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THESIS AES -L.RACT

The Problern. The pu-r0ose of bhis sbucty vras to com-

pare tLre effectiveness of a sLrort progranrmed unii in plane

geometry' wilh conventionar teaching meNhods. specifically,
the study r,'ias conducted to deterrnj-ne whether there r¡üere any

significant differences in (1) mean achieverílenb and (2) mean

time between two groups of studentsj one group instructed.
by programrned rnaterials and. the othrer, f or control purposes,

by the writer " student attitudes to pr"ograramed instruction
tnrere al-so investigated 

"

The study took pla-ce at st, paul- rs iïigh school in the

fa.l1 of L963 and lasted for a period. of three weeks. ?he

sub jects, twenty-f ive pairs of grad.e eleverr students dis-
tributed at random to tl+o classrooms, were initialry maLched.

for mental- ability and grade ten achievement, subject seq-

uence, and sex"

Both gr"oups studied the same subje ct matter, rtThe

Areas of Polygonsrrr as f ound. in ihe prescnibed. grad.e eleven,
university entrance course text book,

Plane Geometry" The writer wrote the

revised and developed Lo its present

testing with three stu.dents"

The Method. The experimental group used only the

, although teacher help was available

A First Course in
program and. iù was

form through intensive

pr ograÍrmed maùeria- ls



to those studenLs asking f or i.b " Spe cif ic hoinework assign_
rnents were not given to bhe students of ihe experimentat
grollp i the student s were ins bructed, ra.bher , to ansi^rer ap-
proximaLery 1l¡0 frames per v¡eek in orcler to conrplete ùhe

program in three weeks. Three weeks is the normal_ time ùhat
j^Ias usually taken io teach this unit of geometry by convent-
ional means.

ructed

Achievement was measured. by a criterion ùesi, const-
by the writer and varida.tecr. by a competent authority"
Each student re cord-ed.¡ oB prepared- f orr¿s, the amount

he devoted to geonletry exercises during the exper-of time

iment .

stu-dent rea"cNion to prograrnmed. irrsLruction r¡as

measured by an attitudinal questionnaire.

Findings" No significant difference r^ras f ound in
mean achievement between the tr^ro groups" However, the pro-
gran:ned instruction group took signif icantly less time than
the conLrol group to complete the unit of work--approximatery
one and one-half hours per stuclent.

Approximaiely tlvo-thir.ds of the stud.ents preferred
progremmed to traditional instruction; com,oared to tradit_
ional i-nstrucLion, programmed instruciion mad.e learning less
difficultu and. Iess homewcrk was required.,

Conclusi-ons 
"

The fact that the progranrmed insirucùion



studenLs did as well as their counterpa.r.ts instruciecl con-

ventionarly by ihe r"'riùer, at)pears t o incicaLe ihaL short
prograinmed units ca.n be usect in place of regular classroom

ins trucLi on, ano. wii,hout changing t he norma-l- cl-a.s sroom

rouLines. Alihough statisiically significant, it is doubt-
ful- wheLher the d.ifference in rnean time, one-half hour per

week per student, is educationally significanL.
The favounable stud.ent reaction ro prograrnmecl nta.t-

erials is encouraging for further experimentabion, one

drawback Lo such experimenia.tion ap,oears to be the lack
of programs ín which the subject maLter closely corresponcLs

t¡ith thab of the prescribed. courses.
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CHAPTER I

THE T}ITRODUCTION

This study is concerned with bhe feasibility of

employing a short prograruned sequence in prace of regular
crassroom instruction, wj-thout disrupting the normal
rtlocksteptt classroom proced.ures. Two groups of stud.ents

were taught bhe same unit of geonetry by two different
methods " One group hras instructed. by programmed instruction
and the other group, for control purposes, by trad.itional
methods.

I. Tl]E PROBLIIM

statement of the problern" This study atiemptecr to
determine whether, in the handling of the same unit of
geometry by the two groups, Lhere were any significant dif-
ferences between them in (r) mean achieve¡nent a.nd (z) mean

lime "

@_qg!a"c^q of the studX. l¡Jhen progremmed materials
have been used for regurar classroom instruction, the re-
sulbs obcained and reported hrere bolh posiiive and. negative "

A recent survey by the Canad-ian Teacherrs Federationl

1*A surr¿sJ -"f jÊg use of p"sgIcgrlgq rnsrnucrioe in
Canad ianls¿EõoG,a@e. nesearch-Tãmo No . -Iz;lõtrawa:
=--_--._.--1-=-_il.esearch Division Ganadian Teachers r Federaticn, L963), p, T,
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implies, however, that these resurts conùra.d.icL each other
because of the different r^ra;\¡s in which the prograrnmed

materials were used-" Thus, the materials mal have been usod

exclusivery or ihey may have been supplemented by the
teacheri the studenLs may have been allovred to take the

prograrmed materials horae or they may have worked ai; them

in school- onlyi the students may have had to complebe the
program by a predeLermi-ned date or they rnay have been per-
mitted to wonk errLi-rely at their own rate " rn short, these
and other conditions ma-v not have been uniformj ilre
evidence about them is incomplete 

"

A review of the literature indicabed a dearth of
detail-ed reports by teachers who ernproyed programlned maLer-

ials in the classroom. This study, therefore, attempted.,
by carefully delineating the conditions under which the
program was empl0yed, to supplement the exisbing knowledge

on the use of prograruûed. materiars in the classroom,

II" DEFINITIOi'I OF' TERiqS

Achievement, score refers to that score made by the
student on a criterion iest and refrecLs his mastery of the
subjecL matter.

i'{ean achievemenL is the average of the set of acrrieve-
ment scores. In this stucly two such means hrere calcula.bed:

one for ihe programmed instruction group and the other for



the traditional- instructicn (control) 6roup,

Cr-i-terion test r¡as the exarni-nat i on admini s te red t o
the sÈudents after insLruction in order to moasure their
knowredge of the subject matter presented. by the two methods

gglJg_! matler was the content presented to both Lhe

conLrol and experimental- groups. rn pariicul_ar itr was a
unit of geometry dealing with the areas of prane rectilinear
figures as it is found in chapter rr of the textn A Firsb

in Plane Geometry"2CIourse

Time or time spent is the total number of minutes
during which the student was formaÌly engaged_ in atLempting
to master the subject matter. For the prograrnmed- instruction
grol-r.p it meant the time which a student took to work through
the program plus any other time which he spent studying the

subject maLter" Tho sum of these two inuiuarly exclusive
measurenents constituted a time or time spenL observation
for each student of the programmed instruction group"

For each student of the conirol group, time or time
spent, Ïias also the sum of two mutualty exclusive ti¡ne

measurements" One addend was the toia] tiine that each

ZVt. J" Oliver, p" F, Wintez's, and F. A. Ì{odgkinson,
A Fi-rst Oor:rse in Plane GeomelrJ, (Regina; school Ãia" and
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siudent spent in geoirnetry classes during the exileriment.

The other addend was the time i,hat each studeni spent

stuclying or d-oing geonletry assignments outsid.e of geoinebry

classes n

Mean time is the average of a sei of Lirne obser-

vations.

Progranrmed rnstruction is a teaching method which

uses systematically arranged materials in place of live
instruction by a tuior" According to some authors, its
disNinguishing characteristics are tlre setf-deterrnj-nation
of pace, ûhe presentabion of snall bits of inforrnaLion,

active response by the learner, an im¡red.iate feed.back f or

each responseo and a low rate of error,

Progr"am or pro¿{rainmed. materiar i,s tÞe subject mati;er

ar.ranged into a series of sequerrtial steps 
"

Programmi.rg i" the process of cor-nposing a prograÍl,

A framq is a single step in a program;. it presents

a small amount of inf or¡nation. fn ad.oÍtion, ilre frame con-

bains a staiement which Lhe siud.ent mus L corn;olete or a

question which he mr:s t ensbier. Both the staterneni and. the
quesiion are related to the information al_ready supplied by

the frame" Thus the frame partialty resembles a test item
in ifs form but its purpose is d.iffereni. rt does not soek



5

to discr.ininate between students (as d-oe s a test item) but
rather to eliminate error in Lhe sùud.enûrs progress through
the whole program. '

The stinrurus is the technical naine given b o ihe in-
formation presented. in the frame.

The response is the stud.ent rs answer to the question
posed in the fr"ame. I¡Ihen he srrpptíus the ansî¡rer to the

question or completes the statement, he is said. to be

responding to the stimulus 
"

Foedback informs ihe stud.ent about the correctness
of his response and occi-lrs irn¡rediately af i;er he has res-
ponded ' Feedback, or reinf or cement r âs it is cal_led., in-
creases the probability that the student will rnake the

correct response to tlre same stirnurus in the future. The

cycle of present ation-ansvüer-f eed.back., or te chnically,
stimulus-response-reinforcement, r'epeats Ítsetf bhroughout

the program"

Sel-f-pacing is
structi,on which allows

sequence of frames at

noi held back ano the

a characteristic of programmed. in-
each siudent to proceed. through a

his own rate " The rapid, learner is
slor^r learner is not lef L behind..

Extennal-pacing refers to the outside regulation of
the rate at which the siud.en'L proceeds thnough a programmed
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seqlrence " This is in conLradistincLion Lo self-pacing
where the studenN sets his or^rn pace.

Traditional rnsùrucLion or conventional instruction
implie s no spe cif i c me thod. of te aching, Iqlhere ihis s .i;ud y

is concerned, üradiüional insbruction includ.ed the use of
l-ecture demonstraÌ;ion and the questi.on-answer type method_s,

as we]l as privale tutoriar assistance to those stud.ents
requesting iL"

The university Enb¡'ance, lo_gråg is a prograrn'e oi
studies set up by the Departmeni of Educaiion, and, when

successfully completed by the sLudent gives hirn a standing
which is a prerequisite for entrance to the university of
ùlanitoba' The geomeLry which was taught in ord.er to f orm a

basis for this sbudy is a part of the Departmentrs
University Jtrntrance cour se o

.rdinary or regular sfgg¡rp_gg practices 
'rere taken to

rnean ihose which are usually found in an average classroom.
They are as f ol-rohrs: (1) All students proceed through the
subject matter in a rockstep fashion, completing a unit of
work at the sarûe time in ord.er that they may be exarnined. on

iL at the same time t (z) the rate ai rvhich the subject
matter is presenteo. is determined by the teacher and is
usually geared to ì;he average stud,ent t (3) sùudents who



fail Lo master the woi.k may receive remed.ial assistance.

significanb Differences " Differences between Nhe

means of the control and. experimental groups hrer?e consid.ered.

significant if tÌ:rey fett into that Eange of dif:îeren.ces
which by chance courd. occur l_ess Lhan fivo times out of a

hundred as deterrnined_ by a t-test. (See Chapter IV).

III. PLAN OF STUDY

The re::nainder of the chapter

exposÍtion of the procedune followed
problem, and notes sorûe lirnitations
of following bhis procedure"

is devoted. to a bnief
in the solution of the

which arose as a result

subjects" The students of the experimentar- and

contr.or groups were sel-ected. from a totar of 1oB grad.e

el-even students enrorred. at si" paur rs liigh school,
septernber Lg63. From this total twe-r.ty-rive pairs hrere

matched fo' subject sequence, schorastic ability, and sex.
Each of ihese nu.tched stud.eni:s was then assigned at rand.om

to one or other- of two classroomsi one class was designated
as the control group, and the other as the experimental.
The conbror group üras baught by the wriLer ancl ihe exper-
imental group by prograruned. instrucLion. A corrrplete d.es-

cription of the rnaLching procedr..:re is found in chapter rv"

The qrogram. The program employed in t,his study was
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constructed by the writer', partly because he wanied. to ex_

periment with pro8rairuning, anrl pa.rtly because it was more

economj-cal Lhan buying a corn¡,rer.ci al program. Other advant-
ages came as a result of this procedr-rre. First, it helped.

to equate the material presenl,ed to both groups" As the

writez' was both the programmer and. lhe teacher, he was abre
to strucir¡re his crassroom presenùation to resemble the
program presentation" This was relatively easy, since the
program evol-vod from hris experience in ieaching Nhe subject
r:atter. Secondly, the teacher variable v¡as eliminated.,
because the sanþ person was responsible for the instruction
of both groups" Thirdly, the wriLer, by choosing to con_

sLruct his own protram T¡ias able to exercise greater freedorr
in the selection of the subject matter. Lastry, by des-
cribing the construc'ûion of the program, a feature which
so many commerci.ar prograrns lack, the probability of this
studyts making a conùribution bo the science of programming

was increased' The constr-uction of the program is described
rn Ghapter fïI.

The p'ocedure" Before instruction was begun, a

standardized geoinetry test was administered to establish
the previous knovrledge of the subjects. section r, Form A,

of the trcooperative Geometry Tesitt was employod " (see

Appendix).
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when instr"uction r'¡as begun, the sub je cùs of tLre exper-

ilnental group were permitted- to work at prograins at home,

as well as during reguì-ar geometry period.s" They were in-
f ormed that approxirnatel;r 1!_O frames should be done each

week. At this rabe the prograrn instruction group v,iould. com-

plete the program in three weeks--the time it would bal<e the

control- group to cover the same unit of work.

Ordinary classroom pracùices were folroi^¡ecl in instr-
ucting the control groupê

Af ter" bhe corapletion of i.nsùruction, a cr j-berion test,
which measured achievement, \^ras administered, simul-taneousry

to both the conirol ano experimeniar groups. rt r^ras constr-
ucteC by the writer and validated b¡r a member of the Depart-

i:rrent of Education High School- Examination Board.

During the day following the ad.ministration of the

criierion test, an attitudinal questionnaire wes administered.

in order No assess bhe sbud.eni atùitudes to programned in-
struction, This questionnaire hras administered. to lhe

stuci.ents of Nhe experimental gnoup only.
Prior to wriLing the criter.ion test, the students

submitted recorcis of bhe bime they tr.a.d speni woriring on the
progrs.mfled materials¡ or, in the case of ühe control group,

the iime they had speni doing out-of-crass work on the si-rb-

je ct matter 
"
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ityp:tng!_."" Usi-rig as a basis a shorL unib in
geomefry', this study aLte¡npLed to d.eLermine whei,ner., ât
the end of ihe experimenL there were any si_gnificant dif-
ferences between bhe cont¡or- and. experimeni;ar- groups in
(1) mean time and (z) mean a-chievemei?L". specificarly the
following null hypotheses were Lested..

(]) The mea^s of the criterion tesb scores for the
control and experimental groìr.ps are not significantry dif-
ferent at the five per cent rever- of significance as

measured by a t-tesb 
"

(2) The difference in mean Lirne beb¡ieen the control
and experimental groups is not significant at Lhe five per
cent l-evel_ as determined. by a t_test.

rV. ASSUJ']PTIOI{S Aj\D L]i',TITATIONS

rn f olrowing Nhe proced.ure outr-inect above, several
assumptions wero mad.e" It was assumed ùhab:

1" each student kept a reliabre record of his timei
2" in answering the attitudinar questiorr,naire, each

sr5udent of Lhe experimentar- groLip stated what he bor-ieved
rather than what he thought he shourd berievej

3" the program taught those objectives that the crit-
erion achievement tes t atùemp bed. 1;o me asilre ;

l. rt- -+. Lne students i^iorking on 1,he program r¡ould. d.o So in
accordance with ihe instruciions provided at the beginning
of the program;
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5 " each student in gnad.e er-even possessed the back-

ground knowledge of geomeLry demandecL by. the program!

6- the meùhod. used to construcb the program would

resul-t in a. program capable of sabisfactorily ieaching the
intended population.

An apparent weakness in the last two assurnptions sug-
gests a possible lirnitation. Atl the stud errt s used to vali-_
date bhe program had a passing grade in grade ten geometry,
but all the students using the program may not have had this
qualification. A passing grade in maLhematics is based on a.

co¡nbined geometry and algebra score j a stud.ent consequently
could enLer grade eleven having failed geometry in gna.de ten"

A second limitation c oncerns the ap;olicabirity of this
study" Arthough it may be pointed out that st. paul¡s fol-
lows the same academic crrnriculum, writes the same "xternal
examinabionsu and is inspected by bhe same set of inspectors
as the public schools, SL. paulsr is, nevertheless, a.orivaLe
boyrs school-, and thus bhe resul-ts of Lhis study ane applic-
abte to it only.

A third limitation is Lhe size of bhe sample used. in
the experimentj statistically speaking, it is smal-1.

rn su¡'nary of the chapter it may be said that the prob-
lem has been identified., the terms unique to bhe study def-
ined, the hypotheses proìoosed. and- some lirr.,itai ions noted..

The follor^ring chapter r^rir1 reviev¡ ihe proErammed. insirucLion
I iterature perbinent to tkris study"
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R1JVIEW OJ;' TTiE LIT]IRATURE

Progra.mmed instruction is an ancienb art, d.ating back

to the time of socrates, whose dialogues with his stud.ents

took this form.l Pressy, in the l93Os, used a forrn of in-
struction which could- be classified as progranur"d.2 Most

literature on the subject is, however, of recen.b origin"
After the publication of skinnerrs articre, ttThe science of

Teaching and. the Art of Learning, It in the lfarvard Educational
lìer¡iew (spning 1954), there has been a small frood of art-
icles and tex1,s on the subject of prograir-rned. instruction.
rn fact, L96r saw bhe publj-cation of a journar devoted. solery
to that subject; lrJourna.l of Prograimed. Instruction"rr Several
source books containing research and. other writings have been

pubrished " The most comprehensive of bhe se is ItTeaching

l'fachines and Programmed. Learning--a source Book, I' ed.iLed. by

Lumsdaine and Gl-aser. Mosb of bhe articles in both the jour-
nal- and i;he source books have been writben by psychologists

for psychorcgisùs, giving Lhe impression ihai programrned

t_-J er ome
to Prograinmed
L963)" p" 3.

_P" Lysauglrt and Clarence ]i" Williams, A Guidefnstruction, (i{ew Yor.k: John Wiley ancl Sons,

2¡. A. Lumsdaine and Robert Glaser (eds.), A Guid.e to
Programroed rns'Lruciion, (l,uashington: lva'bional Education
Association of the Uniùed StaLes, 1960), p" 47,
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i nsiruction is the exclusive domain of the psychologis'b;

few if any of the articles deal with classroom applicaLions

of this teaching iechnique. 0n the oiher side of bhe ledger,
a

Quakenbush' has made a small survey of the classroom applic-
ations of programraed learningi so has the Canad.ian Teachers I

Fed.eration in Canad.a, and. the Center. f or Programrned. Instruc-
tion in ùhe United Staies. Several r,¡riters such as Lysaught

and hlilliamso have published bool<s aimed at instructing
ieachers in programmi-ng"

While ihe latter bypu of literatu¡.e was of greaLer

interest to this siudy, atl the available literaNur.e was

examined in an atiernpt io find. ansr¡rers to the f ollor,ring

que s tions .

1. Does the method of progranming ihe subject matter

affect ihe aloility of the program to teach?

2. Does the devj-ce ernployed to presenb the prograrnrned_

na-Lerials affecL the qual:1ty of instruction?

3" Does the ease with which the materials ca.n -oe pro-

gramrned vary with tho nature of the subject matter?

4" Does supplementing pr.ogr.ammed. insiruction by con-

ventional instruction help or hinCer the student?

5 " Does external pacing ad,ver-sely aff ec b student

achievement ?

3Jaclo Quakerrì:ush, 'iäolr itrffecLirre are tLre ldew Auto-
Instructional l4¿"teriaIs and. Devices?it IRE Transactj_ons on
EducaLion, No. I¡, December 196lr pp. l[t: T5il-- -



1tr-

I" IiETiICDS 0F PROGRAi,,il.iIi{G

itTo on.e method of prograri'mring appeared to be superi.or.

îo the best of tl:.e writerls knorvled.ge, no study exists
which attempted- to "o.ou"" different meùhod.s of programming,

Opini ons , hoi'¡ever, do exis t .

For the purpose of the ensuing discussion, pro,
gramming methods were taken to incl-ucte the programming

model and. tlre rules or principles of prograruning.

The Progranuning itfodel-. The prograr,rning mod.el refers
to the skeleton or framework of the completed. program. rt
is independent of the subject conLent, or ühe order in
which tt're content is pnesented. ft refers to ihe way in
which the frames are joined to each other (frame sequence );
it arso refers to the way the responses are made (mode of
responding ) "

student responses to the information presented in
the frames can be either written-i-n (trris is call-ed llre

constructed. responso) or selecLed (ttris is called the

multiple choice response ) "
The sequence of frames can be either linear or

branching. rn a linear prognam ùhe sequence of frames is
fixed and all the students work ùhrough the same sequence.

rn a branching prognam all the stud.ents do not fol-low the

same sequence of framesi instead, each studeni follows a
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seguence deterrnined by Lris responses,

B'anching programs utilize the rnurtipte -chci ce rnode

of responding, while linear programs are usually associ-ated.
with the cons-bructed. response.

Figure r shov¡s a schematic mod-er o,f a linear program,

The circles represent frames and. the arrows indicate that
there is only one path for- the student to f ol_lor^r regandl_ess

of his resþ,onse.

O'O'O-O...
}-IGURE 1

A Lfi!-EAti Ì'íODXL

FI_GURE 2

A BRAi(C}]Ïi'iG I,IODEL
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Figure 2 illusbraies a ¡nodel of a tlpical branching
program." The student af Ler reading ¡6ç infor¡raLion in
frarne t tests his understanding of the inforrnation b¡r

selecting one of severar anshrers (Lhree in ùhis case).
A soloction of the correct answor d.irects him to frame 2;

an incorrect response d-irocts him to either of the remedial
frarnes, 1A of 18 " These are designed to help him u-nd.er-

stand the reason for his error, suppose his initiat re-
sponse direcied- hirn to frame 1A. After reacling the

remedial- inforrnation presented in frame la he would be

redirecLed to frarae 1 to rnake another selection. rf he

again made an incoruect response, he would. be d_irected to
frame fB, and then back to frame 1. This cycle courd

repeat iiself throughout the program,

Which model is su;oerior? An exami.nation of the

literature revealed that opinions varied only slighùly.
The foll-owing stabement mad.e by Lysaught and. willirro"4 i"
typical 

"

" "..ïnost-progralnmers would. agree that more experiment-ation wil-l be necessary before anyone can speak withtrue aubhority gn_ the merits of várious pa"ädigm"
I prograrnming modef s I , rt is suf f icie nt lo poiñt outthat each of these para.digms has been used ãrr*ctivelyin preparing programmed uñits for use in pa-rticurarsituations. For the Leachen it becomes a matter of
Tatghipg sel-ection, assumptions and objectives to adesirable model 

"

P" Lysaught
to Pro

GuideJerome
{ramrrred

T96T
fnstn¿ction,

and Clarence R" füilliamse A(t\ev¡ York; John tlliley and. S ons,
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Although IJughe"5 f""1" it is unr¡ise to becone com-

nitted to one model to the excrusion of bhe other, he offers
a concr"ete sug8esti-on to prograÌruri.ers seeking a mociel.

The kind gf p"ogram you write shourd be geared tothe princip?r twe of behavj.our you are ãrying toieach--recall or recognition. rf the studänt"rnustlate' recarr- the material verbatim without anyprompting, thq skinner approach is generatly iror"appropriate. ltne oesign using a li.near model andconst.ucted res;ooiase is credited. to skinner. 
I

The norÌ-committal atùitude of the programning experts
to a particular moder is ind.eed. remarkabl_e whren one con-
siders that in L)62, seventy-nine percent of the rzz corr-

mercial programs avai-l-able for school use emptoyed. no
Lbranching." The obvious reason for the preponderance of

linoar programs is that they are easier to write. carr7
is of the opinion that the construction of a branching
program places a special burd.en on the author of the program,
and on the teaching d.evice used." Ire states, rrunf oriuna.tely
no experiment has been done which comps.res the Lwo method_s

\-J" L. rlughes, programnred" fnstrucLion for
f ndus try, ( Cni ca[o : S cïëñê-EeEãarcE-Ãs s ocîãie %

6Thu Cenier for prograr,tned. Instruction, A*eqf?'-"*^H"g! ig+.f ¡4a!s$ej-q, ( luas hingr ón r

School and
r9-6-Z)-pl-T! 

"

Guide to
EîõFrrmentPninting Off ice , L96TT p.-xiJ-" 

-7,,¿enderr r. smith and, J" rilir-r-iara lvloore, (eds )ifgd1e44gd Learning, (Toronto: D" Van Nostraná C,oo, Lg6Z)Þ;-õT;--
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of programming direcily.lr Faced with a lack of experimental

evidence to the contrary, it is possible that Lhe progranimer

will chroose a ]inear rnodel because it makes construction

easier.

In a branching program, as in a }inear one, each

frame must contain a small amount of information which wilr
cause the student to respond corcecily. For the linear
program a frame is considered adequate if it elicits the

correcL response most of the time" ff the raiio of in-
correct to total responses exceeds a certain timit, såy

ten percent, Lhe frame is revised until- this criterion is
met. The b::ancning program, on the other hand., assr'lrnes

that errons are part of bhe normal learning process. Con-

sequently, in constructing a certain frarne, ihe programmer

must envisage the most likery ernoneous respor'l.ses ø IIe murst

then proceed to write remedial frarnes which explain wh¡r

these responses are eruoneouse and thus set the stud_ent

back on the right track.

Moreover, the linear program requires a s-impler

device to present it than does bhe branching program, In

a linear program all students proceed thrcugh the saTne

sequence of steps " Theref ore a device simila.r to the

ordinary spools of a camera, where the film represents the

paper on which the frames are written, is sufficient to
present a. linear program, ft should be clear that a
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brancl:.ing program, with its varieiy of pa-ths whj-ch a studenL

may Lake, requires a sorner¡hat more complex mechanical con-

tri¡¡ance to presenL it,
fn spite of the fact ihat it appears easier to con-

struct programs using a linear rabher than a branchi_ng

model, many branching programs have been constructed. This
loads to the hypothesis that the selecüion of a particular
prograrîrning model is a fr.rnction of the progranimer ¡ s in-
divid.ual- preferences .

Tinro other factors which may read 'bo the selection of
orre programrning model in preference to the other are¡
(1) the type of terminal behavioun d-esired- (recognition or

recall), and (2) the type of device avail-able to present

the program"

Rules or problems o€ progral-aming, since the program-

ming literaturre contained no specific direciions for
selecting a p?ogra.mrriing moder, it is not very surprising
to find that no rul-es or principles for the construcbion

of a good program exj-st. This is not to say that no rules
exisL" They do, but, they do not guarantee their user a

successfuL progl3amo Carr has reviewed the rules of several

authors and combined them into a single set of principles.
He notes, however, that rrthese principres of programming" ",
simply constitube problems which the prograinmer faces i^rhen
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he attempi;s to colnpose a progra*, "8

The f irst step in rrriting a program is to specify

pre cisely the ter.ininal ob je ct ive s crf the program. The

problems ;ol.esented in the prognam should represent the kind

of problerru that the learnen is expected to solve and the

response in the progl.am should approxirnate those thai i^¡ill
be ul-timately required of the student.

Secondly, the prograt?xller mus t spe cif y or assume the

initial repertoire of ihe learner u"pon which he is to build
the program. Good teaching begins with what bhe student

knows "

Thirdly, he must decide the best order in which the

individual frames are io be preseni,ed so that the stud_ent

attains ihe desired terminal behavioul4s.

Fourth1y, the programmer mu.sL now specify the size

of step; The size of step can be defined operationally in
two ways--as the number of steps in a prograri which takes

the learner fnorn the iniùial to the terininal behaviours, ort
by the percentage of incorrect responses" The tatter
def inition assurres that if the size of step is srnal_l- the

Jearner makes few errors" Evans, Glaser, and. tlornmes9

have verified the fact, that, within limiùs, d.ecreasing

BO. A" Lurnsd.aine and Robert Glaser, (eds. ), fero¡1¡g
Lqag?ineg a.n<l Prggrll'tuned Learning--A soi:rce Book, (triasïrïãffin:
National Education Association of tht UñitGd ETates ) " p" 556.

9&.g. 
PP " Ur7 -\-5t '
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the size of ste;o by increasing the number of frarnes has

resulted in a decreaso of errors in the progrs.i?l i.i;self j.

the siudents al-so scored. better on a pcsb criterion test"
Fifthly, the programraer: must decide on the amount of

repet:ition necessary to guarantee ad.equrate learning and

maintenance of the behaviours alread_y learned_.10

rt shou-l-d he clear that the above sLeps serve only to
i.ndicate the problems Lhat a progratmer faces; they offer
few or no solutions o llence G*uurrl] cominents, rrfn al-l honesùy

no one can prescribe a set of ruLes for successful writing of
a prograrn in a specific ar"ea.t' And. Gilb.rtlZr speaking of
the authors of pnogramming principles, a.d.o.s, rtThey may be

mostry wrong" use iheir principres onry as a starting
place.tt, and M*gu*f3 elucid.ates, 't"..a good. prograrn is one

that works, rather than one that conforms to some parbicurar
writing styre or sirategy.tt Even skinnerr14 the aurthor of
a set of principles adrnits, tt..,that a consid.erabre measure

I0--. .*"rbid" pp" Il4Z-45r.
t1

Edward J"__Green, T[re Learning process and. programned
ïnstruction, (New Yorl<; Iiolt, Rinehari and l,rlinston, f96Z " )h l?O
l/o L-),/ø

L2-*-Lumsdaine aird Gl_aser (eds) op" cit. po \Tg"
13

Robert F. -i{ug"lr, Progra{Ei"e Methods, IRE
on Education, Dece.nber I)6L, p " !5l.-

r4
Lumsdaine and Glaser (ecls ), g." cit. p. l5I,

îransacti ons
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of art is needeo. in composing a Þrogram"ri

rn conscructing a program, it is essential bhat iL
be tested on a siudent, rf he attai_ns the desi:red_ Lerminar

objectives ihen ihe prograrn is on its way to becoming a
good one" rf the student does not attain the desired

objectives, the prograrraer has failed and mr:st sLart again.
0nce a program adequate fon one stud.ent has been d.eveloped.,

it is tested on a secord studenù, and. then revised., and.

ùhen tested on a third siud_ent and then revised: and so ohr

until the program is judged. ad-equate for the sùud.ent

population which it is intended to teach. GilbertLS esti-
ärates ùhat after fern¡er than ten trials and subsequent re-
visions a program will- be produced that will teach ninety-
eight pencent of the siudenLs.

II " TEACJ{ING MACHII\TES Ai'jD PROGRAIvII'1F]D TEXTS

A teaching machine is a device emproyed to presenL

the program" A device, it should be noted, is simply a

means of cormnunicating the progremrned. materials ùo the
siudenù; it should not be confused with the technique of
programraed insür'uction, as defined in Chapter f .

Generally speaking, there are two ways by which ihe
program rnay be presented to the st,udent" They are by

teaching machi.ne or progranmred iext" rn this study a

t5aÞig. n. rr8o .
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teaching raachino is understood to be a mechanicar or elec-
trical device that conùrols ihe preseniation of ihe frames,

keeps a record of l,he sLudentsr answers, and. provid.es an

inu"nediate feedback by displ*yiíg a correct answer,

Teaching machines vary greatly in complexity" The¡.

range fnom the mechanical- devices which present ühe program

on sheeLs o¡] paper, cards or disks, to the el-ecLricarly
operated machines which present the program on fÍl-ms or

tapes or a combination of both"

Prograinmed texts on the other hand. are relatively
simple. 0n the surface ti-iey resembre an ord.inary text or
workbook" The frames are arranged. in orclinal- nuraber

sequence down a page " To the infortnation presented. in each

frame, the student respond.s in a blank just below the frame

or on a separate sheet of paper" The correct answer to each

frame is provided, ar-rd it is placed just bef ore bhe succeeo.-

ing frarne, or to tlre l-ef t or right of the succeeding frame"

The student uses a shield to cover the answers, As he r¡rorks

each frame he moves the shield- d.own io uncovei. ihe answer to
thaL frame,

variations are possible. For example, a hori¿ontal,
as opposed to the verbical aruangement just descri_bed,

would have fr-a¡ne I on page one, frame z together with the

answer Lo frame I on,oage three, frame 3 together with the

ansllep to frame 2 on page five, and. so orÌ" rf the book has
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a total of ten pages, frarae ! will fatl on page nine, ard

frame 6 on page one jus.t below frame l-, Vlhen the odd num-

bered pages are filled, the even numbered pages could_ be

used in ttre same manr-l.eró

A comparison o.f teaching rnachj_nes and prograrn¡ned.

texts reveals bha-t formen have two basic disadvaniages" The

f irst is thei.r high initial cost. l4achines can cos t from

ten to 20r000 dollars (excluding the programmed materials
which they present), whereas, the initial cost of ihe text
book involves just the paper upon which the prograioned

materials are presented. Secondly, machines are prone to

breakdowns " Breakdowns rnean repairs, which coul-d- be costry,
tsut even mone serious is the facL that breakdowns mean an

interrupì;ion of student training"

0n the other hand¡ flâchi ne manufacturer.s claim ihat
machines are cheat proof--a feature nob possessed. by the

prograinmed text books, The program is locÌ<ed i_nside the

machine and mechanical- controls ens'rre ihat only one frame

is presented at a time, I¡Ihen the student respond.s i;o any

one frame the machine proceeds to expose the next" fn
moving from one frame to bhe next, the machine covers, with
a transparent plastic shíeld, the siudent¡s last anshrer" At

the same time the correct answer is a.lso uxpo"ua" The

shield prevents the siudent from changing his ai'r.swer and

thus a rel-iah;]e record of Lhe stud-entrs performance is kept"
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In a programmed text, hov;ever, i,he sùudent is free

to look at ihe answers before responding to Lhe qr¿estionj

he can Lheref ore copy the ansl'üers. He can erase answers

and omit questions at will. The pro¿lrarrtmed texi has no

control over these actions" ITeverLheless, according to
Horrrne and. Glasu*f 6, 

che ating occurs infrequently, and. hence

has tittle importance.

Proponents of machine s have also sta.ted t hat the

machines, unrike progranimed texts, maintain student interest
because of their mechanical aspects" ttThe toylike quality
of machines rÌ1ay' have an enhancing effect upon motivation and.

thus contribute to an i-mprovement in teachingrtr says

storurov¡.17 surr""ul stud.ie s have compared ¡rachine teaching

and programmed texts 
"

Studies conducted at Deer Park and South iluntington

SchooI Distri cts: Long IslandrlS tire llanover Junior High

S tate
1A*"Eugene GallanLer, (ed. ), Autonatic

of the Art, (Xew York: John FneV anã "LOí "

17*'Lawrence ¡.f, SLolunow, Teaclri¡rg- Þf t'{a_qLilg, (li,Iashing-
ton: U.S. Government Printing Office, I96L), pn 56"

1B---Lassar G. Gotkin and Leo S. Gold_stein, Programnied
Instruction f or the Young Learner; A Cornpari-son of Two
Presentation l4odes in Tlvo Environments, (i'ùeu¡ york: The
Center f or Prograrirmed Jnstruction, 1962), pp. 1-8"

Teachins: The
Sons,-195çT, -p
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¿t)School-, New }Iampshi"e r 
l9 the Collegiate School , l\ew York,

and New York Universityr2l involving sl,ud.ents from the

el-ementary to college leveIs, all found thaì; ihe student

nasfery of subject matter is independent of mode of present-

ation" Equally effecLive learning resulted regardless of

whether the studenL was taught by machine or text.
It appears that neither ùhe motivational nor the

che at proof as;oecLs of the rna chine is signif icant when

rel-ated ùo s tuden'b achi-evement .

lvloreover, it is interesting to note Lhat students

using machines complained of breakdownsu and thai tbrose

using programmed texts wiLh a hori-zontal f ormat complaÍ-ned

of "too nruch turning of pages r tr while those stud-ent s us ing

texts with a vertical Íormat rnad.e no complaints a1, atl"22

l9Lewis D. Eigen, iìobert T " Filep, Leo. S " Golclstein,
and Bruce Inl. Angalet, A Comparison of Three l{odes of
Presenbing a Programined Instruction Sequence, (i'lew York:
Center for Prograrnrned Instnuction, 1962), pp. f,40"

20--"Lewis D. Eigen and P.K. liomoski, Research Summary
Number 1, (New York: The Center f or Programrned. Instruction,
1960 ), pp. 1-11 

"

2tttitticent Atter and rlobert E. Silvermane iìesponse
i{-o_de r,_Pacing and lvtotivational rlf f ects in Teaching lvlachines,

llughes, tfgçIggggg Insiry.ction for School_s and Ind.ustqJ):
Chicago:. ScienCe Res+arcElss ocîãEes r-TÇ6-2) , p.-trT 

"

22^.--Eigen and oì;hers, op, ciL. p. B.
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III. SUBJECT I'{ATTER

Are some subjects easier to program than others?

Apparently so, if the actual number of programs in a subject

area can serve as an indicator" A slìl'vey condi,rcteo- by the

Çenter for Programmed Instruciion revealed rhai sixty-two
per ceni of ihe programs available to ed.ucators were in
mathematics or science, con'ipared to f ourteen per cent in
the social scÍences and language arts " No prograrûs i^rere

avaiLable in ihe liberal arts u"uu"23
2b,Lysaught ' agrees that the nu¡rber of programs in a

given subject area is an ind.ex of the ease of progranrriing

that subject area" He states, rtGenerally, the more logicat
the subject matter, the more easily it can be pnogrammed"

That is why there are several programs in alge'ora and. so

fei,,r in the social sciences.tt

Geometyy, Lhen, because iù possesses an iniernal
lcgic, should be easily programmed! the logic of ihe sub-

ject maLter faciliLates the ordering of the iLeras. Never-

tlre]ess, only three per cent of ihe mathematics programs

frogrammed Jg*fl¿g"lo", ( New
P. 39"

Lewis D" Eigen, (eds.) ¿ppfiea
York: John l',iiley and SonÇ-lfrz),

)')
., ^ - .-lq"t ter_-f or Programmecl fnstrucLion, (comp" ) pro&rams
,?¿ A Griide !c pr_qgfgfn4eg fnstrlLctional .titaterials foFEdF-
a.tors, (ldashington: Govein¡re-nt PtIntlng 0-tr1ãe-96-Z), p.xxiii.

zl,L^.-TStuarN ùiargulie s and
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were in geometry as ccmpared to twont¡r-two per cent in
)É'algebra.-/ The reason f or Lhis surprising wid.e d_iff erence

seems to be noihing more profound. than ihe personal choices
made by the rÐrotranrmers. Iriany more of ihem hrere interested-
in algebra raùher than in georneiry.

0f cou-rse it is possibley or even pr.obable, that ihe

individua] tastes of the prograrïLmers are a refrection of
their concepiion of geornetry as a diff icul-t sub ject to llro-
gram. Lewis, f or example, imagines that it ma.y be impossible
to construct a good. rinean program in geometry, particularly
one which teaches a stucLent to solve geoíretry probrems, for
there are many kinds of procedures which will lead. to a

so]ution of a probJ-em" The stud.ent rnust develop an ability
to recognize those cues embedded in Lhe problem which r,¡ill
enabl-e him to sel-ect the kind.s of procedures most likely io
be succes"fr1.26 The fact thåb a variety of different and.

potentially good procedr.rres exist suggests that a bnanching

model- is better suited to teaching geometry.

0n the other hand, to the best of this wriber¡s know-

Ied.ge.c ho ¿leometry program utitizing the brancirin* 
'nãuu, has

been published.

25 curlu, r or pnograinmed.
roximate calcu,lations perf orrned

fnstruction, 0p, cit,¡ app-
by 'bhe wr.iter 

"

.26M*.,r"i"u Gordsmith (ed. ) Mechanization in theroom, (Toronûo; Ryerson press: íçe,:;¡TjI- --- 
-

CIas s -
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IV" IIOLE O,!- 1-JJE T;CACHER

r¡fhen progranmed materials are ernployed. in prace of
regular classroom iirstruetion, i¡¡hrab is the role of the
teacher? various writers have cornmented_ on thÍs question.
wtrile it appears thai, the teacher will- enjoy more free bime,

his services are not d.ispensable"

Frr."o27 states,

'..the classroom teacfler may be freed. from theburdensome and time consuming taskä of presenting ma.berialsand_taking precious class time to "upeat materiar for.siudents who didn r t get it the f irsù ti_me .

rnstead, nís free time rvil-r be utilized in giving
personalized tutorial assistance i;o each pupir. Lysaught
and h,rilliams state, ".. "the teacrrer can d.evoùe a much larger
par| of his time tc counselling, guiding, assisting and

stimula.ting t,he ind-ividual Iearners .uZB

with the increased. use of programrûed materials, Ra.mo

foresees the evorution of a new bnand. of teacher--a irteaching

engineer.iî iJigkrly specialized in both his subject lield and

prograru"ned i nstruction, the teacher wir] make it his task to

27_ _-'Wendell I. Smith and
Pr_qg¡¡g4¡r"d Le?rni_g, ( Toronto :;--ö-Òõ--
-uo LLIa

J. tdilliarn Moore, (eds,)
D. Van Ì'lostrand Ccmpany, Lg6Z),

1Ot'Jerone p: Lysaught and- Clarence If . rdilliams, A Guid_e

ll^fi"*:"'îrp* rnsiruciioñ, (i,iew york: John t,rile¡, àno.'Sons,
L,/v)t, lJo _L)+"
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supplernent, modify and revise beaching devices and p"og*uro, "29
V{hLile iL is obvi ous that tne tea.cher wifl nave nlore

free time i:r r^¡hich. to renó-er ;or.ivate assis'bance -Lo ind.ivid"ual

studenLs, is iL possible that the render.ing of surch assist-
ance r,¡il-l not resurt in increased lear.ning? rs it possible

bhat the students would learn equaÌIy welr from programmed

instruction alone? several stud"ies has investigatecÌ. the

effects of varying the degree of teacher interacbion lvi'bh

programmed materials. One such si;udy i"ras 'bhe Roanoke ex-

periment.

IJsing rna.ùhemabics prograns, it invorved. a.Ðproximately

900 students. Three separate treaL¡nenb s r^rere imposed.. one

group received conventi onal Leachingj a second. group used.

programïûed maberials with no hetp from the teacherj the

third grouil worked on ihe programlrocl courses wi'Lh help from

bhe teacher being availabre at all- ti¡res " Bo'bh ihe rrher;ort

and Tlno helptog"oups had" a lower faili.rre rate than the
tt'urad.itionaltì group, but no consisient d"ifferences î,üere

found betr,¡een them. A1'bhough ieachers reported. more op-

portuniby to work i¿ibh studenbs of Lhe lthelp,,group, the

availability of ieacher assistance appears to have had no

29A" A. Lumsdaine and Robert Gl-aser, (eds") Teaching
iviachines and Prograinrnecl Learning--A So-r.lrce iJool<, ( lnlashington;i[ational Educati.on Association õr the uniùed státes ), p " 379,
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Klaus found that using a. high school physics program

to supplement regular classroovl instruction resuried. in
higher achievernent. He siabes, r'. . .aLrto-instructional
methods can prod.uce incrernents in achievernenL even when

substantial- efloris have been made to maxi¡rize rearning."3l
He further reports no significant d.ifference in achj-evernent

between groups taught by program only, and those taught in
the traditional manner, on the basis of this study it
appears that maxiärum student achievement is had_ when boLh

programmed ard traditional instruction are emproyed con-
j ointly.

The canadian Teachers ¡ Federaiion surveyed si_xteen

studies which compared p"ogoárroed with regular instruction"
0r these sixteen studies, eight reporbed that programmed

insiruction was superior to trad.itional instruction, and.

seven reporfed thai traditionar instruction r¡as supenior to
programmed instruc-bi-on. The sLlrvey notes, however, ttlat all
eight studies reporting on the inferiority of programmed

eff e ct on s tud.en b achiev*r nt 
" 
30
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methods iook place under conditions of minirnal teacher assisc-

ance j and in four of ihe seven siudies r,¡hich indicated bhat

programrned methods I^Iere superior bo traditional j-nstruction,

prograrnrned sess ions i^rere inters;oersed wiih converri,ional in-
1-

s üruct r-on. '

Assuming that Nhe above studies are well designed,

the following conclusion is suggested by the evidence which

they submit. Heli:, in the form of norrnal instruction, may

result in improved. stud.ent achievement, fn cases of minima1

teacher assistance, there is a conf lict in the resul-Ls ob-

served between the Roanolce experi-ment (super"ior io trad.-

iüional) and the Canadian Teacherst Federation survey

(inferior to braditional),

\T SELF-PACIi{G

According Lo s orne writers
grarnmed instruction is that each

rrabsorbrrihe subject content at

learner is not held back and the

behind, This featuro is caIIed

that a s'budent may take as ¡ruch

assimilate and answer each frame

ically, there is no limit to the

e a chief feabure of pro-

student is allowed to

his own pace " The rapid

slow learner is not left
self-pacing. ft implies

time as he needs bo read.,

of the program. Theoret-

bi¡re he may take to pro-

72--*Research Division, A Survey of bhe Use of irrogr¿uru-aed
fns truc ti on in Canad ian S cnoõts , -L962:1 ,-(Oftawa: Canããîan
;--...._'- --ì-------------- ^l-ã-\-- al- 

-'1'eacners ' ¡'ederaùion, 196J ) , p. ¿4.
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ceed Lhrough a sequence cf frames or answer an ind.ividual
frame.

But this interpretation is hardr¡- þracticar in a

cl-assroorû situation, where coLLï.ses must be cornpleted. wi ihin
a cerbain ùime period. ivor would it be a satisfacbory view
if speed of perforÍrance were an erement in the skilfs taughL.
rt aplrea-r's reasonable to exert soïi1e sorL of coni;rs,l over the
self pacing aspect of programmed learning

There are two ways in whiclr a time limii courd be

imposed. T.f the speed. oÍ performance hrere a factor, a limit
could be set on ilre length of time that each frame wourd be

exposed" Du.i-ng a certain tii"ae period.n two minutes for ex-
a:npleu Lhe student wourd be expected to read, assimilate and

respond to the material presented in a parbicular frame" At
the end of two minutes the frame would be repraced 1cy its
successolâ and the cycle repeaied, Or, if gross rather ùhan
atomic control were d.esired-, a tirne lirnit, such as ten cl-ass
periods, could be set for the compretion of the wholé program
or a unit of the r,inole program.

control over the rate at which i,he subject maLter is
presen|ed is called exiernar pacing, unrike serf pacing,
externa] pacing sets a l-irnit on ùlre length of time that each

33

S tate
33E,rgunu Garranter, (ed.¡ Automatic CIeachinE" Theof the Art , ( Nei^r yoi"k: Jonn-lflïfãiEa-s""tu ïölçI , p " 9 "
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frame o' a sequence of frames is exposec' to ihe student,

Alter an. Silvermarr3[ ,r"ed an eighty-th_l,ee frame
proEram on basic erectricity ro compare the effects of self
ard externar- pacing. rn the s erf paced group eaeh stud-ent
worked through Lhe program at his own raùe; in tlre exter_
nally paced group each f.r.ame was exposed to the stud.errts
for a si¡nilan period of time. The rength of time that each
frame was exposed- was geared N o arrow arr- studeni s, incrud.ing
ùhe slow wonkers, ample time in which to respond.o A crit-
erion test hras adminisùered. to the stucie^i s af ter they had
completed the program, ìdo significanL clifferences in
achievement were f ound. arthough the stud.enis who r,¡orked. at
their oürn pace hrere generally f inished- sooner than those
who were externalÌy paced. 

"

using the sarne erectricity program, Alter and sirver-
man compared self pacing with a raùe of external pacing wrrich
al-lowed stud-enis an e*cessive amount of tÍmo on each frame,
There ÏIere no significan¡ differences in achieveme ,'t"35

B]'an efficiency measure based on test score, iest
time, and trainÍng fime, Folletiie found self pacing to be
superior Lo external paeing" The external pacing was based

4toifficenù Alter and Robert Sirvin Prograrnmed InsLruction, r Th; ;;;";;i'fnstrucbion, VoI. I, pp. ES_i¿-"

e rman, ,'?he ..Ìe spoäs e
of ProErammed.

a(
'/-rbid. p" 73"
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on the average nead.ing rate of the group arrc hence was some-

i'¡hat fast for the sl-or,¡ 
""rd-""".36

0n the basis of the a-bove studies ib was tenuously
concluded that exLernat pacing does not acr.versely affect
student achievement unless the rabe of presentation is too
rapid. rt should, be noted that in the experirnents described,
control was exerted over singte frames rather than groups of
frames" The writer was not aT^rare of any atbempt to evar_uate
achievemenb under the 1ater. cond.it ion"

VT " SU}{MARY

rt should now be possibr-e to anslier the que s tions
raised at the beginning of this chapter regard.ing the suc-
cessf ul us e of pz'ograrnmed materials in t he crassroom" The

questions were: (r) Does the method of programming the sub-
ject matter aff ect the ability of the p:nogram ì;o teach ? (z)
Does the d.evice er-nployed. to present bhe prograrnmed. materials
affect the quarity of instruction? (3) Does the ease with
which the materiars can be p*og"u*o,ed- vary with the nature
of the subject matter? ([) noes supprementing programrned

instruction by conventional instrucii on help or hinder the
studeni ? (5 ) noes external pacing ad.versely affect student
achievemenL ?

./-)tJ.'q- For-]etiie, Effecis of training respo.se mod.e,test form and meas'ure on acquisiiion of semi-ordered. factual
T3lî"i:]::. F""*",?fg? ¡remorgnor]g ![, t¡ori Benning, Ga", AprilLaeL, L;rrecl oy ivlr.J.J-rcenb Al-ter and Roberi Silverman, Ibid.e ,p"T\"
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Based on ihe evidence reviewed ihre f orror"ring con-

clusions are drawn"

1" ;\ presenL no functional relationship exists
between prograimning methods and ùhe quality of a program,

The choice of a particu-lar progranlûring strategy is a fu_n-

ction of the progremmer rs own pref erences " rf ii prod.u.ces

a successful program f or him, it ma.y or may not prod.uce a

successf ul_ program f or some one else . The ke¡r to writing a

good program is the effective utirization oi student feed-
back. A prog-r"am is tested on a stud.enb, then revised on
'bhe basis of his responses, and then Lesbed again. This
cycle is repeaLed untir ihe program is judged adequaLe.

2. The quality of bhe instrucLion receivedr âs

measured by achievemeri'b tesbs, is independent of ihe d.evice

used to present ihe programed. materials. rt is the maùer-

ials Lhemselvos thai determine ùhe qua.lity of instructj_on.

3" certain subjects may be easier to program than
others " Geometry is probably one of the easier subjects to
program because its internal logic predeLermines bhe ord.er

in which the frames are presented"

4. The conjoint use of programmed. materiars and. con-
venuional teaching techniques may resul_t in incremenis in
learning which would not occur if either method .r¡Iere used

excl-usively" i'io s tud)¡ has yet d.etermined, what cornbination

of teacher and prograruned instruction yields the most ef-
fective results.
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5" hrhen ample iime is allowed. f or a sLud.er.rt i;o res-
pond io a frarne, exbernal pacing resurts in learning equiv-

alenL to that cbserved under conditions of seff pacing,

This chapter has reviel^¡ed some aspects, pertinenl to
tL:.is study, of programmed insLrucLion as found in the riler-
aLr]re ' The f ollowing chapter will deal with the c onsiruction
of the program employed in this stucì.y. rn it the r¡riter will_

af -bempt to descriJre hoi,¡ he ttf ollowed the rures 1' or ilsolved.

the problemsrr which every prograruner faces in construcling
a programo



CT{APTER III

C01{sT1ìUCTIOi\i 0F' IH:ï PROGP,riivi

The construction oÍ'the prograrn is d.escribed uncier

the f ol-lowing headings: the sel-ection of the sub ject mat-

iero the delineation of oì:jecLives, and. ihe selection of

ihe programrning model 
"

These headings are in fact Nhe major problems fa_ced

in the consLruction of a prognam. The manner in which they

are sorved constitubes a particular programming strategy or

method" hlhat foll-ows is then a description of the writerrs
s trategy.

SUBJEC I Y1ATTER

A primary consideration in selecting ihe subject

maLLer r'ras the needs of the sLudents. The possibility
existed that ihe students would. f air to rea,rn from i;he pro-
grammed materials--as cornpared to Lhe students receiving
conventional insiruction" If such:,a siùuation d.eveloped_,

the urogram instruction students wourd have to be re-taught
by conventi-onal mea.ns. Re-teaching too long a un'ìL or one

that was not self contained v¡ourd. place too great a burd.en

on both the teacher and student, consequently, iu rvas d.esir-
abl-e th.at Lhe material- io be progrerruned -be r-easonabry short
anci indCtrrencient cf ihe remaind,er of the course.

I.
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It r"ras pa.riicularl-y imporiani, ihai .i;he urnit cnosen

f or' ;crogramrning be independen| of the rema.inder of the

course. Then re-tee.ching, in ühe case of failure, could

take place at a more leisurely pace, and the studenis could_

proceed to the next unit of r,iork u,nhampered by a lack of

subject mabtor backgronnd,

It may appear Írom the foregoing ihat, in the in-
terests of 't,he s ùudeni s, the progra.rnmeo" unit be as short

as possible. Nevertheless, it r^¡as desirable thab the ,oro-

greïlmed. naberials recej-ve a fa.ir trial-j Klausr fo" exarnple,

suspects the validit¡r of resu.Iis based. on prograrns of fewer

than 100 frames " Tentatively, it was decided, [hat a unib

wirich book ten io Lwelve classes to teach Nr.ad-itionaÌly was

of sufficient Ìength.

The unit s e l-e cted was of ihis length " The Areas of
2Polygons* is a unii of grado eleven g-eoíûetry a.nd forms part

of the university enirance progrem in I'{anitoba" Among the

courses i;aught by the writer, it was Lhe only unit which was

of sufficient length and- yet relatively independent of the
n^11hQâvv4! 9v ô

Although ùhis unit was rel-a.tiveIy independent of ùhe

1--*Í'lendell I. Smith and l1iam lvioore, (eds . )
Van ltTos brand Co " , L962) ,ramrned Learnin8, ( Toronto

2 _.-0liver, il .
GeomeLry" R.eqina:

J, l,\li

J" (et al-),
S chool- Aids

-4. j'-irst Course
pü¡Tßffins G;

in Plane
Tç5[IlTp " r8e-

Pro
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remainder of the grade eleven georïretr)i coursee it did ï.e-
quire a prior knowledge of the sub jec-û. This ;or.ior lrnor,¡-

ledire h¡as presumably par b of ihe s tud.ent r s repert oire, and.

was acquirecl by him d.uring the prececli-n: year vchire he was

in grad-e ten 
"

since ì;he prograrn had to have a starting point, it
was necessary Lo assu_me the specific concepts ard. facis thab
lhe siudenb knew by viriue of successfully cornpreting the

grade Len c ourse " rn particul-ar, it was f e rt üha t the

student aùiempi,ing the program rcnew the forror,,ring:

1" an operati onal def inition of ilproo1' It--thai he

courd, given certain facts, arrive at a required conclusion,
using a chain of sound reasoning!

2 " thaù ihe general enunci.ation oÍ. a theorem coiasists
of tlvo parts, the rtif tl and rthenr clauses, which correspond
resj)ectively bo ihe ltgirrenrr and. the rrrequired. 

b o proverr of
the particular enunciaiion;

3" Lhe meaning of the word congrueni, ancl courd prove
triangles conaruent b¡r tta.a"s 

" 
rt;

lr J-ho!-o u!r(i properties of paraltet lines and c ould identif y
corresponding ancÌ inLerior opposite angles;

5, the definitions of a recrangle and a paratlelogr"am
and their pro;oertiesj

6 " ùhe compass a.nci straight edge construcLions f or
bisecting an angre, drawin8 an angre equal io a given angre,



drawing a line i;hrough a given

Iine, dropping a perpendicular

external_ or internal point, and

degrees.

41

poinù parallel to a given

to a 8i ven line from a given

drawing an angle of sixty

For the purpose of developing the program it was

assumed that any person satisfactorily completing grade ten
mathematics had a knowledge of the above rnentioned concepts,
definitions and skir-rs" rf ii became evid.ent (during Lhe

preliminary triats of the program) that sLudents d_id not
possess cerLain concepts, then these concepts would be

worked in as part of the normal developrnent of the programo

rI. OBJECTTVES

The next step in constructing ühe program consisLed

in delineating the objectives of instructi-on, rn order that
the objectives be oporational and reflect the emphasis sug-

gested by the Department of Education, a survey was mad,e of
former finat examinations prepared by the High school Exam-

ination Board"

This survey revealed" that the student was expected t.o

recite Lhe orems and to perform and d.escribe consùructions.
He was also expecied to use these theorems and. their coror-
larie s as authoritie s in s olving nurneri-caI and theoretical
deductions" The emphasis was greatesL on the stud.enbsr ab-
irity to solve numericar aro1 theoreticar deductions.
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0n the finar June examination in geometry, âpprox-
inately 6! per cent of the rnarks'r^rere atloted to quesiions
deal-ing wiih numerical or Lheoretical cleducNi.ons " Twenty
five per cent of the marks were arloted to questions which
tested the studentsr ability to reciLe theorerns, and ap-
proximately 10 per cent of the raarks ÏÍere assigned to ques-
tions which asked Lne stud"enL to solve construci;ion problems

If the program hias to prepar"e the stud.ents for the
final exam, it became apparent ùhat the program must attempL
to teach the required, iheorerns and their application to
numeri cal, theoretical- and. construetion problerrrs , rn ad.-

dj tion, emphasis r\ras to be placed. on ùhe sol_ution of prob_
lems nather ì;han the recitation of theorems 

"

The next step was to rist i,he specific objectives of
the program. fn effect ihese objectives enumerate the be-
haviour bhat a student upon the completion of the program
should possess o This rist woul-d- serve to guide ihe program-
mer in writins and ordering the ind-ividual- frarnes of bhe

program,

The spe cif ic ob jectives of tbhis progran are listed
be low,

The learner upon compleiion of i;he program

I, have bhe conce;¡t that area is thre amount

bounded or enclosed by the sid.es of a polygon;

2" know, by giving examples, that a unit of

should:

of surface

area can
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be arbitrarily deter,:nj ned;

3" kmow that i;he sizes of twc polygons can be com-

pared by c ounLing ihe number of times each coritains a unit
or area;

4'know that rwo porygons equar in area need nob be

congrue nt !

5" reali-ze, upon assuming ihat the area of a rectangle
is equal to the proourci of iis base and- altitud"e, that the

area of a parallelogram, as well as the area of a triangle
can be caLculated fro¡n the following theorems:

a) rf a parallelognarn ano a reciangre sùand on the
same base and between the same parallels,
(hence of equal albitude), then-they are equalin area (Theorem I);

b ) If a triangle and a rectangle stand on the
same base ancL botween the s amo paral-le rs, thentlre area. of 'bhe triangle equals one-ha-lf tho
area of the rectangle (Theorem III);

6" be abl-e to rec¡l-te the above two theorems;

7' in addition to ihe above two theorems, be able to
recite and u-ndenstand the proofs of the follolring theorems:

a) rf two parallelognams stand, on the same base and.
between ilre same paraÌr-els, then they are equalin ar.ea (Theorem II );b) rf two triangres stand on bhe same base and þe-
tween the same pararrels, then they are equal inarea (Theorem fV);

B, be able to appry these theorems in the sorution of
theoreti ca.ly numerical or consLruclion probl-oms;

9. be able io apply the f ollowing cor"ollarj-es of the
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abcve ùLreo'ems to Lhe sofutlon of theoretical- probrems;

a) Par.alleloErams on equal bases in the sanestraight line and between the sarne parallelsate equal in areajb) If two parallelograms stand on the same orequal bases and_ have equal aliitud.es, L hen
. they are equal in area;

c ) If Lr,uo paralle loóraï1s óf equal area s ùand onthe sai-ûe base and on the sar'e sid.e of it, thenbhey have equar artitudes and hence rie Éetlveenthe same parallel lines;
d ) A triangle is equar to one-har,f a paralrelograin
^ \ ::.!hu_sarne base and betrveen the "ä*u parallels;
e / -L'rlang]es on equal bases in the sarne straightline and beiween the sarae parallels are equalin areaj
f ) The ¡nedian of a briangre divides it into two

. triangle s eo,ual in arãa;g) rf triangres stand on bhe same base and on Lhesame side of it, Lhen they have equal altitudesand hence rie between ihe same paraÌrer lines;
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TIT. THtr PROGRIìM{ING i..fODilL

0nce the specific objeciives lrere d.erineated., and

before the construction of ihe fnames could. begi_n, it was

necessary to choose a prograrnming mod.el. As d.escribed.

earlier, a model is the skereton into which the individual
frames are ptacod. EssentialÌy two difforent mod,el_s exis.b,
the linear and the branching forrns 

"

A linear model 
'tilizing the consLructed. response was

chosen in preference to a branching moder for the following
reas ons ¡

1. The rinear mod.er- was jud.ged. the easier Lo con-
sùruct" rt wourd not be necessarye as in a branching mod.er,

to estimate the s tudent r s response, f or l;he rinear, unlike
the branching mod.el, ,ruò¿ ,.ot emproy the serecLion mode of
responding.

2" Although severar- rinear prograrns exisb, no branching
'program in geometry, to the writerrs knowled.ge, has been con_
structed. Because he 'ras a novice prograÍ'mer, the writer
fel-t that iù wcurd be more ;orudent to use the rinear. model 

"

3" The ultimate objective of the program seemed to
favcur the constri-rcted rnod.e of respond.ing. The student upon
compì-eiion of ùhe prograrn i^ras expected. to write out cornplete
proofs. He would need practice at:,ìthis skill" The const_
ructed rather than t he serected. respons e would. provid.e ùhis
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practj-ce.

Wribing and ordering of the fra.iles" It was decided

to ]e t the sub jeci naL't,er guide the order in which the frames

Llere written. This is a system particularly wel-t suited to
a subject matter such as geometry, whose internal logic pre-

dicts to a great extent the order in whrich its content may be

"Oresented. For example, once Lhe Lh-eorem, 'rrecLangle an¿ a

pararrelogram standing on the same base and. beiween the same

paralle1s are equal in area" is proven, it may be used. to
prove the theorem, rftv¡o parallel-ograms s|aid_ing on ihe same

base and between the same parallels are equal in area"tt

I,{hile it is true thaù tLre order in which theorems are

presented is often flexible, and in fact does vary somer.¡hat

from Lext to teri, it is equally true that, on,ce their order

has been ascerLained, the general ord.er in r^rhich the frames

are to be writben has also been d.etermined. The theorems in
this program r¡rere ;oresented in the same ord.er in which they

are found in the text book3 prescribed for tbe course.

The following procedure was used in writing the

sequences oî frames dealing with the theorems" First, the

key terms and concepLs contained in the theorem r¡rere ex-

plained" Secondly, bhe entire iheorem was reviewed.j the

I

'Loc. cit.
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student read it and ihen answered ques bicns about it "

Third1y, the iraportant steps in the iheorem T¡relre surn¡narized.

Fourf hly, the siucieni ÏIas as<ed io write out the theorera on

his own" Fifthly, the student was given praciice in apptying

Lhe theorem to i;he solution of ot.her problems. Last, the

coroll-aries rÁIere explained and their applicati on to problems

was illustrated"
I'iow that the general order of the frames üras decided

upon, the r:exN step cor'ìsisted in writing the i|ems. To do

this the lisi of specif ic ob jectives .hias consul-leC " Eac[r.

ob jecbive üias consid.ered in turn and expanded iÍ ne cessary,

Por example, the f jrst ob jective states that the student will
gain a concept of area as the amount of surface bounded by

the sides of a polygon" The attaÍnment of this concept

de;oends upon the student; undenstanding whai is meant by

the terros trpolygonì tt tlboundëdrt and trsurf ace "tr Ultimately,

fourteen frames we?e written to devolop this concept"

Another example of how Lhe objectives were implemented

into the actual- m.iting of the frames is provided by the

Lheorem, rrlf a- rectangle and a parallelogram stand. on the

same base and ]åe -Þet'¡reen the same parallel lines, then bhey

are equal in area.'? The three underlineo. phrases contain

three concepts which were developed before the theorern was

f orrnally i.ntroduced .

Becalrse the se three concep'bs and others like them were
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req-r-iired. throughout the prog?am, Lhey ïdere d_evel0ped. in ihe
first parL of ùhe progra.mr frames 1 _ L3T,

rnitially, the frames hrere written on ind.ex card.s,
five by seven inches" The stimurus part of rhe frame i^ras

written on one sid.e of the card and. ihe response on the
other. Af ter 100 sucir items had been consbrucbed-, a very
good geometz'y siuclent was askeo. to work through them. The

studenb looked at ùhe iiem, wrote his response on a separate
sheeL of paper, and ihen flipped the card over and. compared
his response with ùhe one on the back of the ca'd. rle was

encouraged to think aloud, edit the ibems, and asi< questions
whenever he was pvzzled..

The writer sat beside the studeni and observed his
progress. whenever the sì,udent made an error, the writer
checked the item for faulty mechanicso sentence struct're
or grammar" The appropriate correction was bhen mad.e and the
sùud-en'b conti-nue d-. rf the error were d-ue to Lhe inf ormat ion
presented in ùhe frame, the r,,i-riter immed.iately reconstructed.
the frame, or constructed ad,ciiLional frames which he felt
might clear up the stud.enù¡s misunoerstand.ing.

rt should be noteo. in"t in aLteml:Ling to crear up
the sbudent r s d.iff iculty, the r,¡riter was ca'eful_ noL io com_

municate o"utf y wiLh t he stud.ent " It hras desirable ùhat the

firlal version of the program be as ind.ependenù of a human

teacher. as possible " onal communication, while effecbive
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with the tr.ial student, rnight l_essen t he eff ectiveness of
the program to teach v,¡hen a teacher was noù preseni. oc-
casions arose, nevertheless, when the stud.enirs difíiculty
was not cleared. up by the above meLhod." rt was then neces-
sary for the wriLer Lo question the sbud.ent" rn such cases

it was general-ly foundthai the seq'.,ence of frames read.ing up

to Lhe poor item had to be revised. Errors of this type
occured infrequencly.

ïn this manner the writer, with bhe assi_s iance of the
sf udent, constructed. what c ould. be called. the gross anatorny

of the program" Now arl that remainod was to refirre it by
testing it with other student s " This process cont-inued un-
til the prognam was judged, adequate for a fieLd trial with
the student population for which it was intend ed,

The second student on which the program was tested
was also a very good student gererally, bub d_id not have as

gocd a grasp of geometry as the f irst stuoent. IIe cornpleted
the programi, no major revisions Îiere mad.e.

rt should be noted Lhat boLh these students hrere ap-
proximately half way through the grade ten geornetny course
when lhey tried the program. As a resurt they were Llandi-
capped by an incomplete background in geometry as defined
earlier in this chapter. They 'brere used. however, because alt
the students who had a complete backgroundl¡rere at tna| time
in grade eleven arc had arready taken the unit rrThe Areas of,
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PoI¡'gons .ll

rt was then decided to employ a student rveaÌt in
geometry as a criLerion for d.etermining the ad.equacy of
the program. lle, unrike the oLhers, worked. through Lhe

program af ber he had cornpleted. the grad.e ten georoetry cou,r.se e

l¡rlhen he completed. ihe programe and. then answered. correctry
three criterion quosLions from a pr.ior grad_e ereven June ex_

aminati-on, it was felt that the program was ready for a

field trial"

The students used in the individual trials ürere

selected on the basis of the writerrs observations of their
d.ay to d-ay wonk. rt T¡ras interesting io note, Lherefore,
that their f,e.rs were respectively ]-28, I3I and IZ5" Their
year end avera8es were respecùivery E6 , Tg and 45 pe" cent
and thein final geometry marks hreï-e respectively 96, Bt¡ and

59 per cent.

rn prepa.a-tion for the f:r-erd triar, the items were
recopied Írom the indox cards onto standard_ size spirit dup_
lica'ting mastors " Theso were rrrun off r and. the resulbing
maLenia-fs collated and bound." The program i,üas noi¡r in text
book form. Alr bhe d.iagrams were reprod.uced. in a separate
book" The prograra and the book of diagrams can be fou:rd in
Appendix.

Table r which forrows was pr"epared for the purpose of
comparirs- th.e ob je crives a.s lis ted earlier, with the items
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TABLE ]
Tii.$ DEVELOP]'JjIiiiT OF. THE OBJECI.IVES

OBJECTTVES

Area concept--surface bound.ed by polygon.

In order to compare ttre area.s of two poly-
gons we count ùhe nunber of tirnes each con_tains an arbitrary unit of area"

Instead of counting the number of Limes arectangle contains a unit of anea, hre d.ev-
glop, but note Lhat we do not proúe, Lheformula for ihe area of a recbangle.

A roview frame eticiting the definitionof area 
"

The altitud_e of a iriangle
case of the obtuse ang-Ied
itTot ing t hat t he bas e ð ould
the triangle.
Dovelopment of the concept
of a rectangle and. a paral
leading up io the.,..

" . . concept that rtlying between the samepara1lel linesrt means the same as havingthe salTle altitud.e .

Comparing the sides of rectangles and.panallelograms with Lheir al_tltud.es. Thealtitude of a rectangle is equal to oneof its sidesj of a. parallelogram it isshorter Lhan one of it s si_deJ.

, including the
trianglo.
be any sids of

of an albitude
lelogram,

BB 90

fniroduction
the sanþ bas

of the concept: standing on

A review of the concepts established.
Inbroduction of d.ifference between equal-
iùy- and congruency syrnbols. Congruency
implie s equality in area, but thã con-
verse does not hold.

FRA}iES

24- 29

3L- 5a

r20 - 130

5r



l)

TABLE I (continued)

FRAfuES OBJECTIVüS

r31 - L36 An example
qr uqÐ ó

of subtracting or taking ai¡ray

I37 - L5B t'heorem I anci corolla.ry.
r59 - 170 Exerci ses utilizing

ority.
bhe orem f as an auth-

171 - 189 A review"

lgo - 203 Theonem II.
ZoLp - 206 Corollany of theorem II.
207 - zLO Corollaries 2 ard 3 of theorem If .

2rr - 237 Exercises based
larie s .

on theorem fI and corol-

238 - 245 To construct a parallelogram eqrial in areato a gi-ven parallelogram,
2LL6 250 A second consLruction exercise, wit[: re-

duced cues "

260 - 265 Preliminaries to theorem
bisects a parallelograrn.

fIf " A diagonal

266 - 283 Theorem III and corollary.
284 - 295 Theorem IV and corollaries.
3I+6 - 35:- Questions on overview--a short errrichment

passage on the;oostulational_ approach in
ge ometry"

352 - 376 Exercises on numerical ded.uctions invol-ving areas of triangles, reciangles and.paralle lograms .

377 - 3rj8 AppticaLion of Lheorems to novel_ probl-erns 
"



of ùhe f inal version of ihe prograr{1,

L37 frames developeci ùhe terminology

f or thre introduction of the the orems ,

developed the first four theorems and

examples of hornr the theorems are app]

al-so provided. The remainder of i;he

problems in which Lhe nurnber of cues

d.e cre ased .
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Ii shoï,rs Lhat bhe lirst

and concepts required

Frarnes flU to 302

their coroll-aries;

ied to problerns were

framos were composed of

or hints r^rere gradually

iUIV-],ryiARY

In summary, Ì;he earacteristics of Nhis program are:

l. It was written for grade eleven s¡udents enrolled

in the University Entrance Course and d.ea1s wibh the areas

of polygons.

2. It has a linear paradigm.

3, The respcnses are consbructed and every response

is confirmed.

l+. The ord.ering of the items was deierinined b]. the

logic of the subject matler, Review frames lrere inserted

where the trial students indicated a need for them.

5" Three prelirninary trials ürere run wiLh sLud-enLs

of differing geometrical ability" The responses of these

sLud.e¡:ts were used. as a basis for revising the proÈ5-ramo

6, In the field trial the program hras presenied. in
üext book form, using a vertical format. Diagrams were
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neproduced under separate cover"

With reference No point ! above, the writer wotrders

if the progra-ì1l would have been substantially different had

he selected these students on Lhe basis of iheir I.Q. raLher

than their class performance.

So¡ne wri|ers have stated Lhai the prograÍimer wil-J-

learn a lot about the difficulties that studenis encounùer

in his sub ject, Consequently, programriring a unit should

shed some light also on how t o teach it traditionally" This

writer, however, was noi aware of any such transfer from

programmed to traditional instrucLion. The reason for this

rnay be that tlre program as it was originally writien, pre-

sented the subject matter in such a manner that the trial

sLudenbs were abl-e to absorb it with little difficulty" The

fact that Lhese sLudents nade only a rainimal nrmber of

errors due to a lack of understanding seerûs to subsiantiate

this reasoning " However, this observation is based on bhe

i,¡riter¡s experience v¡ith the trial students, and had. ihe
'''

trial s-budents been chosen on t he basis of some criterion

oNher than class performance, it isrposSitble that the pro-

grå.m would have dif fered.

In the following chapter the d-esign of the experiment

is d.escribed." The experiment was set u,o to assess the ef-

fects of ernploying ihe program in a normai classroom sit-

uation,
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TIIE EXpERIivtEtiT

This study aLterapr,ed to examine the feasibility of
employing prograrnrned ins bruc¡ion in place of regular class_
room instruction. To d-eterrnine thi-s end. two nul] Lrypotheses
Trere pr oposed ,

l-. The means of Lhe criterion test scores for the
conLrol and experimentar Eroups are noL significantly dif-
ferent 

"

2- The neâ.n time for Lhe control grou.p does not d.if-
fer significantly fz'om tho mean tirne of the exper.ii.nenf al
group.

Diffenences hrere considered significant at rhe five
per cenù l_evel as neasured. by a t_test.

The pnocedure used in testing these hypoLheses--the
experiment--is presented under the fotrowing headings:
obtaining the sample, treatments, measuring instrumenbs, and
tests of significance,

I. OBTAII\TTJ{G TIIE SAMPLE

The population. The statement of the hypobheses
implies bhe identification of Lhe population at which they
are aimod- Once the population has been ideni;ified, the next
step is to sel_ecL a represenLative sarnple.
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The;oopulation used in this sbudy consisted. of all
the gra.de ele.¿en students attending si. paulrs High school

in sep'ûernber , tg(t3" Ilence Lhe resulì,s of .bhe si;udy will be

generalized to these students; however, action based. on

these resulLs can be taken with only future stud.enLs. There-
fore, âssr:r',ring no extraord.inar¡r change in ùhe type of sLudent

enrollingu the population for- this study was identified, as

the present and future grad.e er-even siudents at st. paulrs.

The sample T/üas chosen from this popuration" circum-
stances, howevere did noL perrmit a purery rand.om selection,
consequently, the generalization of resul-ts bo ùhe popul-
ation may be limited" rt coul-d be pointed out--not in def-
ence of the practice, bui as an oxampre of the over-rid.ing
influenco of circumstances--that most ed.ucaLionar research
reporied in journals employ samples which are noL chosen by

PureI]t randoln selecti on"

The sarnpre" rn september L96j, a total, of lo8 grad.e

eleven students were enrol-red. at sù. paul_rs. Frorn this
popr-rlation twenly-five pairs of students r""" matched on the
basis of their composite scores, and. d.istributed. at rand.om

lo one of tr^¡o classrooms " one class hras d.esignated. as con-
trol and received traditional_ instruction; the o.bher class
hlas designated as experimenLal and received. progran::ned in-
struction. The manner in which the sampre r^ras sele cLed. is
described bel-ow.
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Firsb, eighbeen students ¡¡ere auiomatically eliminated
because, eiiher rhey hrere repeating grade ereven g opv [o
mental ability tesù scores (Deparùment of Education, Grade
ffi) were availabte for thei-n. As a ¡esur-t the avairabre
population hras reduced. to ninety"

It was also noted. that thirty_five students (including
some of the eighteen mentioned. above) were enrcr_red. in an
eight subject soquence compared to seven for the remaind.er.
The ex-Lr.a subject was Latin. Ad.irri.nis Lratively it tvas clesir-
able to place these students in one classroom--classroom B.
Classroom B did not participate in the experimenL.

The avair-abr-e population was nor¡ reduced to fifty-
five sùudents. ft was from these fifiy-five sbudents that
ihe twenty-five matched pairs were finalty chosen.

!ÞrÐrrr"s contror-" The experiment in this study was
a cornparaii-ve one. Two groups of studenLs, ¡requal in all
respectsrtt were exlrosed Lo two d.ifferent tr"eabments (pro_
grammed versus irad.itionar- insbruction) f or the plìrpose of
evaluaiing 'i;he neraiive eff'ectiveness of each treatrnent.
hlhile it is impossible to have tr¡o identicar groups, ii is
important thaf ttrey be as similar as possibre, specifically,
ib v¡as desirabre tha-b contror- be obtained over those back_
ground variabres rerateci. to the learning thaù r¡ras to take
place during the experiment 

"

These varial¡l_es were id.enLif ied. as: I.e., achieve_
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rnent (grado X average ), prior knol.,iled¿e of georne Lry, ver.bal_

aÌ:i1ity, âge ¡ and sex.

There are seve¡'al means of gaining control oï, equating
the se baekground. va.iables " rf the s ample .hrere large,
cont'ol could be obtained simpry by assigning bhe studenbs
at random to either the experimenùal or contror groups " on
fhe other hand., if the sample is smaIl, random assignment
need not general ty produce tt"quated. grouf:s"î! To ensure .bhåt

the rnean of a specif ic vari-abr-e is approxirnaiely the same

for bobh groups, stud_ents are matcheo by ,oairs with respecL
to this vari_able.

since the sampre useci in this study was smarl, the
sÙudents used- in Lhe experiment iirere matched. on the basis
of a composite score refrecting both r,e" and. achievement.
The¡' wer"e also matcLred- f or sex and. subject sequence 

"
Irta'bching f or sex was unavoidabre , since st " paul ¡ s is

a boyt s schoor. i'{atching f or sub ject sequ.ence carne as a
resulb of an adminisirative decision to place atr the Latin
sùudents in one classroom. However matching the other vari-
abl-es did presenb a problem"

A quick inspection reveared ihat matching on the basis
of r.Q,. as wetl as on bhe basis of achievement, while main-
taining an ad-equaLe sample size, was impossible bocause of
the va¡.iation between scores . Stud.enbs who had ihe same I.q.
often had grade x averages which d,ifÍered by as much as ten
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"

I\levertheress, it was stirl deemed desirabre tc in_
clude achievemenb in marching, mainly because of iLs
potential relationship to study habits. This suspected re_
lationship assumed. considerable irnportance, wheiher iL .r¡ras

wanranLed or not, in the light of the hypoùhesis (stated
earlier) concerning mean time"

Therefore, it r^ias oecided. io construct a cornposite
score consisting of the siud.enù rs r.Q. and grad.e x average 

"

The nineLy available I"e.s (excíuaing those of the repeaters)
't^Iere converted to Z-scores; the grad.e X aver.ages of these
nineüy students were al_so transformed. to Z_scores. Converting
to Z-scores has the same effect as changin,g a series of
measurements with unlike units, to a series with a common

unit in order that they may be slramed" For example, it is
incorrect to say bhai 3 Jd" + a+ irr. - zT, but it is co*ecb
fo say 'bhat 9 îr" + Z ft" = ll- ft,

The following formula was used to calculate the
Z-scores" , = ",'al i x 10 + 50, where x is an observation,
i is bhe mean of tirat set of observations of which x is an
element, and s is bhe standard deviation of that same set"
A z score is a convenient way of expressing Lhe number of
standard deviaiions a given score is from ùhe mean" As such
it becomes independ.en'L of the sca.le useo_ in ar¡.iving at the
initial scores ø
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The composi-te score for each sLud.ent was carcurated.
by summing hls two Z scores " ?he writer could conceive no
reason why ihe scores should not be given equal weight. The
danger, nather, lies in the s-tr-nming of the bwo scores. sum_
ming may tend. to obscr:.re d.ifferences which wour-ci oLherwise
be present.

Now that oach student had a composite score, the
fifty-five stude'ts eligible io par..i,icipaùe in ihe experinenL
hlere matched. First, ihose with equal scores were matched
(thirteen pairs), then those whose scores differed by one
(nine pairs), and ì-astry, those whose scores differed hy two
(four pairs ) . No mabch courd be found for" the other ühree
s fudent s .

The matched studenl,s were then assigned. at r.and.om Lo
two classrooms, a and c" This was done by taking the firsù
member of each pair and flipping a coin" rf heads turned up
he was placed- in crassroom A, ard the second. member of the
pair in classroom ci if tails burned. upr the fi¡si member
was placed in C aird the second in A.

After assignment, it was discovered that one of the
sfudents already matched wauted to take Latin, The pair to
which he belonged was d.roppe¿ from ihe experiment . The
experimental sa.mpJ-e now stood. at twenty-f ive pairs; tr^relve
whose scores ürere id.entical, nine whose scores differed by
one, ano four uhose scores d.if-fered by two"



The remaini_ng siudents (twenLy_two

classi'ooms A and C " These stud-ents were

they were par-t of the experiment, but the
used in the statistical analysis.

6r
) were assigned- to
treated as though

ir scor.es hrere not

checking and exbend-inFj contror-. The pLrr¡rose of
matching forl-owed by rarrdomization was to obtain two equiv-
alent groups of s budenis " I/\fith what d,egree of cerbainty has
this been accomplished? cer"tainly the use of the composiie
vaniabl-e may be questioned on the grounds that it bended- to
obscure any difference which rnay have existed in its compr.

onent variables" Furthermore, it was the only quanùifiabLe
variabre controrl-ed by rnatching. rn view of the potential
danger of non-equation when rand.omization is used. exclusively,
should not more vari-ables have been matched? rt was sEated
that verbal ability, prior knorvledge of geometry, and age¡ as
well as f .Q' and achievemenl vlere important variables relate¿
to learning.

The problen encountered. in matching more than one

variable has been mentioned.! however, in ord.er to settlo
the issue of equation, as wer-r as t o d.et,errnine the type of
statistical technique that r.¡ould be Docessary tc cornplete
the study, the means and. variances of the variabres hrere car--
culatedr ex post facüo. Table rrÏ, pege EZ, ind.icaLes that
both groups are equivarent ¡¡ith respeci io ihe backgrcund
variable s "
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Tn every experiment, however, Lhere are some var.iables
v¡hich can not be controlled by matching or rand.ornization.

control- over these musb be obtained. by some other means"

Physical. The two classrooms A and ce used in this
sLudy ürere mirror images--the mirror running in a norùh

south direction, Hence, the wind.ows of ihe experirnental

Eroup faced west arrl those of ihe coniror group towards the
eas-t" rnsiruction was given to both groups on iu.iondays,

hlednesdays and Fridays--to the experimeniar group fnom

9:00 A.lvi., and to Lhe control gror-rp from 9:3ti to lo:15 A.lf.
Possibry because it was brighter, the writer thoughù he

favoured the room with the eastern exposure, r¡rlhile this
courd constitute an advantage bo the contr.ol group(the writer
enjoyed teaching in this room), it should not constitute a

disadva.nLage to the experimental gro.-lp as they were taught
by program (tne writer enjoyed equaljy as much, not having
to teach in this room).

FIGUR:- 3

CLASS]ìOOIYS A Ai'iD C USED RISPECTIVELY BY TIü
EXPT]RTI,1E]\TAL AT,I_D COi!TROL GIìCUPS

I
N ilE
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Psychological_" The possibitiiy existed that Lhe

experimenLal- group, by vir'cue of being ¡he experimental

8roup, would over achj-eve" ro eqi-raie this f acior, an atlempt
r,ras made io ma.ke the conirol group feel that it too was

playing an importani part in the experir¿ent, Thus, when ihe
time carae to designate ihe two cl-asses as either contror or
experimental, a representative from each class .r¡¡as present

to Iical-rrr the coin t hå t was f lipped.. líor e over r oâch s burjent

of Lhe control group was periodicatly reminded of his part-
icipation in the experimen| since he kept a record of bhe

Lime that he speni cloing geometry homewonk.

Teacher and Êgbjj_er matter. A single teacher was

employed in the experiment, Rigid contr-ol, theref ore, was

naintained over the teacher variable in so far as the same

Leacher appeared in both classes " Ilowever, ihe d-anger

intrerent in a single teachei. design is t håi; ì;he teacher rftay

favor.r one technique over the other. The writer, for ex-
atnple¡ mâI have favor-ired programrned- insLruction and subcon-

sciousry let up on his teaching of the conirol group" Ahrare-

ness of this danger is probably the best defence againsL it;
although making cerbain that the same material is presented.

to both grou;os also reduces the potency of the danger.

care v¡as taken to ensure that the equation of ihe
subject matter var.iable by giving the sane topics, the same
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examples, and ihe sane quesiions io boLh groups, The wri-ter,
because he was both Lhe prograrurer ancr ihe teacher, was in an
ideal position to effect this equation.

Tn so far as experience is rela-tecl to the caribre of
instruction, it may be fett, beceuse the r^¡riter was an eN-
peri-enced teacher but a novice prograi.ruÌler, ihaì. the instruc_
tion received oy Lhe control group was rsuperiorr to that
received by the programmed. insiruction group. Hor"¡ever¡ ox-
perience in one area is obviousry rera|ed to performance in
the other- The knor,'iledge gained from teaching hetps in the
construction of the program, and. conversely, the knowred.ge
gained f'om w'iting the progï'am may manifest itser_f in con_
venLiona] classroom presentation, Experience in both areas
thus becomes a vitia.ting vaniabre and as such def ies
equation or inequation.

IÏ. TREATi'{EJ{TS

Control- Group, The wniter instructed. the control
group from 9:38 bo lo:15 A,11. on l.fondays, r¡,Iednesdays and

Fridays. The rnethod he employed was a combination of recture,
de¡ronstration, and. que stion-ansr\rer. The only departure from
sùandard- procedure was having ihe stud.ents keep a record. of
the bime they spent doing geometry honeü¡ork.

The studenLs used the authorized texL, A First course
i -^ ¡rrir frane GecmetrJi exercises frorn this text were supplemented.
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by exercises from the program in ord.er ihat subject matier
be kept the same.

Based on his experience the writer knew tLlat it would"

take him approximately nine cr-ass period_s Lo complete the

unit of work. Below is a Table of specifications wLlich in-
dicates the approxirnate lengbh of time ihat was al_lctted to
each section of work" A comparison between Table re which

TABLE IT

TAtsL:i OF SPECIIiICIITIOi[S

Topi cs i'iuinber of Class Period.s

Inbroducti on

The orem tB-li

Exercises on theorem lB

Theorem 1Ç

Exercises on theorem 1Ç

Theorem 20

Theorem 21

L/2

L/2

1

I
I

L/2

L/2

Exercises on all theorems 4
'-L'heorems are numbered as they are found. in the text"

Theorems in the progrem are ru-r¡rbered, I ,2r3r\., corcespond.ingto Lc ,L9,20, and 2l-. The generar e nunóiátíoás of thå se
the_orems may Oe found or pãg" \-3; stude::its r,üere not taughtto label theorems with numeral_sj numeral-s are used. in thetable f orLhe sake of neatness.



indicates the order in whi

loped in the program, and

nrenL of the subjeci matter
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ch ihe sub jecb matte¡, uias deve_

Table If, shows that the develop_

follows ihe same paitern in boih.

Experimentar Group. During the first crass r"¡ith the
experimental groj-rp bhe writer hancled- out the programmed

material-s and exptained, their use, The set of instructions
wiih wtrich every studeni r^ias supplied may be found at the
beginning of the program, aprJendix A- Most of ihese rures
are standard i s or-ne however, are not , anrl de serve spe cia.l
COtrlment .

Rul-e 10, rrrf you are d.esperatety stuck seek the assisb-
ance of you.beacher.rr, was includ.ed. in an atùernpt to Í.ore-
siall- a bamage of tr.ivial qu.estions. Ad.herence io ihis rule
by the stud.ents wourld leave bhe tea_cher fr.ee to deat with
mo?e serious ni-sund.erstarid.ings. rt was f elt thaù the incl_u_
sion of the word. rrd.esperatelyrr wour_d. serve bo accomplish
this purpose o

This rure however, was not operaiive d.uring the exper-
iment. using a conceared, stop waLch, the writer .t'ound_ that
he spent le s s than seven minute s renderÍ-ng ind.ivid ual as s is L _

ance to Lhe students of the experi_ment ar group. r,roreovere
this time r¡ras spent answering tniviar questions, such as,
ttls this where you want us to draw the circles?ii, opr ,,Am I
doing this righL?'i, et cetera" lilo qìlestions indicaLing a



Lack of undei'sbar:ding cf the subjecL matLer were

eÍfect then this sLudy served. to measu-re trre rneri
grarøned ins bruct;i- on exclu-s ive ly.

Õ(

asked" fn

ûs of pro-

Rule 6 states : Irrf your answer was wrong, circre tt^ie

frame nunrber in the anshier column,rr. The purpose of this
rul-e was to facir-itate the proposed item analysis of the
program.

Rule Ç was incruded for bhe purpose of heJ-ping Lhe

writer revise the program. It asked. sûudents i;o make com-
ments about the pro8ram. rt too may have been inoperative;
less than one-tenùh of one per cent of Lhe frames had. corn-
ments besioe them. of coL¡'se, if it were operative, blie r_ack

of comments ind.icates ùhat the prograrn was satisfactory f or
rnost student s.

There may be so¡iewhat of a conLradicùion between
Rule / which instrucis students ùo work at their own speed
and the verbar instructi-o's given to the students regarding
their rate of progress. iìule / suggests serf pacing, where-
as the instructions given suggest a form of externar pacing.

Af ier considering the length of time that ib ,book t o

work th'ough the progra-m during preriminary ùesting, and at
the same time noting Nhat the contror troup would cover the
sub ject mat ber in ni-ne crass period.s spread. over Lhree weeks o

it was decid.eci that it wourd noL be unreasonabre to expecL
the experimental group ùo complote the program at ihe same
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tirne (and in the same amcunt of iime) as Lhe control ¿i-roup.

The reasons for this decision a::e obvious" First,
in using a shorL prograiruned- unit to replace regula.r inst-
ruction, it is important that regular instruction can be

resumed without disrupbion or confusioni otherwise using
the programmed sequence wourd. hard.ly be worth Lhe effort 

"

secondry, if siudenbs ar-e allowed. to work at their own rate
entire J-y, a testing problem ar j-ses " rd.ealry- the amount of
time thai elapses between the iime that a stucì.ent coppletes
the program and lv-rites a criterion test, should. be the same

f or all- siudents. rf each of ihe stud.ents works at a d-if -
ferent rate, twenty-five parallel forms of the same text may

be requ-ired for this experiment if contamination of results
is to be guarded aga.inst. control over both the f orgel,ting
and contamination factors can be obtained by having the

students cornplete the program at bhe sanie Lirne, and- then
administering the Lest to the v¡hole group. This implies,
of coul?se, a f orm of external pacing.

The external pacing imposed. on the ex;oerimenial group

maintainöÈilconfrol over groups of fraiires rather than ind.iv-
idual frairres. Since the program r\ras al_mosfr LOO frames long,
it rùas estirnated thal an initial rate of approxi:nately ll¡o
frames per i,¡eek woulct resulb in i;he cornpleiion oí ¡he prograL"rl

in t hree weeks . This approxiüraie ra'be of c orn;oletí on was sug-

gested io ihe studenLs. As the total avail_abl-e class time
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f or georaei;ry 
'as f irniùed to 11[ rninuies ;oer week, it was

assurned thab sl,udents in order to maintain this rate would
have to work on the programs ai home,

To make sure that sLuo.ents hrere maintaining this rate,
surveys r/üere made of the studenLs r progress at bhe end. of ihe
first, and again at ùhe end of i;he second. week, stoïr students
were i'¡arned that they wer"e behind and. tord. to caich up by
woricing longer periods at home"

these itwa::nings tl hreï.e not is sued. as threats, nor r^iere

there any sanctions attached. to non-cornoli-ance iuith the raie
of progress rure. A certain r-evet of perf ornance .ü¡as seb
a.nd the students were expected io ad.hrere to it, The d.emands

i^rere made i-n a warm friend.ry wâJ¡ and. the stud.enLs worked
wiLh no fear of reprisar. rt may appear thaN r-naiiing d.enands

in a relaxed atmosphere represenLs two anùitheticar coi.r.-

ditions, anci as a resurL sorûe que srion ma¡r be raised. as ûo

the motivation of ihe stucl,ents " ,yowever, .iìeedr l using as a
criterion pupils r science interest, has concrud.ed as a

re sult oÍ a re ""nt stud.y, t ha b the two varia ble s of war¡rth
anci. d.eraand are not contradictory, and. may coexist in rnulti_
fari-ous combinations. i,tihile the reason f or bhe use of ex_
ternal pacing has been notecl earrier, iL may ìre appropriate

Ì_*Re ed, llora ce 3 .of a Teacher Com_¡etencej'lo. 5 , De cember LÇ62, p

, "ïmplicaLions for Science liducai;ion
Rgl"arch, It Science Education, Vol " \-6 u. [Bt"
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to point out thaL the manner in which ihe siudentsr raùe-of-
progress r{as control-l-eci is parbially compatib}e wiih self
pacing as it hras def ined. in cbra¡:ter r: *self pa_cing permits
a studenL to absorb the materiar at his own rate " The rapid.
learner is not hetd back, and the slow l_earner is noi lef t
behind.Ìt Consequently asking a stud,ent to catch up by pu_L_

ting in extra time is noi a. violation of the firsb parb oÍ
the definition" The reason is clearj for a given ra1,e of

absorption, the amount of material absorl¡ed is gove;:ned by
the arnount of time that Lhe material is exposed. A studenL

with a low absorption ra.te can covere by spending more Lime,

ùhe same maùerial a stu<ient witn a high absorption raLe can

cover in less tine 
"

0n the other hand, the fact thab a studont is asked

to ca|ch up implies 1,hat he is being lef t behind --hence a

violation of self pacing. The ques.bion arises: l¡Iill
Irf orcingtt a student to keep up by puiiing in adclitional
time aÍfect bhe amount that he wirr- rearn?, tha.l, is, will
it affect his capaciiy to learn?

uncloubtedly asking a studen'b to catch up places Lrim

under pressure, But ùhis pressure is no greaber bhan bhat
to which he is exposed durÍng regulan insbruction; in fact,
it appears that the pressure is no'b as great" For in the
regular class Lhe naLe of presentaiion is often too rapid for
his rate of absorpiion, while prograinmed. ins truc bion rate of
presentaiion is geared to his raLe of absorption, I{e may
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ha.ve to spencr long hours, buL he d.oes so confidenL that he

wiI] ultirnaiely nasùer tne rnaieri al.
However¡ âs all stuo.enLs d-o noi rea.ct in the same

manner t o external- pressure, it üias ciecided to qui z trrc

sLudents on this aspect of the experi.nent.

Tho programs were corlected on the day of the crit-
erion test. ltrveryone had compleied his program. ft may be

nobed that lrcompleting" the prograin is not a d.iff icult task
if the student peeks ahead at the anshrers a.nd then simply
records ihem. t¡Jhether this sort of cheating occuned to any

great exbeni is quiLe impossible to determine with any d-egree

of corbainty" Hor^¡ever, it was fet.b NhaL the item analysis
of ì,he program might provide an indication" chea.ting d.ue to
moúnLing pressure toward.s the end. of bhe experimenb, may be

indicated by an eï'ror rate consistently above average during
the first pari; of bhe program buù belor^¡ ûhe average eruor
rate for the later pari of Lhe program.

The time record cards were collected.j and. Lhe crit_
erion tes'b ad.minisLered ùo both groups at the sane time.
This guarded agains'b conLamination of resurLs within and

bebween groups. The scores of this tesL were cal_led. achieve-
lnent scores 

"
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IIf " l.,j¡l:iS URIì,lG IidsT,lUi,¡jir,i TS

The insùru¡nenLs ernproyed in tLris si,ud.y can'oe sep-
araled into three classes accord.ing bo the function ihat
they served: firsr,, to meas.-.re Lhe cri-teri-a stated. in ûhe

nul-I hy_ooiheses, time and. achievement; second.ly, to measure
and hence de'Lermine whether certain background. variabres
hlere equated, for their non-equati-on woul-d have sone bearing
in the a.nalysis of ihe f irsi set of measuremenl,s; and

thirdly, to r'easure ihe siud.ents r reactions to programmed
ins truct i on "

The particurar insi::umenN s used. are d.escribed. berow.

Achievernent. since ihe subjecb matter presented. to
the experimentar and contror grcups fo'rned. parb of the
university Entrance course prescribed. by Lhe Depanbnænt of
Education, iL was felt thai the criierion.best shourd con_
form with the sbanclard-s and formab of the DeparLment rs annual
geoinetry exainination. Thi-s r¡ould teird to ensure tnaj tne
insLnuctional objectives being measured would tend_ ùo be the
sane as r,hose set out by the lJigh school Exa:nination Board.

The examina-tion questions were serecied from prior.
departmenial exami.natioi-i.s. They were chosen on the basis of
the f ol-lowing criteria: (r ) rne ques bions shour_d be aù va..ying
levers of difficuliyi (z) Tlrey should inclucie a cross sec-
ti-on of numerical, theoreticat, and. construcùion probrems;
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(3 ) The authorities (reasons ) used to justif y the si;eps in
a solution of a problem shoulcl be different from problem io
problem 

"

A time limit of one hour Ï¡as placed, on tlre criLerion
test, since bhe deparùmenia.1 examinaiion lasts Lhree hcurs
and has a totar value of lco marks, placing a. one hour Lime

limit on the criterion Lest impried that its iotal varue
should be appnoximately ll marks--using the values bhat Lhe

departmeni alloted to each question,

0n the basis of the above criteria the criterion test
was dr"af ieCI." rt was then sen'b to a member of the High school-

Examination Board f or validation" (The nigh SchooÌ llxarni_n_

ation tsoard. is responsible for setting depari;menLal examin-
abions ) " Her com¡rents and. suggestions rtrere incorporated into
the finat version of the test. (see Appendix B for a sarnple

of the tesi ) "

The final test contained seven quesLions with a total
value of thiriy-five ma.rks. Eight marks l^rere given Lo llum_

erica.l deductions, si-x'been marks i^Jere given.bo theoretical
dedirci;ions, six manks to the re citati on of a the orem, and.

five marks fo:: a consLruction problem.

A scoring ke¡r was prei:ared and test lvas scored by Lhe

writer.

Time " Each stu-dent who parcicipaLed in the experineni

on sheets s;oe cially prepared f orkept a reccrd of his 'bime
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this purpose" For a stu-cient of Lhe contr.ol group it in-
volved keeping a record of onry ihe iime ùhat he spent o.oing
geometr;v homework ouiside of bhe regular geomeiry periods.
For. a studeni of the experimenbal trcup i.b rneant keeping a

necord of the time he s;oenb working at the program" special
tttime record. sheetstt r^rere preparecl t o help the sturients in
ihis task.

Figure L¡- shoivs a sarnpre of part of a time record.
sheet used by ùhe p'ogranmed. insb:r.uction group. Each time

Date:

Sbarting frame

Ending frarne:

Starting tirne

Ending time:

FIGURE 4

SA]'ÍPLE OF A TTMd RECORD SI{EE?

that a studenb sai d.or^¡n to work at the program, he was to
record the sbarting time and- starting framei after he had

completed Èhe r.rork he set out to do, he recorded the end.ing

frame and time. rf he put in any ad.ciibional time reviewing
or the like, he record.ed this time as such, 'rhe sum of arl
Lhe se sesslons r^ras a iime observalion f or a particular
s budent 

"

The siud-ents oí, the contror trcup were given simila.r
time record sheei;s except ùheirs maoe no mention of fr.ames"
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Obviousry the contror obtained over rhe t-irne obser_

vaiions was nob rigid" Ilowever. it was an intenLion of lhis
sfudy to conducL the experiment under regurar crassroom con_
ditions--this im;ories homel¿ork, ri hias hoped that supprying
the iime record sheets wourd. encoura8e the studenLs to keep
a record of their time. rn a furthen attempt io ensure ihat
these records would- be i<ept, sLudenLs were reminded occasion-
ally of their task, They were arso i-'formed that their ï-e_
cords wourd not be herd against them. The writer berieves
tha t the s tucrent s oid- keep reas onably a ccurate re cord.s .

Eg_qþgl_gunq variables. Two variables r^rere meaauroci;
pr-ior knowled-ge of geometry, and. verbar abi_lity, To measr¡re
a s.budentrs prior knowled.ge of Eeorûetry a iesL fr"oll the cc_
operati-ve l"iathema'ies Test series (geometry, Form A) T^ras

administered pr"ior to the connnencernent of Nhe experiment.
The test is divided into two parts, each consisting

of f orty items ancl each with a time tirnit of forty rninutes.
since Part r examined on the content given to r,ranitoba
si;udents in gr"ade X2 it alone was used. This pa.rt was norm_
alized over zt43 sùudents frorn various areas in the united
sLates. The mean was 26"s, standard d.eviation was 5,36 and
the reliabirity coefficient lras o.goo A sample of bhis test
can be f ound in Appenctix D"

As par',r, of bhe schoors r regu,lar graoe ereven fa_11

besting progran consisùed o-f adninistraLing ùhe Gracie XI
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'scAT Tests, and since a s Ludent s verbar abirity may aff eci
his ability t c r-ea'n through prograrîmed mat erials , ù he ver.bar.
ability scores as given by this test were recorded,

Ë!ggq4!_ g!_!3!_UÈg_q. An a.triiudinal que sLionnai*"2ra"
preÍrared by the writer f or ihe purpose of næasurin3 the stu_
dentst general reaction to prograrcned- instr.ucbion. rhe
questionnaire asked- stud.ents ûo compare programrned with
traditional instruction in terms of effectiveness, appeal,
boredom and- pressure. The quesbionnaire was ad.minisbered"
to the students of bhe experimenbal group after the;r þ¿¿

comple ted the plrogral-n a.nd had wrilten the critei:ion achieve-
ment test " lro encourage unbia.sed opinions, stud.enL s r^rere

asked nob to sign their na.mes Lo the qrle stionnaires . rt
should be noted bhal, all the student s of classroom A, in-
cluding thore nob in the experimental grollp, answered. the
quesbj_onnaire 

"

2^-See Table ,{I, p. 22)+"
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Jviatching with rendonizetion was bhe design employed
in this experinenL bo obtain two rrid.enùicar_rr sampres. Each
sample was then exposed to a. difÍe.enL Lreatment (progr.anmed
versus traditional instruction). Afùer the treatrnents, the
same exarnina'ion was ad.minister:ed to both groups. rf both
gl3oups l^Iere equal bo begin r"rith, then any observed d.iffer_
ences in the cniLorion scores could be atiri-buted to t he
methcd of teaching.

I{owever, due to sarnpling variation inherent in ra'd.om_
ization (ttrai is, crue to chance ), the backgrcund var.iabres
rnay not have been equated. rn bhab case the d-ifference in
the irþ an cri'erion s cores could be a'ùribu'ed t o uirequaled
backgrouncr va-riabr-es a.s i¿e1r a.s teaching" consequenbry the
means of the criberion scores r,¡ould have to be corrected to
accounû f or l,hese diff erences , fn t his stud.y, t he means of
several baci<ground variables were ca.lculaLed., and were f ound
to be lrequallr; hence, there was no need. to emlrloy r¡lore com_
plicated statistical Lechniques, which would not have been
the case had the means differed substantially"

A vai'iation of the ! test was used to d.etermine whetlrer
the mean criterion scores diff ered si..nif icai.rb ly"

The siatistic b can be useo. io ciete¡.rnine how ofien, or
with what probabilit', two sampÌes with ihe cbserved rnean
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criierion scores could- be d_rawn aL rand.om frorn a common

population of criterion scores. rwhat are L he chances of
drawing from a common popuration, two samples whose criù-
erion neans diff er. by a cerLain amount? rf chances are rare,
say one in twenty or one in a hundred,, ihen there is reason
to d.oubt--since tire treatment s û¡ere dif f erent --bhat the se

sampres hrere drawn from ihe same population of criteri-on
scorese rn this event it would be concluded that the d.if-
ferences in t he means are d-ue to the diff erences in the
treatments--bhe iwo teaching method.s employed,.

while the staListic t indicaies thre probability with
which the difference between the mean eriter.ion scores of
the two groups wilr occur, ii does not indicate whether this
probability is significani; this is the responsibility of
the experimen¡ei:.

Two Ìevel-s of significance frequently chosen by exper-
imenùers are the five and. one per cent levels, rf the dif-
ference between bhe mean criterion scores couId. occ-ur by
chance five or fer¡er times in a hundred, then it is said that
the difference is statistically significant at Lhe .05 leve1,
or statistically significant at the "01 level if the differ-
ence coul-d occur one or fewer times i_n a hund.recl" The latter
is generatty calred highry significant. The statisiic t was

used to calculate-bhe significance of the difference iha|
occured. Ihe formula used, in the calculauion was:
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¡= I 
- 

r"ri---j- . , with n-I degroes of
t/ s* /n

freedorn, and r¡Lrere I =, the mean of lhe differences between

the paired observaLions, sê = the va-L"iance of these d.iffer-
ences, and. n = the nurnber of paired. observatior,.s.l

The t Lest i¿as used to test ùhe following nurr hypo-
theses,

1. The achievement means of the experimental and. con-
trol groups do not d.iffer significantty at bhe .05 lever"

2" The mean tiine scores of i;he experimental- ana con-

trol grorj.ps do noi diff er signif icantly aL the "05 level.
Another statistical Lest employed in this stud¡r was

the chi-square Test for Good.ness of Fit. At Lhe beginning
of this chapter, it was postulaùed tlrat the popu]ation at
which the study was aimed., was the future graoe eloven stud.-

ents at st" Paulrs iiigh schoot--assuming, of course t fro major
change s in the t¡.p" oÍ stud.ent s enrorl ing at si, . paul ¡ s . rt
I¡Ias laLer noted Nha.t approximatery one-third of bhe students
did no"c participate in the experiment beca.use ihey hiere en-
rol-led in an eight as opposed. to seven subject sequence.

Assuming thai the nopula|ion is normarly distri'buted,
and noting that a normally distril¡uted sampre provides an

1.--,J er or,le C "erìce, (Ann Arbor:
R" Li, InLroducùion to Statisùical fnfer-
Edwards Brothers, I95T), p. 97.



inductive basis for inakinE

d-istribubed populaiion, it
of 'bhe sample used in this

TLrc formula employed

.,2 - (f-h)e
^=).L' ht

where f = actual frequency, and. þ =

llith one degree of fr.eed-om a value
f or X=, r^¡hich is not significant p>

was normally distribubed 
"

Bo

generalizations aboui a norrnally

was decideC bo test the norrnalcy

experiment,

hras:

hypothe ti caì- freq*.r"y. 2

o.f 0 . 1/I¡- was cal_ cula- ied

"5Q . Tha b is, t he sanrple

rn srmmar¡', it can be stated that: the popuraiion has

been identifiedj a represeniaùive sampre chosenj and. hence

the results of bhe study may be generar-ized io ihe popuration"
control over the background. variables has been estab_

lished, and the treaimenis have been derineated..

rnst.urnenùs have been d.esigned for the næasurement of
the criterion variables; a possible limitation concerning
the measurement of time Ïras noted"

Final-ly the statistical bechniques used in the anal--
ysis of the daia were ,oresented " The f ollowing cha.pter d.eù-

ails ihe data pentinent to this study, indicales Lhe results
of the tes bs of signif icance, and then atternpts thnough a
further analysis of rhe dai;a to seek expranations for the
observed result s .

2_..-l_Dl_d. p. +J¿.



CHAPTEJì V

PRES,ï.iTAilOi'i .{irrD A1íALYSIS 0F D.¿rTA

To assess the feasibility of using a short program-

med unit in place of regular classroorû instruction, iwo

criteria hrere stated as nult hypotrreses ard- arj. experiinent

was designed to test them" The results of the experiment

are presented in this ch.apter" Presented arso, are anar-

]rses of data not dir:e ctly related. i o the nu]-l h¡rpotheses,

but inportant nonetheress because of tbeir connecti on r^iith

the generar purpose of this study, specifically threse

later analyses o.eal with i he atiitudinat ques'bionnaire, the

c::iterion test, and the pro5ram.

The daùa, f or each st,udent, relating to pre and post

treatment variables is disprayed in taburar form by Table

IX.

Background ysl¿_ab.l-g5_. The difference between the

means of the control and experimenta.l groups, âs shrown by

Tabl-e rrr, f or each of the six background varia.]¡les is not

significant. This inoicates tha.t Lhe procedr-ire used to equate

th.e baci<ground vari ables, mat ching wit h rand omi zation d id
rrlnlor k " 

rî No statisti cal "long shot Ìr occured., ano matching on

the basis of the composite scores did not cancer- cui d.if-
ferences in r.Q" and grade ten averages Lo favour one groupo
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TABLE ITT

ivEÄiiis A]\D srAilDAiìD DEVTATTOÌ,rs oF THE BACrIGROUNÐ vAp,rAtsLES

Group t! varlable jviean Std" Dev"

Experimenial 25 0omposite 9Lf.5Z
C ontr o1 25 s core s 9[. 6l]-

Experimental 25 r r., IIE,16
Control 25 

*ôE¿o 
119.OIl

Experimental 25 Grade X 5S "04
Controf 25 average " 5g.Tz
Experimental 25 previous 23.96
Control 25 knowledge . ZI¡ "L6
Experimentat 25 Verbat Z9\."4g
Contro] 25 ability. Z73"LZ

Ezçerimental 25 L9S,76
Control- 25 Age. 

I9T J+2
-"-F 

= r.932, pt.051
I-Sometimgs it is possible L o f ind tha b rûeen,s, whicha"? nearly equal, actually differ significantly becåuse of

I large difference betweeñ the standãrd deviai;ions. TheF-tesb was umÞloyed to d.eùermine whether the difference be-tween the staà¿ara deviations of the verbal_ scor", ,u" sig-nificant " since it was found Lo be non-significanL, itcould be safely concruded, bfrat the observeo- d.iff ererrcebetween the verbar means !'as also not significant"

The difference between the cornposite means of .bhe two groups
is due to the rand.olrization process also " Some matched. pairs
lIere co:rposed of members whose conposi-te scores were not nrrn_

eriearry equal, and. rand.o,r assigrrrneni weighied ù he control.
group.

1? oo

U-.13

11"03
l_l_ .02

B.zT

7.BO

3 "9Ll
4.rz
7 .62

-\1
10 " 60"

6 "oT
6 ")+2
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Criterj-on varia-bIes " Ta.ble IV shot^'s that i[:e meen

difference in achievemenL between the control and exper-

imenbal groups was 0"72 j-n favour of the conLrol- group.

since the difference is not significa.nt, (pt"Z0) the null
h.ypothesis of equal rnean achievement was accepted,

The rnean difference in time of 9l+.45 rninutes in favour

of the conirol group r^ras signif icanù, (p<.Of ) " Hence the

null hypothesis of equal mea.n time wa.s re jected,,

The interpretaiion of the statisiic is thai uhe con-

trol group worked ronger than the prograrnmed, instruction

Eroup to cover the same material, that is, ib itaveragelt

studenL of the conLrol group s;oent approxin:aiely 95 minuies

more than his counterpart le a.rning geornetry, Since boih

groups spent equal time in crass, he spont this time working

at home over a peniod of three weeks " This arnounis to one-

half hour per neek--certainly noi, a very large figure in
terms of homeworkt

The standard deviation for the control group was

eighty mi-nutes, cornpared 'i;o sixty-eight minutes Íor ihe

experimentar Eroup" The lowen figure for ihe experimentar

group suggests i; irat prograrnmed, irrstrucbion, utilizing a

linear programe caused a- greater lromogeneÍty in the tirne ob-

servaii-on than traditional- instruction, Iior,¡ever ihe greater
homogeneity may also have been d.ue io ihe form of external
pacing inrposed on Lhe experi_liienÌ,al grol-lp. Lack of perÈineni
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data precluded further analyses along this l-ine.

iriear zeyo correlaiions beuween tirne anci achieverrreni

and time ancL errors, 0"03 and -0"06 respecLivel¡r, indicates

ùh.at t he raie a û which a studeni r,¡orked ûhrough the program

had- no bearing on ihe n'¿mber of errors ihat he ræ-d.o, or on

how t¿ell he mastered ihe conient. This appears to be part

oí a trend, for no significant correlations were found be-

tween time and each of Nhe other variables"

A further analysis of a chievement " An exarnina tion
of the achievemeni scores disclosed thai three scores of the

experirnental group were so low (0, 2, and 3) as to ind.icate

practicall-y no learning" An attempt was rnade to identif¡r
these under achievers by exploring their background variable
scores.

Their scores, in terms of standard deviaùions from

the mean, are recorded in Table V. For comparative pur-

poses the scores of the three lowest achievers (scores of

7, B, and- 11) of the control ilroup are includ,ed in the table.

TÀtsLÃ V

TDJTI{TTFYIi\]G TIJE U1{DE¡i-ACiiTBVER

--- -- -
Gr oup Ì{ Äcirv. I"Q, Gr" X Cornp. Time V.A. PrK. Age

Exper, '¿ -2ñ -ar1) 4 . v . v; .t/

-r .0
t.-.+

-l ',l

^? 
? -'r ( - (

óvl .) L.) r¿/

-n(7-2tr.(- "v) ø [ - øL) .)Control 3 -1"4 -"82
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Grouped rather than ind"ividual scores ere used. in or.der, -bo

rninimize the ef f ects of indiviciu-al_ d if Íerences . Taring a

deviation in excess of one as si,rnificant, one fact stand_s

out: the under achievers cf the progranrmed instru.cùi_on group,
unlike Lhose of ¡he control group, all had. a poor prior know-

ledge of geomelry" This appears i o ind.ic ate a r^reakness in
i;he assumpbion stated in chapter rrr, namely, that alr
student s entering gi:ade eleven had. a certain prerequ-isite
knowledge of geometry.

To explore this matter fr-rrther, a survey r.ras mad.e of
the gra.<le ¡en f inar geomeiry examiriation marks obtained by
the student s of both groups " rt was f ouncl i hat ì;he above

three students as well as one stucienL of the contror group

had fail-ing grados in this examination.2 ri is quite like1y
tlren that these siudents did noL possess the prerequisite
knowledge stated in chapLer rrr. Ilenee ib is not very sur-
prising that bhey failed to learn from the program, since
the program ïras not written wiih Lhem spe cifically in mind.

The reader may be interesûed. to note 'ùhat, exclud.ing
these four students along with their natched. parLners from
the sùatistical a.narysis would. cause ihe difÍerence in mean

2o p*"sing grad.e in maihematics, and. hence promotionto grade eleven maLhematics, is d-etermíned by ihe Ëasis ofa combined geometry and algebra score. A stúdent could failone and pass the other ancl still receive a. passing grade inmathematics.
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achievemeni Lo f avour i;he experimental Sroup by f .3 points.

This difference is alrnosi significant ai the five per cent

level, (t = 2.f)"

The failure of lhe program to teach these students

underl-ines ùhe importance of accuraùely identifying, before-

hanc, the t¡.pe of siudent that ihe program intends io teach"

A low correlation between'I.Q" and- achievernenb (r = O "26 f or

the experimental group, and r = 0"42 for the control group)

precludes the use of I.Q." as a predictor of achievement. A

correlation of 0"22 between verbal abiliiy and achievement

appears t o indicate that those skills measured by the SCAT

test of verbal- ability are not a prerequisite to learning

from this program. Better predictors were the cornposite

scores, the grade ten average a.nd the previous knowledge

scores o They are surnmarized in f a-bl-e VI below. Interest-

ingly, the besL predicNor for the program¡red instruction

TIIBLE VI

C0ir.R.,IL¿'l'IOiVS BiITliEEi\i ACI{IEV]I]'IEüT Ai\rD TilE BACKGROU]\ID
VARIABLES F0iì 'fljtr EÅPERIyrEl'lTAL Ai\D CCIiTROL GROUPS

\¡ariable Exp. Group Control group

I,Q,
ComposiLe

Grade X Average
.i)revi ous knoi.ileclEe

-"-"=.40 is signif icanb at bhe

o.42
0.72
o.65
0.Lltt

O"O5 1eve1, ll = 25"

J¡.

Q "¿ó
o.4v
U"OU

0.>>
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group are the grade X aver.ages " This apitears to suggest
that general acad-emic perf or*rance ar-rd. ;cerf orrnance on pro-
graru'ed ma.terials are con'rolled by a coinmon seL of be-
haviours 

"

Ältr!-uÈi!3l er.Lestlgnnglre. parr of rhe ari;irudinal
questionnaire'r^ras d.evoted. to a com;oarison of programrned- and.

fraditio'aI instruction. A five poÍni rati-ng scale hras used
to rneasure sbud.ent opinion. Table vrI si:-rn¡aarizes Lhe resul_ts;
a complei,e analysis of ùhe que stionnaire ca... 'oe f ound in
Appendix B. The firsc four items reveal ihab a ï,easonable
percentage of stud-ents hlere unde cideci.. Unlii<e tlre f irs L f. our
items, iteiir five impiies acL ion ano, very f ew sì;udents

TABLE J/IT

A SUÌ'OÍA1ìY O}.- STÚDEI.]T ATTITUDES TO PJìOGRAiVI1\TED
VE¡iSUS TRADITIO¡iAL INSTRUCTIOÌ\

Pr ograrar:ned Ins truci icn: Agree Disagree Undecided

I, is more effective
2" has more appeal

3. is less difficult
ll " involves less home-stud.y

b. is boring

7 " exerts pressiìre

63 l¿ 26 ?6 LL 
7¿

//oo¿bg

77 1r L2
t^+e L7 34

20 6g 11

¿6 
'7 

17

5. f or f ut-une i.nathematics course óO 3T 3
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remained undecideo; inore tha.n one-thii'd oÍ'the sLucients

indi-ca'bed thaL they would not prefer. progra.iruned insiru-ciion
f or futi-ire maihemabics courses. Possiole explanations f or

this attiiude may ile f ound in items six and. seven: twenty
per cen-b of ì;he s Ludenls f ound prograin-med instruction 'boring,

while twenty-six per ceni founcr- that iù exerbod. pressure.

The pressure was probably d.ue to tire form of external pacing

which was used in i;his st,udy,.

The external pressure, however, appearecl io affecL
diffe::ent students ùo d.ifferenb degrees. .tirrhen the writer
intervier,ved the three lorv s coring stu-d.enbs mentioned- earlier,
he found that bhe pressure of having to corn;olete the program

by a certain iime hras corûpound-ed- lnany tirnes by their frust-
r"ation at being unable to learn from progranmed. n:ater.iars"

u'/hy then did Lhese sùudents noi ask for extra hel;o

from lhe tea.cher! Perhaps it r,¡as parb o-f a patbern. rn

ansr{er to 'bhe s taLerneni, ,,I,/hile wor-ting on ihe program,

occasions arose when r desired an ad.d.itional_ explanation
from the teacher,'i only twenty-three per cent of the siudonts
answered ttro;tt all Nhe remaining sùud.ents answered. either
Itseverallf or Trnanynrr Yet, it has been noted, i;hat very few
qllesNions brere asked, and. ihose that were asked were of a

tri-vial- na'bure " on the surface the resurt air;ùeers contra-
d:"-ctory" 0n i:,ire obher hano, tLre s üuienb responses ùo the

above ibem rûay simply be an ind,ica'Lion of an ernoiionaL
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atbachrnent to a habii;u_a.t mode oÍ insirurctionj the sluctents

did not really neec explanai,ions, they s i:nply wantecl io be

reB-ssi.lr ed " Once 'bhe s tudenù be coliæ s acc r.r.stornecl to program-

med inslrucùion, and the new rore of ihe teacher und.er Lhis
f orm of ins bn'uction, it is possibre thai tnere wirl be

greater consislency between his rvants as expressed in the

above iiem, and his actions as observed. in ihe classroom"

The achieve-qent tesi and i;he program" The criterion
achievernent test T¡ias anaryzed. in an atte:ript i;o oetermine the
ouf comes whi ch the program f aited. to ieaclr " 'rable vl=rr gives
the resulis of this anarysis. rt shows that ihe prograrû

TABLE VI]T

AN AIIAI,YSIS OF T}IE CRTT.ERTOÌI AC.iIE\TE1'íIII\I TEST

Type
QüeStion

lr: o.
Sum of Values-)i- Difference by

Value Exper. Control (a)ques. (b)Lip"

I
2a

i{umer i cal
d ed.u-c t i on b

d

? e"t

I lor/
I lo

L/

) '¡ r't)7

¿¿¿

rBr
aô

JÕ

4o
I1

-1

-J''+o
-1
t1

Theorem 3
/ /-o o( t) -6 -6

'j'he oretical
deduc-t ion

4
5

o

4
o

6

79

d.r

óJ

.+2

BO

7t+

10[

I
-?_0

2t

C ons truci ion 5t '7 1lL -.)! 
\ )^

-"Out of a possibl-e 25 iÍi,.re s the va-lue of th.e ques bion.
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instruciion group did a li1, ble bet ber llran the control

group ii-i answering numerica.I aird theoretical- deduc'bions, a

litile pooi'er in r e citing i he the orem, a nd rnuch iloorer in
answeri-ng L he cons truct ion quest i-on.

Consequenily an exarnination r¡as rna.de of i he subsequeilce

of ihe program d.ealin¡¡ v¡ii,h cons-brucii on problems, f raäres 238

to 256" In Lhis eighteen frame sequence, nineteen errors

blere commiNted. Th.is gives an average error raLe of approx-

imateLy I per cent, which is below the average raie of 7.6
per cenù f or ùhe wlrole progran. This a;o,Ðe ars to support

Jacob¡s contention that there is no ernpirical justification

for consider.ing low item difficulty per se as essential in
't

a iorogram.* A low error rate does imply rnastery of the

content.

The low error rate and the poor achieveírÊnt porirayed

by the above subseqûence is not in agreement wit,h the resuLts

obtained for the program as a whole. A negative correl-ation
(r = -0164), signif icant at the one per cent }evel, r¡ras ob-

ùained. botween ercors ancl achievernenb " Generally, students

with many er¡rors tended to do poorly on the achievemenb test.
A ranlr order correlation of 0"70, obtained beti^¡een ilre number

of errors at the end of thirby frames and ihe nurrtber of

errors at the end of bhe program, suggests, noreovor', that

1_-PauI I. Jacobs, "ftern DifÍiculty and Programmed
Learningrtt lhe Journal of Prograrrrmed. fns
No. 2 2 Su-tanr

brgc¡1p4, VoI" II,
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an earl y identif ication of ihe poor achieveï.s is llossible "

Seven of the twenty-f ive progretrr ins'brucùion s tudents
failed the criLerion achievernen1, test, t hat is, iLiey scored,

less than f if ty per cen'b. of the se seven, Lhree had err.or
rates in excess of l0.i¡ per ce'nL, ùr¡o had_ error rates cf

Ç"6 per cenl,, and. t¡¡o had- error rates of less than 6"1 per
cent" Thai; is, sevenùy-one per cent of the siudents with
error rates Ín excess of 9 per ceni failed, the criterion
rLac.l.

The item analysis of bhe ;orogra-m is surn¡narized. in
Figr-res 5 and- 6. Figure 5 express as proportions the number

of frames on Lhe vertical- axis and- the nurrrber of errors along
the horizontal axis. Twenty-eight per cent of t,he frames had.

no errors, twenty-nine pen cenL had. one effor and fifteen per
cent had two errors. The reiriaini-ng twenty-eight per cent of
bhe frames had three or more errors j since the tota-l pos-
sible errors on any given frame r,¡as twenty-five, Lwenty-eight

.Ðer cent of the frames had an error raie in e¡rcess of ten pen

cent " A closer investigaùion of these -fra.mes seemed. in ord.er"

starbing at frame r, ihe program was subdivided_ in.bo

thirteen, 3O frarne sub-sequences " Fi.gur"e 6 shols tha L each

sub-sequ.ence except the firsi had. an error rate below ten
per cent " The curve ii,self is errabic, and suSgests a crude
programj the revision of a few frames should result in a

generally smoother cu-rve " signif icant ¡:erha;os is t he d.ecreas-
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FIGUIìE 5

ERROR CONCENTRATION CURVE
The percentage of frames gonerating

a gi-ven numbor of misLækes is
plotted against that number

IGURE 6

TITE PER CENT ERROR RATE FOR
OVERLAPPING GROUPS
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ing error rate in the last sixi¡r franes, The laLer pa.rt oi
the pro*'ram r^ras cerùainl-y the mosL diflticult " For i_n this
part of bhe program bhe sir:,clenL had to make use of arl the
concepts Lha.t he learned ea¡-lier; also, the responses tha t
he was required io make were longer and. more complex. The

f act that f ewer errors lrere corrlrniited in this se cti on seerns

to indi cate t hå.i stud eni s r¡rere acLrie ving the s Land.ard. of
perfor.mance l,hat was expected. from thern" IIowever, this
might also ind.icate an a-bsence of 'rtric-rrr ques.bions 

"

Appearing throughout the program ïiere insbances of
two or three corìsecutive frames having error raies in excess
of ten per cent. rn some cases bhe frames were fauliy! in
others hoioiever, the frames i^rere properry constrr.Lcied., but
they may have required stightly nore atteirbion from the
student, that is, they may be called. lrtrickr ques bions " hlhen

two titricklt frames occured. consecutively, sLudents making an

eruor on the firstr generally did not make an error on the
second. rL appears that making an error on one frame raised
the level of the stud.ents atbention, causing him to make no

errors on the frames immediately forlovring. This speculation
gives ri-se to cther interes'üing speculations regarcring the
optimum error rate of a prcgrarn, r,he relationship of errors
to bonedorn, and" Lhe use of "trick'questions to bu_il-d. in an
error rete 

"
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S ui'fi,l¡Ry +ri,iD COI\iCLUö ÍONS

f t is qrrite clear Írom a-vailable repor Ls

sfucients can l_earn by progranmed iaethod.s, j{osi
negative results appear to come lrom classrcom
of these næthods.

tha.t

i-ns Lances of

appfications

The purpose of this study was to dererrnine the effects
of enrploying a short prograramed sequerlce in place of a unit
of regular classroom insbruction__wiihout disrunLing or
changing the regular cl-assroom roubine. ,fhree eff ecbs r^rere
considered: achievement, time spent an. student reacti-on.

The unit oÍ work emproyed was a section of the pÌane
geometry course aÙ Lhe grade eleven level " Three weeks i^rere
s'oent teaching this unit " The study tock prace at saint
Paul- rs lligh school and. involved f if ty studenbs__twenty_f ive
roatched pairs disiributed. rand.omry to two crassrooms. one
group received instrucùion by program, and. the obher, acting
as a conLrol groupv poceived. trad.itional insbruciion.

Two nurr hypotheses ürere ùesLed " . one statecl thaù the
rnean achÍevement of ea.ch group was equal, the other, itraù
'bhe mean time f or ea.ch group i^ras equar " Further investig_
a'tion cor'sisted- of assess ing i;he s tude nù atiitucles b¡r rûeans
of a quesiionnaire, analyzing Lhe program and ihe criierion
+^â+útt ù Lr .
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Tt^ie resul_ts of the stud.y showed ihai:
1" Stu-deni achievement was incependent of insiruction,

The mea.n a-chievement of ihe stucie'bs instructed by proêiram
w8's statislically equivalent to the moan achieveirreni of' ùhose
siudents ins tructed- conventionally by ùhe writer, I\everthe_
less, t he d-a'ba also r"eve¿¿l-ed, that f or weak geometry sbudeni s,
that is, students with a poor prior background in geomeLr¡r,
prograinmed instruction was a less effective meLhod. of in_
struc'Lion- 0n the surf ace, t his f indiir3 appears t o s Lrpport
Let^¡is r contenii on (not ed earrie r ) , ihat a r_inear ;oro¿,ram in
geomet::y rnay be a.ble i o teach most of .bhe sLud.ents and that
a feacher be employed. Lo butor. the sùragglers,

2- There is evidence to suggest that exbe=nal pacing
'hras a facton in mininizing the amount learned by the pro-
grarnmed instruction grcup, and had. ùhe students been all-owed
to pace themselves, grea'e' incremeni s in learning wour-d_ have
resulted. serf pacing^, however wour-d necessitate a change

in the rrnormalrl cl_assroom conclitionsi unless the increments
in learning under seri' pacing are substantiarly greater than
those obtained und-er conditions of external pacing, Lhere
appears to be no need. bo change existing classrcom procedLrres 

"
FurLher research in this area wirl be need.ed- if progr¿.¡nmed

inater"ials are to be used most efficienLly in Lhe classrocm"
3. The amouni of tiine saved by the prograäroed ins tr-

uciion groujl, witi-le siaùisticatl¡r significanL, was certainly
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not edu.caticnarly signif i ca-nt--one-hatf hour per weelr per

student. This is not to say ihat saving in ùirne was not

signif ic anL frorn t he s ùudent r s poinl ol view. l,iost stud.ent s

of ihe experimenLai- gnoup noticed thaù they spent ]ess iine
doing homework under progranrmed instruction ihan i;he¡r çri¿

under conventional ins bructi_on.

4. The ma jority of students favoured. prograrnroed_ to
iraditiona] instruction. However the sharp creava.ge between

students favo-r;ring and disfavouring programmed insLruc¡ion
for furbher mathematics courses was an unexpected. result--
sixty per cent r^rere and, thiriy-seven per cenL were not in
favour, leaving only three per cenL und.ecid-ed." oLher sLuclies

have reported a similar percenLage of students in favour, and.

a much Ia-rger perceniage of stud.enis were und.ecid.eo.. l,ühether

the observed resulis Ïie,riô a function of the program itself,
or a function of 'uhe conditions und.er r,.¡hich the program was

employed, or a function of the student hirnserf, is di.fficult
to determine" As one of the sLudenbs stated, ',Learning from

the progr"am is all right, bui r prefer being Laughi; by you-,

sir " 'r rn general ii appea-r.ed that Lhe more mature s tud.ent,

ca.pa-ble of independent stud¡r, favoured. prograrrmed instructi on"

An interesting speculaii_on ma;r be: to lvhat exLent does pro-
graruned instructicn promote ihe 6rowth of independ.ent siud.¡r

habi'bs ?

Þ. A srgnif icant negative corcel-ation between errors
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and achievemeni, appea.rs io ind.icaie that error rate is a

good predictor of achievement. This suggests thai a. revision
of the program Lo red.uce i;he error rabe må,y result in a cor-
respond-ing increase in achievemenL, on bhe other hand. an

interes bing result occr;red in this stud¡r ivhich ind_icates the
uncertain relaùionship between errors and achievernent, A

sub-sequence of the program d.eating with construction prob-
l-ems had a beÌow average error ratej yet an analysis of the
criterion tesù reveareo ihai the construction probrem was

ansv¡ered le asü satisfa.cùorily. This appears bo support the
contention tha'c a low error raie is not essentia] in ord.er
that a student r-earn frorn a program. since stud.ents in-
dicated that their errors were usually clue t,o carelessness
or inatteniiveness, raLher than a laak.of und.erstanding,
a problem of the progÌâemrrter becomes: how to wriie a program
that will maintain student interest.

6" Despite the facb that teacher assistance r¡ras avail-
abl-e, very few student,s asked f or helpu A possible cause may

have been thai stud.ents rìrere nc¡t encouraged. to ask, bu_i rathen,
Iilere Lold Lo ask only when they weï,e 'rdesperatel-y siuck jÌr or
it is possible Ùhat i;he sLudents t d.ifficul-ties occLu'ed, while
he l"las wcrking at the program ai home where no teacher assist-
ance r¡ra.s available. lrleiiher of ihese explanations are ad.eq_

uaLe " rn a subsequent iriar of Lhe same program v¡ith a dif-
fereni grou;o cf siuo-enLs f ew ques'üì ons ï^rel:e as.<ed. although



the students hrere j_nstructeo_ to question the
time no matter hov¡ trivial the dil:Íiculty"

99

1,eacher. at any

ripparently the onus of identif'ying the u¡eak stucrent
who needs private tutorial assistance rests wiih bhe teacher,
a'nd the best criberion f' or such id.entiflcaLi on seems to be

his initial errcr rate " For, by rhe enci of the f irsL thiriy
frames it wes f ound- b ha i each stud ent had es ta-brished an
error rate which i n mosi ca.ses continuecl ihroughouL the
prograrû"

7 " The f orm of externar- pacing ernployed in this study
d-oes not precluce the u-se of progra.inmed mateni.als in prace
of regurar instruction. rt appears that control over groups
of fnames does, however, prace pressure on certain stu_dentsj
whether the achi-evement of lhese stud.ents would iraprove sub_
stantially under condiiions of self pacing remains to-be es_
tablished ernpirically.

conclusion" Despite the fact thai stuoents wanLed,

a-dditional assistance and d.id not receive it, and despite the
fact that Lhis program I^Ias not used und.er conditions icieal
for rnaxirnum learning, namoly serf-pacing, bhe above evid.ence
suggesÙs ùhat a short programmed unit can be used, withouü
disrupting the regular classroo,' routine and. with minirnal
teacher assistance to achieve the same results es trad.itional
instruction. This, coupled. with the f avourabl_e stud-ent
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reacbion is encouraging for further experimentation with
progranimed materia.ls 

"

There seeins Lc be rittre d.o'bt th.at progranned m¿_t-

erials can teach; this is a finding corrobora-ted by many

other studies. perhaps surprisingly, this program has

taught under cond.itions which may be termed. unfavourrabre"
An interesiing stud.y woutd be to compare aclrievei.nent und.er
these unfavourable conditions and. those construed. as more

favourable to programrned. instrucLion.
0f val-ue too, w ourd be a s tud.y nLri ch a ttempt ed. b o

iclentily accuratery, the type of student ilrat succeeds with
prograruned materials. rù has been suggested, thaù iniel_
ligence and verbar- ability are both poor predictors of
achievement, wfrir-e generar s chor-astic perf ormance, stud.enL
maturity and study habits may be good ind_icators of t he type
of sbudents thaL succeed with prograrrnned, ma'eriar-s.

An intenesting experi-ment or series of experiments
can be done in any study simply by raaking a complete anar--
ysis oî the error rate. rf an optimar error raLe pattern
c¿'n be described, it may be possibre .bo revi-se a program so
as to make it cha-rrenging for difÍerent revers of r_earners
by introducing t'tri-ckli qÌlestions at diff erent J-ntervals,
whire still retaining the gross anatorny of the program.

Programmed learning is a fascinaiing med.ium of in-
struction. For Lhe teacher interesLed in programming, it
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frrovides an opportunity b o exami-ne ihe a.tomic aspects of

his pnesenta.tion and the learning process; for Lhe teachrer

interested in research, ii coniains many promi sing avenues

of explorabion! and, for the teacher concerned. rvith stinul-
ating his students by using a variety of instru-ctional Lech-

niques, it provides a comprete change for stud.ents accust-
omed to conventional presenLabion mod-es.
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TI'IE PRO[+R.\J]'Í ÁIID AN ITIIVI AI{ALYSIS

OF THE PIìOGRAIúJ



ITij'Î ArlÁLYSfS O¡- TH]l ?,ìOGili\i,r

The errors which each student oí the ex;oerimental
group rnade in working Lhe program are record_ed on the roÌ-
lowing pages. The stud.enis we¡e ra.nked. accorcling bo iheir
achievement scores, and. are risLed in d.escending order
under the heading trs. tr The ad jacent col-uinn Iis.bs the toLal
nurnber of errors t hai each student made i íor example,
sbudent iil4rt ranked. f jrst in achievemenb an. mad.e eleven
error.s on the pr ograrn" Errors occuring a t a parii cular
frame f or a parLicurar s budent are indicateci by the sn-rnbor
t'o. tt The absence of this synibol ind.icates tha t the f name

i^ras answered correcùly, Thus no stucients mad.e an error on

fraine one, sLud-ent rtrfrT made an error on frarae-bwo, and.

three students "25r,, ,r2Orï and t¡LZfl each answered frame
Lhr ee j-ncorce ctly.

Altogether Lhe s'bud enL s mad e T 38 out of a pos sibre
t'25 x 388" errors on the programj this results in an av_
erage etror rate of /"ó1 per cent.
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GEO]VJEI-RY OF ARqA-S

A Programmed Text

by

Eugene i{r.istal
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=:
^'t!" r..tr | .¡ñ' .¡

-,o*þ ".dçdço." 
. ^*o -'f'Þt' ^., 

S'--r. o"." 
-drs ^,.*. 

u'tIoru
gù' 1-' cÉ' ?9Ø ' {Øa Þ,ø Þ $" #t-
--t" 6L ,)? uffi tr? lr 5q 3?

rc 61 91 5o 1l+ 291+ r9o 7 515

2E 73 |o5 46 Lg 298 205 oo 379 63

2c 73 Loz 52 17 29L L96 L2 675

,38 79 Lo; 55 2\ 285 r92 12 401 63

3c Z B ro8 52 2l+ 27Lr 2oo 2L 505

[E Br Lo5 56 26 29)-ç L92 30 369 39

4c B: 114 52 21 2Bo 2oo 12 l]9
5a E[ lIO 5A 2L 288 2oo 19 )+oz 28

5c ijh to7 60 22 283 zLo U 610

ó¡l S4 110 56 zB 29L L97 t5 358 L2

6c UIt- LL' 52 28 2Bz zo5 2L 5;o

7-f, 86 117 5S 26 29O L96 22 It-06 29

7c 86 LLz 57 2E 292 r9o 26 5L5

8n õ6 Lrz 5l 20 289 L96 21 52)+ 32

rjc w 116 55 23 276 2o5 3L 4Bo

,;:gE 88 LzL 50 2\ 290 L95 Ii+ 37 9 24

9c uB rtt- 60 2L 2Bo L97 14 l+rç

roþl 8ç rrl¡ 58 26 295 zto 27 SrLr 22

roc BB 116 56 29 3o9 206 B \50

rlE go Lzr 53 16 29o 2o7 22 4¡r 16

]lc 90 L23 52 27 3o9 ¿o6 lr 527

LzF, gr rr[ 5ç 20 29L i94 2 344 100

tzc 9L ro8 65 24 295 n5 27 5to
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-;':" ^, !s ' *gd ,ig - 8" ou
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aef, 
" v8 Þ"d 

"çt'g 
.;,tot

r3E 93 LL5 60 22 2gB L96 22 435 39

r3c 93 r23 55 rB 265 L95 22 ll-ro

1l+¡ 95 Lo' 71 25 3oo L96 35 14.L5 11
-:i.-¡
rltü 96 130 5L 25 29L L92 Li \65

t5n 98 L22 6t 26 2g2 198 2r L+5t 9

L5c 98 L¿ty 5g 26 292 L93 19 465

16tr çB r27 57 22 295 L95 23 [03 r8
L6c ,rg6 L23 60 27 297 L96 25 5l+o

178 t-oo L27 5ç 25 297 rB3 20 3q+ ÌB

L7C lol rr2 72 23 2EE 190 3L 615

lBE Loz ß5 54 15 3or rö] 3 5\3 37

r8c ro3 LzB 6t 22 301 207 18 460

19E IOLL 1Ì9 6g 29 2gz 19[ 2)-v \85 25

Igc lol+ LZg 6L 30 3]ll+ L96 27

?o'tr loh L25 6)+ 23 284 L92 22 362 10

zoc 106 136 51 28 298 194 32 515

?LE ro7 r22 70 25 3oo 191+ 33 [48 27

zrc lo8 130 6[ 2L 29)+ L93 19 585

22E l-11 L37 62 32 3l-6 19[ 2)+ 3L2 9

22c rlr 128 6g 29 293 L92 31 4çO

23:Ã rr3 L25 72 27 3rr L95 28 446 33

23c 113 131 68 25 304 zoL 23 5)+5

ZL!-E LzO r2B lB 28 301 r9B 30 430 13

24c lr8 LzB 'l o 30 3o2 2oo 31 421
^ ?,-258 LZL L36 72 26 287 L97 29 31r 2\
25c L22 t3I 77 22 304 L',ö7 33 yo5

-)i-.NJo ne cord s trb¡nitted.
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TlitiLE XI

SU1'1J'{ARY OF RESULTS OJI ÁTTITUDIiiIAL QUllSTIO¡ili/IIiìE
ADi'ili,I_T_ST}IRED,J]OIi]E:I;|PEììIi'JEi\IALGROUP

Compared. co regular classroom methocls:

l. hov¡ well has PI baught You?

a) much less effeciive
b ) somewhat less efÍ'ective
c ) the same
d) somewhat more effective
e ) much more effective
hov¡ do you like PI?

a) rnuch less
b) somewhat less
c ) the same
d) somer¡ihat more
e ) rnuch more

much moro difficult
s ometn¡hat rrlore diÍ'f icult
the same
sonewhat less difficul-f
much less difficult

2"

much more
s ornewhat more
t[r-e sa]ne
s omewha t l-e s s

much less

a.> ( 'þ

17 .14
1r.43
5L À,2
rr"43

ù">(
17 .14
ö,t (

,A (-uwo)l

37.r5

E "57
11 "[3
Lr9 -57
z',ò "57

2,B'6
l+.29
3)+"28
25 "7L
2',2 "86

3" how d-iff iculi was iearning under PI?

a

b
c
d
e

\" Lr

é.
Lv

c
d

-T

a

b
c
d
õ

o. r
ó.

b

d

r,¡ much more home sLudY under PI?

)
)

o

)

)
)
)

)

n

)

)

)
)

)

I
)

)

fut'ure }fathematics courses I would- pref er PI '
strong objeciion !\"?2
some objection ¿¿ "Õ>
no prefãrence 2.86

"o*ã 
preference ??"?2strong preference J("L>

is a boring method of learning "

strongly agree 17"!+
agree ¿ "Öo.^!^i- l1 -lrlr|lÍIUEI'Ud.III.
disagre e 31"?P
slroãgly disa¿re e 3l¡.2ö



TÄ.3LE ,,tI ( continued )

meihod because there is

))-.

no pressure on the7"

o(.) 
"

o

a ) sùrongly agree
b ) agree

PI is a good
student,

c
d

uncer bain
d i s agree
strongly disagree

20 "00
3't "ù.
iI 'l+/) /) ñfi

2 "86
While worì<ing on f he Protrarn,
I d.esired an adcitional explanation

occasions arose when
from Nhe Leacher.

a) no
b ) several-
c ) many

I peeked ahead to
rûv own re spol-Ìse .

always
almost always
s ome t irne s
rarely
never

t1 /¿¿.oo
/ O rtoou.) /^/-Ò"r(

see the enswer, before writing

00"00
00 .00
L\.29
62 "85¿¿.öo

a

b

d
e
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ffieomner'ry I qm mËmuËcs

PAR.T g

1 Which of the following are measures of a pair of
supplementary angles?

A 1900, lg00
B 400, 50"
c 600, 60"
D 600, 1200

E 90",2J00

The area formula A : bh, where b is the base
and h is the height, applies to which of the follow-
rng figures'/

triangle

HJ

/\///\LJ
trapezoid parallelogram

circle

K

O
pentagon

A.

B
C
D
E

In the figure above, if RS is a
ZPQS : 30o, then ZpeR :

straight line anr
(Ð

15"
300

600

900

I 500

In the figure above, lines AB and CD are crossed,ì
by hne Ef,. IEGB and IEHD are known as :.

F vertical angles
G complementary angles l

H alternate interior angles :;J corresponding angles :

K exterior angles 
.

Go on to the next page.



All of the following rectangles have equal areas

except

t2B[l

I' Er"
6 

t=-l

D

-J-

In the figure above, QP and Q4-{. tarlgeÌt to ¿l

circle with center at O. lf IPQR : 70o, then

lsQR : (?)

A 20"
B 30"
c 350

D 45"

E 1400

,L.Ån
If- in the figure above' the measure

ii*àt ttt" m--easure of lP and if x
y:(?)
F8
G12
FI 24

J36
K72

oflQis3: 24, then

In APQR
rQ : (?)

F 20"
G 350

t{ 400

J 700

K 1100

above, PQ : PR, and lR : 70o'

OU
If only the facts above are gju.glaby rvhal ar'rtholit¡'

ii ¡Éqn congruent to ASTU?

A SAS

B ASA
C SSS

D AAA
E SSA

Go on to the next Pagc.
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10 13 Which of rhe
triangle ?

A^

/\,(zs" zs\
/\

"/\/\
z{oo" oo'À

M

On s-traight line MN above, ZRSN : g0o andIPQN : J4". By which of the followins amounrs
rn.ust angle ,fQN Þ"_r¡.reased in ordei that pe
wrll be parallel to RS?

lollowing is an isosceles ri

14

F
G
H
J
K

6o

10"
160

800

I 060

Following are the distances, in inches, of five
points from the center of a circle:

Point A - 1.75
Point B - 2.01
Point C - l.0l
Poinr D - 2.00
Point E - 1.50

Tf the radius of the circle is 2 inches, which point
lies outside the circle?
A Point A
B Point B
C Point C
D Poinr D
E Point E

In APQR above, pR
RS bisects angle pRe.
F 10"
G 20"
H 25"
J 400

K 500

40o, and

In the.figure abgve, AB ll CD, and EF and GH ar
straight lines. Which of the followlng iri*"i

11

1512

F f:q
G f :u
H f : n
J f:x
K f:k

In the figure
straight lines,

A 400
B 50"
c 900
D 900
E 1400

: PQ, angle Q
tsRQ : (?)

above, lQ : 90o,
and ZSRT : 40".

PT are
(Ð

QS and
IP:

Go on to the next page.



19 At 4 o'clock, the size of the angle fornled-by the

minute hand and the liour hand of a clock is

A 300

B 45"
c 600

D 900

E 1200

The statement, "A figure is a triangle il and only
if it is a closed br<¡ken line figure having three

sides," is

F a definition
G a theorem
H an axiom
J a conclusion
K a falsehood

Shown above are three spokes from the cente.r ofa
wheel. The sum of the lengths ot these spoKes ls

frå* *""v times the length-of the diameter of the

wheel?

2l

F1
G 1.5

H2
J 2.5

K3

In the circle above, chord AB is i2 inches long
*¿i inðn.t from cênter O' What is the length, in

inches, of the radius of the circle?

In the figure above, PS I QT, aR :å $S 
: 3'

;;JiT ": 4. Arra-nge PQ, PR, and PT in order

of size, beginning with the shortest'

A PQ, PT, PR
B PT, PQ, PR
C PR, PT, PQ

D PR, PQ, PT
E PT, PR, PQ

If two angles of a quadrilateral are supplementary'

the other two angles are

F acute

G obtuse
H comPlementarY
J supPlementary
K equal and suPPlementarY

A
B

C
D
E

v8õ
10

^/ñ
16

20

Go on to the next Page.
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22 The length of the base and of the altitude is eiven
in each of the following isosceles triangles."The
vertex angles in all the triangles are equal except in

Which of the following statements concerning the
oragonals ot a square rs (are) true?

_f The diagonals are equal.
II The diagonals are pérpendicular.
IIL The diagonals biseðt eãch other.

G

/fu,
/ l\

6
K

A/A
4

lg th: figure ab.ove,. FGHD is a parallelogram.
Which .of' the following staternents is u 

"onãìtionwhrch implies that FGHD is a rectangle?

A
2

A line is drawn from the origin through each

ll. following pplnts. The 
*steepest "line -go

through which of these points?
A (2,1)
B (4,7)
c (3,3)
D (6,2)
E (10,1)

What is the perimeter of a rectangle if the distanc
around three of its sides is 8?

F6
G8
H9,,ì
Jt2
K It cannot be determined from the informatio:.given. ---- - rì

27 For which of the following triangles can thr
value of x be determined?

A
B
C
D
E

24

A
B
C
Ð
F'

AA
I II TIT

I only
II only
III only
I and II only
I, II, and III

II only
I and II only
I and III only
II and III only
I, II, and III

DF:GH
tHDG : tDGF
/.HDF : IDHG
IHDF and ZDHG are supplementary.
HF and DG are perpendicular bisectors of
each other^

Major premise: Two lines in the same plane..
are parallel if and only if they have no þointln common.

Minor premise: Line AB is parallel to line CD.
Conclusion: ?

F AB and CD have no point in common.
G AB and CD have only one point in common.
H AB and CD have two points in common.
J lf another Iine Re crosses AB, then RO can_

not be parallel to CD.
K There are many lines in space parallel to CD.

F
G
}I
.I
K

Go on to the next page.
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Which of the following statements most direc-tly

tuppott, the assertion-, "The 
- 
hypotenuse of a

rigtrt triangle is longer than either leg"?

F Two distinct points determine one and only
one straight line.

G The distance from a point to a line is the
- lengttt of the perpendicular from the point

to the line.
The shortest line segment from a point.to
á iine is the perpenãicular from the point
to the line.
The shortest distance between two points is

a straight line.
There is one and only one perpendicular
from a point to a line.

If each division of the grid in the figure above

iàpiãi"ntt one foot and-if SR is parallel to. the

xl*ir,;hutisthe area, in squarefeet, of PQRTUS?

L
In the fisure above, ABC is a triangle and BD: CE'

Trianglãs BCD and CBE are

31 Which of the following should be proved equalJ' 
i;"';;;; ì" show ïhat two parallelograms

are congruent?

A One Pair of corresPonding angles

B One Pair of corresPonding sides

¿ Two pairs of adjacent sides and the included

angles

D A Pair of diagonals

E Two Pairs of diagonals

32

r0

A congruent bY SSS

B congruent bY SAS

C congruent bY ASA
D similar bY SAS

E not necessarily congruent or similar 
33

In the flgure above, if CA : CB and ED-:.EB'
iir.ä^;ä"ti-oi-ttt"'rotto*ing can be concluded?

F CA must be Parallel to ED

G CA cannot be Parallel to ED

H AABC is equilateral

J ABDE is equilateral
K AD: CE

415
830
c36
D42
860

Two regular polygons having. the same nurnber of
tiä.t ttíuá a.èat"ühot. ratiols 9 to 4' What is the

ratio of their Perimeters?

F 3to2
G 9to4
H 21tol2
J 81to16
K It cannot be determined from the information

given.

Y

F l

/
a R

U I

Go on to the next Page.
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35 37

ln the figure above, the bisectors of angles EDF
and FED intersect at G. If the number õf dee.ees
in ZF is n, then the number of degrees in ZeG is
.nAt
B e0-l

¿

C 90*n

Fl 5(J
In the trapezqi_d_above, the perimeter equals 37,EF : 8, and HG : 5. Find'the u..". 

--'-----

J L2O

K 370

In the figure above, OA : AB : BC : l. What
ls the area of the shaded ring?
A
B
C
D
E

9r
5¡r

4r
3r

In the triangle above, if 60 < y ( 100, then
F 0(x(60
G 40<x<80
H 60(x<100
J 60sx<100
K 80(x<120

eo+l

1S0 -;
38

36

Ft
G12
H60

Go on to the next page.



In the figure above, ex : fan and AY : åot'
Which of the following statements are true?

1I. xY: 
åBC

II. XY is Parallel to BC

\ ur"u AABC

f, ur"u AABC

-9-

How many sides has a regular polygon^if each of
its interioi angles has a measure of 170"'Ì

F10
G34
H36
J T44

K 170

spffipg
If you finish before time is called, look over your rvork

onit i, part. Do not go on to Part II until you are tolil to'

A
B
C
D
E

III. Area AAXY

IV. Area AAXY

I and II onlY

II and III onlY

I and III onlY

I, II, and III onlY

I, II, and IV onlY
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Geweme$ry 4& mÃmwËes

PART 8A

3 If a straight line is drawn from
hexagon_(six-sided polygon) to
which of the following pai;s of
be produced?

one vertex of ¿

another vertex
polygons coulc

ts

C
D
loþ

Two quadrilaterals
Two triangles
Two pentagons
A quadrilateral and a pentagon
A triangle and a quadrilateral

The figure above is a circle with center at O. The
path once completely around the circle from p
back to P is about how many times the path from
P straight across througtr d to et
A1

Which of the following figures shows all of the
possible common tangents to two touchins cir_
cles and no other tangents?

E:
J

('j
2
5Ð;
1)Þ1

"fflms
!n th9 figure above, circles O and C intersect at ,

P a.n{ Q. If TR and TS are tangent to circles O
and C respectively, which of th"e followine line
segments has the same length as TR?
FTS
GTP
HTQ
JSC
KRO

If the hypotenuse of a rìght triangle is l0 inches
long and.one acute angle-measure"s 60o, *.n on"
leg must have a length, in inches, of

A31
J

B5
C 5\/2

Ð6
E9

Go on to the next page.



In the fieure above, GJ and GL are bisqc-t9rs of
;i'."';;;;ñ*1átv' adjacent angles F.GK and

üCH.'resoectively. Gtt is not perpendicular to

ä.'\ivñt-ãi tné rotto*ing staiements is false?

F r*q:90
c p*r:q*s
H p+q:r*s
J rlq
K p*s:90

If one of the three sides of an isosceles right

i.i*nl" equals the corresponding side of another

isoscãles rìght triangle, the two trlangles

A. are congruent
B may be congruent
C are not congruent
D are equal in area but not congruent

E are equal in area and may be congruent

Tn the fieure above, KR and LS are diagonals of

äiåäiiiå?"'¿Ïins. kt-nS would be a square if

F KR:LSandKRILS
G KR and LS bisect each other, KR : LS' and

KRILS
KR and LS bisect each other

KR and LS bisect each other and KR : LS

KR and LS bisect each other and KR I LS

H
J
K

- 11-

The fieure above is a cube; AC, HF, and EG are

ái*otiuft of two of the faces, and HB is an in-

i.itiuLãiágonal olthe cube. Which of the following
is true?

A BH and CG are Parallel lines'

B AE and BF are skew lines.

C AHFB is an isosceles triangle'

D AEFH is an equilateral triangle'

E None of these

In the graph above, if quadrilateral ORST js a

öåräïtrËeiã"t, the cóordinates of vertex S mustbe

F (c, d)
G (a - c,d)
H (a*c,d)
J (c - a,d)
K (d,a*c)

I,
It

v{.-

/-'

Go on to the next Page.
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11 t5

In the
parallel.
AB:
A8

D

figure
ABC

8, BC

B

t2

above, planes M, N, and p are
and DEF are srraight lines. If: 6, and DF : 21, find DE.

t0 cll
E28

In the figure above, lApB has jts vertex at the
center of Circle I. If the same angle were simìlarly
placed at the center of Circle II'but with-iìãã pe
crossing the 2-mark, what number corrésponds
to the point at which pB would cross Circje II?

Circle I

A4t ts

D6:

Circle II

41j cs
E 6sj

Perimeter of
right section : l2tt

n6

Length of lateral
edge : 20tl

The perimeter of a right section of a prism is 12
T-chgs and the length of a lateral edee iÀ 20 inches.'lhe lateral area of the prism in sq-uare inches is
F64G120H240

.I 320 K 480

When the circumference of a circle is increased
from 1002r inches to l50zr inc-hes, Uylrå*-*uny
inches is the radius increased?
,A25 Bs0 c75

D 100 E 200

In AABC_ above, AB : AC, FE f BC, and BF
ls a stratght lrne. ADAF is isosceles because
F 1F : /.ADF, since both are complements of

the equal angles B and C
DA : FA, since both equal AC - DC
its sides are parallel to the sides of AABC
its sld_es are perpenclicular to tlie sides ofAABC
lF : IADF, since both equal one_half the
supplement of angle C

G
H
JThe statemett "p implies q and q ìmplies p,,

means exactly rhe same as ãll of the fôllowihg
except

F "if p then q and conversely,'
G "p if and only if q"
H "p and q are equivalent"
J "p and q are unrelated',
K "p is necessary and sufficient for q', Go on to the next page.



L7 What is the converse of the statement, "If two

ungi.t u." vertical, then tl-rey are equal"?

A lf two angles are vertical, then they are not
equal.

B lftwo angtes are equal, then they are vertical'

C lf lxand ly arevertical angles, lhen lx: ly'
D If two angles are not vertical, then they are

not equal.
E If two angles are not equal, then they are

not vertical.

Which of the following is true for any paralleio-

".å*'Àlico 
which ha-s an acute angle at B and

ãiagonals AC and BD?

F AB<BC
G AB: BC

H AB>BC
J AC<BD
K AC>BD

Chords of the same length are ^drawn i,n tyo
circles of unequal radii' Which ot-the followlng

is true?

A The chord in the larger circle could be equal

to the radius of the smaller ctrcle'

B The chord in the smaller circle could not be

In the figure above, ABCD and RSTU are rec-

tangles. If the length of RS is tf ti.,t., that of AB

and the length of RU i, I tftut of AD, how do the

areas of the rectangles comPare?

A Area ABCD : area RSTU

¿-

B Area ABCD : iarea RSTU

5C Area ABCD : "Oarea RSTU

1(D ATeaABCD : fiur"u RSTU

)fE Area ABCD : tflur"u 
RSTU

Two distinct planes x and y are each perpen-

dicular to plane t' Which of the following state-

ments is true?

F Plane x is perpendicular to plane y'

G The line of intersection of x and t is parallel
to the line of intersection of y and t'

H The line of intersection of x and t is per-

pãnalcutar to the line of intersection of y and t'

¡ if x and y intersect, their line of intersection
is perpendicular to t.

K Ifi and y intersect, their line of intersection
is parailel to t'

If AABC is inscribed in a circle of diameter 10

ãn¿ zÁ-it acute, then what can be concluded

about tl're length of BC?

A BC<5
B BC:5
C BC<10
D BC:10
E BC>10

- 13 -

a diameter.
C The distance from the center

less in the larger circle'

D The minor arc intercePted

to the chord is

on the larger

circle is longer.

E The minor arc intercepted on the. larger

circle contains the greater number ol degrees'

20

C

In the figure above, equilateral triar-rgles. AEC and

Äsö*ã.. drawn ôn Àc and AB, as shown' We

"ur-proìã 
triangle AEB congruent to .tliangle

Ãõo uv which õf the foliowing authorities?

F AAA
G SAS

H ASA
J SAA
KHL

Go on to the next Page.
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fl3¡ a¡eie- of a regular polygon is greater than
IUU", then how many sides has the polygon?
F
(J

H
.T

K

4
At most 4
5

At most 5

At least 5

Sup,pose that after measuring a d.ozen or more
angles_ of various sizes thal are inscribed in
several different circles, as well as measuring the
arcs which they intercept, you conclude thal the
degree measure of any ángle inscribed in a
ci-rcle is the same as oné-half-the degree Ã.urur"of the intercepted arc. This is an"example of
A indirect proof
B deductive proof
C inductive reasoning
D proof by exhaustion of all possible cases
E arriving at false conclusions

Which three of the poinrs y(?, 4), e(3, 6), R(4, 7),
and S(5, l0) tie in a straighi liné? 

-' ' "
F P,Q,andR
G P,Q,andS
H P,R,andS
.I Q, R, and S

K No three of these points lie in a straight line.

Of-the following, which must be shown equal in
order to prove that two regular polyeon's with
the same number ol sides ui" .onþruËiti-

Corresponding vertex angles
Corresponding central angles
The sums of their exterior angles
The ratios of corresponding angles
Their perimeters

In the_figure above, O is the center of the circle
gnd Pp and RS are chords wntctr-tnterseJ äì r.In order ro know rhe tength 

"f 
TR, ìtì; ;mäi"ntto know the lengths of

F
G
H
J
K

PQ and RS
PQ and ST
PQ and radius of circle O
PT, TQ, and radius of circle O
PT, TQ, and ST

The radii of two concentric circles are 5 and 13inches..The tength of a chord ofir,. ìà.Ã.i'"ì."r.
wntch ls tangent to the smaller circle is-
.4, 8

B9
c13
D24
E65

-¿\

B
C
Ð
E

The median drawn
triangle forms two
F congruent
G scalene

H right
,f equilateral
K isosceles

a polnt
a lìne
a circle
a plane
two planes

to the hypotenuse of a right
triangles which are

31 The distance between points A and B is 4 inches.Point P is 5 inches frdm A un¿ Z inãnä ïi"- n.The locus ol P in space is
A
B
C
Ð
E

Go on to the next page.



Two similar polygons have corresponding sides

;;;r; ;;iË iö r'ó 2. If the area of the smaller

ñii;;; it lOO-squa.re inches..then the area in

square inches of'the larger one ls

In the figure above, man M is walklng toward B

ài å^iäiå-J ¡ miles'per hour' Train Q is traveling

;;;".dï "t 
s"ctt ä rate that man M' train Q'

;;ää" Þ ãi. 
^r*"vt 

in a straight,line' Q' and M'
älä ittä *tliiont oi the train ánd the man^after

i';r;;;. Ïiîe un¿ RS are parallel and 160 feet

àoåi , unà 
-ii p it 10 feet from AB, what is the

ii'"Ëi "iitt. train, in miles per hour?

A30

34

- 15 -

In the fisure above, R, S, and T are midpoints of
ihe side"s ol AABC. Which of the following
statements is (are) true?

I. If AABC is equilateral, then BRST is

a rhombus.
II. If AB : BC, then BRST is a rhombus'

Iii. If BRST is a rhombus, then AABC is

isosceles.

None
II only
III only
I and II onlY

I, II, and III

F 150

G 200

H 250

J 400
K 500

F
G
H
J
K

35

845
c50
DT
E 160 R

In the figure above, P, Q, R, ald^! a59 the. mid-

"Àirii ãF irr. sides 
'of iqùar. ABCD. If a side of

ÃeCO is l, what is the-perimeter of PQRS?

^!4

tst
^ ^/2\-2

D ^/i
E 2l/-2

Go on to the next Page.
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The heig.ht ola rectangle is 7 inches. The diasonal
rs 3 .rnches longer than the base. What ii the
length of'the base in inches?
Fl0
G20
H26

)r61
K 4\/ß

37

In the figure aþove, points R, M, W, D, and lare on the ctrcle, p and e are outside thê circleand pM, p_w, and av¡ ;;; "rt.àiËrrt"ii,r"r. 
rminor arc ED has n dègrees, ttren riÀàt lI'0"_ ..in terms of n?

A-n

If,^in the figure above, AD l-BCIAD,AC:3andAB:
1?A;

B+

DE, DB I AE,
5, then BE : (?)

B-!
2

c0
D;
En

F 1200
G 900

H 900
J 720
K 600

Each exterior ansle
not be

of a regular polygon can

Look over your rvork on this part. :

Do not go back to part I. r

c+
J

D+
80r- 
D-

F
G
H
J
K

The ratio of the volumes of two similar cones is8 to 27. The ratio of their total surface ã"..ì, i,
2to3
4to9
8to27
zJ2 to zt/3
16 to 81

D92P25CX


