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ABSTRACT

INTERACTING EFFECTS OF VARYING STEP SIZE AND FEEDBACK
IN PROGRAMED |NSTRUCT ION

Problem

What seemed so simple and clear in the early history of the
development of programed instruction has shown its true face, that of
an extremely complex instance of meaningful verbal learning. The prin-
ciples underlying |inear programed instruction, developed by analogy
from variables proven to be critical in operant conditioning, have not
held. For example, findings concerning the importance of small| incre-
mental tasks (step size) and immediate reinforcement (feedback of the
correct answer) have been contradictory. |t was suggested that studies
Involving complex designs offering interactive information were needed to
‘gain a better understanding of this phenomenon. This study developed a
factorial experiment utilizing multiple dependent measures to investigate
the hypothesized interaction between step size and feedback over differing
achievement levels, In doing so, the study also assessed the adequacy of

the students' subjective confidence level as a measure of step size.

Qb jectives

The study was designed to answer a series of questions concerning
the relationship existing between the amount of information given before,
and after, the overt response, and its affect upon multiple outcomes.

More specifically, it was planned to test the folowing hypotheses:



o am— .,rnnll\/



John M, Gordon, Jr.

In terms of the comprehension of concepts:

I. Provtding knowledge of correct response does not
increase the effectiveness of small step size
programs for students at all achievement |eveis.

2. Providing knowledge of correct response does
increase the effectiveness of moderate step size
programs at all achievement |evels,

3. Providing moderately difficult frames with knowledge
of correct response will| be more effective than any
other combination of step size and feedback for all
achievement levels,

4, Providing moderately difficult frames with knowledge
of correct response will reduce the boredom or "pall"

effect among the upper and middle third achievement
levels.,

Procedure

A selected portion of a published program covering static electri-
city and voitaic cells was field tested and revised twice to reach the
minimal error rate conditions needed. During this phase, attempts were
made to judge the usefulness of assessing the student's conficence in his
freame response as an indicator of frame step size. The ratings proved
partially helpful in frame revision but not acceptable in attempting to
determine step size.

Three additional variations of the basic program were developed to
serve as step size levels. The first contained one or two |etter prompts
for every response, thus representing the easiest version. Redundant
and review frambs plus key words within frames were systematically elimi-
nated from the other two versions, resulting in two more difficult step
size levels. Each of the totel of four variations was duplicated with
a form containing the correct response, and one without, to constitute

the eight treatment materials,
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At the same time, a general science achievement test was being
developed using differentiating items from previous teacher-made tests.
The students were ranked according to their scores on this test, divided
into thirds and randomly assigned to the eight program variations. The
assignment procedure called for randomizing within each succeeding group
of eight students while proceeding down the ranked |list within the three
"leveis", The resultant was a 4 x 2 (step size x feedback) factorial
experiment randomized within blocks design.

All avallable, approximately 400, 7t+h grade science sfudanfs were
assigned to progrems. No sampling was undertaken, Two separate criterion
tests were developed, one involving knowledge and comprehension items;
the other, application items. A set of affective rating scales were
logically developed and pians to take time estimates made.

The time to complete the program and testing phase ranged from two
to eight fifty-minute periods, Students finishing early were given reme-

dial or enriching individual study.

Apalysis

Oell size was equated at |6 by random elimination for ease in
statistical calculation. This operation brought the total to 24 x I6
or 384 subjects. .Mulflvarl;fo ratios were calculated for the pertinent
cognitive sources of variance. Appropriate univariate F-tests, and indi-
vidual comparisons were made to substantiate or refute the theoretical
hypotheses and questions. Three-way factorial univariate analyses of
variance were calculated for the affective scales, time estimates and
error rates. Intercorrelation metrices were computed for all the
possible affective and cognitive combinations for groups taking each of

the eight program variations,
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Oonsidering the independent effects upon the application scores:

I

3.

a significant variation remained due to prior achievement
levels even when program knowledge-application score
covariance was partialled out,

a significant step size x feedback interaction remained

when the knowledge interaction was partialled out. The
version of the most difficult variation was as

effective as the easy variation with feedback.

neither step size or feedback was an independently signi-
ficant factor,

Considering the effect upon the affective ratings:

2,

4,

varying feedback accounted for differences between |nterested-
Bored ratings. Those receiving feedback rated themselves
as being less bored,

the moderate step size variation with feedback tended to
produce less boredom ratings within the middle third
achievement level (than the other versions) but the differ-
ences were neither large nor consistent.

lower third achievement level students rated Variation ||
most interesting.

varying step size produced differences between the Successful-
Fruetrated and Progress—No Progress ratings in the expected
directions.

Considering the effects upon the over the summer knowledge loss:

l.

only prior achievement demonstrated any effect upon reten-

tion loss; the |ower third lost the least, but they had
little to lose.

Oonsidering the effects upon error rate and time to complete the

programs:

Il. all main factor effects and their interactions were

signiticant influences upon error rate and time to complete

the program.

Finally, there was no consistent indication of a relationship

existing between any of the cognitive measures, prior achievement test

scores, orrdr rate, knowledge test scores or application test scores,

and any of the affective ratings.
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The knowledge and application tests were given again in the énsulng
fall, approximately five months after the program administration. Only
knowledge scores were meaningful as many of the application exams were
not completed within the allotted scheol period time limit. A univari=-
ate factorial analysis of variance was computed on the knowledge loss

scores.

Results ond Conclusions

The sub jective confidence estimate added |little information to the
error rate In assessing step slize, Estimates were either high or lew,
condiflons suggested that a response latency would be more informative.

Oonsidering the overall effects on the cembination of knowledge
and application scores:

|. prior achievement level was a more important influence
than was expected.

2, asmll, in relation to achievement level effects, but
significent interaction between step size and feedback
was found. Taken as though they were independent, step
size was, and feedback was pot, & significant factor.

3. there were po step size or feedback by achievement level
interactions,

Censidering the independent effects upon knewledge scores:

|, prior achievement levels accounted for more variatien
than expected.

2, the step size x feedback interaction was significant
allewing the test between treatment combinatiens which
demonstrated that feedback was pet of value to the two
small step size variations and only became operative
with the moderately diffisult.variation.

3. the overall knowledge and application step size effect
(although not independent because of its interaction
with feedback) was feund within the knowledge criterion
outcomes.



INTERACTING EFFECTS OF VARYING STEP-SIZE AND FEEDBACK
| IN PROGRAMED |NSTRUCTON

BY

(¢

JOHN M:* GORDON, JR.

A THESIS
Submitted to
Michigan State University

in partial fulfiliment of the requirements
for the degree of

DOCTOR OF PH|LOSOPHY
College of Education
1965



ACKNOWLEDGMENTS

The author wishes to acknow|edge the Smal| Contract Program
of the Cooperative Research Branch, Office.of Education,'Deparfment
of Health, Educ;flon, and Welfare for providing funds to carry out
the research project.

Special thanks are extended to the students, faculty, and
administration of West Junior High School for allowing the Project
to be inter jected into their educational| program. The author
wishes to specifically recognize Mr, Glenn Burgett, Principal,

Dr. David Schullert, Science Coordinator for the Lansing School
System, Mr. Glen Baxter, Science Coordinator for West Junior High,
and Mrs. Kathy Kolster, Mr. L|oyd MacPherson, Mr. Robert Bailey,
and Mr. John Wedding, Science Teachers, for their cooperation.

To Dr. David R. Krathwoh| goes much gratitude for sponsoring
the project and providing the major impetus and support. Other
faculty members who were instrumental in seeing the project through
to comp|etion were Dr. Walter Stel|wagen, Dr. William Ste|)wagen,
Dr. Joseph Saupe, and Dr. John Barson. Special thanks go to Dr.
Barson for his encouragement,

Finally, the author wishes to acknowledge his wife, Rachel,

who waited patiently for IT to be completed.



CHAPTER
l.

.

TABLE OF CONTENTS

moBLEM‘l."'...'.".'..'.'.'...‘.......'.....0..

®e 0000

Problem Perspective.....ccoveeeercccesccccns cetesceces
Rationale and Purpose of the Study....ceceeveececcacens

Choosing the Classes of Learners.....cceceeeeeecess

Choosing the Classes of ObjectiveS..cceeeeeceecsess
Theoretical Position and Hypothesis Development.......
Related PUrpoS®. ...ccocevecesccescvesescsocsecnsccasnas
Overview of the Report.....ceeeeeeccecrcersscccsncenne

REV'EN OF mE L'TERATmE'.....'.'...'.0......'."

Step Size Definition...ccveeeeenccersececiscccsscccnnss
Effects of Step Size Variation....ccveeecececceoccncens
Intel |igence and Prior Achievement......ccececececeses
Effects of Feedback Variation.....ceeceeevecceccceccens
Cognitive QUTCOMES. . ccuvveeceosccnssscsssseevsssannsne

Long=Term Retention.....cceeevececececrcccoscscnnns

Application Transfer...ccececeececcsccscococcsccocs
Affective OUtCOMES. . .vveeccerccescrsaceoscrscccrsccnsanas

sumry......0...00..'1.00.1.coooctco'l-.ooo'cooolo.lc

mmEDURESCOloc"'c"Qo'.ov.o"o..o'...'c'c'otcc'onno.'oo

SBMP @, ceereescescsssscasescssencsscssocsssscascscanse
Unique Role of the Four Teachers.......ceeveceacecanss
Content SelecCtTion...ceceveecesceceacsccacossossaasnasnns
Step Size ASSeSSMeNT.....ccoeeveeescraccosnscccscnnane

Results of Confidence Rating Assessment............

CONClUSION.eereeaeossescessossasosacssosscssossscssass
Deve |opment of Programs of Varying Step Snzes.........
Prior Achievement Placement EXam......cccceeeeesvcccscs
Program Administration....ccceeeeeeescsccecscscscacnnsns

Knowledge and Application Criterion Tests......

Affective QuUeStionNNaire...coeeeeeeccccesscccsscccssscee
Rationale Underlying the Analyses of the Research.....

Hypotheses and QuesStionS....cceeeeecvcrccccsccccnsns
Study Design and Rationdl@...ceceeeeecccecsscsccccoons

sumry...ouocoooocc.o.0...00O.loool.ooo.ooooo.

45
46



e el Gl N Nenl N

e

85,



CHAPTER

|V. RES“JS.....................................nu----o-----

Ma jor Varisble Effects Upon Program Cheracteristics.....
Erm mf‘..........'ll.......‘........‘.....0.0....0
T" fo ml.f. Mru...Q‘.Q......l.‘..'..’.‘..l..

Other Pr'ogrll Glaracforlsflcs...........u..............

wl*'v‘ mfa‘.........“..QCO...........Q.‘.'..l.l....
sm's*'ca' m'm'...........Q.Q.O...Q..l......‘...
Know ledge=App| ication Score Correlations, Graphs,

Qﬂd wiquemsﬂo.0'..0.0.00.....‘00..0.....0......0.
ml?'var‘af. T“f.ooooooo-ooooo-.oooooo-ooooooocoooo.
Appmr'af. m'v"laf. T““......OO..Q...I'.O...O...
Knowledge Criterion Hypothes@S..cecccccocccccccccsces
Applicafim cri*“lm w“*'mooooooooo.ooocoooo-oooo
mf.nflon m w.’flon.......C....l...ﬁ............‘

Aff”*'v. m...'......QC.......'.....0..0..0....0..0..
Cognitive, Affective, and Cognitive-Affective

wr.'w'ms..l'....O.....QQ.Q............l..l.'....

R.‘u'*s suwy....‘....l.‘.OO............l....'......0.

Dl'cus"m MWB“OI.'QI...l..l......."..Q..O..l.!....

Discussion of Problem Section QUeStiONS...ccecccceccccace

Mm* Mdifim'ﬂg hs'*'m......l.'l.0‘.....0..0.l...

M*'gulfy m'flm....Cl.‘.......'.....................

W'f'v. Th”ris*s. Nslflm...00...'...0....'.0‘..‘0..
Mﬂlflv. *mrl*‘y.....O...'............l..l.........
Eﬂfry ReperfOIr...Q.OQOOQ..Q..QO....O..'O...QQ..O.QQ.
Individual Accomodation and PacinG.ccccceccccccaccces
T.’k D'fficu'Wooooooooooooooooo.ooooocoooooooo-oocoo

Overail Conclusion as to Theoretical Rationale....cccoees

m' M‘m fha* Evo‘v.GOOOOO.C.....'..0.0.0.000..00.0.

Oontingent GeneralizationS.ccecesccescccassercacccsccccne

Conc|usions Ooncerning the Role of Step Size and

Feedback In Programing STrategy..ccececcecececsccscacacs

V. SUMMARY, OONCLUSIONS, AND [MPLICATIONS FOR NEW

mm".'....0'...0...0..‘.0.0..Q...O....’.'O'...OO...

mkgmndi.Q...O.......‘.‘.............'......OQ.....C.
wJ”*Iv.’..'..Q...OQ‘.‘Q.............‘..Q....l..0...0..
m.w"...'....0.0Q.'.Q.QOI.....0........0.0......0..‘

mnc'“"“".....'..........C........O..'......O....'Q.

'W"C“'Ms w m mrchQioi..O..‘..Q.....0.....0..

m'x lO.l......"...Ol......0.........‘Q..‘.!l.."....

m'x ‘l'..'............‘....C.QO...‘...............‘..

m'x "'....I......I...C............l......."..I....Q
B'a'Mocooooocnoocooonoooooocoooocoooooooooocoooooco

: ¥

BNEses

SBLE

288BIRTLEBIIT 2B8

R

8398 ¥

100
103

106
(R}
121
133



e
e




TABLE
TABLE 3.1
TABLE 4. |

TABLE 4.2

TABLE 4.3

TABLE 4.4

TABLE 4.5

TABLE 4.6

TABLE 4.7

TABLE 4.8

TABLE 4.9

TABLE 4.10

TABLE 4.] |

TABLE 4.12

LIST OF TABLES

EXAMPLE FRAMES FROM THE FOUR STEP SIZE VARJATIONS....

THREE-WAY FACTORJAL SOURCE OF VARIATION TABLE FOR
THE ERROR RATE DATA (N=3x).......'......C...QQ..'..

THREE-WAY FACTORJAL SOURCE OF VAR|ATION TABLE FOR
THE TJME TO COMPLETION DATA (N=336)¢c.ccececcccsccsss

NUMBER OF RESPONSES, DENSITY, PROGRAMING RULES, MEAN
ERROR RATES, AND MEAN SECONDS/RESPONSE FOR THE
me vERS'ms....C........O..Q.C...."'...I..Q.OC

RELATION OF KNOWLEDGE AND APPL|CATION TEST SCORES....

MEANS AND STANDARD DEV|ATIONS FOR THE KNOWLEDGE AND
Am'CAT'ON SCORESI........‘.Q....'...C..O'......'..

SUMS, SUMS OF SQUARES AND CROSS PRODUCTS OF KNOWLEDGE
(X) AND AWL|CATlON (Y) SCMES......................

THREE -WAY FACTORIAL SOURCE OF VAR|ATION TABLE FOR THE
MULT|VAR|ATE ANALYS])S OF THE COMBINED KNOWLEDGE AND
AleCATlm ScmEs (N=m).........C.l..........0..'

THREE-WAY FACTOR|AL SOURCE OF VAR|ATION TABLE FOR THE
KNWLE%E SCORES (N'm).....Q....I.......‘....'...'

THREE-WAY FACTORIAL SOURCE OF VARIATION TABLE FOR THE
APPL'CAT'ON SCmEs (N-m)..‘...........'...I.....C.

MA|N EFFECT AND INTERACTION MEANS FOR KNOWLEDGE AND
APPL'CAT'W TES“........".............‘...........

ANALYS|S OF THE APPLICATION SCORE VAR|ANCE DUE TO THE
ACH|EVEMENT LEVEL MAIN EFFECT THAT REMA|NS WHEN
KNWLE%E SCmES ARE COVAR|ED Ow...........'.'.....

ANALYS}S OF THE APPLICATION SCORE VARJANCE DUE TO
THE STEP S)ZE MAIN EFFECT THAT REMA|NS WHEN THE
KWLEmE SCmES ARE COVARlED OWOIOC...UOOOCOCOQODO

PAGE

51

51

52

57

60

60

6l

62

63



W49

By



TABLE
TABLE 4.13

TABLE 4. 14

TABLE 4.15
TABLE 4.16
TABLE 4.7

TABLE 4.8

TABLE 4,19

TABLE 4,20

TABLE 4.21

TABLE 4,22

ANALYS|S OF THE APPL)CATION SCORE VAR|ANCE DUE TO
THE STEP SIZE X FEEDBACK INTERACTION WHEN THE
KWLEME SCmES ARE COVAR'ED M.Ol......'.'.'..l.

BETWEEN MEAN AND RES)DUAL CORRELATIONS BETWEEN
KNOWLEDGE AND APPL|CAT|ON SCORES FOR THE SIGNIFICANT
SmEsWVAR‘AT'ONOOCO.......0..'...‘.....l.......

KNOWLEDGE SCORE MEANS FOR EACH OVERALL ACHIEVEMENT
LEVEL AND TREATMENT GROUP (N=16 PER CELL)....ccc0ese

APPL|CAT)ON SCORE MEANS FOR EACH OVERALL ACH|EVEMENT
LEVEL AND TREATMENT GROUP (N=16 PER CELL).cvcecscses

THREE-WAY FACTOR|AL SOURCE OF VARJATION TABLE FOR THE
RETENT|ON LOSS SCMES (N'|92)..-.................-..

COMP|LATION OF THE F-TABLE PROBABILITIES FOR THE
SIGN|F|CANT MA|N EFFECTS AND INTERACTIONS ON THE
AFFECT’VE RAT'NG DATA.......'C.C...Q..O.'..Q..O..‘..

COMPAR]ISON OF THE |INTERESTED - BORED RATING MEANS FOR
THE UPPER AND MIDDLE THIRD ACH|EVEMENT LEVEL GROUPS
USING THE W)TH FEEDBACK VERS)ONS (N=i4 PER CELL)....

COMPARISON OF THE INTERESTED - BORED RAT|ING MEANS FOR
THE LOWER THIRD ACH|EVEMENT LEVEL GROUPS USING ALL
VERS|°NS (N.|4 PER CELL)...'.....C..................

CORRELATIONS BETWEEN ENTRY ACH|EVEMENT AND KNOWLEDGE
AND APPLICATION SCORES FOR THE EIGHT PROGRAM GROUPS.

COMP|LATION OF THE F-TABLE PROBABILITIES FOR THE
SIGNJF|CANT MA|N EFFECTS AND INTERACTIONS ON MAJOR
CR'ER'm MEASURES...I.........."l.............'...

PAGE

65

66

70

71

7

75

75

76

79



CHAPTER |
PROBLEM

The rationale for programed instruction is not universally agreed
upon, Oonsider, for example, the following pairs of contrasting state-
ments. The first of each pair, taken from one of the position papers
presented by B. F. Skinner, argues for a particular facet of the technique
that bears his name. The second, made by individuals keenly interested
in the operations of |inear programed instruction, discusses the effects

of these facets.

In discussing the need for immediate feedback, Skinner stated

that:

"|mmediate feedback encourages a more careful reading of
programmed material than is the case in studying a text,
where the consequences of attention or inattention are so
long deferred that they have |ittle effect on reading skills.
The behavior involved in observing or attending to detail —
as in inspecting charts and models or listening closely to re-
corded speech -~ is efficiently shaped by the contingencies
arranged by the mechine. And when an immediate result is in
the balance, a student will be more |likely to learn how to
marshal|l relevant material, to concentrate on specific
features of a presentation, to reject irrelevant materials,
to refuse the easy but wrong solution, and to tolerate
indecision, all of which are involved in effective

thinking" (Skinner, in Lumsdaine and Glaser, 1960, p. 154).

Glaser, after having watched students working through a program,
was:

". . . impressed that you can leave out, especially in low error
rate programs, a lot of the information feedback for many frames,
because performing is reinforcing itself and information feedback
is often ignored by the student. Sometimes it is necessary to

force them to look at it, but that has some instrumentation
problems" (Glaser, 1963, p. 188).



Ooncerning small step size, Skinner wrote:

"A second requirement of a minimal teaching machine also
distinguishes it from earlier versions. |In acquiring complex
behavior, the student must pass through a carefully designed
sequence of steps, often of considerable length., Each step
must be so small that it can always be taken, yet in taking it
the student moves somewhat closer to fully competent behavior"
(Skinner, in Lumsdaine and Glaser, 1960, p. 141).

Lipson, after taking these smal| steps, remarked:

"As | proceeded, turning pages and writing down answers, the
novelty quickly wore off, and | found myself growing increasing-
ly bored, The steps in the program were so minute that it
became less and less necessary to think: the correct answers
came with what amounted to dulling certainty" (Lipson, 1962,

p. 1).

Finally, Skinner confidently concluded:

"The learning process is now much better understood. Much of
what we know has come from studying the behavior of l|ower
organisms, but the results hold surprisingly well for human
subjects. The emphasis in this research has not been on proving
or disproving theories but on discovering and controlling the
variables of which learning is a function. This practical
orientation has paid off, for a surprising degree of control

has been achieved. By arranging appropriate 'contingencies of
reinforcement', specific forms of behavior can be set up and
brought under the control of specific classes of stimuli., The
resulting behavior can be maintained in strength for long periods
of time" (Skinner, in Lumsdaine and Glaser, 1960, p. 140).

Hilgard surveyed the ensuing research findings and countered:

"I+ has turned out that Skinner's confidence, while important.in
promoting -programmed learning, has not been fully sustained. This
follows in part because the analogies he uses are just that, and
do not necessarily represent identities in the processes involved
in Skinner boxes and programmed learning . . . . | believe that
the advances made in programmed learning have been based very
little upon a strict application of learning theory, regardless

of what devotees of the different theories may assert" (Hilgard,
1963, p. 136).

These probleﬁs concerning |linear programed instruction can be
thought of as part of a broader educational question; that of timing,
or "when to introduce information into complex, verbal learning to
achieve optimal retention, and transfer" (Wittrock and Twelker, 1964,

p. 10). 1Is it, as the |inear programed instruction originators stress,



most effective and efficient to provide a highly redundant discourse
such that there is a high probability that the student will respond
correctly, and then follow immediately with the correct response? Or
should one provide a |less redundant narrative such that the student can
only offer a tentative response and then give him the correct answer?
Would one strategy be more dependent upon the information within the
correct answer than the other?

Moreover, are there different strategies of information introduction
for particular classes of learners? |t is conceivable that the bright
student would flourish with less redundancy and more difficult discourse,
whereas the slow student would be retarded.

Learning is also not without its affective counterpart. Are there
concomitant affective states which accompany these information strategies
that tend to enhance or interfere with the cognitive functioning? Would
the less redundant narrative, being more difficult, produce a level of
anxiety which would seriously disable certain classes of l|earners?

The already complex situation is further complicated by the multiple
outcomes of instruction, long-term retention and application. |s there
a single strategy, using the |inear programed instruction framework,
that is most effective in attaining both outcomes?

Finally, is there a single position, such as Skinner's, that can
ﬁrovide a rationale for generating solutions to the foregoing questions?
Hilgard obviously feels that none of the major positions, that of
Skinner, fﬁe contiguity theory of Guthrie, or cognitive theory, can
account for the "advances made in programmed instruction." |f so, is
there an amalgem of these positions which would serve as a model for

producing operating principles, for programers as producers, and students

L4






and teachers as users?

e an f the

lumsdaine views the problem in these terms and asks'whether
a science of instructional programming, dealing with intermediate-
leve| principles, needs to be developed as such - or whether implications
for a more general learning and behavior theory can ultimately suffice
as a foundation from which a technology of practical programming princi=
ples can be derived" (1964, p. 393). He continues to present a rationale
for the development of these intermediate-level principles by reasoning
that:

"The need for and probable character of such intermediate

level| principles in the development of a science of instruction

rests in part on the proposition that, in view of the com-

plexity of human learning and the diversity of humen learning

tasks, we can expect to find relatively few universal generali-

zations that hold for all classes of instructional objectives,

all classes of learners, and al| conditions of instruction.

Rather what is likely to be most needed is a series of

'contingent' generalizations that take account of the interactions

of variables. Experimentally, this position argues for fac-

torial experiments in which two or more variables are studied

in combination so that qualifications on a generalization can

be determined, and we may validate contingent generalizations

of the form: Under condition A, one is obtained, whereas

under Condition B, result two is obtained" (p. 394).

The rationale for the present study followed this same |ine of
reasoning and accepted the development of a series of contingent general-
izations as its objective. The study proposed a factorial experiment
vhich investigated the interactions between varying amounts of information
Prior to and after the overt response. Accordingly, these interacting
effects were studied with different classes of instructional objectives

8nd gjfferent classes of learners.

There might come a point, however, at which some creative individual

"I 1| combine the principles which this and other research are suggesting



into a set of higher-order generalizations - a general learning and
behavior theory. As Schramm says, "perhaps this is the curve of
progress we should expect - many small advances, resulting, over time,

in the accumulation of insights to the size of a critical mass" (1965,

p. 9).

Choosing the Classes of Learners

The choice of what classes of |earners to sample, as in most
educational research, was not really a choice at all, One accepts what
is available. Fortunately, four seventh grade teachers in the Lansing
schools were interested and willing to try out the experimental materials
within their classes. Obtaining seventh graders as a target population
was an unexpected surprise, for the achievement range within this grade
Is quite large. The wide range of achievement made it possible to
survey effects of the factorial combinations over three fairly well-

defined levels.,

Choosing the Clagses of Objectives

If we can expect a separate set of contingent generalizations for
different educational objectives, then the choice of these objectives
and their corresponding criterion performances was crucial. Too few
studies have made an attempt to clarify these separate outcomes.

Bloom, et. al., (1956), in their analysis of these various ob jec-
tives in the cognitive domain, provided a workable framework for
Separating outcomes. The authors' classification system identified
knowledge, comprehension, application, analysis, synthesis, and evalua-
tion as possible categories. Only the first three objectives, knowledge,
Comprehension, and application, were judged by the teachers in our sample

as applicable to the content to be conveyed to their classes. Since the



program content was primarily concepts and principles rather than

facts, we combined knowledge and comprehension categories into one
instrument. A second instrument would be prepared to assess the re-
cognition and application of principles within new situations. Settling
upon multiple criterion tests opened the possibility of identifying
contingent relations for both outcomes within the one experiment, |t
also offered to provide evidence regarding fhé supposed hierarchical
relationship of these categories.

Other evidence within the |iterature pointed to the need for an
assessment of |ong~term retention as a relevant educational objective.
Oertain of the step size x feedback variations of the program might
possibly result in greater retention. |t was, therefore, decided to
readminister the criterion tests during the following fall using the
summer vacation as an interim period.

Krumboltz (1963) introduced more intriguing debate when he
contended that program error rate was also a dependent variable. He
maintained it was dependent upon the various inter- and intra=frame
cue manlpulaflonsf What, then, is the relationship between error rate
and the other criteria =—— knowledge and comprehension, application,
and retention? The common term for the decoding and encoding of content
is acquisition, |s error rate a measure of program acquisition? On
the one hand, the answer may be affirmative, in that program frames so
Closely resemble test items that it could be said that a student meking
very few errors in working through the program has acquired its content.
On the other hand, the answer may be negative, since some would claim
that if a student really had acquired the content, he would be able to

Perform well on a separate knowledge criterion test, even though the



test items were almost copies of certain, selected program frames.
Still others might say that he really has not acquired the content
until he could demonstrate that he had retained the meterial for some
specified longfh of time. The investigator, consequently, chose to
study all forms of acquisition, independently, and in relation to one

another,

e | s el

The informational strategy of |inear programed instruction calls
for a repetitive cycle consisting of: presenting information, leaving
one or more words out of context to be filled in by the learner, and
immediately offering the missing words. This series is continuously
repeated In a sequence which either follows a planned pattern, e.g.,
ruleg, conversational chaining, or a most logical sequence, that is,
logical for the programer. |n this seemingly simple informational cycle
are all| the basic features of the learning process; felt need (to learn),
perceived goal (the correct answer), an increase in tension (problem of
generating the missing word or words), activity of the provisional try
fwriflng in. the perceived words), and feedback (both knowledge of the
correct answer and relief of the tension or reward if correct).

The original basic strategy, borrowed from operant conditioning,
called for enough prior information to assure the probability of less
than one in ten that the learner would make an incorrect response. The
learner's response must be written and the correct response must be
Shown immediately following the overt ect. The words selected for the
b lanks or responses must be crucial to the information content of the

Program.,



Not long after the advent of this strategy in program form,

reports of discontent were heard: the frames were boring, writing the

response seemed a hindrance, the correct response was being ignored.

To explain these occurrences and offer a hypothetical solution, the

following set of statements are advanced:

3.

If the prior information is so redundant as to make the

missing word obvious to the point of certainty, a) there is

no increase in tension, hence no challenge, and boredom results;
b) there is no need for the information within the feedback;

and c) since there is no tension, the feedback loses its re-
ward value as well,

| f, however, the prior information were to be controlled so
that there was a lack of certainty in selecting the response
and an accompanying arousal of tension, a) the boredom would
disappear; b) the feedback would partially maintain its
information value; and c) the choice of a correct response
would retain its rewarding function with its reduction of
tension.

The prior information should not be so precise or so vague that
there is no possibility, or only a small probability, that the
student will discover the missing words. In such a case, 8) too
great a tension level is created, b) the information in the
feedback is not seen as relevant, and c) its reward value is

lost.

Thus, a program whose prior information presentations might evoke

both response uncertainty and slight tension, would result in:

More efficient content acquisition due to the reduction of

prior information redundancy,



2, Assurance that the student complete the full cycle of the

learning process which would result in more effective immediate

and long-term retention of the program content.

3. A greater probability of probiem=solving processes, as yet

undefined, being activated which in turn might transfer to

tasks where application of content principles is needed for

solution,

4, Maintenance of positive affect because of the continuous

tension arousal and reduction inherent in this version.

The following research hypotheses and questions developed from

these suppositions and related findings of other studies are suggested:

In terms of the comprehension of concepts:

2.

Providing knowledge of correct response does not
Increase the effectiveness of small step size programs
for students at al| achievement levels.

Providing knowledge of correct response does increase
the effectiveness of moderate step size programs at
all achievement levels.

Providing moderately difficult frames with knowledge
of correct response will be more effective than any
other combination of step size and feedback for all
achievement levels.

Providing moderately difficult frames with knowledge of
correct response will reduce the boredom or '"pall"
effect among the upper and middle third achievement

levels.
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The following questions evolved from consideration of other instruc-

tional problems that had not been a part of the original rationale.

|. How adequate is the subjective confidence rating the learner
gives to his frame response as an indicator of size of step?

2. Wwhat effect will programs of varying step size and feedback have
upon the learner's ability to apply the concepts and principles
within these programs to similar sjtuations?

3, What effect will programs of varying step size and feedback have
upon the learner's ability to retain the program concepts over a
long interval of time?

4. Wwhat relationship exists between prior achievement, program
achievement, and the ability to apply the program concepts and
principles to similar situations?

5. What effect will programs of varying step size and feedback have

upon the level of boredom among the below-average achievers?

Re d e

It was initially hoped that the evidence resulting from the study
would be applicable to the more common student-teacher instructional
interaction. Upon further analysis, there arose a number of distinct
di fferences between the two instructional patterns which make any such
inferences quite strained. The following |list attempts to relate these

ma jor distinctions:

Student-Teacher |nteraction Linear Programed [nstruction
I. Teacher paced Student paced
2. Few students respond All students respond
3. More or |less sporadic sequence Empirically tested sequence
4, Calls for listening comprehension Calls for reading comprehension

As a result, the study restricts its remarks to situations which

relate to the task and methods of |inear programed instruction.






Qverview of the Report

The discussion within Chapter || centers upon reviewing and re-
lating the findings of other research projects to the theoretical
varjables and framework just presented. The discussion contains those
studies which led to the original hypothesis formulation and also
those pertinent studies which have been published since the time of
the original proposal.

A further clarification of the methods used to put into operation
the main variables, step size and feedback, plus the major procedural
decisions are reported in Chapter I||. Specific manipulative controll-
ing techniques are explained as well as those in the basic design. A
rationale is offered for the statistical analysis that follows in the
next chapter.

The specific findings and decisions concerning the theoretical
hypotheses and quesfiéns are reported in Chapter |V. Summarizing
tables are used, wherever possible, to aid in the interpretation of the
multiple outcomes. The relation of the results to the theoretical
framework is discussed. The report ends in Chapter V with a summary,
conclusions, and implications for further research. Appendices and
a bibliography follow. The appendices contain graphs of the two-
way interactions of the dependent variables, a student by item
confidence rating metrix, a sample affective questionnaire, and sample

prior achievement, knowledge, and application tests.



CHAPTER |1
REVIEW OF THE L|TERATURE

The review of the |iterature will concentrate upon those
studies which led to the development of the original theoretical
framework, Projects published subsequent to the initiation of
the project are included and their relation to the original

proposal Is explained.

Step Size Definition

The important principle that mastery of a complex subject
should be bullt up by falrly small steps seems no more than
common sense, But when Skinner advocated it in conjunction with
his other programming rules, fhe educational world took notice.
It was some time before fhoge who accepted these principles
realized the inherent complexity in operationally determining
the "slze" of the steps toward task mastery., Simply calculating
the per cent error rate for a program frame and checking this
percentage against some pre-determined criterion was |ittle help.
It was the actual manipulation of frame content that caused the
difficulties, As a resulf "sjze of step" began to take on
various definitions for example, the number of words per frame,
or complexity of length of the response. The meaning associated

with error rate, that of degree of difficulty of giving the

correct answer, was generally accepted, Yet as Lumsdaine (1959)

12
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cogent|y pointed out this notion of degree of difficulty gave
step size a duality of meaning., Difficulty level was a dependent
variable, dependent upon the cue manipulation within thc frame
and the learners on which the program was being validated. The
error rate percentage, therefore, was only one indication of

the complex interactlon between frame content and l|learner
repetoire,

Little progress was made in clarifying this issue. This
led Deterline (1963) to state that '""no one has yet satisfactorily
defined step-size" (p. 6). Smith's solution to the problem was
to abolish the term and begin an experimeﬁfal analysis to "iden-
tify the behavioral components of that class of behavior now
generally titled 'step-size'" (1963, p. |). Earlier Shay (1962)
had developed a cumulative probability estimate for a given item
based on the error rate of all the Items in the program. His
method, although mathematically and operationally correct, did
not help explain the "class of behaviors' that the student per-
forms in working through a sequence of [tems.

Jacobs (1963) suggested that someone explore the use of a
subjective probability estimate of the difficulty of a given
frame for a particular |earner as a way of assessing this
elusive step-size. To determine the reliability of this sub-
Jective measure, he surveyed the |iterature and concluded that
"In general, ratings of difficulty, ratings of confidence, and
measures of correctness correlated fairly highly in the expected
directions" (p. 35-6). Johnson, In a discussion of subJecfive

ratings, said "In all probability, ratings of the difficulty
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of Jjudgments and the confidence of these judgments may be
antonymous designations for the same variable" (1955, p. 168).

One objective of the present project was to determine a rellable
method for measuring step-size by investigating a method of a
assessing the subjective confldence the learner has in his response
to a given frame. The confidence measure rather than a subjective
probability had been selected on an intuitive basls as being an
easier judgment for seventh grade students to make.

Suppes (1964) suggested the use of response latency as a
method for defining frame or task performance., He discovered a
latency decrease over repeated presentations., Brooks (1964)
found median response |atency to covary with error rate and
conc luded,

"Latency efficlently tells something about all

frames -- not just those missed. Error points up

excessively difficult frames; l|latency can indicate

as well, those which are too easy. Latency can

gulide toward greater efficiency or uniformity of

task loading, perhaps to arrangements of difficulty

which improve student motivation, A quantified

measure, the variance of latencies may index the

degree of ambiguity. . . Error and latency data

can be complementary alds in developing experi-
mental materials" (p. 4-5).

Effects of Step-Size Varjatjon
Although this research Is primarily dedicated to the

contingent relationship between step-size and feedback, It is
Important to review those studies reflecting either of the
variables as an individual source of criterion variation. With
regard to step-size, the results have been contradictory.
Coulson and Silberman (1960) and Campbell (1961) found students

working with the small step version scoring significantly better
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mental materials'" (p. 4-5).

Effects of Step-Size Varjatjon
Although this research is primarily dedicated to the

contingent relationship between step-size and feedback, It is
Important to review those studies reflecting either of the
variables as an individual source of criterion variation. With
regard to step-size, the results have been contradictory.
Coulson and Silberman (1960) and Campbell (1961) found students

working with the small step version scoring significantly better
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than those using the large step version. Smith and Moore (1962),
Briggs (1958), and Shay (1961) found no significant differences.
To complicate matters, Goldbeck and Campbel| (1962) and Evans,
Glaser, and Homme (1960) both obtained results suggesting that
some intermediate IevelAmay be optimal. Al| of these studies
provided feedback in the form of the correct answer. The possi-
bility of some optimal level above the required ten per cent
error rate criterion provided one of the major ties between the
literature and the project rationale,

Krumboltz (1963), in & sefies of clever and comprehensive
experiments, attempted & systematic investigation of the effects
of various methods of varying step size on error rate and criterion
performance. His general thesis was "that [frame/ difficulty level
is a dependent variable, not an independent variable, and may vary
directly or inversely with criterion performance depending on 5
number of independent variables which influence both difficulty
level and criterion performance'" (p. |). This conception sheds
a much different light upon the problem of step size variation.

In other words, one must be concerned with what it is he is
manipulating within the frame, the independent variables, and be
aware that step size or difficulty level is an outcome just as are
other criterion measures.

These maniéulafive variables, for want of a better classifica-
tion, could be split into those that work with a frame -- intra-
frame -— and those which menipulate entire frames with respect to
the surrounding frames —- inter-frame. One could also

think in terms of adding or eliminating information, either
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intra- or inter-frames. Krumboltz's basic attack seemed to be
one of adding information Intra-frames.

Adding irrelevant information to already small step frames
increased error rate while adding clues and hints decreased error
rate as expected, Nelither addition, however, affected criterion
performance. The basic information, although disguised, remained.

Increasing both error rate and criterion performance was
accomp| ished by asking the students to discriminate between
plausible alferﬁafives in a multiple=choice type of program,
These results were difficult to compare with findings from the
other studies because the task was one of recognition rather than
recall, The basic information was, however, supplemented by
relevant information within the plausible alternatives, fhis
relevant information probably provlded more examples of concepts,
repeated more facts, etc., all of which might be expected to
increase both kinds of performance,

The present study developed one form similar to Krumboltz's
cueing or prompting version in the attempt to construct an easier
variation than the basic small step program. |In making the
program more difficult, both Intra=- and inter-frame redundancy
was reduced by removing information in direct contrast to
Krumboltz's addition of irrelevant information, more complex
steps, and less familiar terms,

Klaus (1964), while studying the relationship of step-size,
error rate, and achievement, defined step-size without reference
to learner behavior, Four components; response, cue, context,

and enrichment, were used to differentiate frames. Eight indices,
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four intra-frame and four inter-frame, were developed which
employed these four components, A set of procedures, not explained,
was used for manipulating frames in the two programs selected for
the study. These program frames were analyzed according to a

comp| icated normative system based upon the above indices. Since

it was not fully explained, it was impossible to fit his method

of Information introduction into the overall attack as developed

by Krumboltz.

The three step-size versjons of both programs had over 700
frames, with 192 subjects participating in the study set up by
Klaus. The subjects were divided into three levels by thelr scores
on an intelligence test. Each student was assigned at random
to one of the three step-size versions, which resulted in a
balanced 3 x 3 (intelligence x step-size) factorial experlhenf.

"No version produced an error rate of over 20%, even among |ow
ability students" (p. 3). Step-size had, however, a significant
effect upon the error rate recorded for both programs. Ability
level was a significant variable with respect ferrror rate on

onc program and not on the other. Klaus gave no indication as

to why this difference between programs might have been expected.
Both ability level and step-size were significant factors in varying
the time to complete the programs,

Klaus fajled to find any sfeb-slze effects with respect to
both proficliency and transfer tests, Ability level did, as one
might expect, exert a significant effect upon both criteria.

There was, however, no interaction between the two main factors.

Step-size variation did not have a differential influence over
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ability levels. "In summary, thc principle findings from the
study are that step-size affects error rate, but does not affect
achlevement and that, when ability level is controlled, error
rate and achlievement are not significantly related" (p. 5).

I+ was disappointing that Klaus did not specify his methods
of increasing step-size so that one could compare his results
within the framework developed by Krumboltz, Furthermore, the
differences between error rates for the three versions, although
significantly different, did not vary gréa?ly. For example, the
mean error rate for the largest step-size version for one of the
programs was only 9.4, differing from 7.6 to 12.5 among abillity
levels. Also, the subjects were considerably above average,
with a mean IQ.of 117. Greater heterogeneity among the abilities
of the learners would undoubtedly have increased error rates,
thus making differential main effects and interactions possible.

The present study developed a greater step-size variation
over a different age level and more heterogeneous class of |earners,

seventh graders, Also, the effect of feedback variation was added.

Intelljgence and Prior Achlevement

In the early |iterature in |inear programmed instruction,
Porter (1959), Ferster and Sapon (1958), and Shay (1961) found
little relationship between aptitude or intelligence and program
criterion achijevement, Further studies (Reed and Hayman, |962;
Lambert, Miller, and Wiley, 1962) using longer and more difficult
material produced contradictory results in which ability was the

ma Jor determining factor,
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Carroll (1964) found aptitude to be highly related to criterion
performance (r = ,75), in a study where time to complete the
program was held constant, Klaus (1964), as discussed earlier,
reported consistent significant differences in criterion performance
resulting from initial ability levels. Eigen and Feldhusen (1963)
made the most comprehensive study, by assessing the zero and first
order partials for 1Q, pre-test achievement, reading skills,
criterion achlevement and transfer, Their general finding was
that "reading ablility and 1Q, while initially correlated with
lcarning, were found to be less essentlial in accounting for post-
test variance than general achievement |evel prior to work on the
programs' (p., 385).

Gotkin and his workers (|1964), in a study using seventh grade
students quite similar to the present study, maintained that

Y"individual differences in pre-test knowledge and

cognitive capacity, dictate entirely different

programs for different students in the case of

most subject matter, . . Even with extensive

revisions there is no guarantee that the slow

students could attaln terminal behavior, and

the resulting program would no longer be the

one that appealed to bright students" (p. 4).

Gotkin fownd the culturally disadvantaged students unable to make
use of the syntactical prompts, feedback, and redundant frames.
He finally had to conclude, "For most of t+.e children, our
findings indicate that for seventh graders three years retarded
In reading, the ability to learn abstract concepts from printed
materials Is |imited" (p. 4). The solution, he felt, was to

develop materials based upon Pjaget's concept of developmental

stages,
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Feedback

Numerous methods of providing information after the
learner's response have been |abeled feedback. The term was
borrowed from electrical engineers who use it to describe any
electrical impulse that serves to regulate the parent system,

This lack of a sharply - defined meaning for the term feedback
has inevitably led to equivocal findings. Such djverse tasks
as target shooting, concept formation, attitude change, and
programmed instruction. fall within the domain of feedback
studies, and therefore, share related results.

Since this study Is concerned with programed instruction,
an example of highly meaningful verbal learning, the |iterature
review will only touch upon those related studies needed to
provide a rationale for our analysis. A distinction first has to
be made between fhe.separafe, but theoretically dependent, affect-
ive and cognitive components of providing feedback. Thorndike's
(1913) "law of effect” and Skinner's "reinforcement" (1954)
both seemed to center on the reward or affective component of
feedback., The effectiveness of a |large number of studies, ranging
from pigeons playing ping-pong to the l|earning of balred-assocla#e
lists, has been attributed in part to the giving of immedjate
reinforcement,

I+ was also recognized that providing knowledge of results
was cognitive in nature. The word "knowledge" obviously referred
to a capacity to clarify, correct, and confirm one's choice. The
cognitive component made its way into the |lterature through the

training methods research dealing with perceptual motor skills.
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Ammons (1956), summarizing this |iterature, found few exceptions
to the generally accepted rule that knowledge of results
faclilitated performance. The tasks, however, were such that the
learner's response was primarily a provisional try; a s|tuation
where learning the degr;é;and direction of his missing the target
was obviously invaluable., The congruity between these tasks and
meaningful verbal Jearning has not been clarified.

Each of these areas, with the main impetus from Skinner, led
to the generaljzatjon of the feedback principle to programed In-
struction, even though there was awareness of the task dissimjlarity.
Smith and Moore (1961) , as well as Hough and Revsin (|963), and
Feldhusen and Birt (1962) found no significant differences between
programs which did and did not provide feedback. Furthermore,
Krumboltz and Welsman (]962) and Lambert (]962) found no differ-
ences when they varied schedules of reinforcement or feedback
throughout the program. Hough and Revsin (1963) offered the ex-
planation that "when students 'know' that their response s right
and thus assumedly reinforce themselves, it would seem reasonable
that further confirmation in the form of a reinforcement frame
would be redundant" (p.290),

Angell| and Lumsdaine (1959) had earl|ier demonstrated an inter-
action between the number of prompting trials and of feedback or
conf irmation/correction panel, as they called it, in a palred asso-
ciate task. They varied the number of prompting trials, I, 2, or
3 (which is analogous to manipulating step size), and the method
in which feedback was given., The feedback variations were right-
wrong, giving a correct and incorrect response, and providing only

the correct response. They found a highly significant effect due
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to prompting trials, while the significant effect due to feedback
variations occurred only in the case where no prompting trials

were given., Feedback, in any form, became inoperative after two

or more prompting trials. In other words, increasing the number

of times the sub jects experienced the pairs decreased the need for
feedback. The extension of these results to redundant cueing with~
in the context of a small step-size program and its corresponding
relationship to feedback, provides one of the major generalizations
of the study.

Smith and Moore (1962) and Goldbeck and Campbell (1962) also
con jectured that there may be & relationship between step size and
feedback. Goldbeck, @t. al., in reviewing their studies in Coulson
(1962) maintained that:

"There was too |ittle challenge in the easy items for

the overt responding and the formal| feedback to become

effective. When moderately difficult items were en-

countered, however, there may have been an increase in
motivation and implicit activity associated with the ef-

fort for response, with a concomitant increase in the

value of the feedback. The increase in the value of the

feedback for moderately difficult items appeared to occur

whether the overt response was correct or incorrect

during the learning trial" (p. 88).

The possibility that there might be an optimal point at which
the step size and the accompanying feedback might function for the
most effective learning in school subject matter is the basic
question of the present study. The increased motivation resulting
as a concomitant '"side effect" is discussed in the section on affec-
tive outcomes.

Further support for the theoretical position was given by
Ausubel (1963) who stated:

". . . feedback is not generally indispensable for learning,
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but, on both motivation-reinforcement and cognitive

grounds, should facl|itate the learning process, more

so in the case of rote than of meaningful learning.

However the research evidence tends to be equivocal,

particulerly in relation to programed instruction, be-

cause of the fallure to control other relevant variables.

Further compounding the difficulty of interpreting the

effect of feedback on meaningful programed learnjng, is

the fact that both |low error rate and the possibllity of

Implicit feedback reduce the facl|itating potential of

explicitly provided feedback'" (p. 208),

Finally, Wittrock and Twelker hypotheslzed and supported the
principle that feedback "enhances learning, retention, and transfer,
when the information it contains Is not greatly redundant," (1964,
p. 10) In a problem-solving task involving decliphering ten trans-
positional cryptograms. They also found an Interaction between
the amount of direction given within the problem and the amount of
feedback. They stated that:

"|+ appears that non-redundant information in the form of

knowledge of correct response added to a minimally directed

situation enhanced learning while redundant knowledge of
correct response added to an already prompted situation,

did ||ttle to learning, retention, and transfer" (p. 17).

This study was reported after the in|tial proposal and repre-
sents an intermediate |ink from Angell and Lumdaine's palred-
assoclate task finding to the proposjtion that this interaction

is also apparent within the learning of school subject matter.

her njtjve OQutcomes
Long Term Retention A retention test of some form has been part
of many studlies in programed instruction. Strong (1963) summar|zed
these by stating, '"Most of the research suggests that programed in-
struction maintains its superiority over time but it is not superior
In terms of percentage retention" (1963, p. 226). Krumboltz and

Weisman (1963) demonstrated some contrary evidence as they found
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greater retention occuring when students were forced to glive overt

responses over a two-week interval.

Application-Transfer Gagne and Dick (1962) included a transfer

test in a study attempting to "measure and define the nature of
'what was |earned In a teaching-machine program on solving simple
algebraic equations of the first order'" (1962, p. 10). They were
attempting to demonstrate Gagne's contention that the success at a
higher task level was primarily dependent upon the acquisition of
speclfic and relevant lower order tasks. The students performed
very poorly on the transfer test, scoring a mean of 2,07 out of a
possible total of 50. The restricted amount of variance about the
mean of 2,07 made the reported correlations between transfer scores
and the other variables questionable. Wendt and Rust (1963) demon-
strated the use of pictorial frames as beneficial for transfer to
the real |ife situation.

Klaus (1964), studying the effects of varying step size over
abllity levels, reported no significant differences between transfer
scores due to step-size. His step-size variations were not very
large, however, with only one version having an overal| mean error
rate over 10 per cent., He did find significant differences re-
sulting from the initial ability placement, Unfortunately, cor-
relatjons between abli|ity, post-test, and transfer scores were not
reported.

Eigen and Feldhusen, in a series of studies reported in DeCecco
(1964), found evidence for Gagne's hypothesis that "achievement at
one stage is a principal determiner of success in learning at a
next higher stage of learning new material" (p. 384), jn studying

the interrelationships among reading ability, |Q, post-test
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acquisition, and transfer, they stated that "it is inferred from
the consistently hlgh.correlaflons of acquisition and transfer
scores that successful 'performance' in a new class of tasks for
which the learner must make adaptations is primarily dependent upon
mastery or achievement of a subordinate set of learning tasks as

measured by the acquisition tests" (p, 384),

Affective Outcomes

"As | proceeded, turning pages and writing down answers,

the novelty quickly wore off, and | found myself growing

increasingly bored. The steps in the program were so

minute that it became less and |less necessary to think;

the correct answers came with what amounted to dulling

certainty" (Lipson, 1962, p. 2).

Affective reactions to programed instruction have been reported
which vary from the ridiculous to the sublime (Naumann, 1962, Roth,
1963, Eigen, 1963), Among the former have been the recurring
statements which refer to a form of boredom or monotony which |s
sald to result from highly redundant information rate. This dele-
terious side effect has been given the unenviable label of the
"pal|" effect.

Goldbeck suggested in an earl|jer quote that "when moderately
difficult items were encountered, however, there would be an in-
crease in motivation." McClelland, Atkinson, et. al. (1953), in
their classjc study of achlievement motivation, posited this theo-
retical explanaflon for the occurrence of positive and negative
affect which reads as though It were an attempt to define the situ-
ation stated by Goldbeck.

"It the expectation |s of low probabilijty Elarge sfep-slzé],

then confirmation should produce negative affect as in

'fear of the strange.' |f they are of moderate probability
C@oderafo step-size] precise confirmation should produce
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pleasure as Iin reading a detective story or playing

solataire. |f the expectations are of high proba-

bility (small step-size], precise confirmation

produces boredom or indifference" (p. 87).

This explanation provides the theoretical rationale for the
hypothesis of reduced boredom or 'pall' effect from the moderate
step-slze versions of the programs for the above average and
average groups., What will transpire with the below average group,
which had little confirmation throughout their schooling, remains
a questjon,

In a related study, not using programed materials, Chansky
(1964) found that "attitudes students express about |earning seem
to be related to the acquisition phase of learning but not to the
retention phase" (p. 99). Students, glven four methods of instruc-
tlon for learning a glven task, rated those gliving continuous
feedback as most interesting and intermittent grading more worry-
provoking. The less provoking methods did not, however, result
In better retention. |ntermittent grading was most effective and
efficient In terms of retention. The comparison to step-size
and feedback varjation as producing affective change and its effect
upon cogn|tive outcomes, hopefully, Is obvious.

Elgen-and Feldhusen, as reported in DeCecco (1964), found
"that students' attitudes toward the program are not generally cor-
related with thelr success In learning or transferring from the
program" (p. 385). No Interpretations were given as to why the

correlations were not discovered.
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Summary

The detinition and measurement of step-size has been 2
constant source of trouble for those advocating |inear programed
instructjon. The assessment of either frame or program error rate
offered some information as to the relative difficulty, the most
common meaning, but |ittle understanding of the complex Interaction
between student and frame cues which produced the response.
Lumsdaine, as early as 1959, promoted a concentrated attack upon
the cue manipulation intra- and inter- frames to offer some evi-
dence as to the best methods for creating small step size. Jacobs
(1963) called for a better measurement, in the sense of glving
more Information than the dichotomous right-wrong. He suggested
the use of response latency, difficulty ratings, and a confidence
estimate. Suppes (1964), and Brooks (1964) experimented with re-
sponse latency and found that it complemented the dichotomous
error rate. The present study investigated the use of a confl-
dence estimate.

Contradictory results were found regarding those studies
dealing with step-sjze effects. This is not surprising when one
considers the many ways in which step-size can be defined and
varied, Krumboltz (1963) considered the error rate meaning of step
size to be a dependent variable and conducted a number of experi-
ments carefully manipulating frame characteristics. |In most cases,
he added different forms of information to the already |ow error
rate program, This additional information generally influenced
error rate but not criterion pefformance. In contrast the present

study both added and removed intra- and inter-frame information.

!
|



28

Klaus (1964) talked of a complex operation to manipulate
step size without reference to the |learner. Unfortunately he did
not speclify exactly how the information was removed. He found,
however, that his manipulations resulted In only small| error rate
differences. These differences were significant but had no effect
upon criterion performance.

Early studies, dealing with a program having a small number
of frames, revealed no interaction between program variables and
student abllity. Later, Carroll (1964) controlled for time to
complete the program and found a l|large criterion-ability correlation.
Eigen and Feldhusen (/964), however, continued the attack and
found both 1Q and reading ability washing out when prior achieve-
ment level was correlated with criterion performance.

A study by Gofkln (1964), which discussed the unique problems
of prograﬁlng for culturally deprived seventh grade students, was
discussed because of its similarity to the present study sample.
His difficulties and conclusions mirrored those of the present
study.

The concept of feedback has experienced much the same semantic
confusion as has step size, mainly due {o its dual meaning., Feed-
back inherently has both a cognitive, informative value and affec-
tive reward value. Many studies, purporting genera| statements
concerning feedback, however, have not recognized the duality.

Studies emphasizing the cognitive aspect have centered upon
difficult tasks, difficult enough that the student's first responses
were termed "provlsloﬁal tries."” This sl+uafl§n Is quite unlike
the relative certainty one has in responding to small|l step program

frames, Reéearchers have used this explanation when they began to
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find that withholding the correct response had no adverse effect
upon criterion performance.

Angel| and Lumsdaine (1959) found a prompting trial confirma-
tion interaction in an experiment using a paired-associate task.
The question as to whether a concomitant effect could be demonstra-
ted within complex meaningful verbal learning was dropped by
Goldbeck (1962).

Programed instruction's effectiveness in bringing about
change in long-term as'well as immediate retention of knowledge has
yet to be firmly demonstrated. Only Krumboltz and Welsman (1963)
have found some indication of greater retention with overt respond-
Ing, within a two-week interval. The present study investigates
the amount of retention over the fypical summer vacatjon.

The ways to facilitate transfer or applicationof concepts and
principles to new situations are also little understood. Eigen
and Feldhusen (1964) did find evidence for Gagne's contention that
prior achievement and program acquisition are correlated with
transfer performance.

A boredom called the 'pall" effect, occurring from the small-
step monotony, has received much attention as an outcome of small
step-size programs. Chansky.(|964), however, found'no deleterious
criterion performance effects due to worry-provoking methods.

Eigen and Feldhusen (1964) found similar results from a long-term
study in programed instruction, that is, no correlation between
attitude and performance. Goldbeck {I962) suggested that more
difficult items might have a positive influence upon motivation,
His hunch is backed up by a number of psychological studies, most

vividly by McClelland and Atkinson (1953).



CHAPTER 11|
PROCEDURES

Overview .

The chapter begins with a descr iption of the sample and the
research setting, followed by an elaboration of the role of the
four sclence teachers. Next, the selection of program content and
~ step-size estimation using the confidence ratings are discussed.
The results and conclusions surrounding the use of the conf Idence
ratings are then presented, which lead to the final development
of the step-size variations. Criterion instrument development
techniques and reliability estimates are given. Finally, the

design and statistical analysis are explajined.

Sample

Permissjon was granted and assistance given by the Lansing,
Michigan schoo| officials to carry out the study at West Junior
High School of that city. Four seventh grade science teachers,
in particular, expressed interest in the use of'prpgramed
materials. They were especlally concerned about meeting the needs
demanded Sy the large number of low-achleving students.

A total of |6 classes, all but one belonging to these four
teachers, were used in study, bringing the total to over 500
students. Although they constituted nelther the total seventh

grade population of 570 nor a bona fide "probabl|ity" sample, it
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was the teachers' judgment that those students taking part in the
study were representative of the entire seventh grade.

West Is the most cen??al of the junior high schools of
Lansing. |t draws |ts students from all cultural, racial, and
economic groups. A large segment of the chlldren comes from a
residential, upper-middle, and upper-class district populated
mostly by professional people employed in managerial positions at
Oldsmoblle and White Motor Car Corporations. A simllar segment
of the children resides Iin low- and lower-middle class district.
|f anything might be considered abnormal about this particular
school population, |t |s that it Is lacking the common majority in
the middle represén+aflve of the middle peak on the normal curve.
By dividing the overall group In thirds according to prior science
achievement, it was ppsslble to sfﬁdy each segment |ndependent!y
as wel| as the total group.

A reasonable estimate of the variability of these students
on certain skills, such as reading, would be from second to ele- ’
venth grade |evels. This wide varjabjlity was both a help and
hindrance. |t was a help in the sense that it provided information
of the program effects over all| |evels, and a hindrance in that
developing instructional materials that were adequate for all

students was nearl|y Impossible.

n R f the Four Teachers
The four interested teachers were significantly involved in
every major decisjon, except those concerning basic design and

analysis. They received an honorarium for this work. As a group
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they made the major curricular decision, that of what the program
content should be. Three were given portions of the basic program
to revise while a fourth developed criterion test Items. Thelr
combined judgment concerning the basic wording of the textual
material, the student readiness for certain concepts, and whether
or not the students had acquired prerequisite and program concepts
was accepted. Most important were thelr assessments and ald in
developing the directions for the program and criterion instruments,
Each set of directlions was tested before program administration to
assure |ts comprehensablility, but |t was the teachers' pre-judging

that greatly facilitated the task.

Content Selection

What was thought to be a simple task, that of choosing the
program content, was, in fact, a most difficult and important
decision., Although every teacher was using the same textbook,
each of their classes was at a different point in the curricular
sequehco. The final selection, a unjt about static electricity
and voltaic cells, was normally considered a toplc to be covered
in the following year. Fortunately, the prerequisite concepts,
those under the heading of magnetism, were a part of the sixth and
seventh grade content. In addition, static electricity was not
covered by the seventh grade text which eliminated much of the
problem surrounding individual home study. Yet there remajned the
problem of readiness, that Is, were these students conceptually

ready for the abstract nature of the chosen content.
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Only one nationally published program could be located which

covered static electricity and voltaic cells. Two hundred and

twelve frames within General| Sclence, Sound, Sight, Electricity,
and Communjcations, Vol. ||, by Schaefer, Jeffries, Phillips,

Harakas, and Glaser, distrijbuted by Teaching Machines Corporation,
dealt with these topics. The number of frames chosen was considered
large enough to: |) eliminate the short program complaints and
2) make |t possible for the pall effect to occur.

The immediate reaction of the teachers was that the program
wording was too difficult for the low achjever. That decision
prompted a major revision centering on bolstering weak portions
and removing difficult examples, Two complete revisions, each
using representative students as a source of validation, were
carried out to reach a satisfactory version. The first revisjon
w;s tested upon a heterogeneous class of thirty students while
the second was validated upon eight low achieving students.

These students were excluded from the group who participated in

the experimental phase of the project.

ep- A smen
The adequacy of the conflidence estimate as a more informative
assessment of step-size was tested during the revision phase. The
first task was to dévelop a set of directions and a rating system
which could be easily understood and performed even by the poorest
reader, After a number of trials, mainly with low achievjng
students, the following graphic and verbal directlions were sett|ed

upon,
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After writing your answer to each question on the separate
sheet of paper, write down the number which describes how
confident you are of your answer.

0 | 2 3 4 5 6 7 8 9 10

no |dea wild guess good guess pretty sure certain

The first revision group, the heterogenous class of thirty,
was asked to work through the program and to respond, both to the
frame, and with their confidence in that response. |t was hoped
that certain frames would receive clusters of confldence estimates
around the middle or five rating. These frames would then be
analyzed as to their unique cueing qualities and remain in the
program. The cueing properties of the remajning frames were to be
ad justed in line with these unique cueing methods. Frames recelving
primarily high ratings would be made more difficult while frames
receiving low ratings would be made easier,

A student by frame confldence rating matrix was generated to
eas|ly assess overall ratings. (See Appendix ||) The students
were ranked as to their sclence achjevement by their instructor,
while the frames were in fhe program order, Each rating was
recorded and circled if the response was incorrect.

Results of Conflden ng Assessmen Although it |s common
in research studies to record results in a separate chapter,
decislons concerning these ratings influehced the development of
the sfop-size variations. To explain the methods finally used
in manipulating step~size it Is necessary to discuss this phase's

results here.
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None of the expected clusters of ratings between three and
seven appeared among any of the frames. The ratings tended to be
high or low. The students were either confident they knew the
correct answer, or were confident they did not know the answer.
Less than ten per cent of the ratings fell into the '"good guess"
range. Upon further inquiry, it was learned that one bright boy
rated a frame at five because he felt it was "ambiguous".

Low achieving students tended to mark eight's and ninds in
contrast to the better students, who rated mostiy ten's. |t seemed
that low students were not able to admit to "certain" even on many
of the easiest items. This might have been expected, as theirs
is a history of failure on tests which the programs greatly

resemble.

Conclusion

This type of rating offered only limited information beyond
the accumulation of errors and corresponding error rate. Therefore,
the ratings proved of little use in determining the frame factors
which might account for moderate difficulty levels. Nevertheless,
the part confidence or certainty plays in the meaningful learning
is still an interesting problem that should be explored in further
research,

While observing individual students, it was not uncommon to
find one pondering some time on a frame, suddenly write down the
answer, and rate his confidence in that answer as ten, '"certain".
This activity suggested that some method for determining response
latency, as advocated by Brooks; Suppes, and Jacobs, seemed to be

appropriate as a more differentiating measurement for step size.
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Since the school year was drawing to an end, it was agreed
that to develop the latency method and run more trials would take
the study into the summer. A more arbitrary attack on step-size

had to be taken,

Development of Programs of Varying Step Size

An arbitrary but systematic way of manipulating step size
was needed. First, the basic program revision was continued
unti| the requirement of small step size, below ten per cent error
rate, was met with the low achlevers, More frames were added unti||
a total of 278 with 330 separate responses were written, Thlis
final version ;as administered to eight low achievers and their
combined error rate was twelve per cent. Twelve per cent was
considered close to the ten per cent criteria so one more effort
was made., |t was imperative that the original or basic program be
within the accepted |imits. Following Krumboltz's lead, it was
decided to add the first one or two letters of the correct response
within the frame blank, Different sections of frames were tested
In short trial runs and found to be satisfactory for reducing
errors,

Two more difficult versions were needed to sample the step
size continuum, More than two would have taxed the design by
increasing the number of cells and thereby reducing the number of
students within each cell. |t was imperative, however, to retain
the basic Information so that the programs were not teaching more
or |ess facts, concepts, and principles. Krumboltz's attack was
largely one of jncreasing the basic program by adding both irrele-

vant and redundant information. Therefore the opposite strategy,
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removal of words, was accepted. Any deleted words and frames had

to be considered redundant or repetitive. What might be redundant
and repetitive for one learner, however, might not be for another

learner. Any removal of the words and frames considered redundant
had to be somewhat arbitrary.

The decision was made to remove both inter- and intra-frame
redundancy thus insuring that step size would be measurably
Increased. Inter-frame redundancy was reduced by eliminating both
redundant frames within a group of frames that Introduce new
Information and review frames that are far removed from the Initial
Information introduction. Intra-frame redundancy was removed by
eliminating selected words within the frame which serve to cue
the response. Both techniques were designed to increase the diffi-
culty of generating the correct response.

Each frame of the basic program was then classified by the
experimenter as to whether It contained new information, was
redundant, or was review, The strategy for developing the "mod-
erately" difficult program, hypothesized to be both most effective
and best able to demonstrate operative feedback, was to have one
associated redundant frame, and two related review frames removed,
plus one contextually redundant word deleted from each remaining
trame. The final, "most difficult" variation had two associated
redundant frames and all review frames erased, plus two contex~-
tual ly redundant words from each remaining frame. (See Table 3.1)

The underlying rationale was to reduce: |) inter-frame
redundancy to increase the pace thus negating the possibility of

the pall effect due to repetition, and 2) intra-frame redundancy
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TABLE 3.1
EXAMPLE FRAMES FROM THE FOUR STEP S|ZE VAR|ATIONS

Variation l._WIfh Feedback

20. The zinc plate reacts with the solution and causes zinc
atoms to leave the plate and go into the s_

solution

2l. After these atoms in the solutlon |leave electrons on the
remaining plate, they have more protons than electrons.
The atoms then have a p electrical charge.

positive

Variation ||, Without Feedback

20. The zinc plate reacts with the solutjon and causes zinc
atoms to leave the plate and go into the .

2|l. After these atoms in the solution |leave electrons on the
remaining plate, they have more protons than electrons.
The atoms then have a electrical charge.

Variation |||. With Feedback

14, The zinc plate reacts with the and causes
zinc atoms to leave the plate and go into the *,

solution

I5. After these atoms in the solution leave electrons on the
remaining plate, they have more protons than .
The atoms then have a * electrical charge.

positive
Variation V. Without Feedback

9. The zinc plate reacts with the and causes
atoms to leave the plate and go into the
*

10. After these atoms in the solution leave electrons on the
remaining plate, they have more than .
The atoms then have a * electrical charge.

* denotes the desired response



39

to increase the individual task difficulty, thus adding to the pos-
sible tension arousal and subsequent rellef., The moderate level
was to maximize both difficulty and pace so as to best suit the
majority of learners. The final variation was expected to be
beyond the difficulty level and pace of most of the students,

thus causing a frustration from |ittle or no tension relief as

wel| as cognitive confusl§n.

The number of ways feedback could be varied was also seri-
ously limited by the number of cells In the factorial experiment,
To insure adequate within-cel|l estimation, only two variations
would be allowed. |+ was natural to choose the two extremes, with
and without knowledge of correct response., Therefore each of the
four step size variations was mimeographed. twice, once with, and
one without, the correct response. These combinations brought the

the total number of different versions to eight.

Pr Achievement Pla nt Exam.

The theoretical hypotheses were generafed in the expectation
that students judged to be achieving in the upper, middle, and
lower third of their class would be differentially effected by
the varying step size and feedback program combinations. |t was
therefore necessary to administer a published or teacher-constructed
test to determine in which third to place each student. The evidence
of Eigen and Feldhusen (1964), who found prlior achievement to be
correlated with criterion performance even when |Q and reading
ability were partialled out, supported the cholce of prior achieve-

ment rather than other ability measures.
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There still remained the choice of whether to use a pre-test
consisting of items testing the program content or one which
assessed the overall progress to that point. The inherent diffi-
culty arising from the use of a pre-test, of differential pre-
test x treatment interaction over levels, determined the choice
of the overall progress test. A search through the published
science achievement tests did not produce a test which corresponded
with the teacher's curricular approach. There was concern over the
lower achlevers being able to answer some of the items. |t was de-
cided to sample equally from the best items of previous exams con-
structed by the four teachers plus extracting other items from
the teacher's manuals of relevant texts. Forty-one items were
chosen by the teachers which would not favor any class or level
of achlever,

The test was administered approximately two weeks prior to
the program administration. As expected, the test scores developed
a wide variation, forming a platykurtic distribution which denoted
the lack of the usually prominent middle group. |t was therefore
easy to rank the scores and divide the students into upper, middle,
and lower thirds representing the desired levels of prior achieve-

ment,

Program Adminjistration

The programs and corresponding criterion instruments were
administered by the classroom teachers during the daily, 50-
minute periods, during the last two weeks in May, 1964. Time
to complete the instruments ranged from two to eight class

periods before the slow students were finished. Eight students
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did not finish because of absence and inability to read. Students
finishing early were given independent remedial or enriching
study,

The teathers were given a standard set of directions to give
to each class. These instructions included separate statements
for those receiving each feedback form and special statements
for those receiving the two more difficult forms. The teachers
remarked that each class needed extra emphasis and repetition,
especially the "modified" classes consisting of low achlevers.

The fact that everyone had different booklets was only distracting
at first. The teachers also gave Individual assistance when needed.

The teachers told their students that they were experimenting
with a new kind of textbook to eliminate questions dealing with
the nature of the task. |t was not uncommon for these teachers
to conduct experiments of this kind in their sclience classes.

They also instructed the students to be prepared to answer test
questions that would not, however, be graded, but would be part

of the material included in the final exam, |t was hoped that
these conditions would produce maximum motivation without inducing
outside study and other detrimental inf|uences.

There were no signs of student discontent with the task which
led two teachers, independently, to remark that "it was the
quletest the room had been all year." The teachers also kept
records of the amount of time needed by each student to work
through the program. These time estimates became an integral

part of the data analysis.
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As soon as the student ftinished the program, he rated himself
on the continua representing the extremes of the selected adjective
pairs. Upon completing the questionnaire, he was given either or
both of the criterion tests depending upon the time remaining.

In October of the next school year, the school officlals
allowed one period, fifty minutes, for retesting the students, now
eighth graders. Both criterion tests were administered but many
of the students failed to complete the application portion. Only

the knowledge scores were used in the data analysis.

n n n r

The cognitive criterion instruments were patterned after the
knowledge, comprehension, and application categories as set forth
In Handbook | of the Jaxonomy of Educational Objectives. Thirty
different facts and concepts were culled from the program. Each
member of the research team developed a set of representative items
calling for elther retrieval of the fact or comprehension of the
concept. |tems, judged to be most discriminating by the consensus
of the teachers, were each given a weight of one to form a thirty
item completion exam. (See Appendix J|l) An estimate of the
reliability of the test, given by the Kuder Richardson Formula 21,
was .87,

The application items (See Appendix |||) were developed from
experiments and practical problem situations whose solutions
required a knowledge of the conceptual meaning and skill in
~applying the principles within the program. The student was asked

to name the principle involved and the correct application of that
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principle. Eighteen items were constructed, each worth two points,
one for correct elaboration of the principle and one point for

the correct application. |t was felt that the large achievement
levels effect found in fhe analysis of the application score
variance provided good evidence of the test's internal consistency.
Aff ve Qu nnaire The affective questionnaire consisted
of six adjective pairs similar to those In the Semantic Differential
(see Appendix |]])). The numbers, one to nine, were added because
the low achlevers had difficulty In comprehending the directions,
Equal interval assumpflons-were made to simplify the computations.

The ad jective pairs were chosen in an attempt to cover the |
possible relevant facets of the affective response. The investigator
searched through the |iterature on attitudinal response to programs
and through Roget's Thesaurus before selecting the following pairs:
difficult-easy, alert-careless, rewarded-punished, progress-no
progress, successful-frustrated, and interested-bored. The final
pair, Interested-bored, was used to test the hypotheses concerning
the reduction of pall effect.

Since the design called for each student to study from only
one of the eight forms, he obviously was not able to make any
comparative judgments among programs. The affective data was
single stimulus data and therefore much weaker than if the students

had been able to contrast each of the forms,



Although the specitfic resesrch hypotheses dealt with lndividuﬁl
cflfbrlon measures independently, it was possible because of the
muitiple scores on one student to consider the use of multivariate
analysis of variance. The multivariate technique enables one to
unke.doclslons regarding a combination of dependent measures as
if they were a single measure. The completion of these tests -
offered an overall view of the variance dispersion. Since it was
only feasible to compute the multivariate ratios for a problem
having two dependent measures on a desk calculator, only the
prime veriables, knowledge and application, were analyzed in this
fashion.

Mu |tiANOVA considers the dependency of the criterion test
scores in making an overal| test of the differences obtained from
the main effects and interactions. One is not allowed, for example,
to make independent probability judgments upon the main effects of
feedback on application scores or knowledge scores without regard
for their possible covariations. The assumptions of this omnibus
test are multivariate normality and homogeneity of variances and
covariances. Oddly enough both of the tests for the assumptions
are more complex than the between means test. Fortunately wide
deviations within the data which woul|d cause rejection of the
assumptions, were easy to spot when calculating the variances and

covariances.
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The resultant variance-covariance ratios, W's, are dis~
tributed as Chi-square for a certain number of degrees of
freedom. One obtains eight W's corresponding to the three
main effects, three two-way interactions, one three-way inter-
action, and the overal| between means effects.

Hypothesis #|, stated in the negative, needed a reversal,
that is, without feedback versions being more effective, to
be logically substantiated. A priori hypotheses #2, #3, end
#4 were to be tested by specific series of t-tests within
levels plus an over |evels test.

The research questions called for an after-the-fact
analysis of the variance components of the dependent measure
associated with each question. The major technique was a
three-way factorial breakdown with step size, feedback, and
achievement |level as the main effects along with their inter-
actions, Some affective-cognitive correlations were also

under study to guage the possible relationships.

Study Desian and Rationale
The scores on the placement test were ranked and divided
into three groups to represent the three prior achievement
levels, Starting with the top eight scores,\each student was
randomly assigned through use of the random numbers table to
one of the eight program variations. Each succeeding group
of eight ranked papers was similarly assigned until all the
students were placed. The result was a two-way (4 x 2) facforial.

experiment randomized within blocks design, having sixty blocks
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each containing eight students, The two factors represented
the four step size variations and two types of feedback while
the blocks were derived from the prior achievement scores.
After the samples were selected it was decided to col lapse
the "blocks" into three levels for the statistical analysis
in order to study the overal| levels effect and the various
main effect by level interactions. The optimal statistical
treatment would have been to retain the sixty blocks which
wou ld remove the maximum amount of "true" variance, The
alternative procedure, however, was thought to be defensible
on the basis that it would result in a more conservative
estimate of error variance than would have been produced from
a sampling plan based upon a randomization within levels design.
Assuring that each of the eight program combinations be
representated in each block,within the three levels, would have
the effect of increasing the within group or error variance
over that which would have resulted from the simpler random-

ization within levels.

SUMRACY
The manner in which the student semple and cooperating

school officials were chosen was discussed initially. Next
the role and delegated responsibilities of the four teachers
in selecting the content, advising on wording, etc. was reviewed,
Procedures for assessing and analyzing the sub jective confidence

ratings fol||owed, concluding with the statement that the ratings

offered |ittle information beyond the dichotomous error rate.
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Most of the ratings were either high or low while desired or
middle ratings were said to be associasted with ambiguous items.
More work needs to be done to explain the function of certainty
and confidence in problem solving.

Different kinds of informetion pointed to the response
latency measurecas the most promising attack upon step size
definition,

The resulting strategies for information reduction to’
increase step size were elaborated upon and examples presented.
Criterion instrument development and program administration
details were explained. Lastly the rationale for the design

and hypothesis testing was offered.



CHAPTER |V
RESULTS

Querview

The efficiency of the factorial experiment with multiple out-
comes s clearly demonstrated by the length and complexity of the
fol lowing chapter and corresponding appendix. The major form of
statistical analysis is the three-way factorial source of variation
breakdown of the three main factors and their interactions. The
significant effects are starred in the tables, mentioned in the
text, and summarized in a final table at the end of the chapter.
The overall effects might be best understood by glancing at the
summary table first.

The effects of the major variables upon the program measures
are presented first to maintain some continuity with the actual
collection and analysis. The multivariate and acceptable univariate
analyses of the cognitive variables, as a group, follow. The
theoretical hypotheses and questions are taken up in their original
order. The variable effects upon the affective ratings, as a group,
are printed next, with the appropriate hypotheses and questions
being answered.

An exploratory look at the more significant relationships
between and among the cognitive and affective data precedes the

summary of the findings.

48
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Error Rate
The error rates have to be interpreted in |ight of the .

failure of some students to heed the directions which called for
making a provisional try before |ooking at the correct answer. The
me jor effect of this response peeking was to make the lower third
estimates too low. (See Table 4.3). The overall effect upon the
source of variance breakdown as shown in Table 4.1, was difficult

to discern. The overall strength of the effect of the main variables
in influancing error rate showed that every main effect and inter-
action produced a significant variation. Interaction plots are found
in Appendix |, Graph #, |f the progrem frames were to be considered
the first "learning trial", then each main variable, enfry achieve-
ment level, step size, and feedback, and all of their interactions

have a pronounced effect on the outcoms.

Iime to Complete the Program

Every main effect and interaction, except for the three-way, had
a significant effect upon the time to complete the program (Table 4.2).
Interaction. plots are found in Appendix |, Graph #. The program
manipulations all resulted in varying the students' pace through the

program information.

Qther Program Characterjstics

Other program characferis;lcs such as density, mean seconds per
response,  mean total minutes to complete the program, as well as error
rate, are depicted in Table 4.3, Program density is the ratio formed
by the number of different responses over the total number of re-
sponses, Density measures give a quick assessment of the amount of

redundancy, and, therefore, difficulty, of the program. They are unique
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in that they are independent of the performance of the students.
Variations | and || remained at the same density ratio, .21,
because n6 frames were removed. Reducing Inter-frame redundancy
on Variations ||| and |V decreased the density to .33 and .43,
respectively. A total of 217 (330-1|3) frames were removed, 2|
(70-49) of them having different responses than the original group.
These 2| items were judged to contain the same information as
previous frames but called for a secondary response, usually an
ad jective.

| A gross measure of response latency was also taken, that of
the mean number of seconds taken per response, This estimate
was calculated from the mean minutes to complete the program, also
shown, The mean seconds per response estimates demonstrate an
interesting phenomena, The with-feedback versions of Variations
Il and IV were almost equal, 39 to 40, while the without feedback
versions deffered greatly, 43 to 59. The presence of feedback
considerably decreased the number of seconds before responding on
Variation |V. It is conjectured that the presence of feed‘ack made
the students "give up" faster as the anxiety of wondering about the
response increased. The similarity between Variation ||| and |V,
39 and 40 mean seconds, seems to point to a kind of tolerance |imit.
The without feedback group of Variation |V took, on the average,
almost 20 seconds more per response. They were willing to work longer
To find the solution. This extra time taken could have been the
major factor In the increase of application scores to be exhibited

in the next section.



TABLE 4. |

THREE-WAY FACTORIAL SOURCE OF VARIATION
TABLE FOR THE ERROR RATE DATA (N=336)

- . P

Scource of Variation !::.2:, d.f. Mean Square F
Achievement Levels 16,955 2 8,257 120, | g
Step Size - 55,475 3 18,491 269, | 700w
Feedback 46,008 I 46,008 669, 6998
Feedback x Step Size 20, 194 3 6,731 97,9004
Achievoment Levels x Step Size 1,710 6 2,618 38, | |nae
Achievement Levels x Feedback 15,289 2 7,644 411.27008
Achievement Levels x Feedback x .

Step Size 3,857 6 642 9.35%"
Within Cells 21,504 313 68
## p<.001 ** p<.o0l

TABLE 4.2
THREE-WAY FACTORIAL SOURCE OF VARIATION
TABLE FOR THE TIME TO COMPLETION DATA
(N=335)
Source of Variation Sum of d.f. Mean Square F
Squares

Achievement Levels ) 31,576 2 15,788 17,200
Step Size 96, 509 3 32,169 35, |
Feedback 42,525 | 42,525 46, S
Feedback x Step Size 13,979 3 4,494 4, 9%
Achievement Levels x Step Size 20,632 6 3,455 3, 7w
Achievement Levels x Feedback 7,380 2 3,690 4,0
Achievement Levels x Feedback x

Step Size 5,378 6 896
Within Cells 285, 342 312 914

% p C.001 #p L 01 #p (.05




sesuodsey 30 Joquny |e40]/sesuodsey fuedesiiq 3O JequnN _2.0»*

52

#3eqpes) paTuL Jemo1 = L1 owely
4noy4im = O/m PJIYL @|PPIN = W /SPIOM Aey omMi ‘g
%oeqpes; yiiM = M patul Jeddn = In sowedy
tAonl magaey |V *Z
¥ o/ Z8 62 L1 sewe.y
09 ST AW 4uepunpey omL *| &5 ah
oy " or vz In - a48|8Q ¥ = 6w <l Al
ewedy
/Paom Aey 8uQ ‘¢
sewed4
MalAey oMl ‘Z
v o/m L 9l I swe.y
v L] AW 4uepunpey suQ °| . Ll
6< " v oz in - a43|30 €7 - 6 6L1 1
Sz o/m v L L1
€Z Il In g <
€z n vl 9 In we.bo.y Je4sen 12" = or osg 1l
€ o/m tZ 8 I
zZl v In [ .14
1z " 8 Z In |1V 4dwoug e Ol ogs 3%
0\) L)
sajey Jouu3 se|ny sesuodsey suoljeldep
dsuodsey/sde5 uesp ueep 6u jweibouy »Atisueq 40 JequaN az15 doys

SNO[SHIA WYH90Ud JHL ¥O4 3ISNOJS3Y/SOANOOIS NVIW ONv ‘SILwvy
HOMM3 NV3IW “STTMY ON[WVHOOUd ‘ALISN3IQ ‘S3ISNOJSIY 40 ¥IEWNN

€°v @|qel



53

Thﬁre was a marked similarity in the between-variation
increments of density, response |atency, and error rate measures.
The inability to reflect intra-frame redundancy makes the density
ratio & more gross measure, but the fact that it can be calculated
before the program is administered recommends it highly. The
expected response-peeking done by the with-feedback groups
seriously hinders interpretation of the error rate data. The
without feedback versions error rates, where there was no chance of
peeking, are a more reliable measure but do not reflect the "normal
situation," that is, normal programs contain feedback. The gross
response |atency measure probably most clearly represents the
sfu&enf reaction to the difficulty of the programs. This conclusion

agrees with the earlier work with the confidence rating.

n ta
Statistical Rationale With dependent measures, the obvious
statistical test to run would have been one grand multivariate test
covering the overa|l variable effects on the multiple criterion
measures: error rate, completion time, the seven affective ratings,
the knowledge and comprehensjon scores, the application scores, and
the retention |loss scores. This omnibus test takes account of the
natural covariance between criterion measures since they are measures
on the same subjects. |t was Impossible, at the time, to carry out
the complete, overall test because of the lack of a suitable computer
program. However, the two major criterion measures, the knowledge
and application scores, were put to the multivariate test. Kendall

(1961) provided the model for the two-measure case which could be






54

done in a reasonable amount of time using an electric calculator.
The decisions reached within the overal| multivariate tests
are similar to the more common univariate except that they consider
all the criterion measures as one combination. For example, we
wish to make major programing decisions on the basis of the overal |
effects upon both ob jectives, know|edge and application, as though
it were a single score. |Jn the present study the overal| test was
used to demonstrate its relation to the individual tests which
represented the decisions needed to answer the research hypotheses.
The individual hypothesis tests could have been made independent|y
of the overall tests because of their a priori status. The general
logic from the multivariate to these individual tests happened to
be consistent and was reported in this manner, Of interest in
multivariate tests is the relationship between dependent variables

among the treatment groups. This analysis fol|ows.

Know)edge-App| i ion Score Correlation raphs, and Unigueness
The overal| Pearson product moment correlation coefficient between
knowledge and app|ication scores was .76. The coefficient remained

quite stable over program variations. (See Table 4.4)

TABLE 4.4

RELATION OF KNOWLEDGE AND
APPL | CAT|ON TEST SCORES

Step Size Variations

Feedback Versions w w/o w w/o w w/o w w/o .

Correlations 76 .73 ,65 .70 .66 .74 .8I| .80
n's 42 40 45 39 44 ; 38 46 44
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The resulting scattergrams were unique in that their points
concentrated in the lower right diagonal half. (See Appendix |
Graph |12) Although the phenomena may have been a fun&flon of the
methods with which the tests were scaled, the unique nature of
fh; knowl|edge-application relationship, that of the knowledge
retrieval being a prerequisite subskil| for the more complex
applicetion items, is a possible explanation, A student would
logicaily not be able to apply any more knowledge than he could
recall, thus the application scores would necessari|y be relatively
lower than the knowledge scores. This artifact does not affect
the interpretation of the product moment correlations but the lack
of heteroscedasticity might influence some covariance measurés
discussed later.

Multivariate Test As an exploratory device, the multivariate
test is analogous to using the overall F-test to decide whether it
Is appropriate to make individual comparisons. Therefore, a
significant multivariate W allows the experimenter to continue his
analysis by making univariate F-ratio comparisons. A significant
F-ratjo then enables one to calculate multiple and individual
comparisons,

Both multivariate normality and homogeneity of variances and
covariances were assumed. The tests for both are quite complex.
Observation of the score distribution, and the sums of squares and
cross products demonstrated no irregularities. (See Tables 4.5 and

4,6)
Table 4.7 shows that the prior division into achievement |evels

accounted for overwhelming differences. (X# = 323.75 for 4 df, p £.001)



TABLE 4.5

MEANS AND STANDARD DEVIATIONS FOR THE
KNOWLEDGE AND APPLICATION SCORES

~ ACHIEVEMERT
cgcét KNONLED?;ANDARD | APPL|CA;}2:DARD
s n=|6 '
GROUPY MEAN  bev)ATION MEAN  bEv)ATION
Upper Third
A 23.06 4.29 19.68 3.89
2 22.68 4.09 16.37 5.45
3 22.18 4.94 18.75 5.56
4 23.43 5.09 19.81 6.35
5 22.25 3.38 17.18 5.84
6 18.68 4.24 16.50 8.03
7 20.93 5.27 18.75 7.12
8 21.43 4,05 19.18 6.33
Middle Third
L= 18.25 3.6l 1.3l 6.79
2 19.8I 3.53 14.87 5.30
3 18.00 3,35 12.68 6.05
4 18.37 3.6l 11.62 5.61
5 16,37 5.5I1 9.75 5.53
6 14,06 5.64 11.43 5.88
7 12.8I 5.54 8.00 5.30
8 14.25 5.07 13.56 5.38
-~ Lower. Fhird
P o- 10.43 4,50 7.62 5.15
2 12,00 4.52 5.56 4.40
3 10.81 3.76 5.68 4,27
4 12.00 4.52 7.06 3.89
5 10.00 5.15 7.06 6.16
6 8.87 4.18 4.06 3.86
7 9.00 3.41 3.87 4.24
8 7.88 4.73 5.37 4.48

| = Variation | with feedback

2 = Variastion | without Feedback
3 = Variation || with feedback

4 = variation |1 without feedback

Variation il with feedback
Yariation (1]l without feedback
Veriation IV with feedback
Variation |V without feedback

(o IV N WV ]
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TABLE 4.6
SUMS, SUMS OF SQUARES AND CROSS PROGDUCTS OF
KNOWLEDGE (X) AND APPLICATION (Y) SCORES

GROUP n=|6 EX Ex2 EY gy2 EXY
Upper Third
-1 8,805 315 6,429 7,449
2 363 8,487 262 4,736 6,113
3 355 8,243 300 6,088 6,910
4 375 9,177 317 6,885 7,611
5 356 8,092 275 5,239 6,274
6 299 5,857 264 4,968 5,044
7 335 7,43| 300 6, 386 6,692
8 343 7,599 307 6,491 6,899
2,795 63,691 2,340 47,222 52,994
Middle Third
1=l 281 5, 131 181 2,739 3,402
2 317 6,467 238 3,962 4,808
3 288 5, 352 203 3,125 3,720
4 294 5,602 186 2,634 3, 506
5 262 4,746 156 1,980 2,787
6 225 3,641 183 2,611 2,929
7 205 3,087 128 |,446 1,880
8 228 3,634 217 3,377 3,417
2,100 37,560 |,492 21,874 26,449
Lower Third
-1 167 2,067 122 1,328 1,407
2 192 2,610 89 785 1,306
3 173 2,083 9l 791 1,061
4 192 2,610 13 1,025 1,573
5 160 1,998 "3 1,367 1,408
6 142 1,522 65 487 780
7 144 1,470 62 510 678
8 126 |, 328 86 764 841
1,296 15,688 741 7,057 9,054
Grand Totals 6,19 117,039 4,573 76,153 88,497
| = Yariatien | with feedback 5 = Variation 11| with feedback
2 = Variation | witheut feedback 6 = Variation 111 without feedback
3 = Varijation |l with feedback 7 = Variation IV with feedback
4 = variation || witheut feedback 8 = Variation IV witheut feedback



58

TABLE 4.7

THREE-WAY FACTORIAL SOURCE OF VARJATION TABLE FOR THE
MULTIVAR|ATE ANALYSIS OF THE COMBINED KNOWLEDGE AND
APPL]CAT|ON SCORES (N = 384)

p(k=1)
Source of Variation W df x2* P
Between Means .36 2(24-|) 378,03 .00l
46
Achievement Levels .423 2(3-1) 323.75 .00l
4
Step Size .895 2(4-)) 45,14 .00|
6
Feedback .99 2(2-1) .57 .05
2
Feedback x Step Size .952 2(4-1)(2-1) 19.61 .0l
6
Achievement Level x .974 2(3-1)(4-]) 9.62 .05
Step Size 12
Achievement Leve| x .979 2(3-1)(2-1) 7.717 .05
Feedback ‘4
Feedback x Step Size .99 2(4-|)(2-1)(3-1) .57 .05
x Achievement Level 12

*-n log W as x2 is only

an approximation to W
distribution
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The combination of entry repertoire, intelligence, and roﬁdlng
ability that makes up science achievement in this case, accounted
for the me jor portion, (approximstely 90 per cent) of the between-
means variation. The feedback x step size interaction also produced
signiticant ditferences (X° = (9.6/ for 6 d.f., p<.0l), thus allow=
ing us to accept the statement that: providing knowledge of correct
response has differential value for programs of varying step size
when considering both knowledge and application test scores, in
combination, as a criterion.

The main effects, step size and feedback, with their interaction
significant, cannot justifiably be considered as independent sources
of variation, |t is interesting to contrast, however, the overall
significance of the step size variable and the negligible overall
amount of dispersion attributable to feedback. Not obtaining even
chance difference due to feedback would in some instances be a sign
of mismanagement of variable control. Having arbitrarily taken the
extremes, with and without, as examples of the possible feedback
dimensions, dispels any suspicion regarding experimental variable

manipulation.

Acpropriate Univariate Tests

As was mentioned earlier, the finding of significant multi-
variate W's due to achievement |level and the feedback x step size
interaction allows the experimenter to continue with their correspond-
ing univariate F~tests. The complete three-way factorial breakdown
of the sums of square s for both knowledge and application scores,

available in Tables 4.8 and 4.9, offers more clues to the distribution



TABLE 4.8

THREE-WAY FACTORIAL SOURCE OF VARIATION
TABLE FOR THE KNOWLEDGE SCORES (N=384)

Sum of

Scource of Variation Squares d.f. Mean Square F
Achievement Levels 8,792,.82 2 4,396.41 218.40 ann
Step Size 783.61 3 261 .60 12,99 ##
Feedback 0.00 [ 0.00
Feedback x Step Size 185.03 3 61.67 3.06%
Achievement Levels x Step Size 129.47 6 21,57 1.07
Achievement Levels x Feedback 16.19 2 8.09 .40
Achievement Levels x Feedback x

Step Size 67.94 6 .32 .56
Within Cells 7,250.19 360 20,13
wenp 001 wup S gy @ 08

TABLE 4.9

THREE-WAY FACTORIAL SOURCE OF VARIATION

TABLE FOR THE APPLICATION SCORES (N=384)
Scource of Variation :;:.}:. d.f.  Mean Square F
Achjevement Levels 9,999.75 2 4,999.87 167.49 ¥
Step Size 187.52 3 62.50 2.09
Feedback 9.69 | 9.69 .29
Feedback x Step Size 164,78 3 54.92 1.83
Achievement Levels x Step Size 139.19 6 23.19 .77
Achievement Levels x Feedback 202. 5| 2 101.25 3.39¢
Achievement Levels x Feedback x

Step Size 244.18 6 40.69 1.36
Within Cells 10,746.19 360 29.85

e p<.001 #dig mot reach sis en everall test
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TABLE 4.10

MAIN EFFECT AND INTERACTION MEANS FOR
KNOWLEDGE AND APPLICATJON TESTS

ACHIEVEMENT LEVELS

STEP S|ZE

FEEDBACK

FEEDBACK x

STEP SIZE

STEP SIZE x
ACHIEVEMENT LEVELS

FEEDBACK x
ACHIEVEMENT LEVELS

ut
MT
LT

€ — —

w/o

I
i
v

ut
MT
LT

21.83
16.40
10.12

17.59
17.46
15.04
14,38

16.11
16.12

17.00
17.00
16.18
14,23

ut
23.86
23.00
20.63
21.18

22.07
16.16
10.05

(UPPER THIRD) ut

(MIDDLE THIRD)  MT
(LOWER THIRD) LT
(PROMPTED VERSION)::!
(BASIC VERSION) I
(MODERATE " ) I
(DIFFICULT " ) IV
(WITH) w
(W1 THOUT) w/o
w/o

18.14 11
17.91

13.85 v
14,52

MT LT

18.84 11,3l |
18.33 11,50 IR
15.34 9.5l 111
13.64 8.50 v
w/o

21.56 ut
16.60 MT
10.17 LT

18.28
11.65
5.78

12.57
12.60
11,00
11.45

11,75
12.06

12.85
12.37
.31
10.19

ut
18,00
19.25
16.82
18.96

w/o
12.25
12.81
10.65
12.70

MT
13.07
12.15
10.58
10.76

w/o
17.96
12.85

5.51

PO

SRR
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of variance, although only the single main effect and single
interaction can be rightfully considered. Table 4.10 exhibits the
main effect and interaction means. Graphs of the three two-way
interactions are found in Appendix |, #| and #2.

Entry achievement level had almost equally strong an effect on

the variation of both types of criterion behaviors. (Knowledge F =

-

218.4 at 2 and 360 d.ft., P .00l and Application F = 167.49 at 2 and
360 d.f., p .00l). Even when the variance common to both knowledge
and application scores is covaried out, a significant amount of
variance still remains. (F = 12,09 at 2 and 359 d.f., p .00l)

(See Table 4.11), | L
TABLE 4.11
ANALYSIS OF THE APPLICATION SCORE VARIANCE DUE TO

THE ACHIEVEMENT LEVEL MAIN EFFECT THAT REMAINS
WHEN KNOWLEDGE SCORES ARE COVARIED OUT

ource of $ I3 r
Achievement Levels 504.81 2 252.41 12,09%
Residual 7,513.66 360 20.87

b = 4,841,29 b =

res  3.250.19 tot 16,043, 0|
bres * .6677 byop =  .8907
*p .00I

It is interesting to note that effects of the step size
variable alone, even though its interaction with feedback is more
important in terms of the research hypotheses. The dispersion need-
ed to carry the overall test beyond significance is situated pri-
marily within the knowledge measures. The same covariance technique

as was used with the achievement level above reduces the ratio of
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di fferences due to step size within the application measures to

.99. (F = 0,99 for 3 and 359 d.t., p) .05) (See Tabie 4.!2).

TABLE 4.12

ANALYSIS OF THE APPLICATION SCORE VARIANCE DUE TO
THE STEP SIZE MAIN EFFECT THAT REMAINS WHEN THE
KNOWLEDGE SCORES ARE COYARIED OUT

Saurce of Yariation Sum of Squares d. . Mean Square F

Step Size , 61.89 3 20.63 0.99%
Residual 7,513.66 360 20.87

b... = _4, 841,29 b = 5,194,37

res 7, 250.19 tot 8,033.80

bres = .6677 btot = .6465
*p .05 .

The feedback x step size interaction reaches the .05 level of
significance for the knowledge measure (F = 3,06 for 3 and 360 d.ft.,
p .05) but not for the application measure (F = |.83 for 3 and 360
d.f., p .05). When the knowledge scores are covaried out, the
ratio increases beyond the .05 level (F = 2.87 for 3 and 359 d.ft.,
p .05) (See Teble 4.13). The combining effects of step size and
feedback had an effect upon application that was independent from

that which it demonstrated on the knowledge test.
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TABLE 4.13

ANALYSIS OF THE APPLICATION SCORE VARIANCE DUE TO
THE STEP SIZE X FEEDBACK INTERACTION WHEN THE
KNOWLEDGE SCORES ARE COVARIED OUT

Source of Variation Sum of Squares d_f__ Mean Square F

Step Size X Feedback 179.89 3 59.86 2.87%
Residual 7,513,66 360 20.87

b = 6677 ‘ b = ,6578
:2:052 tot

The reason for the unexpected increase in the step size x
feedback interaction variance while the remeining variance of both
main effects decreased can be found in their respective between mean
correlations (See Table 4.14),

The residual covariance accounted for or removed 36% of the
application error variance, the denominator of the F - ratio. Both
main effects, achievement level and step size, removed 995 and 92f%
respectively from the "true" numerator variance. The overall effect
was to decrease markedly the ratio. The step size x feedback
interaction "true" covariance between knowledge and application
scores was smell, accounting for only 8%. Removing 36§ from the

denominator error application veriance and only 8% from the numerator

7
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"true" variance had the effect of raising the F - ratio above
its non-covaried estimate, from 1.83 to 2.87. The increased ratio

was significant at the five per cent level.

TABLE 4. |4

BETWEEN MEAN AND RES |DUAL OORRELATIONS BETWEEN KNOWLEDGE AND
APPLICATION SCORES FOR THE SIGNIFICANT SOURCES OF VARIATION

Achievement Levels Step Size F x SS Interaction
Between .995 (.99)* .92 (.85) .29 (.08)
Residual 55 (.36) .55 (.36) .55 (.36)

~ #( ) denotes r2

Another way seeing the covariance effects is to compare the
step size x feedback interaction plots on Graphs #| and #2 of
Appendix I. The two plots, when contrasted, accentuate the figural
differences. The significant rise within Variation |V on the appli-_

cation plot accounts for the major disparity.

Knowledge Criterion Hypotheses
Hypothesis ¥| stated:
In terms of the knowledge scores:
Providing knowledge of correct response does not
increase the effectiveness of small step size
programs for students at all achievement levels.
It was expected that there would be a small but non-significant
di fference between feedback versions of the first, prompted variation.
A larger, but still non-significant, difference between the with and
without versions of the basic prdgram was anticipated. Only one group
of the six possibilities (three levels for each variation), the upper

third é?udylng the easiest program with feedback, had a higher mean

score than its without feedback counterpart (See Table 4.15). This
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difference, .38 of a point, was clearly not significant. A difference
of 2.58 was needed to reach the 5 per cent level. Clearly, providing
feedback to the first two step size variations did not increase the
abilify of students, from any prior achievement level, to recall
the program facts and concepts.
Hypothesis #2 stated:
In terms of the knowledge scores:

Providing knowledge of correct response does increase

the effectiveness of moderate step size programs at

all achievement levels.

vVariation ||l was considered the moderate step size variation.
The students took, on the average, twice as many. seconds to respond
to each frame as they did on the easiest program. The accuracy of
the error rate data was so hindered by the suspected response-
peeking, that no reliable estimate of the more common characteristic
could be made.

Table 4.15 demonstrates the cell and overall means showing a
marked reversal of the first two variations where the versions without
feedback produced higher scores. All three level mean differences
between with and without feedback versions favor the with feedback
version. Only the upper third achievement level group difference,
3.57, was greater at the 5 per cent level. The other two levels
had mean differences in the expected direction, middle third of 2.31,
and lower third of |.13. The over achievement level mean difference
of 2.34 was also significant (+=2.55 for 154 d.f., p(Ol). The
needed difference for significance in this case was considerably

Smaller due, of course, to the tripling of the sample size by adding

the scores of three levels together.
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The decision is that the multiple hypothesis is partially
correct. The overall and upper third significances support while
the middle and lower third differences did not reach the needed differ-
ence and, therefore, do not support the hypothesis.

Hypothesis #3 stated:

In terms of the knowledge scores: .
Providing moderately difficult frames with knowledge
of correct response will be more effective than any
other combination of step size and feedback for all
achievement levels.

Table 4.15 clearly demonstrates that the above hypothesis is
rejected at all achievement levels. None of the Variation ||| means
are larger than either of the first two variations. The smallier
step size variations means differences are, however, not large
enough, 2.87, to be considered significantly more different.

The third or moderate variation was, however, more efficient
as the students took on the average, || minutes .less to work through
the program. The moderately difficult program with feedback was

not more effective than the other versions, but was possibly more

efficient,

Acplication Criterion Quesfion

With no research on which to establish hypotheses regarding
the application measures, only after-the-fact data analysis was
acceptable.

What effect will programs of varying step size and feedback

have upon the learner's ability to apply the concepts within

these programs to similar situations?

To recapitulate the earlier findings: 1) Achievement level was

still an effect after the knowledge scores had been covaried out;
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2) Neither step size or feedback was an Independent influence; 3)
The step size x feedback interaction became significant after the
knowledge score interaction was covaried out.

The major disperity between interaction plots was demonstrated
between the two versions of the most difficult Variation |V (See
Table 4.16). The group using Variation |V, without feedback, scored
2.49 points higher than did the group with feedback. The without
group, it may be remembered, worked an average of 20 seconds more
per response. Those students studying Variation |V, without feedback,
also scored as well as those studying from the easiest variation

with feedback.

Betention Loss Question

What effect will programs of varying step size and feedback

have upon the l|earner's ability to retain the program concepts

over a long interval of time?

The retention measures have been recorded as difference scores,
first ®nowledge score minus second knowl|edge score for each student.
The resulting difference measures represent the amount of informa-
tion loss over the summer months. Complete data were available for
the knowledge test only. Six points were added to every difference
score to eliminate all negative values. The three-way factorial
univariate analysis of variance resulted in only the achievement
level main effect reaching significance, (F = 4,46 for 2,158 d.f.,
P .05) (See Table 4.17). Limited returns from the application

test tended to show appi‘ouimfoly the same result, general loss over

all treatment combinations.
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TABLE 4,17

. THREE-WAY FACTOR|AL SOURCE OF VAR|ATION TABLE
FOR THE RETENTION LOSS SCORES (N = |92) )

Source of Variation Sum of Sguares d,f, Mean Square F
Achievement Levels 124,54 2 62.27 4,78%
Feedback 23,38 | 23,38 1.79
Step Size . 59.89 3 19.96 .53
Achievement Levels x Feedback 3.04 2 |.52
Feedback x Step Size 48.43 3 16.14 .24
Achievement Levels x Step Size 23,13 6 3.85
Achievement Levels x Feedback x

Step Size 36.46 6 6.07
Within Cells 2,203.13 169 13.04
*p .05

Aff e Data

The interpretation of affective scores presents somewhat of
an enigma, Independent analyses of +he ad jective rating scales
would be statistically incorrect, for one violates the same inde-
pendence assumptions that called for multivariate measures in the
cognitive tests.

The only solution was to calculate the independent variance
analyses, compute the rating intercorrelations, and interpret by
combining the two as the multivariate would if it were available.
Therefore, the reported probabilities from one scale are not inde-
pendent of the probabilities of the other scales. (See Table 4.8
and related Graphs #5 through #|| in Appendix |.) The intercor-
relations between ratings ranged from -.04 to +.74, with the major-
ity centering around +.40. Some combinations were more highly

correlated with the others, as can be seen from the table of probabilities
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(See Table 4,18). Difficulty level, progress - no progress,
successful - frustrated, clustered together on a "difficulty"
dimension, while rewarded - punished and alert - careless were
related to the main group but in somewhat different ways. Interes-

ted - bored was the most independent of all|l the ratings.

TABLE 4.8

CONPlLKTiON OF THE F-TABLE PROBAB{LITIES FOR THE SIGNIFICANT MAIN
EFFECTS AND |NTERACTIONS ON THE AFFECT)VE RATING DATA
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Difficulty Level .02 -—- .00l -—- .025 J— ———
Alert - Careless -ee ——— .05 ——- -—- ol -—-
Rewarded - Punished .03 ——- -——- -—— ——— ——- —
Progress - No Progress --- === .005 -=- === === ===
Successful - Frustrated .00l =-- .00l " -——- ——- ——
'nfﬁf‘.s‘fad - Bored bk .03 Ll - ooe E T coow
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The interested - Bored continuum, selected to represenf the
"pal|" effect, was significant|y affected only by the giving and
withholding of feedback. Not knowing whether they were correct or
incorrect proved to be more boring for the students. Neither achieve-
ment |evel or step size produced a noticeable variation in the

Interest-bored ratings.

Hypothesis #4 states:

In terms of the knowledge scores:
Providing moderately difficult frames with knowledge
of correct response wi|l reduce the boredom or "pall"
7ffeTf among the upper and middle third achievement
evels.,
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Table 4,19 demonstrates the mean values for the upper and
middle third groups taking the with feedback versions, The upper
third group means show a slight rise over variatior§, meaning that
each group felt more bored than the last. This obviously does not
agree with the hypothesis. The middle third group means, however,
do exhibit the hypothesized $rend, with the moderately difficult
Variation |1| being the most interesting. The differences did not,
however, reach the 2.03 needed for the .05 level of significance.

The averages of the two |evels also follow the hypothesized trend.

In regard to question #2:

Will there be any differences in the frequency of
boredom as reported by the below average achievers
who are using the various experimental programs?

The lower group interested - bored rating averages, demonstrated
considerable variation (See Table 4.20). Those students who received
feedback generally exhibited more interest in the programs. The
group studying with step size Variation ||, without feedback, however,

rated themselves as most interested.

Coanitive, Affective and Coanitive-Affective Qorrelations

As an exploratory device, separate Pearson product-moment
correlations were computed for all meaningful measures using students
taking the eight different program versions as distinct groups. This
resulted in eight intercorrelation matrices whose wamipl® sizes ranged
from 38 to 48. As would be expected from the large entry achievement
level hain effect differences, the correlations between entry achieve-
ment scores and both knowledge and application scores remsined high,

ranging from + .62 to + .83 (See Table 4.21). .
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The correlations between the affective ratings ranged from
-.04 and +.74., When averaged over the eight groups, the correlations
were all in the vicinity of +.40, A Pearson product moment r
greater than .28 would be considered significantly larger than
.00 at the .05 level.
The correlations between both knowledge and application
scores, and the afféctive ratings ranged from +.03 to =,55,
The great majority, howsver, remained around -, |0, denoting
little rela+lonship.befuoon the cognitive measures and the

affective ratings.
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Results Summery

In terms of theoretical hypotheses, the study fared rather well.
Data confirmed the initial theoretical position (Hyp. #!) that immedi-
ate feedback would not increase the effectiveness of the small step
size (mean error rate below |0f) programs at any achievement level,
when considering knowledge and comprehension items, as criterion., Con-
ceptual meanings were formed and factual associations were made within
the highly redundant context of the frames alone, without the presence
of the correct answer.

By decreasing both intra- and inter-frame redundancy, it was
further shown that the focus of these associations could at times be
shifted from the frames such that feedback néu became informative
(Hyp. #2). This phenomenon occurred over all levels although the
middle and lower third increase did not quite reach significance at
the .05 level. As might be expected, the higher achievers were able
to gain and retain more from the now informative feedback, as the
differences clearly decreased in |ine with achievement levels.

The groups taking the "moderate" difficulty level program with
feedback did not, as hypothesized (Hyp. #3), demonstrate increased
knowledge scores over groups using the other versions, Both groups
given the with and without feedback versions of the smaller step size
programs produced higher scores. |f one, however, considered efficliency
rather than effectiveness, the moderate version with feedback took, on
the average, about one-half as much time to complete as did the smaller
step-size versions. |

Both prior achievement and program knowledge scores were signifi-

cantly related to application scores. (Question #4) Neither step=size
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or feedback variations had any effect upon application, but there was
a significant interaction of the two when the knowledge score inter-
action was covaried out. (Question #2)
Only prior achievement level accounted for a significant amount
of variance in the knowledge retention scores. (Question #3) The
lower third lost less than the other achievement level groups. The
phenomenon could be explained as resulting from a combination of regres-
sion and "floor" effects, in the sense that their scores were near zero.
Both error rate and time to complete the program were affected in
the expected ways by all the main variables and their interactions.
There was a trend toward less boredom in the moderate with feed-
back version among the middle, but not the upper third achievement
level groups. (Hyp. #). In relation to research Question #5, the
lower third group rated themselves, on the average, as most interested
in Variation 1.
Step-size variation influenced the affective ratings related to
success and difficulty, Feedback variation accounted for the only
significant variation in the interested-bored ratings. None of the

affective ratings on the average correlated with the knowledge or ap~-

plication cognitive measures. see Table 4.22 for a complete summary.

Riscussion Overview

The overall plan for the discussion section will be to: |) at- ‘
tempt to answer the questions posed in the problems section; 2) identify
and clarify new problems that developed within the investigation and
attempt some rationale for their happening; 3) offer the proposed con-
tingent generalizations growing out of the study findings and relate

them to the results of other studies; and 4) draw up some tentative
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Table 4,22

COMPILATION OF THE F-TABLE PROBABILITIES
FOR THE SIGNIFICANT MAIN EFFECTS AND
INTERACTIONS ON MAJOR CRITERION MEASURES
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Major Criterion Measures
Cognitive:
Error Rate .00l .00l .00l .001 .001 .00l .0l
Time to Completion .00l ,00!1 .01 .00l .0l .05 --
Knowledge Post Test L01*% -~ .05 ,00I -- -- --
Knowledge Retention Test - == == .05 =T =T =T
Application Post Test -- -- .05%*, 00l -- -- --
Affective:
Difficulty Level .00l -- .025 .02 - -- -
Alert-Careless 05 -= == - -- .0l --
Rewarded-Punished - -=  -= .03 -- -- --
Frogress- No Progress .001 -- -= .00l -- -- --
Interested-Bored -—- .03 -= == -- -- --
Average Affect .00l -  -= .08 -- - -

* Not independent of SS x F interaction
** Significant when Knowledge covaried out
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guidelines for the strategy of programing based upon these contingent

generalizations.

Discussion of Problems Section OQuestions

Is it, as the |inear programed instruction originators

stress, most effective and efficient to provide a highly

redundant discourse such that there is a high probability

that the student will respond correctly, and then follow

immediately with the correct response? Or should one

procide less redundant narrative such that the student

can only offer a tentative response and then give him

the correct answer?

It seems that the present criterion of |ess than ten percent
error is too demanding. The study demonstrated that the prior to
response information can be less redundant, thus more difficult, with-
out causing a major decrease in effectiveness. The less redundant
frames individually tend to increase the individual frame response
latency, but removal of others decreases the total time taken to com=
plete the program., Making the items too difficult, to where the error
rates exceeded approximately 40 per cent, seemed to be the point at
which both effectiveness and efficiency seem to decrease. Some inter-
mediate between |5 and 30 per cent error appear to be optimel.

There seems to be a functional relationship similar to that
expressed by a negatively accelerated curve where more redundancy in-
creases learning to a point at which it becomes necessary to question
the amount of increase in retention in terms of the amount of time to
repeat the information. The curves representing the step size x
achievement level interaction in Appendix |, Graph |, give some evi-
dence of this relationship. The curves in the chart have to be re-
versed along the step-size dimension to acquire the negative accélcra-

tion. The s|opes of the curves are accentuated by the arbitrary

differentiation along the knowledge score dimension.
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Would one strategy be more dependent upon the information

within the correct answer than the other?

The hypothesized interaction occurred, showing feedback to have a
facilitating effect only at about the same error rate range as above,
IS to 30 per cent. Both more and less redundant frames seemed to
function equally as wel! with or without feedback.

Are there different strategies of information Introduction

for particular classes of learners?

Step-size variation did not exhibit differential influence upon
any of the three achievement |evels. There were no step-size achieve-
ment level interactions within any of the cognitive criterion variance
analyses.

Ausubel's hypothesis that "One might expect feedback to be more
eoffective in the case of the less able students" (p. 205) proved to
be both correct and incorrect. |t was correct in that the reinforcement
aspect of feedback did generate greater interest, but incorrect in that
there was no concomitant increase in the cognitive outcomes. This in-
ability of feedback to exhibit a significant differential in cognitive
outcomes, within the lower third achievers, may have been masked by
their lack of developmental readiness for abstract concepts and princi-
ples, and the fact that they were conveyed in symbolic form. In this
light, the hypothesis as to the facilitative effect of feedback upon
cognitive outcomes for low achievement students remains feasible under
certain conditions.

Are there concomitant affective states which accompany

these information strategies that tend to enhance or

interfere with the cognitive functioning?

There was an indication of increased interest or reduced boredom

when programs were moderately difficult, especially within the middle
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third achievement level. The lack of positive correlation, however,
between any affective rating and either knowledge or application score,
mekes the probability of affective change affecting cognitive function-
ing somewhat doubtful, at least for a task of this duration.

Is there a single strategy using the |inear programed instruc-

tion fremework that is most effective in attaining both

application and long~term retention ob jectives?

SlnceAno concerted effort was made to teach application skills,
the lack of differences from the major variables might have been ex-
pected. The~findlngs, however, are interesting in that gross manipu-
lations of the major variables had so |ittle an effect. The high
correlation béfwoen the application socres and prior achievement test
scores and the added explained variance from the program knowledge
scores, offer some leads for programers and researchers. These leads
are discussed in the section about cognitive variables.

The absence of any reliable effects upon delayed retention loss
over a span of five months was not surprising. One really could not
expect even quite drastic variation in the programs to influence
long=term retention with none of the known facilitators such as spaced
review added to the instructional strategy. Nevertheless, the students
who scored high on the Initial test maintained their superiority In
the latter exam, so there is reason to ensure the maximum Initial
learning when no review is to be carried out, Whether there would be
a genera| leveling effect with review remains to be tested.

Finally, is there a single position, such as Skinner's,

that can provide a rationale for generating solutions

to the foregoing questions?

Hilgard has stated that he felt that none of three major theoretical

positions, that of Skinner, Guthrie, and the cognitive theorists, could
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account for the major advances in programed instruction, The sections
that follow provide an assessment of this study's findings relevant to
these three positions in order to seek out either an agreement with

Hilgard's opinion, or some variation which would be explanatory.

Qperant Conditioning Position
The position that Is being attacked is based upon Skinner's

operant conditioning; this position will be discussed first. The only e

finding within the present study that significantly demonstrated the
influence of "small step-size" or "immediate reinforcement" was the

greater interest shown by those groups who récolvod feedback, |t

seems that such behaviors as "paying attention" and "keeping at the
task", which would be akin to "being interested", were facilitated by
giving the correct answer, The use of "immediate reinforcement'" may
then, be more appropriate for the control and maintenance of the instruc-
tional situation rather than for any learning objectives, as such, The
+wo ob jectives are obviously not independent, however, as staying with

the task would eventually increase the total amount of learning.

Contiquity Pogition

The contiguity position advocated by Guthrie is best demonstrated
by the work of one of his pupils, Lumsdaine. The present study further
substantiated the original results of Angell and Lumsdaine {1959) in a
paired-associate learning task, later suphorfod by Wittrock and Twelker (1964)
in a problem-solving task consisting of ten enciphered sentences. .To
compare more fully the related rosulfs; the original hypotheses and
findings of the three studies will be repeated.

Angel| and Lumsdaine's original hypothesis in the paired-
associate task read, "To the extent that adequate prompting was ‘provided

- _L‘m.a..)"
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for overt response, the efficacy of (and need for) the further
implicit=-response prompting provided for by the confirmetion panel
would be expected to diminish." (p. 478), They found a significant
interaction between prompting trials and correction treatment which
resulted in two conclusions:
"(1) A prompting trial (where both stimulus and response
words were shown together) was more effective than
an anticipation trial (separation of stimulus and
response terms) when partial correction was employed
but not when full correction was used,
and
(2) Full correction was superior to partial correction
when there had been no initial prompting trials byt
"

This final clause provided the tie-in, for when there was a

redundant display, two or more prompting trials, there was no facili-

tating effect from increased feedback.

Wittrock and Twelker stated their belief in another way as they

hypothesized that "knowledge of correct response enhances learning,

retention, and transfer when the information it contains is not greatly

redundant." They found that "non-redundent information in the form

of knowledge of correct response added to a minimally directed situa-
tion enhanced learning while redundant knowledge of correct response

added to an‘alroady prompted situation did little to learning, reten-

tion, and transfer." (1964, p. 17).
The relation to the present study's rationale and findings can
best be made by combining the present study's first two hypotheses:

in terms of knowledge recall, providing knowledge of
correct response does not increase the effectiveness
of small step-size programs but does increase the

ef fectiveness of moderate step~size programs at all
achlievement levels.



85

Students performed equally as well when studying from highly redundant
frames without feedback as they did with feedback. Feedback facilitated
criterion performance only when the redundant informetion within and
between frames was reduced to where it took, on the average, twice as
long as the easiest program to respond to a frame, and resulted in a
mean error rate of about 20 per cent., |(n addition, feedback became in-
operative again as further redundant informetion was removed until the
mean error rates approximated 50 per cent or greater.

The commonal ity among the three positions and tasks was that all .
the information needed to make the correct overt response was available
prior to that response, thus making feedback or reinforcement unnecessary.
As soon as parts of that informetion were removed or spread temporally
apart, the overt response became |ess available and made the inherent
information within the feedback necessary, The characteristics of the
prior information are that it be: (I) temporally close together,
specifically in the case of the paired associate task, (2) self-
explanatory or directive, in the case of the problem=solving task, and
(3) contextually redundant in the case of the programed material or
sub ject matter comprehension task.

Therefore, the configulfy position holds in that paired associates
can be related, problems can be solved, concepts may be learned, effec-

tively and efficiently, from judiciously selected and placed information.

Qoanitive Yheorists' Pogition
It seems that the emphasis upon making an overt response, that it
be correct, and that it be immediately reinforced, has been unwarranted.

Evidence has been advanced to show thet students perform somewhat in-

dependently of all three of these characteristics. Hilgard discredited
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the notion of the importance of the response in complex, meaningful
learning by saying that "to talk of these |ittle replies were what
was being Jearned is to make a travesty of the educational process"
(1964, p. 136). In doing so, he sided with the cognitive theorist

"who is concerned with knowing and understanding, ...

and is |ittle likely to believe that the essence of

programming is small steps, responding, and reinforc-

ing; and would also say These are only mechanical

details related to something far more significant that

is going on" (p. 136).

That "something more significant that is going on" can only be
surmised at this time. A number of variables of interest to the

cognitive theorists, however, offer some possible explanations of that

"something more significant." A discussion of some of these follows.

nitive i Gotkin (1964) viewed the problem he faced in

trying to program for "socially disadvantaged" seventh graders, much
like the lower third achievement group of the present study, in terms
of the developmental scheme proposed by Plaget and adapted by Bruner,

"Bruner describes three |evels by which the child

represents his experiences: the most primitive is

the enactive, which is based on motor activity; the

second |Is the iconic, which is based upon images of

what is perceived; the third is symbolic, in which

experience is represented in elther natural or formal

language" (p. 5).
Gotkin's research team was "continually faced with the inability of
children at the seventh grade level to cope with iconic, let alone
symbo| ic representations" (p. 5).

The basic program and its variations in the present study was,
except for a few simple drawings, wholly symbolic. The program con-

tent involved a verbal| representation of enactive demonstrations.

The demonstrations, in turn, were examples of the abstract concepts and
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principles of electricity., |t undoubtedly would have been develop=-
nonfilly sound to represent the enactive demonstrations, |.e. rubbing
a comb through hair, in an enactive, experiment-|ike form.

Bruner (1964) also forewarned of the difficulties in translating
between these three representational forms. |t would be unwise,
therefore, to expect these students functioning at the concrete, en-
active stage to be able to cope with criterion tests which were in the
symbolic or most abstract form. The extension of this reasoning to
thé present study is that the lower third achievers were doubly handi-
capped, once by the symbolic program, and again by the symbolic criteri-

on tests.

Entry Repetoire The role of entry repetoire was clearly the most
important source of variation in the present study. Both Gagng (1965)
and Ausubel (1963) have discussed different variations of this overall
factor as being most influential in meaningful learning. Gagn‘ has
taken the position that to learn higher level concepts and principles
one must have mastered the prerequisite lower order concepts and
principles. Ausubel, on the other hand, cites the "availability in
cognitive organization of relevant subsuming concepts at an appropriate
level of inclusiveness" (p. 28) as crucial for incorporating new mean-
ing. Both are obviously talking about a function within the prior
achievement as defined and used as a levels factor in the present study.
If it were possible to analyze the overall learning task such
that the prerequisite lower-order concepts and principles as well as
the more inclusive, subsuming concepts were evident, then a test could
be devised more specific than the overall test that was administered.

This test could assess both the Gagn‘ and Ausubel notions by predicting
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that certain learners, lacking either lower-order or more inciusive
concepts, would be unable to incorporate the program concepts and
principles into their repetoire. For example, the basic principle,
unlike charges attract, could not be learned unless the three inde-
pendent concepts were understood, a la Gagn‘. Ausube! might expect
the more inclusive concepts of positive and negative (charges),
magnetism, and electrons to be a part of the repertoire before com-
prehending the principle. In either case a more explicit, detalled
look at entry repertoire might have served to elaborate upon the

large prior achievement effect.

Individual Accommodation and Pacing There are essentially two

rates at which one studies, his own and one regulated by another, such
~as the teacher. Programed instruction has been heralded for its char-
acteristic of permitting self study or pacing. Unfortunately, the
small step approach has been too slow a pace for many and resulted in
the common boredom effect. The quick student resents having to wade
through the redundancy both within and among frames. Programed instruc-
tion, therefore, only partially allows for self-pacing. Prose is much
less restrictive as one can skim and does no} have to overtly respond.
There have been accounts of examples of fantastic reading rates with
remarkable retention and comprehension. Oddly enough, textbooks have
neither been praised for this inherent quality, nor have children been
allowed to use this quality by reading ahead at their own pace.
Decreasing both intra- and inter-frame redundancy, as a way of
menipulating step size, markedly effected the average pace at which
students moved through the program. Removing redundancy from Variation

111 caused students to take, on the average, twice as many seconds,
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42, to 21, to roapﬁnd than Variation i. What kinds of activity dominated
the extra 20 seconds? There was undoubtedly some rereading of the frame
in the attempt to determine not only the desired response but the other
word that was deleted. Could it be that the rereading of the frame

was equivalent to the reading of the redundant frames that were removed?

Making the frames more difficult, that is, setting another pace,
made everyone shift into another gear, so to speak. Some who could
maintain that pace, were able to respond at the 20 second pace, took
it in stride, while others increased their response latency until they
either gave up or produced a response. Jacobs (1963) discussed this
maximum point at which the response becomes apparen+ after much cogni-
tive activity. He proposed a closer look at response latency rather
than eror Tate, The same conclusion was drawn from the confidence
rating data and now reappears In inspecting the data from the step-
size variations,

Another interesting sidelight is that when feedback was available
there was less time spent searching for a response. Some of this
time wes probably due to a better understanding, but it is hypothesized
that availability of feedback reduced response latency because it was
a tension release, much |ike peeking to find the murderer in a who-
done-it,

The cycle of tension arousal, provisional try, and tension relief,
hypothesized to occur at this level, it must be remembered, was self-
paced. |t is interesting to suppose what would have happened if not
only the redundancy, or information timing, was menipulated, but also
the amount of time to work out the frame response. This condition is

much more similar to classroom interaction where the teacher can control
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both redundancy and time for response. What effect would these
extra restrictions have upon the intra-frame cognitive functioning

and related output?

Task Difficulty Bruner has proclaimed that anything can be

taught at any level l; it is "intellectually honest." And yet

people agree that some concepts are more sophisticated than others.
It is conceivable that the concept of electricity is such a sophisti-
cated concept. |f so, then it is also possibli that regardiess of
the representive form of the teaching example, the average seveath
grade student is not able to conceptualize the "sophisticated" sub-
leties of induction, insulation, chemical action, etc., that were
called for by the program. This failure would become more evident

as the student attempted to apply these concepts and principles to

new situations, as was noted.

o) h tion

The relation of the three theoretical poslfldns to the results
of programed instruction research seems to resemble the story of the
three blind |ndian fekirs trying to describe an elephant. Each fakir
elaborated upon a‘separafe part of the elephant, the trunk, tail and
the hoof, and demended his explanation to be correct. Obviously, each
was parfially accurate, as this investigator feels is also true in the
case of the explanaflon of students learning from programed materials.

Deterline (1963) has argued that only two characteristics, analysis
of objaéflves and repeated tryout, have emerged unscathed from the trans-
ter of operant conditioning techniques to programed instruction. The
study would add to these the reward value within "immediate reinforce-

ment," as a method for maintaining interest and instructional control.

g e s e e
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The notion of schedules of reinforcement cannof be dismissed as a
technique for keeping students at the task of sfudy}ng.

The fact that students can learn from the cueing within the frame
without access to the correct response is in some measure a validation
of contiguity theory. Facts, definitions, concepts, and principles
depend upon temporal contiguity for their understanding. The principle,
unlike charges attract, would be difficult to associate if not printed
together. The effect of scrambling words upon understanding in prose
materials is another example of the need for contiguous presentation
of stimuli or words.

Cognitive theorists can claim the possible need for a given level

| Rt

of cognitive functioning before concepts can be formed from symbolic
presentation. They also have pointed to the dependency upon the
learning of prerequisite skills and concepts before new lcarning can
take place. Another of their concerns is the regulation of the pace
of information transmission in accordance with the individual style
of the learner. Finally, the cognitive theorists consider the dif-
ficulty of the task, that is, the level of complexity of the concepts,
stating that there might be a developmental readiness for concepts as
well as their representational form.

In summary, it Is believed that all three positions, that of
Skinner, Guthrie, and the cognitive theorists, provide valid rationale
for different facets of the extremely complicated task, that of learn-

ing subject matter content in the form of |inear programs.

w Proble t Evol
The finding that students could make very few errors on the program

and then not retain and transfer this initial acquisition to the criterion
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tests is puzzling. Even those who were not given feedback made
relatively few program errors, so it is not a case of response-
peeking and copying. A possible solution lies in the method used
for prompting the easiest variation, that of giving the first letter
or two of the correct response. For example the lower third mean
error rates for the first and second variations without feedback
Jumped from 23% to 64%. |t could be that the students were guessing
at the response from nearby responses without understanding why the
response was correct. |t seems that "Ieffor-prompflng"‘posslbly is
a deterrent in that it gives the learner another method for deter-
mining the correct response that is not facilitating the search
activity that results in understanding and recall.

The problém of explaining the large prior achievement differences
could have been avoided |If the prior achievement test had included
items testing both subconcepts and more inclusive "subsumers." The
problem accentuated the need for more specific delineation of program
content, prerequisites, and sequence than is usually the case.

Finally the problem became more apparent that the present style
of programing needs revision or addition if long term retention and
application are the professed objectives, as they most usually are.
Long=-term retention has its known facilitators which might not be
expected to be a part of the program, per se. But application to new
situations is an immediate goal and more ingenuity is needed to develop

guidelines for its augmentation.

O
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Contingent Generalizations

The search for contingent generalizations seemed most profitable

when combining the findings of the present study and those of related

research, primarily that of Krumboltz and Klaus. The following con-

tingent generalizations are taken from this compllation.

l.

if one begins with a program whose error rate is below 10§

and adds redundant information either before or after the

overt response then:

a. the error rate should decrease,

b. boredom should increase, but

c. there is likely to‘be no increase in recall, long-
term retention, or transfer.

If one begins with a program whos# error rate is below 10§

and removes redundant informetion before or after the overt

response or adds irrdevant information, then:

a. the error rate should increase,

b. frustration should increase while boredom should
decrease, aﬁd

c. there is likely to be no mejor change upon recall un-
less error rate increases to around 40%. Long=term
retention and transfer will probably not be effected.

if one begins with a program whose error rate is below 10§

and provides feedback, then:

a. there will probably be no increase in recall until
further redundant informetion is removed,

b. there will probably be increased interest in the task.

D e
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Those generalizations involving student variables are:

I. 1¢ prior achievement is lacking, accomplishment of
immediate retention or application will probably be
minimal for complex tasks.

2. that neither high 1Q or excellent reading ability will
probably be able to overcome a lack in prlof skill and
knowledge attainment when a?+empflng to accomplish program
ob jectives. N

3, that menipulating major program variables will probably
not aid or hinder any student within different prior
achievement levels.

4., that a student who does not recall the program content will
probably be handicapped in further application tasks.

5. that negative affective states such as boredom and frustra=-
tion probably do not have any influence upon student cogni-
tive performence when the program fako; less than two weeks

to complete.

Regardiess of how the prior achievement or prerequisite knowledge

and skills are somehow accounted for, there is still the question of the
strategy of information introduction in |inear programed instruction,
l.e. relationship of step size and $eedback. |f feedback were to be
meintained because of its saluatory effect upon interest in the task,
then it seems plausible that a less redundant form of initial informe-
tion would be the progreming prescription. An error rate of 20 to 40
per <ent might be desired for both effectiveness and efficiency. There

is also the tendency that the interest or maxime! stimulation level may

be at its peak within this range.

s e
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There is still § possibility that increased cognitive activity
es evidenced by the greater amount of time spent per frame might
activate some of the skills that seem to be operative in applying
concepts and principles.to new situations. Again, much more work
needs to be done to demonstrate the utility of the strategy of
programed instruction in attaining higher level ob jectives.

Programers should, it seems, concern themselves less about the

R S

response characteristics, and more with the frame information so

that it will be:

l. carefully analyzed to insure that prerequisite concepts be

s 7o i 4 e a7

available or made available.

2, in the informational form at which the target audience is
developmental ly functioning.

3. not attempting to teach concepts which may be too abstract
or sophisticated for the target audience.

4. not : fesfricfed to a less than ten per cent response error
rate criterion and, therefore, more challenging.

5. more lengthy; that is, more information per response thn
is usually the case, especially as the program nears

completion,






CHAPTER V

SUMMARY, CONCLUSIONS, AND |MPLICATIONS FOR RESEARCH

Backgroynd

What seemed so simple and clear in the early history of the
deve lopment of programed instruction has now shown its true aspect -
namely, that of an extremely complex phenomenon in meaningful verbal
learning. The principles underlying |inear programed instruction
were developed by analogy from variables proven to be critical in
operant conditioning. The validity of the analogy has not held.
For example, the necessity for elicited response so essential in
operant conditioning has been seriously questioned in programed
instruction studies. Similarly, results as to the importance of
smal| incremental tasks (step-size), and immediate reinforcement
(foedback of the correct answer) have been contradictory. |t has
been suggested that to gain a better understanding of these
phqﬂounna, S§tudies involving complex designs offering interactive
information were needed. This study deve loped a three—-way factorial
design utilizing mitiple dependent measures to study the hypothesized
interaction between step size and feedback over differing achievement
levels. A part of the study was devoted to assessing the adequacy
of the student's sub jective confidence in hls.frama response as a
measure of step size.

This theoretical interest of the author and the practical interest

of four 7th grade science teachers in the potential of programed

96
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instruction for aiding siower students combined to provide the

necessary conditions for the conduct of the study.

Qbiectives
The study was designed to provide evidence concerning the following

general questions:

Is the student's sub jective confidence estimete of the
certainty of the response a workable and meaningful
operational definition for step size?

Does the knowledge of the correct response (feedback) have
differential value for programs containing frames of vary-
ing stép size? Are there separate interacting effects

upon students who have differing entry achievement levels?

If so, is there an optimal combination of frame step size
pfu§ feedback such that a learner would be able best to
comprehend concepts and principles and apply these principles
to similar situations?

Is this combination optimally effective when considering
sfqdonfs from varying levels of entry achievement?

What consequence, if any, will this optimal combination have
upon the recurring boredom or "pall" effect? Will the con=
soq;oncos differ among students from varying levels of entry
aéhlovomonf?

What effect will programs of varying step size and feedback
have upon the learner's ability to apply the concepts within
these programs to similar situations or to retain the program

content for long periods of time?

More specifically, the study tests the following hypotheses:

In terms of the comprehension of concepts:

gt e s
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I. Providing knowledge of correct response does not increase the
eof fectiveness of small step size progrems for students at all
achievement levels,

2. Providing knowledge of correct ro.sponu does increase the
effectiveness of moderate step size programs at all achieve-

. ment levels, ‘

3. Providing moderately difficult frames with knowledge of
correct response will be more effective than any ofhor-con-
bination of step size and feedback for all achievement levels.

4, Providing moderately difficult frames with knowledge of
correct response will reduce the boredom or "pall" effect
among the upper and middle third achievement levels.

Procedures

A selected portien of a published program covering static
electricity and voltaic cells was field tested end revised twice to
reech the minimal error rate conditjons needed. During this phase
attempts were made to judge the usefulness of assessing the student's
confidence In his frame response as an indicator of frame step size.

Three variatiens ef the basic pregram were developed to serve as

step size |evels. The first centained one or two |etter prompts for
every response, thus representing the easlest version. Redundant and
review frames plus key words within frames were systematically
eliminated frem the ether two versions resulting in two more difficult
step size levels. Each of the four varlations was duplicated in a
form containing the correct response and in one without to constitute
the eight "treatment" materials.

At the same time a general science achievement test was being

e
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developed using differentiating items from previous teacher-made
tests. The students were ranked according to their scores on this
test, divided into thirds and randomly assigned to the eight

program variations. The assignment procedure called for randomizing
within each succeeding group of eight students while proceeding down
the ranked list within the three "levels." The resultant was a 4 x 2
(step size x feedback) factorial experiment randomized within

dlocks deslign. .- }

All aveilable (approximately 400) Tth gr;do science students
were assigned to programs. No sampling was undertaken., Two separate
criterion tests were developed, one involving knowledge and compre—
hension items; the other, application items. A set of affective
rating scales were logically developed and plans to take time estimates
made.

The time to complete the phase of program and tests ranged from
two to eight fifty-minute periods. Students finishing early were
given remedial or enriching individual study.

Cel| size was oquéfod at |6 by random elimination for ease in
statistical calculation. This operation brought the total to 24 x |6
or 384 subjects., Multivariete ratios were calculated for the pertinent
cognitive sources of variance. Appropriate univariate F~tests, and
indivicual comparisons were made to substantiate or refute the
theoretical hypotheses and questions. Three-way factorial unl&arlafo
analyses of variance were calculated for the affective scales, time
estimates, error rates, and combined scores. (ntercorrelation metrices
were computed for all the possible affective and cognitive combinations

for groups taking each of the eight program variations.
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The knowledge and application tests were given again in ‘fhc
ensuing fall, approximately five months after the program administration.
Only Knowledge scores were meaningful as meny of the application exams
were not completed within the allotted schodl period time |imit. A
univariate factorial analysis of variance were computed on the
knowledge loss scores.

Conclusions

Concerning the adequacy of the subjective confidence rating as a

measure of step sjze:

I. The subjective confidence estimates were found to add little
information to the dichotomous right-wrong of error rate.

2, Response |atency seemed to be a more meaningful measure of step size.

Concerning the overal| effects on knowledge and application scores:

|. Prior achievement level was a more important influence than was
expected.

2. A smll, in relation to achleveﬁnnf leve| eoffects, but significant
interaction between step size and feedback was found. Taken as
though they were independent, step size was, and feedback was
nat, a significant factor.

3. There were no step size or feedback by achievement level interactions.

Concerning the independent effects upon knowledge scores:

I. Prior achievement levels accounted for more varistion than expected.

2, The step ;lzo x feedback lnforacﬂon was significant allowing the
test between treatment combinations which demonstrated:

a. Feedback was not of value to the two small step size variations.

IV
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b. Feedback beceme operative only within the framework of the
moderately difficult version. The upper third was the only
achievement level group to show significant gain over the
without version groups. The middle and |ower third level
group differences were in the predicted directions, however,
moking the overall difference significant.

3. The effect of increasing step size (although not independent
because of its interaction with feedback) significantly decreased
the knowledge scores in the expected direction over all achieve-

ment levels.

Concerning the independent effects upon the application scores:

I. A significant variation remained due to prior achievement levels
even when program knowledge-epplication score covariance wai
partialled out.

2. A significant step size x feedback interaction remained when
the knowledge interaction was partialled out. This was due to
what may or may not have been an artifact - a difference batween
the with and without feedback versions on the most difficult
variation. The without version was the most effective, as
effective as the easy veriations with feedback. Further research
is needed to determine the reliability and rationale underliying
this finding. .

3. Nelither step size or feedback was an independently significant

factor.

Concerning the affective ratings:

I T feedback factor accounted for differences between |nterested-
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bored ratings. Those receiving feedback rated themselves as
being less bored.

2, The moderate step size variation with feedback tended to produce
less boredom ratings among the middle third achievement level
than the other versions but the differences were neither largo‘
nor consistent,

3. Lower third achievement level| students rated the second eesiest
step size version rather than the easiest as most interesting. ' ]

4, Step size variation produced differences between the successful- |
frustrated and progress-no progress ratings both in the expected

directions. ; i

Concerning the over the summer retention-loss on the knowledge

criterion scores:

l. Only prior achievement demonstrated any effect upon retention
loss in that the lower third lost less. This was construed to
be due tfo a2 combination of regression and "floor" effect as the

lower third had little to lose.

Concerning the program efror rate and time to completion:

I. All main factor effects and their iInteractions were slgniflcanf
influences upon error rate and time to complete the program,

2. The more difficult step size programs took up to less than one-
half the time to complete the easier version. A saving of time
always brings the question of effectiveness vs. efficiency. It
may be more profitable to be concerned with time taken rather ff\an
total achieved, in that cese, the larger step size versions are

superior,



103

Concerning the common cognitive-affective criterion measures vérlance:

I. There was no consistent indication of any relationship existing
between the cognitive measures: prior achievement test scores,
error rate, knowledge test scores or application test scores,

and any of the affective ratings.

ns for New R rch

The experiences with programing suggest as do Suppes and Brooks
that response latency measures should be jnvestigated as an indicator
of maximum step size.

The search for intermediate level contingent generallizations
for different outcomes, classes of students, and conditions in
programed instruction is just beginning. Unfortunately many of
those involved in the initial research efforts have turned to
other problem areas leaving the major task undone. |t is believed
that this exodus might not have occurred if the evidence secured
had fit nicely into one or another of the current learning theories.

The natural continuation of the present study is to vary
independent|ly step size and feedback with overt roSpondlng, the third
basic characteristic gulding |inear programing, over outcomes and
classes of students. |t is possible fha} both step size and feedback
did not make more significant contributions because of the student
having to make overt responses. The fact that so many students made
incorrect responses seems to negate the prébablllfy. Other research
also has falled to demonstrate any differences due to covert or
overt responding.

Now that an indication of a step size x feedback interaction

5
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has been shown, it may be advantageous to make finer distinctions
among the levels of feedback such as using certajn percentage
schedules. |+ may be that the moderate step size version is most
effective with an intermittent schedule which has shown to be of
value in increasing retention in schedules of reinforcement studies.

The most promising attack seems to be a systematic manipulation
of the cues preceding the response, that which might be thought of
as a test of the notions of cognitive theory rather than reinforcement
theory. For example, a major deterrent in making a depth inter-
pretation of the Informational aspects of this study |les in the
tact that three d]jfferent methods were used to increase program
difficulty. It is possible that removing redundant frames, review
trames, and key words would have separate effects upon the multiple
outcomes. The influence of these and other methods of transmitting
information needs to be studied in the context of programed instruction.

Some evidence within the study points to the possibility of
flfflng the form of programed materials to personality traits. Not
all bright students were bored by easy problems, nor did all dim
students abhor a challenge. Tolerance for ambiguity levels, for
example, may be quite significant In determining student output.

More concern should be paid to the concept of efficiency in
'°°Pnlng. Many studies have overlooked, or at |least played down, time
3S an important variable. |t would have been quite interesting to
have had the students repeat programs until a given time |imit and
then agsess both learning measures. The interaction of speed and
8ccuracy in school learning needs elaboration.

More differentiation among complex skills such as application,

OF transter, in both programing and evaluation is also needed. The



105

advent of more sophisticated statistical techniques and designs
now makes |t possible to probe these areas.

Also attempts might be made to assess this step size x feed-
back interaction with:

|. different age-grade levels

2. content, both more and less abstract

3. more difficult programs

4, varying response requirements

5. shorter and longer programs

6. plctorial illustrations

Lastly, as previously mentioned, a proposal has beeﬁ deve | oped
to investigate the relative effectiveness of four versions of a
program which vary on the dlmensloﬁ, abstract to concrete, upon
different achievement levels within seventh grade science students.
The project is based upon the Piaget and Bruner theoretical notions
that certain students need concrete representation of concepts and
Principles. Versions featuring laboratory experiments programed
into the frames, motion pictures demonstrating these experiments,
graphic illustrations representing the experiments, and a completely
Verbal form will be developed. The students, again divided into
three achjevement levels, will not only be assigned to these different
Versijons, but also be randomly assigned to criterion instruments in

The same form as the four forms of input materials.
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QUESTIONMAIRE

Would you please answer the following questions on how you really
felt about the new textbook,; Be HOMEST and TRUTHFUL,

(1) Were the questiohs irn the nelr textbook too disy, too hard

or just about the right difficulty? Circle the number

vhich best describes how you feel.
stand, ask your teacher,)

(If you don't under-

-
1 2 3 4 ) 6 7 8 9 L
much too easy just about hagxd too much
too easy easy right hard too hard

(2) cCircle the numbers (like you did on
of the following scales which best

wvhile studying the new textbook.

the first question) on each
describe how you REALLY felt

1 2 3 4 S 6 7 8 9
.alert careless
1 2 3 4 S 6 7 8 9
rewarded punished
1 2 3 4 S 6 7 8 9
making progress msaking no progress -
1 2 3 4 S 6 7 8 9
- success ful frustrated
1 2 3 4 S 6 7 8 9
interested bored
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IX.
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REMEDIAL EXAM

Place the next 3 words in the scientific method in order.

1. Bxperiment

2. Cur
3. Con

ious
clusion

4. Bypothesis

ervVe

The
The
The
The
The
The
The
The

OV EWN-
°

man who said when matter is destroyed it can become energ
part of an atom that spins around the center. [

center of an atom,

part of an atom with a plus electrical charge.
nuxzber of protons in one atom of an element.
nunber of protons plus the number of neutrons. ',

first atom smashing machine.
smallest possible piece of any element.

Splitting, or breaking apart.

10. Combining, or coming together.

a. nucleus i.
b. fission 3.
C. element k.
d. atomic number 1.
e. fusion m,
f. neutrons n.
g. EBinstein o.
h. molecule pP.

cyclotron
Bohr

atonic weight
reactor

atom

proton
electron
Aristotle

Which of these can be considered "Matter”. Place an "X" after
the nuzmber of each substance, which is matter.

Cha

Coa

Ele

OVOENOOTUBMMEWNW
L]

1k

Light
Oxygen

1

Heat
Iron
Steel
Nitrogen

ctricity

Sound



IV. Mark an "8° if it is a “"Solution";

Suspension.

1.
2.
3'
‘.
s.

01l and water
Sugar and wvater
Gas and Water
Starch and wvater
Salt and wvater

V. MATCHING

1,
2.
3.
‘.
S.
6.
7.
a.
9.
10,

Centigrade
Motion
Molecular
Merxcury
Alcohol
Kelvin
Temperature
Pahrenheit
Thernometer
Absolute

a,
b,
C.
a.
..
t.
g.
h,
1.
3.

=2

mark an “X" {f it is a

Pertaining to molecules

Used to measure heat

Used ¢n most thermometers
British Scientist, Absolute scale
Household thermometer scale

Used in most thermometers

Lab thermomster scale

Action, movement o
Pressure scale, positive numbers
Motion and rate of motion of moleculss,

VI. ¥%hat happens to the speed of molecules wvhen a material is:

(Use "P" if molecules move faster.

slower.)

1.
2.
3.
‘.
s.
6.
7.
a.

heated
cooled
contracted
expanded

Use "“8" if molecules move

changed from gas to liquid
changed from liquid to gas A
changed from solid to liquid
changed from liquid to solid

VII. What happens to the distance between molecules when a material

is:

(Use "L” if distance gets larger.

smaller.)

1.
2.
3.
4.
S.
6.

heated
contracted

expanded

Use "8° if distance gets

changed from gas to liquid
changed from liquid to gas
changed from solid to liquiad

2 & a _ -1
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VIII, MULTIPLE CHOICE: Mark down the letter of the Correct Answer.

1.

3.

S.

6.

One of these is a reptile.
a. eeld

b. dinocsaur

c. fish

4. frog

The largest fish is a:
a. vhale .
b. flying fish ("
c. shark .

4. perch

Arthropods have:

8. 3 eyes

b. jointed appendages
c. fur N ..
d. a diaphraga

Mollusk comes from a word that means:
a. hard
b. long
c. short
d. soft

77°PF -
a. 16°%¢
b. 90%
c. 2%°¢c
4. 27°¢

A shorthand way of writing the name of a compound is called
ite:

a. equation

b. symbol

¢. chemical name

d. formula

Put B if the following are elements, C if compounds, and
M if mixtures.

a. hydrogen

b. water

c. €Oy

4. sugar & wvater
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8. Purifying water by evaporating it and then condensing it
again in another container, is called:
a, crystillation
b. distillation
c. vaporization
d. contamination

9. Yhen acids and bases act upon each other they:
a. explode
b. make water
c. make salts
d. make soda

10. The following is an indication that a chemical change has
occurred: _
a. ether vaporizes .
b. bread rises
c. ice cream melts
d. none of these

11. Carbon tetrachloride extinguishes fires by:
a, cooling
b. smothering
c., coating the burning material

MAGIC-SQUARE EXERCISE: :
Select from the answer column at the left the word which best
answers or completes each of the statements at the right. Put
the number of the word in the proper space in the magic-square
answer box. If your answers are correct, they will form a magic
square. The total of your numbers will be the same in each

row across and in each column down. The four corners and

the four center squares will also total this same amount.

ANSWERS STATEMENTS
amber a. A north and a south pole do this
attract b. A piece of iron becomes a magnet when placed
conductor in a magnetic field
current c. Positively charged particles
electrons d. Porce that attracts iron, nickel, and cobalt
electroscope e. Poor transmitter of electricity
induction f. Negatively charged particles
insulator g. Area of force around a magnet
iron h. Alnico is an example of this kind of magnet
lines of force i. Charge that attracts positive electricity
magnetic field j. Charge that repels positive electricity
magnetism k. Used to detect an electric charge
negative l. Good transmitter of electricity
neutrons m. Points on a magnet where the force is con-

I RT Y
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DIRECTIONS: The following questions relate to the new textbook you
have just finished studying. Read each question carsfully and
do your best to find the correct answer. V¥Write your answer on
the answer sheet. You are not expected to know all the answers)
Just do your best.

1l-4. Here is a diagram of an atom.

Label the parts from the following list: 3

a. electron £. cell

b. photon g. nucleus ) |
c. neutron

4. molecule 4

e. proton 2
#l, #3.

“2. “,

3. Stationary is to moving as static electricity is to

6-7. The differencs between dry and wet cells is in the substance
in which the conductor dissolves. A wet cell has a solution
and a dry cell a .

8. An atom that has six electrons and five protons is said to have
a negative .

9. is defined as the adbility to do work.

10, and electric eels are natural sources of
electricity.




Test- Page 2
11, Blectrical energy is important to man because he can control

and harness its power to do .

12, An electric cell must have two conductors to produce
electric current.

13. The conductor that dissolves or reacts with the weak acid
solution in an electric cell is .

l4. An atom having 26 protons and 26 electrons is in electrical

15. In a dry cell, electrons flow from the zinc to the .

16. A cliarged atom must have a lack or of electrons.

17. Unlike charges each other.

18. Unlike is to like as attract is to .

19, The attraction between the proton and electron keep the
electron in around the nucleus.

0. an electrical charge that does not move is called .

2,

A metal commonly used in a voltaic cell because it is not as
feactive as zinc, is .




fest - Page 3

2. When zinc atoms go into the weak acid solution, it is said
that it in the solution.

23, When chemicals are mixed together lnd a reaction takes place,
this is called .

4. Things that ate not made by man are said to be

things.
25. The plus charge (+) is called .
.26. The minus charge (-) is called .
27. A particle that is neutral has neither a or

charge.

28, Anything that allows electrons to travel through it is called
a of electricity.

29. The flow of electrons from atom to atom is known as an
electric

30. 8ince everything i- thought to contain electrons, everything
must contain .
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APPLICATION TEST

l. a. Tell what would happen if you were to rub a flourescent light
(the long one above you in the room) with a piece of flannel
or fur in a dark room.

b. Bow explain why?

3. a. What's needed to complete the electron path of this voiute

cell? | COPPER
/
3 447
74
WEAK ACID .2
SOLUTION
3. » a. What would happen to ebonite rod
'] A vpcn charged ebonite rod B is
c A B brought close to it?

% 2 b. Wny?
] (o}

5. a. If you were to rub a warm hard rubber comb through dry hair
and bring it close to a thin stream of water from a faucet,
what would happen?

b . whY?

One of the complications with synthetic materials like nylon,
Tlon, and dacron, is that they tend to stick to your skin.
"hat causes this? (2_pts) ' :



10.

11,

12,

13,

A, Explain what happens when you stroke a hard rubber comb
through dry hair and the hair tends to stick out in all
directions,

b. Draw a picture showing the electrical charges.

a. If you bring the charged comb close to the hair, what will
the hair do?

b. Why?

When a person is frightened, they say his hair stands straight
up. Can you explain this from what you know about static
electricity? (2 pts)

Can you figure out why people would want to put an iron pole
on their roof and run this pole down into the ground? (2 pts)

a, If two pieces of positively charged
paper were pushed close together
but nét touching, what would
happen?

b. Why?

a. If you rub two balloons on your sleeve and put them close
together, they would each other.

b. Why?

How would you produce electric current out of a zinc plate,
copper plate, wire, and lemon. (Hint: lemon juice is a weak
acid,) (2pts)




-/
o"
1,

15,

16.

17,

18,

How would you produce electric current out of a zinc plate,
copper plate, wire, and wvater? (2 pts)

You are given a glass jar, a piece of silver plate, a piece of

lead plate, soms weak acid solution, and a wire. You are told that
the silver reacts with the acid while the lead does not. Draw

a complete picture of the electric cell you can make. Show what
charges would develop and the flow of electrons. (2 pts)

A gasoline truck drags a chain along behind it when it is
moving.

a. Why do they do this?

b. Explain what happens as the truck moves along.

Explain where you find both static electricity and current in a
thunderstorm. (2 pts)

If a big comb and little comb were rubbed through dry hair and
then brought together:

a. which one would move? and

b. in what direction?

B
C_m Lk
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