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‘6) An interactive exzn system, designed for auvomatic

<

generation ani adrinisyration of exars, f.as been corpleted, af%hough

2

A\ - .
have conducted several experirents involving the exem system; and are

conducting anothern in Summer-1976. As a part of the exem syster, a quiz .
-« L4 .

|
]
there is still ne2d of additional problem generators and graders. e i
. - v - '. )
system designed to assess and control the student's progress through

various lessons has ‘been implerented. Many lessons have nad such quizzes .
.6"

written, and we are continuing to write more.

» .
A

(7 Sxperimentation on the design of control structuxes IoY

. L2 . s e s S
,interactive programming langueges, particularly in CiI, has been corpleted.

b

Thig work has led to the Zdevelopwent of several principles (uniformity,
separatility, and locedity) which are proposed as a partial basis for the

iesignlff progremming language features.

(8) Two lessons concermed with judging student programs have

been essentially completed, ani work on determining techniques for detecting
: .

.
« .

- - ‘ ‘ -
. various anomalies ipr student programs by global flow analyses has been

. 2
'

significantiy advanced. )
. , . -
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January, 197« - June, 1074

.1. The library of lessons

ny

., 2
V' During this period the library has grown from 50 to about 90
. by :
lessons which are in some sense 'operational”, 'and, more importantly,
' 1] . .
many of the lessons have been improved. Much of this effort (by H. G.

Friedman, R. G. Montanelli, D. Eland. and S. Leach) has been directed .

toward polishing elements of the FORTRAN sequence and improving

I T ST

csrouter in preparation for the PLATO experiment in CS 103 this fall.
N @ .~ . LY

—

Amonz the improvemenis to the lessons has been a certain
armount of standardization. For e<ample, the function of the keys

+“nat allow a student to control his path throuéh a.lesson ﬁas been

.

standardized among 211 CS lessons, so that a student who has gohe )

tarough a few lessons has become familiar with most of the control

opticns in all lessons and can proceed through subsequent lessons more’

. .

easily. Tnese convertions are described in lesson csauthors (F.

Izquierdo). Standard pieces of code, character sets, aﬁﬁ micro tables

-
” .

have been collected in lesson cslibrary (H. G. Friedman).

.

Also, several communication lessons have been completed.

‘ - <

Lesson csnotes sérves a "bulletin board" function between authors.

made by students taking instructional lessons, for feedback to the
' .
authors of the -lessons. Lesson cstalk (H. G." Friedman) allows real- .t

~

time communication between an instructor and each” of several students;
. . 4 .*’ « ;
this allows human assistance to a student by an ;nstnucto} who might

3

.
B .
#

be located at a different PLATO siter

- - .
2 N ' -
]




N

~program has been completed (T. R. Wilcox, A. Davis, M. Tindall). Tebles®

2.2, Computer asfisted, programming system (CAPS)

¢ bshd

)

£6r.PL/1 are complete. Tables for FORTRAN, BASIC, COBOL, SNOBOL, APL,

3

and MIX have been started. Program entry and editing are‘workiﬁé-for .
hd -

o

FORTRAN COBOL, “and BASIC. . ) "

The run t1me(systen for each of these langueges is d1ffefent.

.

The PL/1 run time system works fob a subset of PL/1 suitable for the

< v " .

first half 'of one seriesber's 1nstruct10n, and is being used this oemester
in on= 1ntroduotovj course, CS 105. Run t1me SJstems for FORTRAN anl

BASIC are in propress, and _COBOL has been completed . ¢

M. Tlndall .has 1mp1emented a prototype versiofi of an automatic

syntax error analys1s scheme, th1s prototype system is, installed in a

P .

developmental version of the gensral compiler system and works moderately

well on the PL/1 language and tables. “le is currently attempting to
Y

>
2

achieve this same working level with the FORTRAN language and tables (and,

pefhdbs, the COBOL language). When this is accomplished, he will revise

and refine the prototype model.to obtain a stable,\operational version of

.

the compiler with the automatic error analysis system included.

*A. Davis has expanded his execution supervisor for PL/i to

irklude charactey’variables and their associated operators and bu;lt— \\\

in functions: concatenation, INDEX, SUBSTR, LENGTH, and.VERIFY. The

|
necessary changes weré" also made to tle PL/l syntax.tables. Because

of space 11m1tat10ns % mposed by PLATO it seems unlikely there will be
ady immediate expansion of the subset of Pﬁ/l executed. Presently, the
‘statement types accepted include PBOS%DURE, DECLAﬁE, assignment, IF THEN
ELSE, GOTO, DO (all forms), GET{LIST, PUT LIST, and END. | ' '!h
. s
10

. _ -7 -

A A table-dﬁiven program entry and editiryg and'syntax anelysis e

//// \
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«

Aﬁout 807 of the SRecution-time error\analysis gystem has

been coded and debugged. Despite delays caused by the previously‘ .

)

méntioned space limitatlons, completion of the run -time analysis package

»

is expected before the end of the calender year. -
4 . ¢’ . \

- “ B. Segal is conducting.a study to explore the effect of systam

interruptions on user performanceAat.a‘terminal. Our compilers interrupt

. 3 P

the. student who' is typing & program at the very moment he makes an error
that can be detected by the compiler, and we would like touknow whether -

. or not this is a more effective way than the conventional approach

where all errors are signaled when the program has heen entered completely.,

A pilot study has beenfcompleted‘and results show some"
statistibally significant differences between the two error interruption

’ ~
- M LI

" methods; a full-secale experiment will-be carried out,ianctoﬁer.

’ . -
- . M - . 1 -

. 1
2.3. ~Information and advising.system g - :

- v
’ . ) . . . ,

. A"version of“the GUIDE conversational informdtion system,

designed to advise students in their choice of lessons based on their
3

goals and past performance, is currently operational - A student cdn

"-w

type in a request for informatior F.h English sentence), and the P

" system will respond by displaying the desired 1nformation {or an
explanation will be given as to why the request could not be handled)

The first part of -thé GUIDE the translator, has been completed

¥

as part of a Ph.D. thesis by,J. Pradels. A request in Erglish 1s)’
J - - ) !
translated into an internal request language by means of a finite state

_automaton. This internal, representation is translated back into English,

so that.the user can judge for himself whether his Tequest has been .
:, i

properly understood. ' . <

11




D. Flend has implemented a .request processor which analyzes

- . . ¢ .
the intermediate repzesentation of the original request searches the

proper data bases for the des1red 1nformatlon, and generates a ‘display

iwhlch presents an é&ppropriate response to the student: In aadltlon,

'he has completed detalled design of the tentire data bage for the sysf/m.
- A data base editor has beeh 1mplemented which fa0111tate§ the entry of

information, maintains internal consistency, and manages-the allocation
] 5 . M . .
of storage. Informat¥on on each lesson in the library and several course”
N A Y * \

ooutlines have been entered in the data base, and routines to manage o, )

+ * . . ’ *

cbllection ahd display of student ‘record data have beenwritten. a3

= Current work on the,systemiincludes monitoring-its performance "

a .

M} . .
under student use,.development of a thorough description of-each lesson

- - -

in the Library (with partfcular emphasis on the structure of relationships

~
- — ~

between lessons), and research into the«content'and strﬁgture of the

-
’ . .

concept.space describing the:?iséipline of computer science.’
’ * . . -
e . s

2.4, " Exam szstemLf“ T .- et ,

securlty nd data.collection aspects of exams given on PLATO. He has

also wr'tten a’ prototype PL/1 exam. Two efforts have been started toward

automatlp problem generators F. Izquierdo has nearly completed a table- ‘
by

driven® generator of s1ngle statements, of spec1f1ed type and complex1ty,
in any of the programming languages implemented in the CAPS 1nteract1ve

programming system. This program will be used together with a Question/ )

’ . . .
generator and related grader, to produce a variety of test questions’ !
- 1S . -

. \

using single $tatements.
|

! \ Al . . .
L&/ B. Barta has ‘begun work on an ‘interactive .system for automatic

examination of programming skills using thd CAPS system for checking

| ’ .

o ~ . o

. Eland has written a program called examadmin to handle all \\;Q;

2
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, 2.5, Automatic udging of student progran .

dv .
rive Tairly sopnicticatediprograr: and attemds Tc udrpe thete prograns
interactively. , - . v .

L4 - L[] )
One of these (R. Danielson. asks the student to write 2 PL/1

program for syrbolic differentiation, and is operational in a protctype

. form. Current efforts are concerned witn refining tne protetype's ’

oy ’ . .
reaction to student inputs. Two approaches are being taken: (1’ protocol .

anzlysis of sessions on'‘the symbolic differentiation problem between

1) hd

introductony-level students and human tutors, as an aid to determining

valld solutions and allgnlng ‘the natural languaée understandlng routlnes

! * .

w1th statements used by oeglnnlng nrogrammlng students, and (2) closely

PRl

supervised student use of tne machine tutor, to improve the operational
¢ b & >

~

<
aspects of the student-tutor interface.

.

] ¢ L™

The other (P. Mateti) iz intended to be able to judge arbitrary
sorting Droyrams written in a snec1allzed langnage. An edlto:ugnd
¢ . wl 2y =
interpreter have been written " for this special nrogrammlng lanéuaré“'l~

s i

and for an assertign‘language in which assertions can be mede about the

- . ' . J
state of the array to4e sorted. These routi nes ‘are be1ng revwewed in

r . : ‘
- . .
;.v" z 13 s S N
. N

"lo" ’ [ * ¢

Iy T T
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tc the TUIOR language in the PLATO envircnment. 1In designing KAIL,

L zutset of ¥AIL was chosen for implérmentation end 2 compiler
nhas %een desigrned, implermented, and debusgged D., Zmvley, W. Hansen..
The output of the. ccrpiler is TUIOR code which is tdndensed end run
on the PLATC system. EIxperimenis are being designed to determine if
these new feziures are easier to ‘understand and use than traditional

features, as represented in TUIOR.

2.7. Use of ACSES in instrudtion

. The system has Been used in several courses.’ The most

extensive use involwed.about sixty students (one-half the claess) who

i

learned PL/1 on PIATO in CS 121 in the fall of 1%73. This two month

trial was used to test procedures for a later controlled experimenti and

-

kN .
to evaluate the existing PL/1 lessons. Tentative conclusions from the
2

experiment were that students reacted favorably to PLATO and learned

as much as students in the reguler sections, even though the lessons

were still in need of improvement. This latter findfhg is only a

hd ’
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o 3, Aetivigdes: vuly, 157. - June, 1977 .
, -
P .
" 2.1, The litrzry of lessons '
. . . -
. we currently have over 100 lessons, grouped into ebeut 20 =
‘ ¢ .

areas. The mafority of them were created oy studenus as term projects

in a course on, computer-assisted instruction, or &s other academic

it is understandeble

0
o
2}
pe
(1]
e
=3
~
)

activities, such ‘as thesess Considering thi

thay many of these lessons are of popr quality. Considering their

rumcer, it is alsc wnders +tandable that we 4o not have the manpower to

3 ~ne need for repeated revision based on gxperience with actual

2]

equired for each
1]
on of our lessons

instruction, and the significgnt amount of effort

LY

ract

e

revision, zre the causes for the fact tnat only a

' are anywhere close to their "rinal form". We have many lesscns that
) nave never been used in instruction, and .are wilizely to be used in our

N owm courses in ine near future, since the library has grown to a size

beyond our needs. .
intil furtner-uses of ACSZIS appear, wWwe have concentrated most

4 -
.

of our resources for lesson improvement on the following core of about

“
- . »

C lessonse¢ .

1; FORTRA¥ sequence*(use& in CS 101, CS 103, CS 105, CS L00O).

1

2) PL/1'sequence (used in CS 106, C8 107, CS 121, CS 300). ~

3). Lessons on cdmputer applications suitable for these courses.

.-

4) Language-independent lessons on programming principleé.
. - Also, we plan to introduce into ACSES‘some tighter means of
controlling the student's prbgress through his course, and giving him

certain options only a-ﬁcr he has completed 1mportant assignments

’ |
. [ 7 . .

.
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an insiructional system thet co"Wﬁ te

v e

s . .
Because of our goal to create

accepted in any school, AC3ES has been designedr according e the
. 4 - v

v

philosophy appropriate for an information system: if somecne ig.0 .

]

sufficiently motivated to do so, ne should be able to exiract f;ém .o
# .

. : - ’ o .- »
the system theé relevani information he wants; the system should offer

. 5 P .
of choices, and it should never impose itself by forcing

[N - -

a2 large number
the user to do anything he may not wish. to dpo. Tnis philodophy is

eppropriate for scme uses of an instructional system (e.g., aduli ’ .

continuing education), tut a more structured syster

réquired, where a large number of students are not selfv@otiva;ed.

‘H. G. Friedman manages, the library of lessons,.with the ..
. - N H
assish ence of 5. Leach. The FORTRAN sequence, which is our best v
. ' ‘. ) "\:
tested set of lessons, is supervised by R. G. Montanelli, .Jr.. - I

. ’

Computer assisted programming system fCAPS) - ..

The teble-driven progremming system.is operational end funs

3.2.

. ~ . : .
for subsets-of PL/1, FORTRAN, and COBOL suiteble .for a- first programming
course. * The.FORTRAN processor, impleménted by M. Milner, was used last

semester by 600 students in CS lOS for about one hour per week.
-~ >

The

~
COBOL processor was implemented as part of ‘an M.S. thesis by R. Barnett.

As part of their Ph.ﬁ. reSegrch, A. Davis and M. Tindal; have completed

?n error-qpa1y51s system (for run- tlme and syntex.errors, respectlvely),
I

,lwhlch carrles out a dlalog to‘hclp the student find the cause of the

.

error and correct 1t;, Lo ;

.
‘.

P1/1,. FORTRAN and COBOL constitute the core*of our programming

, .
system that must be mainualned in religble form. Other efforts are -
. . /e .
| ‘ 17 A
~ ‘ i ‘ ., 1k - . --;
Y4 N . .

.
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o, LI going on whizh are nob essential°for the uce <f tne programming syztem.

2

~

D . ) ~
. . £ ip OUr Wl COJrsSes: lro1ementa lons of Pascal, .A)lC and LI SP, ard a

.
1
I,

[

s . . ne efficiency ¢f the programming system ig of continuing

’ : _ -.congdrn vo us. Prior to the expansion.of FLATO's Exiended Core Storage -

» . - .

d \‘
i ~
< ' from 1,million words, uﬁe memory requ irembnt of thne. grogramming system

.— !‘. R -‘ .o ° <. .
. iaée it use dlrficuit, tut since February tnis problem nas disappeared.

How tne TPU-time requirementy of The prografiming sysipm & ake its use .

~ unpleasant wnen taere 2¥e 400 active terminals. We have improved the

M .

. . PR . . C s } -
roe efficiency »{ ithe programming system in a varlety of ways, for example - A

ng a mode where synta} is peri ormea line<by-line instead of -

9
Q.
"“ -

£ -go ’ “naraCuer—uj-”nara ter. 7This version of FORTRAN is being used this
- ., \‘- Ve . ‘ .

< -

sepester cy u50 €8 l 5 studeats. CZRL has cdbneraued in this ef fort
y Car bx,iﬁtroduci ng a-ngy vUTGR ’eatu*e, "vertical segment”, which mekes
AR . M PR . N h . 5

| - : -

.o L ' -

- ";: taﬁia-loft~un operat‘onb mu a fastérf Despite these efforts, the

Y " . .

ST . Droﬁrammlnﬂ svgken ofton forcos the- sguéent #o go slower.than he -

« - N N - , - .

N ..

: -l coald. Dy, &hlue ii$2yrrentlv engaged in a careful'analy51a of the

.4 .

BN “ o FOR”RAI proceéso*‘ln an atyempt to lsolate and then imprové the time-

€ R .

> . - ,’ . ”
. AL ’ conSumzng po*‘“one of. tne~§ysﬁbm. ) - ‘ ’ )
- . L,l - i . B . . , . ]

N - . 1 .‘ ' N A “ 1
<. " 3.3 In?ormatzon and aﬁvlslnv‘»jstem .-

[

‘

The csguide 1nformailon syotem nas been completed bJ D. Eland

. -as part of his PhyD. thedis. csgulde ccmmunacates primarlly by means - J

of simple Engllsh nhrases as 1nput a‘l glctures or’output wnere the

-

s relatlonshmps amony lessons of rel°vanca to “the student are displayed -

. N . - .

- . in graphic form. | . ’ : .

CERIC .0 7w B0 o T ) o
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.

csaide was designed 1o ~ake ACSES usable by sometidy who
»

~“w

. wents to study on his own. -kWhere stud=nis zre fcrmelly enrclled in

our 75 ccurses, the imstructor carries out rary of the functions Ior

wnich 'esguide was designed, &nd hence csguide has rnot been used much

T o K o . . 7. ’
- . so far. Tt will only serve its purpcse if ACSES attracis an audzence’
. ' R _*"o ’
. at remote sites. e , . .

I

s . The csguide data bade is also used in the routing and control
- - U J . o R
of students using the compuier science leszSons on-PLATC. A Tew
. . ) .
additions vo this data vase have :here?qre peen made by H. G. rFriedman

o

Q

le more flexible routin:

o

ts 2nm

4

sf students. Alse, the information

raintained in the routing process ;Qggt each student's progress nes

bsen made available in a lesson, cskecords, in a form in which it can

ve reviewed by an instructor. * . ‘-

%3]

The guide's ability to réspond to student requesis and guickly

» .

. ] .
end conciszly present informadion via graphic displays has resulted in

. .

s

. ‘ &
the core routines being adopted by the PLATO foreign language group
to administer their collecﬁion of lessons. ’ )

3.L. Exam system -

) '

As part of ‘the emphasis tp develop those aspeqgts of ACSES that

. . .
- .
>

" are of direct use in our own courses, various programs that hsve to do

witn exams (an.interactive program grader written by B. Barta, a

-

y problem generato} by F. izquierdo, an exam administrator by D. Eland)
z 1]

.have been integrat%d intb an exam system by L. Whitlock. The'system

is organized around & central monitor responsible for record keeping,

. Vad
' and uses & number.of "problem generator/graders”, each responsible

- ‘

N . for generating a problem and grading the answer. -
’ » ‘ r

Lt 19 - :

wﬁ T ’ . : ' '16,-
[ \
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.with counterexample) of an arbitrary SOrE}ng program written in a

» . P
. . -
E ) o S
) o . . v
£
. N -y -
- -~ -~ .o Y, | 2m - = o Y P -
wes ecems Sor 03 101 wore administersd using the exam gisTen

N, .

S my Doy 7= b I~ - e h - v 3 - 134 + ) - ’
during swmer, 1973, . :br-ff’ . wnitlcedr, and wW. Hapsen nave - .

- ' Y

exam Syster. . : .
. - . ’

— U P k3 - ’ N A
There are currently severel peoble worring on additional

orezlen generazcors for the syster, some of which will accept a ] J

TAifTieuity parameter and fererate g oroblem of tnat relative difficulty.

.« ! J
“ecnuse of whe wide variety oF problems that will be av azlasl the : .

vswem car te used for exams, Y<r student review, and for experimenis.

we intend tc explore the acceptebility of exams where the difficult;
o

- .
of problems is wvaried during the exem in reection 10 previous responses.

5. Automatic -fudging of student programs . s . ¢

7This past:year we nave continued to worx on two- lessons for

Cs
o
2
*
[™)
3
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direction. ’ -

Tne recently cdmpleted lesson by R. Danielson tries to follow

-

i
o
the student's thought prbgesses as he develops a PL/1 program for L

symoolic differ éntiztio q of«exp essions by the technique of stepwise

2 14
v

refinement of tne Droblem An AID-OR graph is used as a model of the

refinement process, aﬂd*&s traversed by the lesson in the cqurse of .

monitoring pnégram development. . . ,'

~

? -
As part of his thesis research, P. Mateti is completing a

program which will be capable of .proving the correctness (or incorrectness,

{ % v .

language with specially designed sorting primitives (e.g.,,interchhgge)

4 A 4 O - ' ) . 'J"

X SRR

T T




of selection and iteration is easier to understand than more traditional

ERIC

Aruitoxt provided by Eic:

N : - .
constructs which probacly indicate a lack of understanding by the
-

3 . . .

’

arni includin-, at varicus.plinuc in the progran, apprepriste assertions

.

C ‘apout the stete of the array teins sorted. A prcgram entry and monitoring .

;
1
|

~ciule has been ctmpleted which provides z dynemic display of proaram

execution. A special theoren prover, which is highly efficient for the
: v . - ¢ . -
3 N . - . > - - . -
restrigted dormzin of programs being considered, is being implemented
tc comuplete this lesson.

<
'

_ 4 third project in judging student programs has recently. been

started by ¥. Gillett. t is concerned with those legal programm;pg
; ;

i

4

student ’e.z., B¢#1/2, wnich Is equivalent to 3/2i. A study is underway

N

to identify and categorize these “conceptual errors ¢ 2hd a system is
. H
being designed which will scan arbitrary student FCRTRAN programs for

() :

such errors, describe them to the student,, and proyide advice andyni
J b x 3"' 0

on how thney should be corrected. . . ... .
- - . ~ . . M * . . 1
3.6. The KAIL project ‘ . N ;

D. E@biey and v. Hansen have developed a'hiéh-lefél éuthcr;'w

- - ‘

.

language, XAIL, and writlen' a preprbcessor,whibh trén%iéﬁes KAZY intq
TUTQF. Several lessons have been written in ;hé,new'language.' KAIL -

adds structured control facilities to the-sét of TU%OR commands by ..

means of ‘the "selector", which combines flow of control with answer

judging, and subsumes most of the currently populer control constructs -

14

(e.g., if-then-else, case, cond, while).

The results of & recent experiment indicate KAIL's version o

) Y

syntax. These results are summarized in e technical report.. Another
. % . o
experiment is in progress to compare KAIL's proposed means of lesson .

-

angfhelp sequencing with those of TUTOR.'
. .

B3
"

- 18 -
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i

~ sociel scienqe students (C$ 103, in order to claess-test. the FORTRAN

. . -

‘

2,7. !'3e of ACSEZ In instruczicn
F During the past academic year ACSES nas been systemztically

.

§ntroduced intc our intrcductory courses: first in a smell class for

1

. s 4 . & n N ° . - - , . -
les3ons; then « large course Ior commerce students (CS 105;. 1In the

k]
first case, a controlled exberiment turned out unfavorable'to the
. . § ) 7] .
PLATO group, for reasong we believe we uhderstand, 'and have corrected.
1 ,
In the second case, results were favoraple both with.regard to stifent

this Tavorable

i

perforrence and attitude. Ve are trying o validate

impression by -means of a controlled experiment this fall,

These experimental evaluations have been carrried out oy

R. G. Montanelli, Jr., some in booperation.%ith Esther Steinbeig of
the CERL evealuation group. ) \

- ! -

A3
- They are 2 w described in more detail.

.

e Fall Semester 197k, CS 103 (a class of about 60

i

divided in helf for an experimental evaluation of

(15. 1In

students) was rando

the FORTRAI 1esson’%§%uencé. The control group received two lectures
) x

end one discussion Gﬁ‘ﬁeeting in,a small group of zbout 15 students,
iR
with a teaching assi¥tant) per week, as the course has always been

’,

teught in recent nistory. The. experimental group had oneg of #he lectures:

replacged by an hour on PLATO, to learn FORTRAN./ The two groups srere

thed-ebmpared on various measures during the semester.

‘ Results indicated that the expegigental group performed worse

on all three exams during the semester, although there were no differences
on scores on computer prograﬁming prdblems;, However; studenfs ﬁfmained
interesﬁed in and énthusiéstic gbout PLATO in spite of their deficit

in pe?formance on the examé. Also; there were-no differences in drop

B

rate between the two sections.

A 22 L ~
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Student guestionnaire: and interviews indicated several

ossivle reasons for the poorer performence by the PLATO group.

g

Several of these were: {a) lessons not available because of lack of

memory to load them, (b, errors in lessons, and {c) lessons too long.

s N g s - L v oo [y - -— -
In addition, Esther Steinberg {rom the PLATO PZER group reviewed many

of the lessons and reported that some of them were lacking in student
interaction. The first problem was caused by a.lack of ECS ¥hich
) . * ! -
essentially prevented students from meking up lessons at odd hours
’ N ¥ X\ .
‘ cr even from reviewing {or going anead to, other lessons guring

seneduled® hours. These problems were alleviated by the addition of ’

more memory -in January, 1575. In resporise to the other problems,

- N

' many lessons were corrected and revised, and a few have become the

object of experiments to determine what makes a good PLATO computer

L]

science lesson. . ) .

<O - . / . .
’ - (2). In Spring 1975, CS 105 (a class of 600 fresamen.in the *
College of Commerce and Business Administrgtion) students spent gbout””

.

90, minutes a week on PLATO. Fifty minutes replaced a lecture, and Lo

)

-

- v

- ‘minutes were spent using the interactive compiler to solve a snzll

-, ¢
programming problem. Although there was no course-wide experiment

conducted, the results were more positive than the‘previbus one. S,

; . Performance on the first two houy exams seemed to indicate that students
- . v N \ . " ” . B
learned more than they had in past CS 105 courses. (This was based on

.

the assumption that.exams from one semester to another dre roughly

equivalent.) These results are in Spite_of'%he fact that PLATO was

doym for essentially the first ten days of the ‘semester due to hardvare

- problems. In order to obtain a more valid measure of student achievement,

.

Q : . , - 20 -

- +

L

<

w




-~

ERIC

Aruitoxt provided by Eic:

b

and L)

>3

wWa.s used the previous '

severgl reasons ‘tais was thougnt procedure,

in that students would not have access t¢ exam. Thnese

_
(2" were

the exams

(1 firal ®exams are not returned;
(3} exams mad never previously been reused;

the exam was modified so that answers and details were different,

were:

reasors

not pleced in the library;

even though the level of difficulty wes not altvered. Tne means on the
° i

final exan for the TWO semesters were nearly identicel. This was a

further indication that the PLATD sthdents were learning as much 23

rnon-?PLATO students.

A questionniare handed out by Esther Steinverg to 75 students

. ’

on April 22, 1975, showed that most students we the lessons

re hap with

PRY W

and found them helpful. .

Current experiments on individual lessons being carried

(3)..

out in cooperation with CERL's evaluation group are continuing in CS 103

.

this fall. 1In order to determine which teaching strategies are most

N
2

useful on PLATO, comparisons will be made by implementing different

versions of the same lesson. Some of the variables to be tested are:

quantlty of exerc1ses, whether exercises are optional or requlred,‘and

whether exercises should be scattered throughout the lesson or occur

»

Preliminary findings indicate that while s@udents found

’

at the end.

more frquent placement of exercises make a lesson more 1nterest1ng, their

performance on a quiz was not better than that of students who’ dldn t get

‘

. . 4.
the extra exerc1ses. : .
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L, hctivitiez: July, 1775 - June, 1974, .
’ 4 . .
.1 The livrayy of lesscns ¢ .
. Cur library has expanded to abcut 135 lessorns. Tae erphasis

this year has beep on ma%ing improvements to cerunﬁn of thnese lessons,
M . ’

lessons, for use in Our own courses. Serme lessons,

#primarily the FORTRAN

. P %

mOSt potably fortdo, have Tken completely rewritien' after usage exver*ence
, -~ .

nes snown that the initial effcri wes coxpletély unsatisfactory.
\ - — L.
\

\  fsmong the more sign

ificant new add"lons tc uhe library are - .-

~f lessscns on System Prograrming, written by ‘or under .

o]

smedl series’

direction of Axel 7. Schreiner S=veral of these were used by

Schreiner during~ the Spring 197¢ offering of CS 322, Operating Systems.

.
.

These-lessons are primerily "lazb” lessons, in which the students cen

. s . -«

set up and run ~ smell system (e.g., a dispatcher’using semephores for ,

N >

and then watch the system run. A

task syncronization),

L 2" Computer assisted programming systﬂm (CAPS) . —

CAPS 4s a hiz hly interactive dla?nostlc_sompller/lnterpreter

that allows beginning programmers to prepare, debug and execute fairly _

simple programs at ‘a PLATO terminal. Complete syntax- checa1ng and most

S°Wént1c analysis is performed as the program is entered and as 1t is I‘;&

subsequently edited. Anaiysis is performed chardcter-by~charac@er“

diagnose errors both at compile-time and at run-time. “Errors are -not,

. < N
“ .
automatically corrected. Instead,- CAPS interacts wilh the studént to help

him fipf the cause of his error.

The most remarkable feature of CAPS is its ability to aﬁtomatica]ly

-

. N N
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-

, Under CAPS many v languages (e.g., FCRTRAN, PL/1 and COROL; have

-

. ‘been Amplemented and some have bee&+u$eq in elementary programming languare

courses. These implementations nave shown that CAPZMworks well many

. . . . .. t /
respects and that tne design aims of the system are perfegifly adapted to .

) ¢ “. -
the educatnonal environment. Unfortunately, in the aspect of real time .
N w * . v

o> - ot S -
peformance, TAPS fallf well belcw accepiible levels.; Therefore, the
. T d
’ - « L)

concehfrate*leimprovin@_the' 4 T

development effori in tne pas

»n

jyear na

N

?
* . ~ 3 - 5"' - - . 13 >
::5> perforrance of CAPS hoin’during prpgﬂam eﬁtny and Juring program execution,
. a gy - oo
To understand the deéglnnment leb s review the crganization of the . -

‘4 P : f ’ ‘ . ¢ ' - ,':
compilers. : s . :

' . R - .3
?—l > :"“ S ., : N

- ~ "o . . . . . ? . R
. CAPS comprfcr organizatjions 1] . . LR
RN - . o
-4 ‘~ .

Fanh corpller in the FAPS sjs+em conslsts cf interprative tﬁbles , g
~ . ', R . . t’ﬂ . ‘s
fg‘;’

-

. * % specific to the language beibg compiled; common driving routines to 1n*erp’p
-~ : SR
~ these tables, and a few rout&nes, specific to the lansuage, ihat. 9?% fallet

“ e, . '-.'

- €

from the interpreted tables. | These tables are bu1lt from asseyu3¢%§iikc ‘fﬂ“;:
' R« ]

had 3 ey - » -

‘ source code written by a compgler 1mplen5ntor. After geneﬂatzon, tbﬁwe .

'
. [} l '“ EE ‘. , * /}

N ¢ &
tables arE\stored in common where they abke loaded 1nto *nc"v ri aoles as ‘ .
wer s . Y.
- : . ". .:- i s!,‘ N o - 1

needed in compll}ng student programs. » e e T

o e e
L . « Flow of control in the cﬁbs compilers is- han Ln Flpure l.. ihﬂ- o

4 v editor looks at each keypress the student enters from tbe tenmﬂnal, It ’1 .

. - < . - .. R

- *  the key 1nd1cates a text edltlnp functlon, 1t is performed by'tne edrﬁor

L ' A l:
- If the student 1s‘énter1np new text,- each kejpresn is. p—ased on to the N

£y
” H " Lo . .
! ~ .. a, e

. dlexical gmalyzer, When the-lexical analyzer geceives ajcampieteéﬁgﬁcn,~ﬁhat

Ve

ERIC . P
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’TUTOR code, For example, if currently in the “<«' node of the diagram for

* BASJC < >' is the "not equal" token.

tcxen i3 gassed on te the zymiax anil/zer and rarcer for compilation Sirre
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up to mzke a cnang- Zcceasicnally wne storage area fer Trace informsticn
gets full. %hen this happens,’ z compression unit is called whicn removes

the revserce editnr can <nly bacxk up Lo alternate itorens. I necessary, ‘

it will bacs up to the previcus itoxen and then forwarl = Anpile to tae

current token. 1In practice, the cofpression routine may“Le called three

or four times for z student program. "After four ¢alls, theré is Trace

n

information for one cut of every 1€ of the first tokens entered. Closer .
?

to the "cursor” wnere the student is working, the Trace information is

1

‘avsilaple for- every toxen, or at least alternate toxens.

The lexical analyzer and the parser are both table driven. The ‘

t 4
table for the lexical analyzer is a state transition diagram interpreted by

Y

< e

Pb/l a follow1ng 's' causes transition to another node, wh1£e .a followlng

)
1 )

<' 9gr ’> is an error noted by ‘the lexical analyzer. Convegrsely, in

. PR

The tables in the Paiser are not just a state transition array,

ag in the lexical analyzef, but congist of internal codes intdrpreted by a

TUTOR unit in each compiler. This'interng;/éode iz complete with arithmetic
z ! A /

operations, conditionsl jumps, calls to error roulines, and calls to the

lexical -analyzer tp receive ph%bnext token” Thus the student wgiles in

PL/1, for e/ample, and “his prd&ram is complled bx code*being 1nterprnu°d
—

by TUTOR code being interpreted by PLAFO run time routines

P28 '
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variables (150C3)

- h ]

I

Lexical |

or }

Pazse . {

Tables T

4

T 400 |

|

.{

Parse Storage 53 |

{

v Syesbol Table 109 |

- 1

¢ Syskol Table 210 |

!

.{

C MNagme Table 110 |

s |

v Nape Table 6uU |

— 1

Iv Char Table 168, |

I I

F . - 1

J]c Char Table 119 |

] |

—— - 1

| Hash Table 20 |

! ' i-
| Text 60 | -

— : 1

i Trace 98 |

- : 1

| . Varidbles 88 |

L 4

v = variable pcrtion
c = ccnstant pcrtion .
nuasber = length of table

Figure 2:

«
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Storage (puu)
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1
I -
tv Syzbol 1able 109
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|v Char Table 168
]
! —
J Hash Table 20
{
P 4
| Text 60
}
| Trace Ys
L
F
| Variables 88
L
Cbmmon {128b6)
T« q
| |
| Parse |
. | Table |
| |
] u00 I
o ’ {
| ]
ot {
. L |
I Lexical .|
| Table |
| |
| 400 i
| - |
t — 1
| Pointers 22 |
.F_- - -‘
lc Symbgl Table 210 |
| ' |
| / |
} - |
jc UName Table }AO {
— . 4
|c Char Table = ﬁ19 |
t 2 4

CAPS Data Areas
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- 26 -

T G S R S S S VA |

-




E

O

RIC

Aruitoxt provided by Eic:

The CAPS corpilers use "~ .~con’ Tor pointers znd tables shares o

- PO ’ N 4 « s
ag; users of cne cirmpiler ard "zicrz~e” for a2ll rointers and vatles needed
'5 en individual user., Few, if anv, of the student variables are used ty

-
ja
a3
»
2
[0}
1]

three areas of eact

t

mos

(w4

<
»
~
pon
mn
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}_J
1]
[
'_h
3
[p]
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o3
ct
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27
[41]
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o1

-
I
p

(9}
.
o
te
O
W

loaded at once. Az shown in Figure 2, ty arranging tne dats arez

carefully, it was possible to0 meet this three-area restricticn and still

’
get the tzbles in desired locztionc in central memory. However, thre
Jexical 2nd parse itzbles are 2ach 00 words long, and only one ~f xnem can
Al
4

Se loaded at once. [Tnis i3 si-nificant since the compllers spend 57

+heir time changirg the loading arrangement.) TFigure 2 shows the layout

{

"of these areas.

-
>
LS

ossinle improvenents

-
>

Four surgestions for improving the CPY time requirements of the
editor have been made, The first involves-minor recoding of critical
. ' R
sections of the compiler and would give & minor improvement in speed. Two

s

such changes are to 1) stop displaying the "space left" indicator on the

L

student's screen --'2.57

’

o

» N . . . .
commands--2% -speedup. (The compjler is reexecuting the same -stoloari-

command once for every token, which is unnecessary, at least for the PL/1

.

compiler. )

~' The second suggestion involves recoding the lexical analyzer or

>

parser in TUTCR, rather than having TUTOR code interpret these tables. This
would give an unknown amount of speedup} estimated at 2¢% for the lexical

ser, but reduces the generaljty of ihe driver

’

analyzer, more for the par

program.

30 :

. i

- -27- /

improvement, and 2) stop doing unnecessary -stolnad-

~ et

T STy PP s
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Anpgnn

e
O
3
™

or speeding up the editor .5

~ Fal - - &> .y - 2 -~ - PR
cne iirne of courfe eyt 2t 2 tire ravther taan cne cnaracter at 2z, Livn.
I3 ' "
.
g .2 <5 ~ 3 3 2 T <5 TR *- iy AT -
“his moves the cclliectiznn process Irom the TPTUR lesbon 10 the PLATL Tusiem,

The fzurth metnod suggested 1s to move secanvic checeiny and symbnol

3
Cf <ne four possible imprevements, tnic last ie least

t retains the -tanle-driven nature of the CAPS editor an

N

since

imstantaneous andlysis of many .errors commonly made by the pro

neophyte. ~ In adiition, tne cecond compiler pass permits generation of a
. \ ""; -

represgriation of the program that 1s more easily ipterpreted so that

’4"_-..;'- a Lo
" execution speed is improved as well. . -
R r
Work in progress .
. # . . o
In the past year, S. lakamura has implemented an expecimental - °
z ¢ ,
FORTPAIl- r‘ompller sing the two pass organization with encouraging resulis.
7
His compiler lo dvarramnoa in Figure 3 .t -
Parzlleling liakamura's experimental compiler development 15 an )
3 : .
effort by T#Fishman to improve the parser module of the editor. Tiie N

s

. -

current parsing tables must be progremmed by-the compiler-writer. (ounsiderable

knowledge and effort is required to implement, a lannuége and the process is

prone to error. Since, in the reorpanized editor, the parser is responsible

.

" h N -,

only for syntactic detaiks, more formal, grammar-driven parsing methods are’

possible. In particular, Fishman is investigéting the possibility of using an

I
- /

) 31 ' ' L

. . N ‘
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IALR parsinr, technique in CAFS. 7. sjvantares of an IALR parser 13 tnas

LS Y . By . - - «

poth the parser and the.parsing tabie will be more coumpact tnan ine
P

current parser and the table can be ccnstructed directly frpmfthe ferral

'3

grammar specifying the programming anguage.

‘ Tne ou*put of tne new parser will nave more of fhe syntactic

-
.

N

structure cf the program built intc the intermediate text, whicn will

(D

ermit the editor to deal direetly with syntactic units sucn as statements

-5

I3

and ‘expressions. ~As lon hese syntactic units zre left intact during

ct

as

[We]

.

editing, the parser will not have to be called to unparse them as the cursor

i
=
D
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ct
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ct
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(9]
o
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[oN
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A
v
ct
ct
ja
[34]
[A]
«Q
(8]
O
o’

pass to te table-driven to a areater esient that it is now. 3B. Speclpénning

[t
ct
=
o

is currently revising lizkamura's FORTRAYW compiler to us ouiput ¢f

Fisnman's LALR parser to marze use of ;his\%tructure.

-~

Ine attewpts by Lekanura, Fishman, and Speelpenning are ecyential

3 3 Do > :

+a~ the cintinued exiztence of TAPS at its current level of diamnostic

) A
. . & - . : . N 1. 3 N ~
aSSAStanéé. Txpericnce has shown tnat in its orifinal formulation, CAPS
won}d be ‘intclereoly .slow in.rigorous classroom use and this degrade]

. . Ll .
- ¢

. . s qs ' . . ¢
performance is directly a consequence of providing enhanced diagnostic

’

-4ssistsmce. So should the current research prove fruitless, we must conclude

o,
" s )

* . ¢ .
*. that at the®level of CPYJ processing currently-available, the desired level™,

‘ ’

of automatic error diagnosis is upattainable on PLATO.
L,3- Exam system , -

The Generative Exam System developed by T. Whitlock is a completely

interactive system for construction and administration of examinaticns.

During a 3ingle terminal session, tne system can administer an ezamination,

\\\\ 3 3 , -

A : .

\ TS

. 3 ) . :
grade it,*and ;IIBH\E?e student Lo compare his answers with the correet ones.

N
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written by zn inctrucior. “fnalyses - 7 stulent rerforrance, clacs perllrrance,
ani exzminations are alsc provided . ine sys-en.

Figure « is a hlock diagrarm of the major compcnents of tne

~ ko L] ~ ’
Generative Exam System. ALl users enter tne syster tnroush the Monizor.

Students taxe &nid review exams in the Evam Administration section. . .
instructors write exams in ‘the Fxam wWriting section ani work w:in exan
A

results in the Exam Statistics section. Problem Generator/Gr ders (pr/u)

prcvide tne-protlems for tne exa~s. Zacn pr/g naniles all aspectc 27 2

3 + s B R P LN 3 —~ 3
probie~ s4cept <atz slorzge; it afcists an instrurtor in wrilin~g proiler

4]

specifizations, generates a provdem for each student, aidninisters and Zraden
that prcblem, reviews it with ume siudent, and collecty data for improving

#

ture problems. }
vnen a user [irst enters tne Exam System, ne is alloczied a

record in the Student Records data area and a permanent storage zrea lor

- <

his worx in therStudent #xXams dataé area. The system differentiates hetween

two kinds of users--studeni and instructor. An instructor has access to

*

+  both.student and instructor optlons while all other users have access to .

.

. the student options only. An instructor writes an exam by writing problem .

-« °

specifications for each,désired'pg/g.' This set of problem spec111catnons

is assembled into an exam specification and stbred in therExam Specs data
. : !

area., Vhen a student takes an exam, the appropriate exam épecification is

transferred from the Exam Specs data base to the studeunt's permanent storage

{
* .

area in the Student anms data base, 1he same .are i5 used to record his work
as he changes from problem to problem. -
. - .
. —~ .
-This past year pg/g's have been written for many aspents of FORTRAN. .

v
. v N

* With these, various versions of the system have been used to give not-for=""
,l - B ’
credit exams in several introductory computer science courses, and part of

L 34 -
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for-credit examinafiosns in twe courses (CS 161 and NS 1032, Tye moct

stem has been to provide practice

1] - - / > .
_popular with students) use of thd sy

¥

. - ‘ 3 . - 3 -
examinations just prior to paper examinations; studenis may tzre theze
~ 4
as often as they like.

During early experiments uith the:system ii was noticed that .
L) -

’

. . ’
studentd were spending roughly twice as long on PLATO exams as they would

on an equivalent paper exam. Analysis of video tape of four.students taking

_an exam on PLATO and on paper revealed that LO% .of the time was due to quirks

>

of the svstem we have since el}minated; 25% is an unavoidable artifact
(mostly terminal speed); and ahout 35%.was due simply to longer think-time.

This think-time may result from an unconscious expectation of an immediate,
% ’ " —

irreversible grade; though this is not the case in the exam system, it is-

B - .

usual in other instructional uses of PLATO.

‘e

N B

Our major experimental effoxt of the phst year has been an

-

exploration of alternate stylés of examination, based on a set of pg/g's

— - xhich_can generate probplems to a specified "difficulty level". 1In a

.

s

ERIC
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"gambling" style the student chooses a difficulty level indirectly by

_”specifying, T0r eacih-problem, what percentage of the maximum points he

.would 1like to try for., 1In a "tailored” style, the system adjusts the

difficulty level on the basis of the student's prior performance on the

. \

problem. At a min{mum, the tailored style.eliminates the problems

attendant on.giving,an examination that is too hard or too-easy.

- '

, ¢ . . -
Initial results, show that the.tailored exam subjects got more - .

points than any other group, even though maximum points can only be achieved

\ by correctly working a problem at the highest\difficulty level. In response

to a quesitiOhnaire, students showed prefergnce for the tailored style.

)




-

‘ In an effort related to t.e eram sysiem, a special quiz cwsten

! A

n of a criterion-referencei .

o

has been developed wnicn enables presentati

Lesirned and implemented

1,

quiz following a PIAPRO computer science lesson.

. ¢ . .
bx R. Anderson- frcm a concept proposed by R. Momtanelli, the system ccnsisis

) P

of a central system monitor and numerous |quiz renerator/graders”, each of

L - -
<

the latter generating quiz questions and grading them in a manner idehtical
. .

- to ,that of the problem generator/graders of the exam systen.

The system proyides a means to:
' . .« f //_" . '
: - aspess tne completeness and effectiveness of inss
i

£ticn within

Lacn quiz is developed from tue objectives

.

=PLATO C3 lesson.
which produced the (3 lesson which it follows, thus student

. responses accumulated by a quiz should identify lesson errcrs

" %nd deficiencies as well as weaknesses in the quiz itself.

- facilitate student learning of lesson content. Alteralicns to

¢

boiln the lesson and the quiz based on the analysis of quiz

student .

—

question responses should yield a quiz that will aid a
. b)
i

in determining what has and hasn't been'learned from the

material fully tovered by the lesson..

An initial-%rial of the system oceurred ddriﬁg the fall semester

of 1975 when one quiz was presented following its rorresponding lesson.

s

: Responses pccumulated for each quiz question clearly indicated lesson

shortcomings which were later eliminated via additions to and the

v

>

7

restructurifig of the lesson. .

' . - / f

/

/.
With the development of more Guiz generator/graders, further
. ?

5, .
trials Aiere attempted during spring semester of 1976. An experiment to
det#fmine student performance tendencies on different types of quizzes was
also conducted. Data accumulated by the quizzes'énd‘the.experiment are
currently being analyzed. ' Ce

' hd ' 37 . I
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4,4 Automatic ‘uizin~ of student procrams - -
_ BN - |

- T An automazted system for instruction snculé/ﬁg/capable 6f maki

judgements and providing commenis on -student prograre, analogous to ine

role played by teaching assistants and graders in the more tréditional

means of instruction. Our efforts to provide this capability have resulted
kY /

in 1, <two lessons which ask the student to write fairly sophisticated

programs and attempt to judge these programs interactively with respect to

o

both correctness and good design, and ii). the development of techngues
capable of automatically detecting anomalies in ﬁééinning student's prosrams
witnout kﬁowledfe of the user aigeritmm bei?a implemented.
- A progra5 by R. Danielson, which éxposes students to a dynaaic
-example ol the top-down programming process'by monitoring their attenpts
to write,a PL/l progfam for symboiic differentiation of a polynomial, has
peén;completed. PATTIE (Programmed Aid for Teaching Top-down ‘progragming
By Inieractive Example) mimics the action of a human tutor, in that she
éngagas the student in an iz}eractive.dialoéﬁigudgiﬁg the correctness of

student-suggested refinements and providing hints and comments where

necessary. N . . . -

- «

The tutor uses an MUD-OR graph as a model of 'the stepwise

refinement process, which student and tutor traverse together in the course
~ .

of prognam development. 7The interactive dialog is conducted in natural

. , . . C—
ianguage, parsed via a keyword/pattern matching scheme which is built into
N . the PLATO author language, TUTOR. This simple scheme is effective (R0} of. ?:j§§

, Qv

- inputé understood) due'to the limited domain of discourse. A small amount.

of testing of PATTIE with beginning students has been conducted, and more is

\

A ? . s/ . e

' planned for the immediate future. . - .
/

= iﬂé/other lesson is a sorting laboratory and prgaram'veriricaﬁ“ba '
system developed by P.'Mateti.v This system allows the student to write a
) g - ’ . 38‘ v / .,
7 - 2 ’ / ' .

P s v . .
d . . , o 5 .
’ 1




o . o
~have been q%g;ggged. Even though the user alporithm being “implemented

[ “~
bitrary in-place sorting prorram in’a programming language wiin speealaliw~ -
) ’ X I
designed sorting primitives.. A speclal irterpreier then pravides a dynamie

display of the status of the array and indices during execution. This
. : .

laboratory is an excellent facility for understand®ns the operation of

. ‘s C - . . i et - . ~
various sorting algorithnms,'and experimentinpg with different implementations .

-

of ohe particular algorithm.

In addition, the student may provide assertions about the state
of the keys in the array; and the truth-or falsity of thgse assertions is

indicateg during execution. The.student may submit completed programs to

the program verification routines, which use the inductive assertion methad

»
-

t0" prove the program correct, or prove it incorrect and prpvide a counter-
example. A special iheorem prover, which is highly efficient in this |
’ ! ’

restricted domain, is the heart of the system. Unfoftunately, while the
verifier can prove or disprove a sortihg prorsram faster than any ot@er .

g} N 3 3 ) . / 3 ’
known program (for example, a bubble sort routine is proven in approximately

~ -
—

nine CPy-seconds), the sevpre“limitationSvon processor use %mposed by N\ —
PLATO make use of the verifier for actual instruction difficult (the

7
same bubble sort may require as much asi30 clock-minutes to prove).

' A third project is being cqnducted by W. Gillett to automatiéally-“\

- A _ \~ — ,
detect program anomalies (immprocedural langyages such as FORTRAN or PLﬂ.)

1]
-~

without knowledge of the user algorithm being implemented. Data has been

collected and is currently being énaLyzed tofidentify and cateéorizé

programming '"defects” made by. beginning propramners. Many of these

« ) ¢ .
"defects" occur because thg *stdent™views his program as a“sejuence of.

‘ i ~

fially ipdependent state s instead of an integrated whole.

Détection techniques based on. iterative global flow-algoritﬁhs

.
N

AN

’
£ ° . ¢

[

L
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these -Lechniques ere nﬂ,.ule

D. Embley exyler

irned. One

; b od

feature, the FAIL selectpr [Zmbley and dﬂnsen 761, Thandles- structured fiow

4 .

in i.teract%ye dialogues.y Tnis construst not cnly unifies seleztion and

iteraticn, it ubcwnes CAY answer Judging as well. For ncihswructured flow

static exception processing scheme somghhat

of control, ¥AIL includés
.
to PL/1 cn-cenditions. ' ' / R

' ‘

similar

These centrpl constructs were tested in two €xperiments conducted
»

on-line environment. The first [Embley 75] matched the KAIL

set of typical ALGOL-like constructs. The results

hat subjects understood programs written using the KXAIL selector
dJd 29 3

rrmsnst” —_ .
.

as well as and perhaps better than programs written using typical .

Vi .
= ‘e

ghse, and whilé constructs. The second experiment-[&nbley,76]

— .____,. .

a" [}

{ilized the PLATO oyotem to monltor subjects as they found and fixed program

bugs and modlfled a odbstantlal CAI lesson about SOO llnésml?f]ength. Some

b 'l (““ / .
suhjects saw a version written in a TUTOR-like language othérg'baw a

»

2

’

version'in~a KAIL-1like languége. Observations basically supgbrte%qggvaAIL
/ LT

sequen01qy constructo, but also uncovered unforeseen\d&ﬂflcul ies in the -
. / .

-
~

KAIL-like language. The results of the two experlments generally indicate’

¢

"that the KAIL constructs are likely to be poychologlcally sound

These constructs were also examlned through a " formal defjhltlon

—~ v ' .
e

.of their semantics. ., An awiomatic approach was ‘applied to the KAIL selector,

. ~_ 4:0 . - ‘

..
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.and one surresied exvensien was fcwi to be an order of masnlitude more
"compiex’ then,the tasic zelector cinstruec. Poth ihe KAIL and the .7 7T
’ [

- .
R .
-

ooy : s
exception process*ns scnemes were defined in terws cof a behavioral rodel,

" - -~ ] )
end the iwo scn es Were gorpar 4. The formalism egposed context

1 . -
. -3

'(.

v -

. (e y PN . . s . .
dependencies in TUIOR and snowed wny programiers are likely to find ine .
= +

. * \

. TUTOR secuencing construets more difficult "gc urderstand and use inan

" the correspondlng construcus in. ¥AIL. ¥ - .

As a resulf of tne nvestlrat;on, three basic ae51pn principles

evolved: uniforiity, separability, and ‘locality. The uniformity frinciple

_— . N N . .
*, N . - - . - - ‘
54grests nat 7;2aages cagnt ‘to ce_aes;gnea With a cne-to-ome relzticnship
vetween syntax &nd sgrmantics.. The separatil ‘%w principle. Feste et
. .‘ I3 ) -') k3 -3
special-purpuse, ccmposite structures: ‘that are only indirectly sepa tle
“ - . ) :

may be harmful. ‘ne locality Drlnc1o7e Sugrests that lanpuape featires -

¢

snould be as permznént and local as DOsslole These,three princ1ples are

2

proposed-as a,partial basis for -iine design of prorramming lanfuage [eatures

T s - .
in general., . .

- k£ Use of ACSES in instruction .

3 K4 -

’

e PLATO is now in routine use in CS 101, 102, 103, 105, and Loo for

a,total of '1000-1200 students(ber semester on the U of I cempus. 1In fall

1976 CS lOl and 105 will each have one leéss professor asslgned an 1nH1cat10n

of the acceprnce of PLATO. Other introductory courses are in the process

,of phasing 4in PLATO. - ) .

‘@f' Also, there has been systematic.use of ACGES Lesson materials
9
* R P) .
in six sections of three coursed at Wright Community College in Chicaro,
v

mainly under the direction of Kathleen Galway. The table below summarizes

thls uge for the fall 1975 semester. : " o

'

ST




. idours per raarse
‘ . Students student Sessicn/swudent D=-coripticon
DP 1Q1 ~~. 35 ¢ 2.5 . 4 introductior
.+ DP1Oi 27 2.2 2 introduction _ 7
L i . - ;
- - 2 \\ .
DR 101 . 2 \ 2.2 7 Intrcduction
DP 105 23 8.2 . 1k FORTRAN N
“ 4 1
DP 106 2z 5.8 lu - FORTRAN
{ ; l
DP 135 o2k 1.1 <2 COBCL
N
. < . ., N

3 - \\
A3 can easily be ceen, ihz heaviest use has been in inhe FOPTRAL

ralniy tecause we nave spent mbre tirme develeping FOEIPAL

- . In order§%>assess the effect of,replacing one lecture a wesar
. R . L]
.with a PLATO lesson in é large university ciass, a controlled experiment

. (described below)’wéﬁ run in fall 1%75. Essentially the results imdicated

that PIATO students would strongly recommend PLATO sections to their

. friends, learned as much as non-PLATO students,, but dropped at 2 somewhat

.

. higher rate. - . . o

, (1), Procedure

. In order to allow for testing some hypotheses about the use of
PLATO in our introductory computer science courses, a controlled experiment

was .designed for C5 105, for fall 1975. Five lecture sections were offered,

with four of;them grranged in the following way. Professor A tgughi a PLAT@

section (one hour on PIATO replacing one lecture) at 9:00 am, and a non-

. -

. PLATO section (two lectures, ffo access to PLATO) at 10:00 am. Professor B

: taught a non-PLATO section at 9:00 am and a PLATO section at 10:00. .
Professor C, who was in chargé of the course, taught a fifth (PLATO) section

in the afternoon, but it was not involved in the experiment.: It should be

noted that this author did not teach any sections, and that neither professor A

. .

. T | 42 .
EIKTC\' . . -39 - ' . o

[Arunt provaea b eric . 13 : , -
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nor B had ever used PLATC beflore iLuw semester. An additional =irnor
2 * . <
jifference beiween tne twe tvpes of cections was that the PLATO studznis

- . - /-
RAR

did their first two machine protle~s using cn-lipe PLATO FORTR

"y

compilers

instead of the IEM 0. . ' N 3

Before ihe semester vegan, siudents’ registraticns fc;_the five \\\\\

~

£

sections were egualized {by the compyier prorram which mawes up q‘%dent
>~

schedules), so that there were equal numvers of siudents in each section

.g
Q,
S
ol
«
—
1]
&
%
%}
)
& |
0
%
[y
(8]

%:00 and 10:00 sections

student could nct stay at tne same nour and cnange sectlons. If a thulent

wanted to change from 3:00 to 10:00 (or vice-versa), he/she had to
& M b

the same type of section {PLATO or non-PLATO).  If a student wanted to .

PRI 5 P .t ' . . . )
switen from the alternoon sectidn to a rorning section, he/she was randomly
>
' -

assigned to a PLATO or non-PLATO section. tudents were not allowed to

- LY
’ ' x

1
transfer to the afternoon section. Any student wno felt she/he could not .

abide by these rules was sent to the author who attempted to convince her /him

’
\

of the value of edudeiional experiments and of PLATO (There were about ten !

s ~ .
- . «

such students, and most wanted out of PIATO, presumably due t0o having heard

v

about the problems from the previous semester). The result of these

.
-

d{scussions’was that two students who protested violently alnst PLATO and

ma%hines in generzl were allowed to transfer out of PLATO sections.

-

2) Students in non-PIATO sections were not given access to PLAIO, as a student

record with associated name and code had to be created for.eachaPLATO student, o

- “ .

and this was not done for non- PLATO ‘students. 3) ,Individual attendance was .

‘y

taken in the lectures intended for non- PLATO students pnlj, insuring that no

Ao

. . - ’
B I n . PR
i . 'S

. . B ? *
B - 4
[y N N “{O - . . ,
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.

PLATO stuidents tould enter.
precautions, siudents
. 13
immediately
- &
at meterials for
’ I
penalty.. A few X

-

through friends or through naving access

—

ILAIS—et"denus attended lectures
J

wno was not attending or through slipups

V4

none of these minor disturbances

The <hree nypcthe

#2ould en;oy

recomzendation to their friends.

in oruur
were asked {.::
after completing their C5

the other group /they were

on-PLATO students nad seen somé of the PLATD m

either

the zourse

T0 assess ne

.....

v * ¢
a questionnaire riven t

105 ¥inal exams) if

assured that there +
. *

rizals

through other courses, and a few

- .

-
~ .

in our Terords. It

[

would have, any majox\iffect on rezulis.

LI v L.
.

2. PLA”O and nou-P AIO students wou ld perfo

=hémeworks in the cpurse .

. . L. . -
3. Tne érop rates in the. two types of sections would ve similar.
(2).' Results » .

In -answer to

I3

with the final exam): 'If a ’rlend

"PLATO and non-PLATO sections were offered,

take?' . PLATO students

PLATO', 83 'PLATO if cgnvenient', L5

- if convenient',

.

and 21 said 'definitely lecture'

the question (from the ques tlonnalrQ;ggmﬁaisuered

were taking CS 105 next spring and
£ I g

vwhat wouls you fecommend he

<

trongly recommended PLATO (112 circled 'definitely /

-

'no recommendaulon

<y

had

PLATO students were neutral (their responses, in.order, were;29, 22, 21
: ) 2 ’ <, ’ ’

13

analysis of yariance was computed .for each eram and for

. N »

\l .y . P

in order to compare learning ‘acyoss groupé

(o .

- 19), or even showed a s;ight'preference for PLATO. - ©, -

N >

a.2x2 univariate

R

.

they had loored

would te no .

through us1a§’une name of a friend

was felt shat .

'erl on exams and

, 15, s2id 'lecture

On the other hand, non- *

§Qtal points on

A

¢

6, -
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. compufer programs. lio significant d:fferencerc were {'pund, and ~rans were™ - \
nearly identical for the various groaps (Table 1). :
~ : . \\ I . .
The third fypotnesis concerning drop rates was rejected, nowever. \\\\
T 3
Professor A nad 16 (15%) drops Trom his PLATO section, and bnly % (h7%) from
- * - - -
' non-PLATO. Professor B had 28 {25%) drops from PLATO, and 18 (1.%) from
A B N . /,
non-PLATC, '
. M ' '
N .
- Table 1. , . J *
. Average Scores on Exams ¢ )
. and Machine Prohlems .
N N . ., B N
‘a; Macpine iroblems ’ ) .
+
. + ' ’
PTATO + non-TTATC .
A 143 12 ‘o
pProfessor - 2 " o
s 3 140 '” 1€, . . .
(v) Hour Exam 1 X . v ) . o
. ‘ . . -

s . N

A a :
Professor -
B .. . . g ~
»4 N , P - M
. . , . X4 .
. (c) Hour.ExaﬁX{\ o ‘ . L i -
» N . 1Y - - v -
° _', oL, 3 . v
’\ . ’ e . A 65 62‘ I
. . Professor . . : -
. o B 62 62 .o , - :
. ° . : N : : OO
- . . Lo .
{d) Final Exam e T ? ) ST LT
v . . . - , - . < . " v
. _ . ) . . .. . O
. . . L3 . .

) ’ ) . Y A - 40 .
, © Professor ‘ . . . .. ‘
Co 5T B 135 L .
" R P . . ~ M \' ' ?. P = . p [
" ® . \ ° . . .7
‘ - v \ ° B .. « .
i . 3 . " N
) (3). Discussién . ' S . > : .
4 ot . e - ) o, . . .
. <, M , e 14 . , .
v . , Students in the PLATO groups would strongly recomend that their .
# = . co “ ; N - . .‘
+~ 3, friends choosé PLATO,seétionq, thus confirg}ng the first hypothesis.’ Even =
- if- the ‘'extra’' 25 drops: in the PIATO™S otions were strongly negative, they .
.o . ST ORI ' ' : ’ : -
. T “o e . E by | ‘
. . ’ ) . : ’
, B . i . 5 . - ., . ' .
. oy lf.r 4 ) ¥ ' . ! . e .
\)4 ' . . N . i ) ' ‘. . R " .
b e . : ‘ PN ¢ " 1*2:‘ ‘, s . . - !
P - ' : i - ’ LT, . . N
. . C . . , , . . . N
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. . . v . .

13
: ) ) . .
would nave’s soall effect on the'totals of 272 TIAD » Svadenss reremamviin: -
M I3 . €
. .5 . . ' - o
- * » -~ 1 -~ ' - - ‘ . .
-~ - - -7 \ ] - - - - P - ‘s
PLATO; and only £ of them re-omreniing loltures. &4 should be remnarac .
N ! ! . . N N Ve . : -
Z S . -
- -

~v o

tnat wnen the ,PLATC students were asved Lo inc

tne worst features of PLATT, 78 cnecked 'The distance fo CERL' (‘Infortinately
> H -5‘ . - - . N

T the terminals are located on.the north edge of campus'ih CrRL, aboui a -mjle

‘. . .
. {from most cofamerce courses.}, wkile~x7 checked LaCu of numan centact’ o anA

"L“'
-~

- . -
31 chec<ed 'PIATO ao ing, down' , the nﬁyt two no st frequontlj ﬂheC(ed respah &S, K
> 3 .
- . \ - . . E ' o
Thus itne major provlem was unforﬁunately out of .our control. . o e .

< . N , o

The second hypotiesiss was not rejecied. The nearly identical.. | . :

: Fcores on exzns and rachine problers, in Table 1 are evidence ¢l tnat, o {
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: resylss to alter, vne obvious conciusion. This reﬂhlh is certainly it

. apgreement with ~ost studies of fhe effects of CAI. In fact, when Janison,
S Supp,c, and wells 71%7%, surveyed ine effectiveness of

- '1nstructional nedlia, they stated:
g X .

) ‘i. .. the. emual-effectivenels conclusion seems to be broa imy co”rﬂct for e
. . o N A . N
_ most” aliernape methods of inswructlon at the college level .

5 .

ted utUdJin i costs of various metnods OL de llvery prevey, a “ :

LY

R
[4)
f‘ -
™
o
m

w .ah
* . Bl s

. major advaduiage of CAI is that once usgd, it is not séb in’ stohe like a

2 v

¥

. <

3

. . -, . e, , Lt . N .
*, .texthook or movie. .As a result of Qleﬁexperlment, the two lessons which
. . 8 - ) . oo .

2.

§tudénts.liked the ie St are ‘being re%rltten frhm 9cratch Secondly, 2 T, e

. - L

Iy . .
s . PR

- . quiz system 'has been begun. When Pbmplctnd it dlll present a quiz to eaén
[ A M - . - _\_
' student, at *the completion of each lesson. The' qu&zzes are.'not" - rlt en by

. . C. R 2 . . A
R .o . vof . . P - »

o the authors of theé lessons, and in fact qﬁiziquthors are diocouraped from A

[ ’ 4 " . s . .z

‘w . L ’ T . . - N \ . "%
.+ laokiry.at the lessons. However, the quizzes are,written_from~tne same . s,
. . ) A ot

R asnd - - ) 2]




d

ERI

Aruntoxt provided by Eic

P A

. X . | .
remajining 'available PLATQ fimexs.

necessary due to the nature of the experiment, in the future students

cCcores - . «
L

D
}~s
’._J

LOW =

o

LINers

D
3

- . s
possible, and pernaps eventually CAT materizls will+We as food a3 the mest J
‘ :

lecturer, and therefore better than many.
On the other nand, the nypothesis about equal dr+p
This was a surprising

rgiected. result, especially wnen the

esperiment a year earlier funder showed no

iywever, the earlier ccurse may nave teen a special case. [ Iu var 2 rzlatively
.
. .,
37 PR . -~ PR < e " ~ 3 S ~ . S oy~
small elective ocurse wizh rainly Junicrs awd senior” in psycnclosy and

Thesze students were more’ invclves arnd interested in the

— L

(as the author was teachiag the course), and they may have’ ,

reason. On tne other hand, C3 105 is a required course
P < v *

zhe college of commerce, and the studenis ypere
. \ o 1 :
in long term educzatiocrnal goals (for themselves as well as

. . ) ]

for the PLATO materials). Hawever, although this drop rate was disturbing,

A}
there were a few, likely reasons for it, all of which could-be fixed, For
® - ’\ - -~ » !
one thing, the firit three weeks wére confusing for the students because
. i . N "' , .

they had pre—enrélled in a course

which they expected would consist of two

) . . 4 .
lectures and & discussion each week. Instead, three-fifths of them had

~ “

a lecture cancelled and had to sign up for a PLATO section iﬂstead, These

K

sectiopns caused a lot of trouble, as some were scheduled for wecek-ends,

X . .

a;d many students complained that' they were unable to meet anf of the . -

Although most of this confusion wvas .

4

will preregister for PﬁATO'seqbf%hs just as for any other class. A second ..
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v

possible cause for tie different ur.p Tates wac that for the firs¢ fow
. % - ¢ v
. - . °
weeks, PIATO students were requirel to do their proaramsing probléms in
. ) %
one of tne on-line, interactive corpilers. Althoughn it was thought that
; . .
this would be fun for tne students, the compiler fave very poor response
R . L . : .
fime because of the amount of processing going on to dheck for errors
. . . - ‘ " ' ., '
after eaen student keypress, Finally, dropswmight have been due in part
to student dis sfaction witn the twp poor lessons which were later

rewr}tten. Students had ndt been systematically polled about the lessbns

N

before, and the relatively negative reaction to two of them was quite ..

surprising.

~

Anotler possible exg}&hation for the nigher fdrop rate on PLATO,

. . . ’

is that some studeris (< 10%) are anti-machine and that CAI will alwhys

M »

have tnis problem. The author does not feel that the large differences
found heére could be attribuited to_this reason. Ilowever, lhis'is being

‘checked during the current semester, because ‘the problems mentioned in

.

- y
. ?

the preceding paragrapn have been fixed, and although no experiment is
~ & » .
. » ¢ By <
" being run during the currept semester (all five sections of CS lOS“ﬁfe
: . v .

.

* using PIATO), the current drop rate could be compared”ﬁfth past drop rates,.

in order to see if ®he PLATO drop rate is as high as was €ound here.

* ] .
. ' 4 .

(4). Summary ' €. _ .

oo . ’ * '

[y Yol » s
PLATO lessons can be used %o replace one lecture a week in

an introductory computer programming eourse. Students learn as much and

«
.

prefer PLATO to large lecture.segtions. The ngmdining problems are: o,

i .

1) 7Is there a higher drop rate on PLA?Q? and 2) Can ihétructioh.be.

.
' -

improved through continued deveibpment-oﬁ the CAI mategials? o

- . . ‘w
[

N - b5 2 R
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