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ABSTRACT

Three new teaching technigues, using established
principles of learning, were combined to teach an introductory
digital computer course to college students. The techniques were: 1)
programed instruction; 2) Fields-type teaching tests, "a
discrimination method to teach concepts by modifying the examination
procedure to emphasize similarities rather than differences,” and 3)
the proctorial system of instruction ({PSI), or self-paced
instruction. At the completion of tha course, 856 percent of the
students said they preferred this system to conventional lecture.
Advantages of this method are that students appear to learn more, use
of proctors is less expensive than use of instructors, and materials
can be developed by the teacher while he is teachin the course.
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Three rew teaghing techniques, uwsing establishad
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i weve combined Sprino Quarter 1971 o teach a thiree-cradii introductory digital

5. Y,

. computeyr course o Four secitions fza students in each) using Zen student

. prociors. Une chnique, Tirst wused alone in 1967, was Skinper-fyne programwed

or selv=-Instruction. The writer atiended the ASEE sponsored PI Worishsp ai the

P University of Colovade during the sumwer of 1965, and worked thyvee years

developing a programmed self-instruction textggje Used alone, students could
and did learn the Fortran language, bul the course was somewhat stale and
motivation was lacking for some studsais.

The second fechnique used was devaeloned by Dr. Paul E. Fieldas, Psycholsoy.

Fisne

University of Washington, amd is known as Flelds-iypz ieaching tests (ov
quasﬁiﬂns}{géc A comprehensive set of Fleids-type guestions covering the
language concepts of Foriran was written. tested and rewritten fn 3968 and
1369. This zechn“qu@ was conbined with programmed fnstryction im 1269, and
the two tﬁﬁ?n*qgea have been used w@gaia?iy since Lnam iémaa To guote Dy,
Fields, "The tests a?a a discrimination method to taa?h concapts. by modi fving
the ex;minatzoﬂ pwaaedu?ﬂ to mmphaszze %im*iaﬁé?ieg rather *ha@ dﬁff&*anﬁesw
and by mfﬁ%maZiﬂg ths passebsﬁvﬁy af @ ?HLCES&nu? responsa by shanca. " '
Ur. Fleids found, as did the wiiter, that 90% of the students using the ‘tach-

nique Tike it, that grade$ can be assigned on perfectlon rather than on the
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fov genvantlonal techniques of teaching. With exparience and skiii. an
Instructor preparing such tesis can congider performanca o bahubﬁﬂr abiectives,
criterion tests, and can inearperate important parts of the Skinner techinicue.
{The Fields techniquz fg explained in detail in Dr. Flelds’ fext, as weil a5

in thres grﬁg?ammaé self-Instruction units prepared hy the wrii rg ) -3 Although

the questions vequive considarable Time end effovi to prepars, & compatent

secretary can not anly grade such tests, but can alse vearrange the ass griatio
items and retype them Yor sﬁbsaqmani use the foliewling guariter. They are o
constructed that they cannoi be memoyized, so0 a sat can be given io students o
study; then, after rearvanging. wsed again for testing. One of Dr. Fieids'
findings was that frequent {weekly} tasting improved achievement. parvticularly
for slow learners.

The third t&éhﬁ%qug integrated into the course was the procierial system
of instruciion (PSI1), also called se1f4ﬁac&d}ﬁﬁst?mgti@ﬂg and was developad
by psychologisis Fred 5. Keller and T. G, She?maﬂiﬁ}@ The writer atiendad a
workshop ﬁﬁndugﬁéd by Kaller, Koen, and Stice at the ASEE Annual meeting al
Ohio State University in June 1970; a second one at the ASEE Annepolis meeiing
in 197%, and another one en the Qanstﬂactiaﬂ af behavioral shbjsctives conducied
by bBr. Edwin B. Kurtz at the dﬁiwevsiéy of Hashinqtan in February 1971, Unid
gbjectives and aS%ﬁgFmgn;s ware pf@paved aﬁd usnﬂ with the PSI; ﬁngsrp@ﬁ@éiﬁg
the programued text and the ?iaias technd que dariﬂg bﬂW%ng Q&EfiPP 7871,

Tan‘ etud&nt pFﬂGEﬁTS {mostiy undargradugté}gﬁfs each working 8i% heurs
per waek and rvaaiving $2.25 per h@nwa Wera ms@g wer 1ﬁﬁaveﬁu al iﬂxt uctian as

rquezted bv s udenﬁs and ﬁsr admdnéétﬁrﬁngs qradiaqg auﬁ res@vd%nq é@ﬁievamanﬂ'




quizzes. The writer was given sne-third time for managing o wsovrdinaiing the

ad
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%ﬂstﬁucﬁignp anﬁ one %nst?ugﬂgvvé@vgﬁed half-tine o general assisiancs

preparation of quizzes and the Tinal? examination. AL Teast two siudent prostors

met with aach section twice a week Tor BO-minute pevicds, Prochers ware also

avaiiable in scheduied reoms for administering quizzen thyes hours Tuaesday

morning and iwe hours Thursdsy afiernovns. The Keller techniquun aliows

students to procesd at thalr oun vate, tuming in 2 computar p?ﬁg?amg taking

the achievement quiz. anc receldving a grade of at least 96%{?) on &31 woerk

for each unit. Thres sets of gquizzes wavre prepaved and used with each unit,

and each set @@nsisted'ﬁf e parts: (1} ebout 20 F ide=typs gusstiens op the

Fortran Tanouage, and (2} construction of a Flow chart andfer computer progra.

The point system foyr mss%gn?né grades was Dased o 11 procassad coanputer

programs of 50 points each. 10 achievemsnt qui zzes 8t 50 points sach, and &

final exam of 200 points. Grades were %qrsﬂ on the basis of less than

SD%PQ E, up to 69% - D, up to 79% ~ G, up to 8% - g,’@né 0% o ahove - A

Grades earnad on this basis weve: A « 63%, B - 6%, C - 5%, b - 2%, E - 3%,

passing withdrawais - ?é%; incompiates - 74, Asﬁadgnﬁé recelving Tess than

an A did not complete all of the units, although a Few students weve taking

the course pass-fail and did not ét%&ﬁﬁ% ta‘gamgﬁﬁt% 2l units. A& passing

wi?hdrawa? Was a??&%ed anyting durs ng the q&a?té%; and ‘the E % passing wéthm;

drawals wa§ abnah tw*ce as high aw for ?eguﬁﬂr aéaﬁﬁ 25,

Following is & summa?y of the eg&ﬁaatian-ﬂf ha LOUTEEe aﬁd the ﬁ“ﬁf@?qﬁ?

which Eas madé b% 71 students. The wréter %@aés this ex ?%waﬁhé uq.ﬂq ?“@*és

technique, programmed sé?fiﬁnéﬁ?ﬁcﬁﬁang and The Kéi?é? PSI was B6% 3@C$@3$fai .
"wbgaed on tha Fespgnqe 0 ques S on #?63 Eﬁqﬁty%six @é?é&ﬂt of .né students ;' ?
‘5statem they pre ar?ed hhis sysiew ﬁo ran ﬁtisﬁé? lgcturegv Iirﬁs bei%éyeé
EKC o




that with several obvicus improvamends, as waell ag several suggested by students,

(7]

that the system can be ad least 20% Successful.” Quastions 12, 13, 14, and 1

o

were taken Trom simiiar questions asked by Dv. Keller in one of his evaluations.

ilata that only 3 to 4 students indicated “less than' when gomparing self-paced

.'-

instruczicen to the lTecture methed on each of the four guestions. Most siudents
bellevad other courses could alss be taught using the procterial system as
indicated by quastion 7.

A sheort evaluation form on the procikovs was also complisted, with studants
grading them A. B, C. D, or E on sincarity. concern and intavest, competenca,
and a final grade for the course. Al proctors veseived nearly ldentical
ratings, and the responses were mostly A’s with some B8's, and were higher than
the grades recaived by the w e

Some of the things that need fjmprovement {(and move work) ave: {1) tha
vork lcad was teo much for three credits {and 4s being changed to four); (2}
some of the Flalds guastions were anbiguous and nead vevision; (3} the unit
shijectives and assignments were tep vardable in tength, particuiarly the last
few which were much too Jong (the ten uﬁ%ts have jus? bzen vevised into 18 units
and copies aﬁeravaiﬁabie from the writer)s (4} better securiity is ieeded in
administering quizzes as some cheating was veported by students; {5} petiay
overall organization and coordination is needed {this cowes with experiemce);
{5) mﬁ?e disé&séiﬁng are.n&éé&é with proctors to meke thewm aware oF the "prassurs
from a few students. (The prassure was particularly heavy the last few weeks
of the quarter when studenis weve trying ﬁﬂ camp?ete all iten uﬁitsﬁ}

What a?e the. disadv&Ptager of usﬁﬂg the techniquﬂa ﬁeaa?ibed with 160
stud&nts? The p?imamy one feit by the waft&r Was tﬁ@ ?a@s of direct @nngasu$

!" and the inabi?ﬁty o “kn&g“ 5 %tudentag and befng able to call tham by name

EKC B
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when meetling anywhers on campus. Thare was also ioss of ago and importance
in the classvoam because the wiiter was not nesded thars aatE? the Tirst few
classes. The Tommer “teaching” role became ane of a wmanager, cogrdinater, o

an arvanger of instruction for 100 studenis, and te suoite Or. Kellar, he
"arranges the contingencies of veward essenﬁ%ai to tha learming process.”

The writer agress with Dr. Keller that asboui 100 studenis and 10 prectors
is the Vimit for one instructosr to manage using the P5I. However, because the
various teaching materials and m&thﬁd daveloped  for this coutrse ovar the

last six years were gamuiaazw@ in vesults (end not "Forgotien,” such as after
a lecture), about $1, Bgﬂ can be savad sach quarter by wusing the procterial
system with 100 students. This is based on the assumpiion that a full-tima
teaching lead for an instructor making $3,500 per maﬁtha using conventional
lecture, would reguive 1-1/3 Instructors and cost $6.000. Using the prectorial
system with one {nstructor as a coordinator one-hal¥ time would Qgst $2,750;
plus one secretary, one-half time, at a cost of $500: Lsn ovroctors at 5 hours
par veek, $2.25 per hour, 1G weeks per guarter, at 51,125; axtra suppifes at
$75; for a total of §4,850. The amount saved 13 the difference betweaen $6,000
and $4,850, or $1,150 per quavser. In addition to the money savings mosh
students iike the tgchuiqae bettayr thaﬂ>C§ﬂ¥&ﬂ§§Gﬁa? fnstruction, and the
writer believes students Tearn more.

Does a provessor interested in improving the tsash%ﬁgmiearning process
have %o take a year or two off to é?epa?e Suéﬁ maﬁaviéia? 0% can & eacher
incorporate pa?ﬁs of these technigues each qua?téf or gsemaster? The answer to

- khe First qgesti@l is va ausly “ves, desirable, but erdinaré?y nat possibie.”
The writer feels that ﬁﬁi?% staps can be taken, using established principles |
of Eea?n%ngﬁg} : ?éfésgﬁv Edl Kgriz‘suggeéﬁs that“a‘sﬁawébuaﬂ}531madgrby a-
teacher who_ uses ﬂQﬁEEﬁtiﬂﬁa§ ﬁec&uwé‘byrtakingfﬁﬁ ﬁﬂﬂg?eg:béféte each class

we - s
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to write down bahave.or objectives, and than prepaying achievement gquizzes basad
on these objectives., Te goal statesd in his menual is:

"You wil? ba abie o coenstiruct tnsiruction Tov youy ocllsge ocourses

that s based on Lohavioral ebjectives - what doss that mean in

praciicnl fterms? It moans that you will be able o writs objectives

for your lectiwes and aiso destgn the lectures so as to inoraase
the Tikelihood that students will learn. It &aiso weans that you
will be able o write chjeciives, problemws, end matching test {iems
for printed materials such as Lextbooks, manuwals, ¥ilms, and other
audio-visuals. It also means that you will be able %o davise
totally new mat-vials, bassd on behavicval sbjectives. Tor group ov
tndivideaiized instruction. UWhatever Kind ofF lastruction you waat

v 14 agcounta-

Lo use, you wiil be able to use ohjectives € h@ui {4
bility . and, hopefully, increase student suscess. (e}

The writing of good hehavioral obiactives s essendiat whan using P3
The writer feels that guod weekly 20 4o 30 minuie guizzes will do much

o increase achievemsnt and heip i e teacher and student determine wh ther ov

w

ot the behavioral objectivas ave being met. A siart cun also be made by

solecting o difficult topic within a course and é@@n iping good instructional
materia ie tor 1%, Guite a Faw engineering professors throughout %he‘cauﬁtﬁg

oy

have prﬁpared i ﬁ'maﬁewiaﬁs and they sh&u@d bec&m&‘aw&i?& ie €igzﬁ

o gthers soon

L

if praﬁtc?s aad setﬁaiarﬁai assistance a?@ not avalisblie the writer has
‘mﬁdﬁﬁied the Keller techn%qu& by‘g%viﬁq a$h§ewe5ﬂﬁt asuizzes at one. pﬂe»
d@%ignaﬁgd tﬁme oniy, aﬁd p?@vﬁding fﬁr @ﬁe Ldé*ﬁﬁcﬁ@s ﬁuﬁi at an@i har migﬂ'
‘naﬁed timn f@?lﬁnﬁserfaaiaﬁg? shisrdﬁés Wﬂf%n?ﬁ that eash 3iuéanr agi “?gé%v“
for sach achievemsnt guiz within a éés%gﬂgﬁed pariod af time, usualiy one

s =
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as little as 5 hours while

0w

week -- which means sﬂmé students might requiv
slow students wight roguive 12 hours to prepare fur the same unit.

Howaver, grafESsaés should have as thefr Final goal the developsent and/
or adaption of the compiste system. The basis of the Keller system, in swmmary,
is that to modify behavier students (1) must waspond {not just Visten), {2}
receive positive reinforcemsut, vather than negative, (3} progress ab their
gun rate, {4) prove achievement and masiery with uniz quizzes {which aliso pro-
vides for feedback te corvect mistakes and F11Y gaps). {(5) leava From written
and visual materlals vaiher than the spolken word, (5) receive the malerial in
ralatively small legical pavris, {7} have the use of student proctors for
p?@?ﬁéiﬂgkiﬂd?¥§duai assistance, and for adninisiering, gradiag and vecovding

arades.
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EVALUATION OF COURSE AND PROFESSOR - GE 115

. Spying 18
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1-1%.

2-3%2

Section_ -
{youyv name, optiomal;
Piease check the appropriate box: R
1006 About | Too
Little Right | Mueh
1. 1 believe the amouni of work
assigned for 3 credits was: _31-44%% 40-56%
2. I believe the number of achievement
quizzes given was: 1-1% 60-85%1 10-14%
3. I feel the number of computer pro-
grams writien and procassed was: 3-4% 36--51%1 32-45%
EReeT- 1
Tent, 1Good i{Faie | Poor
4. My Feeling about the use of Fields~ - T
type teaching questions 1s that they
were: | 26-37% | 28-39% 112-17% | 672
6. My Teeling about the use of other
short quizzes {flow charts and pro-
grams) is that they were: §3-18% {44-69% 112-17% 1 2-3%
6. My feeling about the Unit Assignments
(?erfermance§ Eondiﬁisns, Criterion) 7
is tinat they were: 16-23% ;: 42-597 130-14% | 2-3%
7. My feeling about the programmed ée?fA ' , |
~ dnstructfon book used s that ft §s: | 27-38% 126-37% 113-18% | 5-7%
8. Hy feei1ng about *he re!evancéraf fhé |
” .,matE?iai fn tnis course as re1ated to
my future use fs that it ?s TSnES% 4@—62% 8 117 71%?% 1
'if The first number in gach. hox fndicates the numbev af students answa?ﬁng thg -

[:R\!: questions, ana the segsnd numbéw is thﬁ

percenasff students arswarfng,_;._};fvf



The grade I Teel the professor earned for

each of the followling 1is:

9.

TDD
it1.

12.

13,

4.

Design, arrangement, organizaticn
of course: '
Techniques used in assfgning grades:
The final grade 1 assign the pro-

fessor in charge of #his course is:

I balieve the amount of mastery
{things actualiy learned)} using
the self-paced technique, as com-
pared to the usual Tecture methad
of instruction was:

I believe the feeling of achieve-
ment using seif-paced instruction,
as compared to the Tecture wmethod,
was:

insofar as_fecagnitfgnnbfrthe

student as an individg&i 15 concevrned, '

I feel that seTf—paéed.inst?uéiiaﬁg

‘as compared to the conventional

- legtura, was:

5.

The amugﬂtrﬁf_eﬁjayméhﬁ aﬁﬂ:Sat%s;

faction I received,ih'téking'this”v

. course by se}?—péced'ihStruct?dn;

24-24%

21-30%

43-61%

231-30%

Much
Greater

Sosne~
what
Greater

24-34% _

30-42%

_14-20%

3-4%

25:35% 1

30-42%

13-19%

20-41%

24--34%

- 13-18% 14

27-38% |

- as- compared tgﬂtheiieﬁtg?Etméthoq'y§$:ff“ ;3lfd€$*j

10-14%
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16. If there was a choice, would you vecommend to & friend that he or she
take this course by:
a. {1 Conventional lecture, by a professor (10-14%)
b. [:3 Self-paced instruction, using vrdergraduats proctors (61-86%)
17. Do you believe other cou%ées could and should be faught by self-paced
instruction? If so, place a check in front of those you think you

would prefer to take by this technique:

L] other computer coursas ] mathematics [ 1 chemistry
52-73% 40-56% 35-49%

{] gvaphics [ | physics || English 1 humanfties courses
19-27% 32-45% 13-18% 10-14%

(] social scinece area

8-11%

i | other:_

Piease use the reverse side of this shest to make any commenis or suggestions,
good or bad, about the questions above, or anythiag else, that will help %o

improve this course.
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{1} Presented at the ACADENOS program at ithe Asnuail Confeirente, ASEE, United
States Haval Academy, Annapolis, Ma, June 22, 1271,

{2} InTRODYCTIOH TO DIGITAL COMPUTER PROBLENMS USTHG FORTRAJ IV, Watter L. Dunn,

3¢
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HoGraw-Hi11 Book Co., 9,

[3) FIELDS TEACHIAG TESTS TO ACCOMPARY “PSYCHOLQCGY AWD LIFE, OTH EDITION,"
Paul E. Fields, Scott, Foresman and Co.., 1871,

(4} “How to Answer and Construct Fields Type Teaching Cuestions,” Waliev L.
Dunn, unpubiished.

‘Good-bys Teacher. . . .~ JOURHAL OF APPLIED BEHAVIOR AHALYSIS, Spring,

Loy
et

1968, 1, pp. 73-89. .
(6} Dr. Keller states peer teaching is effective because studenis who have

just completed a course are better able to relate o and undarstand

aucstions of other students. He also beldeves that, in general. undevy-

gradustes make betbter prociors than graduate studentis.
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{7} Dr. Keller recemmends “unit perfec
ment.” vather than a criterion such as 50%. In this particulayr course
1% ywas decided that minor mistakes . such as misplacing & heading on 2
computer printout by one or two columns, or omitting a paventhesis ov
peried in & Fortran program {hand—wr itan}q were fnsignificant insofar
as the objectives of the wnit weré_c@nﬂe?ned;_ o

{8} See aiso THEGRIES OF LEARRING, 3Rn'£azfzom;'ﬁi?garﬁ,'ﬁq 1. and Bower,

65.

£31

. &. H., Apg?etaﬁ Centurv E?aft , Hew %ﬂ?s, 1966, pp. 562-
{9}  COMSTRUCTIHG ) z4rrnucrran BASED OH BEHAVIORAL OBJECTAVES., NdéhiaSEP

 Kurtz, Gross, Robl, {Avas?ab!e From Srhani of Fﬂﬂ!ﬁe??!ﬁﬁJ Ok ighgn@ -

State‘unigéféityﬁ*Stziuwaterf OKlahoia, 7407 4)




(10)
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Profassor J. G. Shemwan. Georgetown University, Washington, D.C., is
editing a PSI Hewsletter as a clearinghouse for iteachers wno are
interested in or have developed tepics or courses using the prociorial

system. Anyone interesied should weite Ur. Sherman.
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