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" The programed material uséd in this experiment was
_brovldedvfor the studént by a large industrial fgciiity of
which he 1s an employee, In order not to 1nfr1ngé in any
., .waykthe copyrlght of any party éhd to protect himself and
k the University of Richmond, no nention will be made of the
employér as such with reference only to.the "qqmpany:P_VTheA
student does wish to thank the "company" fof providing the
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INTRODUCTION

Historlcal Review

" The time has been too short to provide ultimate answers
to nltimate questions concerning teaching machines and
programed learning. Thorndike as earl& as 1912 stated
_that. "If by a miracle of mechanical ingenulty, a book could
be arranged that only to him who had done what was direoted'_
on pagé orie would paée two become visible, and so on, much
that now requires personal instruction could be managed

by print (Thorndike, 1912)."

The current interest and effort in this field cannot
be datedrnnoh pefors&i958}“even though S, L, ﬁreSsey was
ploneering with a form of teaching machine in his labora- -
tory at Ohio State University in the 1920's.and many psy-
.chologists date the newer movement from the time of‘s B
well-knownjsrticle by B. F. Skinner that appoafed‘in 1954,
In this short space of time, the development of the move-
ment”has been phenomenél; research efforts first in the
1aboratory and now increasingly in the fleld, have grown

‘apace; 1nterest among the educational profession, industry

“and. the public continues to mount.

An enthusiastic group of "teaching machine" specialists

arose almost overnight. The amount of 1iterature on.pro-_f



gramed learning, "automated educatlion," and the like.in-
creased rapidly. Papers and reports were rushed to pub-
lishing houses to meet the demand, and "teaching machines"
became 3 by-word in the press., Out of it all came much"
good work, many sound studies, a number of useful experi=-
ments and a rapld development in the use of various devices

and programs for "machine teaching.,"”

Maih Systems of Programed Training

All programed tralning mekes use of successively pre-
sented units pf information, usually accompanied by a
test question and usually providing the subject with.imme;
diate knowledge of whether his answer is right or wrong.
‘The purpose of a program whose assimilated data is in queg-”
tions and answers ls to shape a series of responses into

a complex act,

Uithin this common. framework there is~--for psycholo-
gists, at any- rate--a difference between two- schools of
thought which dominates the field and is.reflected in the

tasks and - types of programs- given to the trainee,

One viewpoint is that of Professor B. F. Skinner of
Harvard University and his followers-

- To Professor Skirner, it is critical thaf behavior

(L.e., some action by the 1earner)'take”ﬁlace‘as a
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necessary precondition for learning. He uses the
Watsonian idea of conditioning as he leads the subject
through the program{ The more the successes mount,
the stronger the mdti#ation will be to'contlnue learn-
ing, while material that generates errors is punishing.
To.maxiﬁize success he introduces_iﬁ the questions a
series of prompts which lead the subject straight tg
the correct answer, Implicatlions of Skinner's view-
point for programed'training: The subject must "con=-
(behavior); the bits of iéérning must be prepared so °
that studgnté.aﬁSWer nearly all questiéns correctly

(reward fixes hehavior).

The other main viewpoint is that of Dr. Normon Crowder

of U, S, Industries and his assoclates:

Dr..Crowder believes that learnlng takes place
at theAmo@ent tﬁét the subject reads the passage.
The question that félibws each bit of material need
not require arwrite-ih answer, and most of Crowder's
programs  use multiple-choice type responses. He
believes that a program should be presenfea in large
logical units of é paragraph or more, each‘of which
would:explain some principle in its entirgty; Crowder

-programing‘provides a contlnuous review andtlnsuresithe'
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mastering of points before the subject proceeds %o

new materlal. While Skinner uses thé'maxlmﬁm amount
of prompting which'decrééses as time goes on, Crowder
uses only a few prompts, relying mainly on explana-
tions of the material. The few studies that have

been made of this problem show that partial prompting
probably leads to the optimum 1earning situation
(Cook Miller, Grier and Stamen, 1962 Cook and Brown.

1963; Cook and Kendler, 1958 and Cook, 1958),

.Both sides claim better understanding as well as .

-memory of the material. Each method, in fact, 1s better
suited than the othor‘to'cértain applications. As thiﬁgs
”étand now in terms of theory alone, the Skinnerian view
seems to rest on more substantial ground. (Holland, 1960;
Holland, 1964; Holland and Kemp, 1965); but some investiga-~
tors such as Hughes (1963) and-Pressey (1963) reported
that use of a small-stepped linear program in Skinner
machines was not very effective in teaching more complex
concepted skills, Pressey feels that the learning theory
developed from animal research upon which Skinner devised
his style of presentation is at fault here, i.e., by rigid
linear pfograming structural learning is éacrificed for
bit learning. It is for this reason ﬁhat-Proésey.advises
the use of programing jn conjunction with other techniques

"and 1ecture.



-~ 5 -

Overt versus Covert Responding

Concerning the question of whether subjects should
write out thelir response, read complete statements or
‘select a response from a multiple choice of answers, the
evidence 1s not clear. Some empirical data point to the
sﬁperiority bf programed instruction over current conven-
tional teaching methods; however, experimenters such as,
Goldbeck and Campbell (1962) report that well organizedA
text or lecture material presented in a program-like
format;.but without questions, may be superior to pro=-
gramed instruction. Moore and Smith (196&) report that
most of thelir -groups favored the traditional method of .,

teaching, using programed materials as a supplement,

' In'1960; Holland; a close associate of Skinner per-
formed an experiment directly related to the qﬁestions'
concerning constructed responses, Holland tested effec-
- tiveness of items with confirmation versus items with ho’
confirmation versus complete statements with no blanks
to fill, The first group, in a typlecal program, wrote
the answers and recelved confirmation immedlately. The

- second group who also wrote answers received no confirma- -
"~ tion. The third group simply read the material which was
A're~wri££eﬁ 1n-the form of complete»séatement§. “"The

third grbup made more errors than the other grbups on a
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post-test, and there was very little (significant) difr-
' ference between the*performapces of group one and group

two (Schramm, 1964)."

Cummings and Goldstein (1962) found that when subjects
wfote ahswers to complex subject matter, they scoredv
higher on pre-training and post-training tests than did
'éubjects wﬁo read or "thought" thé answers, From other'
studies in the literatﬁfe (Krumbbltz and Weisman, 1962 A;
Supﬁeé and Ginsberg, 1962) it appears that by acéively
writing a correct response rather than just readihg or -

being told the correct response, leads to better retention,

- However, Silverman and Alter (1961) compared written
reSponding‘versus readlng and‘in one of thelr three ex~
periments found that reading was superior to written
responding, which directly contradicts the Cummings and
Goldstein study. It was thought that this significant
result may have been due to the complexity of material: .
Complek subject material favérs overt responding (Cummings
and Goldstein, 1962; Goldbeck and Campbell, 1962); with
an diternative being impliéd--simple subject material )
favors covert responding (Silverman and Alter, 1961).
Holland (1964) who also used complex subject matter found

overt responding to provide more}significan% resﬁlts.ﬁ'
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These eoxperimentcon complexity of material have'im-

- portant bearing on industrial programed tralning. ‘Just
by'determinlng the material complexlty, 1t would'seem_to
give a géod indication of which presentatiomMSiode to use,
especially if retention 1s.désired over a long period of
time, Krumboltz and Weisman (1962 B) found 6n‘an immediate
post-test, no significant differenée among the experimental
groups, dbut on a two—wéék delayed retentibn test the groﬁp
which wrote answers scored significantly better than.the
~others. Thus, overt responding seemed to increase de-

layed retention,

The comparisons of overt learning versus covert learn-
ing have so far indicated no clear superiorlity. for either
one, énd any difference has not proven sufficiently greaf
‘tguﬁériént‘giV1ﬁg-ﬁ§ the advdntages of practice through ac=-
tive responding (Morse, 1963; Alter and Silverman, 1962;
Evans,.1960;'Evans, Glaser, and Homme, 1960; Feldhusen
and Birt, 1962; Gropper and Lumsdaine, 1961; Hughes, 1961:
Kaess and Zeaman, 1960; Kanner and Sulzer, 1961; Keis1ar
and McNeil}, 1962; Kormondy, 1960; Lambert. Miller, and
Wiley, 1962; Michael and laccoby, 1953; Rbe} Massey, Weltman,
énd Leeﬁs} 1960; Silverman, and Alter, 1961; and Stolurow

and Walker, 1962).
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- Skinner, of course, advocates actively writing in the

response; Pressey and Crowder contend that multiple-
choice responses are the best in that less time is needed
‘for Feinforcement and to &0 thrdugh.the complete .progran,
Since Crowder believes in prdvidingveXplanations. he |
designs a'prbgfa& in such a way as to inform the subject
that he is right of wrong>and how to correct the answer.
Skinner's programs confirm the subject's fesponses by

_simply presenting.the correct answer,

The reséarch has shown that human belngs are capable .
‘of learning by means other than the step-by~step condition-
- ing which is characteristic of the Skinner-Holland program,
Depending on the subject matter it may be that when one
réduéeé ﬁﬁe éééb siie and error level to a minimum, then
overt respoﬁding is hardly necessary. It should be noted
though that the continugd use of short steps rather thaﬁ'A
the increasihg size of steps leads to moré boredom among

the subjects (Reed and Hayman, 1962; Naumann, 1962),

Knowledge of Results ‘

~ Most of the studies indicate that knowledge of results
contributes~to learning (Angell, 19&9; Meyer, 1960) but
- Glaser and Taber (1961) seem to reduce this generai

statement to the extent that knowledge of results is
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doubtless more important when the probabllity of errors
1s~h1gh such as in cbmplex material, . In a typlcal linear
program where prohability of error is kebt low such as in

simple subject material, it becomes less important to have

immediate knowledge of results,

If ffequent response confirmation is nbt‘required, an
answer frame would not be required for every teaching
frame in a pbrgram; with the result being that formats could
be varied greatly'and the design of tedching machines
could pe simpilfied (Glaser, 1962), In a review of the
literature, Ugelow (1962) concludéd.that whatever else
these variéﬁé-fihdings signify they”cerﬁainiy-cﬁéllénge
the necessity for providing response.confirmation in self
instruction;i’Frequent COﬁTifﬁatibnméf—fﬁéwleé}ﬁér'g
respohses 1ﬁ someVé1tuations would be lneffective for

learning and perhaps prove annoying to the subject.

Aptitude and que of Presentation
wAbmg (196&) ;n é re?iew of the iiterature on programed
instruction states that mést ekpéfimehts.hé§e been con-
ducted with high school seniors and college students,
| :eﬁen-though the trend seems to be toward applying these
ngaining métbods té,the less formaliyveduéated group of
: pebple,_such as general ieéhénical éhopmworkers (FeMurray,

1964), Feldmon (1964) studied "the effects of 1earn1ng'bj
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“program and text format at differing lovels of difficulty.
‘He used subjects that varied in education and intelli-
génce and his main determiner_for this experiment only

’  was their verbal abllity. He concluded that Figﬁifiéant
-differences were found ‘between learning by program or
text with the difference-in favor of more learning by
text for the low verbal ability subjeots (1ess formally.

educated people). - -

It may be hypotheoized that programcd learning format
‘destroyu organizational pattern of the learner by~ the .
constant ;nterruption by calls for responsé'and may lead
to premature closure, For this reason it would appear’
that in subjects who have less formal education (e.g.,
manual -construction workers)-and less cohtact With pro=-
-gram'mabhiheé‘may”have”ﬁéﬁfér'reténtion‘andlless post
error raté (Reynoids and Glaser, 1964) uslng‘programed in-
structional*material whiéh haé been rewrltten in the form
of a text book. People with averagé to above average
education and perhaps higher intelligence wno=have had
some'contéctfﬁiﬁh pfogram-fyﬁé‘ﬁachines may have better
retehtion‘andlless post error rate u31ng‘the'ﬁypiéél'4 |

machine, either by the Skinner or Crowder method.
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jConsensus'of Experimentation
A review of the literature has revealed some signifi-
cant points which are applicable to this present experiment,

They are as follows:

1. Cdmplex’éﬁbject-material'favoré overt responding.

2. Simple subject material favors covert responding.

3. If you reduce the program step size and error 1eve1,

| ‘covert responding would be the most appropriate.

4. If the probability of error is kept low, it is not
ﬁéééééary to have immediate knowledge of iesﬁlts..

5. Prograﬁed textbook (covert) is best for low verbal
ability subjects. |

Overview

As the training needs of modern buslness and industry
contlnue -to mount, the field of programed instruction can
be expected to play an extraordinarily useful role, The
internal traiﬁing of skilled operétors is a classical
problem of long standing., The increased instructional
effectiveness that progréming will bring might well alter
théﬂéffategic role of seiection tests éﬁd broadeh fhe‘ o

base of recrultment to a wider population range.



- 12 -

In developing training COdruep,_?fésting training manuals
might be helpful in- some instances,.especlally with well
organized‘technical material that ié primérily verbal in
nature, In other cases, exiSting training manuals might

have to be gérapped and the terminal behavior requirements

developed from scratch,

The nature of the terminal behavior might well depend
on critical features of the post training work environment
whichvis an increésingly important subjgét in industrial
»design._ The principles of manémachine—sysﬁén deéign~ca11 |
for the incorporation of "automatic,:on—line‘féedbdék‘f E
signals," nhich serve to motivate and guide'aspecté of
prbdubtion (Walters, 1964). Thus, the magnltude of the
task assigned to training is. reduccd - These facté suggest
that industrial training~-programed planning should emerge
as a collaborative-effort.between industrial and program-
ingvénterprises, an effort extending in bpth diréctions

beyond the training phase per se,

The question now becones.one in determining the "best
way" to intergrate programed instruétion with the regular
training programs. In order to help substantiate or - refute
the past nxperiments in this area, it is the purpose o“

this experiment to test three programed methods;:
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1, Use program with machine; write out answer; — -

read correct answer,

2., Use prbgram with machine; read cofrect“answer;“

3. Read programed material--retyped 'in magazine form.

Tt is predicted that there 1s no significant difference

" 1In the tralning effectivenecs of the three methods of

programed inétructional material,



METIIOD

~Subjects

| Thirt&-three buildihc odnstruction foremen from”"
different craftu 1nd Lho have recently been promoted to
foremen were us ed in the experiment, Although no testing
of general intelligence was done, it was assumed that
eech man had average intelligence with the formal
educational level being at approximately 8.5 mean grade
devel, Three groups of eleven men each were'assigned at
randon tq the training methods with the following

crafts belng almost equally represcented in - each group:

Facilities, Equipment, and Programed theriQI

Min/Nax Self Inetruotional meaching chhinee were
'uued in the experiment, These devices “could prcgent
systematically programed maueriqlo While uaking

,efficient use of the principleg of reinforcement,

The teaching machine vere compOSed of the fol]ow1ng
"1.' A data storage receptaole.::i“‘

"2, A diuplay mechanlsn and write - in qnuwer lot7ﬁ.ﬂ
‘to which the subject responded , Boolw

'3, A manually operatcd rotation knob allowincT subjecb
to proceed at hlu ovmn pace, o i
.These program machines have avunique feature dﬂf

allowing the subject to proceed at his own pace,‘éhd

almost any type of self instructional program format -could Lo



hate been used in the macnine; It was originally designed
in such a waylthat the subject conld not péek ahead of

the answers since the corredt response toAany given.form
was not reveaied until the question had been moved up

lto a point beneath a small plexiglass window, Hé‘was

unable to bring the origlnal questionwback from its covered.

position after he had uncovered the correct ans wer.

The programed material chosen for this txperiment_,
was bas_ed on the topic of "Haterials Handling" which is
of extreme 1mpoftance to - all construction foremen, Hand-
.1ing materiéié'utnally neansAmpving_materials,,starting
from the minute they come on the projéct gite, and ending
when they are eithertused'or disposed of, The tern ﬁmateri?
als" refers to equipment, tools and all other materials--
everything that is brought onto the project, no matter
where or when, how much or how 1ittle. Tt has been esti-
mated that 70 per cent of the total time on a project is
spent in handling materials (Du Pont de Nemours and Company,:

E' v- 1] 1956)

~The company—provided training material‘selected for

use was based on the Skinnerian method of constructed

e
e

response.' The ‘subject would read the question, write his

answer, and after rotating the program to the next frame
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‘the correct answer;wouldfbe*immed{atély”proVIdéd;” Since
this study dealt with different modes of presentstion

of programed material it was decided that in addition to -
ﬁhe‘o?iginal_methed designed by the eompany,'twe*othef.' o W
.programed methode”could be utilized, For the secoﬂd method, N
1t was necessary to complete all the blanks in the original
format and retype the material into magazine form., This_
revised program after Being put in the machine, allowed
the subject to read the material at his own pace, No
writing was ihvelved. For the third method the origipal
pfogrem was used with 1netructiohé-eimply to read the
7ﬁate;iai.end ﬁhen rotate the knob to read the cqrreeﬁ-

answer, No writing was involved.

It was necessary to construet_a large number of
multiple choiee, fill-in-blank type of test questions con=

cerning the topic of materials handling., These questions

were devised'from the books, Construction Matefials Hand;

1ing and'Methed-and Materials Training Manual (Du Pont

de Nemours and Company, E. I., 1956 and 1955 respectively)
end submitted to experienced construction personnel for
evaluation, The process was one of having three judges
evaluate each question to determine ifr 1t was. "very satis-
factory", "satiofactory", or "unsatisfactory" for- 1nclu—

sion 1in the test exercises on materlals handling, One-
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huﬁdredeifty i1tems were developed and submitted. ff.

all judges marked the same question in like manner it

was recorded as having received that ratihg. _However, ir
there was no clear majority on a question, t.was discussed
with all judges until a common agreement was made. If

the questiori_ re_céived' a "very satisfactory" or "satis
factdry" ratihg it was retained, otherwise 1t was not used,
After-the~méticulous evaluatioh by all judges, one hundred-
five 1tems remained( These.same questions were typzd-

in a programed,format.similar_to_ﬁhe;oiiginai_cqmpanyﬁ
matefial«(multiple choice and fill~in-biank), and where

used as a pre-test and post-test,

The experiment took place between. the hours of 4:00 p M,
to 6:00 p.m, after regular working hours and on an overtime
wage,basis. .One group of eleven subjects entered the
training room and sat down by the tables, The traininv
room was alr conditioned well lighted and large enouah
to accommodate two men and their machlnes at each table
A briéflintroduction,was ziven by the experimenter, ex-
plaining how to-operate the prdgfam machine, pufpose of
thegtraining'seSSion and a general 6rientation on the

sublject of materials handling.
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The program session was divided into three pafts. The
first section consisted'ef the pre~test exercises. After
"each subject finished this part he notified the experi-
‘menter and the second part of the training,maierial was
loaded into the machine. After completing this part the i
subject again notified the experimenter-and the third -
section or the post-test eﬁaluation was loaded into the
-machine, Upon completion of these three sections of the

‘tralning sesslion, the subject was free to-leave.

Eaeh fofeman was giveh the,saheApre-teet'and peefétest
exercises, - HoweVer,'since a purpose of the experirent
was to study three different methods of presenting pro-
graﬁed material the second section of the training ses-
sion was,divided es,follqws: Four foremen recelved pro-
gramed methqd_ene;(m 1 —'read maﬁefiei;”ﬁfite"answcr);'feﬁf
foremeﬁ received programed nethod two (M 2 -.read material,
read answer);. three foremen reeeived programed. method three
(M 3 - read material rewritten'in magazine form) rTHe num-
ber of men that received e%ch methodiwas varied in each
training oession. Upon completion of the training eleven

foremen had participated - in each method.

~Since the machinee were loaded by ‘the experimenter the

subjects were told that after - reading. the beginning in-
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structions they would know whether to write in the answers,
not write the answers, or-simply'read the material which
had been retyped into magazine form, The subjects'wefe

not told that‘three different Eypgs.of programed formats
wére belng used, nor wére they told that the time needed.'
to complete phe varlous format methods was.being recorded.
VHdwevef, the time necessary to complete the pre-test and
‘post-test section of thevékperimehﬁkwaéknof reééfdéd;f B
“Expéfiﬁénﬁal-Désigh‘ .

If was desired to test different modes of presentation
of and respbnding to programed instructional matefial.:
Tﬁe_designvchosen was a single fééfor Analysis QfACovari—
ance (Winer, 1962), It was assumed that for most practical
purposes the groups of eléven men,each could be considered

as random samples from a common population.

Before the subjects were trailned under the method to
which they wére,assigned, they were givenkcommon test |
exercises on the subject.of materials handling. ‘Thg_results
ffom the performance defihed the pre—teSt.‘-Aftér;ﬁhe  T
training was bompleted the‘subjectéwwere:giveh the sane
exercises. The rating on the latter evaluation was the

post-test,. 4Itrwés expected: that this latter performance

"rating.should be.higherﬂdue to the tréiningwjust recelived. -
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The three treatment methods were:

Method 1=

Method'2

_ Method 3

The programed material was inserted into a
teaching machine, The subject-read the |
question'and then wrote an answer in the
lower right frame, The next process was

to rotate the material by turning the

machine knob, thus bringing 1ppo view the

correct answer;—
The programed material was jn serted inﬁa

a teaching machine and the subject fcad
the question. The next process was to
rotate the ﬁaterial by’tﬁfniﬁg the machine
knob, thus,bringingrinto v1¢Q,phqﬂporrept

anSwer. No writing was involved,

= The originallcompany material with the cor-

rect answers was retyped into. paragraph form.

" The programed material was then inserted
1nto a teachlng machine, 'allowing the oub-

-ject to read the material in a famlllar

magazine style.>'

" The intent'was to determine if there would be signifi-~

 cant difforoncos batwoon tho criterlon scores for tho groups.

' Scores to. be recorded were "expressed simply as the number o

of correct-responses.
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'The program machine used was a self-pacing machine,
thus allowing each subject to proceed at his own speed
In ordcr to determine the most effective treatment 1t
was desired to know the average time needed to complete
the program-under each treatment method, It}was.foresee—
able that a treatment giving very significant_results‘
could possibly be obtalned, but. wher~eonsidered on a wide
scale training program basls, the time spent completing
the program would perhaps not make that particular nethod
economically feasible. ~For this ‘reason the time spent
completing the- training progrdm dﬁiy was recorded for AM
each subject and a single factor Analysis of Varlance
(Winer, 1962) was performed. If there were significant
differences‘between the means, then"a Newmen-Keuls'test '
on the means woild be conducted. In both the single factor

ANOCOV and ANOV, Winer's notation and formulation was

followed as closely as possible.vﬂ»



RESULTS

The mggh performahce’scofes'of the_pre—tést and-postQ
»fesﬁ are shown in Flgure 1. The pre-test means indicate
that prior to the training the subjects! Jnowledge of-
'materiais ﬁandling was quité‘similér. However, the post-
vtest‘mean f@llowihg treatment method two (M 2 - ?éad pro-
_graﬁed material, read correct answer) is larger than the
meéhﬁfbf.méthod bﬁé (M'l -'iead.programéd'material, ﬁrité:
answer, read correct answer) and method three (M 3 - read
materlal rewritten 1h‘magaziné”form)>indicatiné an appéren§J

superiority in treatment method two (I1 2).

FIGURE 1. Performance Evaluation =
e Three Programed Methods
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It was necessary to makv a statistical adjustment

for the effects of the pre-test with the result béing |
that an Analysis of Covariance was performed, The data

is summarized in Table 1. It had been hypothesized that
there would be“ﬁb‘differen¢e bctw¢¢n the treatments, after
the post-tést data'haQC been adjustéd for 1inear'trend‘

on the pre-test. Thus, the experimental data indicate
statlstica11y~slgnificant_differences at the ,05 1evei
between the post—test scores for the groups even after

the adjus tment is made for linear effect of the pre~test,

TABLE 1. Performance Evaluation of Lhrec '
Prosramed Methods :

ANOCOV - SUMMARY TABLE

SOURCE | DI HE T
BEIWEEN. METHODS |~ "2 | ~7726.82 | "5.,9i%
EXPERTMENTAL ERROR| 29 122.95

*F.95 (2,90 = 3.32
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Since signifieant differenees were found among the
three criterion treatment. effects the hypotheuis of no
~difference was rejected. In order to determine where the
significant differences‘were, a Newman-Keuls test was
" performed. It was determined-that the mean post-test
- performance following treatment method two (M 2} was
| signifieantly-larger than thevmean“ﬁérformance-rollowing
treatment method one (M 1) at the .05 level and 1arger
than treatment method three (ﬂ 3) though not significantly.
This is interpreted to mean that the prOgramed method tWO
' (M 2 - use program with machine,aread correct answer) was
significantly superior over method one (M 1) in presenting
the material to the subjects to facilitate_learning. Hore |
learning on the subject of,eaterlais handling was achiered
by the pregramed methdd two (1 2). The programed method
““three (M 3 - read programed material re-typed in magazine
form) in terms of total score,'should be con°idered as

the second best method - tO‘facilitate 1earn1ng.

Any programed material training program must be evalu-~
"ated not only in terms of the best. learning -.facilitation-;
method, but also in regard.to time needed to complete the
~pregram. An Analysis of Varlance on the completion times -
vtreatmehts eione is summarized 1e_Tetievé,‘ The‘experimentalu

data 1ndieate statistically significant differences at
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the .05 level betweennihé'ﬁrogramed methods - completion
times, Since significant differences were found among
the three completion times, the hypothesis of no differ-

ence was thus rejected

TABLE 2, Completion Ti
"~ “Three Programed Hethods

ANOV - SUMMARY TADLE

SOURCE DI S

BETWEEN METHODS | 2 193.37 b, 68%
EXPERTMENTAL ERROR [ 30 105.46

*F.95 (2,30) = 3.32

In order to determine where thé éiénificant cbmple-
tion time differences were, a Newman-Keuls test was per=
formed. Treatment method one (1 1 - use program with
machine, write out answer, pgq@ correct answer) had thé

f’higﬁest recorded completion‘time ahd differed signifi-
cantly from trégtment-metﬁdd three (M 3) at the‘;Oj 1eve1.‘m

. Method two (M 2) completion time was the second highest
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but the differences between M 1 and M 2 were not éignifi-
cant. ‘Itbls noted'that é pﬁrposé of _the experlmént was
to find out which programed method could'bé completed in
the“;hortést time."The data can-also be interpreted to'
mean that M 3 differs significantly from i1 1 for the sub-
Jects in M 3 completed the training material much sooner

- than subjects in M-1. S e

\

In brief, subjects who participétedrin.trainlng
method two received significdntlj’higherrécores,on the‘_i
post-test performance eqﬁluation. Subjects who particl-
pated in tralning method three, however, had the signifi-

cantly shortest completion time of the programed methods,



© DISCUSSTON .

- The Skinnerial view (overt) is that more 1earning will
occur whcn the oubJOCt writes or conotruct the,reoponse,
rather than when the ccrrect answer ;s simply read., The
'iiteratﬁfe.fetiewwindicates}overt responding favors:
complex subject material whereas simple subject material

favors covert responding.

VThe maih objective cftheting any response at all is
not to test bﬁt to 1nsure’the attentioh and active partici-‘
pation of the subjec Perhaps most importantly, if the
suchct is highly motJvated he will pay attcntlon and

read the‘1tems“carefu11y_anyway. ‘It wi}l_mqke né dif- .

ference if he constructs the response, makes multiple

choice responses or no overt responses at all,

A program is only qéjgcod as the material ithohtainS
and for the nartlcular program under consideration, more
emiﬁéol , hould have becn placed on the main criteria
for esteblieht?g a program (Collegiate School Conference,
1960): - Pirst, the-prcgram”ouvht to reflect an.adequate
and current understanding of the subject matter, and,
second, the program ought to«use “the techniques of pro-

ﬂramlng +40- advantage. Wﬁen writing a program we must
consider the age and educational level of the participating

subJectAbut~the"ccmpany prcgramed'material appeared not
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“to take into considération,Wh&t the average building con-
struction foreman should know; rather, the writer must
usually be a subject matter speciallst of the programed

naterial and of the people involved.

Theré appears to be a growing coﬁvidtion among many
in the ficld that the typcs of programing techniques
“employed” should bc determlned by the material belng taught
and the level of the subject taking the training program.
The formql oducafional 1cve1 of the subjects participating
Lin 1he experiment was qpproximately 8.5 mean grade level,
-To someone not familiar with construction personnel,
fhig may 1ndic;£e below averaﬁe intelllgence, but in actu-
ality, they are very knowledgeable in the field of con-

struction. They are considered to be below average on

'verbal ability.h_ e

Subjects that participated in treatment method one
(1 1~ read dueééion, write answer.;readvcorrect‘answer)
were confronted with the bhoring and tiresome act of writihg
answers to many queutions that were so simple that they
Jappqrently offered no chqllenge. Treatment one had the‘
longest method - completion time of allmgroupé. The
subjects tended to write the complete answers only td

questions that were interesting andvchallenging.‘ Sub-
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jects participating in treatment method two (M 2 - read

question, read answer) had'the second highest completion

time‘. L

Method one and method LWO uubjects used the same
programed material - veroion although their methods of
responding were quite differéent., Overcuelng which occurs
when the right response is made too easy was the result‘
of many prompts present in the programedimaterial. The
sequcntial redundancy provided a cueing effect, which,
due to the simple subject material, made the responding

task less and less ihﬁeresting.

Method three subjects, however, had a significantly
shértgr completion time.; Their method of'respénding was
sinmply to read the company~-provided material which had
lbéén'fétypéd in magazine form (including the many pfompts);

no writing was involved.

A comparisdn of the'three.programed'methdd completion
'“times'appéarsrto indicate tﬁat.thé reéultﬂof retyping the .
“programed material into magazine formryielded.a slgnifi-
' cantly shortéf completion timé.AvThis‘type of cdvert'respond-‘
v ing mout uoually coincidos with simple subject material

7From comments made by the subjecta and the impre sion
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ﬁaincd by the e#perimentcr, this sivnlficént diffefence“
_was not because of the mqterial being retyped into magazine
form,vbut mainly the retyped material,aalthough the same
;coverageuof'topio"inv01#edibnly éiéht pages,‘whereas-the
original company version involved thirty-two.pages.' There
was less pﬁysical efforﬁ involved although both the
'V5COmﬁaﬁy aﬁd'fétyped'versidns cbntained»thé samewgﬁount

-of material,

“'The mean-completion tiﬁé>fop method three was six
minutes less than that of_method two and fifteen minutes
1ess"thah that of method one,  Method ﬁhrgevand method two
‘are‘ﬁuité' é‘ifﬁilé;i« in That both require no writing. Com-
bined with the leqs number of pages 1nvolved- for the one
method, ‘1t appears that less physical effort was 1nvolved
for both method three and method two because it was not

necessary to write out the response

”Subjecﬁs that participated'iﬁ tréatment‘tWO had a
significantly higher pérformahcé’scoré on the post-test
evaluation following -the programed method. Their
- responding’act consisted of simply rotating thevprogramed

ateriﬁl to the next frame and then rcadinv ‘the correct
answer, no wr1Lin~ was involved The subjects had been

ingtruoted to Tformulate menta]]y the answer before reading
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the correct answer in the next frame. The reinforcer
here most certainly would bé seeing the correct answer,
and, in addition, simply advancing to the next frame can

be'reinforcing in itself,

Studies sponsored by the U; S. Navy show that if the
subject'is‘told the correct answer after reading the
questions, without having to give his own written reSpoﬁsé;
he retains mofe.’ Tﬁié_is referred to as a prompting
’technique;' Hére the subject does not lose any time search-
ing for the correct answer, hé avolds makingwincérféct .
;eépoﬁées,»and there is a mﬁch shortef’ihteryallbéfWeéﬁ-fA
his mental formulation of the ansﬁér to the question!and M :,
the confirmation of it. If the subject was wrong in his
thinkiﬁg his errof would be corrected beforevhe'builds'

‘new knowledge on a shaky fogndgtion (Reported in Glaser and
‘“Téber;'1961)’ﬂ.Thisvwould‘in effect; necessitate'a new
programed format- combining the statement and’ 1mmed1ate

~answer in the same frame. B

7-iffié“ndtéd £haﬁ;£wo‘of tﬁé @haréqtefistics.of“treat-‘
ment three, ﬁhiéh héd<the shortest completion time, were
that the correct answer was. typed 1n the statement or .
placed immcdiately thereafter, ‘and that the retyping of

material reduced the number of pages from an original



thirty-two to eighﬁ pages.,

Table 3 ohowo a stateﬂent thqt would appear in the
brcoent company ver°1on of programed instructional material
It requirco two frames for each statement Table 4 shows
a oLaLenent tha£ would appear in a proposed method. - The
statement would be typed in the usual menner, but to the
far left side oﬁ_theypage'andwimmedrately below  the
,framepthBYOOrreeﬁ answor Would be typed. The next state-
ment and frame would appear below the answer.' This ver-
.sionuwould permio‘the subject to read the(stntement and'
by slightly rotatihg the programedeaterial the correct

answer would be immediately provided, =u im0er of effects

would be incorporated in this new method:

1.- At present, only five'statemente are>alloWed'
-per page,. wnereas, the proposed”method would per-—
mit seven statements per page. This'would reducevthe
original company version.of thirtyftwo pages to
‘ twentyefhree fqgeérof programed 1nstructionel‘material.
"2, " The propooed me thod WOuld not require any writing,
»‘iand ‘since Lhere would be ninc less pages of
material, less physical effort would be in-' A
'volvcd in rotating the material inside the teach-

‘ing machine.



. TADLE 3 Ekawpib of Oviginal Coinpany Programed Materiale
’ o oo framessiTwo. franes per utqtement or thirty-two
~pages. per. program..

- TINE' SPENT. COVERING.-UP -FURNITURE IS (PRODUCTIVE)
(KON=PRODUCTIVE) .

NOKX-PRODUCTIVE

TALIE h.“'anmpié bf'ﬁfopoucd Programed lMaterial-frame:

One frame per statement or twcnty-three ‘pages
‘per program.

HAVDLT"G MATERIAIS MEANS MOVING NATbRIATS (EVERYWHPRE)
(MHX UITHP HMﬂ

EVERYWHERE
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3. Since there would bc one statement per frame and:
reinforcement following almost immediately,'the
_mqtcrial would bc aomewhat similar to a magazine
article,— Combined with the shorter completion
time that would be possible this would incorporate
the significant effects obtcinéd from treatment‘fv"
method tn;ec. A

Iy, 'By including the correct answer lﬁmediately
below the statement-frame. and since - -no writihg

‘uis involved, fecdback is possible with an extremely
ﬁ'}ow error rate, if any. This-wculd“incorpofate ]

the significant effects obtained from treatment two.

. It is predicted that this proposed method of programed
instructional material ﬁoUld be the best method for train-
ing building construction foremen on the tcpic of materi~ -
als hcndliﬁg.' Géﬁeralizations from this expetriment and
for the cfoposed method -to other personnel are confined
only to members of the building construction crafts,

The proposed method would not have ‘to be 1im1ted to the
topic of materials handling, for it is thoughtlby the
experimenter that_ahy topic of concern to all building‘

ccnStructicn personﬁel would be applicable,
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Studies conducted en programed teaching machineé'heﬁe
shown no clear superiority for any specific type of pro-
gramed method, The moet significant implied meaning from
this ‘e¥periment was that ”°imp1e subject material favors
covert reopondlng " This principle would not be credited
to Skinner, since he advocateo writing in “the response,
Within the schools of thought it is probably -most in agree~v
ment with the principles set forth by Crowder and Pressey.
Regardless, the experiment has shown that where the sub-
jects are less formally educated and have 1ow verbal |
?ability; they tend to prefer reading to writing the
answeru.  ThieAwgu1d-certain1y be true of éonstruction

personnel,; -



SUMMARY

The purpoue of the investigation WaS to study experi-
menuelly three different methods of programed instructional
,meterlal as presented to buildlng construction foremen
in order to ascertain 1f>the company provided material-
version or modifications;thereof would-be the most eniﬁable‘

‘method.

A review of research studies dealing with presentation -

modee”endeethods“of responding supported the following:

R fl;ffCompleuosubject material. favors: overt responding.
2, 'Simple oubject meterial favors covert responding.
3. If yon reduce the program step,size“endAerrort

level, covert responding would ne the most appro-
priate. | |
4. If the probability ‘of error is kept low, it is
not neoessary to have immediate knowledge of
resnlts. |
5. Pfogramed'textbook (covert)vis,best for low verbal
ability subjects. -
N Three ‘.1;?29_8rém,e,d methods were _chosen:
Mi -rUse’program with'machine, niitedenswer;‘rotete.

to next frame and read correct answer,



-3 -

-Mz - Use program with machine, do not wrilte answer, but
- -simply rotate to nekt-frame’and fead the correct.

B fenswef;lm“ o , Ce |

M3 - Use revised progfam with machine and by continu-

| -ously“roteting-tne material,jthewsubjectnwss

able to read the same material rewritten in

magazine form,

Thirty-three building construction foremen from dif-
ferent crafts and who had recently been promoted to foremen
were used in the experiment, Three groups of eleven .

men each'were assigned at random to the treining methods.

The programed material chosen for this experiment was

'~based on the topic of "materials handling." which means
- mov1ng’materlals;'starting from ‘the minute they come on

‘the prejeCt site and ending when'theyvaremeiﬁner”nsed or

disposed,of.

It was necessary to construcf a one hundred, five item

'test ‘concerning the topic of materials handling. Min/Max-

Self-Instructional Teaching Machines were. used in the experi-

ment. The prOgram session was divided intq three parts.

The first seéction consisted of the pre-test evelnetion’-

which was loaded into the teaching machines. After finish-
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ing this part, ecach subject was gilven the particular

type of programed training material seleotod for use which
was insertéd into the machine. After completing this part,
the third section or the post-test evaluation was ioaded

into .the machine,

An analysis of the pre-test means 1ndicate that
prior'to fhe'training, the subjects'-knowledge'of'materials
hahdiiog was‘quite éimilér. An Analysiovof Covariance
‘was then performed. Thé data indicated statistically sig-.
oificant differences at'the..b5 level between the post- .
:teot écores indicating a superiority in oﬁé.or more of
the programed methods. A Newman—Keuls test was per= -
mformed in order to. determine where the significant dif—
ferences were. The mean post- test performance following
~method two (M 2 - read programed material, read correot ’
:answer) was significantly 1arger than Lhe mean performance

- following method one (h 1 - rcmd programed material

write answer, ‘read correct- answer ) at the .05 1eve1 Thisfr'“ o

-is interpreted ‘to-mean that the programed materlal method
two was oignificantly superlor over method one in the"
facilitation of learning. Generalizations of this result
‘may Eé“madé“as°fo11oWS{ When 1t can be at least assumed ‘

that the‘subjocts,aro less formallymeducated,and having
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low verbal ability, “the moct effectlve programea ins trch
t&ghal material method is one that allows the subject

to read the material,-formulate'mentélly the answer,

and by a slight rotatioh of the material, the correct .

answer is provided,

{ An Analysis of Variance was,performed on‘thé programed
methods - coﬁpletion,times’with the result that signifi-

-Cant7diffeiénceéfwéreafound among the three'treatmént

‘method chpletion times at:theﬂ.05i1eVél.“”A”NéWman—{euls
tesé was performed, The mean completion time‘of:méﬁho& three
(M 3 = recad programed material retyped into magazine form)

" had a significantly shorter completion time, It is inter-

.Wpretod that this sign:ficanf difference was not because

of the material being retyped 1nto.magazine form, but

mainly Lhc retypcd quer1Q1 1nvolved le 38 number of pages ” 

than the origlnql compwny naterial vcrcion

The mean completlon time for method  three was "ix
>-minuteu less than the time for mnthod two and fifteen
minutes 1es than method one's time, It appears that less
physical effort ‘was .involved for both method three and .
‘fnethod two requlre no writing of reSpon es; Method

three, in addition, has nine less pages.

W
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A purpose of the experiment was to determine the most
suitable programed 1nstructionql method in . terms of the_
shortest oompletion time and to ascertain~the_method that

-facilitates—1earnihgwtho~most; In order to obtain the

most sultable method it is proposed that the characteristics

of method two'(facilitated learning) and method three

(shortest completion time) be combined,. -

At present the question or statement is‘in one frame
and the answer in another framc. This could be modified
‘50 that the otatement would be in one frame and to the .
;far 1eft Slde of the page immodiately below the same frame
“theAcorreot answer woui&‘Bé typed This would permit
each pmogramed page to have seven statement—frames instead
~of the~present'fivevframee and the'eﬁtiré‘programquuld
be reduced from thirty-two pages to twenty—three. ‘This
hould seem to be the best method for training ouilding

construction fomemen'on the topic of materials handling.
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