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Chapter One

Nature of Project

General Purpose

This project is concerned with the psychological and educatiomnal factors
in Transfer of Training., While transfer is probably one of the most important
and pervasive psychological processes in education, it has not been studied
with the vigor and systematic determination that is required, Nor have the
data thus far accumulated been applied to the development of media or
materials,

One of the potentially more important instructional media for efficient
study of transfer of training is programed self-instruction using the teaching
machine, This educational medium provides laboratory-like conditions such
as stabilized methods, stimulus control including the control of teacher
personality, plus a step-by-step record of the student's behavior. These
recordings are an important source of data which can be used for the
continuous improvement of the instruction, There is, therefore, an advan-
tage to be gained from research on transfer of learning with this new concept
of instruction, Such research could be particularly useful in contributing
to the development of new psychological kmowledge about school related
instruction,

The background of thinking and research on transfer that is pertinent
to the new media and, in particular to teaching machines and self-instructional
prograning needs to be summarirzred and evaluated, The theoretical positions

of transfer such as the following need to be related to one another and to
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these developments in instruction: Thorndike and Woodworth's identical
elements, the concept of mental discipline, current conceptions of mediationm,
and the cybernetic theorizing grounded in models that include a feedback
mechanism such as those of Simon and his colleagues, and of Miller, Gallanter,

and Pribram (1960),

Objectives

This proposal to study transfer is for a long range program thaﬁ will
accomplish the following objectives in Phase I, the first two years,

The primary objectives of Phase I are: (1) to relate and crystalize
existent information on transfer by determining its relationship to learning,
probler solving, and individual differences in abilities and aptitudes,

(2) to determine the implications of the existent knowledge for education and
in particular for the educational media, (3) to conduct pilot empirical
research on transfer, and (4) to prepare a research plan for Phase II.

Sub~-goals for the project are to develop reports which (a) summarize
and analyze the pertinent research, (b) examine theoretical issues and
concepts, (c) analyze the relationships between transfer and learning,

(d) study the relationships between transfer, abilities and aptitudes, and
(e) examine the relationships between transfer and the development of
cognitive structures and strategiles,

It is anticipated that some comparative educational studies will be
conducted to see 1f the principles derived from existent research can be

used in educational settings where different cultural and/or language
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factors are operating., An effort will be made to conduct studies of

cunulative transfer, longitudinal in nature,

General

-

1, Sample plan, For the library research the sampling plan will be

to review existing treatments of transfer and the research on the topic,
For empirical studies, the plans will vary with the specific desgigns but in
general will use collgge and high school students,and assignuents to treat-
ments will be randmg.

2, Treatments, Variations in the programs used for learning will

probably include a yariety of treatment comparisons with the same task,
e.8., inductive vs, deductive, In addition, analytical studies of the
relative contribution of different types of task information will be conducted,
Reliable treatment effects will be re-examined to determine their potential
generalizability by introducing language and cultural differences in groups,
The initial studies will use programed materials in logic, mathematics and
statistics since materials of this type are designed to teach cognitive
structures that could have the widest possible transfer potential for the
student, .

3, Controls, Programed instruction procedure employing printed texts,
paper transport type of machine‘and a f£ilm device under computer control,
will be used as the means of presenting the treatments, Socio-economic and

intellectual differences will be studied in relation to the intercultural

and*interlanguage differences and transfer effects of instructional strategies,
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Data-types to be gathered and methods to be used

Two types of instruments will be usgd to measure performance: (a)
written tests and (b) performance ﬁasks. Evaluations will be made to
determine the dimensions of transfer as well as to estimate the amount and
direction of the effects, Some dimensions are: (a) learning new and related
material, (b) problem solving in which knowledge taught is directly relevant
and sufficient, (c) problem solving where the knowledge is not necessary but
the strategy required is relevant and pseful, and (d) inferring and extendiug

the knowledge taught to new materizls,

Methods of statistical or other analysis

The analyses of variance will be used to determine the relative effects
of the different treatments, Correlational analyses will be used to
determine the relationships between the ability measures and perfcrmance on

the learning and transfer tasks,

Approximate time schedule

Phase I is to take two calendar vears (24 months)., The work outlined

above will constitute Phase I of the 10~-yoar program,

Publication plans

The results of the studies completed in Phase I will be prepared as
technical reports and possibly as monographs and articleg, The iollowinz

chapters report the status of this work and briefly summarize findings,
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Chapter Two
Study of the Trensfer Effects of Written Instructions
to Task Periormance and of Task Performance
to Task Performance

L, M, Stolurow and T, J, McHale

A series of three studies which investigated the effects of var;ous
types of transfer in conplex concept-formation tasks were conducted, Only
two different tasks were used, cid they were different only in minor aspects
since each was generated fron the same multiple-correlational model (see
Azuma, 1960; Cronbach and Azuma, 1961, a & b), Two basic types of transfer
were studied: (1) transfer to task performance from written instructions
giving various amounts of information, and (2) transfer from one task to the
other where the relationships between tasks are specified, This 1is a
continuing series of studies designed to get at the informational value of
different aspects of the task, effects of encoding, and the development

and role of verbal mediating mechanisms (hypotheses) of the learner,

Experimznt I
Amount of Information Conveyed by a Knowledge of Either
the Principle or Cues Given in Algebraic
ov Geometric Fomm |
Status: Data in process
Purpose

Pilot work suggested that information about the task principle is no

better than no information, whereas information about the critical cues

does facilitate performance, Furthermore, in a written questionnaire
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administered at the end of the task, many Ss verbalized a geometric approach
to the solution of the task, whereas the original information was given in
algebraic form, These verbalizations suggested that information given in
geometric form would be more beneficial since the geometric approach scemed

a more natural way to attack the problem,

Hypotheses

The following specific hypotheses were tested:

1, Type and amount of information: The rank-order of performance will

be (a) full-information, (b) cue-information, (c) principle information and
(d) no information,

2, Encoding: Whenever two groups arc given the same information in
different form, the group given the information geometrically will perform
better than the group given the information algebraically,

3, Principles vs, cues: Though cuc-information will lcad to better

overall group performance than principle-information, a knowledge of the
principle is a requisite for criterion performance, Thercfore, more Ss in

the principle-groups than in the cue-groups will attain criterion performance,

Task

Each stimulus prescentation consisted of a 2,5 inch by 2.5 inch square
with a small red cross and a small grecen cross drawn inside it, The left
side of the square and the bottom of the square represent coordinate axes,
The location of each cross is specificd by its distance from the left side

and the bottom of the square, These distances are its coordinates,




?

II-3

In the task stimuli, each of the four coordinates; x', y', x'', and y'°,
may take on one of four values; 3, 6, 9, or 12, These four values correspond
to actual distances of .5, 1.0, 1,5 and 2,0 inches, The number of possible
cerslnations of the ccordinate values is 44, or 256, Iliowever, since the
crosses were not allowed to occupy the szm2 location in any stimulus p;Ef\»
sentation, only 240 (16 x 15) combinations were actually possible, Not all
of these possible stimuli were used,

Presentation oif stimuli, Stimuli were rresented in a booklet, each

page showing six different stimuli, The bookiet consisted of 160 stimuli
or trials, Subjects responded by marking with an X on2 of 10 possible response
categories, On the answer sheet, thers were 10 numbers for each trial,
one number for each of the 10 pocsible numerical answers, An X was drawn
through the appropriate number, S5 were allowed 20 sec, for each trial,
and verbal feedback in the fcrm of tle correct answer, was given at the end
of each trial,

The 160 learning trials cun be considered as 10 cats of 16 presentations
each, Within every szt of 16 possible combinaticns of x' and x!'' each appears
only once, This automatically made T, 111=.00, Thz distribtuions of y' and y''

were very close to rectangular, r rs and rx"y" did not exceed

r
:{nyﬂ xf!y

.12 in any block, Thus, for practical purpcses, these variables can be

considered to be uncorreclated,

Criterion k, The forrula used by E to define the correct response
k is (2x' + x'')/3, Since x', y', x'', and y'' are uncorrelated within our
set of stimuli, the definition of k determined their validities as follows:

r_,,=.89, T =.45, r_,. =,00, Though the actual correslations of x' and x''

x''k

X'k

y'k
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with k vary between -,12 and +,12, Since the 10 discrete response categories
are exact numerical answers, S had to use precisely a 2 to 1 weighting to
receive 100% reinforcement,

~

Measure of performance, The basic measures of performance were the

criterialities* of the individual cues and of the construct k: product-
moment correlations coefficients of the actual responses of each S with the
responses he would givq if he were to make his judgments solely in terms of
x's x'", y', ¥y'', or k., This yields a 5 x 5 matrix of correlations fop/’“

-
each S: rows for x', x'', y', y'', and Ik; columns for each block o;/az
trials which were analyzed separately, Correlations were qqmputed over
blocks of 32 trials -~ 1-32, 33-64, 65-96, 97-128, 129-160,

Subjects

Tpelgs were University of Illinois students from‘the introductory psychology
class, Their participation was the class requirement, ‘The task was adminis-
tered to S8 in groups that ranged in size from 3 to 20, With the larger
groups, at least two, and sometimes three, Es helped with the adm{pistration.
There were 15 88 in each experimental group for a total of 120'§s.

Experimental Design

There were seven groups in the basic design of this study, ‘an eighth
group was run in an auxiliary experiment which will be discussed), There
was a no-information group as a control, and two sets of principle~, cue-, and
full-inf rmation groups, Ong set was given information in algebraic form;
thg other in geometric form, This degign allowed g comparisqp of principle-

v8, cue-information, and algebraic vs, geometric information,

* .
Criteriality according to Bruner (1956) means how much a cue is actually
used by an S,
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Results

The correlational analysis of the data has been completed; but statistical
analyses of the questionnaire data has not yet been completed, The statistical
analyses which have been completed lead to the following conclusions about
the experimental hypotheses:

1, The predicted rank-order order of performance was confirmed, That
is, full-information was best, then cue-information, and there were no
major differences between the principle~information and no-information
groups,

2, There were no overall differences between the geometric and
algebraic information groups, However, the geometric groups tended to do
a little better with gyll— and cue-information and a little worse with
principle~-information, None of these differences was significant,

3. The hypothesis that there would be more solvers in the principle
groups than in the cue groups was not confirmed, This failure of confirma~

tion is related to the overall superiority of performance of the cue-groups,

Experiment 2

A Comparison of Transfer Effects From Vritten Instructions
Under Paced and Self-Paced Conditions

Purpose
This study is basically a replication of some of the groups in

Experiment 1, The main difference is that in this experiment, each subject
worked at a teaching machine and consequently was self-paced, Comparisons
were, therefore, possible between a paced and a self~-paced condition, with
major emphasis on two variables: (1) trials to criterion, and (2) time to

criterion,
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Hypotheses

The following specific hypotheses were tested:

(1) Since the self-paced condition allows each subject to proceed
more slowly in the early trials when time to think is more necessary,
subjects in this study should attain criterion performance in fewer trialq
than comparable subjects in Experiment 1,

(2) Time to criterion should alszo be facilitated in the self-paced
condition, though the difference between pgping and self-pacing should not
be as large here as in trials to criyerion.

Method

Task stimuli, Only one minor change distinguishes the task stimuli
from those of Experiment 1, Instead of usiné red and greocn crosses, the
red cross was replaced by a black circle and the green cross by a black
cross, These changes facilitated filming for the %eaghing machine, and

also eliminated the difficulty encountered by color-blind subjects,

Presentation of stimuli, Stimuli were presented on a teaching machiqp.
dnly one stimulus frame was seen at a time by tnz subject; the correct auéwar
for each frame was given cn the following frame, The subject could retuig
only to the immediately prior frame to investigate any discrepancy |
between his answer and the correct answer, Therefogg; the presentation of
stimuli was equivalent to a straight linear program,

Subjects

The subjects were college students from the University of Illinois grcm
an igﬁroductory psychology class, Their participation was a q}asa raqni%e~
nment, Subjects were run in groups of not more than five-each, There

-

were 15 subjects in each oxperimental group for a total of 60 subjects,
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Experimental design, There werc six experimental groups in this

study; three of the four were replications of the no-information and
full-information (both algebraic and geometric) groups of Experiment 1,
” The fourth group, also a full-information group, is comparable to the
column-group in Experiment 3, The fifth and sixth groups are cue and
principle groups for whom the information is given in terms of the column~
group's model,
Status
All of the subjects have been run, The data are being processed,
Experiment III

Some Perceptual and Verbal Factors in the Transfer From
One Task to Another One Generated From the Same Model

Purpose
- When the verbalized rules of the solvgrs in Experiment 1 were
categorized, seven categories were needed, These verbalizations ranged
from general and abstract to very specific, If different verbalized
rules mean that the subjects have really learned different concepts
even though their overt behavior is the same, then differences in
transfer to a second task should be predictable, This study was designed
to test the hypothesis that differences in transferability of training
can be demonstrated on the basis of different verbalizeg rules, even
though all subjects have solved the same training task, It was designed
to determine whether the solution of the training task is as relevant
to tzansfer as a subject's own verbalizable rule for solution, It
also was designed to study the transfer effects of different symbol

systems (ways of encoding),
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Hypotheses

The following specific hypotheses were tested:

1, From a comparison of the verbalized rules uced by Ss in Task 1
with the rule they must iearn tc solve Task 2, rank-order predictions of the

' speed qi solving Task 2 can bz made,

2, Perceptusl similarity of the cues in each task should lgad to
faster zolution of Task 2 than perceptual dissimilarity of cues,

3, When the stimuli of two tasks are not cbvicusly similar and Ss may
not suspect that the two tasks are related, instructions stating that the
two are related should facilitate the speed of solution for Task 2,

4, When two tasks axe perceptually dicsimilar, the predicted transfer
effects should occur only umong those Ss who consciously relate the two

tasks, There shculd be uo transfer effects among those Ss who do not

3

consciously relzte the o *asks, That is, their behavior should not be

distinguishable frca that of th2 83 in a coutrol group,

Method

Task stiruli., The training task in this study was essentially the same

as the task used in Experiments I and I, There were two nminor changes:
1., A small black circle and small black square replaced the red cross
and green cross,

2. The stimuli were presented to S on individual cards, The transfer

task used 3 x 5 stimulus cards on which a circle, square, triangle, and
rhombus appeared, Either a 1, 2, 3, or 4 appearcd within each geometrical

figure, The numbers within the figures replaccd the four coordinates in
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the training tesk., Only two of the four figures were relevant, The correct
rule to obtain k (criterion response) was the sum of two products, either:
(a) 2 (numker in the circle) +1 (number in the square), or (b) 2 (nunber in
the triangle) +1 (aumber in tpe raombus) ,

presentation of stimuli, After the subject(S) rcad one of tkice sets

of fq}l—instructions, tne experimonter gave him stimuli for Task 1 one at a
time, The 8 gave hig nvmerical response and the rule he was using on each
trial in both tasks, After attaining criterion in each task, E switched the
formula by reversing the weightings of the two relevant cues, In neither
trsk was the subject informed that a switch was being made, nor wag he alloved
to agk questions ot this time, This switching of rules was included tq
investigate the transier effects of a first reversal siift to a second,
After solving th: first tosk and its shift? the esubjact was read the instruc-
tiong for Tack 2 crd “ogan it immediately. Pozt-exiperimental interviews

wsre conducted aftor eac@_task,

Experimental cdecipn, Tie four sets of instructions were: (a) full-

infcamation row [k=2 (rov of the circls) +1 (rcw of tae square)], (b) full-
informatica column [L=2 (column of the circle) +1 (colurn of the square)],
(c) full—informatiyn algebraic, and (d) a soluwticn 4n wiicn the 2:1 weighting
wac only implicit, Tassu g2ts of innt;uctions wara suzgesited by verbaliza-
tions of tae sudjects in Txparirant I, In thie gonce, the instructions glven
were seccnd gencraticu cciutilons to the provlem, Yhe three types of transfer

task were diffoventinted by (a) correct formula, and (b) lInowledge of the

relatednces of the two tasks. Thare were two types of correct formula:
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(a2) 2 (number in circle) +1 (number in square), (b) 2 (number in triangle)
+1 (number in rhombus), The third type, also given Formula 1, included a
hint that thg training and transfer tasks were related,

Design, This generated a 4 x 3 factorial design, with both factors fixed,

Subjects

Five 8 were run in each cell for a total of 60 experimental 8s,
A control group of 20 Ss was also run, half solving each of the two formulae,
The control group was allowed to warm up on a neutral memory task, before

working on Task 2,

Results

The data for the study have not been completely processed, An effort is
now being made to scale Ss into positive, negative, and no~transfer groups
on the basisvof what they sald they attempted to relate from the first to the
second task, The rest of the data is still being analyzed, The following
tentative conclusions can be made;

(a) Hypotheses 1, 3, and 4 were confirmed,

(b) The conclusion about hypothesis 2 is not clear, It seems that
perceptual similarity of cues facilitates performance if the
verbalized principles of solution are similar for the two tasks
but that it has no noticeab}e effect on transfer if the verbalized

principles are not similar,




Chapter Three
Learning How to Learn Under Several Cue Conditions

%
Dale Mattson

Kok
gtatus: COMPLETED--See Technical Report No, 1

Purpose

This wae an experimental study with two major purposes, The first
objective was to determine the effects of several kinds of training on the
subsequent masteyy of a modified form of a problem solving task developed
by Azuma (1960), The second major purpose was to evaluate the usefulness of

cue~response criterialities in explaining transfer effects,

Hypotheses

’ 1, Taree kinde of transfer effects can be identified and compared:

an effect assoq}ated with cue repetition, a learning-to-learn effect, and a
warm-up effect,

2, Cue repetition is expected to result in a negative effect under a
condition similar to a nonreversal shift (relevant cues during training
become irrelevant during the criterion task) and a positive effect under a
comdi?icn in which the same cues are relevant for training task and criterion
task,

3, On the first trial of the transfer task, single-trial criterialities

. will be higher for cues previously relevant than for cues previously irrelevant,

*This study was done in partial fulfillment of the requirements for a
. Ph,D, degree.
ok
Mattson, Dale, Learning How to Learn Under Several Cue Conditions,
USOR-Title VIXI Project No, 2-20-003, Technical Report No. 1, August, 1963,
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Design, The design of this study was a factorial design involving two
degrees of similarity between training tasks and the criterion task, and
three .degrees of similarity between the cues used for the training-task and
those used for the criterion task, In addition to the six groups (16 Ss
per group) necessary for this design, an additional group of 16 Ss was u‘sed
as a.control group, These control.Ss performed only the. criterion task,
The entire experiment was duplicated-—-once using large group testing pro-

cedures and once testing groups of either 7 or 14 at a time,

Subjects

~

The §_s_£br~this_experimt—wre—all~nndergradnare~oallege _students,

For the first experiment in which large group testing prncedurés were used,

the Ss participated in the experiment as a part of a course requirement either

in psychology or in educational psychology. For the second experiment all

Ss volunteered to take part,

Results

Thfa results of the study may be summarized as follows:
i, A learning to learn effect was identified, Those Ss that received
training on a series of training tasks similar to the criterion task solved
the criterion task in fewer trials than Ss for wham training tasks were not
similar to the criterion task,

2, No transfer effect was found for the similarity of cues between

the training tasks :i}nd the criterion task, For some Ss relevant and

i
;
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irrelevant cues remained constant for all tasks{ for some Ss relevant and
. irrelevant cues were reversed on the criterion task; and for some Ss completely
new cues were introduced during the criterion task, The number of trials

needed to solve the criterion task was not affected by any of these three cue

conditions,

-

3. A warm-up effect was identified, Subjects who performed a series of
four tasks quite different from the criterion task, using four cues unlike
those used on the criterion tasks solved the criterion task in fewer trials
than.§s‘in a control group,.

4, The use of the same two cues in the solution of a number of training
tasks resulted }n an increased use of these cues on the first trial of the
criterion task, The criteriality (correlation) between cues and responses
was higher on the first trial of the criterion task for cues whiqp had
previously been relevant than for cues which had been irrelevant,

Since no differences were found between eXperiments for all tables data

from both experiments was combined,




Chapteir Four

. The Effects of Sequence and Structure
on Complex Concept Formation

Daniel Davis and L, M, Stolurow

t 3
Status: COMPLETED--See Technical Report No, 4

Purpose

Since there are severel different principles that can be invoked in
structuring or sequencing the training trials of a task, it is ;mportant to
know the transfer effects produced by the different principles, In this
study, four groups of Ss were given different training conditions as specified
by four different principles in order to determine the effects produced in

the learning of a transfer task,

Hypotheses

Th?ee questions were examined:

.;.. What ie the effect of adding asynchronous trials?

2, What is the best order of presentation of the asynchronous (A)
and synphronous (S) training trials?

3, During the asynchronous trials, is it better to present the more

relevant cue varying first?

sk
é Davis, Daniel J, The Effects of Sequence and Structure on Complex
| Concept Formation, USOE-Title VII Project No, 2-20-003, Technical Report
No, 4, January, 1964,
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Method

Several ways of structuring and sequencing th2 carly trials of a
complex task were ccmpared, Four experimental groups receiveq.hoth structured
(asynchronous) and unstructured (synchronous) training trials, The asyn-
chronous trials were divided into twc segments: A-MAX (the more relevant
cue was free to vary) and A-MIN {the less relevant cue was free to vary).
The four experimental conditions were generated by the different squential
orders of presenting the structured and unstructured trials ﬁA-S VS, STA)
as well as the two types of asynchrouous trials (MAX~MIN vs., MIN-MAX), A
control group received only synchronous training,

The task was the same as used by licHale and Stolurqy (1962), Each S

was gilven 160 presentations in five blocks of 32 trials. The desizn used

is in Table 1,

Table 1

Experimental Procedure

Training Task

(1-32) (33-64) (65-160)
Exp, 1 A (I1IN-MAX) S S
EXp. 2 A (MAX-MIN) S S
EXpﬂ 3 S A (MIN-MAX) S

R

Exp, 4

_ | A (MAT.-MIN) s
Control r g : ‘\\\\ S ' S

—

R 1
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Subjects

Subjects were taken from the Introductory Psychology course at the

University of Illinois, There were 11 subjects in each treatment,

Results

It was found that asynchronous training did not significantly Ilmprove
performance, It is felt that this lack of improvement was due to the

following two factors:

1, The lack of generalized learning qu to training on only one
member pt the class of asynchronoug blocks,

2, The over-emphacis of the less relevant cue,

For the experimental groups, it was found that the presentation of
synchronous Fraining trials prior to asynchronous training did not improve
performance, Thersfoxe, the hypothesis that this would aid transfer by
familiarizing squects with the transfer tesk prior to synchronous training
was not founded.

It was found that presenting a sedquence in which the maximally pertinent
cue varied first (A-MAX condition) led to improved transfer task performance,
This is an indication that the order of training on a comple; task should
proceed from the more‘?elevant to tke less relevant aspects,

Further research, The conclusions arrived at in this experiment will

serve as the basis for future investigations, In particular, the following

questions are of interest:
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1, How does the type of asynchronous training affect transfer? On
the basis of this experiment, it is expected that training which involves
only maximally pertinent cues ghould be superior to tﬂat which involves
only mipimally pertinent cues,

2, How does the amount qﬁ asynchronous training affect transfer?
There are several issues here, First, there is the question of how much
training should bg‘given for each type of asynchronous block (fixed cross in
a given positicn),

Second, there is the question of how'many types of asynchronous blocks
should be presented for optimum transfer, These two questions relate to
the multiple problem training issue as discussed by Morissett and Hovland,

Third, there is the question of apportioning training among the more

pertinent aspects, 1Is it better to decrease the amount of training for the
1ess pertinent aspects of a problem as compared with the more pertinent
aspects? There is some slight evidence that this is the case, However, a
direct test pf this hypothesis is necessary before a definite conclusion
can be yade.
3. How does the order of asynchronous training affect transfer?
It was demonstrated in this experimentifhat transfer is greater when the more
pertinent cue is allowed to vary first, This suggests that there is an
order relationship in training which is based on the relevancy of the aspects,
That is, the more relevant. or pertinent aspects should be presented first,
This should be demonstrated for the case of three or more aspects,
each di!!er@pg in their relevancy to the solution before this order effect

i8 accepted,




AVERAGE CRITERIALITIES

AVERAGE CRITERIALITIES

. 15

. 15

Figure 1 A: Average Criterialities of the (A-S) Groups and
the Control Group

TRAINING TASK /a

+ \ /'y
. Nas ,
AQ d
\ S /
T N e KEY
s \\ 7/
1 ‘. 4 A -Control
\ ® -Exp. 1 (Min-Max)
*\ B -Exp. 2 (Max-Min)
L ] \
t ?s 4 t +
1-32 33-64 65-96 97-128 129-160
TRIAL BLOCKS
Figure 1B: Average Criterialities of The (S-A) Groups
and the Control Group
]l  TRAINING ~ TASK / o
/E/ ol
-t //
/‘ g/
A | -
T ﬁ“\ @/ il /A
v s
f; ”
1 //, &
Sm/,/ $
I A/ KEY
s #
1 sd & - Control
© - Exp. 3 (Min-Max)
g - Exp. 4 (Max-Min)
)
+ % ; “& > fM-
1-32 33-64 65-96 97-128 129-160

TRIAL BLOCKS




Table 2

Summary of Analysis of Variance

of Task Scores for the
Experimental Groups®

L.

Source SS d. f. MS F
Between Subjects 33.383 43
A(S-A Order) . 858 i . 858 1,188
B(MAX-MIN Order) 3.180 1 . 180 4, 404D
AXB . 447 1 . 447 . 619
Subj. within grps. 28,898 40 . 722
Within Subjects 18.112 88
C(Trial Blocks) 6.781 2 . 391 24, 396¢€
AXC . 050 2 . 025 . 180
BXC .162 2 . 081 . 583
AXBXC . 021 2 . 021 . 079
* C X Subj. within
a groups 11,098 80 .139

aThe K-criterialities were transformed to Fisher-2 scores for this analysis.

bF. g5(1, 40) = 4,08

cF.g9 (2,80) = 4,92
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Chapter Five

The Use of a Model and a Generalized Preview
to Facilitate the Learning and Retaining
of Complex Scientific Materials

*
M, David Merrill

ek
Status: COMPLETED--See Technical Report No, 3

Problem

There is need for guidance in the organization of materials to promote
learning and transfer, Several competing principles exist in the case of
education and educational psychology,., Programed instruction provides a
useful medium for the examination of these principles since they can be
used to preparec self-instructional programs and the effects can be readily
determined in terms of performance differences of students, This general

problem was cxamined using Ausubel's subsumption theory,

Hypotheses

Based on Ausubel's subsumption theory and its implications for the usc
of advance organizers, it is hypothesized that presenting a model and/or
a preview prior to the presentation of complex verbal materials will

ook ok
facilitate the learning and retention of those materials,

*This study was donc in partial fulfillmont of the requiremonts for a
Master of Scicnce degrece in cducation,

**Mcrrill, M, David, Learning and Rotontion Effocts of a Modol and a
Previow in Teaching an Imaginary Scienca, USOE-Title VII Project No, 2-20~003,
Tochnical Report g@.‘g, Nbvember, 1963,

L

W
Experinental program is on file in Univorsity of Illinois Library
under tho title 'Xenograde Systoms: An experimental progran' by M, David
Merrill (unpublished),

iR e g
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Experiment 1 , |

Subjects

Four groups of high school students were divided into high and low
IQ groups,

Method

Group 1 was presented a model and a preview prior to learning a comp%ex
imaginary science; Group 2 was presented the model prior to the science apg
received a review in place of a preview; Group 3 was presented a preview |
prior to thg gscience; and Group 4 was presented only a review but no mode}
or preview, The sgpe mode of presentation was used for all groups -~ 1inégr
programed booklets, Students were tested both immediately after completigg
the program and two weeks later, |

Experiment 2
Subjects

Two groups of college students learned the materials that were learned

by Groups 1 and 4 in Experiment 1,

Method

The mode of instruction was by MIN-MAX teaching machine, The subjects
were tested immediately following learning, |
Results

Results indicated no significant main effects; there were two signifjicant
interaction effects: (a) retention as measured by Application items was hgst 3
for high IQ students when presented a model but best for less gifted studqgts
when no model was presented; and (b) retention as measured by items measuripg

Taught Knowledge was best when no model or preview was presented and poori;t

when only a model but no preview was presented, Thus, this theory did
not prove to be useful and, in fact, indicated that the opposite practice :

should be followed, ' |
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Implications, An analysis of test performance secems to indicate that

the teaching machine program was effective in teaching knowledge of termiﬁplogy
and knowledge of specific facts, but wqg ineffective in teaching under-
standing necessary for problem solving, It was suggested that before one

would be justified in failing to reject the null hypothesis, one would want

to replicate the experiment with a revised program that would enable studéqts
to attaip a higher level of understanding as measured by problem solving

ability,




Chapter Six
A Study of Transfer Effects of Verbal Learning
... M. Stolurow and George E, Brehman

Status: Report is being written

Purpose
A study of mediation under a special get of conditions, namely, when

directional associations exist between the individual words in two serial

1ists, The effects of this relationship between words is being examined in
terms of (a) transfer to the second 1ist, and (b) the recall of both lists
following their mastery, The study would extend a mediational interpretation

of transfer by revealing the potential duality of effect that can occur it

the terms used in the two lists are both cues and responses to the corresponding

word position in each list,

Hypotheses

The hypothesis tested was that bi-directional associates will produce

inhibition rather than facilitation of the mastery of the second list,

Me thod

The initial and trensfer 1lists "A" and "B" were presented by visual
projection, The words in each serial 1ist were presented for an interval of
approximately one and three fourths seconds, Three experimental conditions
were presented, The first, or E-1, condition consisted of an "A" 1ist whose
words were positiqpally opposite bi-directional associates of the words in the

gtandard "B" 1ist. The second, or E-2, condition consisted of an "A" list
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whose words were bi-directional associates of the words in the standard "g"
list but random as to position, The third, or Control, condition consisted
of an "A" 1ist whose words were associationally neutral with regard to the
standard "B" list but equal in difficulty and average syllable length with
regard to the "A" lists of conditions E-1 and E-2, Equation as to difficulty

was achieved by use of the trigram frequency method,

Subjects
Volunteers from student teacher sections of Educational Psychology 211

were randomly assigned to the three experimental conditionms,

Results

Obtained data indicated that, in contrast to earlier findings by
Stolurow and Swenson (unpublished study), under uni-directional association
conditions; n egative transfer does, in fact, occur when the words in the
gsecond list to pe learned are bi-directionally associated with the words in

the first list, In addition, accuracy of recall was found to be less when

the associates were not opposite from one another but not significantly affected

when the associates were placed opposite to one another,
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»

Experimental Conditions for Learning and Transfer

Experimental Groups

Control Group

E-1 E-2 C
List A List B List A List B List A List B
10 stimulus 10 response 10 stimulus |Same 10 10 neutral | Same 10
words from words from words from |response words response
free association |free association| l1list A in words in equated words in
lists lists matched E-1 but same order |with list A | same order
as to position random in as in E-1 in experi- | as in E-1
across lists their order mental
groups as
to diffi-
culty and
syllable

length

O T T
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Table II vI-4
Experimental Condition Means and Significant Differences
Measure E~-1 E-2 Control F H
List A Trails to Criterion 13,65 12,60 17,94 2,87 -
List B Trails to Criterion 9,65 10,60 7.84 - 10,81%*
List A Accuracy of Recall 9,05 5.90 8,56 5,75% -
List B Accuracy of Recall 9.85 9,80 9,87 - -
Errors-Actual and Potential 2,45 v,00 2,00 3 . 59%% -
Inter-1ist Association Erfors 0,50 0,00 0,00 - 9,20%%
Intra-l1list Associatioq Errors 1,20 2,90 1,12 5,98% -
Note: E-1 N is 20 Note: #*significant at ,01 level
E~-2 N is 10 *ksignificant at 05 level
Con,N is 16
Table III
Experimental Condition Standard Deviations
2 'S
Measure E-1 E-2 Control X X (,05)
List A Trials to Criterion 5,41 6,65 7.22 1,42 5,99
List B Trials to Criterion 4,89 3.27 5,66 8.32* 5,99 |
List A Accuracy of Recall 2.16 3.45 2,06 3.85 5,99 ;
List B Accuracy of Recall 0,37 0{63 0,35 - -
Errors-Actual and Potential 2.58 4,03 2,48 3.56 5,99
Inter-1ist Association Errors 0,76 0.90 0,00 - -

Intra-1ist Association Errors 1,38 1,79 1,15 2,21 5.99

Note 1: d.,f, equals two for all measures
Note 2: *sgignificant at ,05 lsvel
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Chapter Seven

Experimental Analyses of Three Patterns of
Presenting a Standard Logic Task

Lawrence T, Frase, L, M, Stolurow, and David Suh

Status: Analysis completed.

Purpose
To study some specific ways in which the learning of logic transfers

to problem solving (as defined by application test items),

Hypotheses

-

The study was concerned with the validity of branching sequences,
More specifically, it was a study of the effects of presumed "remedial"
branches on learning and transfer, The branches of the program were
prepared in the usual manner, by having the programer (an experienced
* teacher) insert materials that students would read if they made an incorrect

response,

Students

Three groups of students earolled in an introductory course. in
philosophy, totaling 141 people, were subjects, In addition, 23 students

enrolled in a speech course were included for an additional comparison,

Method

The patterns of presentation of the logic program are the independent

variables to be investigated in relation to learning and transter, All Ss
read the same material in Book I, After that, they received different

. treatments as indicated in Table 1,




Yable 1

Programing Pattern (Main Treatments)

Maximum Linear Minimum Linear Branching

Books Books Books

1 I11

Dependent Variables

i
1{2;3i4 (5 |6

The dependent variables used to measure transfer were application anq

knowledge items cn the test administered after the program was completed,

Results

-

Analyses of variance, Analyses of variance indicated that there were

no significant differences between groups using the branching, maximum
linear, or minimum linear programs on any of the dependent variables or on

pretest measures of logic performance,

*The arabic numerals 1, 2, 3, 4, 5, and 6 represent the following
respective measures; pretest scores on knowledge and application of logic;
errors made in the program; scores on a review test; scores on a post-test
of logic; the gains made in application (pretest/post-test differences);
the gains made in knowledge (pretest/post-test differences), The same Book
I was used in all groups,




' &

VII-3

Auxiliary analysis of variance, An additional comparison group was

included to provide an index of the amount of improvement of students in
philosopihy courses as comparcd to those in courses which do not pursue
topics directly related yo the content of the programed logic materials

used in this experiment, In addition, it was desirable to verify that
consistent differencgg could be obtained between groups divided on the basis
of academic pursuits, With such group differences in pretest performance,
further experiments could be conducted (factorial and discriminant analysés)
to indicate specific agabilities which contribute to superior performance in
logic tasks and/or information would be gathered concerning the effect of
further classroom logic experience,

For purposes of this comparison, a group of 23 students from a classi
in introductory speech was included in the analysis, Pretests of logic
indicated that the speech group did not differ significantly from the
three groups of philosophy classes,

The speech group was significantly lower than the philosqphy groups en
the post-test of logic (both knowledge and application items), The Speech"
group was aleo significantly lower on the amopnt of gain (post-test nminus
pretest scores), but oq}y oa knowledge items, These results are summarized

on the following pages,
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Table 2

Means and Standard Deviations for lLogic Post-test Scores
and Gain Scores

. Logic Post-test Gain Scores
. Total Application | Knowledge Total Application | Knowledge
Group X sp,| ¥ s8p,| ¥ s8p.| ¥ s8b.] ¥ s8.p.| % 8.0,

Philosophy 1 | 22,57 6,75(29,16 5,06 |51,73 3,18 | 2,02 5,65 32 4,41 (8,52 3,38

Philosophy 2 | 23,09 7,65/28,28 5,45 i51.57 3,22 | 8,84 5,50 ~,38 4,36 |8.,64 4,30
Philosophy 3 | 22,62 6,90|28,76 4,73 fi51.38 3.21 | 8,26 5,63 .44 3,75 8,36 3,69

Speech 17,22 26,70|23,22 16,30 ;40,43 12,37 | 4,36 7,95| 1,22 4,76 | 3,48 3.65

Table 3

Analysis of Variance for Post-test Knowledge Itcms

Source S8 DF MS F
Between 614,80 3 204,93 6.86*
Within 4780,15 160 29,88

Total i 5394 ,95 163 )

*Significant at ,Cl level,




Table 4

Analysis of Variance for Post-test Application Items

Source SS DF MS

Between G17.28 3

Within 9432,33 160

Total 10049.61 163

¥Significant at .01 level,

Table 5

Analysis of Variance for Total Post-test

Source SS DF . MS

Between 2447 ,34 3

Within 24573 ,65 160

Total 27020,99 163

*
Significant at ,01 level.

Table 6

Analysis of Variance for Gain Scores (Knowledge)

Source SS DF MS

Between 501,27 3 167,09

Within 2301,09 160 14,38

Total 2802,36 163

*Significant at ,01 level,
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Table 7
Analysis of Variance for Gain Scores (Total)
Source : sS DF MS F
Be tween 2447.34 | 3 815,78 5.31%
. j .
\ithin 24573 ,65 160 153,59
Total 27020,99 163 '

*
Significant at ,01 level,

It seems reasonable to conclude from these results that the philosophy
groups were superior in logic performance, This result can be attributed,
to further class experience in logic beyond the subject matter of the '
programed logic texts used in this experiment, The significant differences
in knowledge without commensurate gaing in application item performance

indicates that, although students in rhilosophy may gain more in knowledgp

of the subject matter with which they deal, this does not mean that they make

superior gains (relative to groups not studying philosophy) on items which'

provide a measure of transfer (application items).

Pretest
Students who scored high on application items of the pretest tended ﬁo
make fewer errors on the program than those who did not score high on

application items, Application items of the pretest were better predictors

of the number of errors a student madc in tho program than knowledge items,
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The correlation of application items with the number of errors made in
the program wasﬂ-.435 the correlation of knowledge items with errors,
however, was -,22 (N=1Cl). These results are for Book I of the logic
program, but the results were in the same direction for Books II and III,
although the third book had the lowest correlations among those variableg
(knowledge x errors; r=-,15 (non-significant) application x errors; r=-,25),
The pretest total score correlation with errors in the program
reflected these correlations, The correlation of the total pretest
with‘errors in thg program for the threec books was; I, r=-,37; II,

r=-,40; III, r=-,39,

Review Test

The review test scores of the three booklets were also correlated
with the errors in the program, For Book I, the correlation was -,38,

for Book II, -.37; and for Book III, -,49, Again, N=161,

Pogt-test

Errorsg in the program were more highly correlated with application
items on the post-test than with knowledge items on the post-test,
Application items tended to be consistently related more highly to errors
in the program than knowledge items, which represent simple recall of
information, The correlations of knowledge items with errors in Books I,
11, and II, were -,40, ~,31, and -,32 respectively, The correlation of
errors in the programéwith post-test application items was, for Books I,

II, and IIX; ~-.,43, - .47, and -,37 respectively: N=154,
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For the total post-test score, the correlation with the number of
errors made in theapgpgram was, for Books I, II, and III respectively;
-.50, -,48, and ~-,41,

These data are consistent with the data obtained by Frase (1963) using
Booklet I of the logic program. These correlations are statistically,
and what is more important, practically significant, For one thing,
they show that application items seem to have the greatest import for usef‘
in predicting and assessing student performance, The correlation of the
knowledge and application test scor:s on the pretest was .16 (non~-significgnt);
on the immediate post~testi the correlation was 033; and on the reteqﬁioq
test (here N=57) the correlation was qptually ~,25 (significant at ,05),
This result is especially interesting. This suggests a highly specific
sort of learning, It secems that students who retaineg the material the
best were the least able to transfer their knowledge., This effect only
occured sometime after the initial learning experience, since the correla-
tion at the time of the immediate posyrtest was in the opposite direction,
At best, this is a bothersome finding, Further, consider the knowledge |
and application‘items of the retention test as two subsets of the composite
retention test, The Forrelation of the total retentipn test with the

knowledge items was ,92, with the application items .06 (non-gignificant),

This difference in correlations was obtained in spite of the fact that

-

the standard deviations of the two variables were comparable (3.2 and 3.8).
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The number of errors made on one booy tended to be correlated with
the number of errors made on other books, ?he errors on the)first book
with those on the second (r=.39); II-III (,55);, I~III (.36).

The relationship of knowlgdge and application items to the total
pretest score is’not so clear, The correlation of knowledge items ﬁo the
total test was ,59, of application items to the total, .89 (N=161)., In
this case, the standard deviations were 2,9 and 4,8 respectively, which
complicates the picture since the correlation of a subtest with thg total

is in part dependent upon the variance of the subtests in question,

Relationship of the Pretest and Post-test Scores

The correlation of pre-and post-test scores was .62, The pretest
application items were correlated ,62 with the post-test total, while
the pretest knowledge items were correlated «23 with the post-test total
(N=155), Application items were not only predictors of the errors
subjects made in the program, but also of the scores they made on the
post~test,

The correlation of tne application items on the pretest with the
application items on the p?gtwtest was ,63, The correlation of the
knowledge pretest scores with knowledge post-test scores was 24, This
is consistent with the finding that knowledge items contribute the most
to retention test scores, since the difference in these correlations
reflects greater changes in knowledge than they do changes in success of

application items,
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Retention Test Scores

The total retention test score was related to the number of errors
made in the three booklets; the correlation of retention scores with Book
I was ~,32; with Book II -.,30; with Book III -,47,

The total retention test was correlated with the total pretest and
post-test scores (.49 and .63 respectively)., The retention test was more
highly related to application item scores on both the pre-~ and post-tests
than to the knowledge items on those tests, in spite of the fact that
knowledge items contributed largely to the retention test scores, For
the pretest, the retention test was correlated ,07 (non-significant)
with knowledge items and ,56 with application, For the post-test, the
retention test was‘correlated .41 with knowledge items and .64 with
application items,

It will be recalled that the total retention test correlated ,06
with the application items (as a subtest) and ,92 with the knowledge
items, On the post-~test total correlation with the application and
knowledge subtests, the correlations were ,90 and ,77 respectively. On
the pretest, because of variance differgnces, we can most likely assume
that both subtests contributed equally.

It is a particular characteristic of logic materials (in the type
used in the booklets) that to answer any question involving ordinary
language, one must know and apply specific rules, The knowledge and

application items of the retention and post-tests are supposed to index
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the degree to which students know and apply those rules, But the materia;s
of the booklets themselves contain many exampleg of ordinary language
arguments, i.e,.,, examples of application items, This is part of the
instruction, As a student goes through a program, he learns, by repetition,
a series of rules and also a series of application items, Since the progfams
contain a good number of the application items, immediate testing using
applications of rules would most likely yield fairly high scores, Since
the applicaticn items represent a more difficult case of memorizing,

i.e., there are uvemantic contexts involved, students cannot merely memorize
ali possible application items, They can memorize the specific rules

and names of propositions, etc, This means that the drop in scores of
application items (relative to knowledge items) on the retention test

does not necessarily represent a change in the degree to which students
can apply the rules, It may represent the decay of the memory for the
specific application items contained in the logic materials, In other
words, "application items" on the immediate post-test may not be "appli-
cation items" in the same sense as they are on the retention test, They
provide a more adequate index of application on the retention test by
virtue of the very frequency with which they occur in the materials

during the learning experience., In short, the.post-test may not reveal
any true transfer to application items at all, It may merely indicate

that these types of items have been dealt with recently, The relative
difficulty of retaining the application material would be expected to yield

a different decay function than the memory for rules.

o e s e
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