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ABSTRACT

This thesis is a statistical analysis of three learning
experiments conducted in the Synnoetics Laboratory at the
University of Wisconsin with engineering and vocational stu-
"dents. A comparison is.made of the effectiveness of three
instruction controls: pre-programned instruction under
machine centrol, learner control in which students specifi-
cally requested subject matter, and collaborative or guided
learning which permitted students flexibility in order and
amount of subject matter received. Whén tudents had
acquired the fundamentals, each of the two subsets of instruc-
tion contrel vas amplified by one of two methods of feedback
for students' problem solving. Oné method was an incremencal
schedule ir which machine response occurred after sttemphed
partial solutions to problems while an integral schedule
reserved machine response until student had attempted a
complete solution. The data analyzed consists cof scores from
pcest, retention, and standardized tests, and measures of
students!' intercommunications with the machine and its
assoclated subject-matter base.

Students directing their own learning and solving
problems,integrally had the lowest rate of processing informa-
tion while those solving problems incrementally are observed
to have high Effective Learning Capacity and high Effective
Learning Rate. Students who directed their own learning are
cbserved to make fewest subject-matter zccesses once they

have Tegun to proklem solve.
ii



TABLE OF CONTENTS

Chapter Page
1. INTRODUCTION

1.1 Objectives 2

1.2 Programmed Learning and Computer-

Assisted Instructicn 3
1.3 Interaction Strategy 11
1.4 Interaction Strategy Models i3

2. EXPERIMENTAL SITUATION

2.1 Objectives 16
2.2 Facility 17
2.3 Experimental Design 20
2.4 Course Content and Orgeanization 25
2.5 Experimental Sequence and Data Gathering 30
2.6 Procedure 33

3. ENPERIMENT #2 DATA ANALYSIS

3.1 HMethodology 35
3.2 Data Preparation 44
3.3 Results 53
3.4 Discussion 130
3.5 Conclusions 149

4.1 Methodology 152
4.2 Data Freparation 152
4.3 Results 154
4.4 Discussion : 230
4.5 Conclusions ‘ 248

5. SUMMARY AND PERSPECTIVE

5.1 Students and Environment 252
5.2 Results and Discussicn 253
5.3 Conclusions ’ 269
5.4 Recomrendations 273
BIRLIOGRAYHY 276
APPENDIX A: Definition of Experimental Parameters 280

APFLLDIXN 3: Condensaticn of Exseriwvental Froose

£

ks

e

SR g e

H

i



Table

II.
iII.
IV,

V.

VI.

VII.
VIII.

IX.

- XVIT,

XVIIT.

LIST OF TABLES

Number of Bite VYnits in the Bite Sets
Number of Peripheral Bites ih the Bite Sets
Experimental Subjects and Frequencies

Data Files Created |

ANOVA Experiment #2 Universe Parameters

Correlations Experiment #2 Universe
Parameters (: Test Scores)

Relative Accesses to Bite Sets in Experiment #2
Relative Times to Bite Sets in Experiment #2
ANOVA.Experiment #2 Relative Times and Access

Correlations Experiment #2 Relative Time
and Access (: Test Scores)

ANOVA Experiment #2 Utilization Bite Sets

ANOVA Experiment #2 Distinctly Accessed
Bite Units in Bite Sets

ANOVA Experiment #2 Normalized Utilization
Bite Units in Bite Set 1

Correlations Experiment #2 Utilization
Bite Sets (: Test Scores)

ANOVA Experiment #2Z Test Scores

Variation in Post Test Score Observation

ANOVA Experiment #2 Processing Rates (2BS)

ANOVA Experiment #2 Processing Rates (DABU)

ANOVA Experiment w2 Performance Rates and
Effective Learning

AY

Page
29
28
31
47

56

57
61
61

62

64

7S

80

81

83
92
94
102

103



Table

XX,

XXII,
XXIIT.

XXIV.

XXVI.
XXVII.
XXVIIT.

XXIX.

XXXI.
XXXTI.

XKXXTII.

XXXIV,

XXXVI.
| XXXVII.
XXXVIII.

XEXT X,

ANOVA Experiment #2 Effective Learning
Capacities and Effective Learning Rates

ANOVA Experiments #3-#4 Universe Parameters

Correlations Experiments #3-#4 Universe
Parameters (:, Test Scores)

ANOVA Experiments #3-#4 Relative Times
and Access

Correlations Experiments #3-7#4 Relative
Times and Access (: Test Scores)

ANOVA Experiments #3-#4 Utilization Bite Sets

ANOVA Experiments #3-#4 Distinctly Accessed
Bite Units in Bite Sets

Correlations Experiments #3-#4 Utilization
Bite Sets (: Test Scores)

Descriptive Statistics Experiments #3-#4
Standardized Test Scores

Correlations Experiments #3-#4 Standardized
Scores (: Test Scores)

ANOVA

Experiments #3-#4 Test Scores

ANOVA Experiments #3-#4 Processing Rates (ABS)

ANOVA Experiments #3-#4 Processing Rates (DABU)

ANOVA
and

Experiments #3-#4 Performance Rate
Effective Learning

ANOVA Experiments #3-#4 Effective Learning
Capacities and Effective Learning Rates

Bite Structure Parameter Patterns,
Instruction Control

‘Test Score Patterns, Instruction Control

Comparison of Test Score Design Schedules
Coefficients of Similitude (between Experiments)

Test Total Patterns, Interaction Strategies

vi

Page

122
155

16l

163

180

181

182

192

193
194
204

20¢€

218



Figure
1- 1.
1- 2.
1- 3.
2- 1.
2- 2.
2- 3.
2- 4.
2~ 5.
2- 6.
3- 1.
3- 2.
3- 3.
3~ 4,
3- 5.
3~ 6.
3- 7.
3- 8.
3- 9.
3-10.
3-11.
3-12.
3-13.
3-14

LIST OF FIGURES

Evolution of Programming Strategies
Interaction Stra£egy

Interaction Strategy--Course Combinations
Student Request Keyboard

Pre-Programmed Instructicn Control Board
Encyclopedia Control Board

Subject Matter Organization
Learning-Design Schedule

Guided-Learning Interlinkages

ExPeriﬁent as a Fixed-Effects Model
Factorial Design of Learning Experiment
Total Sum of Squares of Dependent Variable
Sum of Squéres Part A

Sum of Squares Rows or Columns

Sum of Squares Distribution

Factorial Design of Experiment
Comparison'of Means AU -~ C,F,D

Means of AU - C

Méans of TU - C

ﬁeans of RTBS1 -~ C

Means of RTBS2 -~ C

Means cf RTBS4 - C

Means of RTBSS5 - C
vii

Page

14

15

21
21

24

28
37
39
41
41
41
42
53

55

66
67

68



viii

Figure Page
3-15. Means of RTBS6 - C 695
3-16. Means of RABSl -~ C 70
3-17. Means of RABS2 - C 71
3-18. Means of RABS4 -~ C 72
3-19. Means of RABS5 - C 73
3-20. Means of RABS6 - C 74
3-21. Comparison of Means RTBS4, RABS4 - D 75
3-22. Comparison of Means RABS2 - F 76
3-23. Comparison of Means RABS2 - D 76
3-24, Comparison of Means RTBS4 - F 77
3-25. Comparison of Means UBSl, DaBUl - C,F 78
3-26. Means of UBS1 - F,D g4
3-27. Means of UBSZ -~ F,D 85
3-28. Means of UBS4 - F,D 86
3-29. Means of UBS5 - D 87
3-36. Means of UBS6 --D 88
3-31. Comparison of Means UBS2 ~ F 8¢
3-32. Comparison of Means UBS2 - D 89
3-33. Comparison of Means UBS5, UBS6 - D 91
3-34. Means of Post Test Totals 93
3-35. Cell Frequencies Retention 1 Test 95
3-36. Means of Retention 1 Totals 926
3-37. Means of Retention 2 Totals 97
3-38. Cell Frequencies Consolidation Test 98
3-39. Means of STFT and - R1TOT 99

TeltT 0 T S RTET ond LTCONSOL 1



ix

Figure " Page
3-41. Means of Colsolidation Test 101
3-42. Means of PR1l, FR2 - F (DABU) 104
3-43. Means of PR4 - F (DABU) 105
" 3-44. Means of PR5, PR6 - D (DABU) 106
3-45. Means of PR1, PR2 - F (&BS) 107
3-46. Means of PR4 -~ F (ABS) | 108
3-47. Means of PR5, PR6 ~ D (ABS) | ' 109
3~48. Comparison of Means PRU, PRl, PR2 - F (ABS) 110
3-49. Comparison of Means PRl, PR2 -~ F (DABU) 110
3-50. Comparison of Means PR1l, PRS5, PéG -~ D 111
3-51. Comparison of Means PR2 - D (DaBU) ‘ 111
3-52. Comparison of Means PRU - I | 111

3-53. Comparison of Means PR1, PR2, PR5, PR6 - C (ABS) 112

3-54, Coﬁparison of Means PR1, PR2, PR5 - C (DABU) 112
3-55. Means of PfR (PTOT) : 114
3-56. Means of PfR (ﬁlTOT) 115
3-57. Means of PfR (R2TOT) 116
3-58. Means of EL (PTOT) 117
3-59. Means of EL (R1TOT) 118
3-60. Means of EL (R2TOT) 119
3-61. Comparison of Means EL (R2TOT) 121
3-62. Comparison of Means ELC (R1TOT) 121
3—63. Means of ELC (PTOT) 123
3-64. Means of ELC (R1TOT) 124
3-65. Means of ELC (R2TOT) . 125

3-66. Comparison of Means ELC (RZTOT) Fe



Figure " Page
3-67. Means of ELR (PTOT) 127
3-68. Means of ELR (R1TOT) 128
3-69. Means of ELR (R2TOT) 129
" 3-70. Comparison of Means ELR (R2TOT) 130
3-71. Means of PTOT, Experiments #l; #2 143
3-72. Means of R1TOT, Experiments #1, #2 | 144
4~ 1. Means of AU - C | ' 157
4- 2. Means of TU -~ C 158
4- 3. Comparison of Means AU - D 159
4~ 4. Comparison of Means TU - C,F | 160
4- 5. Comparison of Means TU - D ' 160
4- 6. Means of RTBSl - C T | 165
4~ 7. Means of RTBS2 - C 166
4~ 8. Meaﬁs of RTBS4 -~ C 1e7
4- 9. Means of RTBS5 - C 168
4-10. Means of RTBS6 - C 165
4-11. Means of RABS1 - C 170
4-12. Means of RABS2 - C 171
4-13. Means of RABS4 -~ C 172
4-14. Means of RABS5 - C 173
4—15. Means of RABS6 -~ C 174
4-16. Comparison of Means RTBS1 - D 175
4—17. Comparison of Means RTBS1 - F 175
4-18. Comparison of Means RTBSl1 -~ C 175
4-19. Comparison of Means RABS1 - C 17¢

=S

-20. Comparison of Means RABS1 -

o
-t
(4}



Figure . Page
4-21. Compariscn of Means RABS2 - C 177
4-22. Comparison of Means RABS4, RTBS4 - F 173
4-23. Comparison of Means RTBS5 -~ D 178
- 4-24. Comparison of Means RABS5 - D | 179
4-25. Comparison of Means RABS6 - D‘ ' 179
4—26. Means of UBS1 - F,D 183
4-27. Means of UBS2 - F,D - ' 184
4-28. Means of UBS4 - F,D 185
4-29. Means of UBS5 - D 185
4-30. Means of UBS6 -~ D 187
4-31. Comparison of Means UBS2 - F A 188
4.32. Comparison of Means UBS2 - C, DABU2 - C,F 188
4--33. Comparison of Means UBS4, DABU4 .. C,F 18¢
4-34. Coméarison of Means UBS5, UBS6 - D . 189
4-35. Comparison of Means DABU5S 190
4-36. Comparison of Means DaBU6 1¢0
4-37. Means of Post Test Totals 196
4-38. Means of Post Fundamentals Familiar 197
4-39. Means of Post Unanswered 188
4-40. Means of Retention 1 Totals 1¢8
4-41. Means of Retention 1 Fundamentals, Familiar 2C0
4-42. Means of Retention 2 Totals _ 201
4—43. Comparison of Means PTOT 202
4-44. Comparison of Means PFM | 202
4-45. Comparison of Means PUN - 202

4-46. Ccmparison of Means R1TCT

bo
®)
w



Comparison

of Means PRU - C, D

Means of PR1, PR2 - F (DABU)

Means of PR4 -~ F (DABU)

Means of PR5, PR - D (DABU)

Means of PRl, PR2 - F (2BS)

Means of PR4 ~F (ABS)

Means of PR5, PR6 - D (ABS)

Comparison
Comparison
Comparison
Comparison
Compariscn
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison

Comparison

of Means PR1 - D (ABS)
of Means PR1 - C (DABU)
of Means PRl —~ F (DAﬁU)
of Means PRl -~ D (DABU)
of Means PR2 - F {aBS)
of Means PR2 - C (DABU)

of Means PR2 - F (DABU)

of Means PR2 - D (DABU)

of Means PR4 - C,F (DABU)
of Means PR5 - D, PR6 -~ D (AES)

of Means PR6 D (DaBU)

of Means PfR (PTOT, R1TOT)

Means
M?ans
Means
Means
Means

Means

Coinparison of Means LLC

of
of
of
of

of

of

PfR (PTOT)
PfR (R1TOT)
PfR (R2TOT)
EL (PTOT)

EL (R1TCT)

EL (R2TCT)

(PTOl)

213

214

214



Figure
4-73.
4-74.
4-75.
- 4=-76.
4-77.
4-178.
4.79.
4-80.
4-81.
4-82.
4-83.

Comparison of Means ELC (R1TOT)

Means of ELC (PTOT)

Means of ELC (R1TOT)

Means of ELC (R2?OT)

Comparison of Means ELR (PTOT, R1TOT, R2TOT)
Means of ELR(PTOT)

Means of ELR(R1TOT)

Means of ELR(R2TOT)

Average Number of Sessions for Course

Means of PTOT, Experiments #1, #3-#4

Means of R1TOT, Experiments #1, #3-#4



Chapter 1
INTRODUCTION

Nearly fifty years ago, the solution to the problems
of mass education was presented in the form of a teaching
machine. This panacea has stuck in the throat of the public,
as well as the educator. In less than ten years, the very
complex technology for the moon landings was accomplished.
Why has educational technologf not approached its expecta-
tions in individualized instruction for the masses?

The challenge remains to develop and validate an
interactive human-machine system that will enable many remote
teaching Eerminals utilizing modern media to provide instruc-
tional programs in the many content areas at low per unit
cost, with high reliability, and.so organized that a truly
individual instructional strategy is available for each user.

It is the latter difficulty that is the concern of
this thesis. While considerable experimental work towards
this goal appears to have been dore with liftle thought to
any statistically meaningful interpretatibn of the results,
tﬁis thesis is a careful statistical analysis of a series cf
experiments conducted with complete statistical requirements

under consideration from the beginning.



1.1 OBJECTIVES

There are four main objectives of this thesis:

(1) To review the literature and studies of computer-
assisted instruction over the past years.

(2) To create a computer-based file ,of student performance
data for both batch computation and interactive sleuthing;
sbecifically to organize, reformat, and tape the raw data
obtained from a series of three learning experiments con-
ducted at the Synnoetics Laboratory of the University of
Wisconsin during 1966-1970.

(3) To perform group analyses of this data; specifically to
perform descriptive analyses on the data from Experiment #2,
involving nearly 100 students; theﬁ to similarly analyze the
data from Experiments #2 and #4 combined, involving about

70 students.

(4) To discuss the significant results of each analyses
including their major distinctions, and to relate these to
other existing evidence.

The general purpose of this thesis is to determine
which independent parameters of the gquantifiable aspects of
the instructional environment contrikbuted positively towards
thé post ‘test and the retention test scores attained by the
students. These parameters include certain standardized
scores for the students obtained prior to the instruction,
the particular instructional strategy constraining the

student, and his record of interacticns and times spent



within the structure of the program. Those few parameters
whose variances account for most of the total variation would
provide a basis for a mathematical mcdel of an optimum
human-machine interaction strategy for computer-assisted

"instruction.
1.2 PROGRAMMED LEARNING AND COMPUTER-~ASSISTED INSTRUCTION
1.2.1 History of Programmed Learning

Texts

One of the principal differences between the
traditional textbook and programmed instruction is that the
latter calls for a response by the student to each unit of
information presented. Implicit in the early literature on
programmed. instruction is the assumption that this approach
was a behavior-shaping technique utilizing certain vehavior-
istic theories in educaticnal psychology.

It is, however, a question as to whether an covert
response is significantly beneficial. One study (Fry, 1959,
p. 149) contends that the difference in time spent and test
scores achieved was not significantly different between the
two groups--one whose responses were written and the other
not. OtHer general findings agree that under a variety of -
experimental conditions it could not be demonstrated that
programmed instruction requiring a response was superior to

a textual instruction requiring only reading. In these

studies, the student!s response as a feedbzck mechanism plays



little or no role. By far the majority of programmed
instruction was written "linearly" or "fixed" (see Figure 1-1).
Fixed or linear programming means that the whole lesscn or a
series of steps is kept intact: it is not different from
-trial to trial or from student to student. Norman Crowder's
"scrambled book" is an example of thé branched or variable
program printed in regular book format (Finch, 1960).
Branched or variable programming means that parts of the
lesson may be optionally consulted, that parts of the lesson
correctly learned may be dropped from review, and so forth.
The communication process cf these texts was controlled by
the use of the feedback. Branching is thus an -adaptive mode,
i.e., the information is shown to the student. He responds.
The next portion of information that is presented to him
depends upbn his response.

A study (Hartley, 1965) comparing linear as 6pposed
to branched prograﬁming schedules indicates that while no
significant difference in time was taken to work through the
programs, higher ability pupils profited more from branching
than from linear programs. A study (Hartley, 1966) to deter-
mine if students could reliably choose for themselves
sections of a program that they needed or whether the control
of.this ghoice should be transferred to the program indicates
that the program control is more effective. Lower ability
and young subjects fail to act reliably when using learner-
controlled branched programs. However, whether these studies

are snfficient to counter Hager's view thal "lear. - o noe
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6
neither as ignorant nor as helpless as we make them out to bhe
and the efficiency of instructional programs may be further
improved by learning to take advantage of this fact" (Hartley
citing Mager, 1966, p. 5) is also part of the concern of this

thesis.

Devices

The founders of the teaching machine movement were
B. F. Skinner (Harvard) and Sidney L. Pressey (Ohio State).
Pressey did not intend his machines and their self-instruc-
tional texts as a replacement for textbooks. His idea was
for the student to read the text and then take repeated
tests on the machine, studying those things he did not under-
stand well from the text in between, until he could zchieve a
perfect score. Pressey was not concernad wiia having e
student avoid every error from the first. His stress was
placed on the self-organizing properties of the student which
his device was to assist. And, incidently,-he hoped to |
remove some of the inefficiencies in group "drill" and of
grading papers.

On the other hand, a major tenet of Skinner's view is
the avoidance of error by the control of the information
increment and of the pacing of information presentation.

A successful program, according to Skinner, leads the
student to respbnd correctly nearly 100 percent of the time--
the first time:through. The frames in the program utilize

v

cr " rerootst in order to minimize the nrobakility of

L
‘oues



the student's making an error. Skinner admits that there

may be a meed for different programs for different students,
but he believes that a detailed, one-step-at-a-time program
will not harm a fast learner and, in fact, may fill in some
unexpected gaps in his knowledge. He further recognizes that
there is a difficulty in planning the program so as to get
the student to respond correctly later on to reduced cues and
to eventuwally become independent of the program. A related
guestion that needs study is the long-term effects of large
amounts of small step or incremental programs on the réading
speed and the "“skimming" ability of the sfudent.

A major distinction bgtween the machine and the
programmeed text is that the latter, when "improperly" used,
does not xonstrain the learner to follow the ordered seqﬁence
of the program. Thus it would seem that the relatively inex-
pensive programmed textbook is better at least for review
than the programmed machine. However, studies (Goldstein &
Gotkin, 1962-66) indicate that no significant difference in
subject matter mastery can be shown between programmed
machine and.text forms of presentation. i.e., It cannot be
rejected that programmed texts teach equally well as pro-

grammed teaching machines.

Exanmples of teaching machines. In 1926 Pressey

published a description of a "simple apparatus which automati-
cally gives and scores a test, and which will also, automati-

collv, to-oor “hrt tions” znd drill material more



efficiently, in certain respects, than the human machine
[Eressey, 1926, p. 373].“ The device consists of a means
for threading into the machine a sheet of multi-choice or
true-false items. There are two modes, test mode and learn-
ing mode. In test mode, the next question is presented at
once after each answer. In learning mode, the question is’
retained until the right answer keyvis pressed. A second
Pressey device could omit a question from further presenta-
tion as soon as the student had obtained a certain number of
correct answers to it in succession.

The Subject Matter Trainer was developed under the
spensorship of Air Research and Development Command and has
been used in the classroom and laboratory studies. While it
is most pitable for initial learning cf discrete items,.it
czn also present serial learning tasks and problem solving
items. A green light flashed if. the student's response was
correct; otherwise a red light flashed which was followed by
a green light over the correct answer. An experiment (Finch
citing Mager and Westfield, 1960) comparing the Subject Matter
Trainer to régular workbooks produced no indications of its
superiority in learning gains ekcept that the students favored
it.

A Card-Sort device consisted of up to one hundred
items on cards that after presentation would be automatically
sorted into a right or a wrong pile while the student was

notified by & green cr a red light respectively.



Chemo-Cards were specially coated so that the
studentt's pen, using special ink, marking a correct answer
would change the marked space to a green color, otherwise it
would turn red.

1.2.2 History of Computer-Assisted Instruction

In the decade of the sixties there were numerous
approaches taken to the development of computer-aided instruc-
tion by American and British researchers. By 1965, the con-
cept of programmed instruction by which:a student worked at
his own pace through a linear program had given way to instruc-
tional sequences that were individueslized, i.e.; the stimulus
is dependent upon the student's preVious responses. In
Pussia, stiraicht liﬁear programming withk small steps and
frequent feedback had long been rejected in favor of.branch—
ing programs that have.provision for forward and backward
branching. The Russians also favor the use of the multi-media
approach as part of the programmed instruction.

Weaknesses in the CAI attempts were reviewed in early
1967 by R. T. Filep (1967). He urges CAI researchers and
procduct developers to concentrate on:

(1) the evolution of better teaching strategies needed to
qtilize fully the capabilities of the computer as a problem-
solving device, and also to employ the simulation and data
storage attributes.

(2) the design of programs that ¢an record student responses

and then present them for analysis in a rapid and intelligiolcz
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fashion, thereby providing data on how a wide range of
individuals might respond under fixed conditions of
instruction.

(3) an assessment of patterns of learning behavior before
"and after terminal use.

(4) an evaluation of the physical cohponents of teachihg
terminals and how they aid or detract from the effective use
of terminals at remote locations. |

(5) a determination of low-cost effective multi-media
teaching terminals which will be reliable at remote settings.
(6) an integraticn of instructional prégramming languages now
in use.

This large, but reasonable set of oﬁjectives scill
separates CAIL from its widespread and practical application,
but does nét preclude the expectations of such application of
computer technology in education. This paper is an analysis
of research that addresses the first two of Filepis sugges-
tions, although the experiments were developed parallel to

rather than in response to Filep's review.

Models of the learning process. In Cvyvbernetic

Principles of Learning and Education Design, Smith and

Smith (1966) question the validity of the assumption by
almost all psychologists that reinforcement is central to
learning. The cybernetic alternative to reinforcement is
feedback control. This views the human as a self-regulating

system relying on sensory feedback or knowledue of resalts
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in his effort to maintain goal-directed behavior. The
Smiths do not think that cyberretic principles are less
applicable to verbal and cognitive behavior than they are to
psychomotor behavior. In their view, the thinking process |
demands precise integration of many intrinsic sources of
sensory stimulétion and a high degree of vigilance in monitor-
ing. the different spatial, sequential, temporal, and kinetic

variations in the feedback.

Factors considered in the learning process model. The

student is a component of the instructional system. The
student's characteristics of motivation, intelligence, percep-
tion, and so forth influence the design, operation, and eval-
uation of any computer-assisted instruction system. A number
. of studies have confirmed that social factors and the influence -
of administrative necessities also affect the development and

use of programmed instruction.
1.3 INTERACTION STRATEGY

A human working with a computing machine may be
referred to as a human-machine system. An Interactive Human-
Machine System requires that the human be on-line and directly
connected to the machine. An interaction strategy refers to
the particular manner in which communication, control, and
learning occur between human and machine.

By 1968, instructional programming, previously all
s

N

nczr, had dfrviloped several strategies of branched
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programming: student-controlled systems, program-controlled
systems, collaboratively-controlled systems and teacher-
controlled systems. The program-controlled systems are the
most common. Such systems are, of course, highly developed.
couﬁterparts of the non-computer teaching machines. Thus
there is a one;to-one association between the computer
generated stimulus and the student generated response. The
logical facilities of the ccmputer select the sequence of
stimuli (i.e., information or questions) on the basis of the
student!'s overall performance. These systems have been
implemented at the universities of Illinois and Michigan.

The subject matter covered has included psychology, number
theory, foreign languages, vocabulary drill, grammar, and so
forth.

An example of a collaboratively-controlled system has
been implemented by Bolt, Beranek and Newman Inc. (Hickey,
1968). It is the Socratic System (which is not to ke con--
fused with the Socrates system at the University of Illinocis).
Associated with each student stimulus there is a set of con-
ditional computer responses. The computer response may
depend not only on the current stimulus, but on everything
that preceded. The instructionél strategies are not fixed
but are data provided by the author.

The teacher-controlled systems are multi-student,
automated facilities for a classroom of student terminals
monitored by a.human teacher. Either the student or the

- RIRY ~ [
¥

oL Lo he tracher to a need for special assistanc. .
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The student-controlled system is least used. The
student addresses the computer much like one uses a dictionary
or encyclopedia. Another simple variation is a program by
which a student may vary the coeificients of some function
‘and the computer displays the associated graph.

At the Synnoetics Laboratory'of the University.of
Wisconsin, three of these major system types——thé student-
controlled, the machine-controlled, and a collabkorative
student-machine-controlled--were implemented in a common
interactive system and studied comparatively in a series of
experiments that began in 1965. The first of these experi-
ments {Lenahan and Clatur, 1969) indicated that machine-
contrql yielded the best immediate-learning.scores bat the

poorest long~term retention scores.
1.4 INTERACTION STRATEGY MODELS

For the purpose of this study, Interaction Strategy
is considered in two dimensions: (see Figure 1-2)
(1) Instruction Control
{(2) Design Schedule
The Instruction Control operates in a continuum of
two modes:
ﬂa) Learning Contrcl exists when a student's acti&n
can represent his intent to control the next
machine action.
(b) Teaching Control exists when a student's action

cannct represent hils luotent to choozs

- - E N



14
the next machine action or, equivalently,
Teaching Control exists when a student's

action causes the machine to select its next

action.
INTERACTION
STRATEGY
| -~ Instruction
Control
Teaching Control Learning Control
N Design
// \\\ Schedule
Incremental Integral Incremental Integral

Figure 1-2. Interacticn Strategy

Tire second dimension of phis interaccion stractegy is
Design Schedule. This is a feedback control plan especially
suited to the subject matter of the University of Wisconsin
experiments. The subject matter was Sequential Logic Circuit
Theory and one of the requirements was to design a logic cir-
cuit. The Design Schedule provided two methods by which the
students could design their sequential machines.

(1) Incremental or a state-by-state deéign

(2) Integral design
The Incremental Design Schedule is achieved through a series
of intermediate, partial solutions with error feedback avail-
able for each partial solution. The size or increment of

- - =T N -

Lortaot oo lTotion is unspecified and is cowpletely



15
variable from the smallest possible increment to the largest
possible increment, i.e., the complete solution. If it
should occur that the smallest possible increment is in fact
the complete solution, then the schedule is called an
Intégral Design Schedule. Review of the subject matter is
permitted duriﬁg this design phase.

The three methods of Instruction Control and the two
types of Design Schedules provide six possible experimental
course combinations that could be randomly assigned to a
student. Thus the experiment is factorially designed as
shown in Figure 1-3. The three levels of instruction fea-
tured a full human control, dgnoted by ENCY; a fuvll machine
control of the interaction, denoted by PPI; and a combination

of the strategies, denoted by GL.

INSTRUCTION CONTROL

ENCY PPT GL

INC 1 2 3
DESIGN
SCHEDULE INT 4 5 6

Legend:
ENCY: Encyclopedia
FPPI1: Pre~Frogrammed

Instruction
GL:  Guided Learn-
ing
INC: Incremental

INT: Integral

Figure 1-3. Interaction Strategy of the Experimental
Course Combinations



Chapter 2
EXPERIMENTAL SITUATION*
2.1 OBJECTIVES

The Synnoetics Laboratory at the University of
Wi;consin was under the direction of Df. John J. Lenahan in
the 1966-1969 period during which an experimental interactive
human~machine system and subject matter structure for a
course of study were developed and testéd. The experimental
approach of the Laboratory was to emphasize learning strategy
rather than teaching strategy in computer»aséisted instruc-
tion studies. Learning strategy impiies a concerin with thé
individual'studentAstyles of acquisition,; application, reten-
tion, and transfer of the information, whereas teaching
strategy implies a‘concern with the motivation, inductive/
deductive presentation, logical/psychological method, and
behavioral objectives of the information. Learning strategy
also presupposes that a system which requires or allows a
student to choose among available information according to
his indiv;dual needs reveals much more of the studentts
unique learning characteristics than a system which does no£

allow such student control. Accumulations of such knowledge

*Most of the ideas and description in this chapter
are the work of Dr. John J. Lenchan and Mr. Firno Friere
(Lenghan, 1969; Friere, 1972).

15
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of individual student behavior provide the input for the
design of truly individual systems. The development cof an
Interactive Human-Machine (IHM) system responsive to the
individual characteristics of most humans was the main objeé—
tive of the Synnoetics Laboratory. To this end the inter-
active system was implemented to study such questions as the
following:

1. What is the nature and formulation of communication
between human and machine in an IHM system and the
adapting, learning, and information processing
capabilities required in such systems?

2. How is a system designed in which human, machine, and
the interaction between them can be monitored and

controlled during learning?

3. To what extent can humans effectively apply and reiine
their individual interaction strategies?

4. . How can human learning behavior be monitcred, measured,
and to varying degrees, controll-d?

2.2 FACILITY

The primary hardware used in this research was an I8M
1710 Control System which was a second generation machine of
rather slow speed, variable word length, and flexible com-
munication channels. Extensive modifications made the system
capable of real-time data acquigition and control, super-
imposed on a time-sharing system for the remote terminal.

The software consisted of a real-time control/time-
sharing executive and an integrated set of general purpose
routines for storage, retrieval and communication. The

remote torrin=le, which were on-~line to the svstem, consisted
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of typewriters, random-access projectors, audio recorders,
video recorders, display monitors and student request key-
boards. Each terminal room was equipped with an IBM 1052
keyboard, a rear-projection screen, and various typewritten
material in a reference handbook.

The Student Request Keyboard (Figure 2-1) was
constructed to facilitate a student operating in‘any cne of
the three possible modes of Instruction Control--Encyclopedia,
Pre-Programmed Instruction, or Guided Learning (see Chapter
1.4, page 13). The extent to which a student used the NEXT
BITE key determined the resulting Instrhction Control. If
he never used the NEXT BITE key, then his strategy was purely
learning strategy and represented by point Chon the continuum.
The NEXT BITE key provided a way for the student toc lel the
machine seiect its own next action, without the student's
knowledge of what that next action would be. There is also
the SELECT BASIC BiTE key which allowed the student to select
any BASIC BITE in the sequence (a learning strategy inter-
action). The four keys on the left of the request keyboard
allowed the student a higher level of control of the machine
than do the keys already described. They allow him to move
through ﬁhe subject matter very rapidly by requesting OVERVIEW
and/or PRACTICE on entire segments (AREAS) of the BASIC BITE
SEQUENCE. The total capability of the étudent request key-
board was to allow the student to:

(1) scan through the entire subject matter set by selecting

vericus segments (SELLCT .2D5) of the 2:840

s

1.

KAl
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BITE

vt

LTE

AREA
OVERVIEW

MORE
SPECIFIC

DEFINI-
TION
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BASIC
BITE
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REASON
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REPEAT
BASIC
BITE

REPEAT
EITE

QUIZ

ANSWER

Figure 2-1.

Student Request Keyboard Guided Learning Cptions
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obtaining summaries (OVERVIEW) and review (PRACTICE), and to
(2) conéentrate his efforts (GUIDED LEARNING) in those par-
ticular segments of the BASIC BITE SEQUENCE which he did
not understand by utilizing the keys SELECT BITE, NEXT BASIC
BITE, EXAMPLE, and so forth.

For the two other modes of Instruction Contrci, PPI
and ENCY, the Control Board in Figure 2-1 had all of its
keys covered with the exception of the one required to sup-
port the mode in question (Figures 2-2, 2-3).

In any of the cases, presentation of the appropriated
information would follow the deprescion of a key.

Both in Guided Learning and Encyclopedia modes of
Instruction Control, a BITE was selected by the student (using
the Alphanumeric Xeyboard) after pressing the SELECT BITE key

on the Control Board.
2.3 EXPERIMENTAI, DESIGN

2.3.1 The Machine
Supporting the experiment, as part of the MACHINE
component of the IHM System, were:

(1) The Subject Matter: consisting of a Data Base capable
of being accessed and intéfrogated by the students. In
this experiment, the Subject Matter was Sequential Logic
Circuit Theorvy.

(2) A BUILD Simulator: enabling the student to construct

sequential machine states, transitions and outputs

“ne Mralv Model.
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3 A TEST Simulator: permitting the student to test his

—

design. This simulator accepted the input sequences
specified by the student, simulated the design, and
provided him with the resultant outputs and transitions.
This result was compared with a version of the correct
design and any discrepancies were recorded and suﬁse—
quent diagnostics given.

(4) A LOOK Simulator: providing the étudent with a view cf
the states, transitions and outputs as they had been
constructed by him. This simulator was used to recheck
the actual design solution and to'provide a permanent

reccrd of the design implementation.

2.3.2 Supporting Informaticn Structure

A Information Strucltuie lupilies LhHE chlSLleilCe€ OL a
data base and a set of algorithms to manage this data base.
The interest here lies solely on the configuration of the
Data Structure.

The basic building block of this Data Structure is
called a BITE which is functional information/control unit.
The different typeé of BITES are;

(a) Basic Bites (BB)

{(v) Peripheral Bites (PB)

'The subject matter to be made available to the student
was formed by the two types of BITES above.

The Basic Bites represent those unique ideas which

were fundamental to an understanding of the entire subject
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matter. Related to each Basic Bite was the set of Peripheral
Bite types which were classified according t¢ the nature of
the information they provided.

The Peripheral Bites Types were:

(a) More Specific (MS)

(b) Example (EX)

(c) Definition of Terms (DF)

(a) Quiz (QU)

(e) Answer (AN)

(£) Reason (RE)

The diagram in Figure 2-4 gives a pictorial represen-

tation of the subject matter crganization.

2.3.3 Implementation of Interaction Strategies

THe Dite Structure organization of Lue subject oatbter
was used to implement the continuum of Instruction Controls.
The Instruction Control PPI involved absolute system control
and no student control over what and how material was 1earﬁed.
It was a linear sequence of bites of information with poten-
tial branching based on certain pre-set decisicn functions.

An instructional control which combined teaching
control and learning control, GL, gave the studént partial
control over what and how the material in the Bite Structure
was accessed. i.e., The student was free to select any
basic bite at any time and to select any type of peripheral
bite at any time after accessing its basic bite. OCne could

R . S R N - PR
R oairooilor GBS a pori

J
0]

heral without first accesszing xts



Figure 2-4.

Subject Matter Organization
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basic bite, nor could one access some particular one in a set
of one type of peripheral without chaining througn the
sequence ©f peripheral bites in the set of that type. For
example, 3if a student wished to see Definition 4 associated
‘with Basiac Bite 5, he hq@ to first be exposed to Definitions
1-3.

| Im the Instruction ControlAEncyclopedia,'the student
had absolwite control over what and how material was accessed.
The studemt, using a directory could select not only any
basic bite at any time, but also any peripheral bite at any
time. The sequence of presentation waé entirely the

learnert's chcice.
2.4 COURSE CONTENT AND ORGANIZATION

The subject matter presented by the Interactive
Human-Machine System was Sequential Logic Circuit Théory.
The studemnts were to learn sufficient sequential machine
fundamentals to interpret design specifications and to trans-
late them into a design procedure. Then, given the word
specification of the problem, they were to create a seguen-
tial machine state diagram design, to build and test the
design on the interactive machine, and to modify the design
until it met all the initial specifications. To facilitaté
£his, the course (data base) was dividea into three major
sections: Fundamentals, Design, and test and diagnosis
(Figure 2-5). The first section consisted of basic concepts

- 4T -~
G cn Ttz TIv

and definitions, state diagram ty :z ba el

-
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fixed input history and identifying states. A method of
classifying state diagrams was needed since it was necessary
to quantify the step of translating a word statement of the
design to a state diagram without considerable intuition. f?e
secénd section was a design problem, and included a word
specification of the design requirements and the execution of
the design steps. In the third section the student engaged
the use of three special Design Simulators to test his sequen-
tial machine design for possible errors. £ any errors
existed, the student had available to him a diagnostic portion
to assist him in discovering and correcting these errors.
During the use of the BUILD, TEST, and LOOK simulators in
Design, the time taken by the student was not included as
part of the student's total time in the Bite Structure. Aafter
he returned from the simulations into the Bite Structure
again, the accounting qf his intercommunications with the
interactive system resumed. Thus, the accounting considered
only the activity with the Bite Structure during Design and
Fundamentals. The totality of these two stages of activity
was called the Composite course.

These three sections were organized by dividing each
section into sets of fundamentai concepts and/or procedural
concepts (steps) which were interrelated but unredundant.

These steps, called Basic Bites, were organized into a
linear sequence. Usually this Basic Bite sequence would not
be sufficient,.in itself, to provide a student with a complete

o ere wis, in addition, the information



related to the Basic Bites that was classified according to
the nature of the information and called Peripheral Bites.
These classifications were Reason, Example, More Specific,
Quiz, Answer, and Definition. Each Basic Bite had a number
of ﬁhese Peripheral Bites associated with it (see Figure 2-%,
page 24). Varying amounts of information was available to the
six Interaction Strategies (Tables I, II). The much larger
number of Peripheral Bites available tc the Guided Learning
students is not to be interpreted as unique information from
that of the other Instruction Controls. It was a matter of
cross-~-referencing that inter-linked certain peripherals for
the purpose of re-inforcing related concepts if the student

chose (Figure 2-6).
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TABLE I

NUMBER OF BITE UNITS IN THE BITE SZETS

Strategy BS1 BS2 BS4 BSS BS6
ENCY-INC 17 10 9 35 28
PPT ~INC 18 12 9 29 25
GL -INC 20 12 9 35 31
ENCY-~INT 17 10 °) - 28 24
PPI -INT 18 12 9 26 20
GL _INT 20 12 9 32 27
TABLE TT

NUMBER OF PERIPHERAL BITES IN THE BITE SETS

Strategy BS1 BS2 BS4 BS5 BS6
ENCY-INC 79 53 32 51 42
PPI -INC 76 52 34 75 49
GL ~INC 137 93 69 203 88
ENCY-INT 79 53 32 50 45
PPT _INT 76 52 34 59 44

GL ~INT 137 S3 69 212 101
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2.5 EXPERIMENTAL SEQUENCE AND DATA GATHERING

There were a series of five experiments using the
interactive system at the University of Wisconsin. This
thesis is concerned with Experiments #2, #3, and #4.
Experiment #2 was conducted in the fall of 1968 with 113
sophomore engineering students as subjects randomly assignéd
to one of the six possible combinations of the Interaction
Strategy. Experiments #3 and #4 were undertakeﬁ in the spring
and fall semesters of the following year with 64 students from
Madison Vocational Technical College. Experiment #3 students
were randomly assigned to one of the three possible
Incremental Design Schedules wiiile the Experiment 74 students
were similarly assigned to one of the three possible Intggrél
Design Schedules (see Table TII'.

All intercommunications (transactions) between a
student and the machine in the interactive system were auto-
matically recorded and retained for later analysis. Zach
transaction had its time of commencement and classification
recorded. All the transactions from each student's sessions
were combined into one complete interactive protocol for that
student and formed the basis for the analysis of each student's
éerformance. Any student whose transactions were completelwas
considered a "valid" subject whose paraméter values could be
included in the analyses. This raw data as received from the
Synnoetics Laboratory totalled some 50,000 80-column IBM key-

=vo~h arrAs, et T ie v=iv 2ata, all the parameters of time,



EXPERIMENTAL SUBJECTS AND FREQUENCIES

TABLE IIT

Valid

Exp. Intzraction Bite Structure - ACT POST RET1 RET2

No. Strategy® College Parameters Scores Scores Scores Scores
2 ENCY-INC U. of Wisconsin 9 0 9 2 6
2 PPI -INC U. of Wiscensin 17 Q 17 3 13
2 GL -INC U. of Wisconsin 17 0 17 4 14
2 ENCY-INT U. of Wisconsin 12 0 13 1 12
2 PPI -INT U. of Wisconsin 13 o 13 5 10
2 GL -INT U. of Wisconsin 13 0 18 7 17
3 ENCY-INC Madison Voc. 72 7 7 7 7
3 PPI -INC Madison Voc. 120 0 12 12 11
3 GL ~INC Madison Voc. 8¢< 8 8 8 7
4 ENCY-INT Madison Voc. 5 5 4 4 4
4 PPI -INT Madison Voc. 5 5 5 5 5
4 GL -INT Madison Voc. 6 6 4 4 4

* See Figure 1-3, page 15.

& 20% interrupted by 8--day Easter vacation

b 17% interrupted by 8-day Easter vacation

c Easter vacation

45%

interrupted’by 8-day

1€
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utilization, and access (see Appendix A) were calculated and
a file containing each student's set of parameters was pre-
pared at the University of Houston as part of the antecedent
Friere thesis.

As part of the experiments students were given three
tests: a post test at the conclusion of their last terminal
seésion provided they had successfully completed-the segquen-
tial logic circuit they were to desigﬁ; an unannounced reten-
tion test some two weeks later given during a regular class
lecture session; and a second retention test given the fol-
lowing month by appointment in the labératory. Each of these
tests were prepared and graded so that there were sub-totals
of the score that could be compared with the student's per-
formance in the Bite Structure. i.e., Each test had a
"fundamentéls“ section testing the material covered in
Bite Sets 1, 2, and 4 of the Bite Structure. Each fest had
a "familiar" section which included questions of the same
nature as the student experienced during his designing stage.
The post test had a transier section of prohlems intended to
evaluate the student's understanding of the principles in an
unfamiliar or untaught situation. The value of unattempted
or unanswered questions was also accumulated into a subtotal.

Unfortunately the actual test papers of the studenfs
6f Experiment #2 did not arrive with thé data from the
University of Wisconsin. The Experiment #2 test scores were
thus secured from a single unsubstantiated source, a computer

- - =
cenriT U2

print-out. ther data on the curp, such az the
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student identification numbers with the assigned courses,
were confirmed so that the subsequent columns of post total,
post fundamental, post familiar, post transfer, post unan-
swered, retention 1 total, fundamental, familiar, and
‘unanswered were accepted as valid data. The retention 2
subtotals, however, did not appear té be good data in £hat
their sums did not match the stated totals. A décision was
made to accept only the retention 2 tofals. Understandably,
this lack of retention Z sub-totals in Experiment #2 was an
-unfortunate handicap to the completeneés of this thesis.
Additional student data that had been éollected at the
University of Wisconsin included certain standardized scores,
i.e., the American College Testing Service écores and the
Prograrmer's Aptitude Test scores. Very few of these par-
ticular daté collections arrived in Houston and in spite of
hope, phone calls, and letters all of these standardized
sccres for Experiment #2 students and the Experiment #3 PPI

students remained missing.

2.6 PROCEDURE

Initially all students were given a 15-20 minute
period of terminal acclimation. This acclimation was con-
;tructed along instruction control strategy lines so that é
student who was assigned to a PPI mode received his acclima-
tion in this mode.

The acclimation explained and illustréted how the

gtudent could interact with the machine to receive
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information and how he would use simulators to build and test
the machine he would eventually design and construct.

Students were given tests upon completion of the
course and on selected intervals thereafter. The purpose of
the.latter was to determine the studentfs retention of the
subject matter;

The Experimental Procedures were completely
documented and the staff directed to follow them rigorously
for each student. Except for the procedures denoted "“Student
Instructions" and "Recovery Procedures", a condensation of

these procedures may be found in Appendix B.



Chapter 3
EXPERIMENT #2 DATA ANALYSIS
3.1 METHODOLOGY

There were two general statistical interests to be
pursued in the data of Experiment #2. One was the search for
correlations with a probability level of 5 percent or less
between student test scores and student Bite Structure per-
formance as it was measured by a variety of parameters.
Another was the search for differences in the Instruction
Control treatment (the columns effect) or differences in the
problem-solving or Design Schedule (the row effect) that would
be significant at an alpha level of 5 percent or less.

The first integest was met by examining a series of
correlation matrices with their corresponding significance
matrices. If the data consist of N specific observations on
p variables denoted as X5 5 for i =1,2,...,N and
i=1,2,...,p, then the sample mean for wvariable j is

-

defined as

N
L xi

i=1

Z -

x5 =
The sample variance for each variable j is defined as

2

N
R . e X
®i T %53 % §I3 gga(le %)
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The sample covariance between two variables j and k is denoted

by Sjk and defined as

: (Xij - Xj) (xik - Xk)

1
Sk = N-1

1N

1

The sample standard deviation of variable j is defined as

The Pearson product-moment correlation coefficient between

two variables j and k is denoted by rjk and is defined as
Tk = Sjk / (sjskz

Fisher's Z-transformation cf a correlatioﬁ coefficient r,

ik

is defined as

JE— I o , .
ij = % ’h 3 loy l"rjk

The significance level for a particular value of ij is the

prokability that a unit normal variate is greater than or

equal to Z., in absolute value (a two-tailed test).

jk
The second interest involved the selection of an
analysis of variance technigue for the factorially aesigned
fixed-effect rodel the experiment intended. A principle
decisive factor in the choice of the statistical method to
be used was that all the valid raw data be included in the.
analyses. The experiment was designed as a factorial 2-way

classification, with three columns for Instruction Control

and 2 rows for the Design Schedule (Figure 3-1).
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INSTRUCTION COINTROL

ENCY  PPI GL
DESIGN INC 1 2 3
SCHEDULE IxT . - .

Figure 3-1. Experiment in In'ﬁeraction Strategy
as a Fixed-Effects Model

It.wes immediately apparent that the éix cells most assuredly
would not contain equal or proportional frequencies for each
set of parameters to be examined. To évoid equalizing the
cell freguencies of each dependent variable under considera-
tion by scome manner of dispensing with observations, a method
of cbtaiming 2ANOVA summaries with the unequal frequencies was
sought Tt conserve valuakle data.

The ultimate selection was the method of cor}structing
the standard 2-way ANOVA table through a multiple linear
regressicn analysis using dummy variable coding (Suits, 1957;
Draper-Smith, 1967; Cohen, 1968). The tests for significance
produce identical values for the F ratio with identically the

same degrees of freedom because:

F = R%/df/ (l-R%) / (n-daf - 1) = Between Groups Mean Square
Within Groups Mean Square

In. thls method the nominal scales (Schedule and Control) are
ﬁsea as the independent variabkles, oy .of the linear nultiple
recressicn. The ANOVA variable being analyzed (the test
scores or bite structure parameters) or the linear multiple

X re

(h

regrzssicn criteriecn variabhle are ro To =5 the
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dependent variable, y. In order for y to be studied as a

function of the variables x;, i = 1,6 (the six possible

i
Interaction Strategies), the expression of group membership
as independent variables in the linear multiple regression is
accomplished by the dummy variable coding in which each group
is distinguishéd from the remainder by a patterning of
0,+1 and -1.

The linear regression model in matrix form is
Y = XB + e. Expanded,
¥i = Bixj] + BoxXjo2 + °°° + - + Bpxip +e, i=1,2,...,n

If x.

i1 = 1 for all i, then the more usual form in which Bj is

the constant term results. The model involwves the following
assumptions:

(1) %x.; s are fixed known values

(2) y; s are observed values

(3) ej s are random variables, normally distributed,
with the eatimate of e = 0 and the variance of
ei = g2
(4) the Bj s are unknown parameters to be estimated.
In the given factorial design with i = 2 and j = 3 (Figure
3.-2), one might begin by thinking of some Yij as having some
relation to u + alxllJ + 32X21J + blx3l_] + b2X4lJ + b3X51J +eij
where the a's represent row coefficients, the b's represent

column coefficients, and u's represent the mean of the yij's.



39

FACTOR 'Db!

ENCY PPI GL

FACTOR ta!
INC

INT

Figure 3-2. Factorial Design of Learning Experiment

Now if the fixed known values of the x's are dummy-
coded as in the matrix, we obtain the following set of

equations.

(vi1] [ 2 1 -1 1 o 1] [u] Jepq]
¥, 1 1 -1 0 1 -1 ay e,
vi3] | 1 I S R | 2| la,| feqs
v Tl 1 -l 1 1 o 1| |py| e
vaol |1 -1 1 0 1 -1 byl |eo
vyoal | 1 -1 1 -1 a1 2| |by| [eo3

Since this matrix is singular (rank # 6), we cannot
estimate the model parameters as such (because the equations
are either inconsistent or indeterminant) but we can obtain
the best linear unbiased estimates of certain linear combina-

tions of the model parameters. Thus the reformulated model

becomes:
v ] |2 1 1 o] [u] Jey]
vi2| |1 1 0 1 | apl les
Y13 1 1 -1 -1 by ey3
vor| |1 -1 1 of | v2| ey
RO S c . |2z
IEEAY I “lJ 223




and the normal eguations

XtxXB = X'Y

6 O 0 3 2 E:j Y,
A —_— —
0 0 4 2 by ldi (yi1 - vi3)
A
i 0 0] 2 4 | | sz | Zl (yl2 - Yi3)‘
Since, in reality, the experimental design was

factorial, we also need to include parameters for the pos-

sible interaction effects. This finally leads to the fully

developed model:

Yij=utagxy+b1xg;+boX3ijtaibixg;y+2aboXsij ey
P 1 1 0 1 o]l [ uwl] ey
Vi1 11 1 o 1 0 1 ay e15
Y13 1 1 -1 -1 -1 -1 by el

Yo1 1 -1 1 0 -1 0 b2 €51
_y2%J _l -1 -1 -1 1 lJ _alb2J €53

To obtain the total sum of squares due to linear

regressions, the full model,

vy = u + a;x; + blx2 + b2x3 + alblx4 + alb2x5 + e,
is run in the regression computer program, STEPREG1l of

STATJOB,

from the University of Wisconsin. This results in

the computations summarized in Figure 3-3.
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A Linear B

Regression
C

Error

Correction for Mean

Figure 3-3. Total Sum of Squares of the
' Raw Dependent Variable y

A second model, v = u + alxl + blx2 + b2x3 + e, is then run

to obtain the computations shown graphically in Figure 3-4.

A

D
SS Due to Rows SS Due to
or Columns Interaction

Figure 3-4. Sum of Sguares Due to Linear
Regression Part A of Figure 3-3.

A third model, v = u + a;X; + e, is then run to obtain the

computations shown in Figure 3-5.

D

4

B Iy
SS Due to 5SS Due to
Columns Rows

Figure 3-5. Sum of Sguares Due to Linear
Regression Rows or Columns
Thus all of the sources of the sums of squares may be
examined independently of any unequal cell frequency consider-
ations.
Another way to view this approach to the sources of
the Sums of Squares and of their significance is via

- A -
SLOArS Lo



42

SSf 1
ull SS interaction
SSR+C SS rows
SS
C
SS cols
SS
e
SS residuals

Figure 3-6. Sums of Squares Distribution (adjusted
for the Sums of Squares for the Means)

To determine if there is anything significant in the
full model the overall ¥ witn Jdegrese of freedom 35 gud
n-5-11is computed:

5 _ . Sqm

Fag = ( SSR_ /5 ) / ( SS2ryyy / (n-6) )

To determine if the interaction sums of squares due
to regression is significant compute:

2 _ = coR -

Fn—6 = bSRinteraction/2 ) // (Qs“full / (n-6) )

To deternmine if the sums of squares due to row
regression is significant compute:

1

Fh-e = ( SSRyyue/1 ) // ( SSEgyyy / (n-6) )

To determine if the sums of squares due to column
regression is significant compute:

2 _ ) )
Fr-6 = (S8R (1ymng/2 ) //( 5585411 / (n-6) )
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However, the F test of these mean squares is an
omnibus test and by itself, if significant, provides no
information about possible differences between a given pair
of the treatment means. With six treatment means we have 15
possible tests that migﬂt be made if every treatment mean is
compared with every other treatment mean. The method selected
to determine ény significant differences was that of Scheffe
(1953). This method also allows group compariscns. Thus the
S-method permits what Scheffe has called "data snooping".
One may examine the data and test any or all comparisohs that
appear to be of interest. If the F of the (SSRfull / 5/
(SSEgy,11 / n-6) is significant in our case, then at least
one of the possible comparisons on the treatment means will
be significant. The S-methed F is denoted by

(%] ~ Ry )?

F = with 1/d4f
M5, M3, / w

N; TN,

where MSy; is the mean square error within of the ANOVA summary
table and 4f, is the associated degrees of freedom.
Homogeneity of variance between the groups being compared is
assumed or can be tested by Hartley's F_ .. test if in doubt.
However, there is abundant evidence that 'these comparative
tests on means are remarkably insensitive to general non-

normality of the parent population (Box, 1953).
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3.2 DATA PREPARATION

In November 1971, the author began work with
Mr. Friere in an effort to catalog precisely the Bite
Structure: some 900 bites each by its type, bite unit,
bite set and availability to any or all of the six Inter-
action Strategies. This information formed part of the data
base Mr. Friere used in his thesis (Friere, 1972).

The students' standardized scores and experiment
test scores were to be organiged by Interaction Strategy
groups and missing data codes established. However, the
standardized scores for the Experiment #2 students were all
missing as described in Section 2.5. The three sets of
test scores--Post, Retention 1, and Retention 2-—--with all
thé available subtotals were grouped according to their
Interaction Strategy. Then particular combinations of test
scores were calculated *‘(see Appendix A, Table 5). Short-
Term Forgetting was defined as the difference between the
Post Test score and the first Retention Test score. Long-
Term Forgetting was defined as the difference between the
Post Test score and the second Retention test score. Con-
solidation was defined as the difference between the second
Retention test score and the first Retention test score.
Whenever the subtotals were availzble, the related subtotals
of the calculated test score parameters were determined, e.g.,
the short-term. forgetting fundamentals score was calculated
Srem o the 49 27--2nce betveen the post fundamentals subtchal

ana the retencion 1 fundamentals subtotal.
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A data file was to be prepared from the reforimatted
data of Experiments #2, #3, and #4. It was to be organized
by student and each student's performance was to be recorded
in terms of the parameters in Appendix A, Table 4. This data
‘file is hereafter referred to as the Master Student File.
Since the size and format of the Master Student File were
not well-sujited to the intent of this thesis, and since no
test scores or standardized scores were included in its con-
tents, another data file was planned for the specific pur-
poses of this thesis. This file became known as the Group
Summary File and consisted of a selectéd subset of the
Appendix A Table 4 parameters which are therein denoted by
an asterix. However, the preparation of the Group Summary
File waited on the completion of the Master Student File.

In‘the meantime, it was expedient to build Univac
Fastran files from punched cards of the grouped tes£ scores
in order to begin with the analysis. A decision had to Le
made as to which students' scores could be included in the
analysis. Over a pericd of time, three different assumptions
on student validity were made. Initially, the decision was
to analyze all of the test scores available for all of the
students_in the experiment. The second decision was to
analyze only those students who completed the Composite
éourse, i.e., all of the Fundamentals éccomplished before
having gone to the design and then all of the problem-solving
or design area accomplished including a correct solution to

the reguired machine design. && tois Ceslcitcod it 7o 0 oo
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of certain cells in certain tests, this stipulation was
revised. Only total scores required students defined as
“Composite"; the Fundamentals portion of the tests would
include the "Composite" students and those others who per-
"formed satisfactorily in the Fundamentals areas of the Bite
Structure but were defined invalid in the Design portibn; the
Deéign (familiar and transfer subtotals) portion'of the tests
would inelude students defined previouély as "Composite" and
those whose were valid only in the Design portion of the
Bite Structure. Some of the students who had to be classi-
fied as invalid were s§ only because a.machine error in the
automatic recording process resulted in the partial loss of
students® transaction records. These definitions of a
Composite, a Fundamentals-only, or a Design-only student con-
tinued to ﬁe used later with the Bite Structure parameters.
About forty STEPREGLl runs of three models each were fhus
oktained for Experiment #2 of which only sixteen were even-
tually considered acceptable.

Decisions were made as to the subset of the Méster
Student File with which this thesis would be concerned and
the format of the Group Summary File to contain them was
establis@ed. A program for the preparation of the table of
contents with each student's address pointer and flags witﬁ
éettings for valid or missing'dafa was Qritten and tested;
Another program prepared the student's record of test scores.

These were then incorporated into the program by which

-

)

Mr. Friere addressed the Student llazter File Lo asceloct Ui



47
particular bite structure-parameter values that were required
for this thesis and the Student Group Summary File was pre-
pared. A program was written to test the validity of the
file on several critical points.

The statistics package to be used was STATJB from
the University of Wisconsin. The STATJB STEPREG1l, the linear
multiple regreésion program, and DSTAT2, the cocrrelation
progranm, each required particular and different format styles
for the data set. Programs were written to prepare the
required organization for each of these STATJB programé. The
files thus created (Table IVv) were also checked for validity

before preceding.

TABLE IV

DATA FILES CREATED

Data File : Author
Test Scores Fastran File Erb
Master Student File Friere
Group Summary Files Friere-Erb

—Composite values
—Fundamentals values
--Design values

ANOVA Group Files Erb
—Composite values
-~rundawentals values
—-Design values

Correlation Matrix Files Erb
—~Conposite values
~Fundamentals values
-Design values
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211 thgse files were prepared on the IBM 360/44
becawse af the convenient hands-on operation possible for the
gradoate student. lowever, the statistics package, STATJIB,
was available only on the UNIVAC 1108. This required that a
program ke written to read a "360" tape, to convert the
4 byte wiards to 6 byte words, and to write the conversion
ontb an ™31108" tape. PL/1 was used to do this on a character
by charaucter basis using a translation'between the hex and
octal codes.

Because the number of runs would require repeated
mounts of the tape on which the files w-ere stored, it was
more ecorwomical and less time-consuming (in turn-arouné time)
to build@ Fastran files from the tapes and then to access
these da&a files from programs on keypunch cards. This
required a‘ program with two purposes: the program would read
the conwerted *1108" tape to create a data file, and. then
would proxess the data file so that it would be a Standard
Fcrmat file, a requirement of STATJIB,

‘The STEPREGY program was one of two canned statistics
programs ‘tested against the data and results of a published
problem {Draper and Smith, 1967, p. 258) involving the use
of.limeazz multiple regression to produce analysis of variance
summariess. Differences in the two programs appeared in the
l;esults of the reduced models. STEPREGi produced tables
consistetrt with the published results and appeared superior

in the awallability of other related statistics.
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When the Group Summary Files were complete, the
following parameters (see Appendix A) were analyzed by the
linear multiple regression program:

Time in the Universe (TU)

Accesses to the Universe (AU)

5 Utilization of Bite Sets (UBS)

5 Normalized Utilization of Bite Sets (NUBS)

5 Relative Accesses to the Bite Sets (RABS)

5 Normalized Relative Accesses to the Bite Sets
(NRABS)

5 Relative Time in the Bite Sets (RTBS)
5 Normalized Relative Time in the Bite Sets (HRTBS)

5 Distinctly Accessed Bite Units in the Bite Set
{DABU)

41 Normalized Utilization of Bite Sets (covering
Bite Sets 1 and 2} (NUBU)

41 Normalized Relative Access to the Bite Units
({NRABU)

41 Normalized Relative Time in the Bite Units
(NRTBU)

Five corfelation matrices were run of the nearly 80
variables maximum possible per run. Each run's output
included a general statistics package plus matrices of means,
standard deviations, ccvariances, correlation, Z~transformation
values, and their probability levels.

At this juncture, these parameters were viewed as not
telling the whole story as they were using only “complete!
students, "complete" time in the universe, and so forth. So

cur ~ore t-n°35 rere prepared from the newly created Greup
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Surmmary Tape-Fundamentals parameters, and Group Summary
Tape-Design parameters. Then, after the usual intermediate
steps, most of the same set of parameters were re-run against
the four new files. |

| Based on the excessive positive deviations seen in
the time parameter analyses, a set of students was checked
against the sign-in sheets which noted the time-in and the
time-out of the laboratory sessions. A nurber of the stu-
dents obviously had faulty clock times set during some
session that resulted in interactive student-machine times
in excess of the physical time spent in the laboratory.
Rather than omit this data, these errors were found and
corrected in the Master File by Mr. Friere. Six new tapes
were thus reguired to be built and their corresponding
Fastran fiies established in order to re-run all the time-
related parameters.

After these were all re-run, ancther problem appeared
in the method of the calculations of the Master Tape. Thess
calculations affected all the parameters of the Guided
Learning students. Jointly, checking was done by hand to
determine the validity of the newly calculated figures com-
pared with the old. The diffefénces, ranging from 25 percent
to 300 percent, meant that all the tapes, files and runs were
currently invalid. Thus the entire procedure was repeated
using the new calculations on the Guided Learning students.

However, only those parameters producing non-duplicate
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results were included. This reduced set consisted of TU, AU,
UBS, RABS, RTBS, DABU, and NUJBU.

After viewing the test score means and bite structure
parameter means, certain compound parameters were suggested.
These included Processiné Rate (PR), Performance Rate (PfR),
Effective Learning (EL), Effective Learning Capacity (ELC);,
and Effective Learning Rate (ELR). Processing Rate was
defined as the ratio of the number of bites accessed in the
universe and the amount of time spent,

PRU = AU/TU

PRi

ABS;/TBS; , or

PR;

It

DABUi/TBSi
Performance Rate was defined as the ratio of the test
score achieved and the amount of time spent in the Bite

Structure.

PfRy PTOT/TUC

TOT
R1TOT/TUC

Il

PERp1TOT

Effective Learning was defined as the ratio of the
test score achieved and the number of bites accessed in the
universe of the Bite Structure.

ELppop = PTOT/AUC

R1TOT/AUC

]

EbriToT

Effective Learning Capacity was defined as the ratio

of the test score and the processing rate.
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ELCppgp = PTOT/(AUC/TUC)

ELC R1TOT/ (AUC/TUC)

R1TOT ~
ELCRpror = R2TOT/(AUC/TUC)
Effective Learning Rate was defined as the ratio of

‘Effective Learning and the time spent in the Bite Structure.

ELRp ypor = ELR270T/TUC

A selected group of these compound parameters were
ther run for its ANCVA summaries.

Scheffe tests, to compare means--both individually and
grouped means--, were run on all parameters whose alpha levels
were < 0.05. This amounted to over 1100 comparisons in the

five bite sets alone. The Scheffe and the homogeneity of

<

variance tests that were run were from programs written by the
author.

Two Chi—Sqﬁared tests were calculated to determine
whether the Relative Accesses to the five Bite Sets were
different from:

(1) an expected frequency distribution based on the

number of Bite Units available in each Bite Set,

(2) an expected frequency distribution based on an

| assumption that the student accesses uniformly'
among the Bite Sets regardléss of the differences
in the Bite 3et sizes.
The Chi-Squares were then done on the Relative Times under

analayous asswrptions.
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3.3 KESULTS OF EXPERIMENT #2

The factorial design of the experiment and the
mnemonics used for the various strategies are repeated in

Figure 3-7 for convenient reference.

INSTRUCTION CONTROL

ENCY PPI GL

DESIGN |
SCHEDULE INC 11 12 13
INT 21 22 23

Figure 3-7. Factorial Design of Experiment's
Interaction Strategies

Legend: .
ENCY - Encyclosedia
PPI - Pre-Programmed
Instruction
GL - Guided Learning
IRC - Incremental
INT -~ Integral
The calculations were of five types and are charted by type
with separations into the categories to be examined:
Univeérse parameters, Relative Accesses and Times in Bite
Sets, Bite Unit Parameters, Test Scores, and several sets of
Compound Parameters. The F ratios of the Analysis of
Variance whose values would indicate significance if com-
pared at ‘the 5 percent significance level are shown along
with the degrees of freedom. The means of the cells are
shown using a matrix notation of 11,12,13,21,22,23, to denote

ENCY Incremental, PPI Incremental, GL Incremental, ENCY

Intecral, PPI Integral, and GL Integrsl, resrectively. The
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mneumoniczs used for the parameters are those defined in
Appendix A. Parameters from the Composite, Fundamentals and
Design parrtions of the experiment are designated by "C*, "BV,
and "b" xwespectively. The probabilities of Pearson's coef-
‘ficients ©f correlation whose values would indicate signifi-
cance if xompared at the 5 percent significance level are
shown. Those probabilities which represent negafive correla-
tions are marked with a superscript minus sign.

The clearest result of the experiment was that ENCY,
complete learner control of the interactive system, consis-
tently imdicated low utilization of the Bites in the Bite
Sets, the selection of the fewest distinct Bite Units in each
Bite Set, the lowest rate of proccessing the Bites, and the
highest E:ffective Learning Rate. To substantiate this and
other ressults, the analyses of the parameters are presented
in sets of:

Wniverse Parameters

Belative Accesses and Times Parameters

EBite Unit Parameters

Test Scores

Processing Rates

Performance Rates

Effective Learning

Effective Learning Capacities

Bffective Learning Rates

FThe ANOVA Sums of Squares on each of the selected
parameter:s were calculated and if the Fs were larger than |
that required for an alpha level of 0.05, the Scheffe test
was made to compare the means. If differences between the
means wexe found to exist, also assuming a significance level

of 0.05 these differencos were nooed in saounary TR Ll
r
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a lowest, medium, and high trichotomy which was abbreviated
to LO, MED, and HI in the figures. Whenever the six strategy
means dichotomized, according to the Scheffe, only the
rmean(s) which fell on the extreme lowest or highest position
was labelled, i.e., the_six cells were divided into LO and the

unlabelled remainder, or HI and the unlabelled remainder.

3.3.1 The Universe Parameters

The ANOVA and correlation tables, Tablés V and VI,
for the parameters are found on pages 56 and 57 and are
immediately followed by graphs of the means of the para-
meters (Figures 3-9 and 3-10).

There was an apparent difference in.the nurbkber of
accesses made among the six instruétional strategies as

shown by Figure 3-8.

ENCY PPI GL
INC Lo
INT Lo

ped

Figure 3-8. Comparison of Means

AU - C,F,D

Experiment #2
ENCY accesses were lower than those of PPI or GL which could
not be distinguished from one another. This was the picture
in the domposite course, the Design portion, and also in the
Fundamentals. In the Fundamentals portion, the incremental
cell of the ENCY control was conspicuously different by its

low value. The total time a student spent irn the course,



TABLI V

ANALYSIS OF VARIANCE EXPERIMENT #2
UNIVERSEE PARAMETERS

P: - uweter X s X11 X192 X13 Xo1 Xoo Xo3 RXC ~ ROWS  COLS
.JC 3.57 0.66 3.12  3.66  3.43 3.84  3.48 3.75
) F 2.06 0.48  1.89 2.14  1.88 2.34  2.10  1.99
vJ D 0.59 0.51  1.33  1.53  1.53  1.48  1.40  1.68

AU C 249.8 57.9 188.2 284.4 251.7 222.8 259.9  256.6 9.943,
aJ F 135.8 36.9 106.5 146.2 129.6 132.6 150.9 141.9 4.753,
AJ D 113.3 39.0 83.7  140.2 122.9  92.0 113.3 110.4 4.142;8 8.742,

——

Legend for all ANOVA Tables:
Parameter mneumonics as per Appendix A
X - Grand Mean
r - Standard Deviation
:xy - Mean of cell in row x and cclumn y
KxC - An interaction effect F with alpha level of < 0.05
LOWS - Row effect F with alpha level of < G.05

COLS - Column effect F with alpha level of < 0.05

99



TABLZE VI

PROBABILITY OF PEARSON'S COEFFICIENT OF CORRELATION < 0.05
EXPERIMENT #2 UNIVERSE - TEST SCORES

—— —

Parameter PTOT PFD PFM -PTRS PUN R1TOT R1FD R1FM R2TOT STFT STFD STFM LTFT CONSOL

L

AU

AU

O o =

T

.007™

.0027

.030~

.0057 .0277 .0G37 .014 .034

.002 .0337 .0057

.0047 .019™
.036™

represents a negative cecrrelation
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Figure 3-9.
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Experiment #2
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whether in the Fundamental, Design or the Composite, ddes not
vary on the basis of any particular interaction strategy
(see Table V). However, there is a correlation ketween the
total amount of time any student spent on his course and cer-
'tain test scores (see Tgble VI). A student's composite TU
correlates negatively with his Post Total test score, his
Poét Fundamentals test score, his Retention 1 Tofal test
score, and his Retention 1 Fundamentais test score, but cor-
relates positively with his Consolidation Total (Retention 2 -

Retention 1) test score.

3.3.2 The Relative Access and Time in Bite Set Parameters
The X2,.ANOVA and correlatiqn tables for the parameters,
Tables VII, VIII, IX and X, are foﬁnd.on pages 61-64. They
are immediately followed by graphs of- the- means of selected
parameters (Figures 3-11 through 3-20). These relativized
parameters did not provide a source of distinguishing infor-
mation in the analyses. Recalling that the Relative Access
to a Bite Set is the ratio of the number of accesses to
Basic and Peripheral Bites in that Bite Set to the total
number of Bites accessed in all tﬁe Bite Sets, one is merely
examining a ranking of Bite Set attention. In general, the
students ranked the Bite Sets equivalently with their atten-
tion in‘terms of time and accesses. There were no single
outstanding contenders for the highest value or the lowest
value in any bite set with the possible exception of Bite

Set 4 during Design. Uere, GL integral clearly had the
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TABLE VII

RELATIVE ACCESSES TO BITE S&TS
IN EXPERIMENT #2 - COMPOSITE

BS "Expected"
Strategy 1 2 4 5 6 Mean
ENCY INC 0.26  0.18  0.11  0.19  0.27 0.20
PPI INC 0.23  0.18 0.11  0.24  0.23 0.20
GL  INC 0.25  0.15  0.11  0.21  0.27 0.20
ENCY INT 0.31  0.19  0.12  0.17  0.20 0.20
PPI  INT 0.29  0.19  0.13  0.27  0.19 0.20
GL  INT 0.27  0.18 0.12  0.17  0.24 0.20

X% = 0.33 with 44f representing a probability level c¢f 0.95

TABLE VIII

RELATIVE TIMES IN BITE SETS IN
EXPERIMENT #2 - COMPOSITE

BS

"Expected®
Strategy 1 2 4 5 6 Mean
ENCY INC 0.30 0.14 0.12 0.17 0.26 0.20
PPI INC 0.30 0.15 0.15  0.20 0.20 0.20
GL INC 0.28 0.12 0.15 0.18 0.25 0.20
ENCY INT 0.37 0.14 0.14 0.16 0.20 0.20"
FPPI INT 0.35 0.14  0.16 0.18 0.16 0.20
GL  INT 0.32 0.12 0.14 0.16 0.26 0.20

X% = 0.79 with 4d4f representing a probability level of 0.85



ANALYSIS OF VARIANCE EXPERIMENT #2

TABLE. IX

RELATIVE TIMES AND ACCESSES

IN THE BITE SETS

P. .neter X s X311 X1 0 X3 X1 X9 X53 RxC ngs C(F)LS
)i2Sl € .318  .065  .302  .297  .284  .366  .351  .322 15.11
Rresl F o .550  .120  .538  .494  .526 .57  .565  .598 6.60%2
RTBS1L D .018  .041  .008  .013 .01  .030  .034  .007
RIBS2 C  .134  .043 .138  .150  .124  .140  .142  .117 3.272,
ROBS2 F .216  .074  .246  .257  .184  .218  .214  .192 4.833,
RC2S2 D .016  .038  .005  .000  .037  .023  .0l4  .017
RIBS4 C .143  .048 .122  .145  .153  .135  .158  .139
RTBS4 F .217  .083 .214  .245  .247  .208  .214 .18l 5.75%,
PTBS4 D .019  .060 .003  .004  .0l0  .015  .028  .050 4.635g
RFESS D .437  .139  .413  .483  .448  .438  .453  .376
RIBS6 D .507  .132  .570  .497  .483  .490  .468  .548



TABLE IX (Continued)

Parameter X s X1 X1 9 X3 Xy Xoo X53 RxC ROWS  COLS
RABSL C  .270  .065  .261  .227  .252  .307  .292  .290 15.23
REBS1 F .490  .130 .496  .419  .50C  .497  .509  .527
RABSL D .015  .025 .005  .016  .014  .025  .024  .008
RABS2 C  .176  .049  .175  .179  .154  .192  .185  .180
#BS2 F.297  .093  .318  .353  .245  .297  .300  .280 4.683,
Kr3S2 D .021  .044  .009  .000  .045  .029  .015  .026 3.752¢
R/BS4 C .116  .030 .107  .115  .110  .123 125  .117
RNS4 F.190  .064  .183  .224  .203  .203  .187  .162
R'BS4 D .0l14  .043  .005 .C01 .068  .012  .0l7 .036 4.455,
©3S5 D .459  .133  .431  .502  .470  .455  .469  .413
x.BS6 D .489  .126  .549  .477 .46l  .476  .472  .515

£9



TABLE X

PROBABILITY OF PEARSON'S COEFFICIENT OF CORRELATION < 0.05
EXPERIMENT #2 RELATIVE TIMES AND ACCESSES

ameter PTOT PFD PFM PTRS PUN R1TOT R1FD RI1FM R2TOT STFT STFD STFM LTFT CONSOL

0327 .0197

351 F
RABS2 C .021 .008 .047
RABS4 C .046
 RABS5 D .C05 .009”
RABS6 D .009” .035~ .013~
RTBél P .024‘
RTBS2 C .042
RTBS4 C .017 .005 .012
RTBS4 F .022 ' .039
2TBS5 D .009 .045~
RTBS5 D .020~ .007 .044~

9
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Figure 3-11. 1lMeans of RIBS1-C
Experiment #2
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highest Relative Accesses and Relative Time while PPI

incremental has the lowest (Figure 3-21).

ENCY PPI GL
INC Lo

INT . M

Figure 3-21. Comparison of Means

R2BS4, RTBS4 - D

Experiment #2
The Chi-Squared test, examining the Relative Accesses
~and Relative Times spent during the composite course, would
indicate fhat there was no difference between the observed
means from cell to cell and an expected value of equal reia—
tive accesses or time (0.2). Thus, most of the cell means
within any.one of these parameters toended to be equivalent
(see Tables VII, VIII and IX, pages 61-63).

While the Relatiﬁe Accesses to Bite Set 1 were not
different among the cells during the Fundamentals or Design
portions of the Course, their Composite does combine into an
implied row effect from the Design Schedule where the incre-
mental cells of the PPI and GL controls were both relatively
lower. The Relative Time in Bite Set 1, both in Fundamentals
and the Camposite, shows a Design Schedule effect that again
is a factar of the low Relative Time of PPI incremental with
the added factor that ENCY integral spent a higher Relative
Time. However, taken separately,in a Scheffe test, the cell
means were really not different.' Thesa "row efifects" shculd

therefore be considered with caution.



76
Xn Bite Set 2, the Composite means of the Relative

Accesses were equivalent because the Design portion showed a
relatively high access rate by the GL strategy, while on the
other hand, the Fundamentals portion showed a relatively low
‘access rate by the GL strategy. In particular, the relative
accesses of the incremental group of‘GL were low. Thé
Relative Time in Bite Set 2, both Composite and Fundamental,

showed the same phenomenon (Figures 3-22 and 3-23).

ENCY PPI __GL
INC Lo
INT LO

Figure 3-22. Comparison of Means
RABS2 F
Experiment #2

ENCY _ PPI GL
INC. ' AN

INT HES

R Y

Figure 3-23. Ccmparison of Means
RABS2 - D
Experiment #2
There was a positive correlation between the Composite
Relative Accesses to Bite Set 2 and three of the Post test
scores. But Composite Relative Time in Bite Set 2 correlated
only with the Post Fundamentals (Table X, page 64). There

were no correlations with an alpha level of 0.05 for Bite Set

2 during Fundamentals or Design.
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Relative Accesses to Bite Set 4 were different -only
at the Design stage where again there was a relatively high
access rakte by the GL integral cell and a low PPI incremental
access rate. A similar imbalance appeared in the Relative
‘Time during Design (Figu.re 3-21, page 75). Very nearly the
reverse order of the cells' ranking in Relative Times was
found during the Fundamentals portion of the course. The GL

integral «ell was conspicuously low (Figure 3-.24}.

ENCY __ PPI GL
INC
INT Lo

Figure 3-24. Comparison of Means
RTBS4 ~ F
Experiment #2
Relative Time in Bite Set 4, although not Relative
Accesses to Bite Set 4, correlated positively with ﬁOST
TOTAL and POST FUNDAMENTAL test scores in the composite
course. During the Fundamentals portion, RTBS4 correlated
positiveXy with the subtotal POST TRANSFER (Table X, page 64).
The Relatiwve Accesses and Relative Time spent in
Bite Set= 5 and 6 {available to the student only during the
Design state) were equivalent across the sgix groups.
However,. there are some correlations between the student's.
Relative #ccess and Relative Time in these two Bite Sets.
RABSS5 and RTBS5 show a positive correlation with POST
TRANSFER +*test score. RABS6 and RTBS6 show a negative corre-

lation with the POST test scores {(ZYable X, pzce 64).
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3.3.3 Thxe Bite Unit Parameters

The ANOVA and correlation tables, XX, XII, XIII, and
XIV, are found on pages 7S through 83 and are immediately
followed by graphs of the means of selected parameters
(Figures 3-26 through 3;30). The Utilization of the Bite
Units in Bite Set 1 and the number of Distinctly Accessed
Bite Units in Bite Set 1 showed a similar pattern during
Fundamenitals that remains unchanged in the Composite
(Tables XI, XII). The cell means group roughly into three
groups from high to medium to _low values--the FPI1 inteéral
and GL, the ENCY integral and PPI incremental, and the lone

lowest-~ENCY incremental (Figure 3-25).

ENCY PPT GL
INC Lo MED Hi

INT MED H/ H/

Figure 3-25. Comparison of Means

UBS1, DABUl -~ C,F

Experiment #2
Neither UBS1 nor DABUl showed differences in the cell means
during thwe reviewing of the Bite Set in the Design stage.

The Utilization of individual Bite Units in Bite Set

1 showed mo row effects in Bite Units 1 through 17 inclusive
(Table X¥II). Bite Units 18-20 were availsble only to GL

students. Therefore, any row effects in Bite Set 1 rmust be

the result eithier of:



TABLE - XT

ANALYSIS OF VARIANCE EXPERIMENT #2
UTILIZATION OF BITE SETS

S N N —
eter X s X117 Xy Xy3 Xp1  X99  Xp3 RxC ROWS coLS
L.iLC .88 .12 727 .826  .935  .858  .942  .927 4.18%, 8.805, 11.63,
U.sLF .88 .12 .749  .826  .936  .834  .939  .929 3.49§, 6.873, 15.13,
U.51 D .05 .09 .018 .049  .062 .096  .056  .039
UBS2 C .87 .14 .731  .965 .891 .701  .981  .883 40.64,
UB32 F .84 .21 .708  .966  .842  .713  .911  .844 10.63,
ULs2 D .09 . 20 .045  .000  .205 .124  .067  .092 3.1224
UL34 C .86 .14 .728  .980  .842  .795  .957  .820 23.73,
UBS4 F .82 .20 .740  .980  .796  .784  .889  .740 8.652,
UBs4 D .07 .22  .047 .030 .006 .065 .071  .074 3.478g
UBS5 D .57 .1 .475  .672  .702  .466  .537  .515 4.71%g 32.235 12.4%g
UL36 D .54 .13 .478  .595  .603  .473  .489  .544 7.155g  4.823,

6L



TABLE XII

ANALYSIS OF VARIANCE EXPERIMENT #2
DISTINCTLY ACCESSED BITE UNITS

e~

Parameter X s X1 X1 5 X3 Xy1 Xy X3 RxC ROWS COLS
DABUL C  17.6 2.4  14.6 16.5 . 18.7 17.2 18.9 18.6 4.183 8.475, 11.23,
DABUL F 17.5 2.4  15.0 16.5 18.7 16.7 18.8 18.6 3.398, 6.723, 14.73,
DABUL D 1.1 1.9 0.4 1.c 1.2 1.9 1.1 0.8
DARU2 C  10.5 1.7 8.8 11.6 10.7 8.4 11.8 10.6 40.42,
Di3U2 F 10.0 2.5 8.5 11.6 10.1 8.6 10.9 10.1 15.32,
D.3U2 D 1.1 2.4 0.5 0.0 2.5 1.5 0.8 1.1 3.143g
DABU4 C 7.8 1.2 6.6 8.8 7.6 7.2 8.6 7.4 22.930
DA3UAF 7.4 1.8 6.7 8.8 7.2 7.1 8.0 6.7 8.672,
DABU4 D 0.7 2.0 0.3 0.1 0.6 0.6 0.7 1.7 3.46gg
DARUS D 24.6 6.1  20.5 28.9 30.2 20.1 23.1 22.2 4.803g 32.13g 12.63g
DU6 D 20.5 4.8  18.2 22.6 22.9 18.0 18.6  20.7 7.173g  4.848g

08



ANALYSIS OF VARIANCE EXPERIMENT
NORMALIZED UTILIZATION OF

TABLI

XITIT

BITE UNIY®S 1-17 IN

#2

BITE S&ZT 1
Pa-imeter X s ;{l 1 -)-(l 5 ;{l 3 3-(2 1 3222 3‘_(2 3 R%?C R%WS C%LS
NUBUL € 0.98 0.15 1.00 0.94 1.00 1.00 1.00 1.00
NUBU2 ¢ 0.01 0.01 0.0l 0.0l 0.0l 0.01 0.10 0.0l
KUBU3 ¢ 0.31 0.18 0.22 0.46 0.22 0.29 0.50 0.19 35.52,
NU3U4 C 0.21  0.15 0.22 0.28 0.08 ©0.31 0.33 0.09 35. 280
NUBUS ¢ 0.09 0.05 0.08 0.12 0.06 0.76 0.14 0.06 31.630
NURU6 C  0.03 0.02 0.04 0.03 0.01 0.04 0.36 0.02 22.83,
NUBU7 € 0.19 0.17 0.25 0.29 0.02 0.29 0.33 0.05 57.130
NUBUS ¢ 0.03 0.02 0.03 0.03 0.02 0.03 0.04 0.02 8.23%,
NUBU9 C  0.39 0.44 0.22 0.82 0.04 0.27 1.00 0.04 139.03,
NUBULOC  0.08 0.07 0.04 0.13 0.03 0.09 0.17 0.03 61.630

18



TABLE XIII (Continued)

Por meter X s X171 X132 X3 Xp1  Xpp  Xo3 RxC ROWS cous
NUBUll ¢ 0.12 0.07 0.13 ©.12 0.10 0.15 0.15 0.09 3.415,
NUEU12 ¢ 0.07 0.05 0.07 0.10 ©0.03 0.09 0.11  0.03 29.53,
NUBY13 C  0.09 0.06 0.06 0.12 0.06 0.10 0.13 0.07 9.235,
NUBU14 C  0.46 0.45 0.39 0.94 0.05 (.40 1.00 0.07 148.05
NUBUL5 C  0.07 0.06 0.05 0.14 0.03 0.06 0.11 0.03 47.65,
NUBU16 C  0.08 0.06 0.06 0.09 ©€.06 0.07 0.15 0.07 14.35,
NULUl7 € 0.04 0.03 0.04 0.05 0.02 0.05 0.06 0.02 23.03,

c8



TABLE XIV

PROBABILITY OF PEARSON!S COEFFICIENT OF CORRELATION < 0.05
EXPERTIMENT #2 UTILIZATION BITE SETS*

Parameter PTOT PFD PFM PTRS PUN RITOT R1FD RIFM R2TOT STFT STFD STFM LTFT CONSOL

UBs2 C .022

UBs2 F . 046
UBsS4 F .016

UBS4.D .025

UBSS D .018 .013~ .0i2~

* or equivalently, Distinctly Accessed Bite Units in the Bite Sets

€8
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{1) a peculiar total compounding of Design Schedule
differences in the Bite Units that did not appear
separately, or
(2) a difference in the accessations to Bite Units
18-20 by the two GL groups that accounted for
the apparent Design Schedule effect where it
had no cause to occur.
The parameters, Utilization of Bite Set 2 and the
Distinctly Accessed Bite Units in Bite Set 2, were cleaner
in the differences to be seen among the instruction control
effects during the Fundamentals stage. These effects are
strong enough to re-appear in the Composite in spite of very
different cclumn effects that appear during the Design por-

tion (Figures 3-31 and 3-32).

ENCY  PPI L
e [eo | mr | mED

INT LO/ /o AED

—

Figure 3-31. Comparison of Means
UBS2, DABU2 -~ F
Experiment #2

ENCY PPT GL
INC Lo | A

LO -t M/
INT 0.

Figure 3-32. Comparison of Means
UBS2 and DABUZ - D
Experiment #2
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Clear column effects of the same pattern as BS2 are
seen in Bite Set 4 for Fundamentals and Composite. The
Design portion shows essentially no difference between the
Design Schedule effects of UBS4 and DABU4, However, the came
.general pattern existed that was seen in the Relative Accesses
and the Relative Time of Bite Set 4 during the Design portion.
Thé & integral accessed a higher number cf Bite Units com~
pared with the other cells, and in particular compared with
PPi incresmental.

Both Bite Sets 2 and 4 showed the Utilization
parameter and the Distinctly Accessed Bite Units parameter
correlating with the test scores in the same manner; a posi-
tive correlation with the POST TRANSFER test subtotal during
Fundarentals, and with the POST FUNDAMENTZALS test subtetal in
the Composite. There were no correlations of the Fundamental
Bite Structure parameters with the FUNDAMENTALS test scores
that were found. All the Bite Set 2 and 4 parameters--UBS,
RABS, RTBS, and DABU--correlate positively with POST TRANSFER
scores while the Bite Set 1 relative parameters cocrrelate
negatively with these same test scores (Tables XIV, page 83,
and X, page 64). |

Toe Utilization of the Bite Units and the Distinctly
Acéessedféite Units of Bite Sets 5 and 6 both had the same
pattern. The most important item to observe is that the two
ENCY groups were conspicuously low while the PPI incremental
and GL incremental were high. In general, there is a division

0
L

in all four cases that looks like Ticure 3-33.
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ENCY PPI GL:
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Figure 3-33. Comparison of Means
UBS5, UBS6, DABU5, DABU6 - D
Experiment #2
A row effect was seen in the Design Schedule, the Utilization
and Distinct Accesses of the Incremental studenfs being
greater than that of the Integral students.

The column effect is such that ENCY was considered
different from the others but GL and PPI were essentially
equivalent. Also the instructicn control (column) effect of
ENCY was sufficient to dampen the Design Schedule (row) |
effect within itself. There was no difference between the
means of ENCY incremental and ENCY integral.

There was a negative correlation between the UBS6 and
the RETENTION 1 TOTALS test score that was repeated by the
DABU6 parameter. All of the correlations between tests
(except for ﬁhe "unanswered" subtotal of the tests) and Bite

Set 6 were negative (Table XIV, page 83).

3.3.4 Test Scores

The ANOVA table, Table XV, for the parameters is
found on page 92. The three major tests, Post, Retention 1,
and Retention 2, nunbering 16 with their subtotals and com-
binations, are most to be roted for the consistent lack of

e T Tavoe e - - - mel 7 =--e= of any test.



TABLE XV

ANALYSIS OF VARIANCE EXPERIMENT %2
TEST SCORES IN PERCENT

Parameter X s X, 321 5 X1 3 X501 Xy 3223 RxC ngs COLS
PTOT 59 15 57 58 60 61 62 56
EFD 46 10 45 46 46 50 48 43
FFM 8 5 10 8 7 9 8 7
I"IRS 4 5 1 5 5 5 6 2
F'UN 15 12 16 19 14 14 16 12
21TOT 18 6 67 41 53 30 61 47
~1FD 10 3 36 30 26 28 37 25
R1IFM 7 4 31 11 25 2 25 22
R2TOT 80 16 79 83 74 88 82 178
STFT 71 19 -8 18 13 25 1 5
STFD 18 11 12 14 21 24 13 21
STFM -15 14 ~20 -2 -14 1 ~20 ~17
LIFT ~21 20 -20 -22 ~13 ~30 ~18 ~22
CONTOT 34 25 20 52 45 56 26 32 4.35%,

6



The Post test scores are variable as seen in

Table XIV, page 83.
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The general appearance of Post tests

is shown in Figure 3-.34.

/160 t
3
e r
by
¥
Q
o
j)a &0+ % ,‘?‘ﬁq’““'m“ '
40
zo |
D 4 . 1
ENCY PrLr GL
Figure 3-34. Means of Post Test Totals
Experiment #2
i e
C

D
F

P



TABLE XVI

VARIATION IN POST TEST SCORE OBSERVATIONS

Statistic PTOT PEFD PFM PTRS PUN
X 59 46 8 4 15

s 15 10 5 5 12

6 7 3 5 7

Range of Xij's

149)
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A sericus difficulty in the analyses of the Retention
1l test scores was that the total number of observatiocns, 22,
provided very low frequencies in the cells. The total set of
observations in both cells of ENCY control was three (Figure
3-35). Therefore, the results of the analyses on this test
and those connécted with it, such as Short-term Forgetting

and Consoclidation, needed to be considered cautiously.

ENCY PPT GL
INC 2 3 4
INT 1l 5 7

Figure 3-35. Cell Frequencies
Retention 1 Test
A graph of the means of the Ketention 1 test totals is found
in Figure 3-36, page 96.
The Retention 2 test had no reliable sub-totals to

-

analyze but the 70 observations formed ;gasonably»sized cell
frequencies, and the results are of some igféfest. There

was a grand mean of 80, noticeably higher than the test means
of Post and Retention 1. Unfortunately, an overall standard
deviation of 16 dominated the maximum difference between the
means which was 14 (Table XV, pége 92). The means of the
Retention 2 test score totals are graphed in Figure 3-37,
page 97.

The Short-term Forgetting, Post - Retention 1, was

very much affected by the low frequencies of Retention 1.
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Somewhat of a simple row reversal of Retention 1 was
apparent (Figure 3-39, page 99).

The Long-term Forgetting, Post -~ Retention 2, were
not realiy forgetting scores at all. All the cell means were
‘negative, implying consolidation occurred in the five weeks
between the Post and the Retention 2 tests (Figure 3—40, page
1C0).

The Consolidation scores, Retehtion 2 < Retention 1,
showed an interaction effect that must be considered cautiously,
if at all, because of the low cell frequencies (Figures 3-41,
page 1013} . All that can be claimed is.that the score cf the
one student in ENCY incremental is different from the cthers

(Figure 3-38).

ENCY  EPI GL
INC 1 3 2
INT 1 4 7

Figure 3-38. Cell Frequencies
Consolidation Test Scores

3.3.5 Thwe Processing Rates

The ANOVA tables, Tables XVII and XVIII, for the
paranetexs are found on pages 102 and 103 and are immediately
foilowe@}by graphs of the means of selected parameters
(Figures 3-42 through 3-47).

These compound parameters tend to amplify the
differences in the six interaction strategies by dividing out

the spurious conditions. The smallest bite set, [ Le &2
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TABLE XVII

ANALYSIS OF VARIANCE EXPERIMENT #2
PROCESSING RATES IN ACCESSED BITES/HOUR

meter X s X11 X1 2 X113 Xo1 X599 X53 RxC ROWS coLs
jaU ¢ 70.9  15.6 60.1  80.1 73.6 59.7  76.5 68.6 10.05,
I'UF 67.3  17.8 56.6  70.3 69.2 58.1  72.9  72.9 6.812,
U D 77.2  19.6 62.5  95.5 8l.4 64.3  84.2  66.9 11.63g
PRI C  60.3  17.4 51.8  60.4 66.0 50.0  63.7 63.6 4.633,
PRL F 60.3  18.1 52.5  59.0 66.2 50.4 . 65.7 64.8 5.603,
78.5 101.7 9.0° 174.9 23.7 32.6 170.5 30.1 43.5%g
94.9  22.6 80.1  97.1 91.8 81.9 100.1 108.2 6.433,
91.5  28.9 75.3  97.1 89.4 79.9  98.8 101.8 4.853,
32.7  54.0 46.0 0.0 58.9 52.4 4.1 42.8 10.335

60.6 18.4 59.5 65.8 55.8 55.5 64.4 61l.3

e
ool
NG
g U u =\ O u "o 0 o

62.3  26.6 53.6 66.1 56.5 57.6  65.0 70.8

8.4 21.7 8.4 2.0 6.9 14.4 5.3  14.6

81.9  22.1 66.1  99.4 B85.7 66.3  89.2 75.7 5.818g 15.43g
73.8  24.6 59.8  92.9 72.4 59.3  86.0 64.7 3.1555 15.32g

20T



TABLE XVIII

ANALYSIS OF VARIANCE EXPERIMENT #2
PROCESSING RATES IN DISTINCT

ACCESSES /HIOUR
Parameter X s X4 X 5 X3 3{2 1 X5, X,3 RxC ngs CoLS
PRI ¢ 16.6 5.0 15.8  16.2 20.8 12.9  16.0  16.4 7.395,  6.643,
PRI F 16.9 5.0 15.4  16.5 21.3 13.2  16.8  17.1 6.333,  9.702,
PRI D 57.1 96.1 9.2 112.5 17.4 33.0 127.8  25.0 14.32,
PR2 C  24.7 9.0 23.7  22.7 27.7 18.1  25.0  28.7 5.683,
k2 P 24.4  10.2 21.8  22.6 20.2 18.8  23.4  28.0 6.632,
PR2 D 17.2 32.4  29.3 0.0 27.8 38.9 1.3 . 1l4.4 - | 9.942,
R4 ¢ 17.5 6.9 21.7  18.3 16.4 15.5  17.6  16.7
R4 F18.8  11.3  21.1  18.4 15.9 16.1  18.3  22.8
134 D 3.9 11.7 5.1 0.5 3.8 8.8 1.3 5.3
5 D 41.6 12.8 39.1  42.5 51.2 35.0  40.6  39.1 6.765,  3.105g
w6 D 28.8 10.7 25.0  32.8 30.0 24.3  32.4  26.4 ' 4.103g

€0T
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lost its impact altogether. 1In neither the Fundamentals nor
the Design portions of the experiment can any difference in
processing rate be determined among the cells of Bite Set 4.
Otherwise, differences in the Processing Rates of the étrate—
gies were found.

The Processing Rates were assessed by two methods:.
by the number of Bite accesses per time, and by the number of
Distinctly Accessed Bite Units per time. 1In Accesses to the
Bites per Time in the Universe and Bite Sets 1 and 2 of the
Fundamentals (Figure 3-48), the ENCY cells were decidedly
lower than the roughly equivalent PPI and GL cells. With
Distinct Accesses to Bite Units per Time during Fundamentals
(Figure 3-49) in Bite Sets 1 énd 2, the GL cells were decidedly
higher t?an the other cells which were roughly equivalent to

each other.

ENCY PPT GL
L )

iNc /10

INT | LO

Figure 3-48. Comparison of Means of
AU/TU, ABS1/TBS1,
ABS2/TBS2 - F
Experiment #2
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Figure 2-49. Comparison of Means of
DARUI /TBS1, DARU2/TBS2 -~ F
CoLonant #2
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But during the Design stage, PPI control tended to
produce the highest processing rates except for the reversals
between Fundamentals and Design so consistently seen in Bite
Set 2 {Figures 3-50 through 3-52). EHere, PPI exhibited the
lowest of the processing rates during Design. Bite Set 2 was
the only place and time where the ENCY control did nof pro-
duée the lowest processing rates. The Design Schedule (row)
effect showed up as expected in Bite Séts 5 and 6 with the
Incremental cells processing at a higher rate than the

Integral cells.

ENCY PPI GL
INC HI
. INT H/

Figure 3-5C. Comparison of Means
ABS; /TBS; - D and
DABU; /TBS; ~ D, i=1,5,6
Experiment #2

ENCY PPI CL
INC Lo
INT to

Figure 3-51. Comparison of Means
DABU2/TBS2 - D
Experiment #2
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Figure 3-52. Counparzzon of lieans
AU/TU ~ D, Experiment #2
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In the Composite, the well-defined position of-the
lowest processing rate went to the ENCY cells. The highest
processing rates tended to be from the PPI contrcl for the
Accesses per Time (Figure 3-53), but from the GL control for

-the Distinctly Accessed Bite Units per Time (Figure 3-54).

ENCY PPT GL
r .- TN
INC L0 HI | MED

INT Lo {HI  |MED

Figure 3-53. Comparison of Means
ABS;/TBS; - C, i=1,2,5,6;

DABU6/TBS6 - C
Experiment #2

ENCY PPI GL

ING V10 |iep | o
INT | 20 |(amED | Hy

Figure 3-54. Compearison of Means
DABU; /TBS; - C, i = 1,2,5
Experiment #2

3.3.6 Performance Rates

The ANOVA table, Table XIX, for the Performance
Rates and Effective Learning parameters is found on page 113.
Immediatgly following are the graphs of the three Performance
Rates and the graphs of the three measures of Effective -
Learning (Figures 3-55 through 3-60). The six groups of
students interacted differently with the machine, but neverthe-

less, as far as could be determined, they did equivalently well



TABLE XIX

ANALYSIS OF VARIANCE EXPERIMENT #2
PERFORMANCE RATE AND
EFFECTIVE LEARNING

P: ..neter X s Xll Xl2 Xi3 X2l X22 X23 R%C R%WS C%LS
_— . P£R
PTuL/TU C 17.2 6.05 18.26 17.11 18.53 16.03 18.28 15.54
RITOT/TU C 16.3 7.80 27.64 16.59 18.19 8.41 .18.53 12.95
R2101T/TU C 23.3 5.89 26.10 25.25 21.79 23.53 24.53 21.18
EL
PTOT/AU C 0.250 0.095 0.301 0.212 0.259 0.276 0.245 0.235
R1TOT/AU C 0.225 0.117 0.463 0.i91 0.240 0.122 0.254 0.185
R2TOT/AU C 0.336 0.101 0.430 0.302 0.294 0.409 0.322 0.324 7.56%4

€TT
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on the sixteen test measures applied to determine how well
they had learned. The question became--were there particular
interaction strategies that could be said to be wmore effi-
cient of the student!'s time and/or his access of the informa-
-tion towards obtaining Ehe test score he achievegd?

The objective of the next set of compound parémeters
waé to answer that question. The Performance Rates were
deﬁined as the ratio of the test score total and the time
required by the student to complete the Sequential Logic
course. There were no differences between the six means for
Time in the Universe or for the Test Scores. Further, indi-
vidual relationships between the three tests scores (Post,
Retention 1, Retention 2) did not combine into differences

among the means of the groups either (Table XIX, page 113).

3.3.7 Effective Learning

Effective Learnihg was defined as the ratio of the
test score achieved to the number of accesses made into the
Bite Structure during the complete course. The ratios of
the Post test and the Retention 1 test to accesseé did not
produce differences between their'respective means (Table
XIX, page 113, and Figures 3-59 through 3-60, pages 117-119).
In fact, *the Effective Learning for the Post test was very.
similar to that of the Retention 1 test. The overall mean
Effective Learning for Retention 2 was 5C percent higher

than ELPost or ELRet1- There are differences between the
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means with the students under the ENCY control having

distinguishably higher Effective Learning (Figure 3-61).

ENCY PP1 GL
INC  [ops s

-
"INT H/

Figure 3-61. Effective Learning - Ret2

3.3.8 Effective Learning Capacities

The ANOVA table, Table XX, for the parameters is
found on page 122 and is immediately followed by graphs of
the means of the three parameters (Figure 3-63 through 3-65)}.
Each of the three test score fotals—-Post, Retention 1, and
Retention 2--were rated against the number of accesses taken
to achieve those scores as a measure of Effective Learning.
To obtain the respective Effective Learning Capacities, the
product of a specific Effective Learning and Time in the
Universe was calculated. ELCp,q¢ showéé“nd‘significant dif-~
ferences among the rows, columns, or strategy means. Because
of the low cell frequencies in the ELCRetl' the ANOVA result
of an interaction effect in this data must be viewed

cautiously (Figure 3-62).

ENCY __PPI GL
INC | pmr

B

INT

Vicure 3-62. Comparison of Means
pffective Learning Capacity
(Retention 1)



TABLE XX

ANALYSIS OF VARIANCE EXPERIMENT #2

EFFECTIVE LEARNING CAPACITIES
AND EFFECTIVE LEARNING RATES

1  meter X s X117 X123 X33 Xp1  Xop  Xo3 RxC ROWS coLs
ELC

I /PRU  0.87 0.30 0.93 0.75 0.84 1.06 0.86 0.84

I OT/PRU  0.73 0.29 1.37 0.59 0.69 0.44 0.86 0.66 4.24f4

K:2OT/PRU  1.18 0.41 1.31 1.0l 1.00 1.58 1.11 1.20 5.45%4
ELR

ELppor/TU  0.07 0.04 0.10 0.06 0.08 0.07 0.07 0.07

Elpyrop/TU 0.07 0.05 0.16 0.06 0.09 0.03 0.08 0.05

Elppror/TU 0.10 0.04 0.14 0.09 0.09 ©0.11 0.10 0.09 4.86%

[AAN
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Differences in cell means appeared again in the Retention 2
data (Figure 3-66). The Scheffe found that the Design
Schedules were different as well as that the Instruction
Control, ENCY, was different from the other controls. The
ANOVA models found only é column (Instruction Control) effect

(Table XX, page 122).

ENCY PPT GL

INC

INT H/

Figure 3-66. Comparison of Means
Effective Learning Capacity
(Retention 2)
3.3.89 Effective Learning Rates
The ANOVA table, Table ZX, for the parameters is
found on page 122. The graphs of the means of the three
parameters (Figures 3-67 through 3-69) are on pages 127
through 129. Effective Learning Rate was defined as the
ratio of the Effective Learning, Test Score/Accesses, to the
time taken during the accessing, i.e.:
ELR = TEST SCORE / AU / TU
None of the Instruction Controls can be said to be
sﬁperior to the others based on the Effective Learning Raté
as a function of the immediate or Post tést of the experi-
ment (Figure 3-67). The Effective Learning Rate of the six
strategies as z function of the Retention 1 test had a grand

[a Tl PR I I -

=r7zrd deviation of 0.054 and the low

e oof 7
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frequencies problem. The Effective Learning Rate of each of
the six strategies cannot be said to be different for the
short-term retention in this study (Figure 3-68).

The Effective Learning Rate as a function of the
‘second retention test showed differences among the instruc-
tion controls. The ENCY control had‘a different ELR from the
otﬁer two controls. Within ENCY, the Incrementai cell was
equivalent to the Integral cell. Undef either Design
Schedule then, the ENCY control had a higher ELR than any

other of the interaction strategies (Figures 3-69, 3-70).

ENCY PPI GL
INC | MY
- INT HY

Figure 3-70. Ctmparison of rsieans ot
ELR (RET2)

3.4 DISCUSSION OF EXPERIMENT #2 RESULTS

In no other Computer-Assisted Instruction experiment
report, aside from those relating to the Synnoetics Labora-
tory at the University of Wisconsin, did the author find the
possibility of the counting, timing, and general record-
keeping that this Interactive Human-Machine System provided.
Another gdifference in the series of experiments at Wisconsin
Qas the inclusion of a second retention test to ascertain
longer-term effects of the Interaction Strategies. Without a
record of the time and accesses throughout the acquisition and

application stages of the learning process, tie rezults ol
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these analyses would be based largely on the Post ana
Retention 1 test scores where no differences were found.

This finding would have collaborated the results of many CAI
vs. non-CAI experiments as well as the CAI strategy experi-

ments to date. Students will learn under all manner of ccn-
ditions and short-term differences in échievement are hot

reédily found.

3.4.1 The Universe Parameters

The first hint of the learner-directed control being
different occurred in its having the fewest accesses to the
Universe. Each of these accesses had to be a conscious
selection within the Bite Structure, as distinct from eitﬁer
the accesses of a PPI or a GL studént who could mindlessly
- press a NEXT (BASIC) BITE key. The-ENCY control thus
demanded a higher level of alertness and involvement. in the
learning process. "If it.is a mistake to assume that learn-
ing is the passive consequence of being exposed to an instruc-
tion environment, and if it is a mistake to assume that a
specific input to the student produces a logical output, then
the ENCY control should bear watching.

The negative correlations of the TU with the Post
scores could have been a manifestation of fatigue and pos- .
sibly annoyance combined with an urgency to finish the Post
Test and be able to leave. Also, slower students achieving
lower grades would contribute to this correlation. The Post
Test was given immediately folloﬁing the student's last

session.
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3.4.2 The Relative Access and Time in Bite Set Parameters

The Interaction Strategies do not differentially
influence the time a student spends within the Bite Structure.
The distribution of the student's time taking this Sequential
Logic course was more likely a habit-dominated phenomenon.
There were.five bite sets and the students averaged five ses-
sions in the laboratory taking the course. The mean inter-
active time spent by a student was 3.57 hours. This implies
about a three-quarter hour "class". This does not consider
the time spent by the student preparing to interact with the
machine nor the time he spent on the BUILD, TEST, and LOCK
Simulators (Chapter 2.4, page 20). Lacking figures to sub-
stantiate any further comment, the author suggests only that
a student's attention span was already conditioned to about
an hour per session and his motivation inclined him, in
general, to complete a Bite Set per session regardless of the
differences in the Bite Set size which was unknown to him in
any case. This result is a curiosity in the light that the
number of Bites (Basic and Peripheral) available from one
Bite Set to another wvary by as much as a factor of three
(Table II, page 29). At any rate, an even distribution of
time and accesses per Bite Set occurred.

The Design Schedule row treatments were not in force
during the Fundamentals portion of the course. There were
the same number of Bites available for each schedule--Incre-
mental and Integral--through Bite Sets 1, 2 and 4 during the

Fundamentals. Technically, Design Schedule differences could
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therefore appear only during the Design phase and these, in
turn, could re-appear in the Composite of the Fundamentals
and Design since Composite was calculated from the sum of the
times and accesses in Fundamentals and Design. Therefore,
it is reasonable to state that any apparent row effect could
not be due to ﬁhe Design Schedule in Bites 1, 2, and 4 of the
Fundamentals. And further, any apparent row effects in
Fundamentals, not visible in the Design portion, can be
assumed to be responsible for any apparent row effects seen
in the Composite of a parameter in Bite Sets 1, 2, and 4. A
likely source of this apparent row effect is discussed under
the Bite Unit parameters.

In Bite Set 2, the Instruction Control effects in the
Fundarentals portion were the reverse of those of the Design
portion as a result of the differing needs to review that
Bite Set while in the Design state. The PPI students were
constrained to access lérge amounts of Bite Set 2 by virtue
of the author-imposed Bite Sequence during their Fundamentals
but either did not return to it at all (the PPI Incremental
students), or only very lightly (the PPI Integral students)
during the Design stage. The Guided Learning students
appeared to have skimmed the surface originally, electing to
return to it for needed information during the Design stage.
Probably, the GL style of superficial accessing in the Bite
Structure led these students to a premature decision as to

when they had iearned the fundamentals of the course and
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could proceed to problem solve. These differences among the
means in Bite Set 2 were a matter of the Instruction Control
within the subject matter and not typical of the ehavior
throughout the Bite Sets.

The Design Schedple was always in effect when the
student was in Bite Sets 5 and 6. THis meant that an Incre-
mental student could be expected to spend more time and
accesses as part of the machine's incremental checking of his
design. However, the differences expected from the imposi-
tion of the Design Schedule were not significant as measured
by the Relative Time and Access parametérs. In part, this
might have been caused by the difference in the number of.
Peripheral Bitgs available to the Incremental and Integral
students. But the Relative Access of one Interaction Strategy
compared with another was more likely to be numerically
larger when the number of Peripheral Bites available was
smaller. A more pfobable cause could have been the repetitive
use of the Bites by the Integral students.

Bite Set 6 contained the first design problem for the
students to do. It was a sequential machine similar to ones
which had been discussed earlier in the Bite Structure. But
it was the first time the students were required to perform
on‘the bgsis of their overall comprehension of the Funda-
mentals they had studied earlier. A stﬁdent who spent a long
time in this Bite Set may have discovered that he was not
prepared to proceed with his design and that he needed to

review the Fundamentals. Based on ihe sign-ud sheets, 1t
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seems that at least some of Bite Set 6 was likely to have
been included in the student!s last session. Bite Set 5 fol-
lowed Bite Set 6 and required the student to design an
unfamiliar sequential machine. It appears likely that stu-
dents who spent above average time and who accessed more than
average may haﬁe felt pushed to complete Bite Set 5 and may
have concluded the course more fatigued and ready to leave
(having spent more time than their allotted mental block of
time to this activity). This state of mind and body would
naturally have a detrimental effect on test scores obtained

at that time, i.e., the Post Test scores.

3.4.3 The Bite Unit Parameters

A Bite Unit contained one Basic Bite and one or more
Pefipheral Bites. Lts purpeose was. to deyelop one concept as
fully as a student might require. By taking measures of the
Distinctly Accessed Bite Units in a Bite Set or of the
Utilization of Bite Units in the Bite Set one takes a measure
of the number of separate concepts the student was exposed
to--if only by the unadorned statement of the concept in a
Basic Bite. These two measures are related, of course:

UBS; = DABUj / Total Available Bite Units in BS;

Comparing the rate of access of bites in Bite Set 1
to the utilization of Bite Units therein, it is apparent that
GL students "tasted" most of the Bite Units available by

using the NEXT BASIC BITE key but did not especially rein-

th

crce 2 DBosic Bite by an examination of its peripheral

r
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information such as its examples, definitions, and so forth.
There were not the same number of each Peripheral Bite type
with each Basic Bite so that a student could not be certain
whether or not he had exhausted the supply of a given PB
typé. According to the GL students' comments, requests for
PBs generally fended to decline with the increased frequency
of "none available" responses received to requests for
Peripheral Bites in a given Bite Unit. Another factor in the
high utilization rate of the GL students and the use of the
NEXT BASIC BITE key was that the GL Instruction Control had
available a few more Bite Units than did either ENCY cr PPI
controls (Table I, page 29). On the other hand, while PPI
students were exposed to 5-10 percent fewer Bite Units than
thie GL students, they obviously pursued other bites than the
Basic Bite within these Bite Units as their Relative Accesses
to Bites in Bite Set 1 are equivalent to those of the GL stu-
dents. And the ENCY Incremental students chose this style.
even more so; they accessed 20 percent fewer Bite Units while
maintaining an egquivalent number of Relative Accesses. The
ENCY students used a selective focussing process. It was
this combination of the low mean for the Incremental ENCY
students with the high means fof the Integral GL and PPI stu-
dents that implied a Design Schedule effect in the ANOVA for
the time (Fundamentals) when no Design Schedule was imposed.

The Instruction Controls also differed in the manner
in which a stuaent was directed once he was in the Peripheral

T “it. =Specifically, suppose a student had
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obtained a quiz Peripheral bite. If he were a PPI student he
must have answered the question before he could have gone on.
If he were a GL student, he was strongly encouraged to answer
but he could have requested another item in lieu of answer-
ing; If the student were an ENCY student, he could have
responded to tﬁe machine, to himself, or not at all before
continuing in the Bite Structure. So that the Instruction
Control contributed to the cause of the accesses among the
Peripherals being greatest for the PPI students and least for
the ENCY students.

The author feels there are several behavioral factors
involved in the utilization differences. Information
received by the senses is available beyond the duration of the
event for a short while in the sensory projection aresas of the
brain as well as at the receptor level (Fitts and Posner,
1969). While Fitts and Posner are speaking in terms of frac-
tions of a second, there is some indication that when differ-
ing concepts are presented rapid-fire, masking of the early
stimuli by subsequent stimuli can occur. The PPI Instruction
Control group spent 40 percent less time per Bite than the
ENCY student and did so in 35 percent more Bite Units.
However, if masking did occur, it did not become apparent
until the long-term Retention test. Or if masking was not
involved, the utilization of the greater amount of informa-
tion was merely superfluous exposure yielding inefficient
learning, or ekcessive proactive and retroactive interference

. A s . o . .
ot Pz lozrning. In oz=ny case, Mithie smarlies
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amount of material presented to the subject, the more likely
it is to xeach the long term storage system. In addition,
the longer the subject is free to rehearse the information,
the more likely he is to store it permanently." (Fitts and
Posner, 1969, p. 69)

Another statistical event that was probably a result
of.the interaction of human neuro-physiology and the experi-
mental method was the negative correlations of the Utilization
of Bite Set 6 (and DABU6) with the test scores. Loss of
alertness and fatigue are always assumed to be associated
with poor performance. It has been nofed that many students
began the last session at some point within Bite Set 6.
Extraordimary use of this Bite Set in the lést session ccould
have left the student in precisely these conditicns at the
time of thé Post Test.

But other factors in the high use of Bite Sef 6 were
involved to affect-negative correlations with the Retention 1
tests--two weeks later. The low number of observations avail-
able for this test, 22, could mean that the negative correla-
tion with the Reteption 1 test was certain behavior exhibited
by only the PPI and/or GL control groups since they repre-
sented 8§ percent of that population. This postulate is
strengthened by the fact that the strategies having the hiéhest
mean Utilization of Bite Set 6 (cor highést mean DABU6) are the
Incremental PPI and GL. Since BS6 was the first design
experience for the students, students who utilized the Bite

Sct the neost were presumably those vvho wers leoas o000
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the problem-solving experience, and consequently needed the
most assistance. These slower students would also be
expected to do more poorly than others on the tests.

The row effect seen in the UBS5, UBS6, DABUS and
‘DABUG was probably the result of the imposition of the Design
Schedule. The feedback for the Incremental students ﬁas a
stép-by—step check as the student progressed with his design
probklem, whereas the Integral studentslhad no feedback until
the completion of their design. Therefore, the Incremental
students could have utilized more Bites than the Integral
students during these two Bite Sets. Alternatively, a simi-
lar phenomenon to that discussed on page 136 with regard to
the UBS1, UBS2, and UBS4 during Fundamentalé could have
occurred. Only in this case, the Integral PPI and GL stu-
dents'haviﬁg had the high means during Fundamentals may have
been better able to move ahead in Bite Sets 5 and 6land it is
the Incremental PPI and GL students whose high means combined
with the relatively low ENCY-INT means that gave an only

apparent Design Schedule effect.

3.4.4 Test Scores

There are two features of the test score analyses to
note. One is that there are no great differences to be seen
among the cell means of any test; the other is that in the
tests of greatest interest to judgments on the viability of
that which was learned--the Retention tests, either the fre-

guencies were too small or the variations among the
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observations obscured the differences that might have been
otherwise quite stark.

The number of observations for the Post test was
equivalent to that of the valid students for the Composite
scores of the Bite Structure parameters because this test
was a part of the last session each student had with the
machine. The students were prokably tired, maybe even bored,
but certainly must have sensed the usual "let-docwn" one has
on the completion of any major project. But the understand-
ings and abilities tested, even to that of an unfamiliar
(transfer) problem type, were equivalently achieved by each
of the Interaction Strategies.,

The Retention 1 test was a "pop" test given to a
class in an 8:30 a.m. lecture period from which the experi-
mental population was drawn. The decision was disastrous to
the statistics because 75 percent of the experimental group
was absent. The attendance of the ENCY controcl was 14 ner-
cent, of the PPI--26 percent, and of the GL--31 percent of
the experimental group. The author sorely regrets the lack
of Standardized scores on thesc students at this juncture as
ﬁhis difference in attendance provided another curious event
to analyze. What kind of studeht cuts class?

No differences in the short-term retention of those
present could be ascertained with any certainty because of
the low frequencies. The PPI and GL cell means seem to be

stretching into the difference pattern that is seen later in
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The Retention 2 test was given by individual
appointment and in the Synnoetics Laboratory. The students
were told that the test was important and would "count.”
The students had nothing to study from, and the Sequential
‘Logic Circuit Theory was unrelated to other subjects which
they were taking. It was therefore assumed that long—ferm
refention was not being re-inforced excert possibly by con-
versations with colleagues about the ekperiment. Nonethe-
less, at this juncture, differences in the test results are
such that when Retention 2 is combined (i.e., Consolidation
test score) or compounded (Effective Léarning Rate), the ENCY
control separates from the other Instruction Control groups.

The differences in the test score means in Experiment
#2 were not precisely those found from the Experiment #1 daté
(Lenahan aﬁd Clatur, 1969). There the PPI-INC students per-
formed best on the immediate Post test. This has aiso been
the case in those CAI experiments in which differences were
found between programmed instruction and cther forms of
instruction. But the Retention tests must be considered more
appropriate measures of whether learning has consolidated
into and is retrievable from the student's Long-term Memory.
An@ here the PPI results began to appear least promising.
Only the trends of this expectation can be seen in the graéhs
6f the Experiment #2 tests. In both Exberiments #1 and #2,
the relative positions of the test scores for PPI and GL stu-

dents remained the same. It was in ENCY controlled strategies
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where the Design Schedule showed signs of difference over the
long term (Figures 3-71 and 3-72).

Further, the rate of forgetting is said to be limited
to a number of factors that include time and meaningfulness
“(Slamecks, 1967). The getention 2 test was the same time
lapse for all students, but there is good reason to believe
that the students in ENCY-INT strategy had a more organized
set of information to remember and that it may well have been
more meaningful to them. Consolidation test score results

re-inforce this position.

3.4.5 The Processing Rates

Both methods of determining student Processing Rafe,
either the number of Accesses/hour.of the number of Distinctly
Accessed Bite Units/hour, rasulted in the Instruction Control
effect appearing in the ANOVA throughout the Universe and
Bite Sets {(excepting in Bite Set 4 where there were no signif-
icant effects). There was only one occasion, during Design
in Bite Set 2, when the processing rates did not show ENCY
control in the lowest position of the three controls, or in
the lowest position of two divisions where equivalence of two
or more groups was indicated. This uniformly low Processing
Rate for 'ENCY reflects the relative difference in absolute.
accesses to Bites or distinct Bite Units since the time spent
by the six interaction strategies was basically equivalent.
The Distinctly Accessed Bite Units parameter provided a dif-

ferent order for the PPI and GL Processing Rates. The m=2in
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reason was that the GL had more Bite Units to access than the
other controls in most Bite Sets (Table I, page 29). The GL
students would also be insured of having a higher processing
rate of Distinctly Accessed Bite Units if they used the
superficial, exploratory.method of pushing the NEXT BASIC
BITE key and largely ignored the peripherals.

The overall means of the Processing Rates (Accesses/
hour) were about the same during the Fundameqtals of Bite Sets
1 and 4, i.e., about 60 Bites/hour. However, the Processing
Rate in Bite Set 2 during Fundamentals is 50 percent higher
than this which indicates that the subject matter was consid-
ered relatively trivial or repetitious. During Design the
higher Processing Rates (about 70-80 Bites/hour) in Bite Sets
1, 5, and 6 probably imply a random search for particulaf
sets of information required for the solution of the design
problem. The Prccessing Rates of Bite Sets 2 and 4 during
Design ought to be disregarded because only a very few members

in the cells re-accessed these Bite Sets.

3.4.6 Performance Rates

Performance Rate, defined as the number of test score
points per hour in the Bite Structure, was equivalent among
tﬁe students in the six groups. This was undoubtedly due to
the lack of differences found among the time the students
spent in the Universe and the test scores. The time the
average student toox in the Bite Structure was 3.57 hours and

TLore s : T ST - -czz2. Lo be found among the strategies in
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this regard. Thus Performance Rate kecame directly
proportional to the test scores. This reduced the analysis
of Performance Rates to that of the three test scores which
showed no differences, not necessarily because there were
‘none, but perhaps becauge the high variation among the
observations with the groups and/or the low cell freqﬁencies
obscured them. Therefore, the Performance Rates of Experiment
#2.students must also be considered as'indicating no differ-
ences either because there were, in fact, none to be found
among the six strategies, or because of the same reasons that

may have obscured the differences among the test scores.

3.4.7 Effective Learning

Effective Learning, defined as the number of test
score points per the number of accesses to the Bite Structure,
was equivalent across the means for Short-term Learning
(Post) and Retention 1 cémparison, respectively. The
Composite number of accesses made to the Universe was a
parameter with a difference among the Instruction Controls.
.The ENCY control had a lower number of accesses. The low
accesses of the ENCY control studénts was the key to the
higher Effective Learning of that same group. For the
Retention 2 test, the forgetting of the ENCY students had
been less than that of the other students. This combination
of effects was sufficient to produce the differences among

the means seen in Effective Learning (Ret2).
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3.4.8 Effective Learning Capacities

Effective Learning Capacities, defined as the product
of time and the Effective Learning ratio, was affected most
by the variations among the test score observations. The Sum
of Squares Error term reduced from the ANOVA of the Post to
Retention 1, to Retention 2. The discernible differences
among the stra£egy means of the ELC increased in the same
direction. Thus, the ELC (Post) showed no differences while
the means of ENCY control separated out with high scores for
the ELC (Retl) and ELC (Ret2). Recall that in the Reténtion
1 test sceres, the Incremental students of ENCY control had
the leadimng mean score, while ;n the Retention 2 test scores,
the ENCY Integral students had the highest mean numericallyQ
This pattern is repeated in the ELC for Retention 1 and é.
And this shift to higher values for the Integral students of
ENCY over the long-term is a consistent result throughout
the analysis of Experiment #2.

The fact that significant differences appeared only
in the retention scores could relate to a neurophysiological
interpretatién of the Effective Learning Capacity parameter.
Since ELC = (Test Score / Accesses) * Time, for any given
test score, the fewer the accesses and/or the longer the time
spent, the greater the Effective Léarning'Capacity. And
permanent {(long-term) storage in the human memory is more
probable as smaller amounts of material are presented to a
student with longer periods of time to rehearse the informa-

OULCG e conslaezred &
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ratio of the retrievable storage (the test score) and the

potential long-term storage (time/accesses).

3.4.9 Effective Learning Rates

In this compound parameter, as in the others
involving the test scores, the effect of the variability
among the test score observations had a dominating effect.
Also, recall that the cell means of both the Time of the
Universe and any test score were respectively equivalent.
This implies that, among this set of students in Experiment
#2 on a group or cell basis, the Effective Learning Rate as
a function of some test score was approximately some constant
divided by the Accesses, i.e.,.the ELR of any average situdent
was inversely proportional to the number of accesses he
required. The constant would take on different values with
each different test because any one test was not equivalent
to the others. 1In the general case, however, the ELR
increases as either the student scored higher, accessed
fewer bites, and/or spent less time in the Bite Structure.

Only in ELR(Ret2) did the relatively low access rate
of the ENCY students overcome the non-differences in the mears
of the three tests (Post, Retention 1, and Reténtion 2). The
ENCY control produced the most Effective Learning Rate for
long-term retention.

Another study of the effectiveness of different
instructional strategies concluded that what is termed a

"rreciselveotaricred instruction' yielded the largest gains
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and holds the promise of improvement in the effectiveness of
teaching. It was difficult to determine the nature of this
tailoring process beyond the idea that a student was tested
for his state of knowledge p and provided an instructional
sequence S(p) (Shuford ahd Massengill, 1967). It may be fair
to say that the ENCY Instruction Control herein was a "most
precisely—tailbred instruction" and that it does indeed show
promise of being an improvement in the effectiveness of

teaching.
3.5 CONCLUSIONS

Instruction Control aqd Design Schedule were observed
to affect the performance of students in learning the
Sequential Logic Circuit Theory. Their performance was
affected during the acquisition of the fundamentals of the
course and during the application and/or re-acquisition of
these fundamentals to the problems, both familiar and unfami-
liar, in Sequential Logic Circuit designing. Instruction
Control and Design Schedule were observed to affect the
long-term refention of the fundamentals and designing skills.
In particular, those students who directed their own learning
were observed to have utilized the least amount of informa-
tion available in the course, to have had the lowest rate of
processing information in the course, to have had the highest
Effective Long-term Learning, and to have had the highest
Effective Learning Rate for long-term retenticn. The students

b - 7 who solved their design
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problems as unified, integral tasks, had the highest
Effective Learning Capacity for long-term storage. The stu-
dents whase learning was machine controlled were observed to
have the highest rate of processing information in the course.
The Guided Learning studénts were observed to have the high-
est processing rate of distinct statements of concept. No
Interaction Stfategy was found to be clearly different from
the others based on the immediate or retention test scores
alone.

The performance of all students in the course Qas
observed %o be such that the longer the time taken in the
course, the more likely the student was to obtain lower test
scores; the more time and accesses spent in his first prob—A
lem-solvimng set, the more 1ikély he was to obtain lower iest
scores; and the more accesses the student took during his
last problem-solving set, the more likely he was to perform
well on the questions relating to unfamiliar problems on the
post test.

In this experiment, a high utilization of the course
material'was.observed.to imply superficiality or undirected
purpose. The learner-control group, ENCY, selectively
focussed on those concepts not well understood by them and
spent their time and accesses peruéing the peripherals of
these concepts. The other groups were observed to rely on the
machine to present them with the top-level statements of more

concepts hut without the accompanying depth_searches. In the
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short-term, the differences in involvement, self-organizing,
and integration of the subject matter had no observable
effect on the learning achieved. After a number of weeks,
however, the more meaningful, better integrated, more
rehearsed smaller amounté of information of the learner-con-
trol group were observed to be more effectively learned than
that of the machine control group (PPI) or the collabora-
tively controlled group (GL).

Overall then, the most effective instruction system
for long-term learning was observed to be that in which the

student directed his own learning.



Chapter 4
EXPERIMENTS #3 AND #4 ANALYSES
4,1 METHODOLOGY

The geheral statistical interest in the results of
Experiments #3-%4 combined was to determine to what extent
the vocational students would corroborate the results found
in Experiment #2.

Therefore, the same analysis procédure and statistical
techniques were used in this set of experiments as were docu-
mented in Chapter 3.1, with the exception of the Chi-Square
tests on the Relative Access and Times to the Bite Sets.
These were not calculated for this set of analyses because
the data did not justify the null hypothesis of equality

among the cell means across the Bite Sets.
4.2 DATA PREPARATION

With the exception of the availability of most of the
standardized scores for Experiments #3 and #4, the preparation
of the data of this set of experiments parallels that of
Experiment #2. Experiment #3 students represented the three
Instruction Controls of the Incremental Schedule and Experi-
ment #4 students represented the three Instruction Controls

under the Integral Schedule.
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From the one Master Student File a set of files, i.e.,
the Group Summary Files, ANOVA data Files, and the Correla-
tion Matrix Data Files, were also built for the students in
Experiments #3 and #4. (Refer to Table IV, Section 3.2,
pagé 47.) The standardized scores available were those five
of the Americaﬁ College Testing Service--the ACT Composite,
the ACT English, the ACT Mathematics, the ACT Natural Science,
and the ACT Social Science, as well as the Programmer's
Aptitude Test. There being no comparable scores available
for the Experiment #2 students, these scores were analyzed

in their raw form. This avoided the decisicn of which per-

tHh

centile scale to equate them to, i.e., to a comparison o
students who subsequently entered college, cor to a comparison
of mixed college-bound and non-college-bound high school
students. This decision did not affect the use of the

scores in the correlations, of course.

The one cell, PPI-INC, of student standardized scores
all being missing precluded doing the two-way ANOVAS for the
six standardized scores. However, a standard set of descrip;
tive statistics was run for these scores and a correlation
matrix of the test scores and standardized scores was also

prepared. Correlation coefficiénts with alpha levels < 0.05

were noted.
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4.3 RESULTS OF EXPERIMENTS #3 AND #4

As in Chapter 3, the calculations are charted by type
with separations into the categories to be examined:

Universe parameters

Relative Accesses and Times parameters

Bite Unit parameters

Standardized Test Scores

Experiment Test Scores

Processing Rates

Performance Rates

Effective Learning

Effective Learning Capacities

Effective Learning Rates
In the ANOVA tables, only those Fs which indicated significance
at the 5 percent alpha level are shown. In the table of
Significant Correlation Coefficients, a negative sign indi-
cates a negative Pearson's r correlation ccefficient.

The overall result was that students under ENCY
Instruction Control, complete learner-control, generally
utilized the Bite Structure the least. ENCY students under
the Integral Design Schedule took the most time, generally
had the lowest rate of processing the Bites, the lowest
Performance Rate, and the Lowest Effective Learning Rate.
On the other hand, the ENCY and PPI students under the
Incremental Design Schedule generally had the highest

Performance Rate and the highest Effective Learning Rate.

The GL students had the poorest test score performance.

4.3.1 The Universe Paranmeters
The 2ANCOVA and correlation Tables XXI and XXITI and

1T rel-+ i Tieeres AZ1, 4-2 refer to the Universe



TABLE XXI

ANALYSIS OF VARIANCE EXPERIMENTS #3-#4
UNIVERSE PARAMETERS

Ly C 5.62 1.80  4.98  4.79  5.04  8.55  5.94  6.08 17.0%.
W OF 3.29  1.10  3.31  2.94  2.92  4.95 3,00  3.21 4.93%, 5.593,
TU D 2.36 1.24 1.90  1.85  2.13  2.79  2.88  3.18 8.55%,

A C 384.4 97.9 328.7 390.1 367.9 451.0 466.6 336.3
LU F 214.8 55.2 205.7 206.8 212.0 265.7 222.8 187.3
U D 171.5 73.7 133.3 183.3 172.6 147.0 243.8 164.3 3'2341

ST



TABLE XXIX

PROBABILITY OF PEARSON'S COEFFICIENT OF CORRELATION < 0.05
EXPERIMENTS #3-#4 UNIVERSE - TEST SCORES

Pcrameter PTOT PFD PFM  PTRS PUN R1ITOT R1FD R1FM R2TOT STFT STFD STFM LTFT CONSOL

vy

- TU

TU

HU

AU

AU

|

B

0177

.0207 .001 .034™ .0387

.0427.0207 .000 .0217

.040

.0387

~ negative correlation of coefficient

SST
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parameters. There was a difference in the number of accesses
to the Universe made among the six interaction strategies,
but only during the Design portion of the course (Figure 4-3).
During Design, the students under ENCY control accessed theA
leaét number of Bites in the Bite Structure. During the
Fundamentals, ﬁhe groups accessed the Bite Structure equiva-
lently (Table XXI).

Further, the correlations indicated that high accesses
during Design had an adverse effect on the Post Fundamentals

test score subtotal (Table XXII).

ENCY PPI GL
“
INC Lo

INT Lo

Figure 4-3. Comparison of lieans
AU - D
Experiments #3-%#4
There were differences in the times the students

spent in the acquisition and application stages of the
course (Table XXI). During Fundamentals and carrying into
the Composite, the students in the ENCY-INT strategy took
more time in the Universe than any of the other groups
(Figure 4-4). During Design, tﬁe Experiment #4 or Integral
Schedule students took more time than the Experiment #3 or

Incremental Schedule students (Figure 4-5).
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Figure 4-5. Comparison of Means
TU - D .
Experiments #3-#4
Even more than with the accesses during Design, the time

spent during Design correlated negatively with student re-

sults cn the Post test scores (Table XXII).

4.3.2 The Relative Access and Time in Bite Set Parameters

The ANOVA and correlation Tables XXITITI and XXIV and
the related graphs in Figures 4-6 to 4-15 are found on pages
161-174. There were differences in the Relative Times and/or
Accesses madé to every Bite Set in the six groups (Table
XXIII). In Bite Set 1, the Relative Time spent was the high-
est among the PPI students during Design, lowest among the -
GL students during the Fundamentals, while the Composite
picture was one in which the ENCY control students and PPI-
INC étrategy students spent the greatest Relative Time

(Figures 4-16, 4-17, 4-18). There were positive correlations



TABLE XXIIX

ANALYSIS OF VARIANCE EXPERIMENTS #3-#4

RELATIVE TIMES AND ACCESSES
IN THE BITE SETS

Parameter X s X117 Xyp  Xy3 Xp1  Xpp  Xp3 RXC ~ ROWS COLS
RTBS1 C 0.319 0.083 0.392 0.353 0.272 0.349 0.257 0.254 6.41%7 8.46§7
RTBS1 F 0.527 0.124 0.609 0.538 0.499 0.581 0.514 0.386 6.30%,
RP3S1 D 0.027 0.038 0.031 0.053 0.000 0.004 0.040 0.023 5.00%;
Rw3S2 C 0.130 0.046 0.126 0.154 0.110 0.163 0.125 0.113
RTBS2 F 0.217 0.072 .0.205 0.248 0.191 0.212 0.216 0.219
Ki252 D 0.009 0.016 0.012 0.002 0.0l1i 0.009 0.016 0.008
RTBS4 C  0.149 0.066 0.112 0.127 0.180 0.154 0.166 0.180
RiU354 F 0.244 0.098 0.182 0.211 0.293 0.204 0.268 0.335 7.05%4
K"3S4 D 0.006 0.035 0.001L 0.000 0.000 0.000 0.012 0.029
j7"185 D 0.390 0.150 0.418 0.401 0.485 0.370 0.404 0.274 4.33)

1".356 D 0.560 0.160 0.534 0.541 0.501 0©.615 0.525 0.663

19T



TABLE XXIII (Continued)

ieter X s X1 X1 X133 X9 Xpp X3 RxC ' ROWS coLs
R/ 181 C 0.280 0.070 0.351 0.282 0.263 0.316 0.231 0.262 5.81%7
F..381 F 0.486 0.115 0.557 0.477 0.495 0.522 0.470 0.377
R2331 D 0.029 0.041 0.029 0.059 0.000 0.017 0.041 0.026 5.8851
RABS2 C 0.167 0.052 0.167 0.177 0.135 0.226 0.157 0.152 3.71%,
Kails2 F 0.286 0.083 0.267 0.331 0.239 0.294 0.290 0.283
RA382 D 0.014 0.027 0.016 0.003 0.020 0.011 0.017 0.020
RA3S4 C 0.121 0.047 0.099 0.101 0.141 0.124 0.133 0.149
Ra354 F 0.215 0.083 0.172 0.1°0 0.18% 0.238 0.279 0.233 4.8424
Rz354 D 0.006 0.635 0.002 0.000 0.000 0.000 0.010 0.030
RR3S5 D 0.410 0.160 0.444 0.447 0.525 0.378 0.412 0.244 3.43%, 10.84
RAIS6 D 0.536 0.169 0.505 0.488 0.452 0.608 0.516 0.679 7.72%,

29T



TABLE XXIV

PROBABILITY OF PEARSON'S COEFFICIENT OF CORRELATION < 0.05
EXPERIMENTS #3-#4 RELATIVE TIMES AND ACCESSES

rneter

PTOT PFD PFM PTRS PUN R1TOT R1FD RI1FM R2TOT STFT STFD STFM LTFT CONSOL

1. 3581

RABS2
RABS?
RABS2
RAL354
RABS4
RABS4
RABSS

RABS6

C

F

QU = Q o

£}

o o o

.016 .025

.018 .029 .0097
.004
.028

. 0497 .0227

.004™ .0397 .0347

.013

.0407

€9T



TABLE XXIV (Continued)

ATy ey (P A5 33 T %2 ARSI

Parameter PTOT PFD PFM PTRS PUN R1TOT RL¥FD R1FM R2TOT STFT STFD STFM LTFT CONSOL

RTBS1

Q

.012 .025 -027 .012
RTBS1 F .018 .048

RT3S1 D .005
RT3S2 C

RTB52 F .033
RlBSé D

I54 C

RT354

tj

RIBS4

RTB55
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between tthhe Relative Time in Bite Set 1 and the totals of
all three tests—-Pést, Retention 1 and Retention 2. The
higher tlre Relative Time spent in this Bite Set the higher

was the test total (Table XXIII).
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Figure 4-16. Comparison of Means
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Figure 4-17. Comparison of Means

RTBS1 - F
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Figure 4-18. Comparison of Means
RTBS1 - C
The differences in the Relative Accesses to Bite Set
1 were limited to the Design portion of the course and the
Cémposite_ The differences in the Design portion were not
sufficient to be the same ones as appearea for the Composite.
During Design, the highest Relative Accesses (as well as the

highest Relative Time) were made by the PPI control students.
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In the Composite, the ENCY control had the highest Relative

Accesses to the Bite Set (Figures 4-19, 4-20).
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Figure 4-19. Comparison of Means
.RABS1 - C
Experiments #3-#4
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Figure 4-20. Comparison of Meané
RABS1 - D
Experiments #3-#4
The correlations between the Relative Accesses to
Bite Set 1 and the test scores are similar, although more
limited, to those 6f Relative Time. Both the RABS1 - C and
RABS1 ~ F correlated positively with the Post test Totals
and Fundamentals. The more Relative Accesses to BS1 during
Fundamentals, the fewer unanswered questions on the Post
test. However, the more Relative Accesses (and Relative Time)
during Design, the more unanswered questions on the Post
test (Taﬂle XXIv) .
The Relative Time spent in Bite Set 2 was equivalent
from group to group. There is a column effect, however, for
the Composite of the Relative Accesses to Bite Set 2 (Table

[ag PR
-— [

T T L Q £. FIR, 2] o~ A 1~ e A
I\AJ._L_L). The Scheffe test annOhl\,\.\:Gd that the w271 ¢
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ENCY control was different from the mean of the GL céntrol
but that the most different (highest) cell mean was that of
ENCY-INT (Figure 4-21). The only significant correlation of
the RTBS2 and RABS2 to the test scores was that which posi-
tively correlated them tg the Post Unanswered subtotal. The
more Relative Time and Accesses in Bite Set 2, the more

unanswered queétions on the Post test.

ENCY PPI GL
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Figure 4-21. Compafison of Means
RABS2 -~ C
Experiments #3-w4
Only during Fundamentals were there apparent differences

among the means of the Relative Time in Bite Set 4 and of the
Relative Accesses to Bite Set 4 (Table XXIII). In both cases
the GL control students had significantly hicher means than
either the ENCY or PPI controlst! students, which were con-
sidered eguivalent (Figure 4-22). Only the RABS4 showed
significant.correlations. This parameter correlated nega-
tively during the Fundamentals portion and in the Composite
course with the Post test Totals and the Post Transfer sub-
totals. The higher the relative ﬁumber of accesses to Bite

Set 4 the lower the achievement in the Post test.
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Figure 4-22. Comparison of Means
RABS4 - F and RTBS4 - F
Experiments #3-#4
Bite Sets 5 and 6, accessed only during Design, showed
Désign Schedule differences in the means of the Relative
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