K i . K

f arbitrarily.) Panel III shows~¢he kind of "help“ picture ‘that PLATO displays*
°, ¥

when student performance suggests the need, or when the studenf himself
. gﬁ ;equests it by pressing ‘the “HELP”‘key. Panel IV shows ‘one type of feedback

ggthat is; reported badk to the studéhzfaand Panel \'A shows another form, wh1ch

v 3

-
serves the.dual purpose of*giving'the student detailed data on varlous
: _ . o B o ' o S v . _
. - aspects of how:well he 'is doing, while also providing experience in the usg
] [’ - - : i ) 5 i \ s/{,/\\ :
of graphs, one of the mathematical topics thatxnthe student is studying. '
- > : S s N e ’ >
" The. uge of "meaningfplﬂpictures," or "low-inference Btructural pic-

S

tures“'—— where the relevant mathematics can be “seen"fin the picture
itself -- can also be fllustrated by the lesson "Subtraction with Sticks."
. : I erms of manlpulatable physical objects, place“y¢lue baseJE"H numerals .1‘
o K —_— . a v
¢ can be represented by tongue depressors (for “un1ts" Qr “ones"),-hhndles °
. o A :Z o = Lo *:ﬁ::ZE\&;““, .'r ¢ l
C of ten tongue pressorsiheld together by a rubber band (for “tens")
¥ "’v . .4 v;_a v 3 ‘
plastlc sandw1ch Bag h”Sﬁinghten such bupdles (for “hundreds )T%and‘so on. vor
! - / - \ C '

"Borrow1ng" ox’ "regroupfng" for subtraction is then accomplished by remoViEg

rubber band and sepan%fing the bundle into loose sticks./ ﬂhisisame ap; .
b«, 5 ‘ L . .
proach can b# suggested by pictureS'on the plasma panel, by approprlate n
Ko . ; " X - - .

.
-9 Y . - - Y

key" presses, -2 student,ffgdgeparate a deplcted bundle into ten separate

¥ . N \

N loose depicted sticks,ﬁanv}so oh., Figure 4.2 shows three frames: grom this "\

o - . . ) .

. .lesson. Notice_that, at_first, _the picture precisely matches the abstract :

;o cﬁotatfon. As the lesson progresses) the pictures are gradually suppressed,
and the student deals only w1th the‘abstract notation - but the pictures P

»

_can still:be présented as ﬁhelps .lf needed -ox requested.

- R - . & - : |
O ‘ / >/ ) . . ) " g . ’ N e R L
EN,C “ . {) . ’ L‘.\" : - ) (: : . _’ .~.'. .._ « " )

S
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R : _ 730 %, | i
I . - v T TR S
).- . '.‘ : Lo ‘ ‘& (\ o : ’v - . . 7 . . . ) , ," . "‘l :’,. A‘. . ; s
- . o - - o v i . ’ E .' ) T
- . PLATO tan also:present what Rlchard Suchmah has called "a curr1cu1um of
‘ ﬁ ' starting points” -- as in the lesson "West," which introduces new ;deas on o .
N . . ) o . . / L) PO L. N ‘.
. o, . ‘ v ot “ S, .. * . o *
;L; strategy and\On maxima without teaching either explicitly, and\without ‘ ’
continuing instruction on either. Here are opportunltles for students to
B [ S , . . . ) - ¥
move ahead w1th these ideas -- and ELATO w111 cont1nue to pﬂay 1tsrole"u:h,_" )
— 4 R “ L o
vlf studentsAE&\go on --‘hut there }s no requ{rement/that students do SO~ -
» The lesson can thus .be regarded aséggoyldlng attractlve motimation for drill .-
= 4 . o i o S e
and pract;ce, or it can play'the\further wrole of 'introducing theﬁstudent.tdﬁ Lo
R E ) k‘ ., . .. ‘ o '... v. "4“‘ ‘ V.r._' . o F . . . I T .
. some worthwhile new ideas. Twoframes from 'West" are shbwn in Figure 4.3. , °
. V” . '.'. PR . J‘ B ' e N .. ! T * 4 . .« -rf i
- It is critically importantithat stude??s understand the meanings of : p
. BN ’ AN : . N “ : i
mathematical symbols.q ‘In the case of frac 1ons, for example, 1t *is” or- L
. ' . . . -~ . N 1‘ . o 1 '; -
v 4 . . - : *
tant for the student to:recognizex7/8,>or 3 z ,-or 5 4, as.. numbers hav1ng . v
- f ’ - ¢y . - ., . >
o . o N : e . ) S
T a definite 'size, just as 7 or 500 do. The graphlbs capablllty of PLATO ) o
. B - , ‘ o . . R i . <oy
allows the‘IeSson;designer,to effectively Address this‘problem; -Figure 4.4 ., -, .
., . . \- By 9/ . . Kl [ . . ‘~: - n .
\shows two dlsplays from lesson. "Darts" wh;ch 1llustrate thls rolé. ~_ - oo !
: L R . . A \\\A ‘ v B - ' - r
.*PLATO can“gu' e the student in learning 3. and can prov1de s&btle, o
' o - . l Vo AR A C—— . < g LH/” S
x controlled forms.of feedback, as in thevles n "Sort Equlvalent Fractlon"" ;g -
. If the student sorts one name 1ncorrect1§, %LATO tell; h1m that one sorting _
¢ . I . > A
e - . D e
B declsloh wad wrong, but d es not-s “which one. The student rhus faces }f,u '
. the task d?'"de-dﬁgﬁlng" ‘his performance by a careful rev1ew of what'he has K
. oy . R T
-doneu Figure 4. 5 shows three ?rames frOm thls lessbn ol : ; s ; '
= . B y | Lo s
A The strategy of making dlsplays appear (and change)at the same,time oot E
T o ) . Tl
as-the correspdhdlng abstract notatlons can be seen also 4n the lesson Sy
. s ® . 5 " .
. o . 7 v l .~ . L -
;nAdditlon and $UbtraCt1°n'PraCtIQEiZiﬁh Slmpllfylng and Borrow1ng,u from . S
SN e - ‘7 - AT
- the Fractions Strand. Flgure 4 6,%ﬁows thgee frames from*thls lesson.'.lry' Tee A,
‘ . In classrooms w1thout CAl a Studenygmay exh1b1t a p1ece of work of f\ N
R : . ._\ J‘_ / . "‘

whlch he 1s proud Students also get 1deas from the work of other students.=
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Both of these possibilitigs can be considééably enhanced by a suitable

N e

use of PLATO., One such"use, designedgby Dugdale and Kibbey, is, the

"paintings Library." “In this 1esson, a student chooses (or is told by

Cob ”
B

.PLATO) a fractlon between zero-and one. The task ds %o "color 1n% that

fractlon of a rectangle, uslngﬁkgg touch panel to color (rather llke

f1nger palntlng, but w1th dlsgretely quantlzed area) After PLATO verifie

'

_that the proper fractlon of the ,area has been palnted,‘the studentrmay,' *

if he\WLshes, add two oﬁ hls palntlngs to a "library;" stored in thi_pomd.

v e P
puter s memory,'that ls avallable for other stuggﬁés tq look at An early

v F} !

ﬁ&verslon of thls lesson d1d not prov%de thls "11brary" feature, and the

-
s 1

‘student work was rather unlnsplred. When the "11brary" was added, some

W
K

very, creative work began to occur,. as suggested by the follow1ng sequence.

-The earllegz solqtaons are’ usually rela;lvely stralght-forward, such as. g

. w1 ..

the draw1ng in Flgpre 4.7. a T ;"“ f;“/;_,."’-
' t V ’ - 4. S ‘f‘
From Sharlng ldeas, students come po s€e some’more 1nterest1ng posS1-

/. . . .-.“’,‘._L

bllltles, such as the palntlng shown in Flgure 4.8. v S

» I3

s e

LI

1’?& ..
i

i

”E,In Eig e 4.9 we see'Lawst % T. developlng a new procedure for easy, .

. : . o IR I

-est1matlon of. the area, and in Flgures 4. 10 4, 11, and 4 12 wéﬂsee these

A 4
J 3

(Flgure 4. 43), thlS gradually led to further reflnements (Flguregﬁﬂ 14Mand=

.4 15), 1nclud1ng a “contest“ ‘on the ‘word "Hl‘" (Flgures“¢h16 and 4. ]7),

_with Varratlong (Flgures 4 18 and 4. 19). : f : g 13

e

»

. L %
[ ' v \

Thég%reatLV1ty, orlglnality, humor, and prlde dlsplayed here -is

s Los
3

\

. . \ ® B
~ - !

obvious, but the mathematlcal purpose has not been loé% }n every case
- - M ‘!‘\, o . \ v
the student had to color a prec1se pre speclﬂged fractlon of the reqtangle
{ \.. :
A A~
and he had to get it rlght before PEATO w0u1d allow hlm to save the

pa1nt1ng in the pa1nt1§gs llbrary." ti*ﬁ o.w' - N
W B ’ e, s -7 -

o
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.- the result well enough to Store it ) rectangle -- gud to be sure that it
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other students could see it'.
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‘4.4 COMMUNICATIONS BETWEEN T ACHERQ AND_PLATO- | B
. l? ’ . : . ) v . e e s -_._‘.- T
N , ‘. ] .r ) e . - . . . . . ] T
4.4.1 Teacher Inputs to PLATO " % -
*‘x e l‘

. , {A o .
Whlle the software for elementary mathematlcs can plan a reasonable half-~
hour se551on for each_ch11d each day, based on 1nd1v1dua1 ﬁast performance,”
g v ) P

even.if teachers make nouplanning inputs,“it is'possibie, and'easy,‘for
- teachers to shape the PLATO program as they’wish:: Lo, ;.

fA teacher\can make an assignmeno-for each student, forcéach day. That
. is; she can assign°John to work in the who}e'nqmbers’strand on honday,‘
-Wednesd;y,.;nd Friday,vbeqinning in the third module,'and}to work on fractions
on Tuesday and’Thursday, bedinning’withothe additfon of mixed'numbers; she’

a

_* can assign Edna to work on fractions the first four days of th?»wéek, and to

work on rev1ew1ng whole- number multlplléatlon every Friday; and so on, with ¥

. «
P

a d1fferent a551gnment for every student in the class (Or, she can have

-

everyone~look.at the f1rst lesson on graphs next'Mondayr so-the class can

all talk aboub 1t together, then on Tuesday each student cah go, back to hlS

own 1nd1v1dua11zed program. ) - ‘ !

’A.teacher:can choose‘from among the existing modules (groups of lessons

sequenced by a curriculum). For the 1976-77 schopl year she will be able to

create her own mopdules, by grouping or sedquencing lesson® according to he:-,
‘ . A - g ' . »

own- schemé. - Intermed%ate between "choosing".or "creating™ there will also.
P ‘ & . : - e oL 1 ,. .
be ‘the possibility of taking an existing module-and modifying it in various’

' ‘ - : s : ¥
.wThe teacher .can’ specify e1ther aﬁ"regular" or a "reJiew" (abbrev1ated,

ways.

. and faster) versioA'of.a lesﬁpn.-‘_ v:\ o - ' ':.' . o
: . Coe g - L e
An& ‘of COurse, éabeacher can chaﬁge thlS a551gnment for a student i
ﬁ’:, - r‘ : . ¥ _— e JRSE . . € .-
whenéVerﬁshé wmshes. e T et ', iﬁ o 'L A
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C 4 4.2 Feedback %o\mhe Teachers from.ELATO L 0
o » oL ws oL .ap s . ' VL DA ) ~'~' . \
. S e e o e /. o cN L%
B w7 ALl reports ‘on student performance are avallable to the 't cher 1n two T

5 . '
.
@ i

d1fferenﬁﬁforms. d1rectly as displays on the PLATO screen, or else as

T . .

"hard copy" (1 e., pr1nted on paper by a printer). Updated’ repOrts are v

a

RO ord1narlly 1ssued once a week but teac“ :can obtain reportg'more often v

v

B . - §\

1f.they wl_sho

o of each chlld in terms ‘of modules, and indlvidual lesson reports, that show

t

e the’ progress.of each child in terms ofAlndividual lessons. Since a module -
. . : . v . > .
- is & groupfof 1essons, the module report is a more coarse-gralned or mgcxo- g'
’ , . . - . L ax oo - o
scoplc report, and the lesson report 1s a more,flné-grained or mlcroscopzc )
report./:." . _ A "_; .

3 -
.

. . . r.
¢ 4 . “ > 4
~ : »

‘QFigure 4.20 iS'a reproduction of a typical hard—copy module report.

Student names are flctltlous, but the report is not unllke typlcal actual
. . L N .
' -+ reports. An explanatlon oﬁ these symbols follows the flgure - ®
i ] - < ‘.A
Figure 4. 21 1s a- reproductlon of a typlcal hardwcopy lesson report. Again
N < - ) . L] . b . R
student namés are flctltlous. By calllng.for a~more,fm1croscopic" loek at in-
- . 5 ‘ : f\ \ > . . v
! dividual key lessons within ‘the Fractlons Strand modules, the‘teache!khas, as °
it were, 1ncreased the ‘magnification” from the module report dlscussed’above.
. Jﬁf - . .
. fThls offers a more mlnutely detalled look at student performance Because there
- - 4’

2

are well over: 100 xndlvidual lessons. 1n'the fractlons curr1culum, thls report show%

only a few key lessons from each' chapter A sthdent s performance in these

Ya v

selected iessons is a reasonable 1ndlcator of that student's overall performance

P -
. N . - . . '_,‘ . . . . . ' .
: and vprogre§’$ in the Fractlons ?trand . o S AL TN
< 2 : . . ) . ST . : .
e - q 1 . ’
. . ' 3 B 3 , :
] s ‘ﬂ "'I h " . : - ¢ ‘.' ,\5‘ ! : %
) * * o ' & . . . ’ - t i
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EXPLANATION. OF SYMBOLS USED IN FIGURES, 4.20 z{ND 421 | *TT 0 L e e
i - - i ;- S .
« . - \».’.'~ ) v ; ‘ " i . . F‘ .’l' o v ., - .
N A AR o :
. - . ; i oo o o , o, "
? oy T oa s R .
1nd1cates that a student has completed the mo@ule in question with .
. excéllent performance., e ﬂJigg . R . — oo
-HL'J;@_ z‘,A‘w\ 1nd1cates that a student has completed'the:hodule in quest%onuwith,L ’;
-t ) *satlsfactory performance. R e p . S E ey e '
+ _,' 1, N . . ) . o , . ,
S e . N A . -~
Wy = indicates that a- student has completed the module ;n questlon, but .
'fi o . wrth marginal (less t&an satmsggctory» results. ' .
L . “ _,",._) . ‘\:.
\ _AAHLA_.1nd1cates_thatrthe_student d1d NOﬂ,complete the _modulé because thevﬂiggf
I T v teacher changed ‘his aSslgnment ‘before. h .could complete'the module
B 5 - (usually because he was ‘not doing. well ik:itj.o r else-beqause it :
T turned out that he" knew that - mater1a1 al ’adyj.d' e s
» BN R ¥
. o 1nd1cates that the student=1s worklng 'in, thls modﬁ}e at preseht ~ Tllf
. . -, . . .;" N ’ v - . N ) ‘.
e K Jhnd 1nd1cates that the module is be1ng experlenced in gggb"fast“ Y T
¥ o abbrev1ated rev1ew ver51on{ LT _ - ks
,,.‘ . qu Of page_, ’ . - , s o A:'I“‘,r L ."_;'v ;.,o. ,;“I‘VH . ',v‘ : ,,-‘ N
o N - S TENN L FE R A ]

_ . Each standard module 1ﬁé%ach strand” Ys listed: (fouromodules for the
" graphs strand“ £ive modules for the whole numbers strand,A_gd n1ne.;

RN modules for the fractlons strand).’- 71 ' . R

. T ’ ‘ — - , o ./’v » N .“_.A " '.!‘ . ‘. -‘. ) .
nght—hand CQlumn R i R e

~ [ .‘0 . 3 : - ¢ v - .

/.“

ey -

‘ o o _ NI ﬁ,"” o k’ ;
: Column entries- T o B e L
R A _..‘F 1nd1cates fractlons strand* S . ;1 . & u ' S E
. ;% - O e 1nd1cates graphs strand g e oo :I__: ’~: f‘hf'(;&' -
C ‘5‘ , W 1nd1cates whole numbers strand BT P e e L
1S - ‘ Cen v‘-, . RPN . . . :."
| ﬁi'l‘f Thus, the f1rst student 115t9d €"debb1e") has been a551gnéd ‘by the "~

fA o teacher to—Work in Fractlons Strand moaules on Monday, Tuesday, Wed?

g whereas Sta 3st -name: at ‘the bottom of .the lis®) has been: asslgned
s L Y By the tead ~v-rk on Whole Numbers leSsons every‘gay in, the week
.. ' . [ ! . ] N ._." ;
v - RN 'S ) B N oA ’
- ' ;,« o - N ‘ 0 R . \ ’ “-,a
o AL . * R l
: z j o . . ‘a/ ; ,, S .
§ ’ : ¢ B\-s. /‘ Tee ‘e ey Yo
' 1 ) ° . K , - r-- -

“Q nesday, and;f«'4~-ay, and on modules” from the Graphs Strand’on Frlday,:r

: Column headings 1nd1cate Monday, Tuesday, Wednesday, Thursday, and Frldax

. ) L . L A | R ' N
E lC VL . o v AT ' . = L L e T . Lo
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EXPLANATION OF.SYMBOLS USED IN FASURES 4.20 AND 4.21 (continued) v

Y . )

»

¥
Center portlon of page: Student progress in modules

The f1rst student llsted ("debbie") is presently worklng in the first
module from the Graphs Strand, the first module from the Whole, Numbers
Strand, and the third module in the Fractions Strand., She finished
the first fractions module with an excellent performance, and finished
the second with a satisfactory performance. N ’
"pres" (éighth name from the bottom) has finished the first module in
the Graphs Strand (with a satisfactory performance) and is how working

in the second module; he has never worked in the Whole Numbers Strand;.

and in the Fractions Strand, he has finished six modules (five of them
with _an excellent performance), is working on the module on "multiply-

" ing fmixed numbers," and went through the first fractions module in its
abbkev1ated (speeded-up) "review" version.

. +
. . ;o
v - ° "
. X .
. . . v, .
.
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- o In geneial, symbols have the game\meanings.as‘ih.the "module" report, -

—'withfohg important addition: at-the lesson level, a new symbol:ié\intfo- :

ducedf » Meaning that the student is now working in this . lesson and

appears to"need,help'frbm the teacher,, '

.Y

s

In Figure 4.21, one student appears to need,immédiaté teacher attention,

. v
B B

- ¥ : . a - . : L .
JJ namely "al" (ninth name from the bottom of the student. roster), who:is

v -

. . . L fe ) L% . < . ] 3
presently working in two lessons: - "paint add," where he does not need help,
3 » - v : - . . ) : . \n e
and "hedri§tics practice," where he does.” Six other students in the class

. have completed this.lesson very successfully,, so the teacher might ask one.
: e o Y : o

e i LA S s Ty
of these six to work with Al, or else work with him herself. .

~
,

. ’ .v ) -. !
- 4.5 HISTORICAL RECORD OF CLASSROOM TRIALS

o
bY

. -

Pripr to September 1972, some individual 1essoﬂs'had been tried oﬁt,x
o ﬁsihg PLATO III, in Booker T. Wa§hington'Elementary School in Champaigh)ih

Illinois: The terminal configuration -inyolved a separate "terminal room,"

N ' \ SR

and students left their regular classrooms to come to the terminal room to
work on PLATO. : . , ] . e
Beginning in the fall of 1972, terminals were installéd in two addition-

al schools, and three different terminal configurations were subject’ to

>
o &

preliminary trials:
i) a separate terminal room ] - e
‘. \ .

ii) terminals in the regular classrooms

iii) terminals in public access areas, such as corridors, libperies, .

and "learning centers." , . ) ' .

Pl

It appéarédvthat maximum benefit could be derived from terminals in class-

Y 2

rooms, and this became the standardiconfiguration for subsé&hentltrials.

’
"
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o - » .
From Autumﬁ 1972 until early in 1974, extensive "special testing" 'of

'ﬁ-,lessons was carried opt, but there was ﬁot a largéwénbugh‘body df_c_oursewareb
. : ) . v , : ) ' 0 .

o

N tO'maké the use of PLATO entirel?;routine,’and ﬁhus makefpoSéible what we

hﬁve_defined};s‘"épgrationai ;es£i§g." ‘ . o ﬁ i,.~“ j' t .
» ) épergFidhalftésting :f’one stfandy-- the' graphs ;tgand, which waé Fhe_ -
?irst str;hd t§‘be cbmpleped -- did'becomé possiblq éériy in caiehdar year . |

9

11974, and in the spring of 1974 the graphs sérand,wasuin routine use in the.

-experimental schools, Operational testing with a Few studénts after school .
] - 4 ,d\ . . -

. . -~ ‘. . ) ‘_ L . . -J' . "
was done with the existing fractions curriculum. (About, one-third of the

A
N

- planned curriculum was available.’) T, ‘ ' oy _
. - o ‘ ) . ) . . K

©

It had beenhhoped_to‘begin-operatiohél testing of all)threé strands in
. h ' . . k : . ! t . ' ‘ V B ‘,
*  thé autumn of. 1974, and something roughl&fapproximating this did occur, . ‘The.

D . - s

' . two major limitations were that the couréewafe for the other two?étrands 6ad

not yet been cogpleted, and that unanticipated limits on computer metiory
been cogpleted, & 2

~

- severely resEricted the number’of lessons that could be maﬂe;availaﬁle to

. . 3 - ) . . N ) N
+ students at.any given moment. . A simplified router wasgwritten\to try to
s " ' L D 2 i "v o
optimize leSéon‘assignment within these severe cohstraints, but it was arl

)

too clear-tﬁaﬁ oftep/ PLATO could not make.available to a studenf any of the ;

PR : R . . . B

. lessons which he really ‘needed at that moment. i
. ‘ I'd . . . .

. _ .

e _Through all of these difficulties teacher morale remained surpfFisingly

high, and-ihformal measures of student learning‘gaiﬁs seemed to indicate

- .6 . 7
good results. : . : ’ L 3 )
”_ o By September 1975 the limitations had beep/bVercome:' an adequaﬂe A

. L, e ‘.
s

necessary coutrsewarc had been

amount of computer memory was available,Jthéi

. . - . v ) ./” R ?...’-
* 7 completed, and the lesson-assignmént»procedures.could work as intended.

’ | «'/- . . ' ) .
Consequently there was wne year of official testing of this coursewarc --

- ’

September 1975. through May 1976. Duriqg this school year-PLATO‘was in

. . i .
s ‘ v
Il

/ ' Ty N

ERIC ey
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Lo day-to-day routine use in thirteen clas oms, in six dlfferent schools, in
y , . .
two school systems. Four terminals we located in each classroom.
i

\ ApproXimatcly 325 students part1c1pated, approxlmately as'follows: . ' \/
y , B _’ Grade 4 '* 75 students
- . . , : ) "
*® . . . .
. - T 'Grade 5 . 140 students - —
V7 o : " =Grade 6 110 students

(.
N !

Over 15,000 student contact hours of instruction were delivered during this

.- school year. o ) 4 ) e ) |

Al

4.6 - TEACHER 'AND STUDENT RESPONSE

v oy . B © ) . . ‘ - ~ .
This Section deals mainly with informal measures and with preliminary

results, for moré formal resu1ts, and final assessments, please refer to the Y

internai evaluatunitition of the present report(Chapter 3), and to the separate
" .&"‘.‘l.h AV L v B
independent evaluation report from Educational Testing Service (ETS).
D . ' . . .
Teachers have responded enthusiastically to the PLATO elementary mathe-
_maticsfprogram, and so have the vast majority of students; informal pre-

LY

1imin§ry reports seem to indicate important 1earning gains for students,
3 [ ’ : T}N . )
. ‘and desirable changes in attitudes toward mathematics. -
N ) -» “ ) - - . 0

-

.4.6.1( Student Attitude. Changes

. ’ . X ) .
i Attitude questionnaire-data“gathered by ETS from PLATO and non-PLATOﬂ‘
[ classes imn 1974-75 show;relative.dhanges in student attitudes toward math -
!/ . . B o ! 'S . ' .

&

" during the year that are favorahie.to the PLATO classes. Figure 4.22 shows

; ’resuits for the ten items on'the questionnaire‘that were judged to bel
/‘ measureslof generai‘attitude:tomard math. .

= In Figure 4.22; "Math,is fun" was item 14 in the questionnaire. Among

- thé fourth graders, 43% of. the PLATO students responded "yes“ at ;he he:g'in-&S

.

v o) L

% L
b
s
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4 Figure %422

Attitude Questionnaire -

Fall 1974 = Spging 1975 Data Summary ' .

v

Percent of "Yes" Responses by Item and Grade

Note: For some items, positive attitude 18 indicat
to PLATO. In the "Merit Index' column, + ind{

thanges are favorable

\

1]

ed by a "no" respé&se;

]

“for these items, ne qtive'rélatiVe
tes relative changes faforable to PLATO.

,' v.

£ Grade 4~ - Giade 5 Grade 6 __
_ Rel. | Merit E \¥ Rel. Meritl '+ -~ - _ "Rel. fMerit ]
Pre Post Chng Chng . Pre Post Chn Chng. Indekf Pre Post Chng Chng ;Inde¥J

P* Na47 N=49 | N=97  N~111 . =125 N=126 . .

non-P* N=68 . N=71 N=92 N=90 | N=89 Neg5 . .

Liking or disliking math: ,

: . ‘ i

14. Math 1s fun, : .

P 43 55 412 - ‘ 50 63 413 50 63 413 ’
non-P 54 49 -5 17 646 60 w4 17 3% 26 . -4 | t2
22., Math 1s my favorite subject.”;,; - )

P 13 22 ‘49 Sae 2z s 4se | 118 29 o

mom-P 24 20 -4 I3[ 413 477036, -1 ML HEfgs Ty T 4 | v
I would rather do almost anythihgftqﬁﬁ math, S

P ‘2 16 -10 : ( 2 17 -7 18 15 -3 :

non-P 21 25 44 "M % 20 +¢ ~13 29 38 _+g9 T2 | +12
. .« EERATE

26. Mathehatics is often very boring. ‘

P 53 29 -2 oo [955e 35 32 <3 b 39 34 - R

nonp 45 a2 4 20 L] 3 “oows TR 5 g pg t13 |4
ca . v . ' . :

Comparison with;préViou§'likigg or disliking math:. ] '

21.. I ;;ke math Better thia'je;r ;ﬁan I'did beﬁorc. i R

P, 40 63 423 ST BT BT BT o1 ] 55 59 44 ;

nog-P (" '53 C 62 w9 MM 5 Ty s e 3 w0 FA s

28. I vked“mafh better when I was younger.

P 43 27 -16 Tl 360 26 -10 _ ol 22 -8 _ ’
non-p T 35 38 w3 TP Mg g g s parp 20 2 8 0 ] g, ,
Sense of one's own abﬁligy to do math
. 1) K ]

16. I am good at math. ) .. .

P 40 53, .13 t o - 44 60  +i6 ' 42 52 +10

nom-P 35 37. 4z ML ML g g g 429 f w29 | 2 32 +2 t8 +0E
N Ce . - -
©20. I am slow at doing math. o )

P 3. 25, -9 1 140 - _ w25 13 -2 ® .
non-P 35 34 -1 "8 481 15 5 \Vg B AN BT TS R I

. PP .
15. Math is the barde§tvgping I have to do. " o .
, PTU19 200 w1 1 /12 10 -2 _ .18 13 -5 S
non-P 19 20 4+1v -0 / 11 1 +3 S Rt ISV YRR E A IOk .
M ¢ o v P
17, 1 get Gorgied when asked §o do a math problems . )
P15 10 <5 [Ty g 5 -3 O R I VU T
6. 6 14 21 13 S I T e + 3

O

‘non~-P 15 . 16 + 1
. il o . L
. . 4 .

\\\* PLATO classes
Rk

non-PLATO classes

&

=
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; ;nfng.ofjéhe year to this item, and 55% did SO at the end of'the year, for®
et - :
adpositive change of 12 percentage pointss ‘On the other hand, 54% of the .

’non-PLATO'fourth graderégrespondedh"yes"matvthe“beginning of the.year to

J l

the ,same item, andq\9% did so dt the end of the year, for a negative change : \"

4

of is;;?;mréﬂntage pofhts. Thus,éthe rela ive change was 12 - (- 5) =17

~

- .

percentage points in favor of the PLATO classes. The figures for the, ;
/

: N . ) : 3
for some items, "no" -is the Favorable fresponse and, hence, for’these items
N . ‘ ' v .

other grade7levels and th9/6:jﬁf items may be’ read sin?Larly.\ Note that,

il

L : —
{*;. negative relative changes are favorable to the PLATO ‘classes. The finalw,.('

: \ . . - “

A \ . .

column ("merit index \) for each grade level gibes the relatiye change SR

ot

recoded so that positive numbers denote changes favorable to PLATO. NN

\ B Y

C

\ o Of -course, each £ theSe relative'changes is a'difference of two
|~ : R "% . . C e
' differences of numberj that are rathér unreliablge to start with (since each

Lo .'\,_ i ) : E - . )
questiennaire item is a "yes/no" type item), so no single. relative change’

can.Be. interpreted with confidence. But the results found across the three .
] ’ Lo o o .
end of

’ ‘ grade“levels and the ten‘different'itehs display-aﬁ-bveral
e remarkable consistencys of the 30 numbers, one€ is a zero, and thé&yother

% . 29 are favoragie to PLATO. A number of simple non-parametric tests on

*both first- and second-order differen&es confirm that the results observed

Y X ) . "l J . . R

~could scafcely have occurred by chance alone. L : o
o . - . .

L e -

Of the 24 remaining items on the questionnaire, -11 were about more

: . B B S R : . .
LT specifgc'math—~elated attitudes (e.d., "I like to show people how to de

nathﬁproblems."'"I like-working on math with my teacher," "I like learning

. 'about graphs"), seven were about reading ("Reading is fun," etc.); and sgx C

N
A °

were‘about other_things ("I am a good singer," etc.). ﬁo consistent pattern

‘ - o + L. : )

of results was-evidert across'the,items~of_any of these'other groups.- Thus,
] . : ; . - " , .

not only do th@~ten items concerned with general attitude toward math show
'. " ’ 1 ¥ - & " ) : J. - . \
Y 4 : Lir2 ' e,

ERIC = . Sy
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)

great cbnsistency of. results, but they stand out in .this regard from'the

", rest of the items of.theSquestionnaire. ' . i. T . f\\n

4.6.2 Teachers' Observatiohs : Lo

L | ~ v
PLATO teachers were asked to keep daily logs for ETS during 1974 755
9

and portions of two suéh logs were available at @ERIL, at the time this state—

«

L/ﬂb ment was prepared. They indicate that teachers perceive PLATO as hav1ng "

a generally favorable effect on studehnt attitudes, and that teacher attitudes
v' ' _ were also generally favorable. For example, one teacher writes:
This would be a good time to note the effect of PLATO_ on the
‘children's attitude toward themselves, school, and math. For
- cL a- couple of 'individuals who have had. in times past -- according
. +to other teachers -- difficulties being happy in school and - .
e wanting to be in school, PLATO has had a pOSlthe effect upon
o their attitude as I perceive lt They do like working onn PLATO
and as a consequence, I think, ‘do not fwant to opardize their
position. in the classroom. I also find{that [no there is
nobody who dislikes math. to.the point of refu81ng tp do it or
finds it a total bore. I ‘think PLATO has had some sinfluence
here. / - . o , .

All of our'informal contacts also indicate that students like to ¥ork om
. . . v v . 1'\\'_ . .. .

PLATO, and that a desire to have extra .sessions is far more common than

RN ¢ A R

a desire'to avoid sessions. For example, when PLATO had been in one. school

for two weeks -- ten schoql ~days -- some students ‘had comple%ed 48 half- hour

. -, sessions. -PLATO allows each student only one'hali—hour s?Ssion during the

e Al

’ A

school day, so the most time that any student coul have sperit during regular

school Hours would have been ‘ten half-hour sessions.

half—hoursfwere'ddne\evenings and weekends. The obse

The remaining 38"

v

. b ~
to- have extra sessions is far more common than a desire to avoid sessions"

rXition that "a desire
\

W (

: can be. supported by considerable quantitative data.

. Another,teacher, after spending several pages describing PLATO'S ' oyt
t . * ) . ) S o ) .. « B
{' positive effects on her students, concludes by stating her own attitude B
’ ) . /’7 - . ’ .a B ’ d/
toward PLATO: . § , N SR ' "
1

[ERJ}:‘ . _.‘ ;. . | v ,..I{JLJ - N eri' -) :




.

I think PLATO is great! I hope to remain in the program, ’
e —— . .

s

“

If we ever go to "PLATO rooms," I .would like to work with PLATO
- . and children .on a full-time basis. I wish that more children
‘could have use of the terminals. " .. . ,\

Another indication of teaoher acceptance is that in over four years
. . , . o ) l '
none of the 15 teaohers left the program because of disatis act&on with

PLATO. . A few left for other reasona-(e.g.,'family moving, aternity leave;
+ / ) ) ~

¢

> etc. ) and one- teacher left when she was a551gned to an advanced\gﬂass that .

-

had already learned the mathematlcs avallable on- PLATO I '

’

. 4.6.3 ' Achievement Tests h ‘ . ‘ : )
. Achievement ‘test data gathered by ETS from PLATO and non-PLATO classes

]
“

:::::> consistently indicate that PLATO can<be ug%d effectively to promote the
learning of mathematics in'elementary echool claesrooms. \For example, “in

K] ¢ ’

. both 1974-75 and 1975-76, PLATO fourth and fifth grade classes far out-
.‘J “
performed non-PLATO classes on ETS s spec1al achlevement test on fracthnst
o ‘

% 5 e T et : , A
Further dlsduselon of elementary math achievement data and experim ntal
. . .- . L -'-‘/{‘ ‘-".. . ) i
design is given in the‘1nterna11eva1uataor section of- this report (Chapter 3).
. - '~ P . . s Y '
4.6.4 Case Studies of Gifted Children, { R o
, L : e ) e
. . / o . .
, i § E . S '
To many observers an’ important outcome has been. the. conspicuous
, ‘ T .- ) ‘ . .. [
intellectual flowering of a small number of gifted students (e.g., a ”
) : . : .

number of twelve- and fourteen-year-olds are now°excellent cofmputer. pro-

\‘ d: . \n .
gragmers, and one student has dlstlngulshed himself by an 1ndependent

development of the Argand pf%ue, by age fourteen). This”sort of develop-

ment is dramatlc to observe, and in View of a general neglect of glfted

2 . N ¥

v

students, it is 'potentially very»important;

' . " .— ' X % .

~

[Aruiroe poviisa oy mc - e . e - . . -

~
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‘ 4.6.5 -Seventh Graders at University High}School
. - T

t ' "’r" T .. .‘
More deta11ed data is avallable on 30 students admltted in September

1Q\5, 1nto two sections of seventh graders at Unlverslt¥ High School, Ten

" ; ‘
//// of these students had been in PLATO*classes the prev1ous year (s&xth graders

A

1n.the 1975 -76 trlals), and one had been a student in a spec1a1 summer

11 ’
..

program conducted by PLATO staff members. All 30 took an 1nitial placement
N

\“}ktest in mathematlcs ‘bn thlS test, four students made «perfect, scores. Two
of’ these were from among the ten PLATO "alumnl M one had4£ttended the

special summer program, and one ‘was from among the 19 "non—PLATO".students.
™ " :
Other student scores on the test ranged down to zero correct (for a non- -
'\I 8 . -

PLATO student).

¢ . .
These numbers and the numbers for.glfted studentg are too small for

<

statlstlcal 51gn1f1cance, but they are typlcal of the informal data that
-give a very strong general 1mpre551on that children are learning mafhematics //
. . ' . N .

and are finding mathemat¥cs interesting via PraTo. ST /.

. ) - ) U4 i N R L_. ' L s . o .2“ i ‘ //

4.6%6  Requests from PTA's apfi School3 LT L /

. = _ -

o ' : ) i ( ., * .
S . . . . v : . b ' : - //

Questlons asked at local PTA meetings arel so far é/\ﬁe-have becn//

P- )

able to monltor them, 100% flvorable - such as "When will we get PLATO in

/
/

s. X's class?", "Why can't more of our Students get to work on PLATO?",

'etc; Requests to partlclpate continue e recelved from pr1ﬂc1pals and -

‘teachers. All of this is presumably ev1de#ce of the general acccptance

of PLATO w1ﬂh1n the schoof communlty. . . /
. . i . } \\ i " ) // | .
/o /o ~

o~
~




4.7 SUMMARY

I

--- mwyit~appears‘tha§, although initial introdyction of PLATO into the “

cléssroom(pib‘e; additidnal deffands 'on the teqcher,’teachérs want to

déntinué;wit tﬁe usq’of'these terﬁinafs} (In fact, a grow;pg number of
principals ;né teachers are“reqhesting ferm?nals in tbeir'scﬁqo
classroéms;)i For the most part, students enjoylﬁLATO enough fos

>

enthusiasm to mahifest itself in many ways (for example, in 'seeking ’
. : . oo . - .

/ .
- -

additional time ofi“"PLATO, even'outside of regular school hours).

. ) ) . )
the rough nature of preliminary trials while we were still in the process

of’ getting ready, it is qufte apparent that children Iqarn mathematics
» ’ Cos . N ) -

effectively PLATO. ' . ‘ C R .
oo G 3 |
i . | , N , e

o




4.8 PERSONNEL =~ ! ' =~ < s
* T WU A S L.

v o V.,:'f s

The d1rector of(the elementary mathematics" project and the edltor

I for courseware has been Robert B. Dav1s\ The courseware has been deslgned‘
‘ .

and 1mplemented by the follow1ng persons. Bonn1e Anderson Seiler, Esther

* '

\ X g
"Steinberg, and Charles Weaver for the Whole Numbers Strand; Sharon Dugdale

,4

and’ Dav1d Klbbey for the Fractlons Strand; Donald Cohen and Gerald Glynn

’ for the Graphs Strand. ~Glenn Polln was responslble for; the routlng

kg ’ .

e m?chanlsm .used durlng this perlod. Programmlng has been done by Marllyn
Bereiter, Tom Layman, Helen Leung, Steve Sheahan, Kelth Slaughter, Jlm
~Wllson, and many. graduate assistants and student employees. Adm;nlstratlve
asslstants for the project wére Mary Gober and Anne VogelWeld. ~

A\ by .
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_ {
3 j - o - . .
-} s ) .
r's - o o = N - . )
2 L v '
1 .. A
\ , . o
* . ‘l .
e K
ii- . ;\ .
v -
3 . - .
] - [
r N ¢ g
' ° S 4
. ” '] ,
(\ ) . . ~
Q‘ * R ’ '\' : s P
) o
/ : L g
) [éi?‘ﬂ*«;
7 oot , o J
T L ;
, (Y




/ v ) , TRV SER A St
> ¢ ’ J 'I;"‘ / . .. L
v . w . oL / R )
a% B RN °' gt
W . //\/ “ :l ‘S
« . - - ' 5. ELEMENTARY READING. U
L < a - T . N ' ] S i .‘ o “
o . . i - . -:, "u o
. . '._ el . - v
. . . . s . ) : : ] (SR
- 5.1 INTRODUCTION . o / AT
, i X ) . ) o ) ] Lo .‘, [ g . ' .. )
. B : . . o . .
‘ : ) Durlng the perlod from 1971 to 1976 the PLATO Elementary Readlng e
e _ . R L . -
- currlculum Pr03ect (PERC) pursued a program Whlch 1ncluded._l C o
" -!.. - . ) -', 7/ \/r
, - . N . ,‘\q, 4.
1;%.Develo;§ent of a. hlerarchlcal tree of behav1oral objectlves whict
T descrlbes a sequence of skllls hypothetlcally 1nvolved 1n the learnlng to
, ’ - o B v H P
P . ) ( ) :,' -
" ""read ﬁ@rocess. e S
v 2 Developme t.of approx1mately 80 hours of 1nstructlonal materlals
N . // ‘. B
- 1n support of these object,lves° L L { .

3. Developmeﬁt oﬁ a Computer-based Currloﬁlum Management System (CMt

. -
4 ”»

.deslgned to lntemface among the Current status of - the\s\:dent s performanq
. : ' AL

I . S . /\ \ , ' . . . i .
T 'data, the tree of - objectlves, avallable leiﬂézvmaterlals, and the’ constrai

o - 4.-»Art1culatlon of pri ciples of ahd o/v15 al sequenclng and student
- < A R
AS . v,
e 1nteract10n patterns whlch permlt the developmen of successful lesson ~
. -, '“ ¢ . - "o
" paradigms. . J
- ,“5;; Devefopmznt .of several such parad :
& e l@b [ ‘ 'i_',', J . -
f exerc1ses. % j; o .. ¢
,.6 v Development of computer-based teacher control and feedback routln
1nclud1ng student performance data reporters and lesson prescr1pt10n rout1
.~ . e
' " 7. Implement tlon of the 1nstructlonal rout1nes and—services 6utllne
oy I
above 1n 25 classrooms with 52 termlnals equlpped w1th touch papels, sllde
- e o, - . . ’ g,
_, selectors, and‘randomracc §s audio devices. . o
’ . B ® [ ’/L °. : -‘. - . < .
) . . . 7 < My : B
o . R , ‘ 14#1) : . s\ - (¢¢
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8.. . Delivery of 17;0004hours'of ins@ruction to 1,225 kindergarten, |
;Vfirsr grade, remedial, and educable mentally retarded students.

. . .
]
.

S . The principal successes of this program are believed to be the
T following: : ' .

- 1. The-enthusiastic acceptance by students and teachers of-well—designed
- v

CAT as ‘a normal part of daily instruction. BetWeen the school years l974-75

—
[}

and 1975 -76. the number of teachers participating in--the program increased
from 15 to 25. All teachers were volunteers,

‘ N
& . . . N

Teachers and'other.observers have also reported that‘students in general
* are enthusiastic about interacting with PLATO reading, lessons. Students who

have experienced behavioral or academic trouble in the classroom appear to

“‘be especially eager to interact with the lessons. Positive acceptance of
1 : :
"both teachers and students, howevegr, is contingent upon the proper functioning

+

. ?'.of,equipment and the appropriate selection and design of lessons. When those
conditions are met, enthusiasm is high:
."'.22 The désign of %uccessful lesson paradigms.’ Datalshgw (see Appendix- '

DA S 1) that most students interact successfully w1th our lessons and that

'S -
. . \

» their performance improves with successive iterations of the same lessons.

-1 3 The clarification of perceptions about what degree of lesson Xputing

decisions—makinQ i§ optimally handled by the computer as opposed to the
oy . ‘
‘classroom teacher (see Section 5.6). '

The major obstacles to successful development and implementatqon of

LN - s

<} sophisticated curriculumiare perceived as:

1. Unreliability of the audio component of ‘the hardware. A child

N v -

. \<Zceiving gargled or incorrect messages will interact-with a lesson incor-

>

% ctly. Bince there'is'no on-line mechanism to indicate that the audio

is not functioning properly in 3 glven case +(nor is such malfunctioning

“ /4__ ' R -

pRICE T g .

Aruitoxt provided by Eic:
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obvious to an observer who is not listening to the messages a child is

’ -

receiving through an auxiliﬁr& set of headphones), lesson designers were
severely hampered in their efforts to analyze the flaws in a given lesson:
The problem was compounded by the often random nature of audie failures.

. f .

Another obstacle connected with the audio device was the productipn
. . e * - T
of audio di'scs. Because the implementation was large, requiring the

-«

< . ' ~ .
production of about 50 copies of each disclmade, and because of the unreli-
ability of the disc production process, each disc had to be listened to in I\

its .entirety before being released to the classroom. A great deal of
curﬁ{sylum de?elopment staff time was épgﬁt ehgagiﬁg in this vexification

. W .
process, which takes about 20 minutes per disec. Student help provided for -

this task was insufficient.

The cumbersomeness of-this process also discourages lesson revision,

) ‘
since each time a lesson was revised messages would be changed and new

discs taken to the classrooms. Finally, the slowness of disc prqduction'

frequently held hp the delivery of lessdns to the classroom to the extent’

S

that the objed%%vés which the lessons wére intended to- teach had already

been covered by the teacher. 7

2. Inappropriateness of the computer-based Curriculum Management
) L)

.

System (CMS) to the realities of elementary classroom instruction. Although
appearing to be sound in its’ initial conception (see Section 5.6) CMS in
)

the final analysis acted against the integration of higher-lével phonics
” 7

and comprehension lessons into the curriculum (see below).

3. Scope of the original conception. fn the opinion of most staff

4 .
membgr?, energy might have been better spent focusing on specific problems

.

i , : e
which showed promise of being ungiuely impacted by PLATO, rather than

N f

attempting to produce a complete curriculum on-line at a time when no
. . .

guidelines for the,uSe of PLATO with young children existed.

‘

Q § o
ERIC R Y ‘

Aruitoxt provided by Eic:
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5.2. BACKGROUND AND GOALS {

»

In 1971 the'initially small staff of the PLATO Elementary Reading -
Curriculum Project (hereafter called PERC) set out under NSF Contract C-723
to develop a beginning reading_program for young children to be presented

. g - t /?/ B

\on~the.PLATO IV terminal and tested in the public schools..

3

This enterprise began in a context which supported the image of the

large CAI system's potential‘for taking over complex instructional deci ions

¢

and tailqring instruction for indiViduals more senSitively than, could the

cléssroom teacher given limited time and large numbers of children. “The
2

-

hope was that, relieved of\ﬁuch bookkeeping tasks as recalling the status

of. children s skills and chooSing appropriate lessons, teachers could devote

more, time to personal interactions -- developing children s social skills,
. [

- *

dealing with the emotlonal'and behaVioral difficulties which~increasingly

plague the classroom, and engaging in the kind of instruction which can’

v !

best be delivered face-to-face in'free'exploration of concepts and ideas.

. For these reasons, it was decided early in the project to develop ot

only a set of lessons but also' an automated system of selecting appropriate

lessons and delivering them to students; This system would have the poten-

4

tial of standing.alone, operating egfectively without the,interventidn of
the classroom teacher. At the'same‘time, PERC staff members mished to
offer teachers the option to designytheir own lesson sequences.

In pursuit of its mission, the/Elementary Reading Gron explored both
automated and teacher-controlled systems, as well as many other aspects of

.

real-world implementation of CAI. What follows iS'a:statement of PERC'S'
4 . . .

.goals as they were perceived at the outset of the project, together with

a discussion of how some goals were accomplished,. some transformed in'the
' /

B

1i;

-



103

. _ ., » . . : i
context_of~classroom realities, and others left unattained because of
3 v ‘ | ‘ , ., k
technical difficulties or conceptual contradictions within the goal itself.
N - o c,

“First, the PLATO Elementary'Reading Curriculum Project mas respdnéible

’for the development of a large b°dya£§ instructional materials for. geginnigg

readers at the elementary school level. ‘ K . -~

L4

Second, and grow1ng out of the first goal, PERC_;asﬁresponsible for :~‘

-~

: development of guidelines for child—computer 1nteraction§°that would be both

'
-

valid and general. By describing rules of thumb’ about display organization

and response processing, PERC. could reduce the amount of start-up overhead !
ne . .

for future such curxiculum projects. ' < - : L . o '

‘Third, PERC was responsible for development of a reasonable model of .

the learning-to-read process, . : — iy e

Fourth, PERC Was.responsible for construction ofiagbeginniné’readinéﬁ’
. Q . _
. currlculum int%grating 1ndiv1dual activities within the scope,ﬁ\Equence,

©

and logical structure of the learning-to-read model. ii;ﬁ B

Tk,
.

Fifth,'because PERC was pioneer ng the large—scale classroom imple- -
mentation of computer;baSEd curricula, andther resbonsibility was'touexplore ;‘
alternative ways of integrating the ébmputer-based act1v1ties 1nto the
_culture of ‘the classfbom

'Sixth! PERC saw as its responsibility the development of a computer-_

Y

,_based curriculum manageme t*system'Which ‘would interface-betWeen the .

1nstructional materials a d the reading model on the one hand .and the
Fl
%

cOnstraints of the PLATO system on the other To allow freedomrto experi:
~ment yith different‘structures and at the same time to permit maximuml
independent functioning, this system would need to be flexible as well as

. powerful,permitting'the teacher to override the structures managed by the

automated routing system,j -

A



f classroom lmplementat%on, was a respon51b111ty to develop a power—

y/ful s¥stem whereby teachers could access on~line performance data for

L N

5.3

LESSONS

indi idual.children and gr

pslof children.

\\

al

)

The sections which-follow treat these goals in greater detail.

]
The commitment to develop a large body of 1nstructlonal materlals in

b beglnning readlng has‘resﬁffed in the- productlon of approx1mate1y 80 hours

of lessons.

.

with a brief descr1ptlon of the é/ntents of each

|

5.3!1 Orientation to the PLATO Termina

22

r

N

'with how to 1nteract with the-terminaI:

Below is a llstlng of lessons avallable by category, together

This category includes 14 lessons a1med at famlllarlzlng the child

how to. type hlS or her name on A

]

‘the Reyboard, how to use speclal keys, and how to use the touch panel.

These

lessons also proV1de the Chlld w1th a chance to become accustomed

3

. to wearlng the earphones, chang1ng audio discs, and’ llstenlng for d1rectlons‘

!
. This

reading skill-orrented-lessons.

-

4

éreparatlon is 1mportant to the Chlld s competent functlonlng in -

)

‘Most of the lessons make heavy use of #

; ‘animations- and imaginative situations with which the child can interact.

I 4

Visual Skills''

visual

memory
fields

discrin
O

ERIC

Exer
inating rotations and reversals of letters and words Ar

Aruitoxt provided by Eic:

\

\

isn ategory includes 35 lessons'intended to exercise children's

Sy

Ta

[

’

of closely similar as well as dissimilar foils.

d1o

a

~

ises

e

lso- presented.
Bt

o rid
<l
e

3
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5.3,3° Letter Names; Alphabetlzat;on,kgnd Introduction tb Letter Sounds .
f | ‘ ' .
X . ‘(

_’5'7 This ‘category contains o er 40 lessons teaching letter names,
introducing. letter-sound assodiatiors,’ and offéring exercises in ‘aipha-
- ’ . ; ‘ ’ . 1

ett The'lésson

W
!

i

betlzatlon'and the matching of\ lower case and capltal 1etters.
RN //'/ J

.y_

A

] exercises.
/ L . ,

. . v _\\ e
' ' QQ . .
. r

{
{ .
| e
Auditory Discrimination
LY
. \
| [

- 5.3.4a
A
The auditory discrimination category contains over 110 lessons devoted

’ [

to teaching and exercising skills in de;ectlng the presence'of a given
Instroctlon often occurs.in the setting

| © phoneme in the context of words.
' of‘a game in ‘which' the child 1nteracts with an animated character.
4 . - . ‘.' ¢
- : w . . L
) {r

5.3.5 Phonics
< \* :

; s — -
This category contained approximately 50 lessons devoted to teaching

Programming problens, plus\
) : 5

Tetter-sound correspondences. Most of the l\sson were in a drill and
practice format the unpopuiarity of the rather
dry presentations, necessitated,uhe early'disabllng of these lessons.

- ',’l

5.3.6 Basic Vocabulary Words
This caqegory contalns approximatef; 70 lessons which teach and drill
/ .

about 56 common words* most of which are noE.decodable with stralghtforward

Lesson formats 1nclude such games

"

rules of letter-sound correspondence.
h\:g an_elevator that responds
L

“ _as."Snap" and . "Blngo," 1nteract1ve models suc
3 = .

to approp?;ate touches on the words "up" and "down," and the construction by
of interactive stories using the words he or she hasvlearned.

!

. the chiyy i i
© ) - - - o . : N | ' ,
. " 3 i - . ’ | ~. \'

Ly

Q
ERIC
T |
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5.3.7 , Concept Words ' o ) _ T ‘ .

o

N . . . .
This cat®gory ‘contains twelve lessons whichygive'the child ekperiehFe‘

] N ¢

with the concept represented bysa given word as well as the written form of

o the'wdid. Lessons are, in the form:of animated illustratio nd interact%ve
- models. , , : ) . . . . ?
A L . ' v o
1 , - - -
& ) \ . . o . ,
5.3.8 Stories . | ’ : / . . o . -,
. . * : - ° \ h )

.

This cateqgory contains over -30 stories which fall under three different

K ‘e ) : .
N - . S ¢ . ¢
headings: L e : . o .
. . A ¢
N * . alt . . . .
2 1. Touch-sensitive commercial stoxries. These stories, used with
u~ B ' . ' ‘. .

- ‘ S

é,

written permission'of théépuplishers for~éxperimental purposes, include °
hY v . St . ~ L ~

'

'a»§e1ectiohvof the finest children's. trade books availablip Children can
' & read the stories by themsel@@s or can request the computer tOQread*them
0 ) - : ( ) .

o ., . .
page by page, gsentence by sentence, word by word, or any mixtures of the

- 'above simply by ‘touching the appropriate Place on the screen. Th texpé.

v

}ofAthe stories are'accompanied:py;their illustrations projected on the Freen
T ,Z@hrgugh use Qf‘the;random—acces% slide selector. o

« L
.. ﬁs‘- .. 2., Pacer stories aré‘deliYered without audio and are accompanied by
. LAY : . . -
L , . i " B
cdmprehension questions. Although past versions of pacer stories presented

-
. I3

stories to children line by line at a preset pace and width, the preseént

version allows the child to control the. pace at Which'thersﬁory appears.

Fl

At the end of a story, the 'student is informed how f!s;'sﬁe or he has read Xr

the story and is given a score on the comprehension guestions. The purpose‘

! Y
) .

~ ,of these cxercises is to ingrease the speed and accuracy of the child's

, o ) /
reading. K o ‘ . )
4 ) . . v : . " LR h
i 3. ‘Interactive stories. Thesc stories allow the child to choose, at
) certain crucial pojnts in the Plot, among a number of alternatives which ,

N

. -

ERIC' I SR | .

- ' \ . . ,
Aruitoxt provided by Eic: . . v A
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w

cause the story to take a given direction. The stories are intended to -
i, 3 ‘ o, ) ' . . ‘ (S . '.‘.
. improve a child's perdeption. of a narrative as consisting of component:
' - . % , ' T \
. "parts which the author manlpulatgs. It is hoped that interaction with

w -

such stories at an early age would lead to improved skill in written B

Yo composition and in perceptien of causal‘chains'in.narrative.‘, S ) }- i} ,.“:.‘
N . ' — o - 0 Lo . ’
. . . S . . M . : f . “ )
5.3.9 Miscellaneous . v e -
o ' . ’ . Y g ‘ -
' : ‘ . / Q_ ’ e
. This éapegory,includes such activities as a "start the day"iroutine
. ’ .‘.. : ' ‘\‘ -> . - .. -“‘ . ’ .» .’ N ~
. which teaches calendar concepts, plus special displays for holidays and'
. . 4 g i : K
children's birthdays. - - ' _ L - e
. - . L, ; . ... P - )
~+5.3.10 Lesson Ihplementation : - S . o

s - . -
. . - —

¢

These lessons have been tested over a three-year period with a t9ta1

. ' .
> . * . B
. - . e '

Gk 1}225 kindergaﬁfen,.first:grade, and second-grade children, tegether

Pl

wiih 4 few classes of remedial and EMH sthents. (See.Table. 5.1.)

"Although we soon realized that it was unrealistic to expect busy‘primary'
. . . & .

teachers to learﬁ;to'ppogram their own lessons, or, in"most cAses to write

»
4

lesson specifications complete enough for a p}ogrammer.to work from, still
’ &

. ’ N . .
. . 2

a few teachers did sketch quite a respectable mumber (50 at least) of

Jesson. ideas which showed promiée ef'ueefulness on PLATO.-. Unfortunately,
. _ o e L ] 1 . -
PERC's early dreams of using -teacherg as a major source of lesson ideas’

s . . ",

v/ -

failed «to be realized because of a lack of programhers SOphisticated'eﬁoggh

Hto write lessons based.on their ideas ana because”the rich nature:of many 6

fﬁ% u . &

’ "f these act1v1t1es confllcted with the 1ncapac1ty of cMs,: unant1c1pated;by
i aevianera, $m inteais Hiaien Lovea smrbsieabe ite asuiivien deenie T
ing isolated skills. f’,‘ : 'r‘ o ;’ v J}n':' o | ,f?'\e\ .
‘ Y . g "

L o R -
ERIC 2 e e

Aruitoxt provided by Eic: f i . s .
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~TABLE 5.1 ¥
. , SCOPE OF IMPLEMENTATION
4. L R . ' o
' T4

N

,In 1972-73 and 1973-74, small numbers oL etudents partlclpated in the

, experlmental development of lessons.

classrooms.
‘ {
) oL : " Feb-June
o 1974
‘ .
&Ngmber of Class ousv .
Kindergartén - »
_Klndergarten-Flrst o . ; 1.
' First Grade ) '
First-Second Grade
Second Grade ' 'f
Remedlal - _
EMH (9 11 years old) N - _
. . .\.l’:_;‘ .
AN = Tbtal Number of Classrooms 2
Number of-SéhQOls ' 1
, L S
<7 Number of'Terminals, L n\\\ 4
Number of Teachers 2
Number .of Childrén 75.
Number of Student Contact Hours 1,000
t3 ' ;
Vo
. o .
3._
5 . Q 1] ’ :
4 , }Lr -
- PR . i
t N -

-

15

No termlnals were- 1nstalled

400

6,000
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o .y . o A ) . NI

Despite lack of heawy teachet input to lesson design, teachegf were

’ eager to qse our miterials. Their chief interest lay in the lessg%s

D,'§ _ R » .
& capacity to hold the chgldren ] attention, to allow the children to inter- C.

act comfortably, to generate enthusiasm for peading, and* to teach necessary .
. a

skills and concepts. Their most ffequént demand was ' for additional lesipn
9 "

s . ; . . ' . . .

.materials. ™ S R _ L, L ‘ ~
, . SO . S A -

- . . . : < ‘ . ! ST
Whether lessons'were managedfhnder the automated cur lculqm management

B . . L]
- ~

system or under the teacher controlled management system (see Section 5 6), - .

S . : .
all lessons shared certain (eatures. LessonJ were kept short (averaging
L
. about three minﬁtes) and.highly»interactive, demanding'a,respgnse from the |, ¢
) ' I i ., A
P child at least every ten seconds. In addition, children have the option o

. . o
. e . e

at the end of a lesson to-do the lesson again Qr to go on to another lesson.

: v e *

Generalli‘speaking, children received PLATO instructionlonce a day“

ggr orne fifteen-minute session. Depending upon the .structure of the class- -

e )
3 - B

room, the session might,occur during the child's regular reading period or W e

<Ly . Lt o

‘so;e other time ‘during the day‘when the‘chil as free. T

i
L . ™~

5.4 GUIDELINES FOR INTERACTION S o .

: - . [ )
. / . 12
From the beginning PERC staff’'members devoted a great deal of time and

(—energylto?the dewelopment of paradigmatic lessons'which would allowi;\six—
year;old to interact withltheiterminal competently and independently, while
at.the same time focusing on therskill to;be‘learned. Typically, develop- o

>'ment of such‘paradigms.followed a pattern 6£ initial programming founded on,

. e

3

the best estimate of successful es1gn, followed by repeated revision on

]

e e e . L
. the bagis of. close observation of children working thrOugh the lesson‘z \: L

a'classroom setting. Once direct observation coupled~w1th lesson perfor—

mance data showed a design to be successful, the design prinCiples could be g o

RRICT - . 7 I

Aruitoxt provided by Eic: . . N
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‘ they want to make“the-Qeranal "work. " PERC_thinks ofvthe student as pro--

S, S ' ' . .. '
' interaction 1s focused around the skill being learned.

b : ’ .
- : ) 110 ‘
NG - . 3 ) : 1 . i . l

- -~ . P

: + . S , - .
abstracted and appli to the developmen; of more lessons built on those

[N .

pri hciples. - Addltlon l\exerclses were also added to spec1f1c m¥dels. For
. hadl - ~

LY <

instance, 1n the qudltpry discrimination strand, forty exercises were -

t\_ v &< . 3
generated-on the basis of the initi%;ﬂparadigm. : . AT
. fyhis close attention to-lesson design has con®ributed to one of PERC's’

@‘ 8 o . . ,

- successes° $1X*yfar-old students have few troybles 4nteract1ng with PERC

.~

leésons~and they usually achieve the cr1terlon level set by,each lesson.

. : . " ipm .
Moreqyer, they like tHe lessons and remain ea%er to work on the terminal. : _\\<ﬁ

To summarlze the approach whlch PERC has found most su essful,

{;essons are deslgned as nearlyias possible around the prlnc Pple that

3

students want to be effectlve w1th1n the1r env1ronmé%t in other words,

’

. - , N .7 .
viding the stimulus{;nd-¢he'terminal as giving the response raiher than the

- J
other way around for example, ‘students put words together to form a sentence

(stimulus), and the termrnal animates the sentence (re hse)

Obviotsly not all lessons can be designed to gike the student the
4 .

feeling of full control over the lesson; but most fessons do conform to

the following guidelines, which promote the student's sense of control

o

over the lesson:

" _ 1. »PERC lessons are highly interactive and require a response about
every ten seconds. = - o . . e ’/

2. Interactions are kept as "meaningful" as possible; that is, the
L : ’ ¥

-

3. Remediations are kept to a minimum. Complicated‘remedial'loops

.
»

f'qan be percelved by stgdents “as relnforclng because ‘such loops produce

'

nterestlng screen dlsplays, therefore, When a=student makes an error, he

" is, 51mply‘told that he 1s wrong and adv1sed how to get it rlght._ - S

! L _ : , '_ . Ty

Y
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4. Procedyral erfgrS‘(errors'made out of carelessnes)) are simply.

E

ignored for th reasons described above. When the students make afresponse
) . L4

" which is neit ’right’or wrong, and‘when the terminal fails to respond :
. . s, 3 IS

.. -
i, -
3,

to them, studtnts usually c01rect phamselves quickly. - . .
v ~
. ¢ . v

5. Reinforcers are fadgﬁzxelaborate reinforcements (suéh as audio

n g .
. . .

messages and long wvisual disp%ays) can interfere with the interactive pace’

- [N N :
.- - ) 1 S | -

. . T . , . ,
of a lesson. - ——‘\f$\\ <::4 W ’ . '
vy . . 4 P . . - .

ZThere are three comment° tQ_be made about the above guidelines

L .
. . f

-

. Not every lesson conforms to every gu eline;‘th“re are useful

» - - i~

instructional strategies which fall OutSlde thes guidelines.

~2. An entiré siguencg!éf lbsspns which vio ated most of those guide-

te «"_,“ C

Lines was present in the 1975-76 curriculum, by all measures, those les§6ms

;7 . .. ‘ ¢ N,
faited. . - =« : : ' :

3. The guidelﬁnes work well with PERC's first grade population;

however, there is 'some evidence to indicate that first semester kindeg—

garténers had‘difficulties interacting with PERC {essons, largely'hecause

of the younger children's need for more. prompts. . /

+

'

AN T One of the thornier problems that has plagued PERC has been developing ’

- -

lessons in whichsthe interactions were'simpler than the skill being learned

RN o «
v

.ﬂ ?ﬂ&us difficulty to_a large degree stemmed from PERC s commitment to produce

i

an entire beginning reading'curriculum on-line. Qur experience“leads us to

believe that it would have been better if PERC had produced primary instruc-

tidn only on those skills which coul¢ be taught in a unique way viﬁ CAI and
\

’ nd n

if lessons had been developed speCifically to pomplement the classroom»

T i - ’_ _ ; .~’

At teacher's primary instruction. ) S
, , . . .
s, . i

1 . R ) . «
\ . Lt © -

8 - ’ ’

5
&) , RN o . Ty o (,Q), ) o ‘
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5.5 MODEL OF THE ,LEARNING-TO*READ PROCESS w )

9 ) S N . 4 . X : B

' A ' T .o ;o
L‘,‘ ’, - * v

- oy - .
teachidé and evaluation, readinq‘can‘be defined~in terms oﬁ_oésefyable,- 49
i o - . N . . - ). ) . A "‘, '.\F:' t.... ’
PR measurable behaviors, that the acquisition of sbme of the behaviors. is

" prerequisite'to the acqui%ition'of-others,'that some behayiors may'be,; o i

- oof these behavﬂtrs, the

Early in the_ﬁrojéct staff members‘developed a modei of the. learning-.

- o

s )
B

5,-2.).

L3

3

acgE}red independently dfipthers and that the detailedS explicit'statementf.

The_structure'uas bﬁsed(%b'the Bremise that, for the purposes of

2

to-read process, a structurd which was~inténded,t6'bring3to the curé;culum

v

) e CL . .
clarity of goalsy a means of diagnosing reading dif#ibulties,aend a standard.
— . . N . N Lo - . . ’ . .

- R : : . . .
by -which to medsure the' sucgess of virious IEsson strategies.- . (S€e Appéndix
. . i P ) = . o A

. N -

o
> o

L

B~

/

order and interrelations, proVides a sound stfuc-

lu. '.'-L ',

‘ ture for a computer-based system of tedching reading and diagn051ng read&nc
. . . . _ %

A . .\‘

'difficu%ties.

- curriculum development, management, and implementatdion! = _

f /

of the hierarchical structure With specific lessons and the miﬂagement of é‘-

The result was a hierarchical descriptiOn of a hypothetical process

>

. ) . ’

‘-

; P

. N o !
of the acquiSition of reading skills. Subsequent experience in thg-meshing

A ‘.‘) . ) a}\ N Qg

b +

ting curriculum by an automated systen, qogever,.leads us to N ‘'
Ea

7. the resut
.f"«\\

< A,

elieve that a hierarchical descriptiop of needed~sk1lls is not sufficiens
. ; : : ' : .

Y -

!

,.6 CURRICULUM DEVELOPMENT, IMPLEMENTATION, AND MANAGEMENT SYSTENS v =

in the discusSion”below;-which,deals with thejinterrelated prohlems.oﬁ .

" Yo manage instruction efficiently. We will aeive Eurther into this problem )

. .
. [ . ¢ L

a

-
' ~
. .

-

PERC's_experience with building’ a _computer‘based curriculum and the . -

9

<O T g

3

impact of décisions relating to the-management of that curriculum upon

- .'/ ~

’

¢lassroom ‘implementation can

af

ERIC -

Aruitoxt provided by Eic:
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<. ceived of.the czfriculum'in terms of hierarchically:related §kills, PERC -

héréiqébe discussed/separately.. Having con-

.
.-

S
s
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\; staff members developed &d 1mplemented the Computer-based Currlculum "_ R
e~ - .o v - . - A
Management System (CMS% wh1ch was de51gned to dynam;cally\ﬁfute —
-~ n. from lesson to lesson on the basis of performance data gathered &
‘ . . A ity ca e e =
It was the. intention of ‘the designers th ,CMS'qbviate the_necessity of- .a,f
freguent and tfme*consuming teacHEr intervénﬁ%on in the legsoé selection -~ e
) N ' L S 8
= and dellvery process and also that MS prov1de more cont1nuous attentlon
. W
- q. - -~
tand sen51t1ve decl\ion—maklnglfqr éach stude);gthan could the busy c%ﬁss— -
,\b' room teachers.‘ (See Appendlx S5 1! Ve T :.; B
e R PR RN :
7 -In some ways, CMS fulfllled 1ts task admlrably.u-
L — * * - . -
co the schpol yeg; 1&75 76, 700 students recelved dally 1nstructlon deI/yered
B s .. "‘\ "ts
- by CMS w1th few fallures and llttle or no out51de 1nterventlon. In a ontext
'(.. in wh1ch students were rece1v1ng substantlal 1nstructlon from no ot

'CMS might have operated-reasonably satisfactorily; As it was, 'in tHe primary

classroom the first concern of teachers and students.is the gaining. of com-
. L {. _ T _— ' .
petence in reading. .Indeed, most primary teachers“consider themselyes N

;\ ;o . N ; . .
. first-and foremost to be tijchers»of readlng.A'Hehce, they typically use :

v

a con51derabIe var1ety of means to teach readlng,_and d1rectly or 1nd1rectly g
) N ) N 7 ' " AR : & .-
devote the majorlty ‘of the school day to this pursult o \ R )
. ' NP
ST
In the face ofysuch redundancy, student performance data gathered on—llne

0 N

- rapidly became,obsolete. Over'time, ‘the gap between what-the student.knew

.
. >

’” .. N

and- what CMS thought the student kn,w progressiyely widened,Auntil finally

o
9
El

. » . N .
the quicker students became bored w1th the 1essons they were gett1ng. _ v,

'

’ Unfortggately, CMS offered no 51mple, clear, and reliable way for teachers .

g
4 ~—.
{ -

~to change lesson.sequences,'desp;tq great efforts to‘integrate a teacher-
) o . iR R PR , g ® c

<

3 Ny . _ ‘ \ - e
— - -- managed-system -into- the ‘computer-managed system. -Just:who was:in control ---

R . . ] _ o 5 o . ,
sof lesson delivery was ambiguous, and the prescribing process difficult and .

Al

unreliable. - . L e e : C

bt

~

19

a
LR »

R . R . . - ) . - ‘,v _ . o . .
N . 1 J. Risken and E Weber,.. "A Computer Rased G‘urr\i‘c“:uldn Management o
R System, Ed. Tech Septembex 1974 pp'38 41 Abl: T
— ’ X - . v ra . ) - . \ . o I . .’l _., I § .
ERIC - . ivp S |
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A A second problem arising ﬁrom the operation'of ’CMS* arose from the'

' \
’

hierarchical description of the curriculum structure,” discussed earlier.

@ - Neither the structure nor CMS allowed for defining critical "horizontal"
. [y . -
' o relationsh&ps in instruction. For instance,‘it is trivial to stipulate
‘.' that a student be‘able to associale the phoneme /a/ w1th the grapheme "a"
o before decoding words containing that’ letter-sound correspondence. The
real difficulty,lies ih deciding upon'what strategy to use' to teach this
4

correspondence. vTﬁat deCision is based«more on what speCific words and

letters the child already knows than on what general skills have come before
B (the’vertical relationship). ~From this illustration, it is also clear that‘
D decision algorithms for-sequencing lessons are unique to each 'skill area; a

1 -2

generalized deciSion—maker is not useful for selectron and sequencing of
. _ : e :

specific lessons. T , oAt R , .
% . K - - . . hd . .
Naturally, the lessons and curriculum management options available will

T
] : ,rv

~, ,
affect the form of 1mplementat10n, Since these options determine whether and }

i Id
i

how easily, the computer—based curriculum can be Lntegrated into on—going
RY rd ~ . I N
‘classroom activities. -The discussion which follows will clarify some of
. Lt M ] 4 , . R v A .

@

, these relationships.

. Farly in the pr03ect, PERC staff members decided that the most promising.

« -

s configuration for PLATO terminals in the primary grades lay in indiVidual

. classrooms.rather than'in rooms set aside'exclusively for CAI. In part,

this deciSion was based dh technical limitations. More importantly, it

— . . 1

was intended to assure that PLATO technology became a‘familiar, frequently

’ used, and highly accesSible resource, and that it not be relegated to the

. B 7 ,
status of "frill" like " muSic or library° . S 7 -
' . . L B
This model of implementation'has obvious drawbacks: for instance, |

marte y .

responsibility “for supervising children on 'PLATO and for reporting machine-
P . "‘ T E R ' Lo ‘ . ' ‘:f
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4

;pd couréeware malfunctions falls on the teacher rather than oﬁ a terminal

room monitor., Nevertheless, locating terminals directly in classroom$ has

proved to be highly popular. Of the twenty-five teachers involved wi'th
‘-PERC, none has requested that terminals be removed from her.room,.and all

are enthusiastic about keeping terminals in the future.

R Questions about the educational uses of FLATO-delivéred instruction

concerned,. that PERC be éasily usable for, ainline.instruction, review,

N . Ll
. > ’ .
reinforcement, or enrichment as the teacher chose. Unggrtunately, the

]

design-characteristicsﬂof the curriculum and of CMS as outlined above ham-

~ pered efficient teacher control‘and digcouraged attempts at,integrating
on-line and off-line instruction.

EE

For these reasons, and :despite initial success, CMS was put aside

during the last four months of the PERC project and a new system was
substitnted. The new system is a simple router which allows teachers to . .
design a sequence of activities to be delivered ta{g~spe¢ified student,

3 , - o, : - .
.7 group of students, or an entire class. The router then delivers lessons

, & ; : .
. to the students in the order which the teacher hasAlesignated.

This strategy.is a complete reversal of the CMS experiment. Respon-

! sibility for curriculum mSthement shifts from the computer and 'those

sophisticd®ted in its manipulation to the classroom teacher. -Not surpris-

(S : .-
ingly, given clear, unambiguous, and. easy control of lesson sequencing,

— teachers began to take a greater interest in PLATO reading lessons and in

AR

L)

| : <, . ' . : . et
how=these lessons might be integrated into classroom instruction.

The resulting individual lesson sequences often might not appear to-

the outside observer unfamiliar with the needs of specific individual

children to haxe the,consistency and coherence of a‘boftion‘of "curriculum."
\ . .

.
/_/\ ’

v

[RIC | !
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. o .“ ) | ;\\
5‘This'apparent inconsistency stems directly from flerible use of lessons.
. , : “ an o » 3
‘ For‘instance,.in one session,_a child might receive an exercise dealing
with the word family ending with -at, a story, and a sight word game.
These activities may appear to be unrelated to one another, but in the

context of other classroom act1v1t1es, they take on more mean1ng. the

word family exercise might act as an,introduction to an off-line‘teaching

.

sequence, the story as enrichment, and the sight word-game as a review of -
learning that took place several weeks earlier. ‘. p
i P Thus only when teachers were put in full control of lesson sequences
were they free to engage in alternative\uses'of PERC‘courseyare{ Reliance)
on fﬁRC staff members to interpret and alter lesson sequences dropped to
practically zero; PERC site supervisors were able'to devote moreﬁtime.to
observing and anaiyzing the quality of student interaction with iessons;
At the same time, students received lessons more appropriate to their

actual level ‘of . functioning, and both students and teachers expresseQ

greater satisfaction w1th and enthusiasm for interacting with the'system.

v ' ~ N

/5.7 STUDENT PERFORMANCE DATA

. e
A perSistent concern of the PERC group has been “to proV1de teacherSn

7 %

with easily acce551ble, continuously updated student performance data.

Throughout the 1974-75 and 1975-76 implementation periods these data were
' 7 . J "‘..

Aavailable both on- line and in hardrcopy.' On-line data were continuously

<

available. Hard-copy printouts were, available on request.

Teachers often made use of -this. data to recheck their own perceptlons
of a child's progress and to inform parents of a child's activities and’

problems on PLATO. A number of teachers sent- home indiVidual student .
b

, , .
performance printouts as auXiliary report cards. 1In one case; the

L}

e

R
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discs and qutpﬁt of sound, resulted not only in delaying delivery of lessons

117 ' .
information contained in the‘printout’helped to convince a previously
skeptical ﬁarent that a child needed extra help in a certain area.

Probleéms in reporting student performance data centered mainly around-
the questions.of'how‘to display. data for an entire group dr class on the

screen at one time., The size of the screen and the amount of information - ..

. to be shown made it virtually ;mpossibie to construct a visually uncluttered

'display. Nev%rthéless, the demand for a one-page whole-class data summafy

persistg, and efforts ate-bein& made tp design such a page. |
* . - . ' . '

{
»

5.8 HARDWARE AND SOFTWARE CONSTRAINTS

At this point it may be useful to discuss some hardware and softwldre

Bt .
. ’

related constraints which impinged heavily on efforts to achieve the goals

outlined above,,'It is against,the backgrouna of these constraints that PERC *
: ' . LR :

achievements should be” viewed.

t

First, one responsibility not directly related to educational goals
. P . ()

and yet significant in its impact on . PERC's achievement was the necessity

to field test‘and.contribute to the development of the random access audio

devide and to create software and hardware designs to produce audio discs. -
The design inadequacies of the early audio system, both production of

B

.~ . to. classrooms but also in cohplicating diagnosis of lesson design flaws‘

@ ’

. based on teacher reports. These repqits could not be taken at'face value

B 4

until it had been ascertained whether the problem was‘a design flaw in a

lesson which was.operating.ag intended or in an audio malfunction. If.the
difficulty did lie in bafdly delivered audio, staff members then had to dis-

cover whether the device in'théiélassroom_was faulty or whether the device

which pfoduced'thg‘disc was faulty. This distinction was further complicated

- -

a - . a

-

oL

L2



by -the fact that mastering machines and machines in the classroom were

often nﬁt aligned to the same standard. As a result, mad&}nes could test

~

out-as 4echanically reliable and yet not deliver adequate sound because they

B ~

\7 were playing a disc produded on a machine aligned to a slightly different

~standard.- ’

\

« All‘these aspects of dealing with the audio device ~-- software design,

}

B . 7 - v _ . .
hardware| problems, recording of masters, mass producing discs, going out

/to schoolls to pick up faulty devices and deliver repaired devices -~ took

/

up significant'amounts ofastaff time and dnergy and resultpd in delayed or

diverted lesson development. -,
Secondly, although the iongfrange tendenc} has been to'facilitate

\§lesson design and ‘to reduce the number of programming hours required to get

-

. the lesson into Working shape, the continuing evolution of system software

B

has at times presented obstacles to lesson 1mp1ementation. System software _

changes had unproductive qonsequences when-altered or'obsoleted'commands

-

caused prev1ously operational lessons to fail. and required programmers to

- ’ bring their code into line w1th the new conventions. Greatly on the

[ 9

L _“‘” pOSlthe side, however, 1mprovements in such areas as graphics havF 51g-

ficantly r£duceﬁ the effort hhat ngs 1nfb display generation by making
b ¥ ’:- - ';. .' 'L{ -",'"-,'

y.

fo) de81gn and manipulate and relative siz1ng, rotation,

........

gdres easmer to accomplish For example, the series of .
. T : “~

26 words’ofgcomputer space_in 1972. JIn 1976 improvements in commands
mbrought that figure down to four words of space and greatly simplifiéd

i3

. programming procedures. . .. - ‘
In addition torimprovements}in commands, systems features developed

< »

within the,last year have broadened our communications options for both

1‘/"( : f
7’ . . ? ~

't §

N

. ;
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1
0

-students and teacheys, . GrOupnotes files now _available for student .use. have
allowed us to offer chlldren the’ chance to type stories and news items into

. ’ 7
ca file which can be|accessed by other children uslng PLATO The groupnotes

optlon can axgp be hsed by teackfrs to comm}nicate w1th EERC staff and with

each other. ” 9 _ ' . S

S
: '

- A . J
Moreover, new ;evelopments‘in Instructor Mode have expanded opportunities
for teacher involvement in the PLATO system as a whole. Among the communi-
catiops options preViously not available to teachers are not only groupnotes

files but also personal notes,' which unlike groupnotes are accessible only

r . . )
to the person to whom they are addressed, and the. "talk" option, which allows
instant paging of and communication with anyone concurrently on the system.

o . .

.In addition, teachers can now'directly access the "repaira\lesson, whia{:
.allows them. to report hardware problems directly to ma;ntenance personnel,

'rather than routing such complaints through the PERC staff. Finally,
\k i ' w : Ky
through the new Instructor Mode teacher§ can now perform their ‘own roster
, . . L S .o
, manipulations and access any lesson on the PLATO systeJ[ All these develop-

ments, offered since February 1976, have qontributed to teachers' involvement

in the "culture" of . the PLATO ‘system and have reduced the amount of staff

1

time that must be devoted to routine manipulations.
. o "’)\

Although the system developments described‘above hayeuréduced'the amount
of programmingbeffort required to get lessons'up and/running and have .~ |
expandedvﬁhe,range of modes of interactions.with teachersa more work at tﬂg

_system level remains to he done'if PERC is to’ ‘concentrate its full effort ~

v

on - lesson development and curriculum design. Two crucial areas in which

. oo R ' Y .
system support has not yet been,provided are audio management software and N

expanded data structures and manipulation options. System sgpport in the

T
.
’

former area would free PERC programmers from having to malntain these
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programs,_support in the. latter would increase the "exportabtlity" of our

lessons by freelng\theg/froh dependence on data-base structures unique

[

¢ .to PERC.

- 5.9 UNIQUE CAPACITIES OF PLATO IN READING INSTRUCTION

- \)

4

' Thé experlence of members of the PERC group over three years of active

o 1nvolvement with teachers and\chlldren points overwhelmlngly to ‘the hlgh
~|mot1vatlonal effect of PLATG. Chlldren who have experlenced d1ff1culty

w1th or’ dlstaste for ordinary classroom act1v1t1es typlcally engage willlngly“

\

in PLATO act1v1t1es. The majority of teachers involved have at some time

.-
]

‘produced des;rable behavior in problem children by.making tﬁeir:use)of’
‘ < . ' < ’ I ' .
+ PLATO dependent on completion of otheritasks or on appropriate-social

behavior.

We attrlbute PLATO's success in motlvatlng chlldren to the follow1ng

“ tcharacterlstlcs-

S R ﬁ{erhe fact that the child controls the medium. Unlike a TV or

record player, which operates without childfactivity once ‘the deg%ce is™
‘turned on, PLATO remains pfsslve unless the child prov1des 1nput.
y o At

B

A C 2. The var1ety of sensory stlmulatlon. PLATO prov1des coord1nated

'audltory and dynamlc v1sual dlsplays, together with. the capac1ty for

s

>
_kinesthetlc learn1ng by bulldlng displays through the trac1ng of flgures on

Ll . -

, the screen.'
. L . ..

?.

3. The variety of means of inputting information. Interaction'can
he through touching the screen display and through pressing keys on the.

‘
[}

keyset. "

4. Immediacy of feedback. Unlike the standard hard-copy workbook.

~
N

N . ' - M
‘sheet, PLATO provides instantaneous feedback on the correctness of the

-.] ) ' . -
child's activity.

vl
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‘We‘now'feel that we are in an excellent position toJmakelhi§h19'
Asensitive use of these capabilities to extend significantly the probliem-
R ot . ’ -

[N

solving technology of the classroom. o o \/
) . ' ".. L N b . !} A ’ .
5.10 SUMMARY AND CONCLUSIONS = C
o - . . . ) . .
.{(’“' In conclusion, despite the difficulties attending an experimental

effort which combines exploration of, the uses of a n8w and;developing’
‘technology'withvektensive real-world implementation of that technology, -
PERC has experienced considerable success in'gaining user acceptance.

-Acceptance has increased with the degree of user control of the system; -
b H o .
thls statement applles to both teachers and students. Teachers and ‘ /

&
students will also enthu51ast1cally 1nterac w1th materlals developed b

L

. others; the degree ofvuse depends upon *the Valldlty of the lesson design, -

for which PERC has developed effective guidelines. '

) : .- » . . . R
At the same time, PERC has encountered three major barriers to pro--
' ' »,

A»dudtivity in -terms of courseware development. First, the inappropriateness

_ v . . L g
of the automated S;ﬁtlng system to the classroom situation. Second, the
. . R4 . B .

By | S ‘ v VE

large nugber of classroomsuinvolved in the  implementation, resulting in_ g
. B . ¢ » .

v

state oflaffairs rEquirlng a relgtivelf sizeabl$ COmmiimsné/to‘superuisory
.- and liaison staff. Thlrd, the 1n§\;al deflnltlon of the scope of the

project: toAproduce a complete k1ndergarten through first grade curr1culum
3 : _ .
4ather'than to focu; on those aspects of reading which teachers'feel they
need-Lélp ln addresslnghand.which fLATO technologybcan uniquely impact.
7\ff*~This commitment resylted in the production(of a relatively-large humber:of
lessons (especially phonics) thch attempt to impact auditory sk;lls which

’ R

‘are probably better addressed off-line in situations which allow the Chlld

to see the human face. As a consequence,'such valuable 1ntegrat1ng and

. - Ny
N B St _. Ly

.8
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;

»

- »__“' motivating ac€§v1ties as games and sentence and story‘building were

‘4

neglectedJ‘ 2 H oo N

A fourth obstacle tog elopment was the;necessity of dealing with

the random-access audio device, the first generation of which was still

under development as the project was initiated Unreliability in produc-

tion: df sound and the cumbersome, unreliable, and time-consuming proceéss-
{

-

of disc*duplication complicated lesson analysis, del?yed lesson develop->

.. >
ment, consumed unreasonable amounts of staff time, ‘and né}d up delivery

[ . B

of l%pson materials to classrooms. ;
. . . SR

‘ The*lastest generation of audio deVices, however,(represents a con--

‘ : 52y .

- "Siderable%improvement over earlier deVices, in both reliability and ease »

( . “

2. of student use. Audio capability, and pﬁeferably random'acceSs_gaﬁ/bility,
’ )
are indispensible to an early ?eading p%Pgram if- the child is to work

‘independently at a terminal. )Qee Appendix 573.)4 When the.audio‘is worﬁing

properly, it provides a vitalAcommunications‘link,‘espécially-to uhe non-

.readind or’languageﬁimpaired child. Therefore, desﬁite-the.problems and
./-J(~‘: frustrations attending the development of a complex electro-mechanic;l

v -
v

system such as the audio deVice, it is apparent that audio capability lS,“ .
-7 N

an important adjunct to the PLHTO system° ways of improVing reliabllity

and streamlining disc production should be explored alternatives to the o~

-

" present concepf of audio delivery should be;investigated. ' o,
. _ . s . .

x'vf' foJElaboraté on -the latter-point; even when it_is working optimally,

o

the present system'does require that discs,be produced and{physically.

delivered to the classroom. Changes “in lessons involving altered-messages

‘require that new‘discs be produced and delivered”” Without the new discs,
-\—:f-‘ ‘
the reVised lessons can,not be implemented in the classroom. Some method "

of delivering electronic programé&ble audio, which can be’ altered by’ the

" Y ‘\" ' S
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-
“instantly be made available té all sites, wpuld vastl?r
N - T\ . . X v i .

- -

lesson designer an
‘ ) 5 -~ . LN . . . - 4 " . L
expedite .lesson design and revision. However, until such devices as the
. = . N . ‘ - V\ . . N \ . . !
Votrax deéliver more natural speech sounds, the presént/mddel of recording .

M

- . . . . . i P . . .

* natural humah speech and delivering it with a random access device 1s

V; : . ~ P !
-preferable. :

RV . L

As a consquence'of the\lessohs learned over‘the&course‘of*the project,

i

» members of the PERC staff have - 1n the last—months of the NSF-supported : ,

effort made ma551ve changes to the lesson de11very system, as well anl

- . ) ) 7

“ . ‘ . : A
. improvements in the legsons themselves. Thé@result has been to‘exten®§
_;bacher control over PLATO resources and to shifE‘foqus‘from:the ‘concept-
. ‘ of PERC as an automated curriculum runninglinlparallel to other cYassroom i}

B a™

.

activitles'to the concept of PERC as a powerfui resource tq be used for
N . .

B

, ' speclflc purposes at the discretion of the teacher. *
* ° : Y - L

Our experlence with these mod1f1catlons leads us. to believe® that we

- ) v

" are now in an excellent'poSition to'accompllsh the following goals:

1. To.implement lesson and service routines at remote sites.

+

L]

E)
2. To test the effectlveneifféf alterhate‘lesson‘sequences.

&

3. To de51gn and implement a large llbrary of materlals taking

) advantage of the unlque capabllltles of PLATO. L \t““\}” _ d- !

3., To de51gn a teacher tra1n1ng package whlch would brlng teachers A
to competence in managlng PLATO resources- in two to. four hours of 1nstructlon.
In the year follow1ng termlnatlon of the NSF. contract, PERC staff -
. . . ) v Ly

members are cont1nu1ng to work toward these goals. B
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1971~ 76.

,Johp_Risan

Bob ‘Yeager

‘Priscilla Obertino

5

Lezlie Fillman

_ Dorothy'Sﬁgver

Carl Webper

I

<Kathy Lutz
' Ruth Becker

'Janet Busboom

have made substantlal contrlbutlons to the Progect.éy

e " . (

R A M
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' PERSONNEL

. Director:

P :
Director : ~

Senior Author-

Site Supervisor
Graphic Designer
Site Supervisor

Site Supervisor
[T ’ -
’ Y -

Programmer
Lesson Designer
Site Supervisor,

Reading Consult,

g A

- o

Augu

June 1974°

Augﬁst 1971 - pres

. February 1976 - pr

1975 - pres

June 1974 - preseh

September 1972 - A

July 1971 :

ent

esen

1975 _
. .
.
ctober 1975
st 1973
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< 6. COMMUNITY COLLEGE PROGRAM ‘'~ .

g

IR AR
k ) w et f

6.1 DISCUSSION AND SUMMARY OF THE COMMUNITY COLLEGE PROGRAM

.o

yﬂ

Thls final report summarizes the act1v1t1es of the "Communlty College

-
-

Project)? a programmatlc effort organized within the Computer-based Ed"

v'\
tlon Research Laboratory (CEFL) to 1ntroduce the PLATO system 1nto wide=-

_. spread use in a number of communlty colleges w1th1n the state of Illanlé
~"The report_focuses especlally on an organized fleld.test and demonstration

]

of the system which was carried out betweén Septemker, 1974, and May, 1976,

in accordaﬁE% with a'contract‘#C-7é3‘between the ational_science Foundation

and the Unlver51ty of Illln01s. : : “///
. Y

’

. . The Communlty College f1eld test and demonstration, pxogram called for

'collaboratlon and cooperatlon betWeen a- closely knit gtoup of prOfesszonals -

'at the Unlverslty of Illln01s (hereafter called the CC P;ogectﬁgtaff, the W™

'coord1nat1ng staff or the progect coordlnatfng staff) and%a very large
A Land diverse famlly of ! users,"'conslstlng of faculty members, admlnlstrators, “ﬂ:
. ) ) - K )
professionalrsupport personnel, and students in a.number of communlty col-

5

-leges in the state of Illlnols. The role of the CC”project:staff was multi-

faceted, and changed durlng the llﬁe of the program. »During the years
\ Vi ’

precedlng the fleld test, it focused on the development‘and coordination‘of
’ . . € v. ) ' . . ) » a . : ‘_'
instructional nGterials, during-the latter course of. the program, the project

staff acted in an entrepreneurial and facilitating role - to/introduCe new . |
instructors to the'us? of this new medium, and to overcome.a variety of

. ' - , , N . -
barriers, from serious delays in the %nstallation‘or maintenance of terminals

to occasional misunderstandings about the nature of the_systemjor project goals,

) i . \ l. : ' : L.
Vs ' . AN _ ' /
] ) « - I . L. Foem . C v

A



‘1 S . Throughout the entlre perlod (from’ January, 1972 to the present) the~v

’ . ".*\' v s
' success of the Communlty College program depended on the deep 1n51ghts and

31.-; pgenerous goéﬁdglll of the community college staffs, headed by Dr. Oscar

Shabat, Chéncerlor, and Dr. Hymen Chausow, Véte Chancelfor for Faculty and- . /
2 - ‘Instruction, of the Gity Colleges'of.Chhcago'and Dr. William'staerkel;'
. , . | , R

Vo ~President of Parkland College. It also depended on_the tolerance,, commit-

b . . . . - . >

\ ' ment, and motivation of a large "group"'of community college faculty members, .
\ . far too nUmerous to acknowledge‘by name, who made the lndiVidual and collective
\ c decisions-as to whether and -how PLATO would be used. ..

R ' . The basic organization of[Lhe cc project:and field test was according .

to'subjectparea. This fact is of interest-in_étselfa %t ls based<on the-way
in whichethe users related‘to each other;V The critical decisions were T
made at the grass roots ‘level where facult; mem;ers ;dentlfy themselves as
- Engllshiteachers, mathematlcs teachers, etc.' In addition, the various ,

instructor—users of PLATO'tended to learn from and cdoperate with instructors

in the same dlsclpllne at other 1nst1tut10ns in putting together a v1able

* , currlculumg, Thus, the body of this report 1s organlzed accordlng\to the »

PR five_subject areasg AcCountancy, Blology, Chemlstry, Engllsh, and Mathematlcs.'
. + “ N o . . . L
+ i . - . . ’ .
For each subject,area, we present a summary account of the,development of
o~ » ' - . ’ . : : . : y
lesson-ma%erials, the implementation and usage of PLATO in}the classroom,
Sy B : ' . (’ . \.

and the response of students and facuﬂty to PLATO 1nstructlon.‘ A.descriptien .

of lesson d@SLgn, 1mp1ementatlon, and use is presented in thefteﬁf more
e

detalled information on lessons, authors, usage data,,equlpment avarlapllity
/ > N ," o -
- ; ’ o N ’ -! 13 y v " )
. and function, and personnel and admlnls%natlonjhave been assembled as

(I8

r . L8

£

appendlg;;s that are approprlately cross-referenced in the text. 1In general, -

this report attempts to present the hlstory of the project and the fleld Nl
g

r . “ o

(".. /,. | : o N . R L \ .
O i' L ﬁ,‘ | . . . :lju R E ' - ‘ \ .




test'*n terms of the p&oblems faced in the. course of implementing the field

2

g test and the. responses or. approaches to working out solutions P

""'\'- ! - : ' o C . ~
3 i Wt e < i . T o Y

N ot . ' iy ' . . ‘
<t . . . oo . > . . . .
. ) . e . ; N : . ) - . N

-l

- 6,1.1 Basic asSumptiggg and goals

. . . ca . ) i . . )
g assess.the adoption'of PLATO by the-communi y collegeS’under normal adminis-

2 _ trative\conditions, i eg, Without imposing xternal incentives or con .tual

'lum,

u

sites,%and methods of implementation were"$9lected dapted or modified unj?

e

- | . the complex and demanding conditions impose by normal community college h‘-,‘ n

operations. In particular, the indiv1dual Jnstrucébrs had v1rtually complete “\

P
a ‘ 4
v

® power to dec1de whethef ‘and how to utilize he system - el

\
v

.l . Although the’ original planning emphasiq\d General Education Development

ot

(GED) - materials and’ the sc1ences, other areas\WEre later incorporated into
) v .
¥

@
. « o
« - v

the~program: thése;were ACCountancy,,English, and'Mathematics. Several ’

- e o g )
- (R R : ! , . u e . . ] \
o " other subject areas, not fully,under_the coordinating purVieW'of-the

Community College Project, were also introduced and documented, including\\

.

: N K3 , N 7\\,

instruction in nursing skills, music, language, auto mechanics, physics, ) -

Site selection, that.is, the selection of the

-~

apd computer sciences?

rminals were towbe installed was

EY

. community colleges"at‘which PLATO t

made w1th -a view to diversity in the makerup and char?bter of the students
\ R ) “V.‘f:;‘k’ IR . '
fa .was on a T

I 4

. e &
- and faculty. Partic1pation in the field test and demons ;,,'.
.) P

completely Voluntary bas%s for indiv1dual faculty and studénts,“no contractual

ok ' . - R o . - B

4
or monetary incentives weré 1mposed .

.
2

During the course. of “the project, the coordinating staff gave spec1al

‘e .

'.attention'to the evaluation or- measurement of key‘factors relating to-

ERIC- . 7 Cgyet T e

s ce : ~
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- acceptance of the new medium: . ¥hese included (1) characteristics of
" effective lesson development in the PLATO medium, (2) adequacy of lesson
content, and (3) apprépriateness of lesson level Addltlonally, the project

staff trled to ldentlfy what factors, beyond the characterlstlcs of 1nstruc-

tional materlals, are assoclated with the acceptance or rejectlon of PLATO

PP Y

in the classrooma The following parameters were sampled or surveyed.

(a) 1nstructor and student att1tudes, (b) the nature aﬁdﬁgxtent of usage of
lessons and ' (c) implémentation procedures.«

) . . | .
2 In the final phasés of the project,.the project staff worked to develop

methods for the local'tco§munity college) planning and control for contin-
} uing use. of the PLATO system?aftervthe completion of the field test and
Y ' \ . . ‘
demonstration.' = co o o ;

-

L4

. s ' ¢ - . ‘ \>
. 6.1.2 Make-up Qf the Community Colleges’
N ' Aj . R

L.
~

The field test Qf the PLATO system was carr1ed out at four communlty

colleges and & VOcatlonal school, which differed 51gn1f1cantly in educational

i .
o L4

k}mlsSLon, admlnlstratlve style, faculty make-up- and student populatlon pro- .

v 4 S . Y .

files. The ffve lnstltutlons, all of which are cont1nu1ng the utlllzatlon

il ’ @ €

of PLATO follpw1ng the field tes$t, are Kennedy-King, Malcolm X, 'ﬁright,
u ?
the Chlcago ékllls Center (all divisions of the City Colleges of Chlcago),

'y

' and Parkland ﬂ'llege at Champaign, Illlnols._ In this report each institution

is 1dent1f1ed by(\\mber to avold direct connectlon of data to ihdividual in-
) t{- . - i . SN
~ structors and students. At the outset, each college agreed to take part in
) ~ )
oo _ . . . '
-, the field test and demonstration by providing (1)»space and environmental .

I3

control for a "class—roomﬁ oflterminals;$£2) a portion of the cost of
. . : - ES . ] ) ‘
communications between CERL and the comméh}ty'college‘site, and (3) in- =~ —~

. \ N \ .
surance for installed equipment. In addition, each college provided re- -
P o, . i L. J j , ’ Co
leased time(to a limited number of instructors for curriculum develop-

ment in selected subject areas. .
- N . r -

\ Two ofithe‘four colleges, Parkland and 'Wright, offer a .substantially
Q . )
ERIC - S . ‘

- \ 3 ) S -

s : .
a b



129 ' . .
/ ‘ : »

> o K - o .
traditional program leading to¢;;;Eher study for the Baccalaureate degree; oo
although both offer two-year career programs and continuing education, a

t substantial proportion of their students typically go on to continue their
education at a four-year institution. The,studént population'at both of

these colleges'ié'largely'whité and of middle income. Léea@ed in Chicago,
4 * - o A '
Wright serves an almost exclusively city student body, while Parkland

»

serves a mixed urban ag:‘rural student population. Malcolm X and Kennedy-

King also offer a mixture of traditional, career, and adult education

programs; their student populations are made up largely of urban minorities.

-

Kennedy Klng College specializes in health and medical science profe551ons.l

. All four communlty iﬁlleges d1v1de the academlc year into two‘semester tem{\ 3

b

although one school (Parkland) coqve:ted f?oT49 trimester system to two ] ’

- semesters during the field test. All four offer traditional_lecture and
laboratory instruction. , ‘ . I .

The fifth school, the Chicago Skills Center, provides instruction in

.

general education and practical Vvocational subjects intended to detgldp

) Y o

L1 , .
fundamental skills to qualify students for employment in specified trades

or vocations. Students at this school are paid to aﬁtend classes; courses

- . ’ .
are scheduled cyclically as needed, rather than reqgularly by semester terms;

Y

students continue in a given course until the training is completed .and .
they are placed in a job. The school aims to train students to become

‘productive workers; many of the'étudents have not previously held permanent
’ ' ) ' ‘ : RN " .
employment. : .

A

None of the schools are residence institutions; they serve populations | .

- .

that are mobile; some maintain strohg ties with their local communities and
envifonmeﬁts.o*The major portion of the students are self-supporting, work
reqularly scheduled hours, and spend little time on campus. In fact, even

El{lC_ | t | B S | - ]

Aruitoxt provided by Eic:
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e

for students who are not employed there is a lack of participation in out-

+ . .

of-class activitieé%\ For example, many students are females with dependent

children; they are aise limited in their time away from home.’

All five schools emphasize teaching rather than research and stress

¥

cost-effectlveness 1n teaching and admlnlstratlve methods. At four of, the .

\

f1ve 1nst1tut10ns the faculty is organlzed for collectlve bargaining -

_purposes, and many faculty members are espeqially conscious of the possible

N

2

effects of computer-assisted instriuction in displacing or changing the
role of the c}assroqm teachef. |

Tablé;gfl.l presents the ajstribution of terminals‘and associated
pefipheral equipment in . the colieées for the field test.

Each cooperating community college appointed a member of its faculty‘

to be a PLATO site coordinator during the field test. These individuals"
. ?— - B

scheduled the use of terminals, trained teachers in course management,

a - ) Y \ :
maintained records of use and .equipment, and pragrammed instructional‘ ,
. . \
. : Lo . \
materials. In most cases, they were assisted by part-time student help.
. : : |
These people reported directly to their local administration and inte#faced

 with the University of Illinois staff in a cooperative and consultative

manner. They were expected to provide at the local level the necessary\

technical support to carry out the community college responsibilities

\
v

for the project. In addition, each college released selected teachers to’,

_contribute to the development of instructional materials for one or more |

subject' areas. This program broadened the familiarity of faculty members
with the project but the percentage of released time and the limited

durationr of exposute by a "released" instructor (often only one semester)

~

sometimes detracted from the development of a highly organized curriculum

project. ) >

130 | ‘ (
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Equipmeqt in the Community Colleggs'—'Spring, 1976

School B Terminals ' slide Selectors ,!  Touch

bawson-'x o . 16
Keﬁnedy King ’ 24 2§ ; A 24
Malcolm | 24 23 : _-:' L
Wright. | | '\ 2

Parkland 30 . , 30 . E 30
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.The coordination of PLATO activities at the community colleges was
carried out under the direction of Dr. Chris Dimas for the City Colleges of -
ro - - :

Chicago, and Mr,_Donald Swank, Dean of Instruction and Mr,-David L. Johnson,

Director of the Learning Resources Center for Parkland College.

r

6.1.3 Project Coordinating Staff (CERL)

During the initial phase of the Community College ProgramJ from January,

W

1972 to July,’ l973, the coordinating staff was directed by Dr. Alan Knox of

- thewCollege of Education’ and Dr. Richard Videbeck, project coordipator.
N . ) ) v _ -}.
This phase of the program was very .limited in funding; it.was largely aimed
at instructional development. A major fraction of the limited support went

into the training of a new group‘of authors, an enterprise that was quite

new both to the project coordinanrs and to the CERL laboratory as a whole.

*(Up to this time, most authors had been self—selected faculty members on the -

° University staff, oriented to writing lessons for use in their own classes.)

In July of 1973 additional funds were made available for'the CC project.

‘Dr. Daniel Alpert, Associate Director of CERL assumed responsibility -for the

.« project. and enlarged and reorganized the.projectVSbordinating staff. Five

area coordinators were appointed to handle curricular development, implemen- —

‘.- tation, and liaison: Accounting, Dorothy éondy; Biology, Mary hanteuffel
and Kathy Herrick; Chemistry, Dr. James Ghesquiere and Robert‘Hubel;
ﬁnglish, Dr. Pauline Qordan; Mathenatics, Dr. Louis V. Digello. Dr. James,
Ghesquiere and Dr.. Elaine Avner coordinated the activities'of this’group
during the first year and Dr. Pauline Jordan assumed this responsibility

\.

. The staffing assigned to the various subject matter grohps was geared

during the field test from 1974-1976.

to the volume of completed courseyaré that was available for use in July, 1973.

ERIC . " o 14i - ' o
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Qn accou%ting anduchemistry, many lessons.nad been authored by University of -

- ‘ Illinois faculty; therefore, relatively small staffs were necded. ‘The

.
[ 4 (ol

\\ . biology group was asslgned a. full-time programmer to a551st communlty COlnge
- < N \e // o
- faculty in lesson development. The mathematics 3Foup averaged four.full- e
, N - -

.t ‘. ) . -,
time professional employees and the English grqup three professionals in
N ¢ ! )
legson design and programming. There was appreciable tufnover in staff;

although the_total ﬁuli-time equivalents corresponded to .about lOIor 12

professionals, a total of 30 individuals worked for the‘project betYeen .
N # . ¢

July, 1973 and‘November{ 1976. 1In many cases, positions were held oy

graduate students without previous ekperience in curricular design or com=-:

puter—based‘pducation} Thus the training period sometimes exceeded the

time devoted to”tne active production of useable courseware. Fre&éently

‘staff members moved.on to more permanent positions because -of professional

opportunltleqagr personal- preference. The extent of staff turnover and

the level of professlonal experlence should be viewed as 51gn1f1cant factors

>

‘affecting the project.

-

4

6.1.4 Liaison : ’ .
) .

* In general, the relationship between the onperating colleges and the

e

CERL staff was characterized by a'strong level of rapport and.collaboration.

. : , :
In addition to frequent communications via PLATO notes t}les and ind@vidual_)

.

visits to the colleges} the staff arranged™bi-weekly subject area meetings \\\,/

. to review lessoné. design. courseware, and plan implementation.
To provide familiarity with the use of the system,_senior*members‘of

H ’ o .

P the project staff offered two University of Illinois extension\courSes,

»

"Introduction,to Computer-based Education" and "Preparation of Compdter1§~
g

based Instructional Materials" for City College fadulty members in Chia

“ T
N2

Q o 1 40 - l ;' o B
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«

It is interésting to note that a number of teachers who took the courses were

- from céﬁpuses not participating in the field test; these faculty members
~

, were strong proponents for'the expanSion of_the PLgTO.system_to dthexr

~

campuses of the'Citleo&leges. Dr. James Ghesquiere taught thevintroductory

course in Spring, 1974, Dr. Pauline Jordan during the fall of. 1974 and 1975,

-

and the spring of- lgz6n and‘Dr. -James ‘Kraatz .in spring, 1976. A total.of‘

85 faculty(and staff members were enrolled as students.

1

Two extenSive worPshopéEipre held during the summer of 1975 involVing

- .
~/ o the CERL coordJnating staff and Community College site coordinators. " These

workshops served to provide planning support between the two field test ‘
years; in particular, specifications were drawn up for user questionnaires
= ' S ; . f .

and data collection.  The results of the workshpps.are published‘as

The Community College Users Report, Fall, 1975.l (Appendix 56.1.1)2
N\

A detailed review of the various liaison aCt1V1tleS is provided in

the subject areaASumma\y reports below.f o I \ )

R  6.1.5+ Courseware -

'k#\ A measure of the accomplishment in the area of courseware development
\ * .

is the,publication of subject area catalogs of courseware which not only

prov1de usefulvindexes of the extenSiVe courseware available, but represent

)

a significant contribution in their own right (Appendices $6.1.2 through S6.1.6

They include PLATO lessons by authors w1thin the pro;ect and by others .
who made their materials available for use in community colleges.. These .
( documents provide rather detailed descriptive\}nformation about all such

courseware. To’give an impression of the magnitude of this enterpriSe, we

s

°§ list below a numerical summary of the entrics in each catalog:’ S

1 . i .
Alpert, Daniel and Pauline Jordan, The QQmmunity College User s Report
o Fall, 1975; CERry, University of Illinois, Urbana, Illinois 61801, 1976.

Appendices prefixed "S" indicate they are supplemental separately bound
volumes rather than textually inclusi .2 in this document. ' : ’
Q o - ) : 'J \ . "
ERIC e L e
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- Acco$ptipg  .f 48 ) L " ‘
?iology‘?‘ _  é4$ . I S ’
AChemistryAJA .36 ' ‘
' English 117.- b )
) Mathematicg“ lé4 - B . CZ

AR
i

The catalogs also :demonstrate the non-directivg thrusf of curricdlar:

\

develdpment‘fé; the Community qulége project. The iTplementation strategy

from the outset encoufaged and was dependent on community college teacher °
' . . ' e . :
- participation in the preparation of materialg. One of the best mearns for

‘enlarging the underétanding of this new techriology was to involve instrﬁctors .

in the authoring and review process. Encouraging teachers to design and

—
1

" prdgram lessons resulted in an eclectic rather than a -sequential process

» ¢

for curriculum evolution. In some cases, more than one lesson was written

¢

..for the séme topic, and the use of lessons showed varying individﬁal teacher

preference in .the selecti%n of topics and instructional design. As might,‘l

- be expected from this approach, the available-leésons also.utilize différing/A‘
: P ' o ' '
formats or teaching strategies, e.g., drill and practice,”tutorial instruction,

\

‘Aga@ing, testing, simulating experimental apparatus, inf atibn'sforaqe and
retriéval, and record keeping. In general, teachers contrLlled the style and )

extent of the use of PLATO in the classroom; they typicélly*viewed PLATO as’,

¢ - an adjunct to classroom instruction and personally selected lessons from the

“ ]

~ 4 o . , ~
catalog that were well ceordinated with their syllabi and teaching styles. .
- In many cases, the lessons written by Community-College irnstructors repre-

ISené £he-autho:'slfirs£fefforts and éhonld be'%?‘sidered pggtbtypg instruc-
tiOn;l materiais. In some cés;s, the procéss of develbping familiariﬁy
hQith PLATO'through authoriﬁg,the“ie550n was muéh mo;g(important than the

. . SN AN e ) ) ‘
product;.also, ﬁhis expérienceiénaﬁléd the.instructors to'béttEr seléct from

- : ' o i T :
available lessons those appropriate for use€ in’their own programs..

¢
¥
4

Q . . . e - F
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6.1.6 Usage ~ , : : o ‘ . 6
Lo ' ~ ‘ . ‘ ' : S

’ % N

The followihg ié‘a'summary of the extent of usage over the two - year.
. XY . N T

‘

" pdriod: ¢ R . ' -, o v
? Date o Totél‘#“Student$ Total # Hrs of Instruction
Sept. 1974 - T 8236 . .34,632. - . N
June 1975 . ST, . e '
. ,' B . P ] . L & .
* 7 summer 1975 - 1488 ° : 7,040
B o . . PR T ‘ . o c* ;
Fall 1975 5606 NS s~ 25,221 ;
. Spring 1976: 6350 |- . : 30,749
Total 21,680 , . 97,640 1 .
. Y - .
A . . \
¢

T : o : .,
‘A breakdown by school and subject area for each period appears in =

'

Tébies‘B.l;Z .£hroug§ 6.1.5. Each subject area rebort disggsseé,ﬁsagé - )
: ‘ ' : TNt
,;iﬁ greater detail andﬁﬂgy be confglged for more Speciﬁ;c,é;ai§sis-
LI AN S - 5 A ‘
6.1.7 ' Data Collection S AT T .
; - N ;
; TQé'?LATQ syéteﬁ'levef da?a prégram provides a collection of | . .

v

) N N ! [} ’ . : .
virEually every keypress of every student. - %stgyef; the course records
¢ give individuai and averag;\XQQber of studepnt$ and hours of,use. There- e
o T . ' \¢ L ' oy
- fore, the problem was one of adequate selection and interpretation of , '
’ it LT . - . .

T data. Working.closely'with tﬁé\PLATO Evalqgﬁion and Eddcationa; Reseaich

'

PRl - . . . . - - " N
. group (PEER) and in conjunction with the external evaluation, Edugational'

)

Testing Service, the qumunity College project staff,devéloped several

\

g ¥y
N ) . . L4 . -
programs to yield information on time, interactivene§sj fit a?d misfit of '

« o , ]
[//// ins%ructional_programs. This work‘was done primarily by,Tamar’hbeiioyich ' ‘\
¢ ' Weaver and Stephen Boggs.. Problems in design, collection, and especial}y

v . ]

interpretation of student performance dta is more appropriately discussed

ih'thé subject area reports relevant to.the target‘audiencg, specific
. ) » - . . // e
lesson, and cirgugﬁtanqgs of usage. _ .o . .

',\ % . . Q ’ “ . \’,

o
L 4
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' TABLE 61,2, Auzcﬁ BY USAGE BY INDIVIDUAL STUDENTS OF coubizts oo |
. JANURRY 1976 - MAY 1976 o ,
; | ‘ﬂ { ‘ | ‘ o
Q‘Q ' ' \
‘Cc(;l‘legev Accountaﬁcy' ' Biology B 1: Chemistr}{ ' Engli'shr Mathematlcs ' Other
bt s st s dst o drs p #Str drs  #St s #st s
o B e e g 1% 29 - 909 195 Ly
A W M et
Co | : o e , SN
B ho M 4% %00 1L 9% 435 288 By e ol
GED ;o o 13 401/ 3@“7‘ 3 ,
. . L L S \ ' ]
g 0 Tl -3 1230 [ 60 298, #9 99l 217 ‘511 51 100
’ ' . . ) : ) \ . ! ‘ - . } - '
¥ %6 108 - 424 26318t 10 19 67 1, 6% 503 203

WAL 4% 269 LM 688 9% e 1695 ez L6 ses | oees' w01 [

PO b

| otaldStudentss 650 . gL [ o
' ‘ % o ‘ s
Total # Rours:, 30,747 - i‘ | ~
' ‘.s' ) -
‘ ) ..
i . ' 1 A “\’
g ~ 14:/
o Ch
EI | " | ‘ ) !.'
| 1 " {
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“Mathematics_'

o T
: TABLEGL\B./\-
 September 1974 - June.1975 . -

#Stu  #Hrs

*

1592 5989.21°

TOTAL  — 8236 34632.35
' Laon
: ¢

. , s

, : -
' Accountancy 1197 5478.36
Biology 1506 8804.68
Chemistry (1308 6439.24
English | . 2633 8020:86

Iy

AGE BY INDIVIDUAL STUDENTS OF COMMUNITY COLLEGE PLATO LESS

v

ONS

e

8ET
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"\ *n additional 67,6 hours of usage occurred under a multiple siEn-on.
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AR TABE 61,4 N ;o
| \ | CORINLTY COLLEGE PLATO USAGE BY TXDIVDAL STUDENTS cD
o f B K . - ' ¢ '
Sumer 1975 k,_/
(CollegeAccomtancy | - Biology | Chenstry Buglish | Mathematics || . Tora]
Jt s st s ,ﬁ) et |t ot | g g
N . N R
2 . ' I 59 398080’ X "5;9 ‘398180 o
L. B0 | o[ U088 1sisg0 fl 4so dgam0c
- ' i o /) ‘ 99'.-" | ‘-‘ ‘ o &;
# 65 159,08 |, 178+ 564,10 | 104 - 24400 || 357 96718 O,
. . a ’ ‘ | ‘ v |
L 819,09 |80 55 jzmo*. 29 10%6.8
v ] . . h o A S , "\ vt
' o . . . o \ A . ¢ ‘
g B L3 606,09 ) 62 ISR 25.00| S8 100.60 || 326 115,93
r P NV : ' v
Total -158‘ 006,59 | 200 . SBA3L |- |62 3319.00 | 489 41010 [iL4ss 7040.00
\ g | ‘ ) \ ‘ ".‘?‘l
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¢ USAGE BY TNDIVIDUAL STUDENTS OF COMMUNITY COLLEGE PLATO LESSONS

. . 1
It \‘ ) .
i R .
2L '
L

'September - December 1975

Vi

Accountancy |,

o

1

#st

dhrs | dst

fst

ity

| s

| Mathematics

f

| #irs | dst Y s | st

t ‘" ‘ . —_ p———
B 018 07 e ) e |8 | B4 | 287 1043 [ 150 | 3§ | 230 | M
g ‘ » i - N — T ‘ T '
Sh W1 O || o e A5 | 493 |66 |, 255 | e | e |
— At . —
) 5 18 | 43 | w |6 | s [ s 2007 | 32| 136 | 173 | 304

#4

35

11 (/ 188

631

399

107

367

.

s

335

1237 4N

TOTL

| sa

| 90687‘*F§2§5@

40

705

W

2556

3359

1816

|
3

M
. ‘l‘flh‘,ﬂ:\.
0

1

il 4
l‘._ A

Tot

e g
Ttemized on next ﬂgge.
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 Total # Students: 5,606

. i .
al § Hours: ™ '25,21 .

“»

v

PN

BT
“h IR
i . '
. iy
i
' .
-
A
{ !
¢

> -
—_—-
L.
v—t

opL-

Fas



. . - - > . - H T e
»

: ! “ ) ‘/" s
* 6.1.8 Some Observations and Conclusions ’ ; // 2\

1. If one takes into account the central fact that involvement in the

- L

utilization 'of PLATO was carried out on a voluntary basis by faculty'membefs

A

arid students, the sheer magnitude of the field test utilization of the' PLATO

system in the CommunTty-Colledés is ample testimony for the receptive atti-

- : B .
tude and substantial acceptance of the system. Consider the following ‘

N a

>

summary data:

s

, . Total number Cf instructors using PLATO in their instructional activities
. , ' (approximate): 175
Total number of students: 21,680 : : - : . 23

Total number of lessons available to (and used by) CC tnstructors: 379

4

Total number of hours of instruction: 97,640 e

These data speak for themselves; there was a widespread'beliefvin the value

. "0 ;
. ?nd efficacy of computer-based education on the part of administrators, faculty, -

'

- and students. In our view the field test showed that there is a fertile
. | . \1 N . '

environment for widespread adoption of the system in community collegés if

. ‘\ : - s . N

and when the economics of the system makes it possible. k\q;

2. Economic cons}derétions.\ In the community colleges t?at‘took part *

“in-the’ field test, there is a significant and well-motivated commitment for

continuing the use/of th& PLATO system for supplementary instructional

( pu;boses. HoW » it is also clear that the current costs of access are too

. ) . . . . N ‘,v
- L . < . [N

Q 'i | . | i-
ERIC ‘ '
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high to anticipate a short—term widespread use of the system in providing

standard instruction in community- colleges. Despite the widespread enthus~
Lo . . - .

iasm for doing so, it'is questionable whether the community colleges couid

afford to continue the access to the CERL PLATO system without some-subsidy

.

for the next few years;' qpus the futuré)widespread application of the

system in Community Colleges calls for the development of new versions of

'

the system (PLATO V, etc.) that would permit substantially riifced costs.
In the near term, howevef, the continued uﬁilization of the Systeﬁ'éan'

be justified in terms of research gnd déVelopment"in usingrthe new medium;

for conventional instructional missions. Alternatively; we can explore

Y

apblications ip which the benefits would justify higher costs. In'general,v

N

. such applicationsiwould entail either 5’set of activi%igS@pbt,now being

éccomplished by tHe community colleges,’a new and different (additional)

student clientele, or a significant éhange in the charabter of.gpe educational.

- o~

uses of thé.system.' Such possible applicatigps~are referred to in 4 beipw, Y

v

3. The community college project called for improvisatibn and invention

ne \
in administration; the!establishment of an administrative protess for encour- - .
_ ) : T8
N

-

o { . .
aging the adoption of a new' technology had no precedent in the experiénce’ of -

either CERL or the community colleges. Furthermore, the original NSF con-

tract, which if anyfhing, overspecified.the details of the field test in

v .
; ' . ’ . ,
' -

terms of courses, numbers of students and faculty, schgdules}etcf;provided

- neither sufficient funds nor a format fér impiementing a complex program of,

. .

curriculum development, faculty instruction in the use of the systeni, and
, ! 5 0 ', and

T . i . \ ‘ N .
the development of effective liaison-iprocedures. °"In addition, the available .
project staff was for the most part inexperienced ?ﬁ teaching or in the use

4 »

of PLATO or both. o , .o

.

Y

"

»

. e



R 4. Perhaps the most significant observation we wish to make is related
! ? W

“to the fact thap»tﬁe goals’ for the entire project werée prescribed at a

to a w{deépread use in a very short time-scale. This elicited many

143"

These considerations all led to a significant amount of trial-and error

'

in the implementation process. In retrospect, we consider it a rather re-
- . .

 markab1e achievement to have carried. out the manyffaceted field test that
5 ) S )

£
Y ‘_‘;« R

is described hepéinu It goesvwithouﬁ saying that with the benefit of hind-
] E ; ‘ .
sight we WOuld have done a number of things differently.

. . i R r hl

For'exaﬁpie, we would upgrade the personnel specification for some

jobs and ‘lower them fbf'bthérs. “We would have focussed some curricular ..
development effort in other 'directions, etc. PN -

. highly specific leqe;,prior to the.initiagioq'of the program. The escrip- 1

~ tion of goals for the field test cannoft be said to-have been identiqai with °

. . e ¢ - , : .
the goals of TERL; rather they were based on the commitment by the sponsoring
’ 4 ' . - -
‘agency to an independent prescriptivé evaluation by an external contractor.
N . ’ X ) .

s

In pgrticu;ér; CQBL-was committed to the widespread dissemination of

" PLATO utilizatioh under ndrmal administrative conditions. Thus the project

was confronted with two somewhat orthbgonal purposes: -cgrry’but a stxuétured
field test in specified subject areas, and at the same time, build a missiohary

spirit of exploration'and experimentation by dedicated faculty leadership, - <

L

wherever it could be identified. These different objectives did not mafeu;

- o
it easy to carry out a responSiv;/%rocessmfor curriculum development and
\ ‘ .

evaluation.

From our point of view the préscriptive apprdach to tﬁe field‘teéE"End_.f
. ‘ . o : . . | .

evaluation had both positive and negative consequences. On ‘the positive
: n

—side,ﬁohr project staff was called upon to fulfill a contractual commiﬁment’

innovations in 1ﬁAison, in facﬁlty development, and in cooperation between

sy P ) ] ) . ., s

N -
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L .
staff members at communi%y colIeges and those at a comprehensive university}///

. This collaboration in itself is one of the major achievements of th%( “

. . ) . B ..
program and one, that des@rves further discussion and articulation. , h-
On the negative side, the prescription of goals in specific subJect {
matter applications probably forced the trials'into some applications that
v
did not optimize the use of PLATO either in termS'of economics or effective- /;

- h

o~ +

* ’ness. Furthermore, this approach prevented (by sheer limltatioh\of resources)

[

the exploration of applications of the system fgto areas which are not

" B .

already being satisfactorily handled by the community colleges.. For .

example, there is a significant interest in the possible use of PLATO in
\such‘ap lications°as academic counseling, special tutoring, administrative .

procedures (record keeping, testing, buSiness procedures, etc.), and on-the-

Job staff training. These applﬂéa/ions might well be Justified under con-

ditions of higher costs than would be acceptable for standard instruction.

I - ;

In other words the prescriptive terms of the contract forced the major effort

- into applications that were perceived as timely in 1970 but not necessarily

H

so'in 1976. ! ' - e

Iq de@king with an inherently new technology, we would recommend in , ¢he

B L,.-p, o : .ufb\r~.‘" -~ . e - f"
future " thatyample flex1bility beﬁbuilt into Ehe program to permit ’

) T X :

administratiye flexibility ‘and the possibility of aeaptation to meet

_unforeseen conditions ) o

°flexibility in the specification 6f goals
o ?selffevaluation of the PrOject-(possibly with an external audit’
- VAR - @ 2

o 1nsure objéctlvlty) as'bpposed to the external evaluation .

.

imposed on the present program. - . RN
A . . Voo . ‘;-, . St .‘ (‘

3
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6.2 HACCOUNTANCY - o ‘ =

. Y . : ' L[]
' 6.2,1 Introduction H ““ o * ‘ ' a e
- . S v '

0 H ' w Ty

;% ‘ Accountancy was intended to be a part of the PLATO demonstratrbn,;Loject
from its inception. Professor Thomas Lenéhen of the busrﬁesslfaculty of
Wright College, City\Colleges of Chicago, was a member o%lthe ad hoc group
of faculty and administrators from the Universlty of Illinois and the City
Colleges pf Chicago, which planned the early stages of the demonstration

12 - T3 .
project and helpedytohprepése the.initial curriculum. .Because“of Lenehen's

/ . . K ) : . Lo

\early association with.the project, the accountancy curriculum was almost

» . .

fully established and in operation prior to the formation of the Community
~ College Project staff at'‘CERL and prior to the beginning of the field test

L. Y
in September 1974,' Professor Lenehen s assobciation' w1th the project is

v

discussed more ‘fully in Sections 6.2.2 and 6.2.3 below.
In July 1974, a half time coordinator was added to the community college

\ pro;ect staff to aSSlSt faculty in usang the accountancy lessons. Because

the cuﬁriculumuwas'established;early in the program, the coordinator's

5

duties consisted principally of encouraging and faoilitating‘the:use of

existing materials, performing liaison between the lessons' authors and the

using faculty, collecting and maintaining records of lesson use, and report-

- A

“ting on the program. _ .
Since May 1976; the accountancy section of the Community College Projeqt

-

has operated without -the serviceslof a coordinator. However, because

curriculum and a7pattern of use in the community colleges are now well- -

established and begausg communityicollege'faéult? have assumed therresponsi—
[« J o ) . C e )‘ 0
K . g . : 'l) ' - |
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) . T . L - t
N . , . o L
.bilities, management, and implementation, for curriculum,degeiopment; the *

-> N
PR v . .

absence of-a coordinator should not:be severely felt. . = - ., =

» ’ - .
.. +
o

N N . ‘ '. . “. i . !
'6.2.2 Lesson ngelopﬁknt _ ‘ .o

. ) v—7

: ._ , - / _ § R
! - The PLATOaccountancy curriculum presently consists of fifty lessdd§f7
« of whidn fbrtyvéight are currently in use and two are beinq‘readied for -

service. Of those fifty, forty-seven were written by.two persdns, éitﬁeé

. - - / )

1 {

individually or jointly. Professor Thomas Lenehen of Wright Collegeﬁand;' |
. b A * A

b

Professor James McKeown of the University of Illinois at Urbana-Champaign
‘ - 8 4 : e : ‘

preparéd all but the 1e§son "Partnership".currently in use in the ?ﬁcccauntancy'.1

ﬂcurriculuh. ( : ' o

Muciﬁ;ﬁj%}is work was done at the UniVe;%ity of Illinois in31972—73,._.

. . S . G . : )
- when Profkssor Lenehen was assigned to the University of Illinois for year-

aart . -
-long -training in PLATO. During that period he co-authored and programmed

¢ N ¥ .
elevén lessons for PLATO III which 8fere subsequently adapted to PLATO IV.

Professor McKeown collaborated with Lenehen on thqse.eleven lessons’and

subsequehtly authored thirty-six more Iessons, individually or with: cthe . -
- , , o oo S e '

‘assistance of other faculty and. graduate students. These forty-seven lessons

are all applicable, in varying degreés,\to the commuhit& college curriculum. -

1 ~

Since the lessons were'intended to serve not only the community éollege, but

-

also the‘accountancy curriculum of the Universi@y of Illinois, some lesSons,
espcially those on cost accounting ang m;naggment analyéis; have less S "
application to/comﬁuhity colleges. NogethélesS§‘the-aVailable PLATO ;ésgén;
fdrm a‘fairly comgrehensi?é'cévergge'Of materiafr;&bicﬁllyfinclﬁdéd i; ’ -
ihtroducﬁory accounéing courses;‘ Specific applicability wiil.depend ;pon
the scéﬁé aﬁd focuéjof‘agy‘individualgcourse. (See Ac¢6unt;ﬁcy A endiq;s

v . ,

-

s . .
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- .

6.2.1 and 6.2.21. The close;working relationship of the authors has¥resulted

- -.1n lessons of Similar format and uniformity of approach

. Three additional lessons have been preparea by other%hommunity college

¢

v

.faculty.“mProfessor George Trent of Wright College wrote the lesson "Partnership "

Professors Eugene Costabile and Robert WeaVer have“each written one'lesson d N
‘ , \ _ ' . . [ S

\\\\ which are -now being readied for classroom testing. Costabile\s lesson '
"DepehdentyExemptions" and Weaver's “Payroll)and Payroll Taxes“ should be

ready for use'in the’1976-77 school year-.~ An index of accountancy lessons

s 1ncluded in appendix 56.1.2 of the report ’
. . . i , .5 . . %

6.2.3 Lesson Design . . , o S v ﬁ' . (

.

' .7 .7 The greatest portion of the lessons,‘those by McKeown and Lenehen, were
° * e . ..

designed_to provide self-contained instruction which could be used to replace ., »
either classroom work or homework. Typically, the lesson provides a short

introduction to the topic and step-by-stepfanalysis of a sample problem.,
R , : . . <, . o

‘The student is' then asked to solve one or more similar problems using the \

o

- same method.‘ Review of the sample is proVided, as an optional aid, to be

= selected by the student if he needs assistance. The lesson‘is programmed to
'_anticipate'certain incorrect responses and to provide the appropriate feed¥\

_bace for each’wrong”answer. Although lessons are self-contained, only::

e
s

McKeown and Lenehen have consistently used them to replage instruction wholly.

) . B o AT

'6.2.4 iImplementation{'t ' R . . I ) .

~

. . . , . j .
- .

6:2:.4.1. History. S _ “/17 . v o S R

EI{[C R : o - ,j‘b:) | o

. . . .
PAruntext providea by enic [ ; . . .
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Upoh return to School #5 Fall 1973, Instructor G. assumed responsibility .

for coordinating all PLATO actiVities. During that time he was able to

recruit addltional accounting instructors for the PLATO program. During the

- .

"

initial phase of the f1eld test in Fall 1974, use of PLATO in some form or

another in accounting and business math coytses was so extensive that _Educa-

oo

tidna{ Testing Service (ETS) had difficulty in securing non-PLATO ‘control

groups %br their evaluation of the medium, especiaily -among 1nstructors

v
>

‘teaching day-time classes. Use at one school decreased in Fall 1975 because

e &
of the loss of two fadulty members, decreasing the number of accounting

sections which could be offered. EEE T f

g
“ + .
y : Ay

Although School - #5 prov1ded the greatest’ use of PLATO, the lessons were

-

used at other colleges. _ At Scho%,”f4 only two instructors offered intro-

ductory accounting, o of whose classes served, as control groups during

.

Eall‘19742 In Spring 974, PLATO was made available optionally to all

1studeﬂts who WishEd to use the medium voluntarily. In FallX 1975 one =

s [

instructor used PLATO, and one of his two sections was reserved as a con-

trol group. In Spring 1976, the ‘same 1nstructor became co-chairman of the

BusinesS’Department and was' simultaneously granted released time for PLATO .

Pl °

lesson development, both of .which precluded use of PLATO in, class. PLATO

was made available for his own second,semester accounting students, who

- .
)

spent an average Qf five hours»each using lessons. , X
" R ] b

1

At one college PLATO was. not as fully implemented The sole

L2

\xnterested instructor was not a specialist in accounting and was a junior

. . . P

p.
one control group

\

<

A tentative progri;aestabllshed in Fall 1975 to prov1de one PLATO section and

™

" member of the staff.‘ Consequently, he was assigned few courses in accounting.:

s not: fully realized because ' the instructor's low seniority
‘j N ! LT N .
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¢ . " ‘ . .o o ) . ,
-‘ . ':g; ) *‘ - / . . " ]
gave him little choice of teaching assignments and there was some adminis-

i\

trative reservationvin accbmodatiﬁg the scheduling requiremernt of the test

-

: : . /’ o . . -
program. He was, however, able. to schedule occasional use of PLATO in some .

. i ‘ N t . . /
courses, : , . ' : A : -

At School #2.two accounting instructors used PLATGJ Because of Scheol

#2's purpose and program, classes in the Accounting Gl courses are limited .
. “a . o < . ¥ } :
to sixteen students éach. One class was set aside fo studénts.for,yhbm

o

English is a second language. In these classes, which ran full days until

course completion, instrﬁctors tended to supplement PLATO instruc¢tion with

< '

classroom materials.

¢ . ! . v
6.2.4.2 'Usage o : ) : s

T

The ways in which PLATO was dsed'vqried,from shcool to school and instruc- .

to ;nstructor. Some féculty ueedeLATO'oﬁl9 as an outside-of-class .

. - . . f
supplement; others used PLATO as a class substitute one}day each week or

-

every Qther wgﬁk; still others used PLATO only for remedial instruction;

e

only one used PLATO7regularly as an_integrai pgél of classroom instruction.

. ¢ L . . y
(See Accountancy Appendix 6,2,3), -« o : ; - \ }/éﬂﬂﬁs

Of particular interest is the use made at Sch&oL'#1. here, biATofﬁ;
accounting lessons were used in the Learning Lab. . Sequences of légsoﬁs,'

- individually designed for each studéﬁF, were.made available for® all acééuﬁt-

N .

: : o N N ' P e ey
ancy students who sought them, either to remedy 1nd1y1dua1 def1c1enc1e§;pr to

provide extra practice. " The génerallylgreater aqcessibility 6f,teymin§;s_ét

.School ¥1 made this Learning Lab arrangement particularly effective. Thé

. NS
BT

%

'system was devised after an‘unsuccessful attempt*by one ihstrgctor tohp5§§§2_;;,rf

’ T

L )
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; - 3 4 . ' -
. . . . . Lo o 1 . .
.

PLATO in. the classroom in Fall 1974, when shortage of class time, available computer

( - i ) 3
memory, and mechanical problems frustrated use. The instructOr continued to
. - y,
_use PﬁATO and to actively recruit other faculty to PLATO after th system of -

: <, _ N
w\ optional use was dev1sé3 ‘ PR ',/r ' S .

.
bl

Student use data is summarized in Accountandy Appendix6 2.4, In;brief,

. . . \ 2 .
lightest use mas made of PLATO in the summer terms ‘of 1974 and 1975, -
¢ I ~ - .
e pt4ﬁalpally because of lower enrollments. Small total!lour usage and
: - ',’ ..

smaller numbers ofstudent users inSpring l975 and Spring 1976 are attributable

.

to 1) smaller enrollments in Accounting 102, and 2) lack of lesson applicability of

” PLATO accounting lessons to the- 9ccounting 102 syllabi. During the two years

-of the field test 2,591 students usid PLATO. faor a total of 13, 054 hours of

-
- : . -

'accountancy instruction. ) — R - -

v 6.2.4.3 Instructor Attitudes ° . .

— . . . . . '

. " Of the seven instructors:whose judgment on the'jhlue of PLATO lessons
. . . - b .

are recorded in- the Users' Report, March 1976, four thought the lessons of P
_ ) AR

, ' high quality, and three of average quality, all seven Found the learning level .
. £ . }
of the lessons appropriate, five of seven4thought the number of lessons )

@ -

sufficient, one found them more than suffic1ent ‘and one less than sufficient.
* f : .
of nine accountancy faculty'members polled in Fall=1975, four stated -

-

\they would use their own time to improve PLATO instruction, four said they
.

would not, and one did not respond . Of those who said'they'would’not,‘only
one had taken a Un;versity of Illinois extension course in PhATd and had -
designed onf or”more PL;TO.lessons. The three others had neither taken an
) ’ ‘exéenSion course nor designed a lesson. In contrast, of the four who’ ¢ .
. . B 1 ) ;
responsed that they would devote their'own time to improvement of PLATO, tuo_ et

- . . L, NN

A ; ' e . \

OEmEEE s
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- "mad tZRen an frtension course-and designed at least one lesson; ‘two had done. E
; k nG des Feash on onj "two had don o A

"neither. . There seems to be a correlation betwggn enthu§iaém.foﬁ,PLATO iéa7<-
. } o : f - k ; . B .

- ‘experiehcefand'tq;ining in using it. .Téf dreater the fami%}arity and formal
. . i ) 5 I . . oy v k-
instruction, the greater. the enthusiasm for its continued improvement.
. - - . . . - >
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6.3 COMMUNITY .COLLEGE BIOLOGY

”

. 6.3.1 Introduction

/

demonstrated one characterlstlc of llfe —— GROWTH!

4

- k/»overall usage has more than doubled ds measured Qy total stgﬂents (540 -

1174) and total hours logged on the system by these students (2484 - 6468).~

2

‘

'y. )

The field test of PLATO in com?unlty college blology has/clearly v ‘:‘

s

' P S
.
* "
By
1 N
\‘\
v
>
.r
. -
B
T
I
v
+

- Since Fall 1974 o

.'{u-

.

fhe_n er of 1nstructors who part1c1pated each semester has tripled
(8 - ). Usage by Ind1v1dua1 Students of Communlty College Blology Les-
¢
sons for each perlod of the f1eld test appears below (Table 6:3. 1) -
s Table 6.3.1 ,
USAGE BY INDIVIDUAL STUDENTS OF .COMMUNITY COLLEGE BIOLOGY LESSONS .  *,. .
— . . . - L . . ¥
o/ . - . . . B r‘ \ . 3 . .
. B N I - - . v ~
Fall 1974 Spring 1975 | Fall 1975, .Spring 1976 [ Totals by Schoo
. 4. # 4 | % 4 L 2RTE B SR S
Stu Hrs  [:Stu Hrs Stu( Hrs | Stw Hrs | .Stu® . Hrs.
v. 7 ) . E ,{\“ " . “ - | ,"‘v . <\ 4 .
School #3| 357 1,826 | 359 |2, 117 - 414 '3,239 .7436 | 2,601 | 1,566 8,783,
School #4 |- 102 | 462 262 1//32 .'204° 636.| 314 [1,230 | 882 [ 3,610 *
School #5| 81 (. 196 375 2£922 1479 12,679 424 | 2,637 | {¥as9 8,434
» < a b oo P RS B B -
TOTAL" 1 540 2,484"596 6,321 11,097 |'5,554 | 1,174 6,468.(3,807 |20,827
7 ‘ i | . -
- 4 , . <t -
- ‘® . _ < s .
.4.‘ ! B n 4 h '°
N W 3 «“{.
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Lo ' . ’ ' X .
P A total of 29 1nstructors were 1nvolved for'one or more semesters

3.

. adurlng the two year field- test (25 for at least three semesters), teaching
- - 1 C '. ‘A . .
=ndi : Biology User

a total of 75 ELATO classes. (see Biology Appendlx 6.3.1
PUNE ’ . L . , . 4[: . g'
“l?articipat'ion.) S S , ] SRR D
‘ . ) } 7 ‘ . Lo ) ) - N

‘ ‘With thls growang group of experlenced\users, the need for a forum to

' dlscuss p?aoiems became apparent. Therefore, after the ;1rst semester,
The most ’common problem‘"

regular meetlngs of” blology users were 1n1t1ated

]

0
L

,1dent1f1ed in these meetlngs was the need for more lessons whlch were su1t-

-‘able for the C1ty Colleges of Chlcago (CCC), both. 1n content and depth

4 .

A ’

Intense curriculum development act1v1t%es began in earnest durlng Sprlng

11975 As .a’ result of thesexefforts, ten new lessons were Written and elght .

: lessons were rev1sed. Blology Appendlx 6. 3 2 detalls the sources of lesson
- S . ' . _
. . . , - | | - . M 41._‘

. ’

|
3
I
!
- Ty

| developmént. .
ures demonstrate the fulflllment of two mqgor objectlves of

( o o These fi
; L : .

~

< ! . \ -
the blology project (1) the establishment of. a stable group of. 1nstructor-

|
|
f

/

l‘ v
users commltted to the use of PLATO,in their coUrsesland (2) the bEginning

i ,
?“k\ colleges themselves. . _ _ » S

Lesson Development S a . <;;\\
S C . ) -

T ‘ .
of a regular program'of,revision and development of PLATO courseware by the

'6.3.2

]
~

" ’_ . '. /'I . . . . Lo
At the start of the field testgin Fall -1974," the, PLATO bioﬁogy curri-

/\

culum was complled from those lesSOns alreadx.on the syStem which were deve-
5 -

loped under a variety of ausp1ces ap[the Unlver51ty of,Jlllnols angsthe City
g
Colleges of Chicago, (CCC) At the outset there were 44 lessons representlng "'\gl“
) v o > . 'l'
tr1but1ng
P

-about three years of 1ndependent "lesson development by flve cow

(1) Unlver51ty of IllanlS at Urbana Champalgn (UTIUC) éxtenslc{n@

o

agencies:
. = . ﬂ.ﬁy

[

ERIC
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courses conducted at ccc; (2) .UIUC Blolggy 101-102; (3) UIUC Botany 100;

’ -]

(4) UIUC NSF project, and (5) Unlverslty of Illindis at Chicago Circle' .

Biology 101—102. The currlculum grew from 44 td 84 lessons durlng the Ewo

-

years of the fleld test. Blology Apgéndlx 6.3;3 lists the biology lessons

L-

available during the two years of use. A total of 23 of ‘84 lessons (27%)

ot
'currently available were written or revised with regard to the/needs of the

! -

Clty Colleges.

For the duration of the project, PLATO-was‘used in four ntroductory '

' . LN
biology course sequences (Biology 101-102, lll 112, 126—127’ and Botany 201—

202) at the City Colleges of Chlcago. Howe et, of the four sequences, lessons
Z’

1 v o 4

~were only eXpllcltly developed by the CCC fg{ General Blology (lOl 192 111-

ll$7? The basic dlfference between these sequences is a laboratory requlrement-

‘1&’., v % I - "M 9 ~

-
101 102 meets three hours per week for lecfure only, 1114112 meets SlX hours

J per week, two for lecture and four sin two laboratory perlods. Anatomy and

i*Physlology (Biology .126- 127) and Botany 201- 202 are also laboratory courses.

'The relatlve amount of avallable in-class time is 1mportant in the dlscusslon !

of 1mplementatlon., At present, 52 lessons ‘are relevant to the 101 and 111 .
. ¢ .

curriculum; the remalnlng 32 lesson<d pertaln,to,102 and'112.“'The Human -
F- J &

Anatomy and Physiology sequence and the Bothny sequence use lessons chlefly
, . ) ' : . : L \\ v
from 101 and 1lk. . : . N :

These 84 lessons represent approximately 55 bburStof inst;uctionﬁ For
. "o N - - ~ ' L
retent estimates on the tlme required for 1nd1v1dual lessons see the- 5\76
Gommun1tyﬁColl;ge Blology Lesson Catalogue (36 1. 3) Data on time were ob—
J .
talned from lesson summary tables (average complgtlon time) and/or from the o

. S s
o -

on-line accountlng lesson when avallable. An accurate indication of the actual

. - ‘

length of .a lesson is vqky dlfflcult to determlne because time ls dependent

"~

" | Y

.

NEE |
1fl\j' : h - ' o
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' upon a number of variables. Many of the lessons are open-ended} as in

experimental*simulations which allow students to adlter parameters, many

.'more.of the lessons have indices enabling the student to repeat individual

[ ’

* sections. In addition, students may come to the session with varying

degrees of preparation. All of these ggctors affect lesson, completion

-

times. Sﬂkfe no measure of time will provide an accurate measure of the

amount of insturctional material without rigid documentation, ‘perhaps a

more realistic use of time data is to concentrate on all actual usage ‘and
; ) RIS . P .

examine the average total time spent in each lesson.

' 6.3.3 Lesson Design

The lessons comprising the curriculum were designed by independent'

4 groups and were usually'intended for limited use by specific'student popu4

lati®¥ns. At the- start of the field+test mahy of the® lessons had not been

Pl

%

i exten51veiy student tested and lesson 1nflebe111t1es became apparent with

Y
B

wlder use. Recognltlon and dlscu551on of these problems in users meetlngs
. FA . -

prompt d 1nstructors to identify basic de51gn requlrements to guarantee that

lessons were easy for students to use. These features included: indexing,
: G .

- . . AT

. ] . L. , N ," N . .
unlimited use of access keys (e.g.,;BACK) and 'HELP available at all questions.

All new lessons and lesson revisions by the CCC and cog;ZZZty college bio-
' ’ 8 [ L ’ N
'logyfbroup incorporated these features. The group also established a lesson

1

. ‘ , : . a
-deueloﬂhent‘procedure which involved periodic‘sﬁviews during the development

.t . e ' .
) B . . . £ y
process to insure that lessons meet minimum standards before extendeg/gtudent
- ’ . I

Fl

"~use.  Implementing PLATO.in Biology Education at Three. Community Colleges

- p - ) ) . 1 ‘- . . .. 1 S . . ‘

“(S613,2) may be consulted for more detailed 1nformatlon. Sing¢e criteria for
lesson acceptance were 1n1t1ally established in these users' tings, -their

d 1M S. Manteuffel, ImplementlnggPLATO in: Blology Educatlon at Tég%e
<. . Comm ‘éﬁlty Colleges. February71976 CERL," Un1verslty of Illlnols, Urbbna, 111.

o~

e Cine
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role gradually evolved to that of a review board for lessons generated

.

i WLthln the Clty Colleges.

and the field test was the use of drivers (§tandard*lesson c
: / 'J’" r'y : ’ o W .
standard lesson specifications wére desired, the use o{ a driver was a

' logicalmdevelopment-because it allows uniform presentation of critical

Pl

\ . _ ) ‘ v -
aspects'of the lesson such as the 1ndex and q&rz. The student, freed from
the task of declpherlng each author's partlcular programmlng conventlons,

A . can more eff1c1ently concentraté on the lesson content. Two maJor drivers

.were developed and used extenslvely in a number of lessons. -one was

; wrltten in the communlty college blology group (s. BOggs)Land the other in
g

] the CCC programming.-group (M. Yamada) Most of the rev151ons which occurred

dur1ng thefleﬂd test entalled adaptlng lessons to these drivers.

"{fVF In addltlon to these~structural features) four types of instructional.

Rl

strategy are identifiable in.various combinations in these lessons. The

-

Ey

strategies, ' practice, tutorial,~simulati0n/model,nand inquiry are defined

\" “ '

7 as follows: : v ‘/)
Pract1ce. Lessons &%ich assume student has received instructlon

off-line prior to the session. These lessons are su1table'review exer-
' : 4

cises. E
. X ‘
Tutorial. Instructional presentation followed by direct qugstions
¥ : .
- : » . . .
on content -~ or practice. o ®

4
-

- Simulation/Model. A real situation is duplicated on-line via PLATO's

«

.
R

graphlc CapSBllltles. Slmulatlon is used to deScrlbe lessons 1n~wh1ch each

a

step of a process is® controlled by the student; ‘part of thls process may

'§~ ) 1nclude designating parameters and obserV1ng the results. Model is used to

@

~

) | ~ by
LS e - .

ERIC . e
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4. .

el . N

1$§§?QE§P8 Leasons whlch involve only manlpulatlon of parameeers to alter :

e N

vt . . . ) I
. v N B B . l

a graphlc dlsﬁiay.u_‘ . U :

Inggifz. Instructlon followed by questlons and feedback~ whlch gulde

K} . ’/ -

the student towards a cOnc1u51on.. ‘:"”~m» N

2

‘ Races 2 P
Two additional categories which are represented less frequently are:
. . w ) ) R i "‘":3 - . . QL E3 N .
, = . L™ Fi
Game. Student learns in a competitive setting, playing-eithe¥ against
R - ) IR

PLATO or a real opponent.
’Eiam. Test items presented with immediate feedback;
" Because many of the lessons were orlglnally intended for small-scale

use, there are a group of lessons (by R. "Arsenty and G. Hyatt) for which =
( .

supplemental handouts or workbooks were prepared, Seventeen lessons have
. )

" supplemental material to accompany them. 1In Fa11,1975, handbooks containing

‘a complete set of handouts were distributed to the colleges and magé avail-

able in the Iearning centers. Lessons such. as these that cannot stand alone

- . . -

are much more dependent upon consgientious instructor review prior to student
. . . . ‘

use., - . ’ .

Six lessons requlred the use of the sllde selector capablllty, but the _
1 ]

T

slideé selectors were not readied at two of the sites unt11 Sprlng 1976, .and

)

one site is still not 100% operable.

N S

1
By the last _semesters of the project, many of the areas which had been

'

. " o
identified as deficient in PLATO lesson material were elhninated. Most in-

v -

structors felt there was sufficient material for their classes to justify

scheduling sessions throughodt more than half the semester.
. Il . : . y

-

7~
e
>
Vs
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- 6.3.4 Implementation S /

8 . s ” o

The'most“important variable in PLATO was the acceptance of curri-
iable in PFall 1974

culum. A haré—copy catalogue of lessons was made avail
The catalogue is keyed to ‘an on-line 1ndex lesson so the 1nstructor can

choose® to. review a lesson by the catalogue number.

I

‘ Eleven of the initial 44 lessons were written by CCC instructors- \

-

.T> most of’ these instructors 1mmed1ately became field test part1c1pants‘

Because the,lessons themselves, whach were written for an expllclt studenh

. ,; populat;dﬁ“ attracted other departmeht members to PLATO. Other. 1nd1rect
‘generatlng Tactors were communlcatlon by project perSonnel, interaction of
current users with other faculty, and the curiosity generated by the pre-

sence of the terminals. Guldellnes/for uslng PLATO were conveyed to in--

"structors in or1entatlon sessions, if the 1nstructors had not partlclpatedn"

«~in the exten51on course. These sessions 1ncluded using }ntroductory lesson(s),

advice in selecting lessons, rev1ew1ng lessons as a student, learnlng on- .
2 N
‘ . v .
llne mahagement of rosters .and currlculum, schedullng sessions, and student

» ‘ . i e

orientation. o I SRR

: : ' : e 4 .

9' In these sesslons suggestions for actual usage were made, but 1nstructors
were encouraged to develop a mode of usage Wlth which _they were comfortable

" and which was effective in their classes. Most chose to accompany their #
students for weekly scheduled sessions during classtime. Case study reports

from Spring 1975 indicate that twenty of twenty-two teachersuscheduled regular

® - 3 . . .
. sessions.  Some teachers-experlmented with independent (unaccompanied, out-

! . of-class) use. “"Many instructors indicated they used PLATO during class AND
. X i S

Qutside of class. 1In all, complete independent usage was tried by six in-

structors during the field test.' Four were using PLATO in the 126-127 sequence

~

. . ' “ PV N
O P . l"’ ()
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. <

’ S o
for which few PLATO lessong are appropriate and often used as remediati::§\

N\,

‘Of course, regardless of the number of scheduled sessions, students can use

. the terminals whenever ‘their~&chedules permit and terminals are free. Appen-
%?,e*éix.6.3.4pillustrates in scatter plot format this analysis‘ of optimal versus

r

required usage. , . e
. . . '.'\“ o Yo ’ -

> That instructors ‘were reluctant to experiment with independent usage is

’ .not accidental. It can be explained in part by the non-resident éharacter

v

_ of these schools, many- studén&s have other'act1v1t1es>away from the college;; .

S campus. Requiring students to use PLATO outside of classtime is difficult ’ g
. vy \ >

: ‘/6ecause terminals may qply be available in a tlme block that would net ‘accomo-

* date individual schedules; The only Lime an instructor' can be assured of |

) S , <5 . ) . .
-having both students and terminals concurrently available is to schedule ses- -

sions during classfime. This. imposes special constraints on 101 and 102 in-
structors, whose classes meet only one-half as often as ‘111 .and 112’ ‘Instruc-

- \(‘ ‘ ' ’

tors of 101 and 102. courses must require lesson material the feel can com-

pletely,rep ace a lecture or they must. resert tb outslde'use./ Appendii‘6.3a5, .

. / “'\ . 4
‘Statistical est on Course Usag Data<ushowsvSignificant difference in medn . 4
scheduled sessions, .but no significance-in mean number of hours spent by stu—\

~
-

dents on PLATO between lOl 102 and’ lll llj% hente to spend the same number of
’ A . \ -y

¢

hours on PLATO, the 101—102 sthdents must be utilizing time out of_class.- k\‘ ‘

Independent usage is appealing in many instances, especially when a

s
. ¢ ) \
lesson is unfinished in a scheduled session.“ Even when the average time for
° \ . A { LN -
completion is less’ than a class period some students w1lﬁ equire extra time. v

s s t

In order for the self-pacing feature of computer-assisted instruction to: be )

v . 1
- «

utilized effectively, extra time must be available. Lessoﬁ indices and ~

V-
1]
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- clearly different —— some expected students to complete all lessons,made

l976 For efch of the last two terms the dJéa from General BzoIogy courses

- . i
‘lessoﬁs across all courses.

-

. 160 DI S

-

-restart? commands which allow the student to resume—a'lesson where it
has 1nterrupted further enable studentsfto use the1r tlme very efficiently,
Based on Spr1ng l976 course records, the number of lessons made avail-

able to students_1n each:course varied from seven'to thirty—two.' There

b > ‘ ° s

'appears to be no cbrrelatlon between the number of ‘lessons made avallable

v -~

and- the number®of scheduled sesslons " The motIVes,of.iﬁstructorsﬂwere ‘ I

v

1]
o

available, i.e., lessons were assigned; others offered more. ¥reedom by pro=-

.. viding a wide selection of refevant topics for use as enrichment.

v , LY ‘
Usage data'for individual lessons’were accumulated over each of the

‘

four semesters V(See Biology Appendix 6.3:6: Lesson Usage‘/Spring 1976.)
&e
!

Numbers of d1fferent students uslng 'lessons is presented for all semest

o~ . «

. : : -3
total tlme spent by the students on‘gach lesson is also 1ncluded for Spr1ng

L]
.

a ) -

-~ N

is expanded 1nto histograms to 1llustrate the relatlve'usage of partlcular

¥ BN

] R . M . 4
TN "

Even though all but a few lessons (less than flve) have been made avail-

) ~ 't «
able to students by thelr instructors at one tlme or another, only 65% (50 of
78) were used regularly, i. e., by greater than ten stuﬂents or: used 1n both

C
Fall l975 and Spr1ng 1976 Only 30-40% of tﬁekIéssons_were used gy'greatép )

than 10% of the students. In Spring'l976 twenty-six lessons accounte \for' "
- v

90% of the total tlme'Spent in PLATO instruction. 1In ct, time .in nine

N

lessons alone con%uted to 50% of all the usage from thls term Six of

n1ne lessons

5 ?
\
wri ten by the Communlby College Blology Group spe01f16ally for use ‘in

] .
P o .- ) < . . i_'. B

re authored by C1ty Colleggs\instructors an§.one was " s

AV £



." . . N '. ° ) . - e . |
- :‘,,, _‘tg ‘ o ] . ) (-- .u‘
- CCC classes. However, of the twenty—six le§§ons that accounted for 90% _
of the time, fifteen were‘!rom outside sources. It appea&s that the single

most important criterion:in choosing a lesson is matching the gontent to

a 9
*

course curriculum, not the, lesson author or strategy.
o . ' N P - [N . - . /
4 . ’ ‘N u ' . ' .

oo - Lk

6.3w5 <Attitudes , e o

. .
° = O I . v y . s
-~ .
v o ) ' ‘ : AN N

‘Continued participation by instructors reflects the positive reception -

. ' " v
of PLATO in‘biology education at the City Colleges of Chicago.
2

Attitudes toward PLATO hive been well-documented in biology via on-

v'”

and off-1fine measures. One large scale attitudinal evaluatfgg w&s/conducted

with teachérs'and students in Spring 1975. ‘Results of the questionnaires are

detailed in the Cog?unity College Usage Report, Sprirg 1975 (S6.1.1.). and
| o | ’ . o — | o .
- Impllementing PLATO in Biology Education in Three Community Colleges (s6.3.1) ¢

] Y

Brﬂbfly, this study determined that the level of. teacher experience (prior

o 'ekposure to PLATO) had an effect on student' s attitudes. rMore positive atti—
ot R FY '

’ tudes were identified among students of'"experienced" teachers=than in the

.

v
L}

® _-f .
. : . . |
This questionnaire revealed that .we neede more specific information g

- r N
K L

about,s{#dent~backgroundfbefore~each session:- The data we had obtained needed

- entird?PLATO student population. o ‘ B

to be supported by information on how“each lesson was.used and how students
v A P b t o )

./)Fwere prepared " Since our staff was too limited to;conduct long-term classroom
J

obserVations we developed an, on—line questio \re whichnstudents ericountered
. . A .
Cw .

,when they completed a lesson. (See Biology Appendix 6.3.7: On-ljne Question—~i} ,
Te naire.) The data obtained -was often'not very discriminatinq, probably as a

result of the(limited populatio% which encountered and elected to fill 3ut, IE

- . . »

. ﬁ% .qugstionnaire, The responses Which wpuld have been the most revealing,
° . .
; v :

. - ‘
-
2 . B T V.
“ .-

G"' i; oo e e o 1 ft;
ERIC - e L Co

Aruitoxt provided by Eic:

<



o . . ' R
= . t4 .
i;e., thosehstude#{s‘who were unable to finish a lesson or elegted not
to finish, were the ones we missed. f

) Throughout the field'test an on-liné comment 1esson.was available to

()

students after they completed a lesson. ' The purpose was to provlde students
R

’ w1th a forum for thelr oplnlons about lessons. Durlng the last year of

~ o' v ‘
the field test students were able to choose thls as ‘a lesson from their

/ .

-1

1nd1ces thus enagllng them o comment at any tlme. The communlty college

_‘/ blology staff responded as o ten as posslble/to humanlze the experlengk
A v .

/The comment flles Were also avallable to 1nstructors. Very often student -

comments were the basls for proposed lessonﬁrevisions.

- - N

. . . . . . -

3

»  6.3.6 Retommendations .t

e

Sy,
&

5 o : - JJ .
. B . _ v
+ The principal goal of the PLAT Communlty College program has been

. o

tofoptimize the use and acceptanc of PLATO 1n ex1st1ng 1nst1tutlons. . o,

» SO -

Wlth the establlshment of a stable group of users 1n these two—year 1nst1—

4 . -

oo -.y'tutlons, the émphasis should now sh1ft to three areas-' curriculum develop-

v(/

. ment, currlculum evaluatlon, and computer management of 1nstructlon,' gurrl—

A B
. g -
-~ » . . . -

culum development was, of course,\necessary in the' 1mplementatlon process, .

x3 hd
s
T ) - g 1

'and has been pursued from the beg1nn1ng of the program N

‘ The Biology Users Group elected to concentrate’ curr1cu1um development b

.

ion the general blology sequence and this was very.effectlve'-.Future pro-, \\ 1
ﬁ? Jecﬁs shnuld a{ways concentrqze thelr efforts towards a‘slngle goal as;;ell \2.
‘ Some pOSSlblllfleS for currlculum development meght include aldevelopment :. -

. ) :
of a series of,"dry"_laboratoryhactiyities on PLATd for Biology IQl-lOZ ‘
e 2 : M o Yo

/ (non-laboratofy) courses. This'could entail -increasing the credit hours Y

for 101- 102 (€rom three to four hours)*ygt it would not substantlally in~

v
N

Crease the teachlng asslgnment for 1nstructors If attendance were mon1tored

- - . 4 .
. . . \ Ch e

e %a ,~n1 (G ...

\)( - i _.4»_l'n'.. . » ."l.l. .y . . ”}
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3 © this could serve as a motivator for.independent use. Such a c%rriculum
could build on lessons already in existence,, such as "Blood Typing" or - -

» _ . . .
“Drosophila‘Genetics."‘ PLA@O can also be used tq‘provide_much.of the
explznatlon that must accompany actual laboratory exerclses. A»series-

»~
of leéssons could be developed on laboratory technlques such as "Use of

K
[ . . »
°

. a Microscope.“ The mlcroflche Capablllty could be exp101ted in both these

-

~1nstances, to prov1de realistic experiences. C - : - '., S
‘ . N
r Less?n development procedures at the CCC. have been satlsfactory. : (//
W~ \
“ L d

’Although there ‘has been a tEndency to rely on tutorial lnstructlon, the

5

¢ - 'composltlon of the ReVLew ‘Board: helps to ma;ntaln a generally dynamlc L

< ’

approach to\lesson.development.v Neverthelessf»forfany group writing Fli/"“

B
i}
. . ,

»
lessons, lt is advantageous to have a consultant organization fon~maﬁters L

. ) . N - g

:concernln lesson deslgn The communlty college biology group performed

thls role for the cce '.ology ‘Review Board dur1ng the course of the f1eld

test. Thls functlon‘should be contlnued by some-organization, ideally

with‘subj@ptforlented,personnel. For subject area develoﬁyent parlpheral
1

to blology, such as baslc blochemlstry, JOlnt meetlngs with the Chemlstry -
RS T | ’ \ /
Rjylew Board are recdmmended - g A g )

. - . »

N . -4__.
Curriculum evaluatlon for educatlonal effectlveness is- an area(%hat
.. '. ot [ Q
was me0551ble to 1nvest1gate in the- real world sltuatlon 1n wh1ch theL/ %é\

- ' . . ’

¢ ' field test was conducted. In order forvthe on-line response,data O be‘ < v'¢
3 . Y . .

meanlngful there must be knowledge of spec1f1c clrcumstances undqr whlch a:

. s " - L -
'leSSon was used we did not lmpose any constralnts of usage on ou instructor—

v B o . - - o .
. ca L7 .ot
. . N . M

uSers{ R o . R .
. o : N . S o - .
R Finally, teachers need to investigate the use®f PLATO to manage as
. s -’ - . R ". < N a T~ X
well as inétruct., Sample curricuga should[be‘assembledﬂillustrating variouif'
‘ ‘o . . » <y RN e R "

e . s - i * . ’ e

' k ’ N N N A s 'r.
RIC - L L L e
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roufing options for students and their usefulness in ‘individualilzing

-7 ' . . - N ’ . - -?) . r
instruction. /Teachers should be encouraged to develop ori-line quizzes
[ . ‘ - S ‘1 -
S using quiz driver, lessons for their gonstruction.  In addition to review .
. o Y . Ty . - ~ N -
. d . b \ '
. . ) - . . . . 5 .
d grading for studénts,” these include options for. the instructor for
analysis of quiz items and for record i on student scores. ¥
i . ' o - . : i * R . i
. s . . '
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COMMUNITY COLLEGE CHEMISTRY

AERAMR AN BAD 20

-

6. ?,.'lntroduction | 4 o ¥ - . o :
. f o ‘(E . - I : ‘ .‘ o ‘. . ' . s

) -, .

DI N

The development of chemistry matexrials for PLATO had béen begun bg, T

'.chemLsts ‘and educators well\before NSF Contragt C-723 began in January 19720 .

v

Consequently,.there was no need {or creating., from the start a. comprehenslve

’

chemlstry currlculum for use in the communlty colleges.» instlng lessons ) .
! ’ . . - » oy . "G o o

7
were put in service from the begln ing of the demonstration project.‘

-

w . ! .
Whe pr1nc1pal authors of e%rly PLATO materlals were Dr. Stanley Smlth, , “}
Jamés éhesqulere and Ruth Chabayjhof the School of Chemlcal‘éclences, and
: . RoberttGrandey and'Larry Francli,»of the College of‘Educatlonu at“the ¢ ) :é’:
h, ?i>Universi ,qi Illlnols at Urbana-éhampalgn. Durlng the course of the project ‘
lessons co t1nued to be wr1tten by faculty»at the Clty Colleges’of Ch1cago T
‘and Parhland,.and by faculty and graduate students at theqhnlverslty of .: .
:Iliinois at Urbana—Champalgn. B mh . .\%w' ' v.‘. >’J;;7i‘ f“

y N L

ent by_interestedwoutside

* Since “lessons. were continually under develop

1 »

»

lement, lessons'rather

)

: gro s, the communlty college project staff chose to

! ‘.

than develop them. The' f1rst chemlstry coord1nat>r, responslble for lmple— -

Ve o

meéntation, was Dr. James Ghesqumbre, a chemlstry author who served as-

. . , ST
chemlstry coord1nator ‘from Se tember 1973 to August 1975 the second was -

.
© -

; | 4 - 0.
Robert Hubel, coord1nator from September 1975 to August 1976 . oL
T o , o : e 0
. . ) - ° o . - .IV .. & .’
6.&K72 LessonDevelopment  : R ’ ; Lt -

.. ‘ Ll . “ » i . ,' - I ‘ - » ) . N '; . ,‘.‘ . P . ‘.7 "::' . . , l
4 e T ’ ' 5 i ’
The catalog of general chemlstry materdal avallable preﬁently 1nclude?

- N P

o, 36 lessons and- would take the average studenn\approx1mately 26 hours. ‘ﬂni";f'- .
A ooy .
. addltlon; there are ?9 organ1c chemistry essops aver%ilng 14 hours to complete.

[ . ot . s
l\../‘ . » .- . . . . s o] i Lo M N & K . )
. . - - . h
“

o ‘ . : e X . ) N 4 ! ]
FRIC = 0 ae T G e T
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There aréone or Tore- lessons-an each. of the followingztopics: (See S

2 - ' , .. , . .
N N o . « 3 ‘g

appendlx 6.4. J). Y Lo 4;‘§ R i} . L .

4Tntroduction to the PLATO Terminal and Keyset - o e

Math Skills Essential for Chemists Ce : : N o -

B The Metric System s ~ ° o ST oL

: * Scientific Notation ., =~~~ . - S o e :

/“;;\Ihe metller Analytical Balarice R o o R »

.« “ﬁgs:ity, Mass, Volurie ' a’ SpeciiiCAGravr/y S N . .
. N

- sggnd Symbols of the Elements - — T . .
PropeFties of the Elemepts. [ . - o o oo ///’\\\_u. e
Atomic Numbers and\Ato Mass ’ - v . .

. Valence Electrons L o i »
N . The Agfbau Prlnciple and ertlng Eleqtronic Conflguratiohs N
. Nomenclature and Fogmula54 " , . : . , o
) Ionic and Covalent ‘Bonding ;"05"v IR P o o
- - Lewis Struatur@s. P Y ol A S 1”:’ . o B
' : Historical Development of the #zomic ?heory B
_Determlnation of Molecular Welght and Percent Composrtiqﬂhkg e TN
- - Oxidation: Numbers S AN . ’
. . Balancing Chemlcal Equations . - .7 .;_tw. - L,
. Mass and Mple Conversions, = ., T - DI ;:’ o "‘_ S \§ i
. Calculatlons with Equatiorns’ : ol R ‘ B o
- The Gas Laws - e S o Co
+-Kinetdc Molecular Theory of Gases ‘ °‘t.‘ Co S L
}Ideal Gas Law Derlvation Experlment .o ' : t s Lo ..
Molar, Normal, and Percent'’ Concentratidn of Solutidns -0 ‘ '
Dllutlo ProBlems. - - AT N

2

.,‘ .
- et

A

'&I‘

Acids' asés in. Water
Use of a Buret . .
v__'.Tltratlons and Titration Curves e SRR S o o
.401 pH . R . .‘." . R ."" [ - L . ) ; . .
.. Cemical Equilib T e e
R ~K1net1cs s (/; ' _ C e o .
_ Heats of Chemical Rea fons_. o b e Lo o
&, Inord§ﬂgc Qualitative Analysls S S P -
‘Nuclear Chemistry , e O ) L N

- K . ) s

. @ - ( " . ’ . & . - . - ¢~ - - X - 4
: s - - g o ., e o . . o o
T [(Seé Appendlx S.6.1.4 .for a comprehen51ve 1ndéx of chem;stry }essoﬁs o7 K T
used in the communlty colleges yloo . Stk !ii._, R

e K oY . v ' - ‘

o

. ol . . K ..
- T h * ’ o ’ 47. ‘ - § - Ce . o - ToL 7

| . i/’:'6',‘4.3- Lesoson pes:.gn . S o P | ) . I o o g . . . . ".' . L
, - T '1'- T L, <. ’ Uﬂ oo _-4‘ . R no . ) E .ﬂ/‘}‘ : f' ‘\ . "
.. Lo e N e s ” o ' N

. The c1ty Colleges of Cﬁmcago 1nst;tuted an effectlve method for\tze \ e,

o0 . v

- de51gn and productlon of PLATO coﬂgseWare for areas in whlch ngflessons i\"r_4p

_ “" . " ot \

B )

g

e};sted A board was formed gggslstlng of any 1nterested chemlstry 1nstructors,i

LK . . . ‘ & ., N . ! i Loy .
. R . EEET - .. N ) . . -y \ . h .
\) . ! [ s ey e \ . ) .
: - Y ~ v - - - - e T -
. FOLI R S o / . TR . C e S .
B = . o ‘ _ . _ : ™
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P oo v S WO o T e I T R . EPRR T S



| : L 167 . .
" T #® - ' . S ',_(:"\‘ ' h - )

. . “ - . 2y

.~ hd

S leséon programmers, a Chicago PLATO" coordinator, and the Communigy College .

.
- ®
.

‘ Chemistry Coordinator. ,The'teachers~were acutely aware of course materials

not addressed by any PLATO’lessons. When the topic for a new lesson is
. identified one or more of the faculty deSigns a lesson on paper and
. S o
{ - .

distributes it,t. all members'for commentS‘and critibism. " Corrections are e

e ,;-

made to that paper copy to make the terminolo%y of the {isson conSistent ‘ ~

,zf ‘ with the mmon texts,. conquing pOints are cleared up y and sufficient

¥ . [ . ’ .
corrective feedback is incorpqrated.‘ After reVieW"is completed té every-- o

one's liking, the lessqn is-programmed and rev1ewed once more, - ln T
» . . : —~— ' . L3 e !. Lo

! addition ‘to" content errors, the group searches for’ programming errorsﬁ If
<

el . . 1

any major modification must be made, the lesson is reviewed once more after

- . .
. - o

.‘.,.‘

correotion.. The, Chicago City Colléges PLATO'Coordinator SuperVises the .o

.
pr@cedure, allocating the human and financial resources. "In this fashion, N

3 v i o - \ ,4‘ ; ’.'- - ) . ) x 5
lessons useful to 411 instructors are produced; . R -

L 4 ' 4 . b N i RO . .
ThisxprOcess has worked quite well in.chemistry for a number of reasons;:
e . . st

i

e

‘.

4 £

~ 1) many lnlelhualS are able to express diverse opinions for conSideration
. - . (j‘ - 3 _ '
o 'by the.rest of thefboard, 2) either by chance,mor by the'nature of'chemists,

v PR - 8 b
.ﬁ"~. N

T i . [ . - . .
' _-personalities have blended,well, 3l)spe¢ialists in cOntent, ihstructional
! . . A\ » 2
. > ‘\r um
design, and management are present eliminating the neceSSity for one per\Bn

' - e . . . , . . 4

* . . s ) - Lo p
: to possess all skile. .(- e _ y s ha % A -
o . oo A N y N t ; v

\\ v e . I -

t '\ The type of" lesson fbund most eﬁfective was the‘Problem-solVinq lesson,

- -
e . )' [ . ~

which presents a typical text-book problem, exp;!ins in a step-by-step way ﬂ

o W

bt

similar‘ko the example. A typical format for such a' lesson consists of -

1)'a brigfxahtraduttiOn to £he. topic and presentation of a's ]
P v, . Y, b -~ s
2) a detailed explanatory Solution to”the Sample‘problem, and 3) eral
y ", . S ' . » R
Similar problems fdrﬁpractice.- In'the last section, the largest one, several
. 14 * T LI

nv .- S . ‘ ' - B

we
5y
[X
H
S
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“
- .a 'student selected option.

. T . . ‘ RO e e RN .
Tl B ) -l,u o s

- les8

1. v

aids are dvailable to the

'/

tudent. A calculator isfalwaYS available via

NS aids’include 1) a review of the introductigL&~

P - v

,;?) feedback te the student, programmad to

v
* +

4:/a sequence of remedial questioning

which guides-the student back towdkd“tﬁé correct solution.
The board has produced'lessons of“this t&pe'forvtopics in molarity, .

percent coﬂposition dilutlon, gas laws, forniula wrlting, mof% relatlon—
ships, and calculatling\

1nyolv1ng balanced chem1ca1 equatlons. vThe board

Y * 8

also designed lessons in drlll format on nomenclature and bxldatlon numbers.

? N : f Ny
Slnce the PLATO chem::tigzlurriculum also 1ncludes a large number of
. A
organic chem1stry5}essons written for use a%fthe Univer51ty of Illinols,

these, too, were made avallable to the communlty colléges. Two instructors-

5&, . ) % »
made use of;the organic chemistry lessons. The usage data_in the report

ﬂ- 7 "
does not 1nclude uge of those %§gan1c chemlstrv lessonsy If they Jere

~

LN
1ncluded} cHemlstry usage would increase by four percent (4%).
'-f?.’cﬁ "‘.na . *
" gﬁ oL
6.4.4" Implementatlonﬁ

T . . [ 3y

B - W

, Implemeggation of the- chemlstry curriculum 1n the Ill&nols comnunlty

g
colleges con51sted of:

« L

-

- v I “
'

1. Collectrng student performance data throughout the whole proJect and

'»ﬁ; - s 1 % & . - - - .

ltuto Educatlonal ﬁgstlng Serv1ce -(ETS) for 1nterpretatlon ¢

.wf:on in thelr report, as requ1red by contract. ot : ..

q.' e .

‘Tabulatlng and reportlgg total PLATb chem1stry usage in the communlty

. . oo . -

~ - . . a2 L7 N . . L Py .

L \colleges) ST SN :f,.' S
, cod . , - .o

3.\ A551st1ng 1n the de51gn and reVLew ofiqgw cheglhtry lessons wr1tten bx

the chemlstry board at the«Clty Colleges of Chicago.

‘\\ o A L.

<. ., o .

PO e 7 -
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[, < L i . ;@’I.‘ ) _ : ) ) . ) i
4..-Setting up courses for instructors and provlding an on—llne 1ndex of the

-~ .o .

v -

PLATO chtmlstry lessons - avallable
R Helplng 1nstructors with 1ndiv1dual problems 1n the use of the currlculum‘—’/

Revising the written catalog of general chemistry lessons. .
(o9 > : 1, .
7. Surveylngrattltudes of teachers who had used PLATO in their,classes,~',

.

.
e el

8. Actlng as intermediary between chemlstry teachers and authors.:i~

L )
: s s

Particular method or, methods, for the use of the materialis Part of

. -

{ - ! = - H ' 5 : . o

of each teacher.  “Consequently, no experiments or studies were made
’ N ;

Q

| - . .
‘\TJ(PLATO and a non-PLATO class in brder to cyeate data for analysis TS on e

-<?' p0551b1e dlffqugces befween the two methods of instru¢tion. Results of any

. . . v
such analy515 should appear in ETS reports, and are beyond.the scope of thls‘zﬂ

| " ﬁ , ‘:Dn

“///) o . 3 4 . X :

2 Usage data d =S support the observation that .instructors used PLATO in
» B

[ report

dlffe ent ways@iﬁcludlng 1) optlonal use on, sbudent s owh tlme .2) a551gned

_ usep n student's own t1me dnd 3) a551gned/;se durlng a scheduled class sesslon.

o When teachers used optlonal use on student s own time, theglowest usagef‘
- . I . R \f -
. .résuited, students merely brd%gid through the lessons to \s: -
cur1051ty -about PLATO Typlcally, ‘these 1nstruc5;rs‘d1d 'ot prevlew ahy ‘
.w" o 2 hY . -
.chemistry lessons and consequently made np recommendathpsdto,the class. '-7 .

Lok .o . . . » ¥ ‘ .
oL, - : . . L,. ?\ -

The mellcatlon 'is that greatest use of PLATO resulted when 1nstructors v

.

8-

-establlshed‘a”PLATO curriculum suitable Eor_their.classes.' Few i?strutors

.. X -~ 4 . - X 3. X . d AL

7t " ‘adopted unsuperﬁised'use of PLATO. In contrast, a number of instructors,' oo

Aruitoxt provided by Eic:
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)

) committed much time to reviewing available lessons choosing those appropriate
R . for théir;ciasse;\developing new lessons, and encouraging the use of PLATO.
yPLAfg lessons were also used to replace or reinforce classroom topics.

Sometimes PLATO provided practicettd'achreve'mastery; occasionally a topic
- | L @ :

was introduced in PLATO and developed in class. Extensive information on

N

ihdivianl instructors usége is documented in the Fall 1975 Commuhity

: ) . . ) - » -
College Users Report (Appendix S.6.1.1). Approximately 50% used PIATO during

_timé? PLATO usage from Fall 1974 to Spring 1976 is shown in Table 6;4.1.

.
v > "o - ‘
. - . B o '
Y. . : N ,
o/ (/ 5 .. . ' Table 6.4.1 ;
. . S " . i
c e, N . . ‘0 .- N . . R
LY o CUMULATIVE GENERAL CHEMISTRY USAGE .
_ o v Fall 1974 - Spring 1976% . o : | -
T , R . All‘phlcago Col&eges " :
\ 0 a "V
v ) , " : T # Students - T #.Hours/'ifl~;' » 3‘ .
- - ' % . . ) ) ‘ . ) Y ‘ l
. Fall 197& Spring 1876 O’\ 1308 : 76439 -
v “Fall 1975 - Sprlng 1976 1602 11024 . B P
- v ' - ) '.#!;\*. )‘
Lo . Total 2910 students- 17463 hours . . °
. ) : ; o o
.7 6.4.5 Attitudes - ' ‘ o T e
§ ’ y : o L4 %v .
49- ' : - . ' - “ R SN
he substantlal progréss in developing. and implementlng the chemlst
t R .
: ‘ 'cufficulum can largely be attrlbuted to a number Of faculty Témbers Wh? -
. 3 - . : : . o . -H' qt, ~
; . . N _ } N ~¢-:<. ) A SRR
v ? . B ) A , ? e t B
'~;a . v\ "J AN i
. . N B . . v '..:»' -
. > % 1,“1’_'\ ' ‘ . %S"
_)‘ 5 l - VR
. i -
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""‘-, .
> .
.responded to the attitude question %9 a Fall 1975 survey, teacher attitudes
- W i o8 . . T .
toward PLATO,were;L ‘ . : y
' R - ’ : S ) .
- attitude '. negative negative to . neutral neutral to . positive
T IR ‘neutral - = , .. positive . -
- ) . *‘ . . ) ‘u ‘ B . . . ’ . . . Kl : A "
- - Frequency & 0. ) S ot 2 > 8 5
R . ! . @ L N e ! " . ,
Among the twenty-one 1nstructors who responded‘ln the same survey, : Lo
ssesSment of the quallty of "PLATO less%ns was: IR . .
) Quallty - very low~~ . " low averaged\. high, .. very hi
™ ’frequency_ ‘.' 0c v R - 13 - N d“_,l : .
‘ ) \ - ‘ ) e S, T . .
Durlng scheduled class sess1ons an average of 1% of the students were
. AR
Vnnable to work during the Spring 1976 period .5% of the termingls were in- _';
o N g . * .7 "" ’ + N ' ' - . ‘a—:"ﬁk :
[ g ’ S - N - . :
operative. Interruptions occured in 1.3% of the scheduled classes, but never
' required.the cancellation of a class. ,, « . N e . o
3 oor 'v’ g . ". ' JU 0,,~ . :
S - ) -“"” ) i 1#?‘;’ . ~" (-' ‘..' ' . . o .
624.6 Recommendatlons e L T v PRI . o -
-, " ' AR T ' o : .
. 5 ‘ A SN .
R : . o P ) ? . :
.- PLATO has been demonstrated to'gain te&cher'commitment.=;It is antici-
by ' r ' . oL
"pated that addltlonal cog;seware will be developed and usage malntalned on
. A_ . " M - "
, 1ncrea Jed dependlng on termlnal avallablllty. Thereeseems to be - llttle
M i S ¥ .
w . )
cause to(?rOJect problems with the use of PLATO 1n chemlstfy 'One of the
:strengths of the program has been the test- of transferablllty of the _>2;3®lt
y courseware. o jl 1 @mh , ~§%.
° N .y s 4 L. ¢
. : : R i
U - T TR B
N ' i
o . . R 5
i woC o - .
.- - 5o
: 4 ) " ; .
P I T S ,.! 7' T o ': A N . S .
O ‘ : 3 T ‘ / v I . SLANY ‘ ' B B
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-of a lack of opportunity, but because of a lack of focus.' o e——

6.5.2_ curriculum-Development
T e, -

v

6-5 _COMMUNITY COLLEGE ENGLISH : N

4

- t v . f\_ .
6-3.1 Introduction - - A s . Jo \ \

e - Lo - - . .

) -

LY

The Community College English Project presents an 1ntr1gu1ng odessey in

cOurSQWare development and 1mplementatlon of computer~based CPLATO) 1nstruc- '

o~

“tion in Iangqage arts skIlls. ,Perhaps no othe single subject encdmpasses_

d “ ,y 3

'.as wide a range of learnlng outcomes, enjoys as extenslve a course requlre-

<

¢

. ment status by all students, or Yeflects as- many educatlonal approaches among

-, u’ y

faCulty members of the samé departmentﬁ_;;;—f 3 T

P '
gy regarded as'the sine qua

The effectlve use of language is unlver:

e
°

ffftlonal skill. in every -

K e
‘. : [ ’ -

7

ﬁﬁﬁntlfylng the,place of PLATO in the currlculum was'alfflcult-~not because

b »

s ® ‘5..._-. N . , L J “ R . -

. . . R

x. v .
Faculty members at the\partlclpatxng colleges have contrlbuted mqgt of

the avallable Engllsh lessonsl These have been developed in wide a varlety

T ’u““‘ . TS .t
-

. ‘\.-.. - A ,-- -Ey . FER .
. 'of waYs. ,;‘é R ¥ ‘ > %‘ i
l | ‘ “’ - ;q' a’&r . n‘ ’?:' Oe“ ! ~ ,::.F'Q‘ . -
Prior to the Natlonal SClénce Foundatlon contract, Barbara Geaither and :
s . .“_‘ .. b)’ ) o-‘, e VT "

rrol Magldson developed Engllsh lessons .on the PLATO IIIQ!Vstem that were

later. revlseg for PLAfo IV-- Gealther and Magldson were members of a group of
g .

-

ull—tlme released teachers fxom the C1ty College~of Chlcago who' worked\at

& oy
4 ‘Q N =

he Uanersity of Illlnols Computer-based~ﬁduc§tlon Laboratory durlng schobl

tyear 1971472, "'"

o,

- > LR

>

-t

e
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In September 1972, Dr. Richard Vidabeck,rDirecFQr of  the NSF Community
. . ' ¥

College Project, initiated efforts toward an English curriculum.c With Tamar

»

Abeliovitch Weaver, a CERL programmer, and Elise Spencer Gorum, a full-time -
» . ) N . . oy

' released Chicago teacher, he began work_qn a senterge generator using

Dr. Videbeck . also taught a course for Chicago teacners 1n development
- R . :
- ) % . 4»/

of computer based materlals. Three Engllsh-lnstrudtors ﬂeyelopeg course-: :\‘i

transformational grammar. o

, e ¥
soware by this method: Joe Vojacek, poetry and rhetorlcal , logic; Wllllam Ibbs,

s

paragraphing; and Robert Bator, research tools. Vldebeck also d1rected the

. W K '--w&l .

- work of Paul Elllot and Bill Lucas, CERL staff members, in readang comprehen-
- v ; X 3 Q\
sion, v , - : )

" Concurrently during 1972, two part-time released Parkland College. ; ’

. . B .
: -

,I“ﬁéadhers, Doris Barr and .Sally Wallace, separately deyelqped lessons in
. : . < e '_ ) o N . -
«—‘,‘, . / . i .
: sentence structure, u%age, andlgramMar chiefIy for their own students.

Lo

_ They were tra%ned and asslsted in programmlng by Jlm Kraatz and Judy Sherwood

e PLATO Servlce Organlzatl CERL. Another.independent project in vocabulary
o @ . . .

lessons was directe® by D Richard Scanljp of_the University_of Illinois

e Classics Department.

K >,~“ -~,® o ! A ) ' . q

Thué; during the f£3 lghteen months of the proJect (January 1972 -
9 , « " - .

August, 1973)’authors pr;“r53d a llmlted amount of unrelated mater1al. The

-

lessons varled in subject matter and teacthg style. Some 1essons were

V not’ sufflclently pllot tes;ed to elimlnate programmlng errors and several

.ﬁ_. [

..

were_hever completed.

= . ;

e ‘In September 1973, an extensive Jreview he existing matgrials in‘?‘n
HEE RN ¢ . < ~ : §
. Ehgllsh yas conducted by Dt Paullne Jordan, English coordlnator,‘ ‘.
: aaslsted by Unﬁyerslty of Illinols graduate student staff members, and ax
A L3 . 4 . i
'’ M ‘:_f: o 9
—" x. < . ‘8 7“":_}.'
’f
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w .
committee of released time. teachers. As a result, a language arts router
-, e

system was de51gned to prov1de indlvidualizatlon and computer managed instruc-
* ©

(tion in the skills areas. ' ' : _

Basically,-this project consiste of identifyfng five topics within ex-

1sting lessons: grammar, spelllng, puncutation, vocabulary and usage.' The?e

topics»were subdivided into skills“categories. (Ség Appendlx 6 5.1 for list

(R . . P -

of categories.) A pre and post test for §ach category&determine students’

T,
v -

proficency. Because the existing lessons frequently covered more than one .
] [N T . . N . . ’ 3
category, the lessons were copied and divided into smaller s ents of single.
- . .\. s .o ° //“\ .

_instruction. Thefprq\aration of test items, programming of the router,jandf

. ¥

reorganlzation of the lessons was done durlng School year 1973-197 Gary

N 4

Mlchael adopted,_expanded, de51gned'and programmed the routing syst

1 )
earller work of the Elementary Readlng Group. o

Any Iessons eady for use which wereanot related to sﬁgils topics, as

well as the original ver51ons of the. skllls lessons, were descrlbed in, hard
copy in an Engllsh catalog prepared by Robert Batpr, City’ Colleges of -

2

Chicago; in ‘the summer of 1974. - Theseﬁlessons were avallable for use with
kbt .

: the'system routerﬂ (Appendlx 6 5 2 llsts the 1ndex of thls catalog of .
SRS 8 L

English lessons )2
o~ Y] ‘ 1 Y .. N \ .

The meetlngs held durlng 1973-1974 school year to review cour eware

e
,,v

.

. were contlnued durlng the entlre f1eld ‘test, The group took on formal

¥

status as PEEB (PLA&O Engllsh Edltorlal Board) and was’ chalred by Robert
“, d

talog 1tself 1s Appendlx 86.1 5 of thls report. 5<;.

-
LI

Bator, ‘a Chtcago Engllsh teacher.: 81nce.197§ the board has_reviewed and

e

) ) C . % ; . . .
; . s g _ . : . ¢ : .
Mlchael Gary and Mary. Sllger,Lf&&bIns&ructor'giManuaI’ CERL, Unlver51ty.3

of Illlno;s Urbana, IllanlS 61801; 1976 . - » D e

-
N . . J
Ly

?Communlty College Engllsh Lesson Index; CE 'gtUniverslty of Illinols, B ;
Urbana, Illlnols 61801, 1976; - . . Lo T
“ . B ) S B S
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w_recommended changes to authors of existing lessons, set prlorltles for develop-
4

- ment 0f new lessons, screened lesson desighs prlor to programming, prov1ded f'

¢ . .

programming for’ Engllsh teachers unfamillar with the TUTOR language, updated

.the Engllsh catalog, ‘and provided tra1n1ng for new PLATO users. The hoard

conslsted of CERL PLATO staff-members, community college~PBATO“personnel,

h}

< AN
and release ‘time and volunteer Engllsh teachers. _ . T ‘E

4 ’

- . s
v

“6 5.3 Implementation

t

fl
s . . .
v . . . . 1

3 - The use of PLATO in the English.curriculum has dependéd substantially ST

»

on the active participation of released~t1me authors,dfaculty members, and

\
admrnlstrators. At the start .of the . f1e1d tést in September 1974, volunteer

users had been identlfled in eéch.cooperatlng-institution primarily because'

they had either des1gned and/or programmed coursewareJ or they had part1c1- .

b P

. w
pated in the review of lessons by the Engllsh group during the prevlous year.‘i .

The CERL Engllsh staff had dlstrfbuted catalogs of lessons, and, together w1th ©

the localr PLATO site d1rectors, tra1ned teachers in the use Bt course cords,

. \\_ ) . -, _
1nstructor filesj and the Language hRTS Router System.' A marked d%gree'of . . .-
- . '3 . M (.r,'.:b IO . ‘ : . . '
..communication ‘existed both-v1a PLATO;and through regualr visits to eachi> . ¥
e - . . ~I,: . . . _ " P Pl 1 - .J\, - .
school by the CERE'PLATO‘English‘sﬁaff; .This process was'strengthened .

& -

- . N
g the second semester}of the field test by locat1ng a fullkElme“CERL Eng11sh

‘ ! P . . 4
. ~- . .. . - “fos «
- staff member 1n Chlcago. } o . f LR . _ 2,:‘ . QX R

t U%d:of the Language Arts Router System was unexpectedl?'h;gh 1n the f1rst
* V Zf (R
s semester » The antlcipated 250‘students~actually became 600 whlch‘resulted‘\x\’

3 . . §
e ? a s‘erlous problem because of system l%tatl‘on g@rage of student data. .
l. N "l .
: . .

S ghe overall i eased uie Qf PLATO;&lmfted the capagity t0°store multlple v
L e s . 2 .
: &essons in short term mémory. geeggack ﬁrom teachers and studemgablndlcated
t m; » . ¢ ° 4 - »* 3 . }’ "\N". N A ,\4J - ! % - A 1:' *:ﬁ‘
; : [ R LRSS R NPT
g ‘ e " - 'I- ‘ ) . . . . ‘ 7 ’ .. 5; » ,"- . « . ' ‘
) Yool * - T T s Ao . Fa

FRIC < ol D I RTINS L IR VO

Aruitoxt provided by Eic:



” . . . -
. v . B
. " o (. Lo v \

_directions wer§ diffi§pl£, tests?were too long,,and_ésagciaily that stﬁaents-
v Iy . . & . - . . . . Fe N N . v . -
. . . — Ly . ; : < T
. rfot completing a’test.at the end of a scheduled session were required to

N 4

‘repeat all of their previous work. These problems: wére addressed by, res .
. . - -~ . "".‘"‘.:‘ e ! " .

' V . . ' “ . . . T . ’ ’ .
designing the routd&j*prOVLding teachers with more :options to review

. ’ o . « A .. . .
questions and instruction, and sequencing the tests between instruction units.
_ . \ ‘ . . ,

‘The data storage problem.was alleviated when the swapping memory at the

N

computer, was doubled in~sizé to twg million 60 bit words. New LARS options

. . ; ]

.were continually developed according to input data on student use. ¢

Because of the demahd for cburseware in-ﬁhg field of language skills,\
the favorable reactions of faculty members and students, and the serVices -

. - A ) . . . . - . . - .
*provided by the CERL English staff and the PLATO English Editorial -Board,

4 ‘b

useiof English materials continued to increase. Table 6.5.1 gives a ‘

£

record of participéﬁion during the field test, pically, one of three

-class hour.period each week was devoted to PLATO in-class use with the
instructor present. Although instructors encouraged students to use .

- . ”

PLATO out of class, neither assigned homework br extra credit was given for

- '~ work on PLATO, It ghould be pointed out that the éollqges are comput3£W“

-
A ' © 2

camﬁusés with students almost always employed part time elsewhere, and

that the available PLATO termirals were iﬁ-constant use by other classes . .

.

except for inconvenient student use hours such as late afternoon.and very -

’

. . . o ) ST e NN C .
early morning. €ourses using PLATO were. English 100, remedial; Ehglish 10177 .
A ‘and 102,5the required first year rhetoric sequence; Reading 126, and

o, . . . s X 1’ e ., ) » . ,

_ several GED courses. ' . . DT LN

\ - -

% . . 6.5.4 Data Collection . . N T C .

R T R AT

Although usage d ta ‘was collected on-éach coursé -by semester; it is = -
AP - . ! . . . ) "/' . e

" J, . . [ o
P . . N ey e R
B S . . - . R T
. - ' ;
.

X
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- .. \ ] USAGE Bx Iupxbum »STUﬂEN;S OF cémmuwry chLEGE {SH ESSONS. PR
K S v - R .\ c L )
Locat: p‘. J' Fall 19’24 . ',"Spring,1975 te Summer 1975 f Fall 1975 Spr:mg 1976*‘ a2 Tota f"-),“-»
S n #Stu ‘ #Hrs ﬁSt‘}‘ $Hirs../ ﬂﬁ’cu ! #Hxi? ' #Stu #Hg& #Stu - fhrs (I(Stu q‘“ #Hrsw S
gt e S S A R N S

sl bW um s w e m\w Mo o de W Cae o e
sool #2 © 110 . M0 te6 912 222 MM 154 43 2, ue) . 94 S04
N ¢ 4 } .

-~ * School #3 160 541 399 949 178 - 564 555 2097 .'537 - 2002 1829 6153 .

“School #4298 T4 19 184 . 294 696 1522 3881

oo Sthool #5285 ,« 25 8t 3 179 oS4z 94 3

o |
LS - 1248 319 1566 5651 1sg4 | sagr 6NE ap6- Y
e | .
i v , t
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A o dlfflcult to interpret bedause of unlque c1rcumstances of, both the ;course
. ' 5 . - C ’ "

'vL . and the student themselves. These 1nd1v1dual d1fferences make comparlson

;\;J W \w g o ) u' -

-

of the.data very udfellable agd the staff resource d1d not permlt observa-.

) . . . -
' e v . N
A \ . ». e

tionvandmdocumentation of,usage: - . _ _ .

N

AN . . - 9 . . . . - s t

g . YA exten51ve usage study was made in the fall:semester of 1975 and

v ..-‘t,\‘. N -

the reader is dlrected?to consult that document for'gur

a . - ‘' -

o Also, ‘a’ study was conducted for four weeks at Parkland College in Farl 1975,
. EERN ty e .

to determlne the. effect of PLATO Summarlzed Résults usage on placemént of

. J "
.- Ce students.7 The . report of thzs study descrlbes hlgh levels of student accep-

- L] o i

tance of PLAT@" and 1nd1cates f1nd1ng of a 51gn1f1cant p051t1ve correlatlon

.
P : 2

between number of PLATO lessons completed and level of student performance
s ; - ¥

v - . » - »

when_prior'ability level (as measured’by ACT scorg) is helpfconstant / ‘.

L

.(r{80)=.237; 9=.032).4 ‘y -‘ . \t i T .1
B ’ o ‘ o . ¢ : )

- '

In general, teachers using PLATO con51stently mentloned the hlgh'
» ) ' ‘a ) y

tlvatlonal factor for underachlevers. ﬁﬁ a. subject area where the range Ly

) . . <
>

deficienoy is-sodvaried, the individuallzation andfrecord-keeping capabili-'
ties of PLATO were enthusiastically received, -° . .. Lo o
An on-line notes file~was used.toxcollect comments onsthe materials.

4 L4
b . .
.

Whlle this was 1n1t1ated as a communlcatlon dev1ce to ‘ifiprove the course—

Jf—a' - Aq v - q
ware, it also served’ as a sampllng of student oplnlons.' (n répresentatfye

v

selectlon of notes 1s glv?n in Appendlx 6. 5: 3)9; -

.. .
e . A . . . v s N

'6.5.5 Conclusions o o . L
= : . o

- . . It o . ' B <

- - R

Tl - In retrospect, it would»have been more des;rable to have‘concentrated—mrvmémﬂ

'A ) ) “ B P
., in a more organlzedamanner on a spe&:fied area Of the EngllsP currlculum.

- z“. S N 0 Tl T o o | o
Qiﬁ E;wih:?; N ,l“"i V', o t;}3§§i'—:“. ! I ,
, ~;ffgcommunitleollege.Userstepdgt CERL,pUnmverslty of Illlnois, Urbana,
> Y .. Illinois 61801 NN o L
T - nor ) l_.hb L "l‘ B . ;“*‘- . u:7 L
. K 451 ger, Ma and Irena F,lndelstelnp PARKLAN ‘OLLEGE FOUR~WEEK ENGLISH 100,

- . . o
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' The-result of having~many people wonk~on many lessqns resulted 1n promotlng
] _ . high usage and wide acceptance of PLATO: ;owever, no 31ngle coordlnated Qet
Y T . [} '~ a . , . AN
of lesson materlal w1th emplrlcil data c llected in controlled experlmentaf

Q ¥
. B . N

- “ - ~ - s
. v . .

sithations exists. The Language Arts Routlng System was an after-thevfact'.r
s o Y
.attempt to(coordlnate :use of exlstlnggma}erxals rather than belng desxgnea
- ‘. \},/
- .« Lo e i 1 e, R
'/“frOm the ground up. The maln objective of the project was to establlsh baslcQ

-,"< ’ R .- . 0
Iy A ' s

Jlalson‘wlth_the cooperatlng 1nst1tut10ns to assure their understandlng of .

~

the.project; acquaint.them withsthe‘technology and“donrseware;Iand“achieve

© ;U " '@ ~ E - - ..‘ ‘-\.' .

a hlgh level of 1nst1tutlonal acceptance for a new teaqhing approach -This“.r

Y]

ERIC*
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6.6 COMMUNITY COLLEGE MATHEMATICS _, : ~ et

-

6.6.1 ‘Introduction

.

: ~ o N - .
" The.community Gollege mathematics project consists of 124 lessons

e . = € _ .
aﬁountlng to more than seventy hours of instruction; this material has -
been implemented in all five of the participating community colheges with

51 instructors in 166 courses, involving almost 4,000 students and more:

)

than 16,000 hours of PLATO time. In addition, a criterion-referenced test
study of lesson effectiveness was designed and carried out, and a general

on-line data package was developed and used,

v
\

6,6.2 Curriculum Development .

»

. ~ .
Prior to September 1973, some community college instructors had bjé"

trainéﬁ in the TUTOR language and had develobed mathematics lessons.

In Fall 1973, a full-time staff of content experts and programmers

was formed at CERL for the phrposé of coordinating and implementing

mathematics courséware. The first step taken,was the design of d Basic

v

T

Mathematics Curriculum Plan and a procedure for lesson validation. A
broad appeal was made to mathematics instructors during 1974 and early
1975 to participate in the actual design of PLATO lessons. Seven instructors

provided lesson scenarios and fifteen helped in thL setting of priorities

. for lesson developmént and in the critique of lesson designs;,however{

~ the design and programming of mathematics lessons was,carriéd out by CERL

staff. During the Spring of 1975, meetings were held in Chicago every two
or three weeks involving CERL and CCC PLATO staff as well as mathematics

instructors., They focused on usage problems, lesson design, and lesson review.
' t

’

145 .
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Appendix S56.6.1 provides a detailed list of all lessons with author, where -

\.

v on

ahd“when produced,_eStimated time and‘des#gﬁ structure. Appendix 6.€.1‘sﬁm-

ma¥dzes Appendix $6,6.1 by topic area. As these appendiées indicate, tﬁe -
. community college ma£hematics courseware iﬁcludes lessons developéd by the’

éERL Elementa;y Mathematics Group, bylthe“commuhity colleges, by the CERL

community college mathematics staff, and by other PLATO authors.

- ’

The Catalogue of PLATO Mathematics Lessons for Community Colleges

and Adult Education (Appendix S6.1.6) gives precise descriptions of the
content of each‘l?sson. The on-lingQIessons may be accessed by FLATO
indgx.les§on "mathcc".:

a

6.6.3 Lesson besign

‘

The list of structural features in Appendices S6.6.1 and 6.6.1 describes
the structuré of the lessons. Of the 124 lessons, 112 contain drill and

practice sqctiéﬁs; yet, every one is described as tutorial drill and practice,
‘" i.es,.a tutorial sequence is provided for the student who needs help. Forty-
five lessons use a model or contain a .simulation or both.  This provides a
4 : i

rough measure of how greatly the interactive gfaphic and judging capabilities
of'thg PLATO systgm have been used. Eighty’of»the lessons are tutogial in
natufe, involving direct initial teaching of concepts. Twenty lessons use
©a ariver that presents an index page and several sections.éf randoml§ |
generated problems with tutorial help sequences. Taken as.a whole, the

community college mathematics lessons should serve as,a rich source of

. lesson models.

Since the PLATO system router has-been available during all of the

Aruitoxt provided by Eic:
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.schools have consistently been the strongesthLATO site

in mathematics, y

t " w Y ,

PR od of this project, ip has not been necgssary for *he Community-
i . N . .

I\ 4 P

College Mathematics Group to develop a router of its own... . oA
T e :

Extensive efforts in .data collection and analysis have accompanied

)

the development of mathiematics cou>§eware. - Tamar Abeliovich Weaver of the

Community College Mathematics Group has worked wiﬁh the .PLATO Educational

. Evaluation and Research Group and Educational Testing Serwvice in the

development and testing of data routines. ‘ ‘

6.6.4 Implementation

. . . _ C
_Math project staff began making regular trips to the sites in the Fall

of 1973 to meet the instructors and learn more about the courses and students.

Initial reactions from math faculty were .mixed. Several instructors at quh :

\

of Schools #1, 2, and 3 showed early interest in PLATO and tbeée three

§/f6r mathematics.
\ - /’,," . )
Mathematics faculty at School #4 were wary of PLATO and remained uninvolved
: ) 5 Y - : .
until Spring 1976. The mathematics department at School #5 was cordial, -
i B - . ‘

‘attended several meetings about PLATO, provided a wealth of information

about course syllabi and class schedules but produced no strohg PLATO users

/

uring the Spring and Sumggf of 1974, five instructors were given'

released time to work on PLATO. The instructor from thool #1:waé the ,

.

lead igstructor in mathematics, had undergone training in TUTOR programming

sometimé\prior to Septémber 1973, had programmed a-PLATO lesson, and intended

s

to continue with thé/development of lesson material. He was generally

/o -
supportive of PLATO, but left the school in June 7975. The other four

. 1]

released ‘time Anstructors were new to PLATO and were asked to review lesson

143 '- "

-
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fﬁéterial‘aﬁd to develop an implementation scheduﬁi/}YF the use of PLATO

»lessons in their own courses. One of these four instructors wrote a brief

/ S - -

‘-'c;itigue_of the lesson materials whigh'wés largely negative. This instruc-
. tor hgs'not used PL@TO at all. The other three releaged time imstructors .’
.'were from the same school. Tﬁey havé each used PLATO yoré than one

semester; they each took the PLATO extension course (although one .of them

¢

did npt complete the course); and a schedule was developed which integratéd

¥ v

PLATO. lessons into the algebra course. o T
' o *

Duringﬁthis same period of timé (Spring and sgmméx of 1974) méetings

were held w1£h'severa1 non-~released instrucfors. Two instructors a£
School #1 worked with QER%Cifaff'iA‘revising the dé;ign of the signed numbers
lessons so thgt these lessons” would better fit . into the:glgebra qodfses there.
N " At School #2, three inst;uctoréwwere partiéuiﬁrly ihté;esteg in being able
to use PLATO in their drafting and machinist coursés. A careful examination
was maae of their mathematiés programs and design specifiéé£ions yefe drawn
up for a series ofvt;igqnométry‘leséong. Unfortunatelyl a number of admin-
istrativg changé%ﬂ;ccurred near the end of the-sﬁﬁmef‘whicb.delayed the
impleﬁenkation of these programs for nearly.a'year. ‘
The Fall semester 1974 sbowed 23 ;ourseé; 574 students ahd 1,520 ﬁoufg

o£ PLATO matheﬁagicé usage. By the end of fhgvtw?~year field testf thefe.
had been'166.c6urses, 3,823 students énd {5,071 hours of usage. .In order .
"to illustraté the pattern -of growth throdghgut,fhé'field test, Apﬁgnéi# é.6;2
pfpvides a breakdown of this usage by school and by semés%sr/quarter.
The lowest usage ccéurred during Féil 197&. In addition £o a small
\ ‘base offusggs.ddring that first seﬁester/quarter, not all ter&inals haé beer
instélled,.théré were hardWa?e problems, ;pd there were stringeqt limits on

, ] { . ,

) . o .. . l S.}()‘ ) '
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storage in the swapping memory. These p&oblems‘were virtually negligible
' 75. The

[

during the 1975-76 year and with two exceptions in the F&ll of 1975
' | ¥

mathematics department at School #1 called off plans for running a criterion-

referenced test study in their intermediate algebra courses and the Fall
Consequently,

semester was spent in planning'the same study for the spring,
the number of students using PLATO mathematlcs at School #1 durlng ‘the

The other exceptional case was

.

Fall of 1975 dropped to the level of Fall 1974 and the average time on

LATO sank below three hours per student.
3, 4, and 5 went on strike for
. e

g
School #2. Instructors from Schools #2
everal weeks at the beélnnihg of that semester, and PLATO usage suffered

n

e
’.  The number of PLATO students dropped

s
Q ]
mpst severely from this at School /#2
p .
s t? half the original number for School #2 and the average time on PLATO
whasS half what it was during the previous period Mathematics usage at both
. .
Schools #1 and #2 bounced back up during the Spring 1976 semester. Although

I

P ATO mathematics act1v1ty remains low at School #4, several 1nstructors

\

fkom the mathematlcs department became interested in PLATO durlng the Spring

Until then, PLATO mathematics.usage at this school was due
~. .
School #3 has consistently

P

1E76 semester.
o.ly to Learning Ceénter and GED instructors.
had the highest number of students, and School #2, although it is the

. : - (

!
.

smallest school,” has.congistently had the highestwaverage Fime per student.
) B

S

The pattenn of liaison in the math project has been fairly consistent
frequent perso¥a1 contacts thh 1nstructors,

t#roughout th% fleld test.
consteet feedback fromllnsttuetéts and site personnel on the lesson material;
andicogﬁe;ative lesson reyiew and lesson design work In the Fall pf.1975;
"Student Guides to PLATO" were produceq that keyed PLATO lessdns to the

'
v

i

Ksct section and page éf the course textbook Instructors and students °
/

!
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both reaStedfveialzfavogably to these student guides developed for four
. o . - ‘)

courses at Schools #1, 3, and 5. The regqular meetings (discussed aboVe
o . (

-~y [
in Curriculum Development) also bohtributed to the xmplementation prOgram.-ﬂ

0

. Most of the mathematics usage has:occurred 1niseven different types

\._..> / .'_r , _K ) ]

of mathematics courses: . N

I. Related.Mathematics for Vocational Students. This type of course
occurred at School #2 only.: Thjystudents were all enrolled in a ™

vocational cdourse such as machinyst, welding, stenograpﬂyﬂ drafting, -
etc. Each of these.courses incYuded five to ten h0u€§f3f "related
education" per week in math, . : / -
If."Algebra. This is generally'the first algebra churse the student
* can take in college. It begins with set theory, 51gned numbers and
simple algebraic notation and continues through algebralc expresslons
vand equations. Althdugh the syllabus includes such topics as
graphing straight lines and solving quadratic equations, these topics

Yy are often not coveréd in the courses. . .

\_;\ ' IIQXM Intermediate Algebra. - This course may‘properly be described as
. "College Algebra." It includes a detailed study of graphing
straight lines, 2X2 and 3X3 systems of linear equations, graphing
o ; quadratics, and solving’ quadratic equations and fractlonal equatiohs\

IV. GED Math. 'Thevmathematics Classes in the GED program comprise this
. - type. Although these classes were held in Schools #3 and. #4,
N instructors and the classes are not part of the mathematics
" ments. ' A\ : . S .,

V.ufPreparatory Mathdmatics. This course is designed for two-year
‘icollege students who are deficient in basic mathematical skills.
It generally yins with wheole number arj.thmetic’and decimals and
‘fractions and, % some cases, includes algebraic expressions and
simple linear equations. . S :

VI. Technical Mathematics. This course il designed .for two-year college
7 - . students who are concentrating in a technical or vocational area.
It review fractldns, dec1mals, and percent as well as algebraic
operations and eqhations, and introduction to trigonometry.
(NO One difference between course types I and VI is that the
Type I ‘courses select only, those .math skills which are directly"
practical in the students’ own area; whereas a Type VI course

T generally has a more extensive syllabus which is ‘fixed. for all ‘

students-.) - : _ .o {

»

ERIC | o | - A
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'VII, .Learning Center, The mathematics instruction at the 1earn1ng
. : centers is usually run on an i ividual student basis. Some of the
* vschools staff the learning cent&rs with regular faculty members,
other schools have non—faculty Learning Center pegtsonnel., A learning

. - center student usually uses PLATO on referral from a }earnlng&center
" instructor. .Usually the learnLng center Jnstructor accomgpanies the
student to the PLATO room. ' %Ei ‘

-

In addition to the seven major course types;~there has been a small
number of PLATO lessons in a number of other types of coufses which, for this

repok!’phave been labeled "Mlscellaneous Courses."
. . , .
VﬁII. Miscellaneous Courses.
a., Adult Education Math Course -- remedlatlon in fractlons, dec1mals,
percent, signed numbers, elementary algebra,
b. Algebra II -- follows Intermedlate Algebra.
c. Trigonometry. . :
d. Experimental PLATO course -~ not connected to a department course.

“ Appendix S6.6,2 oives a detailed list of the 166 PLATO courses._'In addi-
tion to course type,.school, instruetor, number of qtudents number of.hours
and average hours per student, there is a rough 1nd1catlon of the scheduling

: pettern and also mhethey or not the 1nstructor provided a PLATO and-out to

hls students. N

It was decided as a matter of convenience'to'schedule users' during a
'regular class period. Aside from the inevitablé conflicts that arose during.

the peak hours for scheduled classes, this arrengement was particula;ly

2

deleterious for mathematics, since much of the lesson material was. designed

to be used in connected sequences of-class sessions. For example, the.

. -

"le<son package on-plotting points and graphing straight'lines is designed

'{ to be used in'slx.bonsecutive class sessions. The same is true of the
fractions,'decimals/pefbent, signed numbers, solving linear equations,

fractional equations and simuitaneous equations materials. "0f 156 courses, -

twenty wer€& scheduled in consecutive class sessions; 97 were scheduled at

K/ iptervals of once-a week; and 39 for optional student use.

1» /ﬁ I3

4
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Comparison of Usage by Scheduling Pattern

'icheduling ! # Of - # Of -~ # Of ' Average Hours

_Pattern | : Courses \Students, Hours . Per Student .
"1 week ' '97. ﬁ 2,502 10,615 4.2 ¥ ot
jsequehtial 20 41? 2,902 7.0'

optional - B P! 1,964 a7 - Ny

Apparently, a number of the l/week courses did not actually use PLATO
£s ‘

every week. Since it was rare that instructors using the optional scheduling

- v

took PLATO performance into accountvih grading their students, the low average

[}

hours per student are not surprising. : ' ' -

ppendix 6.6.3 summarizes' the usage accordiﬁafto course type; Vocational, ;
Algebra, Intermediate Algebra,‘and GED'account'fdr about 80% of all the usage. * - .,
These were the course types for whiph‘the greatest amount of liaison work-was

’\

expended agd the enrollment in these four types of‘courses is relatlvely %uch

————

<
higher than the enrollment in the other matheTatacs courses.

A history of the 51 mathematics instructbrsuinvolved in this project is

given in Appendix $6.6.3. TWentY—six ofﬁ\Hese ipstructors used PLATO more -than

one semester, and 44 of the instructors used PLATO in more than one course.

Appendlx 6.6.4 shows PLATO time dlstrlbuted by topics and lessons based

v

on ten vocational courses durlng Sprlng 1976, four algebra courses during Fall

'» \1_3

1975, three algepra courses during Sprlqg 1976, four\xntermedlate algebra courses

v

during Fall 1975, and three 1ntermed1ate algebra courses durlng Sprlng 1976

"

Appendix 6.6.4 gives the topics and lessons used in each group of courses,_the

-

A
amount of usage in each lesson and top1c,and the proportlon of total usage irf -«

'

N . . L. T N
- T,

\>
T
~
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each topic.
. ¢ ’-ﬂ

. . - ) . _ _
T logical ordexr; but in rank order according ;;humber of studenté using

the lessons. The lesson usage data\gp Appendix 6.6.4 was gath%fed from

thd/oh—llne data package develope by the Community College Project.
g

, 4= : - AN

} v ’ _ ‘ P
. 6.6.5 /httitudes ; . _ R //

. t@ gathered'on fifteen mathematics instructors during the Fall oé
_w 3 5
19757 findicated that'$ourtee//of the fifteen rated- the . dlfflcu/)yflevel of

the m thematlcs lessons as "appropriate", one 1nstructor rated the lessons

as "difficult" -- none .rated thellessons as either "too difficult" or SO
] ‘ ' ; —~ . .
. . "easy". One mathematics instructor out of fo een rated-

"very high"; seven rated lessoh.quality as‘"high";'five rated 1
lity "auerage", and one rated lesson'quality "low";‘ (See PLATO Evaluation

Report, R. A. Avner and E. Avner, April l9, l976 )

R}
. !
o ' The consensus across most of 1nstructors who used PLATO durlng this
\ . i
study. seems to be that the PLATO matf 1al currently aVallable is capable of
£ . - o

providing good drill and practice lddsons and can be used profltably for

A 4

presentatlons 1nvolv1ng screen graphlcs, but does not cqmpete qzth_the human /
/

/
/

1nstructor in the initial teaChlf? of- concepts. Crlterlon—based teachlng '/

/
1s not s dard in communlty college mathematics classes. Most of the coufses
/

in which PLATO was. used were run in the trad1t1 al lecture style (although

-

/
'\4 b !
the vocatlonal courses and the learnlng centers aph a few other are gener;%ly ~

B . * .
= . . ’ . LY ﬁ . N

5 : & : _ /. ‘

’ N ) - \ . T ‘//

"3 L /
D. Alpert and P. Jordan," The Community College Users Report, Fall 1975,

Computer-based Education Research Laboratory, University of Ill;nols, »

" Urbana,’ Illinois, 61801 (Appendlx S6 1.1 of this report. /

- v
4 - ' - //

N . AN v
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individualized by the use of workbooks), and many 1nstructors felt that

exten51ve ﬁ{ATO lessons sequences that are criterion-based do not fit well

A

into their claSQES. The only information oh stulent attitudes, available
// at tn;gjﬁime is a file of on~line student comments. During the'péfiod from
'// . . = . i - . . M

e ’
September 24, 1975 to .May 29, 1976, 915 student comments were,collect

Ve
\ The comments were\divided into two groups: One group consisting of all
- . comments which concerned the mathématics lessons (including'EechpicaL>Com—
. ‘ i ] ) . | .Qv o r
ments} or PLATO (793 comments), and the other group consisting of all othe#

. )

/ .
comments (122 comments in this gﬁgyp). The comments in the first group

»

swere subjectively rated as expressing posltlve, neutral, or negatlve atti-

tudes toward:the magﬂbmatlcs lessons “br PLATO. The breakdown of these

comments was Jas follows: \7 o : : o ¥ t N ‘J‘
i fosi ive: 490 (62%f . " . ..

C Neufral: 43 (5% _' ' I } o
Negative: .. 26 (33%) L | .

In order to give some sehse of the kind of comments that were collected,

a number of\typical examples are given below: ‘ o .
Positive: "PLATO you are the best teacher I ever ran into. You seems
: S to understand that it takes #ime to catch on, which I think *
. K is the way a %eacher should do. Thanks.™ .
. ’ 4 3 . \\
N "the lesson is fantastic more of it." . RN
— c / N . !
- ) "this was a very'good way to teach this lesson. PLATO taught\y

" me ‘this lesson easier than my teacher did. I understood it
‘much better. : - ‘

3" o ) //( . \1.// .
' ’ . "collecting terms i really 1liked the lesson. The lesson was
“o. ’ easy. This is a very good&machine to work with"

e

T ."thls is a very good lessop i had to th1nk on® thlS one"

; ’/ i
. "the lesson was very easy it’help me a lot{alth my frwctlons
-1 1like doing the iesson. very much" . S

A B s : ~ 4

» [} [ . LN : -

L . & ) - ’

oo - ) i .

. J

EMC' . | - | | E | : "l(; : v. .\z | \'
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. : o ﬂff . - o '
» "Neutral: "I thought it was confusing at times. PLATO does not
. ' alyays ‘éxplain thing clearly. Howevér~ PLATO does a much
R -y better- job-that the book. he can tell’ you where” you are

1 golng wronf'and help you correct it." .

),"”‘ ] , ;’"I think that the lesson I just completed was very Slmllar
oo S - 3“tQL3he other one before .this\" . .

: * ul ;fh "FL&Lt of all I would like to say part of the lessgn was
) \ 5 .7 leasy the otherewas kind of hard"

. "I fell that the lesson I just%dld very helpﬁul although.;t
g ‘ ~ was wery, very boring" .

- //f' N%gative:-

'{KfVery confusing Questions.“

"this lesson was ent1re1y éoo hard for me to understand.

/' L . .
f, ' v) ‘ f I hope that'we can go over this in class before we have an

’ » umme“ . s

"I id hot understand glive me some thing easy"
" "Too easy" ! ]
o .o . t‘ ; o ; ‘

: ‘ : "who ever wrote this lgsson didn't make it clear"

- { - : N - ‘ .L . ﬁ . L : . Y -
6.6.6 Effect On Student Perfdrmance .

s

In an at%empt to measur9 the’ effect}veness of PLATO, the mathematlcs

group designed a number of cr1terlon-referenced tests on materlal that was
- . u) 4
. o covered by sequences of PLATO lessons (Appendix S6.6.4). A study of ﬁhe

' straight- 11nes lessons w4s carried out during the thlrd and fourth weeks Af -
A} o oA \/’

" the Spring 1976 semestqf/;n the 1ntermed1ate algebra course: a; Qbhool #1.

L

During a period of two weeks, classroom work was replaced in three sectlons

‘\/;fo \ . .

> ' by sessions on PLATO ‘and PLATO was not used in éhe fourth sectlon Criterion-
. . o ~d

r@ferenced pre- and posttests were admlnlstered in all sectlons before and

/ ¢

- S;:ter the two week perlod of 1nstructlon. Matchlng pre—»and Bbsttest scores

Al - .

re obtained for 51 PLATO'students and 22 non-PLATO students. Thejtoplc_

/ . S -
- . h' ‘ ;{M : : .
i ; . : , / . ) . { h
B ) f . - s 7 % v ) . ~4
| . o L 2une / .
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: : e 7 . ‘ .
of simultaneous equatlons was- also covered durlng the instructlon, but 'g

-_that lesson sequence was not'evaluatéd in this study.f Six flftyhminute

4 . 1

LATO sesslons were -held in each of the three' class sectlons whAchtused

LATO and the average time spent per student was 7 .9 hours. . This flgure
.y

.is based an the data for the 51 stdkents ‘who took both the teSts ahd is
[ 4 .

. P .

e 2 9 hours more. than the five hours avallable durlng scheduled PLATO ses-

o ‘

sions. 'Even in this two week tlme perlod of the study, there was don*
é . .
51derable variation in the améunt of trme PLATO was used by the students

. . ’la ~
" .

(Apendix 6.6.5), . o e V,~’,;; ::, S 'Q'

[

’ J‘ Tt ..

ultaneous equatlons. The number of students

te '

%

lessons 1n“the'sequenqe on sf
en of lessbns ln these two sequence$ is shown ‘.v g
i .
in Appendlx 6. 6 6. ‘Althoughvthere was marked/variation in the:time'spent;
. s ~ J S .-
most of the students flnlshed the asslgned l;ssons. //‘. ‘vl_ o .

4 -»

The average total\score on the stralght 1;h@ posttest Ga§&74% for. the

. K had “» -
:PL TO students and 72% for the non—PLATO studentg\éhlch fepreéentslno'statls—

-if'v_' .

nﬁorder to det rmine]whether initial

t cally 51gn1f§cant dlfference.

ferences among. the students may ha e affected thége resu}ts, an analysis Pf P

s

covariance was carr1ed out for ane PLATO and one non—PL ' section. vBothl,ff

fio made available the.
- o ™ e -

_of these seétions-were7taught by.the same instructor

. “
-

results of a revrew tesg given‘hefdre the study Based on the pretQSt.
Syt K , .
x
and rev1ew'test scores,tthe analy51? of covarlance y1elded estlmated means

.{A~

]

- L

of 84% for~th€ PLATO sectlon ‘and 67% for the non—PﬁATO sectlon, a’ statlst1*

cally slgnlflcant dlfference 1n favor of. the PLATO sectlon. :

.-\J - ’ R g

The- flndlngfthat whén some of the 1n1t1al d¢fferences between the PLA&O
'3 - N

M

and non—ELATO students are takerr intoc account, the performance of the/PLATO S

\ T ‘ - . o ' o
et . e oL . . . /‘
. A . R . . ~ . . '.. .
. W o -

. .. . . | _ '&. .,... P

N
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students was higher_tﬁag that of;the;goﬁ—PLeTO students supports the con-

- clusion that PLATO provided effective instruction for the tdrget population.

6.6.7 Concldding Remarks ' -

In the course of this project, a wide. variety of ‘mathematics lessons

have been developedvand implemented They vary in’ content, style ‘and struc- -

[N

ture and they have been 1mp1emented in a number of educational settings

from vocational and GED classed through Algebra IT.and Trigonometry., It has
L P

been shown that mathematics instructors are 'willing to try out new/eddca-

tional technoiogy and‘are willing to participete in the devefopment of opeimai.

iﬁplementation strategies. Community college students wbold benef{t from

sound criterlon—based PLATO currlcular materials, and sﬁch developmentaI'work

-
should contrpue This record is offered in the expectatlon that future projects

of thlS sort would proflt from the experlences and f1nd1ngs presented here.

.
K

The productlon of h}gh quality lesson mater1a1 is d1fficult...If«effec-
tive lessohs are to be.producedland rf the . full capaoilities of the PLATO
,systed'are to be realiéed, copsidereble expertise in instructional design
,and fUTOR prograﬁming are needed. A thorough-golng effort at measurlng the Y

overall effects .0f the lgsson material must go hand-in-hand w1th the lesson
\ ’ ’ .
productlon work "Considerable experience has been gainedhin the application

t

“of on-line data’ analysis to the problems of lesson effectiveness and imple-

mentation. One successful-  criterion-referenced test study of lesson effec- -

a

<]\ y
tiveness was completed. - These efforts barely have scratched the-surface, but

t

they provide sufficient justification for continuing the work. -

%
AN

“
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7. UNIVERSITY PHYSICS T

7.1 SUMMARY ) - .
[ s *

B 7 .ot -

The main output of the university physics project is about a hundred
hours of lesson materials which have been tested with -hundreds of students
A . B
at several different colleges and universities. Brief descriptions of

these lessons are given ‘'in section7.13. Another important outcome is that

much experience was gained in how to integrate -PLATO lessons into a course

which also has other activities. Student attitudes as measured by a

&pd to be -quite ppsitive. The same final exams were '

questionnaire were f
X

+ &

given to students in PLATO and non-PLATO courses, and no differences were

seen in the distributions and means of the exam scores, even though there
. ) . . )
was a decrease fn formal class time. Some follow up studies were.also made

; ~. - v

. & / s :
to look at performance in later courses, and no differences were seen in -

. " o~
later exam scores or letter grades>2 These effects are discussed.

¢

Faculty and staff of the Department of Physics at the University of

i

Illinois, Urbana, who have been involyed with wr%ting PLATO physics lessons
in ude’Prof.;Brucé Sherwood, Mr. Dennis Kane, Ms. Carol'Benngtt, Pqu. James
Sm;Zh, Prof. DavidKSgtton, and a number ;f graduate students. ' Other w;iters
include Prof. bbdéld Shirer, Valparaiso University, and Pgof. Ed. McNeil,

) . . .
University of Illinois at Chicago Circle. This report is the responsibility

$ :
of the Urbana group. v ' : ) S

‘
.

’ \Z{’J \ - s
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7.3 HISTORY AND SETTING L i

~

L

Development of PLATO physics courses began in 1970 on the PLATO'IIi .
system. A first é&perimehtal group of ten students was taught with the aid

of these materials inf1971.' As the PLATO IV system begén‘to develop,'ten

new ter@inals were placed temporarily in the Physics Building.” An addition

e
of university physics to the NSF contractlpfovided a’total of thirty termi- * \\
nals on a permanent basis to the physics department, ‘and the department

N

later bought one mo}efterﬁinal. .The department gave up a large room, - which SR
. ™

had formerly been a stockroom;fand with un}ve;éity and{departmental funds,ﬁhis
. g ‘ : . Co o, .
room was remodeled to hbuse the terminals. This clustequf phipt&-one termi-l |
nals makes it;possible td run'scﬁéduled'PLATb classes, éince most physicsr
. course; are divided "into sections of twenty t0‘£wenty-fi§e.students; ‘The

/ physics department faci@itated~thevﬁf£fih§wof new materials and the conversion
' . BT ' ‘

of materials from PLATO III to PLATO IV byipartially funding some’ senior staff

.

Ny

and by assigning graduate-student teaching assistégts to PLATQ—relateq : 1'
activities. The d;partment‘aﬁ a very early stage inciuded PLATO activities’
in its 10ng;fange planning and budgéting within the hﬂibersity. T

The availability ofotﬁe physics PLATO ctassroom has made it pbssiblé

not -only to develop and test individual lessons but also to gain experience .

.in integrating these materials with regqularly scheduled classeé'on aflarge
: . / * )

. . . / ; )

scale, Except for other PLATO-projégts'of similar scale, feéw implementa-

tions of compu#¥er-based instruction have been large enough to affect 'large
numbers of §tudents and to warrant large-scale production of lessons materials.

. [, " .
Many physics departments have their students write computer programs in order:

N '

td study complex bhenomena, but very few departments havelattempted to teach
El{fC‘ . <ty 4 .
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N -~ - ' —
directly through an interactive computer system. AR exception is Alfred Bork's

Project at the University of California‘at Irvine, wﬁich'combines computational - -

s -

use of the,computer with significant amounts of direct instruction by means ?f

the computer. At the University of Illinois,‘grploitation of PLATO as a. ";

-~
'

computational tool within‘the phySics department has beenflimited mainlylto

prov1ding various calcuIators and funqtion plotters, which are used ext

Sively by graduate students and faculty in their researCh work. éﬁe focus of

.

undergraduate curriculum development at Illinois has been on direct instruc-

- tion, because the use of the,computer as a computer has been well studied and

'implemented in many other places.

o

7.4 LESSONS | ’ e L -
Short'abstracts of existing lessons are given in section 7.13. These

. .

materials constitute the majbr output of this project. They are already being

: s

used extensively not only at the University of Illinois in Urbana and at

_.Chicago Circle but also"at other colleges and universities, including the

: University of Arizona, Carnegie—Mellon University, and Valparaiso University.

s

PR e
LT

Some use also occurs in severad medical schools and cOmmunity colleges. It

appears that this year additional sites .on the Urbana PLATO system w1ll begin
* using these lessons,'including\the University of Delaware. Institutions'on

Control Data Corporation's PLATO systems who are hoping: to get access to the ',
. . ¢ T . ‘
materials include the University of Colorado and the University of Quebec.

Florida State University has included physics.in a proposed test ©f PLATO

K

b4

courseware they hope to carry out.

' Most of the PLATO physics lessons have been written by people in Urbana.

Q | \ . | ) , . *
ERIC - R ,
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/' 1t seems probable that the major factor inhibiting large-scale lesson pro-
s | i . o .

- (Ve e g, . — e T
/ -ductiony at the otper-sites is .the relatively small number of terminals at

/ those sites. A physics professor is unlikely to make a large pergonal in-
Y/ \ ) . o
/- 4 vestment in-writing PLATO lessons if the number of terminals is insufficient

?

to.deliver the lessons to his or_her students. A related point-is that
v . . - .

having only a few‘terminals may inhtht the grqwth of a supporting PLATO

culture, in terms of having a critical mass of teachers and students inter-

1 . J
! ) ’ -

acting‘&ocally With each other—to- generate ideas and to trade experiences.

On the other hand, even small numbers of terminals permit faculty to use -
. ! j o

-

existing lessons with some students'with little investment of time or effort.

it
it

So while it is observed that at smaller PLATO sites not many new lessons are ¢
written, existing lessons are used extensively. v : ‘

The materials described in section 7.13 fall into three main groups:
qlassical mechanics for engineering and science students (normally taken
concurrently with calculus in the freshman year), introductory modern physics

with wavesvand optics for engineering and science students\dtne'final

. ' »
semester of a three-semester sequence in Urbana, of which the classical
mechanics course is thg’first semester), and various materials for junior, and -

graduate courses, pa{ticularly.in quantum’ mechanics‘and nuclear physics. 1In

~
b

the next sections are. descriptions of how these lessons are used in courses-at

Ufbana. At other PLATO sites the same lessons are used in a variety of ways,

t

in varying degrees of integration with’ other aspects of courses, including
q‘ o

e vw . s

simply makLng the lessons ava&lable to student as a- library resource es-,

~ ' ’ b o e . . 47' o
- sentially divorccd from any particular courSev 4 . .

. -

7.5 CLASSICAL MECHANICS .

Qo ; Z:LLJ

ERIC
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The classical mechanics course is offered at Urbana in both PﬁhTO and

{

”—“r*non-PLATO—verSions, with the - PLATO version handling‘aboutfone—third of,the

" total %nrollment (total enrollment reaches almost orfe thousand stuéent in

-

the spring semester). In the non-PLATO version, students are scheLule to ,'

‘
[} .

attend every week tw one-hour lectures, a two-hour small aiscussion >lass

\_

led by a faculty me

by the same person. ly five or Eix laboratory exercises are help during

N : . ’ . ~ L 14 " 3‘ P
the fifteen-week semester, and during the other weeks the.laborajgry,period

<

.

!'

is used for addit%!?al discussion. In the PLATO version of the fourse, there

I

17

) { R
physics
S

lS only one lecture, and the discussion class lS scheduled in tv
% .

PLATO classroom with the instructor present to handle individuaﬁ questions -

\
- LY ; : ! \

that may come up as the students work through'the PLATO lessons, In ghe non-

PLATO course- homework problems aftre usually not collected and graded, pérgi
- \
- 2

.because of the large amount of manpower required to do so. In the PLATO

version, however, students turn in homework answers to PLATO for grjading.

‘
Loy

These homework Scores autonatically go into an-on-line gradebook, aid the

scores form one component of the oVerallucourse grade. All studen}{$ work the

. . ) . . . . [: :
same problems but with different numerical factors chosen by PLATO. Students

-

also earn course credit by completing instructional lessons, most of which

, . “ ) ‘.

are about an hour long and contain mastery'quizzes. In both versions of the
i -~

‘\ /

course, there’are thrée.dne-hour closed-book ‘exams and a three-hour closed-
book final &xam. These exams involve solving mechanics problems which are of

a difficulty comparable to the assigned homework problems or a little easier.

" The on-line gradebqok holds not only information on~PLATO activities,

S

including lesson cghpletion and homework score data, but instructors also'enter

J

off—line.grades géming from lab reports and exams. . Students can look at their

‘k

i R

A 14
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own grades and can also see;graphical distributions of how they stand with

respect to other. students in the course, Another unusual component of the

.

‘e .
\. PLATO course is an on-llne forum in which students and 1nstructors can discuss

, aspects of the course. Prgblems from oid‘exams‘areiavailable on-ling‘for'
B - ] . ) M '
review, and PLATO tells students their scores and times for these practice

N
1

exams. For some 1;% experiments,/there are on-line'aids or simulated experi-

. ments to‘he}p‘with the lab reports:' o ! "f RN
. ! , . . b .
) St&ﬁents ave expected to~comp1ete~instructional iessons and homework

problems on a s'hedu;e,keyed to the week1§ lectures, vAs a;’additional induce-,
. P ;o . '

ment to Keep o schedule and as an‘additional indicator of what work is re-

quired to’be'[n\schedule, Sstudents who complete'their PLATO-work ahead of

time are permgttedto-piay computer games (hpt only rn the physici.classroom

and gniy ift%heredre:adequate extr!llesson space and term{nals), This

. - . : : o

procedure hds made a remarkable improvement in student pacing -- almost all.

)< students now'keep up(to‘date. In tha past,'almost ail students did eventu~
' / ’ , f
ally tuxn fn all the work, but not on schedule.

.
> i . .

Whnlf students use PLATO on a scheduled basis two hours per. week, they
- are expected to spend at least one more hour per-week,on PLATO, which would .
: Vo o ' , : v

/ o ' ' : .
compensgte for the fact that the PLATO course has only one lecture per week

[ 8 . .o -
. K /1
A ‘1nstead -of two. By actual measurement, the students spend a 11tt1e more’
than ﬁpur hours per week on PLATO on the average. (There is,’ ofycourse, a
wide %pread aéross the students in the number of hours "per week sSpent using -

i . . .
‘It is not known how many other non-PLATO study hours per week are

T

i ' .
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determines the number of terminals required to teach s a course. In most:
.i .

. \ ‘ . o
institutions, terminals could probably be used‘about sixty hours per week, in __
- - " o T - Q — n - N I - - 7 .

whieh cage each tertinal could serve fifteen students. A classroom of thirty

A} . ¢ v

‘terminals could handle 450 students in one course. ‘ - .

-

7.6 <"INTRODUCTORY MODERN PHYSICS (WITh WAVES AND OPTICS)

‘

Ve * .' ’ - }
. "r-/ 4).}

~ For this third semester oflthe introductory physics'%equence for é€ngi- .
~ s A
neering and science students, there exist many PLATO lessons which ‘tllustrate -

_ : . : oo
the important concepts and phenomena. The emphasis of most of these lessons

S

is less on direct instruction and more on providing the student with tools,

including simulated experiments, which'can illuminate what are otherwise
. ~

abstract notions. ‘Because of concentration on testing the classical mechanics

—

b

" course, less work has been done in structuring a course based on these.

» v

. . a

modern physics materials. / One way in which they have been used is as optional,
' I8 . . :

)

/)J supplementary resources made available to students. During the summer of 1976,

closer integra%ion was achieved, with the lessons, homework exercises, labora—

_tory aids, and exam reviews all made a more integral part of some sections of the

, course. In addition to such week—by—week uses, it is now the case that ‘one lab
. i ¢ °
) 3 - g \ ) = . . . :
experiment in the regular course -each semester is a, PLATO exercise ‘on wave

s
. v
'~

functions in ﬁotemtial wells. The full enrdllment in the course is handled by

.l .

4

tight scheduling and by haVing two or three students work together as ‘a group <

. at each t?éminal. ' P ' ’ .i : : 5 :' ) E
7.7 , L
T~ : ) L S . ""‘f : e ' \\,3,

Many Urbana physics courses at the junior, senior, and graduate levels'
< Lo

>

> use PLATO materials on a regular basis. In both quantum mechanics and nuclear

d | o . V‘ZI‘;’ , _ N
ERIC , : o o =
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physics, many faculty have used PLATO as a laboratory{by writing
A R , .
the.aid of existing PMATO materials.- Students turn

for students to perform with

™ ‘ . * » . !

.in a lab report based on their work. In most cases, the RPLATO materials hame
. . : : . ' _ .

: 1. - . L
been written by staff in response to and with the suggestions of the concerned
. \ . .

In addition to such’assigned w ., méhy upper-level and
v ' . v
)graduaté students use PLATO calculators and function plotters in their course
’ { . b . . ’ ) - . [ 4
C N { . : ; L ¢ .
~work and in their research. The department provides a Polaroid camera.on de-

faculty'members.-

mand to make photos of important graphical'regults. I (

7.8. STATUS OF ‘DEPARTMENAL. INVOLVEMENT WITH PLATO
¢

. ?-

\

PQATO is now an-intégral part of the Urbana physics department.> While
. vfew faculty ha&e'wriftgn PLATO lessons, many. have used PLATQ in oﬁefméée or
aﬁgther; ‘Some corrsgg';ake regular use of PLATO, while othgrs ;s;cPLATO ,
. A N . ) . . .
occasicmglly. The erartment éncourages faculty involvement in various ways,
'incluéing bﬁdgeting fég-equipment and staff and pfoviding spacei' The head and .
[ -

-~

' associate head of the department have maintained a long-term commitment to

’

explore and exploit this new technology. Faculty are being rotated through -

coﬁrses invdlving PLATO in order to increase the number of faculty with direct
| ’ » LN .
"expérience with PLATO. The regular weekly colloquium series has had a talk
> ‘ ..
related to PLATO every year or two for the last five years.

-

-~

7.9 EVALUATJON LT e " .
. , _ A

while {the main product of this work is the lessons themselv%s, both

-
hit .

. L

lrédﬁfedtive énd ijedfiQe'éValuétiohé of the PLATO physiés”materials have
been attemptqﬁ."'Subﬁective evaluations include student questionnaires and
. . Yy . . " ¥, - >
- commehts by instructors. Objective evaluations include giving ‘the same final
oo . - ) . '

- ZIS T

o
exercises ,
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‘e

a, .
.. . - N
exam to both PLATO and non-PLATO students, thtempts at such evaluations %3 N

~

have.so far been 1imited to the area Qf classical mechanics,t 'which is the&;.,
P - s B -
' couxse that has been most heaviﬁy developed and which has had large numbers - -
) ) S v . -
of students.’ o T _ _ .
- » . . . ’ o L : ( : P
e At the end of the‘spring Semester, 1975, gtudents in the. PLATO-based
. '& = .". ) ‘ . "
mechanics_course’wera asked whether they would choose a PLATO. or non-PLATO

’

{-
-
. - e ) . ] ! ' ) "
.version of the following” course, if .both were available, They were also asked
) . . . \ . > . - : LN
whether the PLATO course should continue to have lectures, and whether a
T . . o4
1 . - . . y
~Eingle ane-hour lecture per week is sufficiermt (the non-PLATO course has two
« s S -

one-hour lectures per week). : ﬁ B | '

< oL

, B ; . ) - .. -
- For technical reasons, these questions were asked during the lad@

-

N

. ecture, which was attended by 134 of the 202 students enrolled in the @ﬁ

course, .It is impossiible to estimate the bias introduceg\ﬁy having responses:
. - \ . .
. \
only from the twd-thirds of the students who came to the last lecture.

F% The results of the questionnaire were as follows: —

L.

‘ \Choose PLATO course: 100 yes
B ) . - 27 no

7 no response

a

TSRS
\ : Retain lectures: 120'yes )
Co ' : X 3 no . - 7 \\

S
11 no response

One lecture adequate: 75 y$§_ . . -

.u - . [

48 no

. r
11 np response

-

. " The 100 students” favoring a PLATO Hhysiés course gave general reasons s?ch ' \;
as "understand bétterm, more pleasant", and "morg'inﬁéresting“.z—Specific . i

EMC \‘ | | o . ‘ ' e
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reasons for their preference ikcluded: \ [ .
- -~ / ] - .
- work at_own rate, s fxpaced (15'responsesﬂ . ) .
T . ' ﬁ\) \ Ny < . . o
to Lorces me to do more work” and keep u (11) :
L} NN e R.1p <
 cuts down on the amount of work Je ulred (5)
e S . X g RENES
.+ course less dep%ndentton.instructor, who may be 565} (5§
) ’ ' ) . . - " -a S .
. L .. miscellanecus (1 each? -- more personal attention, ’
: - e T T R ¢ ' . .
. « good for review, 'derive formulas for yourself,’ - . Te
o : : - -~ . _ P
. » . unifies a lecture-discussion course, friends\in non-
’ . PLATO course wanted to switch to PLATO P
R Th1§27 students who would choose a'noﬁ—PLATO physlcs course ga
follow1ng reasons for their preference.» j ' =
. prefer human instruction, more dlscusslon (14 responses) i
' ! . n . - (~ . Y
' PLATO work‘takes oo much time (é) ' -7 -
want the discipline of weekly quizzes, feel PLATO lets -
. ~ . ."- ) : " \ K .‘ .
N them get by with.little worlk (3)
e . gm 4 , v A ’
= &, . . . ‘ N .
‘ violently dislike PLATO (no specific statement) (3 N ’
access to PLATO difficult (not enough terminals,/Loo ,l
far from dorms) (1) ' ’ o =
‘ Perhaps the most interesting aspect of these student evaluations iééthe-

% I ' "
1arge7differences in perceptions of how much work is required in the PLATO
'course, together with differing feelings about whether more or less work “is a
good thing. It should be pointed out that since the mechanics course is the
first in the 1ntroductory phy51cs sequence, these students had not yet had a

- (vnon—PLATO physics course to compare w1th. S N e ‘\

S : C ol R 1 S

Anothex\_gportant subJective evaluatlon is that a. growlng number of

institutiéps are using the materials. The_lessons:have been designed to be ' ~

' ,_ B IR Y 5 RV |
O ‘ . R . . - . . .
EMC . . . ] , . ) ] . A- -. . . ‘ .. . . ‘
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' modular in nature, which has permitted different. institutiens to gse the -

. . \ :
. desigged for that audience.

o . ‘ . ‘ - o .
‘have alqays,shown essentially the same distributions and means of‘jre exam

z ANy : .

11es§ons in differing w At Valparaiso University it was'found'possiblev

A ’ . - , ’
to eliminate from ledtures certain topics -which are covered by PLATO lessons.

=, | ] ) -,

Chlcago Circle reports belngwable to use'?hg same lessons in dlfferent courses.

-
¥

Lnlv xsity and the’ Unlverslty of Arizona offer the Messons as

[y

Carneglg;Mello

<
an extra supplement, and students-who use these a;ds average one to one-and-~a-

A AR - >

half hours a week of PLATO u " The Alginy College o§1Pharmacy réports that;
their students find the materlals usefui,“even though the lessons were not

‘

w

. One objective measurement consists of. giving the sdme final exam to PLATO
e,

b4 ) ° - - . . .
and non-PLATO students. ,This hascHéeniQone several times, and both groups
. : . .

LA b

\

, S . . . ) : )
scores. Fig.7.l shéws a jpage~by-page comparison of one such exam (€olid bars

" for the PLATO students and open bars for the\non-PLATO students give the

*

‘.,

that in the non-PLATO course most students, in fact, do not dohmény of the

O

ERIC

Aruitoxt provided by Eic:

Scores on each page,.plus or minus the rms deviations). Thevdifferences’are/

not statistiéally significant. Studieiiare,proceeding .detlermine whether -

\

' vthevpopulations di£fer;in any significant way, since the PLATO)and non-PLATO

., . .. . . RN VY C ¢ R
sections are identified as such in the unlverslty tlmétable, and if there are.

e AP
nog other scﬁ“ﬁullng coqfllcts the student can choose wh1ch course to enter.

P

At th*s time there is no ev1dence that the groups dlffer,ln &blllty or back-

A - .
ground. : T - : L _ :

s
-

73

A pessimistic'interpretation of thefequiValence of the final exam scores .

-

is to say that‘despite the PLATO tutoring a?d despite the fact that‘almost all

!
!

the PLATO students turned in all the homewprk problems ' (whereas it is known
] e - . . . . . ‘

-

assiéned homework problems),,ﬁevertheless’the PLATO students oould not do any

"

o B

! | T Ry A
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L ] J ,.n ’ . - ametn.
’ ® X
L\J' \ / o . . ‘ . N
' o ) . 1 a
) . , . o : Wy v
* Median, ov'eroge', rms for all sections by page number _
SR PLATO" (14 secs, 133 studs) N y Non— PLATO (33 secs, 276 sfuds )
" pg) ~med ave | pos rms £ pg) med [”ve pos@g rms -
T )~ 12 . 8\2 24 ';“8.055 ). 0 6.7 24 7.751
2)° 15 16}ld 25. 777 2) 15 - 14.5_25° '8.062°
3) "16 7 14J2 30 9.6 "., ,3) 137 13.8 30 . 9;,4.89-
a) 12 10.4 ‘24" 6%1142 a)' 120 8.4 ‘24 'V6.789
WA . .
P 5) 26 26.3 38 9.363 . 5) 22 22.2 38 1o._213¢-‘*
é 6) 12 10.7 30 7.708 .. 6) 18 9.0 30  7.963
7) 10 7.7\J20 7.641" 7), 0. 5.0 20 6.051
8)- 6 8.2 16 5.941 8). 6 6.3 16 5.530
9): 0 4.0 30 =L 391 9.) 0 4.9 30 7.786
10¥7710 9.6 20. 6.598  {0) 5. -8.0 20 - 6.298
’ t1) o ~2.% 20 V5584 - 1), .0, 3.7 20 6.198 .
| 12) 8- .9.2. 28  4.456 A2) 8 8.1 28  5.343.
\. ’ - . \‘ ' A . . . R N Y . "
- . + M4 = : . <
100 ~ ave * rms (%), solid left, box = right.
) . | 80 I
- T A
60 T e ’ ,_é.
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- !
better onr the final exam: An optimistic” 1nterpretatlon of the n\sult ;s o
¥ L 3
. say that although the PLATO students had only one lecture. a week ~altho gh tHte

k\ /
" discussion class was essentlaliy taken oveh_B‘“PLATO (but w1th an 1nstructor
' s /’ : ‘
~,present to handle ques;ions), and althoUgh'the average student only‘ pent two
-. \‘ ’ n v . . . ‘ TN g R s LT R

¢ non—schéduled PLATO; Bours of study perfwe in this, d!fficult qourse,'neverthe¥
N - z v '/-,, .
~ less the PLATO students did as well oh hhe' 1nal exam as the non-PLATO students.
. , . \'ﬁ ‘l“‘. ‘ ___41 28 - o .
A rgallstlc 1nt rpreEathn mlght be at‘it has always been almdst lmposs;ble
"o o ° . %l .
to see dlfferentlal effécts oniflnal’exams resul@&n& from differenﬁ" lszin the,

1 . RN

A i ﬁvﬁ‘ . Lt ’ . o

* .still an unsettled quejtion whether: large'lecture classes are betterhthan‘smalf
. . y ‘ - . ! . - L -

R .
4 N . -

.. . S : s v o
Y discuSsion classes, or‘vice versa, in terms of final exam scores._ More

s

N - - °

on examination.scores have been observed following changes in teaohlng teoﬂ—

L
“\

' niques. . - . , ) e
TR C 4

) Within the PLATO methanics course, various correlations have been

o 3 . ! - 2
examined, such as exam scores versus haméwork problems completed or exam
.\ , - . " . .
scores, versus instructibnalAlessqssfcompleted. The‘onlyfsignifioamt'oorrelaf»a
} _ k o ‘ X R "
. .

tions that hawe ewer shown up have been between one, exam and another. Thht;ls,
3
14 . N . .

‘o if the student does weil on the f1rst exam, he or she w1ll almost certalnly

-

do'well on the_second, third, and flnal exams. 'The issue is somewhat muddled

g = : . e ° |8 L3
in recent semesters by the fact that~few Studehts'fail to turn in all'the

©

- *asslgned lessens and homework so that there 1s little spread toqﬁorrelate

f,\ aga\jnst. Howeveg, thése results also obtained 1n‘earller semesters (before the

] Q

carrot of computer games), when at the time an exam was taken many'students'had T

Y not yet- turned in work supposedly relevant to’ that eXam.

. .
/ , -

I/né;nce the exam problems areé quite similar ﬁo the homework problems, one .

~ ~ . row
. X < a : . -~ ’
A . N . : . 4 . M »
* . . . . .
'
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form of_lnstruotlon. As an example, afterjmany ‘measurements, it isy@pparently: -
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N WL ' : .
t that doing the homework-problems shpuld help in taking an exam.

would expec
. .

However, the'séudénf can get‘help on the homework problems from the text-
v&bpk,yfrom.@he instruéépf, énd,f{om othér students, wheré;s during the ' i
clcsed-béok e&am thg.studept is c?mpletely’on his own: under £ime-pressure,
.and fﬁcing new problems. ' The course really has‘two rather different com-

ponents -- weekly assigned worh (lab reports, PLATO lessoﬁs, and PLATO home-

work) and exams, the latter diffe:ing~frdm theg former in being:a different

-

kind of measurement of the student's worl. We believe the weekly assigned

-

- . I .i ‘ . ~ ' . Ct f " A,
work is just as important- as the exams,/even if we cannot .measure (by exam)

-all aspécts- of the benefits of the weekly work. . It is also true that a
: o L - : S

'éﬁubent'wﬁo performs well on one component and poorly on the other will be
.givep a passing grade. Only ifi%he.student performs poorly..pn both course

components will he or she be failed.. v . .
. » . . £ 1
While'itjwas'convenient,ﬁo correlate exams and -homework in the PLATQ

i f"\

course, given that the data are all on-line, it seems likely that.the lack of
 correlation between’these two activities is not limited to‘PL#;Q-based
céurses but is an.effect which would hold true in any similar physicslcourse;

,ItAmight'alsb'be pointed out that the PLATO course shares some aspects

f‘ of "self-paced" or "personalized" instruction. The course is divided into

1.

- ' ~ L . S & .
modules of instruction, and mastery-level performance is required on lessons

* and homework to pass from Qné module to the next (é&cept that students are

permitted to move ahead-without méstery if they'get'tbo far hehind, but they'

do normally go back and complete the work later). If.it were noet for the four
A } ‘ .

‘exams, which destroy our illusions, we would give almost all students the

grade of "A", since almost all students do, in fact, complete modules on
. , -

/

“time at a mastery level.

]

< < Tkt
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,highiyucéfre;gted with pefformance on another exam for both sets of students.
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Some léngitudina} studies have been attempted. Correlations of grades and

exam scores have been made for PLATO and non-PLATO mechanics students between
- ——
the mechanips course and later courses, including. following physics courses

and including adyanced mechanics courses in the Department of Theoretical and

Applied Mechanics, While in some cases the statistics are poor, it can be

) .
.

said that none of the comparisons show any significant corr;g;tions other than

the fact that good performance in.one course.is strongly correlated with good

.

performahce in another course.® In other words, there is at this time no hard

evidence that taking the'PLATO course either helps or hurts the strong or .
‘ , ‘ : . L~
weak student more than the non-PLATO course does in terms of doing well in a

-
‘

later codrse.

[

Fig. 7.2 shows final exam scores in Physics 107, the follow-on course to

Physics 106, the classical mechanics course. “#¥istributions are shown fqr

students who had the PLATO and non-PLATO 106 course. The distfibutions and
means are essentially ide;tiéal. Similar comparisons of course letter grades
are shown_in Fig. 7,3. Similar comparisons of final exam scarés aﬁd letter
grades.in an adyghced mechanics course in Theoretical,andAAbplied Mechaniqs

/ .

are shown in Fig. 7.4 and Fig. 7.5. Again, there is no noticeable difference

between PLATO and non-PLATO students. Just to give an example of a situation

P

where high correlations are obéerved, Fig. 7.6 and Fig. 7.7 show scatter plots

——.

of Physics 107 final exam scores versus Physics 106 final exam scores, for

- ’ .

PLATO and non-PLATO studeﬁts. It is seen that performance on one exam is

'
‘

7.10 PROBLEMS IN_USING PLATO

A

The major disadvantage or difficulty ekperienced.with PLATO in physics-

3 \.
l' . . | ‘z:"‘

&
0

i1 -

Aruitoxt provided by Eic:
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spring 1976 physics 107 students N - number of students : 251

who took physics 106 average . 71.06

students who took
pldto physics 106

92 students

Ty
average . 71.18
v
O 10 E—.h e es i s B e s e e i b e e e e eh e e e es me e e et e es e
o ] ’ RN
" students who took T L :
. regqular physics 106 : o
L e ' 0
159 students :
average . 70.99
0.
¢ . . .
, score on physics 107 final exam
~
Fig., 7.2. . Final exam scores in Physics 107 for students who took PLATO and
non-PLATO Physics' 106. - . . '
. : k2 .
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spring 1976 physics 107 students ) _ number of students | 25|
who 1ook physics 106 L - dverage? C.741
0.4 —

[ | . o
students who took S S . , >
plato physics 106 . C e

_‘ -»
92 students 0.2 - F
average. C.728 ., *
. _-.I ---------------------------------- ’
0.0 - al! "
E D C 7FB A
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students who took _ U
regular physics 106
. . o
159 students 0.2 — v e
-average . C.748
’ - 0.0 - f [l - -
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grade in physics 107

v . f ‘
) Fig. 7.3, Letter grades in Physics 107 for students who took PLATO and
. non-PLATO Physics 106. .
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fall 1976 tam 154/156 studeots number of st\{dentsi &2 -
f B . { . .
who took- physics 106 o average . 79.94
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plafo physics 106

42 students - — s

average . 80.07 : K
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Fig. 7.4. Fihal exam scores in Theoretical ahd Applied Mechanics 154/156
for students who took PLATO- and non-PLATO Physics 106.
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'Fig. 7.5. Letter grades in Theoretical and Appliéd Mechanigs 154/156 for
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instruction in Urbéra is the n#cessity'of‘being very carefuliin order not to
- exceed the amount of active lesson space available. At present, PLATO allots to

Physics only“"enough active lesson space to pefmit ten or fifteen different lessons td

be in use,séﬁuitaneously by the up to thirty students in the physics PLATO
e : : , , .

4 . classroom. Thgé means that it is necessary to exclude m@st.non—scheduled use

-

of the terminélsﬁduring most daylight hours in order to'insure that a great

i e, .

enough variety of lessons will be available to thdse students enrolled -in
N 14
regular PLATOEPhysics couses. These problems are recognized, and attempts

are being.made‘to‘ihcrease the amount of active leésson space.

.t - ™
_ . o4
- .

: 3 . o .
7.11., PLATO FEATU%S PARTICULARLY USEFUL IN PHYSICS TEACHING ‘ A ‘o

B ¥
PRI ; /
‘e e ) e
\o . e

,%he fine graphical display and calculationa% features of PLATO'play a

'
.

fundamental role in all PLATO physics lessons. These featyres make it ot
. A . '

possible to make graphs and animated cartoons easily, which adds a great
- . - v . o ?
- . . N o SN ’ .
deal to the- attractiveness of what the Student sees. Animat&pns are o ’

B - 4 N . " o
ﬂérticularly useful for showing dynamic phenomena,pas opposed to the )

+ .

- static figures of a textbook. . \ ' ' , o a
.Another basic PLATO feature which is used heavily in most physics ** ' .7~
lessons is-the ability easily to_analyze student responses -0f a numerical . g
. O ‘/‘ ) ’”. o _."\. ' -
or algebraic nature. The handling of physical units at the dimensional '
, . . .

. levelNis‘aléo important. o
. - . ' ," . P o . N
The PLATO system's module)mouter has provided the physics department

<

with a very convenient mechanism for Seqqenciqg students through the

" appropriate lessons and for obta%nihg repQrts~dn student‘progress in the form
! ’ ) o S
. AR .
of which lessons hag; been completed and what scores hdve“been obtained on .

the homework exercises.- . k\ ' . ‘ o

O . . o ,5. o : . P

ERIC R

Aruitoxt provided by Eic:
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7.92 FUTURE DEVELOPMENT o « . -

’ X ) b . v ‘.
L - . 4

) . < Yoo 3 .
Enough experience has been gained to encourage cont;hﬂed development.

. Ld -

Some of this development will take place in the direction of reffning and -
. ‘ _ . | o -
restructuring existing materia;s and the way in which these materials are

" used in courses. It has been sugéested that the classical mechanics course

i

might benefit a great deal from building’in systematic-review materials,
._5~3 something which has not been done so far. 'Students do go through lessons e -
’ again for review purposes, but they may need a difffrent kind of review ‘\

mechanism, including short-answer'quizzes every week or’tWo. Another area

. ,likely to be further explored is the 1ntegratlon of PLATO wlth laboratory
L4 ( \\

exergises. There, already exist many PLATO simulated -lab experiments, but

A . .‘ . .\ . \ ) i ‘.

more experience is needed in how best to exXploit them. In the long run,

' . given ‘much more development, it might "be possible to run ,more “traoks" of the

fcou}ses. It should be easier to route students through dlfferlng ver51ons

a

of a PLATO course than can be convenlently done in a conventlonal course.
L] ‘ C -
) It is llkely that some teachlng of numer cal methods w111 be added to. the

courses, w1th students wrltlng computatlonal programs on PILATO as well as

/
studyiné instructional lessons, An 1mportant development is th&“greg}ng

1 . . ‘
‘number of physics departments which have access to PLATO ;ystems. It can be
expected’ that this growth will lead to development of lessons,in areas

g

presently not . covered and to the appearance, of better.lessons on topicsd_

presently covered. ' . o S .
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7. 132 PLATO PHYSICS' MATERIALS SEPTEMBER 1976 ‘

The followfng lessons are in use in physics'classes at the University

" 'of Illinois, Urbana, and at other PLATO sites around ¥he country, including

1

. the University:;f Illiﬁoislat.chicagZ;Circle, Carnegie-Mellon University,

the University of Arizona, Valparaiso“University, and tﬁe City Colleges of;?

Chicago, o L - | .

The averageA“completion" timedfor each lesson is given. This is the
“amount of time spens }n reaching some criferion set by the adtho:”pﬁ the |
'lesson. In the case of lessons which end witﬁ a masfery quiz, the comple-
eion time ihcludgs the'tide spent ih the.Lesspn up to fﬁe poigfuwhere'the
guiz has been péss'edn The student does noﬁihave to cempleﬁe.a 1essen

ih‘on:‘sitting, gecause his persdnal recefd allows hiﬁ ee'seseart in tﬁe

middle of the lesson. If a student reviews a lesson #fter completing it,

- the additional.study time- does not count.in‘calculating'thefcomgletion time.

7.13.1 Classical Mechanics y B ‘ . . -

. S j ! ' . o e : > '
,. e e \&“-_
Introduction to PLATO (25 min) -, .- K o ' o
Dennis Kane, UI Physics -
Explains to students how to use PLATO in science courses.
Treats keyboard and notation conventlons common te PLATO . -
science l1lessons, including how to erase. and ed1t responses,
\§§\ how to use calculator, mode, etc. ) _ .

. Introduction to Vectors (50 min). .
Bruce Sherwoéd, UI Physics [
Student moves a boy and a girl around on the screen, formlng :
vector dlsplacements, with questlons about length and =~

A components. A brief review of trig precedes discussion .
' of angle aspects of vectors. :

Y

Yi
!
R ~

One-dimensional Kinematics I (40 min)
ruce Sherwood, UI Physics
Bas\\ concepts of posltlon, veloc1ty;\ecceleratlon, and t1me

° - “

N
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b v
N ) ', based on familiar aspects :E.automobile“t(avel..‘inoludes
: Applicati s. Mastery quiz. . -
o ( ifiensional Kinematics IT : (90 mln) ¢
Bruce Sherwood, UI Physics :
- . Simple numerical 1ntegratlon (with 3raphs) 1eads up. tg

student derivation of the equatlon = X V&t +at /2.
£
Applications. Mastery qulz. : o

-

Y

Graphical Kinematics I/{i20 .amin) .
Ed’ McNeil, UI Chlcago Circle Physics
Connection between slope and derivati graﬁhlcal
differentiation. Stude t makes 1nput67 v means of a

: . graphics cursor. {

. . o

‘Graphlcal Klnematlcs II (60 min) // . . » o
Ed McNeil, UI Chitago Circle Physxcé/ : _ R LT

« Connection between ‘area and 1ntegra1. Graphical ' '
1ntegratlon. Student ‘makes 1nputs by means of a graphlcs
cursor*

ime

Two-dimensional Kinematics (170 min) .
L . Bruce Sherwood, UI Physics : — ' b s Cg
S : Introduces and tests basic concepts of. vector dlsplacement, : :
velocity, average velocity, and acceleration. Various
appllcatlons deal with kicking a football. Also: treats,»
circular motlog, Ancluding a derivation df"fhexgadlal
acceleration v /r. Applications 1nc1ude satellite motion,

Mastery,qulzw“v STR ol T
. o : : . - CoT .
Lo . -Introductlon to. Relatlve Motlon (15 m1n)u_ - “; ¢ ;
L ( ' carol - Bennett, UI Physxcs ’ s N o ‘ _
' Derivation of the. basxc formula for Gali&ean transformatlon L v

of velocity: between mov1ng coordlﬁate frames°

Conservation of Momentum (45 min) - - »

Bruce Sherwood, UI Physics (reylsed by Dennls Kane)

Animated displays shows elastlc and inelastic” colrlslons. .
Momentum cénservation is found by exp11c1t calculdtions

from the simulated experiments. Applications. Mastery quiz. .

e

rForces and Free-body Diagrams (70 min) E , ‘ i, ) '
Carol bennett, UI Physics . ) :
. -Introduces typlcal forces, including tensxon in a strlng

"and friction betffeen surfaces. ,Treats the concept of a
free body and has the student isolate and analyze varlous
klnds of subsystems for the forces°




o

v .. : .\"'

Free~body Dlagrams (w1thout rotation) (80 min) SN

Work

Work

‘smaller steps to approach a

"Bruce Sherwood, UI Physics (revised by Cralg Burson)
Drills t student on a systematic approach to solving
dynamlcgﬁggiblems. Treats one- and two—boay systems.
Student 3 a subsystem, 1dent1f1es the forces, writes
the equ‘i

equations; and solves ‘the-algebra. Mastery quiz.

and KlnetlcsEnergy (70 min) . . N
Dennis Kane, UI Physics )

Relation betwe work and k1netic energy, wlth applicatlons

involving constant forces. Includes treatment of dot™.

El

;p;oduct. o s ' * , ‘V\\\Ff"\

Done by Position-dependent Forces (20.min)
Dennis Kane, U1 Physics ] »
Student divides a force-dlszgnce curve ifi successlveiy -
1ntegra1. Applicatiens

include work done by a spring. = S .
. e

The hbrk-Energy Equation (70 min) ' O

Bruce' Sherwood, -UI Physics ' x G
Treats the general work-energy equation, 1nciud1ng thermal
and other internal energles (essentially the first law of
thermodynamlcs, but' in a mechanics :setting). Includes a
detailed treatment of work done/by friction. Final section
deals with the effect of the’choice of subsystem on the
form of the work-energy equation.. . .

Moment of Inert1a and Rotational Kinetic Energy (20 min)

.
n

e Torque and Angular Moment

-Drills on direction

Dennis Kane, UI Physlcs_‘
"Calculation of I and KE for various rotatlpg systems.,

.

(60 mln)
Bruce Sherwood, “UI Ph sics ' ’ .

) magnltude of torques applled by

a wrench (treatment is mainly two-~dimensional). - Angular
momentum is-calculated for a spinning and translating: )

' dumbbell. Example of angular momentum c&hservation.

-t

Free-body Diagrams (with‘rotation)‘ (70 min)

‘Bruce Sherwood, UI Physics (rev1sed by Craig Burson)
Drills the student on a systematil approach to solving
dynamics problems Treats.one- and two-body systems.
Student plcks‘a subsystem, identifiels the forces, writes
the equations of motion, writes the g etrical constraint
include the torque equation. -Mastery quiz.

— . - . R )
Osciilations- Slmple ‘Harmonic Motion (110 min)’ S K
. Bruce Sherwood, UI Physlcs ' kY

Basic concepts of amplitude, perlod, “and frequency are

-

<31 .

ions of ‘motion, writes the geometrical constraint .
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) troduced in: cdnnectlon with a calculable anharmonlc'

\§c1llator (two inclines facing each other). Sprlng-mass

. system ‘treated by analogy with circular motlon, and by

S o ﬁoptlonal calcnlus treatment. Experlmental simulations.

o ‘ ' Appllcatlons 1nclud§ pendulums. Mastery quiz. 7 A

Homework Seus for Clasggbal Mechanlcs’
Problems by James Smith, UI Physics,
Kane, assisted by Bruce Sherwood.
Fourteen sets, each contalﬁlng eight p oblems, which Span R

. . the introductory. sc1ence-or1ented clasgical mechanics Sk

course.. Four sets are avallable in two dlfferent .wversions,

: depending on whetheg .the coursé treats momentum before _
energy or vice versa. Many. probfems ar lllustrated by -
llne'draw1ngs or animations Numerical’ parameters it . ' ‘
problems are generated on the basls of fthe Ietters 1n-the B

roqramming‘by Dennis .

N . student s name. Each set outputs ‘a scgre on a scale of - ' .
: 0-100. Studént responses are checked fior humerImal and . ;
N dimensional accuracy. Errors’in units jor in typing (such) o

t » o ‘ . as unbalanced parantheses) are explalne to the student, but \~'

telllng the correct ‘answer. The level bf ‘the problems is moderate~.

® ' to difficult. - i ’

~

SR Phlzqulz. A rev1ew of Clas51cal Mechanics
Brad Peterson, UI Physxcs, w1th Jamesrsmxth (peVLsed by

Dennis Kane) o S , e
Eight problems from major ‘areas Of class1cal mechanlcs.»‘ e

;
..l“*

i . o -.Basic. situation: is‘described--then student must “buy" - _
S ﬁﬂnii * ¢ gpecific: 1nformat10n (masses, velocities, etc.). Student/‘ o v AN
o P is charged for irxrelevant information, so that care is o 'r.'li o
o ) _ requ1red to solve the problem at minimum cost. L, ‘ 5 ‘\\\ >
e - 20 Multiple-Choice Mechanlcs Questions (25 mln) : . , '\Tf\§i
' : Tom Lemberger, UI Physics ' ‘ i N
: Review questions on all areas of classlcal mechanlcs.. ‘ O
.‘2} o . . - o . ‘ : . . )
7.13.2 Relativity. I B )
' I ST 1,
- PR . - AN ey % -
Ingroduction to Special Relativity (20 mih) R T _
Donald Shirer, Valparalso University} | “é%%ﬁﬁ§¢<‘ L -
)  Introduction to a series of lessons: on special relafay}@y.' :
outlines approach,-gonventions used, help avallable."' -, .o

S s . B Dlscusses measurements made by co-moving observers. | . ' ,

v

’ . &

\)‘ "k ~ . . ’ ) ) . PO . - R ) '. .. - ‘
ERIC TS 5 R .

s : : ~ _ ; ,
o y



Yo ’
L AP ’
o . 220 ‘
s ) T ~ *
- o, 4 . ¢
. High-Speed Physics (50 min)

Donald Shlrer, Valparaiso Unlver51ty

Describes two experiments which show that modifications
must be made to classical formulas for momentum and energy
"at very high velocities.  Discusses implications of these

and Energy (50 min)
Donald Shlrer, Valparaiso University
Discusses differences between kiretic, potentlal Ebtag
o . and rest energy, and, shows that ‘the Einstein mass-energy
oo ' formula is. compatlble with the p,E laws found earlier.

* N / e

2
7.%3.3 'Drills'

formulas and their prediction of an ultimate "speed limit".

3
Y ';'

Drlll on Vector Additlon and Subtractlon
Dennis Kane, UI Physics .
Mixed. drills, including the calculatlon of magnltudes

/ 4
‘ ‘ and angles.

Drill on Momentuﬁ‘in Collisions

i
s
(45 min)

.
-

(7 min)

Dennis Kane, UI Physics _
' : Drill on analyzine collisions of two particles.
N ) Center-of-mass Drill (5 min)
Dennis ‘Kane, UI Physics .
Two to four particles are shown on a grid, and the student
must calcq;ate and point to the center-of-mass.
- . Felative Motio;.; Boat on a River
Carol Benpnett, UI Physics .
Student tries to steer’a boat to different p01nts on the
oppositec. ‘bank of a flowing river. - Animation shows ‘the
- boat as 170\7(35 'across the river.

§

o

.

(15 min)

Combininé Ezperimental Errors, (20 min)
Carol Bennett, UI Physics .
Combining of errors for addition, subtraction, )
multiplication, and division of experimental cuantities.

GRAFIT Programming Facility , .
'Bruce Sherwood, UI Physics )
A simple programming language with inhgrent graphical
output, designed to assist science sdﬁgenﬁs to compute
and graph results for small calculations.

A}
Physics;Gamcs
Carol Bennctt, UI Physics ” g ;
< f

. . ! C

.. ' : : d-,fo. : !

ERIC: ~ . -
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Mechanics-oriented games, including projectile metlon;
determining target shapes from collision information,
landlng on the moon, and lnterplanetary travel.

The Vector Olympics
Bruce Sherwood, UI Physics
Three vector-associated games: estimating lengths of » o
vectors in centlmeters, algebraic form .of components of
a vector in randomly-chosén coordinate framés, and
centimeter lengths of components in such frames.
v ' Touch panel required. A? .

" Torque Game .
Carol Bennett, UI Physics ' -
. Thres-exercises of increasing difficulty involving
balanc1ng masses on a pivoted rod. Touch panel optional.
Workout ’
David Sutton, UI Physics (assisted by Bruce Sherwood),
s '_Games related to wopi including dot product and estimating
areas under force-distance curves. ‘Touch -panel required.
Game Balancing Three Forces (15 min)
Carol Bennett, UI Physics o
Student must apply three forces to an object in such a
way that the object does not accelerate. =

Intertermlnal Problem-solv1ng Contest
'Dennis Kane, UI Physics (assisted by James .Smith)

Students at different terminals can challenge each other /
. to see who car® solve a physics problem in the ‘shortest
tlme. . . o .

L . N
. . a

t  Interterminal Game of Phy51cs Formulas
Charles Guerra, UI Medical Center (assisted by ‘Howard Balfour)
Students at different terminals can challenge each other
to produce specific physics formulas or to convert between
different systems of units.

7.13.4 Modern Physics ‘ . - ) L

. B ' N

Waves: travelling waves and the wave' equation
Carol Bennett, UI Physics
( : Aided exercises with components of a travelling wave
> - and differentiation to test, the wave equation and find v.

() - Waves: vibrating string experiment
Carol Bennett, UI Physics
Description of a vibrating string plus simulation Qf an

I : . ' 2j~j‘; ‘

Aruitoxt provided by Eic: v - ——
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experiment in findi
i A \} .
Waves: resonances in p'p€3§yith an experiment
Carol Bennett, UI Physits '
Description and guestions on standing waves in pipes
with a 3-part experiment with an open pipe.

the -wavelengtn of standing waves.

", Waves: Doppler effect .
Carol Bennett, UI Paysics
Dennis Kane, . UI Physics
Guided derivation of Doppler shift(cb); ex rcises (dk)
£-M radiation: polarizers
X _ Carol Bennett, UI Physics ‘
' " Summary on polarizers; template w1th nelp for working
proklems on 1 to 3 polarizers.

E-4 radiation: Silt interference and dlffractlon

Carol Bennett, UI Paysics
Simulation of intensity patterns for varied slit width,

separation, and number.
£-M radiation: phase (vector) diagrams with quiz e
Carol Bennett, 'UI Paysics
Construction of 1nterference patterns from addition of
electric field vectors; quiz on properties of patterns.
. N N
7.13.5 Geometric Optics . -
o ,47 ’
Snell's law .
Carol Bénnett, UI Physics
N\ Two game® involving a refracting surface
Thin lenses
. Carol Bennett, UI Paysics "
i Graphical exercises drawing the principal rays for a

- ' Plane mirrors _
Carol Bennett, UI Physics

Grapiiical exercise locating the images for two
perpen01cular plane mirrors.

Spherical migrors } :
Carol Bennett, -UI Pnhysics (assisted by Dennis Kane)
Numerical exercises ]fill—in-the-table) for spnerical
mirrors, varying the unknown quantities.

o o kss
ERIC - -

PAruntext provided oy enic [N

concave and a convex thin lens; calculate imagé position. .



Sign conventions in optlcs ) .
Carol BegnéEt’ UI Physics )
—Randomly g nerates a lens, mlrxor, or curved surface,
- . draws the: pr1n01pal rays, and asks for the’ slgns of

the focal length obYect and 1mage positions. f
. )

e

Geom. pptics: homewonk problems with help
Carol Bennett, UI Physics

'7.13.6 Particles and Waves

Heisenberg Uncertainty Principle
"Carol Bennett, UI Physics L
Dizscusses k and x for a particular wavefunctlon form;
a few of tnese are measured for a varying parameter "in
'the wavefunction, tabulated with estimated error, and
compared with the analytical result the student derives
in the lesson.

Photoelectric effect .
Carol Bennett, UI Physics (a551sted by, G Weast, T. Little)
Exercises with simulations involving tne photoelectric
effect; finding kinetic energy from retarding potential;
finding work function of a metal from 51mu1ated current
measurements.

°

-

7.13.7 Elementary Quantum Mechanics

Infinite square-well potential '
Carol Bennett, UI Physics
. Properties of infihite square-well wavefunctionstand

energies.

Finite potential wells and barriers
Carol Bennett, UI Physics
wavefunctions are plotted for arbltrary finite potentlal
well and barriers; analytic forms are shown with the
numberical coeff1c1ents. o

Finite potential-well wavefunctions

" Carol Bennett, UI Physics
Guided exetcises in finding bound states for 3 finite
potential wells.

J

7

Quantum mechanics , oo
Carol Bennett, UI Phyiics
Review problems. ¥

£330 .
o ’

ERIC ‘ ‘

Aruitoxt provided by Eic:
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Atomic quantum numbers -
Carol Bennett, UI Pny31cs
» Timed exercise in identlfylng the n, 1 m atomlc quantum
numbers for a given system, .

Molecular vib/rot spectra :
Carol Bennett, UI Physics

' Vibratioral and rotational®energies and photon
emissions in,a'di?tomic modecule.

Wuclear decay \ ' .
Carol Bennett,. UI Physics
Simulation of neclear decay and exercises to find
half-li®e from a plot of the decaying particles 1nc1ud1ng
flttlng ths ‘data to an exponential decay function.

General: review questions from past exaﬂs, multiple. choice
s carol Beanett, UI Phy51cs

> i .

7.13.8 Thermal Physics . ' - .

Thermal Equilibrium (30 min).
.Donald shirer, Valparaiso Unlver51ty
Open-ended simulation of an experiment in which .-
molecules exchange energy randomly and go from ordered
“to disordered (equilibrium) state similar. to Boltzmann
Distribution.

7.13.10  Intermediate Optics

'7.13.9 Elementary Electrié , o -—

Circuits~
“‘Carol Bennett, UI Physics
Plots of current vs. time in rl,rc,rlc circuits
with exercises on what should be expected.

Game with charges
Carol Bennett, UI Physics
Find 1 to 4 randomly located point charges by measuring
tiic electric field; introduction on fields and forces.

| ( v
Ray tracing g
Ddvid Sultton, UI Physics



ERIC

Aruitoxt provided by Eic:

‘ o . 225

N .
) -

Ray tracing thru a single spherical

refracting surface; spherical aberration.
Optical path length .

David Suttem, UI PhystCs

OPL vs displacement of ;ray from the optic axis \

at spherical surfaces.

Fermat's principle T ) \
+ David Sutton, UI Physics 9
Experimental minimization of the OPL between two p01nts
separated by two plane surfaces (3 indices);
cnecked by ray tracing.

7.13.11 Intermediate Quantum Mechanics

Wavefunctions for 1;D'potentials

Carol Bennett, UI Physics "

Plot wavefunctions for any chosen potential v(x) -
Wavefunctlons for radially symmetric potentlals P
Carol Bennett, UI Physics E
Plots wayafunrctions for arbltrary potentlals V(r),
calculaﬂ‘g phase shlfts. ; ©

Addition of angular momentum
‘Carol Bennett, UI Physics
Exerciseg 111ustrat1ng the addition of angular momentum;
"~ brief 1ntroductlon to Dirac notatlon‘
Matrix algebfﬁ I ’
y Carol Bennett, UI Physics _
Review of matrices as applied to q.m.; 51mp1e exerclses

\’.

Helium atom . . ' ’ o .
Carol Bennett Ur Physlcs o
Analytical calculation of electron single-particle ¥
pseudo potential; introduction to self-consistent

’

calculation. : .

Helium atom _— ' . e
carol Bennett, UI Physics ’ a
Self-consistent calculation of electron wave function;
charge in nucleus and angular momentum quantum number .
may be cnanged. <

\

N, -
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7.13;12 Service Routilnes

l

Calculator/function plotter °
-Carol Bennett, UI Physics
Elaborate calculator and x-y function plotter with
user~defined functions A-Z and variables a-z.-

A

-

Mini-calculator
Carol Bennetﬁ, UI Physics
* Small célculator without useg-defined functions; includes
real or complex numbers, ra& numbers, array operations.
~ . - . : :
Root finder
Carol Bennett}. UI Phy51cs .
Finds x for arbitrary f(x) =0 step-wise search . .
and interpolation. , ~ v . »N\\/).

Least squares ‘ .0 ' -
‘. - Carol Bennett, UI Physics
' Llnear and quadratic fit to data points w1thout welghtlng.
. Numerical integration - . R v .
Carol Bennett, UI Physics : : S~
B ‘Introduction with exercises.

\

Numerical integration ‘ ‘ I .
LR - - Carol Bennett, UI Physics ’ - '
' 1 4th~-cdrder Runge Kutta for 1 to.4 equations.
Simultaneous®linear .equations
Carol Bennett, UI Physics-
-Solves a set of simultaneous linear algebralc equatlons.
N e . %
Eigenvalues and eiggnvectors -
Carol Bennett, UI Physics
Finds the elgenvalues and eigenvectors for real
symmetric matrices.,

ERIC B e 350

s e ‘
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8.1 SUMMARY .
=

"Support from this NSF grant provided funds to purchase 30 PLATO IV
terminals and the necessary‘communication equiﬁmeﬁt to establish a PLATO

classrgom within the Department of Chemistry at thigUniversity of Illinois. j;

¢

‘"Lesson material has been developed to use this facility in the teaching of

general and organic chemistry. At the present time approximately 1000 students

use the' terminals from 1 to 2 hours per week to study assigned lesson material.

In general student acceptance of instruction on PLATO has been véry good. 'Iﬁﬂﬂ/)
, : &

one questionnaire 96% of the students in én organic chemistry course said

_that PLATO helped them learn the material.

]

8.2 CHEMISTRY AUTHORS

)

“
-

’

" The ,authors of the lesson materi have all been members~of the -
bepaftment of Chemigffy. ' Dr. Ghesquief was ianlyed with PLATOJIII and

: S . RN - " . . . . ) A

the. initial phases of the PLATO IV programming. Ms. Moore, is just ‘ T,
. [ . R R : :
beginning work on lesson material and Dr. Myers wrote a set of lessons on
, . R : _ v
carbohydrate chemistry during a br¥ef post-doctoral program. Dr. Ruth Chabay -,

P

,‘. iﬁgs been instrumental in the development of the programs for the Eééching of

-

general chemistry and Dr. Smith has done much of the #tk on the \énganic' .
“ .

chemistry'material.
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A summary and brief degcription of the programs which have been

_developed is given in section 8.8. ' -

]

. [
s 7 } .
8.3 DEVELOPMENT OF INSTRUCTIONAL MATERIAL

. ~
>
¢

pur’research into the use of computers to help students :learn chemistry

- . -

1)

was initiatled.on PLATO III in 1968. These efforts were directed towards
. L. - N ' .
ways‘to provide individualized instruction which could be used by the
- N . e
students in large lecture courses wﬁo have d1ff;cu1ty obtalnlng help spec1f1c

wo'thelr needé

Each;program has been written by one individual who serves as.the

instructionai designer'and programmer. Th&s approach does not lmpOSe other-

~ : . vw -

. 1nd1v1duals between the experlence and creat1v1ty of the teacher and ‘the

final instructionalllesson. , 4 a ' ‘\ - ? T
The péograms wh}ch were developed on PLATO IIi andqteeted withlsmali“

groups of students &Zre transferred to PLATO IV. The ompletlons of the

chemlstry classroom coupled with the steady’growth of new lesson materlal

on PLATO IV is refiebted id'the use Qf§chemistry lesson material which is
o : . i
summarized in Table 8.1, At the present time, approxlmately 1000-6tudents at

the Unlver51ty of Illlnols use PLATO to. study chemlstry for 1 to 2 hours

pefgweek;' This level of use essentlally saturates the facﬂllty and expansion

~
’

in the use of PLATO in chemistry requires the acquisition of additional
. . ! . r

P ) : .
terminals. . - . - ' Com
’ . v - ¢

\ Table 8.1 . .
Use of Chemistry Lessons ,

Academic Year - Hours of Use - v
1973-74 4,400 . "/
1974-75 30,960 : ;

'<§ 1975-76 ( 51’500.

% - . ®

- T

-
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fn_addi;ion t0'thejﬁse of the chemistry progranf at the'Uhiversity of
Illinoi53jabout 1/4 of;the total usage of the lgssons occurs at other collegs
/ . . " : o '
and Universities associated with the UI PLATO system, |

’

The'sbread of hours of use of the system by students in 5 typidgl

cou¥se is shown in Fig. 8.1. The number-%f'lessons completed by these

B F RAE . . . ’ .
students is illustrated in Fig. 8.2. It ié.iﬁterésting to note that oﬁlf 30
lessons were assigned so most students did more than the 'required amount of

'work; The wider variation, in the time that;étudents work than in the number

of lessohs they-completed, of course, reflects the differenqe in the rate . {/
. ) . N . ) . /- . , .

at which students complete instructional material. ° o

N [y

.. -0 - " ) ' . T
The lesson material is written in a variety of pedagogical styles and
includes tutorial dialogs, animatioﬁs; simulated experiments, open-ended

multistep o:ganic synthesis, drills, and ch%mical gahes. In general, f391

‘lessons are used td supplement and éxtend the lecture compdnent of theb

" course. Usually each lesson has an{internal index’so students may select
and review particular sections of a lesson or skip others which hqve al-
. B

ready been masteréd. "Credit" for_g6hpleting a lesson is usually based on , ™
T - - Ta A .

3

- : L]
satisfactory completiqg/gl-a revi?w prqplem sets,,

An-impoktant compgpent in the design of, the instructional material has
: . , o

been the incorporaf®n of simulated experiments which allow students to .
: . heid ‘ 3. .

_repéat classic'experiments and to gain experience in ;he-désiqn_of experi-
menté and thg interpretation of data. For example, one lesson allows organic

chemistry students to stﬁdy the effect of the concentration of alkoxide on

’

the rate of reaction of n-butyl bromide and t-butyl bromide in ethanol

.

through computer simulations as-an aid to understadgzhg'uﬁimoleédlar ahd

- -

S » s s
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- Ch_ejm 131 Spring’l976 - ' <

: , I .
HOURS on PLATO ; . . | ///,.

) | _ . 403 students
: L Avg. 35.1  Total . 14159
' . 06/10/76 |

-

- ‘
. ' ., | . . - ‘e
. - : (5'\ . N
20 + ..

Mo i
> (O b«”‘ — "//' 4 — = ' .‘_
-0 10 .20 30 .40 , 50 60 70

HOURS on. PLATO .

&\; | o : s o N
Fig. 8.1 Hours of PLATO use by 403 students 1n typical chemistry course. .

N
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. " Chem 131  Spring 1976
' LEJSONS COMPLETED:!
p . 403 students =
\ i ' Avg. 30.0 Tofal: 12092
06710776 °
. < PR
35 + ) (
300+ - T I |
S . , - . : - " .
25 T ) N :

',‘ | o ] nﬂﬂﬂﬂouﬂﬂmnn Z,OADﬂn ..:ﬂ." Ll M 4oﬂﬂﬂﬂ .

’ o4 '
NUMBER of LESSONS ...
2 . o '3

Yy
-

B .

.Fig. 8.2 .Numbexs of les's‘on_s completed by 403 sWents \in‘ typical chemistry course.,
- L
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* bimolecular substitution and elimination reactions. Animatidhs then graphi-

cally illustrate the sterochemistry of these processes to further enhance

the students understanding of these basic reaction meohanisms; - .

N -

8.4 .DESCRIPTION OF G&JRSES USING PLATO _ "

v

'@_ ‘ . ) .' . ! ., ~ . r\

’

-

General Chemistry: The geheral,chemistry'course for student$ with no

©

prior chemistry has an enrollment of 400 to 500 students per semester. The
- > DY . N L]
: ’ P . . ' :
one lecture per week, a quiz section and a.laboratory are- now supplemented

by 35 PLATO lessons. On the average, the students in this course spend 1.2 -

hours per week doing the assigned PLATO lessons. They come at anytime they

like, although an automatic site management scheme give§~them priorlty_on the

oy
‘\

use of the termlnals between 8 am and noon on week days.

The 35 lessons in téls course cave} the“baslf theoretlcal ‘principles

‘and glve students 1nd1v1dual help working problems on other.toplcs including

' metry, ideal gas laws, and chemical equilibrium.éh

the metrlc system, sc1ent1f1c notatlon, nomenclaturek baslc atomic structuge,

I

1qn1c and covalent bondlng, chemlcal formulas, balanc1ng equations, stgichimo-

4 - .

.
[}

. : : S .
Organic Chemistry: 'Two beginning organic chemistry courses at the,
Pl 4 R - : e
University of Illinois now use PLATO as a required part of the instructional-
.' h . 4 . K . ':_ .
program. The course:for non-majors has 400 to 500 students per semester

. . R s

'while the course for chemistry majors‘has 8Q to 200,students per semester.'

[

Each of these qgurses meets three t1mes per week plus requlred work on PLATO.

‘“The same baslc set of PLA@O lessons is used in both courses w1bh some. addl-

i P

3 '

..tional' programs required for the-chemlstry maﬁors. At th lpresent time

~

ERIC

Aruitoxt provided by Eic:

1be&ween‘30 and 35 lessoiis are used each semester. . .
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The programs cover c¢agh major -topic in“the'coursefgxummhclature,
. e - r* a ) ' .

, -

’

1] - .
. FE I . ' . .
optical activity', conformational analysis, alkenes, arenes, alcohols, -

W . . . .

’

© aldehydes, ketones,.amines,‘carbox9lic'acids, NMR, IK, and multistep

. aromatic and aliphatic synthesis. Students are given credit tgwards thcir o o0

~ - . B . . . LA
. e N

. ) . Y . . o ) . 5 6

final yrade for completion of the programs which constitutes about’10% of the
total course grade. On the avetage students spend about 2 hours per_week )

L > ) . ¢ . - . -~

‘ ' . N , ' . ) > S

» -~ working ghese programs. . ' : , : : ‘

' ) A Co ~ ' ' , ' ' » L .

i} . 7 " -

In addition to the instructional. lessons, the PLATO system serves as a

’ <

communication 1ink between the,etudents and the instructor through the‘uée.df .

student noteszﬁ:pddltlonal serv1ces prov1ded the student:include an on—llnc

[

‘gradebook whlch gives thtm detalled 1 formatlon on' - thelr class standlng,

u

answers to ‘hour exams, readinguﬁnd,homework assignments.‘ Part of the.grade—'

- o i . "

book is illustrated, in Fig, 8.3. ~. ‘ » v o

/. | Just as with the general ﬁhemistry course, the organic/ehemi%try students -
.ma; Qork.when eGer they want; although thé automatic ¢lass manageﬁent system

’

give them priority on the ‘use of the terminals during the afternoon hours. s
: Pt o _ .

Qualitative Organic Analysis: In a senior level qualitatiive organic
~- \\ ’ ) I R . . '
_chemistry course students spend the first few laboratory periods reviewing
. M "'v N I . - -

ey * . A

the basic chemical -and spectroscopic analysis-techniques which. are reqgmire

-

for the idehtification of unknown cqmpoundsu Then they pract{Se their de-

B -

ductive strategies.by attempting to\identify'compoundsvth;ough computer
' ,‘ . . \ *, 7 K ’
simulations of the laboratory. ' After solving about a dozen unknowns on the

~ ’ . . . . -

computer’the.EEudents‘are then allowed to go to the laboratory and-deal ‘with
. . ; ,
real compourids. ] o -
b i . . . ) .

. ’ ) ‘ 3 PRl . ¢ 3
Data on j.esson Performance: The extensive data collecting capability of

Aruitoxt provided by Eic:
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, CLASS SCORES. R
u o Exam 2 ' |
1 B Average = 45.8 s e

‘ o . 347 students . \ o s
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Fig: :8.3 Distribution of examination scores for 347 students il typical chemistry
course. L e e : ) _
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' : \the PLATO sys;emlhas made it péssible to gather AA#a on the use of the
lessons. For example, Fig, 8.4 shows a plot of the number of ertors
.studentstmade in worﬁing one section pf a lesson. The ergor rate shown can
be but in;b better context by 1ookihg at thel% of thefquestions which students
got right wi;hout help as shown in Fig. 8.5. ‘It has bifﬁ/vaiuable to review
plots of this tyﬁe for new lessons to be sure that tﬁe problems are not too
easy (high %oﬁ) éf too hard (low %ok). Where data of this type indicate that
the lesson is ndt workiﬁg correctly, the program is modified. The Scatter in'

”~

s 4 ' R
the plot of time vs: errors shoWn in'Fig. 8.6 illustrates the diverse
.- 2 ~ ’
. . ; AN ;
abilities agd rates at which students work and serves to reinforce the de-
: =y ) o _
sire to provide an instructional system such as PLATO whicﬁ/yill adjust to

studqnts as individuals Trather é)an trying to force them-all to work and

learn at the same rate. . ,

8.5 STUDENT ACCEPTANCE

1
N

In ‘general student écceptahce of instrugtion presented on PLATO has very

o ‘ ‘ ‘ . ‘ o~
good. For example in a questionnaire, 96% of the students in an/o;EEnlc

chemistry course said that PLfTO helped them learp organic chemistry while

2% 'said it had no effect' and another 2% felt ;Aét it hindered their learning.

-

~—

When asked how they would advise a g&i@nd, 57% said to take PLATO "if at all
possible" and 27% voted for"fight tooth and nail to get into ¢he PLATO section".

Between T ahd 2% of the students.did not think PLATOvshould be used. 1In
. v )

i

’additioh 90% of the students indicated that the.same number or more programs

\ !

should be used in the course. "

(%] s I

ERIC | | -

Aruitoxt provided by Eic:
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5 Fig. 8.4  Distribution of errors made by students in working one section of a-
chemistry lesson. :
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Interpretation of NMR Spéctro , '
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Distribution amonqg students of the number of questions answered correctly

Fig. 8.5
on first try for one session on a chemlstry 1esson
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Interpretation of NMR spectra
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Fig. 8.6 Relations of time spent a%,;PLATO terminal to number of errors made.
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v Student comments also serve as an indication to the acceptance of #

thls type of Lnstructlon.' Studentg have commented:

¢ i [

"PLMTO is prdbably the most valuable Lool for learnlng 1n ths course.
Learning is accomplished at one's own pace. and,' best of all, at a civilized
hour (i.e., not at the crack of dawn). The lectures are too 1mpersonal,
making it both dlfflcult to. pay. attentlon and worst of all, 1mp0551b1e to
ask questions in" ‘ -

.

"1. feel that PLATO is and can ea;ily continue to be a valuable instruc-
tional td6ol. PLATO has the capacity of providing the student with practi
problems together with 1mmed1ate results of his work, Thus I highly recommend
the, contlnued use of PLATO as a supplementrto not only tids but other courses, "

hd D . L}

"PLATO is a marvelous tool and I find 'learnlng with it' a great
.experience. It tends to make chemistry more. appealing dand sometimes even
fun," '

i

-

~ ’ "Lectures’bo£:; me, The book didn't help me. If it hadn't been for
PLATO I could not have passed the course, much less done as well as I had
PLATO is excellent"

nuéing PLATO wasn't like a book. Here:I had to get it right and I
could practice the problem instead of just saying "yeah I guess I know

‘_EBFt" \-\j

These data indicate that students regard PLATO as an important and

\

) effective part of chemistry courses and strongly support its continued

development and use as an instructional tool to help improve the gquiality of

o

education at the*Unlverslty.__ e . \_ o L; .

- -w “"‘ﬁ ;]

8.6 UNIVERSITY OF ILLIN@IS PLATO CHEMISTRY PROGRAMS (NOVEMBER 1976) )

\
i

- . Lo . . .0
The average complétion time in minutes for UI students is glveh for each

o« . o
o

lesson which has specified performance crdteria for completion.
. : P ‘ -

8.6:1 Introduction to PLATO

.

na

X _
N / - Y .
, Brief* introglction to the'ﬁLATOZKeybpard (10 min) - )
< 'Ruth habay o [

. Ix¥roduction to the PLATO keyset for, new chemlstry _
- student's. Emphasizes typing wers at arrows, including - .
use of SUPER and SUB, and us§ of common branchlng keys.' :

Introduction to the Touch Panel (3 min)

Ruth Chabayv '
250

El{lc : : S e K - o x

Aruitoxt provided by Eic:
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: ‘ Introduction té the touch panel. [EXplalns ho& the , .o

~tQuch panel works, and common pitfalls of using 1t
lees student a chance to play with the panel.

8.6.2 General ChemiStry Lessons. . S

\»- . : 3 ‘
8.6.2.1 Basic Skills . a

/4The Metrlc‘System (58 mln)
Ruth Chabay . B ¢
_ Introduction to the metrlc system,. Introduces metric I
‘ preflxes, units of length, mass, volume, temperature._
O . Stresses’ conver510n between English and metric un1§s,
emphasizes use of d1mens onal analysls in solving. problems.

R Scientific Notation (44 min) . .
' " Ruth Chabay ;
- Exponential notation, writing large and small numbers ,
‘ ' correctly in scientific notation, multlplylng and :
N dividing using sc1ent1f1c notation.

Conversion Factors- and Dimensional Analysls (35 min)
Ruth Chabay ,
Introduction to the use of dimensional analysis in
solving problems. Practice setting up problem solutlons
by constructing conversion factors, w1th speclal
. attention to using units correctlyo

Math Skills Diagndstic Quiz (26 min)
Ruth Chabay
Quiz to measure enterlng mathematical skllls of general
chemistry students. Problems 1nvolve percent, ratios,
5 e solving linear equations, interpreting graphs.
« Students can flnd out correct answers, but no
instruction is prov1ded

8.6.2.2 . Elements, Athoms; and Nomenclature : v .

[l
. .

Description of the Elements (28 min)
Stanley Smith
Properties and uses of some of the common elements. -

-

Atomic Number and Atolmic Mass (31 min).
Ruth Chabay
Introduces concept of atomic number, nuclear particles,
counting protons, neutrons and electrons; isotopes,
calculation of average mass from isotopic distrlbution..

PAruitext provided by enic [
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1Calculatlon of . Molecular Welght (17 mln) S
Jim GhesqulEre : . :
Practlce Problems on molecular welghts and moles.

. Names of the Elemd min)

Stanley Smith - : !
Practlce on the name5 and symbols of the element®:

- .

Names of-the ‘Common Elements (37 min)

-

o Stanley Smith '

. - J ; . '
Practice .on .the names and symbols of some common elements.
Name the Element Game .
Stanley* Sml@h and Ruth Chabay
Interterminal game in wh1ch one %tudent gives the other
an element to name. .

Inorganlc N%menclature (39 min) .
“Carolynn Moore T -
Names of catlons, anidns, polyatomlc ions, acids and.
bases and fiu}tivalent tations. )

>

: ‘- “ b
- Y .
8.6.2.3 ' Atomic tructure, Chemical Bonding, Compounds
St .
' * L
Valence' Electrons (19-min) 4

-

O

ERIC - .
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Ruth Chabay L

Determining number of valence electrons (Groups IA, IIA,

} IITA-0) by locating the element in the” periodic table.’
Perlodlc relations of common ions formed by elements in
these groups.

The'Aufbau Principle (35 min)
Ruth Chabay
Introduction to electron conflguratlon. Constructing
orbital occupation dlagrams for. elements other than
rare earths. '

Writing Electronic Configurations (38 min)
Ruth Chabay
. Introduction to 1s 2 notatlon for representlng electronlc;
configuratiohs. ~Correclation of electronlc_conflguratlon
“with location in the periodio table.

‘Historical Introduction to Atomic Theory (40 min)
Ruth Chabay o
*  Student performs simulations of experiments done by
.Dalton and Rutherford, leading to. etermination of :
relative and absolute jnasses of atdms.
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;onlc Bonding and Lewis Structures (27 min)
Ruth Chabay

ertlng Lewis dot“structures to represent ions and
ionic compounds. Recognition‘bf common types of
« ionic compounds (acids, bases, and salts).

Covalent Bondlng and Lew1s Structures (46 mln)

Ruth Chabay’

Discussion of the princlples of covalent bondlng. \\

Writing Lewis dot structures for covalently bonded

compounds. Covers single aﬂﬂ&multiple.bonds, but not

respnance. : : k '

\

N -~ >
~ . ) °

) .
4 é : : . '

. ) : .
8.6.2.4 Balancing\EquaFions; Stoichiometry . . ..

O

ERIC
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‘Balanclng REDOX Equations (31 mln)

: N ) - .
Balancing Chemical Equations. (26 min)

Stanley Smith ’ v
Pratlce problems on balancing slmple chemical )
equatlons. )

hY ’ P

]

stanley Smith ° ,
Practice problems on balanc1ng slmple ox1datlon-
reduction equations.

Molecular Formulas and % Composltlon (83 mln)
Ruth Chabay P .
Countlng atoms in molecules, deflnltlon of empirical and

. molecular formula, -calculation of molecular weight.
3 Calculation of % composition; finding the .empirical
formula from % comxzsltlon data.

Calculations U31ng Chemical Equatlons (65 mln)
Ruth Chabay
Elementary chemical stolchlometry - meaning of a chemical
equation; mole-mole, mole-welght, and weight-weight
problems. : :

Solutions:. Concentration (46 min) - w3
Ruth Chabay ' ’
Definition of mqlarlty, calculatlon of molarlty of a

. solutlon. Solvlng problems lnyolVLng molarlty, 1nclud1ng

solutlon dilution problems. . - o

L
¥ .
. f

.
o . -

»

8.6.2.5 Chemical Equilibrium ' :Al , .

O
T

A
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Chemlcal Equlllbrxum & Le Chateller s Prlnclple (32 mln) B

Ruth Chabay :
This lesson leads the student through a tutorial dlalog
in which a non-chemical system is used as an example

. to define equilibrium, define K e g, and jllustrate .
Le Chatelier's principle. '‘Not much mathe;atical"
éiedlatlon 1s requlred

Chemlcal E&ullbrlud and Weak Ac1ds (68 mln)

Ruth Chabay

Introduction to chemlcal equilibrium using a non-chemical
sygtem;. discussion of acid dissociation. Practice using

) ‘ K'a to calculate ionic concentrations for weak acids.
Equlllbrlum Eroblems (le min) : i o /,‘.
\ . Jim Ghesquiere - v ' ; ,
Practice problems on chemical equilibriunhf)_ 5

Ke g, Ka, Kb and pH (20 min)
Jim Ghesquiere - & . PO
Relations between Kje q, K a or K b. Calculation of acid-
« base equlllbrlum co centratlons, pH and- equlllbrlum

4

constants. o
A
. N
Chemicals Stoichiometry " (10 min)
Jlm‘GhesquLere : L
' Problemst on thé use of balance chemical. equatlons.--
{
: . i { _ _ .
Ideal Gas Laws (67 min)" o : .
Stanley Smith . ' : -
xper;mental derivatidn, of ideal gas laws.

.
hd -

- Solving Ideal Gas’ Law Problems - part I (24 mln) oy
)' Ruth Chabay"
Reviews the algebra necessary for manipulating the ideal
gas law equatlon, practice rearranglng the equatlon and
solving problems, 1nclud1ng convertlng torr to atm and’ .
C to K. . 3 :

. 8.6.2.6\ Therm@dynamics T - S ‘
Law of Hess (37 min) .
Jim Ghesqulere R
.Endothermlc and exothermic reactions, addition of
equations to dekermine enthalpy of a reaction.

& hd

O T ) ) .
B !
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8.@.2.7- Laboratory teehniques ’ RS o -
Use of the ‘Analytical Balance (34 min) N -

.- Stanley Smith

How a single pan balance works, readlng the scales,
. s how to operate
/&:-

- . L L ’ T .
@ ‘ S, ' . _ . 2
. . B

“How to Read a Buret (9 min) \
Stanley Smith o o . -
How to use and read a buret. Uses photographs = .
of buret on microfiche for practice problems. '
Free21ng P01nt Depression Experlment (81 min)
Jim Ghesquiere

P . Determination of molecular weight with simulated
experiment on freezing p01nt depre551on of benzene
solutions.

Y . .
8.6.2.8 Acid-Base.Chemistry

Acid-Base Rgactions (13 min)
Stanley Smith' . :
" Practice problems in setting up simple ac1d—
base reactlons.. \ +

Introduction to Acid-Base Titrations (48 min)
Stahley Smith . . .
Equations, calculations, indicatofs; setting up

T~ titration expefiment{ and reading a buret,fi
. Introductlon to Ac1d-Base Titrations (52 min) )
Ruth Chabay:and Stanley Smith . »
Microfiche version of introduction to o
titrations.
PH and Titration Curves (17 m1n)
- Jim Ghesquiere
Calculatlon of H + and pH, tltraélon of weak ac1ds
and bases, tltratlon of diprotic weak acids.

. 8,6.3 ORGANIC CHEMISTRY LESSONS

\' ’ . . L &

'8.6.3.1' Structure and Nomenclature .

ERIC ' 257
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i
~£~' I
_Organic Nomenélaﬂure, part 2. (A4 min)-
Stanley Smith

"Q‘ _\*‘( Cqmmon and }UPAC names of alkanes and alkyl halides.
Organlc Nomenélature, P t 2 (26 min) R
) - Stanley Smith : o v/r

" Writing of structural formulas for alkanes an
alkyl halldes, Recognition the functlonal g Oups-
ROH, RNH 2, RCHO, RCOR,‘ RCOOH, RX, RCONH. 2.

" Nameg of Organic Functional quups (42 min) -~ - - o
® tanley .Smith ‘ ] _ N ¥
‘ Provides drill on the recégnltlon of cémmon - '
o functional groups. °

Conformations of Alkanes (24 mln) ]
. : Stanley Smith ! .
Three dilmensional representa?&on of molecule
conformatlons of ethane, propane'and butane, |
energy barriers to ‘rotations about single bon S,
Newman projection formulas. ’ S%

Conformations of Cycloalkane (38 min)_ Ca
Stanley Smith '
Heats of combustion of cycloalkanes, strain energy
conformaflons of 3,4,5.and 6 membered 'rings, ax1a1

~and equatorlal groups. .

Bonding in Carbon Compounds (11 min) ' b \ i
Stanley Smith
Brief revlew of sigma and pl bonds.

v ) f’Optipal Acitivity (59 min)
Stanley Smith h)

3-D fepresentations‘of,organic molecules, mirror images

‘ recognition of chiral molecules, measurxement of. the
3 *otation of 2-butanol, optical purity.

8.6.3.2 Functional Group Chemistry
3

Frée Radical Halogehation (57-min)
~ Stanley Smith

Mechanism of free radlcal chlorlnatlon and bromlnatlon

) of alk nes..‘Calculatlon of the’ heats  of reaction from
o ~ ‘bond e ergles. .
. | ) /
Alkene Chemistry (44 min) ) o ' i
) Stanley Smith . =« :

Aruitoxt provided by Eic:
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'-gml--stanley Smith

~Reactions of Afgehydes and Ketones (55 mln)

.
.
KDl

N
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Nomenclature of simple alkenses, addition HX, water,
‘halogens} and hydrogen, Hydroboration. LAnimations of ..
hydrogenation and bromine addition to double bonds
‘simulateéd experiment on effects pf éoncentratlon ofL._

' _anions on the reactlons ‘of . bromoriium ions. N

‘s . _

Alkene Review Problems (28 mln)
Stanley Smith. »
‘The student is given a group of compounds and reagents
and must. f£ind interconversions between them by touching

2 :the correfponding reactant, reagent and product.

4

Alcohol Chemlstry (89 mln)‘ -
Stanley “smith =~ ’ _
Common and IUPAC names of alcohols. Preparation by
reduction of\C=O,-hydration, hydroboration, hydrolysis
of HX, and Grigndrd additions. Reactions: oxddation,
conversion to RX, dehydratlon, salt and ether formation.

.

R Y

. . X N

Alcohol Review Problems (29 min) .Y
Stanley Smith
The student must indicate 1nterconver51on between
Compounds involving alcohol = carponyl' group oxidation.
and reductlon and Grignardg add&tlon reactlon&.

Substltutlon and Elimination Reactlons (43 mln) v

" ' -Stanley Smith ’ - .

Slmulated\experaments on the. ethanoly51s of n-BuBr
and t-BuBr. Animations of substitution and elimination

A\ ) . .
reactlons, DA

i

'Problems on Substltutlon and Ellmlnatlon Reactlons (33 mln)

The. student is.asked .to indicate the startlng materials,
. reagents and products for some substltutlon and
’ ellmlnatlon reactions.

Addition to Carbonyl Croups (42§ﬁ1n)
Stanley Smith .

wj%‘.Slmulated experiment to aetermlne mechanism of
cyanohydrin formatién. Hemiacetals, 'acetals, etc. *
' Experimental determination~of.pH'rate profile for
oxime formation. Phenylhydrazone and DNP’formation§

.

Stanley Smith ) ; il
Enolizaticdn, H-D exchange, klnetlcs of bromlnatldn
experlmental comparison iffreaction with Br 2 and I 2.

Kinetics of racemlzatlon at carbon. ) Aldol condensatlon.r

-

?’
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Aldehyde and Ketone Practice Prohlems (23 miz) . . _ : . o

h Stanley Smith - L S . e e
Practice problems in recognition of starting . . R .
materials and prpducts‘in;the preparation and C )
Reactions Jof Carbonyl compounds. ' - L

Arene, Chemistry (58 min)~' e .l, I s . R
Stanley Smi :

‘Mechanism of lectrophilic substitution...Directiye>
.effects. ' o

Multistep Aromatic nthesis (39 min)Jaﬂ o b E v - :
Stanley 'Smith K - T /’ ' . L
.Synthesis of mono and di-substit&ted aromatic compounds f ' s -
Multistep synthesis in which student supplies reagent ' T A,

» . ‘and computer draws structure of product. ‘ » T

Stanley Smith : L

-‘ " ’ LT ST . S S ‘ ' ’i,—"i'-;\ ' R o
: ’ S th SiS . . L e R S o
/ﬁzg;;;;c ynthe Game L ,,_\\“ 3 , v . . o v

. . Interterminal game in which one. student makes up a ’
comppund for ‘the other player to try to synthesize._ ' S : -

»

Draw1ng Kekule Structures of Arenes (60 min) LT

Stanley Smith ~ N PR
Students indicate the positions of the double’ bonds L ’ . '
‘in Kekule structures for 5 different arenes . a e

Carboxylic Acids (35 min).,

L .
Stanley Smith . . BRI

L . . . .-

Structure, nomenclature and. aCidity of carboxylic acids. Coon .
. j N ;
Estérs of Carboxylic Acids (anmin) // o o C
Stanley Smith * . v. T . o, . ) N
Preparation and Reactions of esters imulated ’ - . :

‘ . IR 3
‘_DerivatIVes of Carboxylic Acids (56 min) SR R
Stanley Smith "4 - O R
Preparation and reactions of esters, acid chlorides, ,&' S . )
anhydrides,and amides. S A _ LA . '6
L ES e e . . ")
ReView Problems -on Carboxylic A?{ds (25 min) - - . S
‘Stanley Smith : L - -/
ReView.problems on the interconverSion of acids, e NP ) -
esters, amides, acid chlorides and amides. - _ S .
v - 0% >
Introguction to Multistep Aliphatic Synthesis (35 min) .o ‘ ’ P
tanley Smith L ' . )
Outlines some approaches tq multistep synthesis using o _ o -
Grignard reactions. Student must prepare several . o b7 s

‘Qompodhéif?QTindicating reagents for &kh’ step with’

.
. > . i . -



the computer drawing the struct%re_of the product.
. v ’ . ) ) . "«
Aliphatic Synthesis Game (66. min) : ' )
Stanley. Smith and Ruth:Chabay ’ o
Two-~student race 1nvolv1ng multlstep allphatlc
. synthesis from randomly chosen startlng materials’.
Uses Grlgnard reactions and slmple\alcohol - carbonyl

%Q::fp 1nterconver51ons. .

Aliphatic Synthesis Game . .
Stanley ‘Smith and:Ruth Chabay o . v
" Interterminal version of the synthesis game.

~

<

! B

. 8.6.3.3 Spectroscopy . . B . .
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"NMR Spin-Bpin coﬁpling (35 min) . . ;

(I ) o
Introductjon ‘to Nuclear Magnetlc Resonance (29 m1n) . ’
- Stanley Smith T ’
NMR slgnals from protons. Recognltlon of types of
" protens in organic compounds. Chemical, shift and -
- ¢chemical® shi ] scales. ' ' ' B

"2 . 'Stangly Smith ‘
ﬁroton spin- spln coupliny and the o rule. Allows
the student to calculaté AB and AB 2 spectra from J

v

» and values of the chem1ca1 shlft. : o

Interpretatlon of NMR spectra (102 min)

Stanley Smith

‘Identification of compounds from empirical formula

and the proton NMR spectrum. Compounds show first
order spin-spin coupling. .

Interpretation of NMR Spectra ( "short VerSlon ) (52 min)
Stanley Smith : ‘
Same as the longwrersion except has fewer problems = g

- and doesn't use microfiche to show real spectra. :

Infrared'Spectroscopy (70 min) . a ' ;
Stanley Smith g : o
Provides brief background i regognltlon of fqnctlonal %
groups and practice problems in identification of '
alcohols, aldehydes, ketones, amlnes, acids, amldes,

’

nitriles, etc, -, . \

Infrared Spectroscopy - Short Version (51 min)
Stanley leth :
Brief introduction to IR and praytlce problems on
‘alcohols, amines, aldehydesc ketones and esters. PN

-
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8.6.3.4 Carbohydrates and Amino Acids ~

. Carbohydrates, partéi (22 min) ~ s
.- ¢ Harvey Myers ' Ve
ClaSSLflcatlon and nomenclature of monosaccharldes. :

.

PARHE

Carbohydrates, part 2 (37 min)

Harvey Myers L ) )
- Structures of Monosaccharides, Haworth Projection /
formulas. Mutarotation. .
Carbohydrates, part 3 (42 min) - o
- /. Harvey Myers , . N
:j sgieactlons of monosaccharides, Kiliani-Fisher syntheSLS, s s
uff.degra tion, osazohe formation, HIO 4 oxidations. ‘ : ’
< .
: Clucose Mutgfotation (33 Mln) . . o \ , . : N :
Stan}fy SmitH v : - : .
, Simulate laboratory separatlon of" the e#nantiome¥s of
5 - g coselgnﬁ’measurement of optical actiwvity andJ .
' Z:ﬁn m 5rotatlon. ) P S Tl .
4 . o - ,
* ameg of Natural- Amino Acids-' (42 min) o . . :
. Stanley .Smith
' PeilY on the names and structures of natural amino acids \uf

8.6.3.5 ;Qualitative Organic Analysis
. o

Reactlons use in Qualltatlve AnalYSlS (52 min)

Stanley Smith C y : F-
Review of some ClaSSlflCathn ‘tests. Practloe ‘ ' , ;
problems in interpretation of test results. ' ) : A - N
g : : A .
Qualitative Organic Analysis (33 min) - .
Stanley Smith . -
Specific test results'are made available and . o . - : .

the student must identify the compound from
a list of p0551b111t1es..

Qnalitative Organic Analysié’(ll9 min)

°

Stanley Smith ‘

Students identify unknown compounds by asking f

questions about the results of laboratory experlments Ll

on the compound.- -, . . .

. _ TN ¥ ) .
8.6.3.6 Advanced Topics - : 'Q'Jj_ ' ' -
N |
5 z,().r)
YA . .
o - : : . o

ERIC ' L - : .
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w v ’ ; : o, o
’ Mechanlsm of Semicarbazone Formatlon (80 mln)
Stanley Smith )
. Advanced lesson on semicarbazone formation. Requires
o . that each student set up conditions, run, and
calculate rate constants for various substituted
: benzaldehydes in both acid and.alkaline medium, and
’ : thgn make appropriate rho sigma and pH rate profile
' ‘ ploty and provide a mechanistic explanation of the
data. H B ’

v

8.6.3.7 Organic Laboratory

- v

Melting Points and Mixed Melting Points (17 min) '("i
Stanley Smith L
Effect ofr purity on melting point, phase diagrams,
use of mixed meltlng points for identification. ¢

.
,

Crystallization’ and Recrystalllzation (22 min)
Stanley Smith ) .o .
9 -/ Effect of temperature on’ solublllty, purlflcatlon
~ by recrystallization, fractlonal crystalllzaQ;on.
Crystalllzatlon Experlment (27 mln)
Stanley Smith o
Simulated experiment on the purlflcatlon of .
naphthalene by recrystalllzatlon.- ? , P)

4 .
y . [

Intrb@uctlon to Dlstlllatlon (30 mln) o

. Stanley Smith ;
-Boiling points, phase diagrams, simple distillation,

_ fractional distillation, and azeotropes. N -,
Fractional Distillation Experiment (15 min) ‘ T [\
Stanley Smith ‘
¥ ;- Simulation of the' fractional dlstlllatlon of pentane

and hexané. ‘The student controls pot temperature
_ & ¥and collects fractions.. He must separate the mixture. %
u . . After d01ng the Qéfigﬂed problem the dent can nake
up his own dlstlllatlon problem and specify the
! ' boiling points of the components and the number of
- plates in the column.

ERIC ~ - o
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9. PLATO SYSTEM SOFTWARE o ‘

/ . .
9.1 INTRODUCTION =~ . /7 4 ' ' v

-

The TUTOR language and other components of the PLATO system soft- \\

P

) . . . f
ware have been developed by a group of permanent staff ﬂ%mbers, aided by
visiting staff and by part-time graduate, undergraduate, and high school

students. Sectg?Q 9.7 lists the principa{'peoble involVed,'with a brief
,. P . - '.( B .
indication &f each pe¥son's major area of concentration. This system
- - . X . - \{,,_
software represents the highest state of the art for the creation and

I

delivery-of computer-based educational materials™. This repé&t will

attempt to give'an overview of ghe features of the PLATO system soft-
. o f - . . .
ware together with a description of -the environment and che processes in

yhich and by which the prgsent léve; of development was reached. Some'

indications will also bé given of the areas of further development likely

#£o be pursued in the future. : v /)
B -

9.2 LANGUAGES FOR COMPUTER-BASED EDUCATION

(

PLATO IV syngmjsoftware develo nt began in earnest with the delivery

of a ¢DC 6400 computer in September/ 1970. While somé»basic design,wqu'h%ﬂ3
v . . ’

-

! ' » . . . v . . -
been done prior to this time, the main preparation-for .the new work was the

exténsive experience gained on the PLATO III system. PLATO III used a CDC 1604

X

' * < S . wo «.
computer to run 20 graphics terminals simultaneously (thére were 70 terminals

. ~ ) v
but only 20 ports). PLATO III was unusual not‘only in using graphics®terminals

%

lFo'i some independent assessme¢nts, see the article by A. H. Hammond in Science
176, '1110 (1972) and the talk by S. K. Lower, "Making C.A.I. Make a Difference
in College Teaching," NATO Advanced Study Institute on Computers in S?ienqe"

Eaucation, Louvain-la-neuve, Belgium, JQ}y 1976. Py
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-

.. ) . : q '
but%gég}wtq horaing all executing Programs in central memory td'avold
,:' - - ) ‘% ‘ | .

the delays 1nherent In‘most multl-termlnal _systems whlch swap programs

to disk or druml Partlcularly after.the creatlon of the TUTOR-language'

~ ‘in 1967 nany teachers wrote™ PLATO IIT lessons and;taught classes us 1ng

these materlals.' From such operational use were galned extensive data on
. A} LT - '
- L™ Fi

»

the memory size and the processing power required to support blass use;f’

as well as a wealth of less formal but equally important critiques and

suggestiom%,from teachers and students as to how the system should be

improved. While PLATO III was a vitally useful testbed, its hardware -

and software architecture was not suitable for replication, whereas it

2

was hcped that the desibn for PLATO IV would lead to a system capable of

ide~-scale expansion.

Both‘in the late sixties and.now, there have been three major classes
of programming languages or systems for preparing computer-based- educational
materials. The first class includes standard languages such as FORTRAN or

BASIC, sometimes augmented by a few special options for the purposes of "CAI"
o Brens

(computer-assisted instruction). It turns out in’practice that such lang-

uages, ,while eminengiy suitable’ for scientific and administrative programming,
are lacking such a large number of crucial CAI support facilities as to make

< . ©
r

. . r e R 2 '
them quite difficult to use for CAI purposecs™. Moreover, almost all such
) 3 : ")'T Lo )
general-purpose languages were originally designed for use with non-graphical

line printers and teletypes. wﬁile qraphics packages have been grafted into
some: ve}sions) there isvreasog to te&ievé‘that this leads to less eatisfactory~
f . Structures than can emerge from a language designed specifically'for inteéractive
. graphics terminals.
«

The second class includes specifically "CAI" languages, such as CO F-

y r . . .
WRITER and COPI. Most such languages were designed with a good understanding

2 A . . . . ‘
~See the, Lower paper of Reference 1 for a discussion of this point. Y
o ;

EMCY . . , >
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of the specifically'"CAi"—oriented features missing from the general-

pufposeilanguageof but with' a lamentably restricted viéw:of the breadth
L * ’

-
-

and complexity of interesting educational iriteractions between teacher

and student as mediated by a computer system.

Such languages made it .

easy to program simple multiple-choice or sHortiin§her questions, but

N

. e . > . . . :
very difficult to create computationally-complex interactions, with rich

interconnections of subroutines. Not only are such languages notoriously

weak in calculatlonaL ability (though PLANIT’ls -‘an exceptlon in thlS area)

.but like the geneﬂgf_purpose languages they generaily haye. no grapnlcs

features (except for e now-defunct IBM 1500

version of COURSEWRITER)

The lack of graphlcs features stems from the avallabllity of inexpensive

L

non-graphics termlnals plus the lack of recognition of the vital nece551ty

of graphics in most teachlng situations.

.

v
1

Thekthird class of mechanisms for creating materials are thosg systems

-

such as the "Generaleogic" (pre-TUTOR on the
present TICCIT S;Stem; in which teachefs feed
pulator. Fof(example,”the system-méy ask the
then ask the teacher wnag is‘a correct answer

These, items are stored in a database and used

questions %or the student. The big advantage

-

PLATO III system) and the

oy

sowlws
items into_a database mani-

» 4 TN *

teacher:tq type a question,
i

and what are some wrong answers..

to construct multiple-choice

of such systems is that a

teacher can create large quantities of materials without learning a pro-

gramming language, as long as the materials fit the formats built into the

[

system. ‘'The big disadvantage is that it is very difficult in such environ-

ments to explore qualitatively new kinds of 'interactions. Depending on the.

sophistication of the system, even minor departures from the standard pre-

. v v
sentations may b2 impossible to achieve. - On the other hand, as more and more



v ' flexibility and options are added to such a system, it is often the case that
the'system ceases to be easy to use. It can even be more difficult to use
than'a true programming language, while a true language offers far more flexi-

bility in the long run. Moreover, if a true languaqe is available users will

%é,able to create their own format-oriented systems if they so desire, whereas

[

the existence of a format-oriented system does’ notmpermit_the creation by users

- . -_\ i~
. - Al » RN g
.

of a true ;anguage; the situations»are,not‘Symmetrical.- 4 ’ -

i . . .
o ; TUTOR on the PLATO IIT and PIATO IV systems does not fall intd am’: of ‘\

°

these  three classlflcatlons TU%OA has the cbmputatlonal capabilities of

- £ * ’ 1
other general-purpose ranguages, far more powerful responseyhandllng than
v %

. "CALY languages, and is speq&flcally deslgned for lnteraCtlve graphlcal-
o
display termlnals. It,Jof course, also permits. the creation of format--
. : .« - /’
T . oriented lessqgn construction subsystems, and there exist. a number of rather

elaborate machlnes of tFls kind lmplemented through TUTOR Substantial por-

.

tions of the system software‘itself are written in TUTOR, inoludbng‘editors,
< ' . T -~ .Y

C . - \‘ L T . .
sign~in procedures, disk management routines, etc.

R . 't’ J\ .
Most comput languages are designed -to beyihdependentjiof thelhardware
. L . . . ..\ ) - AR o ) . .
‘ A S TR
environment. TUidRqon the other hand‘%as conceived and implemented not as

9 a self-standing entlty but -as one component: of an 1ntegrated PLATO szstem,

and the nature of the termlnal the communlcatlg%s network sand® the computer

“

. architecture (especially the unusual computer memory- hlerarchy) all 1nf1uenoe
the structure of the 1anguage in many explicit and implicit waysf ThiS'some—

what unorthodox approach has the advantage of}perﬂitting users fully to‘cxploit

1 | -, N

the available resources. -Morcover, the fact that the PUTOR ligb age-is en-

A R

twined with the PLATO gperating system means that ‘TUTOR lessons have ready

»

3 : ) - ’ :
For a des crlpxlon of thé PLATO hardware and software enV1ronment see B.: Sher-,
wood and J. Stifle, "The PLAT@ IV Communications Syghem," Computer-based Edu-
cation Rcsoarrh Laboratory, Urbana, Illinois, 1975 ]
\) ¢ . . .
ERIC | ST "
. ) l N ’
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access to such ddministrative details as the sign-on name of the person who

is executing the lesson. Where most time-sharing systems support many dif-

TS - : . . .
N . . 0 .

ferent languages, TUTOR is the only interactive .language avajlable on the
PLATO system., K (Many users have wr%tten_sméll—scale languages in.TUTOR,.such‘

T "ot " . .
. ; . . S

as subsets of BASIC, EpRTRAN,'and PL/I for short student jobs, aﬁd a few
. ’ . . C AP
users have access to batch processing in standard languages. ‘- TUTOR is, how= .

~ -

,ever,'thé bhiy system—supportéd—interaétive language:)‘ This has led to &n

expassion-of.TUTOR.features to provide for many different kinds of-ptoérammihé
. ) ﬁeeds,,nséds which“wou;d-normally be mez b; mﬁ?y separate lan;sages. Support-

) N . . ' . .

{ . . iﬁgtbnly one langgagé;has alsb ﬁade it possible to provide much better on-line
documsntation.and consulting aids t?an would. otherwise have been possibﬁe. All
of these aséects of TUTOR distihguish.it'}rom most other compﬁter languages.

’ : . . e ) . <

L “ .
9.3 ’SOFTWARE FEATURES, AVAILABLE TO PLATO AUTHORS JV}\

" .
\ - ¢ ' N ,"/ Lo : a

AY .
It is useful to list some-of the moré unusdal~software-features avail-
. . YRR P , £
able td PLATO authorsi In some cases more powerfu; 1mplementat10ns of indivi-

. L2y e
7

dual features exist in othsr systems Lfor example, three‘ﬂlmensxonal rotatlons

" . -~
‘e LS

in'sophisticated computein graﬁhics'systems or syntaCtical sgntence analysis

. . . g . . e .

' . , /. .
in artificial intelligence projects), but, PLATO and TUTOR attempt to provide |

adequate- support in many areas in orde€r to bri 4 together all the essentials Coa
- 17 . . Lo Te

_ . \ -~
ﬁEﬁﬂQnents of computer—media?bd interaction. While some of the follpwing~

’,
LY

foac111t1es are unique-"to PLATO, it is perhaps more significant a d more un-'

usual th& these'faci;itie‘

] N - I N | v ey
. (1) Gr)phics at the basic level. The structuquoﬁftQS language
' add the specific graphics commands are basig to TYTOR, not ¢
grafted onto a text- prientgd language. The! features 1nclude
rrelative and scaled graphlcs ag well as graphgcs 1n absolute i
screen coordlnates. L {

Q ' S S ) R | | T
RE o e e

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

Y

- Y
Singlefkeyginteractiop; This property, which-is shared C
among the(communicatiops hardware, the, computer memory.
architecture, and the TUTOR language ,¢thakes it easy to
handle’ individual igput keys with a response timé':%tbne—
eighth second. This makes possible greatly heightened
interaction in comparison with the More typical "end-of-
line" processing of standard time-sharing systems. '

Intergctive displayrcfeatiph. This is a property of the

" 1anguage_anq'd§ the: source cbdggéditor which makes it eaéyJ
for authors to place text and drawings directly on the-

screen and receive an” automggtically generated source:i:ng—‘
uage TUTOR prodram correspolkding.-to that display. Th

.automatic programming feature makes ,display creation- far

more accessible than it would be if it were available solely

in the language itself: ?

Area graphics. On PLATOOIIiVauthors could create individual

characters or whole alphabgets in order to escape the common
restriction to the standardealphabet. On PLATO IV “thi@Pcapa-
bility is further exploited to provide a range of graphics
capabilities rather different from line drawings. Authors

have convenient tools for creating sets of 8x16 dot-matrix
characters’ which can be combined to form .still "and moving
pictures of gpfects. This yields a much more compact repre-
sentation for any purposes. t¥an do line drawings. Correspond-

‘" ing to the original purpose of area graphics, there are .now

’sentence—judgiqg algorithms is the detail

available many: foreign-language alphabets and “tools. for using
them, including leftward+going alphabets such as Persian.

ancept'judging4.' An unusual facility far hand;i;gégatural-
language -dialogs is provided by the aﬁility to Ine a voca-
bulary of; thousands of words and td Iist hundreds of sentence

"concepts" involving these words. The ability to specify syn-

yms in the vocabulary permits a single concept to represent
a_large number of, student inputs. FPurthe® author control is

vpossibye“by asgsociating numerical parameters with, vocabulasy

items. Authors’'can also specify many options to control the
judgtng machinery itself. The judging process makes novel use
of the data structure of the stored (author-supplied) data
and properties of the computer architecture (properties of
individual, computer instructions’ and the memory .hierarchy),
making it possible to respond’in a fraction of a.second to-

d eédbaéﬁ,pro%ided
sspelled, incorrectf

- rather complex ‘inputs. An additional unzgu%;"featurg of the

to the' student,.

etc.. [ ¢ _ : R &_
Spelling. There is- a Spelbing,ilgorithm which operates on‘a - ]
unique global basis and avgids detailed‘pharacter—string pro-

showing which words are

h&;essingg‘CThis aldorithm can distinguish between a misspelling

3

ey = N . )
: A 4 . e & b

' AL SR -t : ~ r‘v - X
425 Tenéiaf ad w. M. Cdlden,,"Spelling,-Wor@,iih& Concept Recognition,
- Computer-basg Education(Reséarch Laboratory, Urbana, Illinois, 1972:

.
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R . {
and a true word difference in a few microseconds. The
extreme quantitative speed of this algorithm yields a ‘ '
qualltatlve dlfferende in the ways mlsspelllng can be
handled.

!t R /
;. (7) Normal mathematical notation. The form of TUTOR cal— . */
) ‘ culational statements is essentially that -of Standard ) 'f'
‘mathematics rather than that of computer, 4anguages. . . .
- Implicit multiplication: (om1551on of thé multlpllcatlon .
sign) is permitted whereyer it is unambiguous. 'Exponentia- .
tion is shown with supersgripted powers {which is possible oL
because of the graphics fgatures of the terminal). ) Addi— . .'§§ .
.tional uncommon TUTOR cgdculational fac111t1es include’ bit- N ’
and byte-manlpulatlons, whole-matrix operatlons,'and the
ability- to use an. arbltrarlly—compllcated calculational
expression anywhere -in the language that a slmple integer

.could appear. . ) \\ - .

~ .

- (8) . Algeb}aic judéihg DraW1ng upon the fact that expre551ons
' are written in standard mathematical form,,addltlonal facili-

4 .ties make it easy to judge both tpe algebraic correctness and - .
the detalled‘form of a student's-algebraic response. ‘Also,
/a unique feature handles scien fic units on a true dimen-

fs1ona1 basis. Student character strings can be’. complled and
repeatedly executed by a TUTOR command, : ‘which g;ves ‘authors
‘ access at execution time to the TUTOR expressldn compller.

i

C “‘ .5(9) Text-substitution tables. A table can be defined which con-

- ‘ B -

g . verts, keypress by keypress, what 4As typéd by the student into
other’ text. This fac111tates dynamically changing’ the keyset N
layout. . T ‘ B PR

r ~- ¢

~

.- - prdvides rapid information transfer among the many. userge The
' are' public and special-interest forums, on-line consultlng ser- 7
' ; . + wvices_(in which the consultant can look at the author'!s screen
' remot?ly), on-llpe,typing interaction (the two .users type mes-
sages to each other at the bottom of their screens), and, per- , N
D o spnal notes (sent:electronjcally from one user to another, by L=
e name). Among the many i ortant admlnlstratlve usel. of the . .
, %@’ /fac111t1es is the continual- flow of "detailed suggestions from ’ 2
X ’ the large user community to the system software staff. 4 -
4 - N 3 ;° 4 . . . \‘,) . S, .
(11) Tools for running ‘classes.. Userxs can use TUTOR not only to write
lessons but also ko wrdite progfams for managing student progress~
. . ,through.. aaturrleulum of mahy. lessons and for proﬁuc1ng reports
on student progress. One 1mportant tool- is. the "router' lesson S
through’ wiich a student passes upop slgn-ln and which can make . ’
algorrthmlc decisions on where to send the student or what choides ~
. . to,prov%de .the student. A particular router of general utlllty R
~ is supported by the system staff, and many users also have wrltten,
! spec1a1—purpose routers., .

W o ‘. '_ ' €% ’. . ' n
- : ' : ¢ A ' . ’ /\. 4 . i ' ”‘ - o
Q ‘ . . . « LI T ‘ . ' } . ) .
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. (12) Attaching other devices. - A property of the terminal, the
communications hardware, and the TUTOR language is the re-
+ lative ease with which additional input’and output devices
can be attached and manipulated Theser devices have included
‘touch panels, microfiche. ‘Projectors, audid® response units, -
"typewriters, and laboratory equipment. : v o
. g : 3. -
(13) Rapid compilation. The structure of the language, the disk
, system, and the computer memory hierarchy combin®e to make it s
easy for authors to compile, test, and revise a lesson. It
v normally takes only a few seconds to move from editing source
) : code to eXecuting the program, and transitions, from editing
to_executing and back again are done with a simple keypreSs. - ’
The speed and ease of these operations is .a key element in S
heiping authors quickly find solutions to programmlng tasks. {:/
' . f )
o N . A,few PLATO’ users, 1ncluding theasoftware staff, are permitted to

3

.
v -

run batch programs using any. of the fi;llltles &vailable under the 'standard

. ]
Control Data N&s,operating system, including-assemblers; compilers, loaders,’//
.. ‘and other utilitv'packages.:~such programs run at a lower priority tHan ”
TUT;(ﬁR and %vantage of'\ the’fact <that in a very large system the left-‘

[ >

over processingbmomentariI’ avaiiahie, due "to statistical.fluctuations in.the
e 1oad,acan add up to a significant resource. This is an additional advantage
. - ¢
of largé sysééms over small ornes. Accehscto these batch—procgssing ficllltles
g\g/gonvenientlemade through standard PLATO terminals | _Not all the acsounting “
. \; and.s?heduling machinery’is yet in place to offer batch processing toaali usersv
B It should, however, beimentioned in this connection that major users ca: run
Lo . . . . » ¢
batch ]obs written in TUTQR'on a timedﬂbasis A t;pical use . of this faCiiity ‘B
. o, ~u ~
y is to do daily automatic sorting of:studenttassociated data in Iarge'courses. .
. o N . L _ S .

)
.

* ’ ' .v = - - ~':-' ’A.\“;‘ . \/ ‘r _‘ . »
9.4 'DEEPER SOFTWARE STRUCTURES LT oL e

v ks

) while thé above list. of features includes many of the most important

.

and’/ost distinctive software aspebts of PIATO, there are a number of other, -

A4 T N - -
‘deeper softwére’structures less obvious to EhJ'user buL tqually important in
providing quality. service. , X ‘ . AN AR
N . s _ . : N . .
; | . S
o S re b g . oA :
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(1) Electronic program swapping.. The use of CDC's Extended Core

X ’ Storage (ECS) for program swapping instead of disk or drum
Do Qkhas major qualltatlve and quantltatlve 1mpacts‘on all aspects
v . ' of the PLATO system It makes it posslble to handlé hundreds

) f graphics termlhals with* fractional-second response times.

f/It makes single-key 1nteractlon feasibple: every keypress is -
treated as a complete job for the central processor, not by a 4#..
SR “legs 1nte111gent communlcatlons processor. The "unlt" struc--
ture of TUTOR coupled w1th the high transfer rate of ECS makes’
possible a unlt—by unit swapplng scheme that sults’ automati-

. cally in an invisible segmentation or overlay/ structure for’

' . .large programs: The. rapid ECS- transfer rate/is also heav1ly -
E; y - - exploited at the’ TUTOR Language level and elsewhere -in the
Z%'ju ’ " system software in orderSEo handle various klnds of transfer ,and
r sortlng tasks. o

Sy L o

(2) The "formatter“*subsystem. The formatter converts generalized
termlnal output data into optlmlzed data Streams for the partl—

whlch among other .things makes possible’ sfrc othdflow1ng anlmated ‘
“.drawings. It cooperates with error-detection maghinery in the’ >
t - » ,.terminal to ‘correct transm1551on _errors when they occur. { N
(3) The disk subsystem .Disk file structures are simple, and file -
pointers are held in 'ECS, thus ‘eliminating one level of dilsk
o © accessing. 'The performange_and reliability of the disk sub
: _ ‘system permit hundreds f authors simultaneously to perfoim
' o edltang and other disk activities w1th5naar1y zerd Toss of stored .
b s data, all, of which are kept on-line at alh>t1mes. h}
: ! -3
u;g'.”ﬂf@44ylu 0€r51onst_ Assembly and,load;ng«technlques have been deVe—
. o h%§§Ed~WMLch_pqrm1t COmpIetely new versions-of the TUTOR software

[acheil

& - to be brought np ‘tn_a. few minutes. This makes -it: possible to
’ make" rapldﬁe' 1utéonary ghanqes in. the system softw@he ‘Normally,
& _a tested pr ucfgon version is run dgring the day; ‘and gn experi-
mental versi#dn is Fun after 10:00 p.m. every night. T ¢

W

\\\(5) igurce conversions. Usually changes to the TUJOR lan ge have
T en addltlgab to existing capabilities. Sometlmes,«ggzever, it
S gradually becomes clear-to the users and to the system software .
‘ staff ‘that some ex1st1ng TUTOR Syntax structure is poor and could
.., «Dbe greatlyvgmproved‘ Since all source files are kept on-line at
L all t1mes” fng3¢p0551ble to process exlstlng TUTOR files with
i a a program ( bem in TUTOR) to convert from the old format to the
new. This has‘been done many times and has contrlbuted to keeping
TUTOR a 11v1ng language zfdther than a dead one. Of course, when
converslons are performed\the on- Zline descrlptlon-of the language
< is also changed An attempt has.been made to avoid ting too . -
much 'detail into wr1tten desCrmptlons\of the language, -'in Order to
v . preserve this capablllty to change the form- of ‘the language.. -

-

R/, T
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y listing some of the major'

FE . K N .

We have outllned where ‘we started, an

)

l
ol :?;2,‘\3 .
?gbagdcterlstlcs -of the PLKTO system dt p
4 »

ent,'where we are. In the next . _
. sectlon we will aﬁtempt to identify what factors ﬂkfluence most strongly
. 1 .
the past.and future dlrectlons of the System software development. ,
. . - T ) o
o . o T 4

N

v . ' ,{ L3
9.5 - THE DRIVING FORCES FOR s@sTEM SOFTWARE DEVELOPMENT.

:(." ' . »

- . ° L . ’ A) . ¢ ’
- " The single mostvimportant dfiving force behind PLATO system software

. » .
- . -

development has been the recognltlon of the subtlety and compleX1ty,of educa- <
_tion. 9né immediate corollary is ‘tHe 1n515tence on using termlnals w1th ade“ 7 ;k
quate: communications fac111t1es, 1nclud1nq graphlcs capabllltles in partlcular.

, 1
Problems and opportunltles associated with the- graphlcs features of the’ PLATO IV
- . L s
B v 8 >!

L - termlnal have taken a goodlyﬁshar& of the, efforts of all staff members. Whlle

’
,
o~

often’not t. zght of as graphlcs elements, .even text operatlons have 1nvolved

rd
. 5 ; 0

£ work of an essentlally graphlcs—orlented nature, in order to

\ - -
’

handle multlple alphabets, subscrlpts, superscrlpts, erasure problems and even.
’ K - \ .
leftwnrd alphabets There has been- a lengthy evolut;én in the TUTOR graph%cs/

o
N .

’7 1 .
commands. . For example, as recentlyras the summer o 976 "a major converslon
N PRI

a

a"great deal

- K -
Ny L.

- was performed to ratlonallze the three major sets of grap {cs commands (abSO—'
’
. ) - s / v » ‘ ; ’

. lute, relatlve, and scaled). )
v P - . )
The requirement of complex interactign withffractional?second response,

/ 5 § " TSNP )
a requlrement 1mposed by human éfeds, means that a short but 1ntense“burst of T

5. - B
- ° “

complicated proceSSLng must be performed for each’ user 1nput Thls;requlres
* .

s
@

a proeessor Wlth hlgh speed and w1th large amounts of useful memory’; fwhilef
. < ST

a ‘uallty 1nteractlon-w1th just one user requlres'hl hly SOphIStlcatéé-Cdmﬂ{; 7
! . 4 3 : . ‘highly §%

. .' "‘ i I

puter.resources, it is economlcally necessary to- sharessuch resources dmong -,

. \ . . P

o :
many users 1 1th the computer working for other people between 1nputs made by "=~
. e

‘ T LT q/ GRS - SR .
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{inactive programs.

'certa1n sense, an env1ronment of sqarcl - Attemptzng -to run hundreds,

+

~- a

7

-

o

}lessons in ECS by many students.

tlon memoty and the SWapplng memory, wh1ch holds all the (momentarlly)

A
the cholce of the CDC 6400,,a 1arge scale sc1ent1f1c comguter W1th ECS

for fhevé$g§tron1c swapplng mém;ry‘?

times higher tﬁgh disk§ or, drums and an access

.slow and expenslve character str1ng processlng of most systems has been

._accesse@k Wlth 1mproved dlsk e

v -
hd

This reqques h1gh speed transfer between the[execu-
: , 2

1y

the f1rst user)

s \

' A detailed 1nvest1gatlon of all these factors led to »
¥

LN

~

RLE
ECS’bas a transfer rate one hundred

~

ol

-

¢ v

€€;e”more than one thou-
Yo, o ' | R . o . .

=

. R v ; . _
These unique p§operties in turn; .

sand»cimes‘better‘than disks_or»drums;
, | A |
have colored ail;aspects‘of the’ PLATO system §oftware””

+ «

Another major 1nf§uence on’ PLATO 's
i

ystem softwire- has been,‘ln a’

- >

K ) [N

- . N 4g
of graphlcs termlnais has meant that the\average amount of processlng per ’
- " © .

N > F

second pex term&nal and ‘the amount of memory per term1na1 have hadato be

PR

- Much staff timevand effbrt is‘continuously expended;

"

uncomfortably small.

R I
Ty

~Pefha$s thevmost

s,

‘on f1nd1ng ways around these ktrlngent 11m1tat19ns.

L ’

dramatlc and inpgovative example of these efforts is represented b& the
s . : V. 1'?' o

pt-judging features.of’f;;;;, Iﬁ‘wh1eh the normallyuvery
_ e 3.

v

I4

spelllng and cdon

o

-

replaced by EEChnlques YKL

]

. (r .
ch work better;yet work hundreds of times faster.“’

'lfl ~'_,~‘

A less ramat exam le is theé 1multaneous shar1n \of sin e cop1es of
tJ P 9;

y - R 0 . ‘ L,

Another very scarce resource;has been,the .

Because it. was feared that dlsk transfer,

ot \_ A,_)-
\

»
P .
ot

. B

transfeﬁ rate to databases on dlSkS.

.t

s '~ *

rates mlght be the 11m1t1ng factor'determlnlng the number of termlnals wh1ch
.l 5 . 1o

cou1d be handied, great efforts were made to hold down - the need for maklng dlsk

&
B

4

)

pment and ‘improved’ dlsk software it has be-
Y

ke : LN ] . /’ s i , N
. .. N . ]
.qome posslblt to loosen these restrlctlons. P! & - o -
N ‘ < . B
L : : . H . ¢ L . R t
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e . - Availability to the system staff of a larde,” dedicated computer .

N system has,hadoa_nrofound imoact on what could bhe develobed;andlat what
ratb. The capabilityvto prepare,andgtest'daily.new versionslof the system'

goftuare has. been of inestimablé Oaluerd It may seem:wasteful‘of empensive

resources to allow a ;;oup.to "play" ih this way. Shouign't the software

- be carefully dé{igned, implemented, and then alteredionly in kgnor:ways'
-t&ercafter?“ The difficulty is that education is an extremely complex . f. .o

. . . . . .
. . ' i, . N PIYN

e 5 - : . . o

human endanPr, and no person or group can desidgn in advance an'adequateA

. .
. -

gg _&' fsoftWareVEystenltiﬁsunport.edﬁcation,.unlike the case,wi¢hjmore narrow en-.

'deavors, such:as administrative*or scientific computing:. An adequate system s
. caé,dnly evolve continuously'in‘actual use, Which.reguires thegfacilities
DR L AR . . . ’ R .
qté&&ake fapid changes in reéban%F to discovered_needs'of the’users.
} v'. o - asdac from the~essentially'technical influences discussed‘aboue, the s

), . -
[ s, - *

bigqest impact on the PLATO system software development comes from the l e

.

,user community.. The large sizo of that community, in direct, instantane s

- X,

_conta t w1th the de@le?ers (throuqh anllne forums and personal notes as well

R ..as. through pmrsonal contacts), is-in. itself an. unusual factor. Simultaneous IV

> '
e 'prcssures from the French professor who ﬁéeds improVed gudging of French L

5 «f “:
/ ¢ . \. L6

M

Co syntax, from "the teacher of veterinary mediCine who haS a good suggestion on ;
. ‘ . ) ‘ i L , , %
'-f" how to s1mplify the use of a touch panel, and from the chemist wﬁo needé a . f:

- * - A.f
.~ v N

COR - B e t

Y

better wayan Manage PLATO classes involV1nq hundreds of stbdents a&& drive

! ! - , e
- LN
’ y

" {_the’developmentd Traditionally,.requests for,systemvmodificatidns filter_

v
> . - . ~ (Y N ¥ -

“*””“*—'throuqh‘various layéYS‘bE*usef groups to an” lsolated’system software SEAFEY

a s

A\ L “the PLATO case'ulowever, one system 1s‘itself large enough to provide‘a

e X . S

B . .
; . .
v v . 7 ” R - Y

.. i? critical-mass gf electronically immediate input.' The larqe number of "ele -
j.’ '. . l. * ) .- .. “ PR ¥ ’ . (\_, -
o tronically¥loc§lf (thoughsnat;onally distributed) users’ both insures the '/_ L

L K] {
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breadthﬂpeccssary to identify common proglems and providcs software staff
with thé'important.psycholoQical gratifilX cm)of seelng their work ncedcd

and used This latter polnt may, in fact,\be qu}tc 1mportant many

) dc {irable PLAPU tools 'might'not have . been builtfon a smaller system, where

N ©

WidCTSPrCad use would not have been appareft.- . o
A particularly important segment of.the-user commuiity .is formed b?z.

thc.system software staff itsel .In the dcvelopment of far too many systems

) ‘j'l : ,
somputér systems and others as well), the developers have not themSelves
. . , - N N , . .

heen uscrs. The PLATO 'software staff membersiuse'PLATO and TUTOR constantly

Qd .
in the1r dally~Mork both ger creatlnq system softﬁgg; and for. controlllng

- and mon1tor1ng system operatlons ThlS forces the staff members to pay cloge

_ w1th the same texx eaitor used*by all'users,5files are maintained'undé@‘stan-

. Pt
“ made'to.have as few u-rlvlleged" options qg,p0551ble,\to 1nsure that staff

- ment of 1nstructlon are 1n place, 1t appears as somethlng of a surprlse that

ERIC

. , v
attcntlon to the needs of q&l users, themselves 1ncluded Not only is much

“ n

of the systcm software wrltéen in TUTOR@Qbut all of the file editing isg- done

w

4 E

o .I?'.’ 1
dard TUTOR formats, ﬁ&d standard PLATO termlnals are used. .Inadequacy of the
- Tags ©

~t%§t editor or loss.of datigggg to dlsk subsystem malfunctlon Would affect

RN

‘staff mcmbers-asrmucqﬁas’it‘would affect other users. . When it became appare;t

RN R . . o cys ’ :
that additional search featureS'weré'requlred for editing system software
' , - ) -t -

- N PR3 -

fllOS, thesc featurcs were prov1ded to alﬂ users. In general, an'attempt is

\u

Vv e -,

* ) —
contact w1th the real problems of users.. o SR

members rema1n 1m q; o7

. » ' Q . ’ " -
e
Now that many of the fac1lr}1cs requlred ﬁor 1nstructlon and the manage—

SO N5 PSS U O g 3

v . -.3‘- ;

PLATO can be and is belng used" for many other purp es.. One way of looklng

.
) . 3 2

‘at thlS 51tuatlon is to. say that prov1d1ng 1nteract1ve educatlon by computer

2 “ . .
.

1is one- of the most dlfflcult of all qpmputer'programmlng tasks -Once adequate

tools -are avhlable foz thlS d1ff1cult and subtle klnd of 1nteractlon,”the sys—>
™ . ) \/’ . . \ 6." ,Qﬂ Tt ]

tem“has reached a l%yel of such soocmﬁt;catlon tQét other, fion- 1nstruct1onal~

3 .

e oo . . LR &
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work. : /-

interactive computing tasks become easy. Evolutionary useér pressurc’is -

incxeasingly exerted in the direcdtion of improved database—manipulation

tools \ additional forms of communications, better administrative and

¢l v

E g N ~ . ).

~.

clerical \Word—processing facilities, etc. It appears that reacting
to tﬁese new desires will form ofic major theme of future system software
~ g \ J . . . ‘~

9.6 {THE FUTURE - . . o )

In-addition to user 'pressure for'improved non-instructional faci-

:
~ . -
. 2y . - .

jlities, there are a few other major development activities which can be

' -

-

ERIC
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foreseen today. One of these areas consists of efforts to exploit the

novel capabilitiés of a new generation of "PLATO V" terminals. It is
: P \

1ntended to add seveﬁgl hundred of these mlcro—processor—based termlnals

to the Urbana systom Because there 1s a loadable pxogram memory in the

terminal, the posslbllltlos for exp101tuuﬂthe termlnal are qulte open- |

v

’ s

ended. _It is already zﬁpa;ent that certain kinds of display qcnoration
qy -

"t \
\

can be performed mo§5; apldly at the termlnal but what othor tasks 1t

' N . "'".

can approprlately perform are not at all clear, nor is lt .clear prec1selvl

what/impact these terminals will have on’ the central computer software. °

LB oa . . v . .. '
Whllb.tﬁp,tgrminal will certaihlyk ree the central.computer from many:-
S o : > L gy < " e : d :
rqutine tasks, it is likely that procéssing overall will Tise in the -
. . . - y . ) o . . ; . X N
central computer‘in order to'exploit fully the new capabilities of the

- - M s 2 o L ‘Q‘ '

- e s B — . L R - . . L B o

much more powerful termlnals

.
t

.. Another future and current development tngmé is that of uetwOrks__

< L _ o , ' _ - & .
tying many éLATO,sYstcms together much as loecal telephone exchanges are

A Y

o _ ; ) ) A - . ) .
tied together. Thetc Lsialregnya line between the Ura?na'PLATO system *

BN



" »

and; CDC's Minnesota PLATO. System. . Over this,. line flow curriculum materials,

programs, notes, .etc. Much remains to be.done'to improve: this facility and

i,

. to connecf all PLATO systems together. bTh&s link hag already proved to be

invaluable in unifying the various user and development communities. A fe-
X .

.

A 4

lated area of work has led to embedding PLATO software in the standard CDC ’

"NOS"-operating system, to s1mpli£y the distribution of new versions of the

]

' [ % / .
' PLATO software to all JPLATO systeMs.n There will be continuing effofts to

ensure that all PLA systems will be‘compatiple and havelthe,latestfversionA

Py ” A

v 4
of the software a

'

all- times. ] A “

b

It appears that future PLATO Systems wlll use larger numbers of in-
§« -~ ) * .

creasingly less expen$ive processing units, sharing memor¥y for comgmon data.

,oa

It is .already the case that the Urbana system has . tw0 mainframes @ach with -7
. B e g ER ‘T'
two «ent®al processing'units, sharing ECS through which communications be-‘jlw' ¥ *'_
" N *e . [ ,ﬁ
tween the mainframes flo%q’ The fourrcentral process1ng units share’ tasks . -
/ N B i .
in rather~straightforward ways at present. Future developments are intended , _L*V.
" . o, s
to lead to greater flexiqdlity in such task—sharing. ‘ L ;gr_‘.
’ . ' v’ . ’ , . =
P> -~ 1 1 *
&
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+ 9.7 SYSTEM SOFTWARE STAFF

‘ . ) /
»

. ) - ) . . . -
Y PR : . . 4
.This is a 11st~of:people who have contributed d1rect1y to PLATO IV

) system sOftqare development' An’attempt has been made to glve a brief
I “ . - . . o I 0
_ descrlptlon of the area of empha51s for, each person, although in many
i ) .
cases the person may have been 1nvolved'1n one way or another in many
: T8 : L ' e
aspects of the system software. T Lo

° « “ 4 DY
M - i N - ~
‘ " N Ay L B

. v

N - Paul- Tenczar, Head of the System Software Group .
' V Invention of the! TUTOR languaqggiall areas; 1nteractlon
M “ Tow speed, sentence .Judging and Sp Lng,yunlt-swapplng
. . structure,.mlcro tables, foreign- language versions: "-Qy v . .
(4 N . - . N
"ﬂki C David Andersen .. . . b '
N ~All areas,'ECS management ; character sets, calculation '
_definitions,’ functions, byte manipulations; graphics;

: s accountlng, student data; multi-mainframe software. -
/ ° . : ‘“, [ . : ) b L} r.
. f“ ', Lon &
L : Bruce Sherwood . ’ .
‘ . All areas; calculat@bn compller- algebraic and dimen-_ 7
. . -0 . s1ona1-un1ts judglng, graphics.- L. ..
* Richard Blomme T g :
i N N All areas; disk- subsystem, graphlcs- interactive dlsplay
gh L o genération; databases; terminal 1nput/outgut . .
o - Donald Lee . N e N .
. “st s .
¢ \ Formatter, operating system; assemblersy ﬂ) - . - -
Mr;hael Walker v e DN
Operatlng system, disk subsystem, o SRR L
\ . B Y b
‘ "Robert Rader . - - COEere U °
e T Operatlonal aspects numer1cal dlsnlayp daEQEaSes. ‘ '-‘§}
o, 4 : SR
Chrlstopher Fugltt ‘ T . b ‘= -2 ’
. " Operating system. : U L J : .
T o T oo ";’";"" Ta‘l'd’ Sh‘rrer"’”‘"_"“ T _":"‘""_‘""‘ ) ."‘ T B T ‘e T L ve "t
i o T -Scaled graphlps, matrix operatioms. S I S
- - " : S -
- W1111am Golden . o ' " T
. Sgglllng algorlthm* consultlng in ma?y areas.. : T
e | N R
' Ruth Chabay : . . . T e
. 'i Class-management'tools rou%ers, report generators) T
- v b 4 /i . - o - -
o : i G0N . . ,»/- B A e -
. James Parry S , e , o S _ A -
Lo Termi??d output; -graphics; exterpal devices. = >
Q .; s o caT L T st

ERIC . ., .~ =T o P N
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Masako Secrest " . ’ . &\
" Operatin stem. . . a -
3 P g system R o J B
David Frankel . . B o N
Text editor and related tools. ' . ’
Klm Mast ) : * N
‘ - Personal notes (electronlc mall)
- s ST N
Phil Mast ¢ ' ! (]
: caIculatlonal languége structures, prlntlng o . St

‘ .
- I

g, Marshall Midden v e, -
’ ’ Text and. graphlcs edltors, general malntenance. o

.

v R .
NS w ] “ /

. -_A~v,‘.v-v S -- RO a « ° f
Lawrence White,mh ; ihcrf_’i o ;;;Fn_da"’/ oo T s

Jf‘ . Graphics; 1anguége‘COQVersions:-;-g*'w e U fg ¥

‘ David Woolley )
~On-line forums.

~ . . ?
Doug Brown Ty, '
. Printing of files. ~“.» '
'+ " Brand Fortner - I e Ca
Mine-drawn- chgracter sSgts;-sorting routines. .

¢ e L E T > .
: . . Lo ,

e . .
Y v . : E?_ . N

Sherwin Gooch. - - R “ A o RN '~;;;\

. Search routines." o o & -,
) b . a A ’
1 v AT . K - >
R . . R u
o David Kopf - N ‘ :
o N Early ECS management scheme. ‘ :
. ’ ¢ : 4"‘ ’ ) \"-" . -q. . “ , '}_‘ . ] l ; 3
Allen Avner » s -
Student data- de51§n» datakeeplng on system use. o
’ a ""ﬂ - I." “j L -
‘ Dav1d Fumento - RN R . o :
a d 4
L, : Flle seaschesﬁ errOr‘d;ggnostlcs. *ﬁ} 3 .
‘:::\ ,, ' .. . Yo » ';{ (4 "‘ .-_}“‘ ’eﬁ N . E 57‘ N
. s . Sy . LR oL .
> fi‘\ PO ) . . . .
. .oam “ . <. N A
4 . At } . M i oo oo B
! & ! - ’ « % . LY
B ¢ , ; : \ »
..... KRS R B : AU S - . e e
. NEEE Sov ! . .
- : - - . K] t
R . i . b A\
“ * . ..
» 3 ° T - v
, - . . . 4.:' :
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This paper is an 1nﬁormal analys1s of data collected by the PLATO
Elementary Readlnq Currlcuggm projedb'(PERC) as .of February, l976 formal‘. .-la-
. K ! .‘.1 ‘.‘:. q\\_
e, .analys1s of ‘the data Wlll ‘be' completed at a later date. #THis: 1nforma1 :
. i cl ‘ R S,
o analys1s as presenttd go 1nd1cate the currenk\:reh @ that are developlng, .
M " * . . . T
-~ -and to show the types of questlons #FRC can the to angwer L ';ﬂ :"ﬁ - 1
u‘;f’%7r , N , - . KT S
- 1) ngEral Informatloh T :, BRI < S L ey
] - . : B .1-4'“,_' q; ot / o 3 PR . g &
'\\f" ; . K% of early February, PERC was‘runnlng about 300 students per "day - ._ﬁé
o ' * from .25 classrooms. A total of 783 students(have taken” PERC acti- . .

e LT - _v1t1es so far §§1s year oeaEh student has- been on—the system an -’.{:C

Ve -,average&of 6.2 hours,,and an average of Zﬁ idays I G
. Ty e Tt
P . . A. total of 88 925 act1v1t1es had been executed.as of 02/04/76 each :
= , ‘ . ct1v1ty lasted an average of 2 mlnutes and 4!iseconds. B B e
R S . -
Lo T . : * : e ’ »e . ¢ Te T
' _f . 2). Students Succeed 1n PERC Act1v1t1es : o . 0 o
i —_— . One of PERC‘s\pramary ggals has been- to produce” 1nstructlon 1n- hlch
3 ' the’ ‘'student <could experlence success, Whlle not attemptl to pro- s :
AR ‘. ‘?duce "errorless learning", PERC. has; tried t8 m1n1mlze7studen fiuge. )
ﬁ' C at the termlnal ‘Data’ sugqests that students are able. to' perform the L
LA .+  specified tasks in most l¥ssons;: that same . data has-been used 1n'the
PRI .- past, -and will be used in the future, to 1mprove act1v1t1es ine whlph'
. studénts seem to encounter problems._._. o ‘J s -;?} j
'..' ‘:‘ . R . , b - . 6\ “',-" . : ‘-‘_;,'4 ", ..
°i_ . : a) -+ at - the.end .of each act1v1ty a single value is set to 1nd1cate~“‘w ¥,
Ce e hbwfkﬁ.¢»the student performed in’ that. act1V1ty,,student s perfor— & (!
0 - maf L?currently d1str1buted.. : r R T
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A total of 54% of the "bad data"‘is/accounted for‘by‘one"strandu
. of activities which do not set this value; the rest of the "bad
data" probably comes from students leaving an actlvity before the

act1v{§y is done. o ) "
Excludlng the "bad data", student' s success 1n PERC act1v1t1es 1s dlS—
/&' { ¥  tributed: . O -
. ' .« ’ hid
Good---=- r=—-81% i ' E
“ Faire----T—--l6% ‘
POOYm == s mm = = 3% v

_ b) All counters used in making decisions about how well a student
N ) performed in an activity are being saved these typlcally indicate -
4 the number of items a student got right or wrong. ' These counters
are collected in order to norm “the criteria for the activity, and
to point out activities in which students typlcally have troubles e
-.\1 _-\,\v o
Currently,‘students normally get at least 80% of the items in a
lesson correct (this includes only lessons, not tests).

In most act1v1t1es, ‘a student has to get at: least 80% rlght in \x);
order to be marked as having made a good" performance. The
"success" value set at the -end of each-activity (see —a- above)

and the counters used in. making that sdetermination indicate that
most students perform at an 80% level or, better. .

That analy51s of these counters can lead to better lesson material
g can be shown by looking at® an activity called "The Missing Letter"
/. ~which teaches alphabeticah&order; In the 1974-75 school year, the .
error rate in ‘that activity was over 40%; and the interaction re-
quired only a binary choice! The lesson was rede51gned and’ currently
shows an error rate of only lO% (N-1607 tr1als) - .

Whlle some ‘activities are redesigned because of high error rates,
others are totally scrapped and new formats are found.

c) Student correction procedures within an activity appear to be
! successful in helping a student avoid the same -error later on.
About 50 activities report detailed information about how each
student does on each item. PERC currently requires (in most lessons)
that a child make the correct answer in each frame; that is, if he
gets an item wrong, he is told that he is wrong, and he is expected
to then enter the correct response. That item is then brought back
to the student later in the exercise according to several different
schedules; for example, the item might be brought back on the second
trial after' the wrong answer; or all items might be cycled once before
incorrect items are brought back for review. -

ERIC | IELER
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. ¢ Informal analysis of the raw data suggests that stpaents'do'
e ' perform well on subsequent exposures to an item that had pre-
' <. | viously been missed. Research by Sieégel and Misselt (with
e ‘;7 college students) shows that such correction procedures pro-
' mote lohg term retention. PERC would like to engage in simi-
3 iar studies with our first grade populatlon, but our _current
a / anagement’ system inhibits the sewting up of specific experlmental
) §e51gns. However, the various review schedules belng used in
. 1fferent lessons ‘'will be studied to see if they have significant
. effects ‘on performance within a lesson. The correction procedures
gescrlbed bhére were not used in the 1974~75 curriculum. At that
’ tlme PERC followed the principle (experimentally shown in the
_ . o _ §tanford Reading Project) that correction did not lead to better
e . ' retentlon, i.e., when there's a binary choice (as so many of the
‘ PERC activities involve), the child does not need to be forced
'into making the correct response after an error. Anecdotal and
observatlonal data indicated that such a procedure contributed to
that sense of a lack of purpose'students exhibited in the 1974-75
currlculum, at that. time some students were sald to view PLATO as
recreation only and there was some question as to whether they were
; . attending to the instruction. Reports such as those have been fewer
] : this year and have not directly involved any activities in which the
[ new correction procedure is empleoyed. o
\ ' 1 , . A
) d) .In summer, 1975, one'of PERC's teachers (Mrs.=—===- ) ran a summer
‘ ‘- course with incoming first graders; she used no other instruction
[ B .-except PLATO; and she administered her own tests with flashcards.
. ‘Her results showed that students improved in visual. skllls, letter
/ T names, phonics, sight words, and concept words. .

The most improvement came ‘in concept words such as "up" and "down".
She attributes the success to the PLATO lessons which give the stu- - &,
dent totdl sensory involvement in the task; for example, the students

use the words "up" and '"down" to manipulate something on the screen.

) L

3) PERC Data is Becoming More Valid and More Reliable

Just because students are succeeding in PERC activities does not
necessarily mean that they are learning anything. PERC has had a
continual problem in making automated decisions about whether a stu-
dent knows a particular skill. Usually PERC has been guilty of a
"false negative error": marking a student as not being able to per-
form the given skill when in fact the student could do the skill;

the other side of this, however, is that students generally can do

- skills which PERC data says they can. .

PERC is not unique in having this problem. Venezsky has tried to\
put paper and pencil tests on PLATO to do diagnostic testing,and
reading 'in the primary grades. He too reports a "false negative
’
‘ » . A
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r" showing that student w1tH paper ami@knc1l tests generally

psfformed better than students taklng tests on PLATO. ' However,. by
redesigning the PLATO test he was able to attain approx1mately equal .

results. . . : :
J o 7

a) - Student performarige dataT}br use by’ teachers seems to be much
‘improved this year. « A rather constant complaint during the 1974-75
school year was that the data reported to teachers: about individual
students was very 1naccurate——almost always because the data said -
the child did not know somethlng the teacher knew he did know.

Performance data was drastlca{ly rede51gned far this year, and
the decision points where that performance ddta was marked were
externallzed" in the past, decisions about the student's per-
formance were made "on the fly" in the midst’ of an activity; a
single activity mlght have referred to the performance data base
in many different places. All of those decisions were collected

.~ so that decisions are now made in one place, at the end of an acti-
vity; this was .allowed for better inspection of the decision logic
afd consequent standardization®of that loglc.r'

' .

' The overall results Lave been that the™dqta reporting routines are 45
more understandable to teachers.  There ha¥%e been very few com- '
plaints this‘yEar about the Meliability of t current data; and -
when teachers are’ asked about the performanceldata, they have gen-
erallx_indicatgd that PERC data was fairly clo their own evalua-
tions. Wwhile no Eount has  been kept on how ofteq teachers refer to
that data, many teachers have been observed as being in the perfor—\
mance data file thrqughout the year;%finally, many teachers have.re-
quested hard copy prints of this data which they like to glve to
parents along with the stuéent 's report cards./L ,

b) A formal attempt to valldate a. couple of the tests used in the
phonics and 51ght word strands has been in progress this year. 1In
this design, students take a PLATO test and their scores are stored‘
away; shortly afterwards, a PERC staff member adminlsters a paper,
test prepared by ETS on”the same material and enters those scores.
into the computer where they cah be compared withithe PLATO scores. -

Data for the sight word test is not yet avallable“ but prellmlnary
data ‘from the phonics tests indicate that PERC still suffers from a
false negative error"; Jdf PLATO marks a student as know1ng a glveni
grapheme/phoneme correspondence, the probability' is very high.that -
tﬁgéstudent will pass a paper and bepcil test; but Aif PLATO fails a

. student, the odds look almost even that the stude will get the

: paper and pencil items correct. Both sight word and phonics tests
are relatively new and have not been subjected to the revision that
other tests in the curr1cu1um have undergone; they fllow the pattern
discerned earlier that newer materials return a "false negative error"
until they are normed and revised. :

.

~
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c) Infoirmal analysis of data ,from 1nd1V1dua1 activities 1nd1cate
that the acti®ities usually confirm observatlon reports. For ex-
ample, PERC has apparently failed for' the third time to teach the
students to press a given key (the —help— key) in- .order to hear an
audip message again. Observers report that students &imply do noqt

do it unless they have been instructed by an adult;: the instructional

'materials designed to teach that function do not®work despite the

fact they have been completely redesigned for ‘this year. The data
from the activities confirm those.observatlons- while students per-f
form at the 80% level in the instructional sequence, they get“Just )
over 50% right in the test (N=11646 trials). The conglusion that

. -has to be drawn is that the skills presented in the. 1nstructlon are
_ not suff1c1ent1y related to the task to be learned.

Another example of how observatlons of student skills correlate with'
data from individual activities comes from the diagnostic test on
letter names. Observers and teachers report that most students enter
the PERC curriculum knowing letter names. Students receive a diag-
nostic test early in the curriculum which presents an average of 12
of the more difficu letter names; students currently are getting
76% right on this t (N=11623 trials). L

c'/
Observers also report ‘that our populatlon of- studants performs well
in 51mple visual skills; the initial. diagnostic test on simple word

detail skllls(shows students getting 88% correct (N— 3356 tr1als)

'd) Data from activities on visual dyscrlmlnatlon of letter shapes

has been kept as a confusion matrix:. Generally, letters which re-
search shows as -presenting problems for early reading students appear
to ‘be the greatest pr§§l§$ for PERC students, too.” For example, the
greatest difficulties nvolve b, d, p, and q; other difficulties show

‘up between lett®Ys having the similiar slopes and orientations.

e) As described above (2d), Mrs.----- ran a summer class last year
in which'!'she used flashcards to test whether or not students were
learning. Not only did she find that students did learn, but:she
also made a rough correlatlon between her test data and PERC data.
She found that in most cases the PERC data accurately reflected her

- findings; where there weré errors, it'was almost always a CJSe of

PERC marking a skill as, unknown, wh}ch Mrs. —-—---- found to be known;
but such discrepancies were mostly found in the newer, less rev1sed.

areas.

Students Interact Well with Rich byt Familiar Formats '

>

A major tenent of PERC has been the importance of good paradigmatic

'lessons In its early stages, PERC focused most of its energy on

trylng to reflne lesson deslgns So that students could easlly interact
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with them. A major problem has been making the ruled for how to-
interact with the lesson as simple as the sk111 being taught; too
often PERC has had to tonclude that if a child could figure out how _
to/ do the lesson, he probably did not need it!® . :_

Therefore, in contrast to the Stahford project, PERC has developed
1arge number of rich formats; yet there is a continuity. amongst
ormats so that the differences between what a student has to do in
order to respond have been kept-at aminimum. Thus, the student - -
interest level is kept high by the«variety of formats, but his abl—
lity to interact with each format is more assured. ‘ '

a) For the first six sight ‘'word tests, there is a correlation of 3
+91 between position in the curriculum and success in the test. . €
The assumption is made that all of the 24 words tested in those six_ = -«

testf are of equal dlfflculty (an assumption which will have to be .
tested); therefore, tHe slgnlflcanp varlable that explains the close [ °
correlation is familiarity w1th>the format of the test.
g < . .
b) In two aud1tory dlscr1m1natlon tests, there is a marked improve- *
ment between 'the first test on 1, P, n, and t (error rate= 27%; e
N = 5034 trials); and the secqnd te&t on a, s, b, and 1 (error o
rate = 7%; N = 1887). . One thing to note here .is the smaller n in
the second test; error rates are often held artificially low at f1rst
because only the faster student®% have encountered the act1v1ty .
c) A sight word activity called "Make a Sentence" has proven to-.be
more difficult than initially anticipated; a couple of activities

will have to be designed to precede this activity. On the first use
of "Make a ‘Sentence", 73% of the students were unable to successfully
interact with the activity- (N= 166); yet, on the second use of that
actiwity with new- sight words, only 37% could not do it (N= 54).

LY

d) On 13 audltory dlscrlmlnatlon\drllls whlch all share the'sane for-
mat but differ as to visual reinforcement, the error rates range from
- 31% (on the second uge of the format) to 9% on the (12th use): The
correlation betweengp051tlon.1n the curriculum and successfis -.55
which is smaller” than<one reported above; but there are other vari--
_ables present 1n these activities such as the use of. v1suals in pre—

¥ sent1ng d1tory 1tems (dlscussed below) .. , ’ L : B
. \d P4 =
y » 3). Students ar Suocessful?in Interacting J&th the Terminal. .
- -d-. b 2. l’ Fy - - »

‘Data in this area refers onl to how well the students are able td

performe the interactions required of them, that is, whether they

touch theé screen when gequested, type on the keyboard when asked, or //
' answer hlthln an-allotted time period (usually 30 seconds).

-’ -

a) Students make an cceptable (thougr not necessarily a correct)
\iesponse on their first try 73% of the|time. There currently has been
: o attempt to establish a norm here. PERC has traditionally attended
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-and- made an acceptable answer before the remediation messag

In'the sampl escrlbed abqve, only 2%,0f the students’ walted until

&

' to the problem of making activities easy tp 1nteract w1th Many

activities have been. rewritten this. year sO that .the 1nterqpt1bns

: ‘Would be more stralght fotwardu .- ' ' L ' Yo

- : . 9 ~
b}

The data gathered hexe can be- used to 1dent1fy types of formats
nts. PERC has been
th¥s type ‘of rdata for se eral yeaxs; however, much mean- -

gathe

'1ngless 1nformat;on was gathered 1n the past; thls yearks data has"

'been collected in a way that should fac111tat a more formal analySLS.

) ']
.b) Students Appear to reme 3te thelr own pro¢edural errors. Amr

old pr1nc1ple PERC has folYowed)kas be&n’ to w1thhold rehedlatlon for -
procedural érrors fe.g., touching an unrepognlzed agg@f until it be-

come obvious that the.student really needed further“Qirections. For »
unrecognized touches, PERC lessons wait: until the third such. touch 4 -
has occurred before remediation is offered. Ffom a random sample of ".v'“g

interaction (conducted.from 1/26/76 through 2/ /76), at least one - -

. unrecognized touch Was entered in at. leas 10% of the frames }N— 74472 .

measured lnteractlons) However, students' wént ‘on .to touch an ac-
cepted locatipn 1n 74% of those cases before a remediation message was

. needed; and 19 more of the students made an: acceptable touch as soon

as they heard the .reme al message. - ' - e R
‘ ' ¢ ‘\ T . ' >

In 5% of the cases, students entered’unaccepted key presses-before

they made an acceptable response; this statistic is: espec1ally in- .

teresting because: such data is usually not\kept for activities Whl?h .

requirze typlng, therefore, most of this data“ comes from framés in ' L

which the student has been askgd to touch the Screen. Nevertheless,' I

from the sample described above, 82% of the ‘students stoppe

tr1ggered by a seventh key press; 10% moxe students respond to the‘
remedial message. leaving another 8% who contlnue typlng up to’'ds
many as 60 total keys before being taken out: of the actLV1ty

the time alloffed expired; then 85% of those students responded to . the
first tlmequp,audlo message. . . . ‘\ . :

! -

In summary, it appears that students successfully remedlabe themselves ’

when they make- procedumal errors. However, some students do need addi- .

tlonal nstructLbns 1% order to enter an accepti:le answer. .-f
4\ . l. . .

cy Audlo messages have been’ abbreviated. A con\tant problem has been

aud10>messages whlch were So long that the students stopped attending

to it; or messages which were long because they. gontained conditional

: statements first graders could not follow. Curkently; the aVerag; £l
72

audio message takes 2.64 seconds; ‘when all messag s shorter than
seconds are excluded Jgsingle words, letters, >phonémes’, etc. ) the aver-
age message length is;still only 3.81 seconds. Th average activity
calls for 18 audlo me#sages which y}eld 49 seconds)of. audlo per acti-

\Vity. 0 \u . ‘ . , ~
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other. factors which indioate student's success in thd activity.

" PERC intends to'correlate the amount of audio in an_gftiVity with.

&7

d) Carol Wardrop, an ETS coordinator, observed students behavior at

.the terminal for her.master's thesis. .While the data she acgumu- ,

lated was taken from the end of the 1974-75 school yearﬁ’the is
a general consensus that there have been'few'changes in what she
observed; there have been discussions about replicating the study
this year with a w1der population. £ 1
Qgﬁﬁrly, Ms. Wardrop used an observation checkoff form to quantify
the typestof interactions occurring during PLATO 1nstructlon.‘ She
concluded that the upper two-thirds of the students (as ranked by
their teacher) had few problems in interacting with PERC activities;
but the lower third were more confused about what they were expejred
to do. v : -

-

“There -is little doubt that there are still things in the PERC curri-

culum which will confuse that rower.third of students despite the

fact that PERC has constantly tried to serve those students especially.
Using the types of data described above, PERC can 1dent1fy activities
which fail, and further identify prlnc1ples whlcr can aid 'in better
lesson design. : . ‘

‘\élj Students’ Succeed Better in Activities in Which an Audio ‘Messade is

e

~

& both analog and propositional faculties in children.

7)
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Correlated with ‘a V%sual bisplay.

One of PLATO's strength is its_ability to deliver multisensory ex- .
periences. Kathy Lutz,. when.she was with PERC near its beginning, : 4

‘started ‘some research to find how effective- visual displays were;

she currently is pursuing tkat same line with Joseph Rigney at USC.
They have conducted several experiments which shows that students
(at the tollege level) retain more when audio information is rein-
forced by visual displays; moreover, they have formulated a theo
that bl-sensory,presentatlons are especially 1mportant in developing

e ( ‘
PERC has long tried to support its instruction with visual displays,
but has not always been able to afford the cost (in man-hours) of-.
produc1ng the visuals. Copsequently a series of 45 act1v1t1es in
the auditory. dlscrlmlnatlon ‘'strand has grown up in which some acti-’
vities use -audjo dlone while others are augmented with visual dis-
plays; .the actiGIties are otherwide identical in format. Preli-
minary data from those activities show that error rates in, activities
without visual reinforcement are higher than error rates for the mixed
approach. ’ ‘ \~/)/fu

C— 1

Studengs Choose to do PERC Activities - o

. : . . -y .
a) At the°*end of most PERC activit}es, students are asked whether
they would like:- to see that lesson again; they respond by touching
the words "yes" or "no" on fﬁe screen. ‘In the 1974-75 curriculum, -
it was found that-students oPose~tb repeat an act1v1ty just over 20%

<95
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of the time. In the 1975-76 curriculum, students have again”ohosen
tojrepeat an activity on an average of 20% (N= 88925 activities). .
The range of repeat ratios just among strands runs’ from 5% to 37%;
and it is likely that the range among activities is much greater.
PERC is most interested in using this data to demonstrate that stu-
dents do exercise some meaningful control over their instruction
and to determine formats which students seem to enjoy the most 1

‘order to facilitate better lesson design. But this data may have

other uses too. For example, several people (PERC staff and teachers)
might rank PERC activities according to richness of the interaction;
then correlations could’ be run to see how the richness of the acti-
vity affects’ the repeat ratio. Or, studying which studen'ts like to

‘repeat which types of activities could give some 1ns1ghts 1nto learn-

ing styles. - ‘

b) Few students exit PERC activities before they are done. Students
may exit an activity by pressing shift-back or shift-stop; 1€\%s not
known how many students know how to do this because PERC does not en-
courage students to prematurely leave tan activity. PERC had- Pecorded
premature exits from activities in 2% of the cases (N= 86833 acti-
vities); some of these are undoubtiedly done by teachers who need to
get a child off the termlnal ot

c) Advanced students are allowed to pick their own activities from

a simple index. So far there have been 85 choices made involving

35 different activities. A couple types of activities standout as
belng the most popular amongst these advanced students; these students
prefer activities in which. their responses Kave & meaningful effec%

“on the way the act1v1ty works (branchlng storles%,for ‘example)

. '

The Management System has PerformeQ\Wefi Although Some Inadequac1es
are Becoming apparent. . 1( ? N . .
The management system has delivered 1nstr ction almost without error .
during this year; the only errors that have occurred ‘have been due to
human carelessness,jnot to flaws in the underlying loglc of the man-
agement system. THe fact that the .management system has worked so
well must be emphasized to throw the proper llght on:the data described
below which deal mainly with its inadequacles, the single statistic
given above that PERC runs 300 students per day should constltute a -
significant’ achlevement 1n automated ma agement o¥ CAI.

\,_ B lﬁ -
a) Students spend 24% of thelr 1nstructlo§al ime either waiting for
instruction or in changlng an audio disc. 'This figure is :just sltightly
below the figure from last yghr.~ Great pains have been taken to m1n1-
mize the number ofi audio disk changes in this years curriculum; but <
they seem to have failed. Classroom observers report that students

are stlll changing discs 2-3 times per; 15 minute se551on. Q"

“ 4
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One concluslon to b .drawn is that the current managément system
does not allow for/adequate control over an indiv1dua1 s session,

gn the same disc; but since it is not possible to
ain activities be presented within the same se'ssion,
re not being presented in contiguous sequences.

b) Current data collected by the management system has logged 3976
total hours of instruction; however, data collegted by 'thé PLATO .
system shows our studen;s have been signed on to the terminals for

loggey® by the system. ~ o e

»

u48;345?urs. Thus, PERC's dafa'accounts for only 81% of.the time

PERC's data ‘does ‘not include the time the management system takad'

to choose the next activity; it is currently not known how much of
the discrepancy can be acgcounted for by time within the management
system. Nevertheless, PERC caft only account for 3010 hours of attual
instruction out of 4890 .hours counted by the, PLATO system, which is

. only 62%; thus, the worst Eﬁse may bé that students spend up to 38%

of their time at the terminal on non-instructional tasks.

c) According to an analysis of -percnoteg- (the notes which are
written by teachers tb the PERC staff), the second greatest concern
seems to be with problems with the management system (the first
goncern is with malfunctioning hardware). These.concerns range from
wanting to have greater control over what students get to complaining
that individual students are uneble to get lessons

) ' ’
There is no doubt that teachers comm nt on_the management system more
than they do on lessons becduse the! have the most centact with it,
either through trying to use teach ‘optlons associated w1th it, or
because students who cannot get any activities comstitute’more of a .
problem than students who have p¥oblems in activities. It is not = -
clear that simply counting the number of comments is a valld i di- .,

‘cator of teacher concerns; 'PERC hopes to validate thp information |,

gleangd from -percnotes- with a questionnaire to all teachers this

Spring® ) - . .

) Al

PERC has'‘been Successfully Implemented in Clasgyooms.

o o } ’ »

_Placing terminals directly in the classrooms hds ieen a unique PERC

experiment; only a few other projects .(such as

‘)

. tgomery  County,
Maryland) have tried to integrate CAI into the classroom. Thé goal/// AR

for this yéa? has been to spend 'a few days at the start of the year
orientating each student to the terminal; coming back about a month’
later to show each c d how to use thh microfiche projector; but/
then staying out of the classrooms excypt to observe students working

“in activities. The fixst two parts havE worked falrly well w1th most

classrooms requiring no more than ten/total days 'to get the students
fully acqualnted with the termlnal * - i ,%;
. M . /
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N » A The_gﬂéatest conoern‘of teachers (as seen in —percnotes%) is - . .
with hardware failures. Again, this is reasonable because hard-
\ ware failg;esx ffect the-teachers the most.

All typcs of h rdwart have failed; unfortunately PERC has no
/ . count pn how many time€ each has failed. The teachers have com-
/ " plained most about the audio device; however, there have been ver
/ - few complaints from the four classrooms using the new EJIS audlc
’ machines.

/ . .

T Therefore, the third pa¥t of the goal-—staylng out of the classrooms
except for observation$--has not been attain