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CHAPITR I
INTRODUCTION

4+ The Purpose

Since the sdvent of the computer, paychologists have been constamtly
peeking ways to relste the functicning of man as a certain type of system to
that of computer-machine systems. If one were to consider the metashysical
suppositions and the empirical realities underlying similarities and
differences between man and machine, it soom beccrws evident that there is
more to nan than there is to the most ulirs-modern of all mechanico-electric
computers. muagthmmmmmucmw@thigw
precigioned, highwspeed perts.

However, the manemschine snalogy can be an excellent schematio-model for
underteking an investigetion into some of the more mochanical aspecte of
man's functionming such ss the leerning of & perceptusl motor skill.

Dember (1960) has described s perceptual system as one which has two
properties simultenecusly: 1) it is sensitive to certain types of energy or
information, and 2) it is capeble when properly stimulated of delivering
mespages thet in turn modify the output of the system. He then defines a
mrmmmmmsmummtom. Input czn be defined
wmwmdngaaymrrmm&hw%mﬂmwu%um%m&, or the
memiahamprwummaamlmcfm.

In the acquisition of a perceptusl motor skill, however, it is not only
1




2
input which facilitates increases in performance, bubt also feedback. English
and English (1958) define feedback in organisms as "the sensory report of the
somatic result of a behavior: e.g. the kinesthetic report that indicates the
speed and extent of a movement." (P. 204)

However, in the human organism, it seems as though certain motor learning
can take place without the ordinary input end feedback which is normally
characteristic of motor learning. Certain studies have been reported in
which mental or imeaginary practice has been shown to be effective in
facilitating significant improvementis in a variety of perceptual motor tasks.
{The reader is directed to Chapter II in which the studies referred to here
are reviewed.)

If the input - feedback - output schematic is to be adhered to in the
light of these studies on imaginary practice, it appears then that a certain
"internal input" and & unique kind of feedback are operative in these
instances.

Powers, Clark and MacFarland (1960) have written a general feedback
theory of human behavior from an initially theoretical physics point of view.
It asppears as though there is agreement between the two types of feedback
presented above, and the Powers et al. conception of feedback. For these
investigations, one type of feedback is wholly internal to a system, involving
closed loops which do not cross the input or output boundaries of the systenm
(much like what would be operative in imaginary practice), and the other is
the type in which the feedback path exists through the output boundary,
passes through ths environment and re-enters at the input boundary, the rest
of the loop being completed within the system. Beth types of feedback can




exiat simiteneounsly.

It sppears, then, that in perceptual motor lesrning, input cen come from
2 variety of sources, such ae vision, audition, touch end imsgination, and es
s result of input, certain output or psrformencs isz noted which in turn
creastes fsedback sllowing the organiem to correct its movement patterns.
This, of couwrse, is a gross simplification of the truly complex process of
lamaming & motor skill in cybermstics terminology, yet it still conveys the
tasic rammer in which input, feecback and output relate in a single system.

“hat is being ettempted in this dissertation is an investigetion of the
conparative effectivenses of different types of practics involving different
amourrbs and kinds of imput and feedback informstion in the acquisition of two
perceptual motor skills. Yore explicitly, this reseerch seeks to compare the
effectiveness of seldom or never used methods of practice with orthodox
mothods in the sequisition snd over-zll improvement in a pursuitmeter task
ard an upside-dovn slphabet printing task. By soquisition is meant the rate
a% which individusls prectice in a particular task.

Bes T:pes of Practice.

The different typee of practice devised for comparison in this study will
be described by the operations perfoymed by subjeets in using each type of
practice, Tach type of practics will slzo be descrited for the sources of
input and feedback information spparently aveilable to the sudbjlects. All of
the differant types of practice will be applied to the zlphsbet printing tesk
and the rotary pursuit task with specificstions concerning number of trials
practiced, length of trisls, etcs to be given in a discussion cof procedure.




1. #Actual Orthodox Practice (AOF)

The orthodox memner of practice for the pursuitmeter task would
conpist of actively pursuing a revelving metal disc embedded in 2 .aiwalar
masondite tumtabls top with a flexible handle wire stylus. The orthoedo::
motmey of practicing the alphabet printing task would consist of actually
printing the capital letiers upside down, from right to left in each line on
a sheet of peper so that if the preper were lmverted, the letters would appear
right side up snd in alphabeticsl order,

vhat sources of inforrmmtion are aveileble to a subject as he uses Actual
Orthodax Practice in learning the pursuitmeter task?

To begir with, the subject visuslly tracks the metal disc as it revolves
st 8 constert speed of 60 rpm. “hen 2 resdy eignsl is given and finally a
stert signsl, the stylus is dropred upon the turnteble end a continuous
seriop of modifications between input in terms of where the disc is seen to
te and outpud in terme of pursuing the dise with the stylus are effected. The
nodificetions are reslized by muscular movements as 2 resuli of visuo-mwior
feadback concerning error or discrepancy between where the stylus is and whers
it should be in order to make contect with the disc. Yhen a neive subject
mekes 2 "hit" or in other words, effects contkot between the disc axi the
stylus, & "click” can be hsard from the timing mechanism being engsged. This
is o further source of informstion being fed back to the mbject for it tells
him of success in terms of an amii'bmj' rate. Then, too, he can see the disc

and the stylus meke contacte The movements are a continuous serles of
atterpts o reduce error and increase the amount of time on target. This
procaedure is repeated for so many trisls per day for sc many days.




5
- These, then, appear to be the szources of input and feedback for purcult~
meter leaming by Actual Orthodox Practics.
Einds of Input and Feedbaok:
Visual:
1. Seeing the disc revelving,
2. Seeing the stylus hitting the dise.
Auditorys
1. Hearing clicks as & "hit" is made (thus the smuibject
knows how well he is doing).
2. Hearing soratohes as the stylus pursues the dise.

Masculars

1. Arm muecleg moving and reporting feedback As

2. Hand muscles moving and reporting feedback corrective

3. Eye muscles moving and reporting feadback movenants are

being effected

How do input and feadback operate in a subject who is using Actual
Orthodox Practice to learn the alphabet printing task?

The subject is confronted with & blank piece of paper upon which he is tq
print the letters of the slphabet which he knows fyom rote memory as well sy
it is possille to know snything in upsiéa down positions. The subject must
use his memory of the letters as 2 basis for printing the letters upside down
according to the instructions. HNot considering the instructions, then, the
initial input in this case thue arises from inside the organism. vhen the
signal to start is given, the subject uses past knowledge of the letlers in
their normal positions to prinmt them in the inverted oxder. As the subject




6
prints 2 letber, visusl and motor feedback ere availeble to him, If there is
no diserepancy or error betwsen the inverted engranm (as devised by the msmi(
end the visuo-motor feedback conserming vhat has been printed, he can contimue
to the next letter.

Mr can emter into the system in two ways: 1) o letter is incorrectly
inverted as it becomss input into the system, in which case motor
coordingtion or output wiich prints the letter will find no error; and 2) vhen|
2 lstter is correctly inverted es it becomes input but coercion of muscular
pattern by virtue of hebituation causes an incorrect character to be printed.
The system may or msy not detect the srror depencding on the self-initiated,
tagk~deternined speed of output, which if slow would make the system move
likely to be sensitive to incongruities between input, output, and feedback.

Once the O hes corpleted & trial, he is esked to count the total muber
of characters thet he wms able to acoomplish in that trisl. The information
83 to how well he is doing (in terms of the mumber of letters sceomplished )
also serves as feedback to the subject so that on the next tyial, he seska to
better vhat he has done previocusly.

These, then, sppear to be the sources of input and feedback for develop~
ing performance improvement in the alphebet printing task bty Actual Orthodox
Practlioe:

Visuals

1., Seeing the printed latter.

2., BSeeing the pen mske the letter.
Auditory?

1. Hearing the pen as it mekes sounds.




Muscular:

1. Arm muscles moving and reporting feedback Ag corrective
2. Hand muscles moving end reporting feedback mmmm are
3. PEye ruscles moving sand reporting feedback baing effected.
Enowledges

l. Enows how many characters he has primted.

The other types of practice to be considered will deviate from Actual
Orthodox Practice in terms of the guounts and kinds of input and feedback
available for schieving increasesg in performence efficiency.

2, Imaginary Practice (IP)

Holt (1564) has recently shoun that the topie of imagery is making
& slow bub rother succesaful return to the psychologicsl goene. In this
axperiment, svbjects using Imaginary Practioce to learn the two taskes under
coneiderstion will be requested to imsgine the movements which would be
recessary Lo scoemplish the desived end. In the pursultmeter tesk, then,
subjiects would have to imsgine meking the clroular arm movements thaet are
necessayy to make contact with the revolving disc. Just as subjects using
AOP must leam o meke the circuler am movements, so too must the subject
using IP effectively follow the diec with hie eyes a8 it revolves and imagine
e arm moving in a circulay pattern in order to meke contact with the disec.
He must be able to achieve thie without actuslly making any movementa of the
arm or hand,

The input involved here is entirely imterior to the gystem as it
functions. However, there sre conbingencies operating which force one to
look mors closely at the question of Imeginary Practice in terms of input and




feedback,

Freeman (1931) indicated that mental work, and imsgination is generyally
recognized ag & kind of mentel work, wes accompanied by wﬂatim in muscle
tensions, He had <btained photogrephic registration of the thickening of
several muscle groups during mtal work. This indicated some valid and
inportant evidence of the spread of neurcruscular sctivity during mental work,

Muscle action potentials have not only been found in genereliped mental
activity. Joocobsen (1929) found that in subjects trained in tha subtle art
of "progressive relaxmbtion,” wien in z relaxed set and told to imagine doing
any onz of a mumber of nctions, & definite sction potential vas recorded in
the specific muscle group imvolved in the imaginery action.

The average value action potentisl found for imagining 1lifting & 10
pound weight although uncorrectsd for error wes Ll microvolts. The eversge
value action potential dlso uncorrected for error from the right bioceps
brachial region in such tasks a2 imagining cliridng 2 rope, imegining puwwping
a bicycls tire, imsgining chimming omeself and & mmber of other imaginery
tasks ves about 26 microvolts,

The discovery that action potentials exiet in electrodes cormected with
gpecific miscles during the process vaz’ imeginetion or reccllection of scms
rmgcular movenent loglcally leads to the question of whether the fibers
involved actuslly econtract,

Jaccbean (1929) designed m axperiment to answer the question which he
hed set. He arranged a lever so that under controlled conditions, flexion of
the right srm could be magnified shout 80 times and recorded photographicelly
along with the sction potentisl curve.
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The results indicated that after a signal for the subject to imegine
steadily bending his right arm or to imsgine 1lifting a 10 pound waight in a
1ike menmer, the lever records a flexion of the arm. Cenerally, ﬁhe flexion
ié of microseopic extent. ‘hen a seemé signal wes given, the subject was
jnstructed to relex any muscular tensions present and the lever would
suddenly return to the position it had while the srm vas et rest. “hen
control trizls were conducted in which subjects imsgined bending the left amm
or lifting the welght with that arm, no microscopic flexion of the right axm
and no action potentials were noted or recorded from the right biceps reglonm.

Aftor weighing his evidence and that gleaned from other phyeiclogical
litercture, Jacobsen concludes that the detection of action-potentials in
mscles during a process of imegining their movement slvays signified the
presence of the shortening of musculsr fibers.

The speculstive question to be proposed here is this: If specific
musele fibers have been shown to shorten during imasginary movement of those
muscles, can one logically expect that some afferent fiters sssocizted with
or nesr the muscle fibers being shortened constitute s type of implicit feed-
back to the central nervous system concerning the mcvement imegined? Is this
the means by vhich subjects learn dart throwing when they lesrn by imagining
the task? Do these minute efferent action potentisls give rise to gradusl
refinsment of motor movements with the sid of implicit microseoplic afferent
potentials through some anslytic centrel nervous system action?

In the alphabet printing task, the subjects would simply imsgine printing
the letters of the alphsbet upside down without actuslly making any novements}
The same points considered sbove for the pursuitmeter task sre applicable
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heye and a rehashing of them would simply be redundant.

In order to meaningfully compare the results of the alphabet printing by
AOP and IP, the mmber of trials practiced would be the same. The ?sam point
can be made for the purswitmeter task although the two tasks will not have &n
equal nurber of trials per day or an equal mumber of days practice. This last
point will be explained more fully in a description of the progedure followed
in the testing of subjects in the two tasks.

3. Imaginary and Actusl Orthodox Practice (I+AOP)

The subjects practicing the two tasks in this mesnner would spend one-
half of their triale per day in Imaginery Prectice as described previously
and one-half of their trials per day in Actual Orthodox Practics. They would
simply elternate types of practice on slternate trials. The total number of
trials per cay end the total number of days practice would be the seme as the
number of trials and muber of days used in Actual Crthodex Practice. In
using this type of practice, cme cen gauge the effectivensss of a combination
of the input ond feedback described in AOP and the speculative internal input
and feedback described in IP,

i« Reduced Actual Orthodox Practice (RACP)

The subjects using this practioe orientetion would have the same
types of input end feedback availoble to them ga the subjects in ACP but the
amovnt of AOP would be reduced by one~half. The subjects in this group would
actuslly practice as much as the subjects in the I+AOP group.

5., Continuelly Correct Practice (CCP)

A question which has presented itself to this experimenter while

reading about the corresctive, error-reducing function of feedback is this:
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How much would increeses in performance be fscilitated by practicing the two
tasks under consideration if zll the movements being mede were continually
correct? |

In learning the pursuitmeter task by Continually Correct practice in a
rigid, non-flexible handle wire stylus would be solidly attached to the metal
disc. Subjects would hold onto the handle and the tuwrnteble would begin to
turn st 60 rpm. 2s 2 subject holds onto the stylus handle, he cen make 100%
contact with the disc by simply helding onto the stylus hendle which is
solidly sttached to the disc as the disc revolves and the stylug pivots ebout
tha disc.

Subjects learning the alphabed printing task by this methced would first
print the capital letters of the alphabet right side up and from left to righ
on & nage. They would then turn the vapge upside down so that they would be
confronted with 21l the letters of the alphabet as they look upside down. Thd
subjects would practice for the same nurber of trials per dsy for the same
number of days es subjecte «f the ACP group by tracing directly on top of the
upside down letters before them.

14th this type of practice the feedback coming into the organism as a
result of movements completed is not reporting error but rather & continual
peries of correct movements. Theoretically, the only visvo-motor feedback and
knovwledge of results which cen be reported back intc the gystem is ervor free
%411 this type of practice be more effective than the fosdbsck in AOP
which reports errors or discrepancies between the desired and the present
stete? This is essentially what is being investigated by thils means of

practice,




6. Imitation Practice (ImP)

This type of practice is patterned after AOP. In the pursuitmeter
task, subjects using Imitation Practice would have & rigid handle wire stylus
with which they would pursus the disc. However, they would only be allowed to
pursue the disc an inch or so above the revolving turntable. In this way,
they emulate or "imitate® AOP but they would be lacking certain input and
feedback.

The sources of input and feedback would be:

Visual:

1. Seeing the disc revolving.

2. Seeing the stylus above the disc.

Muscular:

1. Arm muscles moving and reporting feedback As rough

2. Hend muscles griping and reporting feedback corrective

3. Eye muscles moving and reporting feedback movements are
being
effected.

Knowledge of Results:

1. Rough information as to how well organiasm is doing which is
determined by the spproximate alignment of stylus and revolving
disc.

Imitation Practice for the alphabet printing task consists in holding

a ball point pen and meking all the capital letters upside down from right to
left with "phantom™ impressions without actually making any marks on the
paper. Subjects in this way "imitate" the movements of AOP but they lack
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certain of the sources of input and feedback that ACP readily yields.
Sources of input and feedback for ImP would be:
Visual:
1. Seeing the pen moving in the shapes of the letters.
2. Seeing a "phantom" impression of the letter. (An impression
of the letter which is mads but which one can only get a
fleeting glimpse of since it is not permanently recorded.)

Muscular:

1. Arm muscles moving and reporting feedback As letters
2. Hand muscles moving and reporting feedback are being
3. Eye muscles moving and reporting feedback considered.

Knowledge of Results:

1. Subjects know how far they get, but cannot see the actual

printed picture of the letters.

How well will this type of practice facilitate improvement in actually
pursuing & revolving disc and actually printing the letters upside down in
contrast to AQP?

7. Practice with No Knowledge of Results (PNKR)

The phrase "no knowledge of results" is in reality quite a relative
considsration as Ammon's (1956) article on the subject reveals. Thus, the
specific way in which knowledge of results is prohibited from returning to the
subject as feedback must be 'meificmy spalled out.

In the pursuitmeter task we can eliminate the clicicing sound of the
cunulative timer being activated when a *hit" is made. We can also eliminate
telling the subject how many seconds out of the total number of seconds
practice that he remained on target. This study proposed to eliminate both
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sources of feedback concerning knowledge of performance. Except for knowledge
of performance in the way described above, then, subjects practice in the same
manner and for the same amount of time and with the same rest psuses as
subjects in the AOP group.

The sources of feedback available for subjects using this type of practice
are as follows:

Visual:

1. Seeing the disc revolving.

2. Seeing the stylus making contact with the disc.

Muscular:

1. Hand muscles moving and reporting feedback As corrective

2. Arm muscles moving and reporting feedback movements are

3. Eye muscles moving and reporting feedback being attempted.

Knowledge of performance in the alphabet printing task was limited by not
allowing the subjects of the PNKR group to count the number of letters
accomplished after each trial. They could, however, obtain a rough estimate
of how well they were doing by taking notice of how many printed lines of the
alphabet they had accomplished in any given trial. This is a less refined and
accurate method of determining progress, but the subject who is experimentally
alert could use this as an indicator of performance improvement.

In discussing the question of knowledge of performance, the reader can
well imsgine how knowledge of performance can be considered to be a relative
consideration. How much knowledge does one prohibit from being fed back to
the organism as well as what kind of knowledge are both relevant.

8. No Practice Control (NPC)

This practice orientation is not properly speaicing & type of
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practice, but is meant more as a controlled condition or a basis for cowariso*
Questions relevant to the basic design of the experiment would best be con-
sidered here so that a correct understanding of what is meant by No Practice
Control can be achieved.

Basically, for either task, subjects are randomly assigned to one of the
eight practice groups. They are given one AQP trial from which is determined
their pre-practice base score. Then they practice the given task according to
the group to which they have been randomly assigned for a given number of
trials per day for a given number of days. On the last trial of the last
day, they once again use AOP. The score cbtained is the post-practice score
and when the pre-prectice score is subtracted from the post-practice score,
the amount of improvement can be noted.

No Practice Control, then, is a type of practice in which subjects
participate in a pre-practice trial and a post-practice trial with no practice
in between. Whatever increases in performance are noted are due to the effect
of the two trials of practice.

In this way, one can compare the effects of IP which uses only two AOP
trials with NPC which also uses only two AOP trials. Then the differences in
performance that are noted can be considered as due to the use of imagination.
The other types of practice cen also be compared with NPC to note the effects
of their unique characteristics on performance against the effects of NPC.
Thus, in actuality, NPC is a misnomer, but it so adequately conveys the idea
inferred that it is viewed as acceptabla.

C. Three Lines of General Inquiry
The various types of practice discussed above will be comprehensively come-
pared in three ways: 1) By stipulating & seriss of a priori hypothesis
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concerning the effectivensss of the various types of practice in facilitating
incroases in performance; 2) by inter-task comparison of the effectiveness of
the different types of practice, and 3) by comparing the rate of use of input
and feedback available as measured by progress per trial per day with over-all
amount of improvement.

Each of these three lines of inquiry will now be presented in a little
more datail.

1. Specific Hypotheses to be tested with various types of practice.

a. Hypothesis I
A question which can serve &3 a broad explanatory type of

directive for this hypothesis can be formulated as follows: Can reductions inl
gross sensory reports fed back from specific muscular movements be supplanted
by the concentrated use of imagination in the scquisition of the two perceptual
motor tasks under consideration? A specific statement of the null hypothesis
would be: Imaginary Practice is as effective as Actual Orthodox Practice in
the learning of a pursuitmeter task and an upside down alphabet printing task.

It is necessary to present a subsidiary hypothesis which, if accepted
would lend validity to any conclusions drawm from testing the above null
hypothesis. This subsidiary hypothesis is as follows: No Practice Control
subjects will not improve as much as subjects using Imaginary Practice,
although both types of practice necessitate only two trials of Actual
Orthodax Practice; 1) a pre-practice trial and 2) a post-practice trial.

b. Hypothesis II
In this second hypothesis, a reformulation of the basic gquastion

in Hypothesis I is posed. That is: Can a combination of gross sensory
reports fed back from specific muscular movements and the concentrated uss of

mental practice or imagination equal the effectiveness of Actual Orthodox
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Practice in the two perceptual motor tasks under consideration? The specific

! statement of the null hypothesis would be: A combination of Imaginary
 Practice and Actual Orthodox Practice is as effective as Actual Orthodox

| Practice in scquiring a pursuitmeter task snd an alphabet printing task.

A subgidiary hypothesis which, if accepted, would lend support to find-

ings drawm from testing the above hypothesis is as follows: Reduced Actual

Orthodox Fractice is not as effective as a combination of Imaginary and Actual
Orthodox Practice, although, in effect, both types of practice use an equal
nunber of AOP trials.

A second subsidiary hypothesis which it is necessary to postulate, can bﬁ
stated as follows: Reduced Actual Orthodox Practice is not as effective as
 Actual Orthodox Practice since Actual Orthodox Prectice in the design of this
experiment uses twice as much practice as Reduced Actual Orthodox Practice.

¢. Hypothesis III

This hypothesis also attempts to delve into a question of the
comparative effectiveness of different kinds of information fed back to
subjects as they learn the perceptual motor skills with certain modifications.
If individuals receive a certain amount of practice, but they are not allowed
indications as to how well they are doing at any time, does their improvement
equal that of individuals who practice only half as much, but have indicatiomﬂ
as to how well they are doing? A specific statement of this hypothesis would
be as follows: Reduced Actual Orthodox Practice is as effective as Practice
with No Knowledge of Results for acquiring a pursuitmeter task and an alphabet
printing task even when the over-all amount of Actual Orthodox Practice is
half that of subjects with no knowledge of results.

The first subsidiary hypothesis for Hypothesis III includes the follouinﬁ
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A combination of Imaginary and Actual Orthodox Practice is as effective as
Practice with No EKnowledge of Results although subjects using I+AOP would
i actually practice only one half the number of trials as subjects who use PNKR.
: The second subsidiary hypothesis simply compares PNKR with AOP. This
| hypothesis therefore is: Actual Orthodox Practice is more effective than
| Practice with No Knowledge of Results.
d. Hypothesis IV
In this hypothesis an attempt is to be made to test the compara-
tive effectivensss of Imitation Practice with Actual Orthodox Practice. If
subjects using ImP simply emulate the movemsnt of AOP as described in the
listing of the types of practice used in this study, will they improve as much)
as subjects using AOP? A specific statement of this null hypothesis would be:
. Imitation Practice is as effective as Actual Orthodox Practice in the
acquisition of a pursultmeter task and an upside down alphabet printing task.
A simple subsidiary hypothesis is presented here to compare Imitation
! Practice with a control condition. This hypothesis is as follows: No
Practice Control is not as effective as Imitation Practice in facilitating
improvement in the two tasks at hand although both actually practice in an
orthodox manner for only a pre-practice trial and a post-practice trial.
e. Hypothesis V
; This last major hypothesis seeks to contrast the effects of
. Continually Correct Practice with that of Actual Orthodox Practice. What
. effect does the virtual eliiination of errors in movements have on the per-
formance of these two perceptual motor tasks? The formulation of the specific
null hypothesis would thus be stated as follows: Continually Correct Practice]
is as effective as Actual Orthodox Practice in leaming a pursuitmeter task
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tice in facilitating improvement in the two tasks at hand although in effect

alphabet printing task, a comparative relating of the inter-task effectiveness

and kinds of input and feedback are available for improving performance
efficlency.

; which subjects use the input and feedback available to them correspond to the

¢ type of practice indicating the highest achievement, according to its mode of

| will be comprehensively cormpared for effectiveness.
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and an alphabet printing task.
A subsidiary hypothesis is presented here in order to compare Continually
Correct Practice with the No Practice Control condition. This hypothesis is ap
follows: No Practice Control is not as effective as Continually Correct Prace

both actually practice in an orthodox manner for only & pre-practice trisl and]
8 post-practice trial.

2. Inter-Task Comparison of Types of Practice Effectiveness
Once the various types of practice have been arranged in a rink order|

of the most effective in facilitating increases in performance through least
effective for the pursuitmeter task with rank ordering also being done for thej

can be achleved. In this way, one can dstermine whether or not the human
systen functions similarly in different tasks when the same relstive amounts

3. Rate of Practice in Relation to Amount of Improvement.
The essential question being asked here is this: Does the rate at

total amount of improvement they are able to achieve? In other words, if
subjects use the input and feedback available to them at an extremely rapid
rate and it is shown which type of practice increases most rapidly, will the

practice correspond to the type of practice which exhibited the most amount of)
improvement from pre-practice score to post-prectice score?
These then are the ways in which the aforementioned types of practice




CHAPTER II
HEVIFY OF RFLATED LITERATURE

Since ’c.haré sre geveral facets to this dissertstion which would merit
reviewing relevant literature it will be recessary to discuss the literature
under four headings: A) litersture pertinent to the types of prectice being
used in this studyj B) literature pertinent to the use of the pursuitmeter;
£) litersture pertinent to the use of the glphebet printing task, and D)
litersture on feedback.

A, ldtersture Pelevant to the Types of Practice Used in This Study

Of the eight types of practice under ilnvestigation in this resesrch only
two types of practice cen be presented here for review because they are the
only types of practice which specifically are considered in past studies.
They are Imaginary Practice end Practice with Ho Knowledge of Resultase No
studies presently known of have tried to determine if the amount of improve-
ment achdeved by subjects practicing some perceptual motor task can be
mgtched by subjects practicing the seme murber of trials bub helf of which
would be Imeginary Practice and helf of which would be actusl practice. Alsoy
no gstudies presently known of have imastigamé the effectiveness of
Imitation Practice and Contimuelly Correct Practice as they have bsen
defined and descrited previously in Chapter 1. The effectiveness of Actusl
Orthodox Practice has been investigsted rether extensively for both pursuit—
meter learning and alphsbet printing and reviews of that litersture can be
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found in other sections of this chapter.
1. Imeginary Practice

A series of experirments have been conducted by verioue investigators
in which mentsl practice or imagination have been employed to effect the
learning of motor tasks,

Vandell et al. (1943) found that mentsl practice was as effective as
asctugl practice in learning to throw derts st a target. Subjects simply sat
for 15 minutes per day on 19 consecutive days in fromt of a dart board and
imagined picking up darts and throwing them into the terget. Ons experiment
was conducted with junlor high school students and esnother with collage
gtudents. The college students benefited more from both mentsl practice and
actugl practice than did the younger subjects., For the college freshmen
tested, there was & 23% gein in dart throwing scores with actusl physical
practice, & 227 gain with mental practice and no ssin without practice.

The Vandell et al. study was repeated by Twining (1549) using e
different task (throwing rope rings at a peg). The same design was used so
thet acecording to the suthor more generslipation would be possitle. Twlning
found statisticelly sipnificant improvement for mental practice and actual
physical practice after the three weck practice period,

Stert (1960) found 2 significant gain in the performance of the under-
arm basketbsll free throw by ueing mental practica. Thirty-five boys were
alloved 9 practice periods with each practice period teing of 5 mimtes
duration., However, Start could not relste the gain in performence to initial
score or to the intelligence of the thrower,

In & study conducted by Steel (1952) inwolving s ball-throwing taak,
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it was found that there was no statistically significant amount of improvement
with mental prectice, although in his final conclusion Steel atipulated that

| daily mental practice of s motor skill produces a substantial increase in that
' skill.

A more recent study by Mozdzierz and McConville (1963) used a design

gimilar to Vandell et al. but they shortened the duration of the practice
i period to five days instead of nineteen days. They also tested for retention

of the dart throwing task. The mental practice group was able to improve its
dart throwing performance to a level just approaching that of statistical
significance, p = .10. The actual practice group did improve significantly

' and there was no improvement in a no practice control group. The test of
retention after six weeks found the mental practice group with a statistically
significent amount of reminiscence, p = .05, over their pre-practice scores »

whereas the actual practice group and the no practice group were at chance
levels of improvement.
Clark (1960) tested the effects of mental practice compared with that of

{ physical practice in the development of & motor skill (the Pacific Coast 1l
. hand foul shot). He equated 14l high school boys on the basis of arm
, strength, intelligence and varsity, junior varsity or novice experience and

then divided the boys into two groups: 1) physical practice and 2) mental

practice. The results indicated that mental practice was nearly as effective

as physical practice under the conditions set up in Clark's experiment.
Support for the effectiveness of mental or imaginary practice does not
appear to be limited to controlled experimental observations. Morrison (1940)

¢ in his book Better Qolf Without Practice seems convinced that mental practice
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does lmprove one's performance at the game of golf.

The sources quoted seem to be the only studies in the literature which
specifically use mental or imaginary practice. However, Imaginary Practice
has never been applied to the two perceptual motor skills under consideration
here.

2, Practice with No Enowledge of Results

Studles in which knowledge of results or delay of reinforcement are
variables constitute a considerable body of literature as Remner's (196)
review of that subject more than adequately illustrstes. However, with
regard to the comtrolling of knowledge of results in this study, only two
studies appear to be entirely relevant.

A study by RBeynolds (1951) involving a rotary pursuit task revesled
. that presenmting a click sounding reinforcement for contimious one second bime
- on target led to consistent superiority when compared with a control group
which did not receive the click.

Aeynolds and Adams (1953) investigated the effect of different
. continuous on-target times required for presentation of click reinforcement
 in & rotary pursuit task. Intervals of .10, .20, .50, 1.0, and 2.0 seconds
. were used. They found that all groups were superior to the control group
receiving no clicks at all stages of practice with the .5 second growp
| generally displaying the highest level of performance throughout.

: In this investigation the experimenter proposes to use click rein-

forcement (emsnating from & cumulative electric timer) for all groups using

actual practice in the rotary pursuit task except the group which will
practice without knowledge of results. A4 silent timer will e used to
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record the practice times of that group.

An erticle bty Armons (1956) reviews e wide mwber of studies in which
knowledge of results are hypothesiged ss effecting perforrance. Thig interestd
ing survey gives eleven generalizations as to how kinda of knowledge of
results affect & performer's behavior with a theoretical framevork for en
organivzed gysteratic approsch tc the processes underlying the phencmens of
knovledge of performance.

B. litersture on the Pursultmeter Task

Since the advent of the Koerth rotary pursuit apparatus, a considersble
body of 1litersture has emerged using this epparatus to investigate a vide
mmber of experimental learning phenomens.

It is highly probeble thet one of the most productive irmvestigetors
using the rotary pursuit appsratus has been E. B. Ammons. In en axcellent
peper, Armoms (19L7) ctterpted to develop a hypothetico-deductlve partial
foundation for & theory of motor learning directed primarily toward handling
reminiscenoe and spaced rractice phenomens within z single motor learning
gystem, namely that of rotary pursuit lesrning. From the operstional
experimental conditions he used, Ammons derived several "laws." He stipulated
that under certain expsrimental conditions called "continucus practice” a
certain interwening verisble called inhibition, 8) would incresse as a
functicn of the time elapse since the start of continuous prectice and b)
decresse or dissipaste according to en exponential law.

Asmons (19L7a) also hes investigated what happens to performance on &
purewitmeter task ss & result of contimuous practice coming vefore and after

a single rest rause.
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He has also investigated (1950) the effects of initially distributed
rrectice on performance on & rotary pursuit tesk as well (1951) as the
effects of distributed prectice on the rmumber of "hite" in the scquisition of
rotery pursult skill,

An article by Ammons (1955) is an excellent scurce of mumerous studies
cormiucted with the rotary pursuit apparetus. The survey of relevant rotary
pursult vearisbles he undertakes ls importent in reporting & standard method of
operation and many studies he cltes are classica’ in the field of pursuitmeten
lesrning.

In studies of psychomotor performence in wrich veriods of practice are
sevarated by fairly long intervels of rest, it is not uncommon to find that
losses in performance proficlency occur after the rest intervals, Adams
(1952) used the pursuit rotor to investigate such warmeup decrements., e
ccncluded that warmeup decrement is not relsted to the growth of inhibition
a8 hed been speculated by Mull orlented psychologists since warmwup
decrevents were found st the begimning of every »ractice session for both
mageed and distributed practice. The warm~up decrement for distributed
practice displeyed a trend of decreasing megnitude as practice incrsased
vherces warm-up decrement for messed practice showed no constant trend just
a8 fdams had predicted,

The studies quoted are not by any means exhaustive, but are cited simply
to 1illustrate the type of research that has been conducted using the rotary

pursuit apparatus.
For en excellent review of motor learning in penersl ss well as rmore

studies involving the pursuitmeter by Ammons and others, the reader can
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consult a review of the subject by Biledeau and Biledeau (1961). Adams (1961)
also has an excellent review and bibliography on human tracking behavior
which is more inclusive than simply rotary pursuit performence but neverthe-
less encompasses 1it.
C. Literature on the Alphabet Printing Task

Originally Ruch and Warren (1941) described the upside down alphabet
printing task. The essential format presented by them is repeated in this
study. The specific method followed in this study will be described in the
procedure section.

The alphabet printing tesk has been used to investigate a wide number
ofmterhmingphmjmtmmmmmhwmmplowdm
the investigation of motor learning phenomena. However, the nmumber of
studies that use the alphabet printing task is considerably less than the
number of studies which have used the rotary pursuit task.

Kientzle (1946) used the upside down alphabet printing task to investi-
gate the comparative effectiveness of different lengths of rest periods on
acquigsition and performance. The task was eimply to print the capital letters
upgide down, from right to left inawhlineonashaatofpmraothatifthp
sheet were inverted, the letters would appear right side up and in alphabeti-
cal order.

In another study by Kiemtzle (1946) the same alphabet printing task was
used to show how performances change when some subjects were shifted from
magsed to spaced trials and others were shifted from spaced to massed trials.

Kinmble (1949) tested 474 subjects in the alphabet printing task with the
end in view of testing a version of Hull's two-factor theory of inhibition
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modified to hanile some phenomena of moior leaming. The nost significant
deviation from Hull's formulation was the specific assumption that after a
short period of practice, the amount of ryesctive inhibition would ettein e
gtable constant level which would be maintained until late in lsarning. His
resulte essentially supported his original assumptions.

Once asgein, the studies presented here are nct in any sense exhaustive,
but are simply presented with the pwrpose of illustrating the type of research
which has been undertaken using the alphabet printing task.

De Literature on Feedback

There zre & few quallty sources of general information on the science of
cybernetics or the general applicstion of principleas of imput, feedback and
output to physiologicel and socisl problems. ‘iener (1948) is considered to be
the founder of cybernetics which comes from the Greek word meaning steersmen or
governor. In general, oybernetices cen be thought of as the study of control
processes in mechines, in organisms amd in soclial greups. It is an averme or
a mechenism of control that provides the model far these various activitles.

Hilgerd (1956) has rointed out that the feedback model has not been used
very extensively in lesrning theory. This is only rertially true. If one
considers feedback and learning from & complete theoreticel point of view,
then Hilgard's staterent cen be considered to te true., If, hovever, one
considers the use of feedback simply s8 &n explanstory mechanism, then Hilgard
is not quite correct in his observetion. Many studies have used the notion of
feedback 28 an extremely useful explanatory concept in describing different
learning phenomens, For example, Leavitt and Mueller (1951) have shown how the
0ld protliem of knowledge of results cen be treated in terms of feedback. An
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experimenter sttempte to communicste to & subject & geometrical form using only
words. A much greater degree of success is noted if the studemt is allowed to
ask cuestions snd to receive answers in the form of feedback. This is one of
the more cbvious examples, Fveryone is aware of the fact that sublects
generelly perform better if information as to how well they are doing is "fed
back? Yo them,

The mogt comprehensive and as fer as is known, the only general feedback
theory of humen behavior iz conteined in a peir of articles by Powers, Clark
ard McFarland (1960) and (1960a). The first of the two erticles vas begun from
a physical and methematicel orientation. 3Since two of the suthors sre physi-
cists they found it most natural to develop the theoretical model first and
then to attempt en outline of the epplicstion of this model to language
appropriate to psychology. The second article (1960s) discussed the spplica-
tion of the model in appropriate psychological terms.

tYhethey or not meh 2 general fesdback theory of humen behavior will prove
fruitful in sny but the conceptunl sense is a question which time will be sble

to answer.




CHAPTER III

EXPERIMENTATION WITH DIFFEHENT TYPES OF PRACTICE
CN THE PURSUITMETER TASK

L. Selection and Description of Subjects

Between April 13th and June let, 196k, one hundred twenty college males
between the ages of 1B and 2l were subjects in the rotary purswlt experiment.
The vast majority (stout 100) of the subjects were cbtained from courses in
general psychology at the Lake Shore Campus of Loyola University. All general
paychology students at the lLake Shore Cempus sre required to participate in
experiments until they scquire s certain mumber of points. Points are swarded
by undergraduate students in experimental psychology conducting verious
experiments, by graduste students, snd bty faculty members on the basis of the
amount of time subjects are required to spend in experimentsl situations.
Eince subjects were to practice the pursultmeter tesk for epproximately 15
mimites per day for five successiwe deys, three points were swarded for
participation in the experiment. The remainder of the subjects were cbtained
on thg bagls of personal contact through former students, freternities snd the
like.

Male students only were used for learning this task since Buxton and
Grant (1939) found sex differences in the performance of rale and female
subjects in this task. The experimenter wished to keep the initial sbilities
of the sample as homogeneocus as poesible,

29
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Nome of the subjects had ever participsted in an experiment in vhich the
pursuitmeter vas used, but quite & rumber of them had seen a plcture of the
pursultmeter in thelr textbook in general psychology.

3y svbjects were not sble to make five successive practice sessions so
they practiced twice on one day. In such cases, the two practice sesglons
were sepersted by sbout five hours. Each of the subjects vwas in a different
practice group.

There vers fifteen subjects per group with a total of eight groups with
each subject being plsced in a group in random fashion.
Be Apparatus

The purswitmeter wsed in this experimert had been previcusly constructed
from a Vietrola Yodel UE-7-26K. The model wee 9 inches high, 9 inches long
and 9 inches wide at the base. The turmtable was 13 3/L inches in diamcter
with a metal circulsr comtect 1/2 inch in diameter inset 2 1/L inches from the
outer edge of the dark brown masonite turnmtsble. The turntalble could be varied
in the mmber of revolutions per mimute, but the experimentsl speed was set at
Ka

The stylus was constructed of 1/8 inch metal wire attached to a wooden
handle. The wire was hinged at the juncture with the handle thereby raking
the handle flexible end thus making it imposaible for sibjevts to apply sny
pressure on the turnteble except the weight of the wire stylus. Any contact
between the tip of the stylus end the silver disc was recorded Ly means of a
6 volt DeCe (supplied internelly) Lafayette cumuletive timer which measured
time in hundreths of a second, Figure I has the electrical schematic showing
the relstions btetween the various components in this eircuit.
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110 A.C.

Stylus
'\——-3'
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Turntable
‘
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(D.C. suvpnlied internally) '
Pursuitmeter
110 A.C.
FIGURE I

SCHEMATIC OF PURSUITMETER APPARATUS FOR AOP,
I+AOP, RAOP,AND NPC.
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A second arrangement of apparatus was necessary for testing subjects in
the group which practiced with no knowledge of results. The Lafayette timer
could not be used since it gave & definite audible click which all other
subjects were told indicated a "hit," A silent timer was used in its place
for the PHKR group. However, the experimenter noticed two points: 1) the
timer, when activated, ylelded a slight motor hum which one could hear if
attentive, and 2) a rether large spark occurred whenever contact was made
between the tip of the stylus and the disc.

In arder to eliminate the possibility of the hum of the silent timer
giving uwnwanted feedback to the subject, the timer was placed under the table
upon which the pursuitmeter rested and a color whesl was tumed on to mask
whatever sounds might still have emanated from the timer. Since the experimenj
tal booth was very small, the color wheel was explained to subjects of the
PNKR group as a crude fan to circulate the air. It did in fact circulate a
little air,

The problem of the spark, however, was a little more difficult to
eliminate. It did have to be eliminated since otherwise subjects would be
gotting a strong additional visusl feedback whenever they would make a"hit.®
The problem was solved with the assistance of & young physicist. There was
too much electricity passing the circuit, so several modifications were
necessary. The modifications of the circuit can be seen in Figure 2.

C. Procedure

All subjects were tested individually and were told that the task that
they had to learn was & rotary pursuit task and that the apparatus in front of]
them was a pursuitmeter. They were told that the object of the task was to
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pursue the retsl disc inserted in the mesonite turntable top with the stylus
et to make contact between the stylus ancd the dise. It was pointed out that
when contect i= made an electric circult iz completed and the timer is engaged
until contact is no longer maintained between the stylus tip and the revolving
dlsc. Fach subject vas to listen to the "click" of the clock as the disc was
corbacted by the stylus, but they vere also warned that the cbject was not
necessarily to make clicks, but to keep the sweep second hand on the clock
moving for it is theoretically possible to obtein but cne click and get a
perfect score ag long es contact between the disc and the stylus are maintained.

The experimenter demonstrated the task for sbout six or eight seconds end
then asked if there were any questions. A1l questions were answered that
could be except for those which pertained to the design of the experiment. They
subjects were them simply informed to co as well as they posgibly could et all
tirese

Since & time sechedule of when subjecte signed up for testing was kept,
subjects were randomly placed in each of the eight groups without previous
inovledge of their sise, coordinstion, handedness, etc. and before they were
soen by the experimerter.

The first trisl was for (0 secomds. The mumber of seconds sttained out otL
60 vas taken as a base score. All othsr practice trials vere of 30 seconds
duration. The last trial on the £ifth day of practice wae again for 60
seconds., The time for all trisls end rest pauses was kept with a stopuatch,

The instructions sbove were given to every subject regardless of the
groups Hovever, after the first 60 second trial, the subjects of different
groups were given different procedures to follow. The specific instructions
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given to the various groups are given below,

1. Actusl Orthodox Practice. After the first 60 second trial, subjects
of this group were told that they would practice this task 10 triaie per day
for § comsecutive days with esch trial lasting 30 seconds with a 30 second
rest pause between trials and a 1 minute rest pause between trial 5 snd trial
6. A record of the mmber of cumlative secornds they accomrlished efter sach
trial was recorded,

2, Imeginery Practice. After the first 60 second trial, subjects of
this group vere told that they would practice the task 10 trisls per dey for
5 dmys with each trial lesting 30 seconds with s 30 second rest pause betveen
trisls and & 60 second rest pause between trials § end 6 by concentreting as
hard as they could on imagining the movements that they would have %o wmake in
order to pursue the dise end maintain contact with it. They vere told that
they could not meke any actunl movements of hsrd or sxm which would in any way
similote sctusl practice. They could ask eny questions they wished after
which practice was begun.

3, Imspinary end Actusl Orthodox Practice. Onoe the 60 secord trisl
wag completed, the subjects were told how many trisls per day end how many
rest pauses, etc. that they would receive. Then they vers told that they
would alternate tyree of practice: one trial would be actusl practice as
they had just completed in the 60 second trial snd the rext trial would be
imaginary in which they would imegine makling the movenents necessary and so
forthe

L, Paduced Actual Orthodox Practice. These subjects recelved the same
instructions s subjects in the ACP group except that they were given only 5




36

trials per day for 5 days with each trisl of 30 ssconds duration, with 30
geconds rest between trials.

5. Contimally Correct Practice. After the 60 second trial was completed)
the turntable was stopped and a small circular plastic disc approximately 5/8
inch in diemeter vas taeped over the metsl disc. A specially constructed stiff
handle wire stylus with aspproximately the came dimensions as the flexible
hendle stylus was "plugged” into a2 hole in the center of the plastic disc 80
that as a subject would hold onto the stylus and the pursuitmeter vas turned
on, the subject would begin meking contimually correct movements st a speed of
60 rpm. This is so since the stylus ig continmslly on top of the dise and it
pivots in the hole in the plastic diee¢. These subjects were given 10 trials
per day for 5 days with each trial of 30 seconds duration with a 60 second rest
pause between triasls S and 6.

6. Imitation Practice. The subjects practicing Ly this method were givenﬂ
the same munber of days practice with same nunber of trials per day, etc., as
the other groups except RACP. However, a2 small cardboard "sleeve" was placed
over the hinge area where the vire and the handle of the stylus meet., This
created & stiff hendle stylus. The subjects were then shown how they would be
allowed to pursue the disc as it revolved, They were to keep track of the disc
by following it ome inch or so sbove the turntable. In this way, they
"imitated® the movements of AOP but stil) lacked a ‘precise knosledge of how
acourate they were.

7. Practice with no Knowledge of Results. These subjects received the
same type of trestment ss subjecte in the AOP group with the exveption that
the gilent timing device was used and they were never told how well they were
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doing.
8. No Practice Control. These subjects practiced for one 60 second tria)
and for & second 60 second trisl 5 days lster. They were sllowed to hear the
clicks from the Lafayette timer,

D+ Random Placement of Subjects in Croups

Since a procedure of random placement of subjects in various groups was
folloved, it is aspumed that all the group means for the base 60 second pre-
practice trials did in fact ardise from the same homogeneous populstion. In
order to test for this assumption of no differences in the mean starting scored
for 211 the elght groups, a simple two-way classificztion analysis of variance
wag conducted. Teble I summerlzes the computations and the necessary elements
of the anelysis of variance., It can be seen that the Veriznce Ratio = % -
«892 which is not significant. Varianoce ratio tsbles show no ratio aigﬂ.ﬁaan#
below a value of 1.00 regardless of the number of degrees of freedom. The
significance of this variance ratio is such thet the likelihood of these groupd
not having arisen from the same populstion is for 1l practicsl purposes nill,
This essentially mesns that all of these croups begen with the same mesn
scores with only chance differences existing between the means. (Guilford,
1950).
B. Results and Analysis

1. Anelysis of Improvements Noted in Fach Orowp

How that 1t has been estublished that sll subjecte were in fact

randomly distributed among the elght groups, it wovld be well to deterwine
whether or not each of these groups was sble to incresse ite mean score to a
statistically significent degree.
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ANALYSIS OF VARIANCE OF PRE-PRACTICE MEAN SCORES TO
DETERMINE IF ALL GROUPS IN THE PURSUITMETER TASK DID

ARISE FROM THE SAME HOMCGENEOUS POPULATICN.

Source of Sum of Degrees of Estimate of
Variation Squares Freedonm Varlance
Between 1.8120 7 . 2589
Groups

Within 32.9420 112 . 2901
Groups

Total 34.7540 119

Variance Ratic

. 2589

530 ™= 892 which 1s not significant,.
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Reference to Table 2 will reveal all the essential corponents necessary to
compute t-ratios for the differences between the pre-practice mean score and
post=practice mean score for each group. The t~ratios heve in fact been
computed and as indicsted in Teble 2 21l the groups improved beyond the O
level of confidence. Surprisingly enough, even the No Practice Control group
was able to achieve a statistically significent amount of improvement.

2. Analysis of Differences in Mean Amounts of Improvement.

Before any of the hypotheses previocusly estsblished on an & priori
basis cen be put to statistical test, it will be necessary to test if the over
all differences tetween sll the mesn amounts of improvement sre significant or
not. This can very easily be accomplished by conducting & simply two~way
clepsification analysis of variance of the mesn smounts of improvement.

On the initial assumption that the eight groups making up the entire
soeries of measurements sre rendom samples from a homogenecus population, one
can expect the two estimetes of varianse to differ only within the limits of
chence fluctustions. This mull hypothesis is tested by dividing the variance
between the groups, by the varisnce within the groups. Reference to Tsble 3
indicates that when the between group variznce of 640.05 is divided by the
within group variance of 8.15, a variance retio of 85.75 is found for the
appropriste degrees of freedom, This variance ratio is significent well
beyond the one per cent level of confidence.

The stipulation of the mull hypothesis muet then be rejected since the
significantly creater variance between the groups than within the groups
excluces the likelihood of chance and must, therefors, be explained in terms
of resl differences existing among the effects of the different types of




NECESSARY COMPONENTS FOR CONDUCTING
EACH GROUP IN THE PURSUITMETER TASK

TABLE II

t TESTS TO DETERMINE IF
IMPROVED TO A SIGNIFICANT

DEGREE. '
Mean Score|Standard | Mean Score| Standard Difference
Group Pre-Practice | Deviation| of Post- | Deviation Between S.E. t
Trial |Pre-Pmctice| Practice | of Post- | Memn Pre % Dy
Trial Trial Practice | Mean Post
Trial Trials
%
AQOP 47 .74 17.19 4.31 16.72 1,151 14.54
¥*
IP 24 .29 l.72 1.18 1.48 « 326 4.48
N
I AOP 39 .48 15.81 3.54 15.42 «956 16.13
3
RAOP 38 «48 13.23 3.70 12.85 «996 12,90
*
Ccp 31 «40 12,29 3.52 3.00 «654 4.59
— %]
ImP «55 53 4,51 2,10 - 3.96 « 878 6.85
K
PNKR «65 59 3.65 2.38 11.98 «945 12.68
¥
NPC 48 54 1.77 1.01 1.29 «306 4.22

3

Probability is less than

«01 for 28 degrees of freedom.

on
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TABLE III

ANALYSIS OF VARIANCE OF POST-PRACTICE MEAN SCORES
FOR GROUPS IN THE PURSUTTMETER TASK

Source of Sum of Degrees of Estimate of
Variation Squares Freedom Varience
Between 4480.3170 7 640,0452
Groups

Within 912.3038 112 8.1456
Groups

Total 5392,.,6208 119

Variance Ratio = é%gig%gg = 85.754 which 1is significant beyond

the one per cent level of confidence.
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practice as manifested in the mean amoumts of improvement. Only when the
varisnce ratio is significent can one justifiably compute the ratioce for the
differences tetween two specific mean smounts of improvement. Now the &
priori hypotheses can be tested on the basis of Y~-ratlos.

3. Statistical Testing of Specific a2 priori Hypotheses

2, Testing of Hypothesis 1

Hypothesis I reads: Imaginary Praoctice is as effective as Actuel
Orthodox Practice in the learming of & pursultmeter tesk. On the basls of thig
mull hypothesis, one could expect no statistically significant difference
betwaen the mean amount of improvement for Actual Orthodox Practice and the
nean amount of improvement for Imaginery Practice. The essential components
necessary to conduct a t-test for the significance of the difference between
the mean amounts of improvement for the sbove two groups can be found in
Tsble L.

The t of 1L.06 indicates that the difference in emount of improvement in
leaming the pursuitmeter task by Actusl Orthodox Practice and by Imaginaxy
Practice is a real difference end not a difference which happened on the
baslg of chance., The mull hypothesis must, therefore, be rejected.

Subsidiary Hypothesis I i reads: No Practice Control sudjects will not
improve as much as subjects using Imaginary Practice, although both types of
practice necessitate only two trisls of Actusl Orthodex Practics: 1) & pree
practice trial =nd 2) a postepractice triel.

Reference to Table L will reveal sll the mcasmry components to test
for the differences between the two mean smounts of improvement. On the basis

of the t obtained, L6, 2he sbove hypothesis must be rejected. There is no




NECESSARY COMPONZNTS FOR COMPUTING t RATIOS TO .

TABLE IV

STATISTICALLY TEST ALL PARTS OF HYPOTHESIS TI.

L3

Mean Amounts of

Probability

Is less then ,01 for 28 degrees of freedom.

Hypothesis Improvement Difference| S.E.
in between . DM t
Question Means
Group 1 Group 2
|
AOP IP |
Hypothesis 16.72 1.48 15.24 1.08 14.06
I \
IP NPC
Subsidiary
|Hypothesis 1.48 1.27 .21 «452 464
Ii
“
» fi
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difference between the amount of improvement for NPC and for IP.

“hat has transpired in an analysis of Hypothesis I is this: Imaginery
Practice apparently does not yleld adequate or appropriate input and feedback
information to a2llow subjects to improve ss much as subjects practicing with
Actual Orthodox Practice. The improvement that was noted in subjects using
Imaginary Practice is actuslly only as effective as the amommt of improvement
noted in subjects in the No Practice Control condition.

One cen only suggest speculations as to why Imaginary Practice is not as
effective as Actusl Orthodox Practice, but it would seem as though the
speculations wentured are falrly well grounded.

Reductions in gress sensory reports fed back from epecific visual-motor
coordinated pastterns of movemsnt with the supplented use of imaginstion does
not allow an organism the sufficlent quantity or kind of input and feedback
negessary to effect mrrked performence improvement.

It must be assumed that when the subjlects participated in Imaginary
Practice they did in fact concentrate on the movements neceesary. At any rate)
they appeared to follow the instructions and that is the only observation one
can make, ‘e can assume, then, that the internsl input snd feedback which are
thaoriged as being operative in other studies of the use of imaginstion in
learming were aoperstive here, but apparently were not of sufficlent strength
to develop the complex degree of continucus coordinestion between input,
feedback and output which would be necessary to eifect the degree of
coordination menifested in Actual Orthodox Practice in the pursuitmeter task.

be Testing of Hypothesis II.
Hypothesis II reads: 2 combination of Imaginery Practice and
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Actual Orthodox Practice is 8s effective as Actual Orthodox Prectice in
acquiring a pursuitmeter task.

Table S has the components necessary to conduct a test of the significance
of the difference betwesn the mem: amounts of improvement in the above two
groups. The t of .920 indicates that a chance difference exists betwsen the
mean amount of improvement of the ACP group and the I+AOP group.

Apparently, then, subjects who practice one half of the time in an
orthodox fashion and one half of the time with imagination can effect a degree
of performance improvement which, as far as probability is concermed, equals
the performance irprovement of subjects who practice twice as much in an
orthodox manner. The hypothesis rmast, therefore be accepted.

In order to lend more support to the above hypothesis, Subsidiary
Hypothesis II 1 was formmlated as follows: Reduced Actual Orthodax Practice
is not as effective as a combination of Imaginary and Actual Orthodox
Practice although in effect both typee of practice use an equal number of
Actual Orthodox Practice trials.

Essentially, then, in the above hypothesis, the mean amount of improve-
ment for the I+AQP group is being predicted as greater than the moan amount of)
improvement for RAGP. This, in fact, is what was observed. Table 5 reveals
that the t of 1.54 obtained is significant at about the .06 or .07 level of
confidence. Although the difference between the mean amounts of improvement
is in the expected direction, it doas not reach the necessary probability
lavel. It musi, therefore, be concludsd that RAOP is as effective as I+AOP
in lsarming the pursuitmeter task.

Subsidiary Hypothesis II ii reads: Reduced Actusl Orthodox Practice is
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TABLE V

NECESSARY COMPONENTS FOR CO¥PUTING t RATIOS TO
STATISTICALLY TEST ALL PARTS OF HYPOTFESIS II.

t 1 Mean amounts of
Hypoihes S Improvement Difference| S.E.
n between Dy t
Question Means
Group 1 Group 2
AQOP I+AOP
Hypothesis
II 16.72 15.42 1.30 1.41 «920
Subsidiary I+A0P RAOP
Hypothesis
ITi 15.42 12,86 2.56 1.32 1.94
Subsidiary AOP RAOP
Hypothesis *
ITi1 16,72 12.86 3.86 1.39 2.78
*

Probability

1s .01 for 28 degrees of freedom.
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not as effective as Actual Orthodox Practice since AOP uses twice as rmuch
practice ss RACP. The sbove rull hypothesis is in fact eccepted on the basis
of the t test, the necessary components of vhich can be found in T&f:ls 5,
conducted between the mean amounts of improvement for the two groups in
question. The t of 2.78 is significent at exactly the .01 level of confidence.

It appears as though Imaginary Practice, when coupled with Actual
Orthodox Practice yielde enough input and feedback to match the performance
improvememt of 8 group precticing the same total mumber of trials, 8ll of
which sve Actual Crthodox Practice. However, the input and feedback which are
operative in facilitating such performance improverent appesr to be largely
derived from Actusl Orthodox Practice since, in terms of probability, RACP
improves performsnce ss much ag I+ACP. In effect, it 1s as though in this
task Imaginary Practice ylelds internal input and feedback which 2re of little
benefit to the O utilizing them.

¢, Testing of Hypothesis III
Hypothesis IIT reads: Reduced Actusl Orthodox

Practice is as effective as Practice with No Knowledge of Results for acquiring
the pursuitmeter task even though the over-all amount of actusl practice for
the RAOP group is half that of subjects practicing with no knowledge of
results of their performance. The t test conducted between the sbove two mean
amounts of improvement can be found in Tsble 6. On the besis of the obtained
difference, the hypothesis must be accepted, namely, that RACP is as effective
as PNKR even though PNKR ectually practices twice as much.

Subsidiary Hypothesis III i reads: A combination of Imaglnary and Actual
Orthodox Practice is es effective as Practice with No Knowledge of Results
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NECESSAFY COMPONENTS FOR COMPUTING t RATIOS TO

STATISTICALLY TEST ALL PARTS OF HYPOTHESIS ITI.
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Mean Amounts of

Hypothesis Improvement Difference| S.E.
in between DM t
Question Means
Group 1 Group 2
HyoothesLs PNKR RAOP
III 11.98 12.86 .88 1.29 .68
Subsidiary PNKR [+AOP .
Hypoth -
ypothesis 11.98 15.42 3.44 1.33 2.59
Subsidiary PNKR AOP
Hypothesis w3
ITT11 11.98 16.72 4,74 1.40 3.39
3

Probability is less than .05 for

sede

28 degrees of freedom.

Probability 1s less than .01 for 28 degrees of freedom,
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glthough subjects using I+AOP would actuslly practice only one-helf the mumber
of trisls 28 subjects in the PNKR group. Table 6 contains the components for
the { test conducted between the mean smounts of improvement noted in the
above two groups. The t of 2.59 is significent st the .05 level of confidence
Thus, although subjects actually practice twice ss much, when feedbeck
informetion es to how they are doing is held back from them, they do not
improve as ruch zs subjects who actually practice half ak much with the other
half of their practice being in terme of Imaginary Practice.

Subsidiaxy Hypothesis III ii reads: Actual Orthodox Practice is =ore
effective than Practice with N¥o Knowledge of Results. This hypothesis is thus
geuged to test the relative effectivensss of the "olick" feadback when vhitg®
are rade. Otherwise, the two groups practiced in like manners. Tsble 6
revesls that the t test conducted between the mean amounts of improvement for
these two groups is significant beyond the .01 level of confidence.

vhat, then, does an investigstion of HMypothesis ITI indicate concerning
PNER? From all apparent indications, it is not necessarily amount of feedback
entering into a system that yields effective ocutput, but the kind of feedback
which is important. The phrase "from all apvearent indications® is used
because in Hypothesis II 1t was lesrned that RAOP tends not to be statistically
significantly different from I+AOP., In Hypothesis ITI it wes learnsd that
I+ACP is statistically more effective than PHKR, but PNKR is as effective as
HACP,

If the sbove observations are swmed, one can discover that it is the
kind of feedback which is entered into a system that is the most importent

element in the input-feedbsck-outvub circuit. A double amount of incomplete
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feedback end input 28 PNER does not seem as effective =3 helf en smount of
cam-lete feedback - input 28 in RACP, ‘

Besed on informsticn gleaned from the first three hypotheses, it zppesrs
thet vhen knowledge of performence improvement is prohibited from being fed
back into the 0, he receives less help in improving performance than the use
of insgination can contribute to his performence improverent in this task,

d, Testing of Hypothesis IV,
Hypothesis IV resds: Imitation practice is as effective as Actual
Orthodox Practice in the acquisition of a pursuitmeter task, Tsble 7 reveals
that ImP is not at &ll close to matching the effectiveness of AOP. The Lot
11,18 indicates that the true differsnces between their mean amounts of
improvement is definitely not zero, The null hypothesis mst, tharefore, be
rejected,

Subsidiory Hypotheeis IV i reads: No Practice Contral is not ss affaetiv’
ag Imitation Practice in facilitating improvement in a pursuitmeter task. In
Teble 7 can be found the components of the % test necessary to test the sbowe
hypothesis. The t of 5.13 obtained is significant well beyond the .01 level
of confidence. One can accept the hypothesis that NPC is not ag effective as
ImP in feciliteting improvement in the pursuitmeter task.

Merely imitating the moverments invalved in a pursuitmeter task by tracking
the dise abow the turntable without actuslly touching the disec facilitates a
very mesgre amount of performence improverment when compsred with ACP. The
difference in means between ImP and ACP is over 11 standard errors remcved
from & hypothetically true mean difference of zero. However, when contrssted
to the improvement derived by NPC the effects of ImP are eonsidersble. The
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TABLE VII

NECESSARY COMPONENTS FOR COYMPUTIN: t RATIOS TO
STATISTICALLY TEST ALL PARTS OF HYPOTHESIS Iv.

, Mean Amounts of

Hypothesis Improvement Difference| S.E.

in between Dm t

Question Means
Group 1 Group 2 ‘
ImpP AOP

Hypothesis

Iv 3.97 16.72 12,75 1.14 11.18
Subsidiary Imp NEPC %
Hyp§31116818 3.97 1.27 2.’70 «H26 5.15

% _
Probablility is less than .01 for 28 degrees of freedom.
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cifference in the means between InP and WPC is cver 5 standard errors removed
{fyrom & hypothetically true difference of %ero.

The resulis of statistically testing this hypothesls indlcate ib.at some
degree luprovement is affected by the muscular feedback derived from the move-
rent® of pursuit being practiced in an irdtated faghion. It seems that only a
srall amount of improvement is actually noted because there is only rough
feadback information ss to how sccurate pursuit movements are. The distance
between the revolving disc end the pursuing stylus immediastely sbove the disc
does not allow sufficiently zccurate corrective patterns between input, feed-
back ami output to be effected.

e, Teating of Hypothesis ¥V
Hypothesis V reads zs follows: Continually Correet Practice is
sffoctive ap Actual Orthodox Practice in learning a pursultmeter task. Tabla‘]
shovs the t test components for testing the differences between the mean
amounts of improvement for the sbove two groups. The i obtained equels 11.63
thereby indicating that CCP is not as effective as AOP in leamning the
pursuitmeter task, The hypothesis must be rejected.

Subsidiary Hypothesis Vi reads as followst No Practice Control is not es
effective as Contimually Correct Practice in facilitating improvement in a
pursuitmeter task. The % test conducted on the mean smounts of improvement

for the above groups ylelds a ¢ of 2,88, This is significant beyond the 01
lovel of confidence, The components necesssry to conduct the t test can be
found in Table 8.

vhat type of conclusions can be drawn fram the resulis of testing

Hypothesis V7
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TABLE VIII *

NECESSARY COMPONENTS FOR COMPUTING t RATIOS TO‘ |
STATISTICALLY TEST ALL PARTS OF HYPOTHESIS V,

Mean Amounts of

Hypothesis Improvement Differencd S.E.
in between D t
Question Means M
Group 1 Group 2
Hypothesis ccp AoP 5
v 3.00 16.72 13.72 1.18 11.63
Subsidiary CCP NPC
Hypothesis *®
Vi 3.00 , 1.27 1.73 «60 2.88
%

Probability 1s less than .01 for 28 degrees of freedom.,
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Apparently the human organism iz extremely restrictive in which types of
input and feedback contribute towerd effective large amounts of performance
improvement. If the input and output patterns are coordinated by & sterectyved
correct visual-motor pattern, there is no opportunity for the system to ommteﬂ
in 2 "modifying" error-reducing capacity. Apparently, the injection of error
into the system is a necessary and basic component in effecting a degree of
improvement even grossly resembling the improvement of ACP,

The feedback emanating from the continually correct movement of ruscles
and eyes doesn't esteblish the correct pattern of movement. The reduction of
srror and discrepancy spparently do establish stebilized coordination of
input, feedback and output.

In learning a perceptual motor skill, an "error free" human organism is
apparently a less efficlent perceptual system than one which can gauge the
effect of error and initiste movements on the basis of perceived error.




CHAPTFR IV

FXPERIMENTATION VITH DIFFRIFNT TYPES CF PRACTICE
ON THE ALPHARET PRINTING TASK

A+ Selection end Teseription of Subjects

Between June 17th and August 9th, 196k, epproximately four hundred college
students vere tested in the alphsbet printing task. The vast mejority of the
four hundred studente was in attendance at lLoyola University, although about
one hundred twanty students wers in attendance &t ancther university. Testing
was accomplished for the most part in classroom situstions or in small private
groups. vhenever a group was tested, all individusls in the group practiced
the alphabet printing according to only ome of the eight types of practice.

0f the four hundred male end female college students tesitsed, only one
hundred twenty meles between the aspes of 18 and 2 were used in the compilation
of the deta for the disgertation. The two hundred eighty college students
remgining were not used because of their sex, age, physical condition or
attendance. A few explanatory vremerks concerning the besis for excluding
various individuals from considerstion in the data would be appropriate.

To begin with, only msles were used as subjects in order to meke the
results cbteined in this task somewhat comparsble to ths results obbtained in
the pursuitmeter task., This naturally excluded all feamle subjects from
consideration,

In the vast number of people tested, seversl were older than 2 yesrs of

22
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age. They were excluded since age would definitely cut down on an individual's
speed of printing tha letters in the manner cslled for by the mriment.

Several indivicduale had neurologicsl disorders which did not impair
mental functioning, but definitely did impair muscular coordinstion. One
person had been taking heavy doses of medication and was not completely
Mormal® in muscular coordination., These individusls were excluded from cone
glderstion in the data because they vere definitely deemed a8 nct belonging to
the homogeneous sample of the population selected for testing.

The final consldersticn for the exclusion of subjects from consideration
in the data was attendance. In this task, subjects either attended for onme
session of testing per dey for three consecutive days or they were autoraticall
excluded from the data.

Cne mey ask how all eight experimental groups of subjects received
exactly 15 subjects aplece. In three classes teated, there were exactly 15
male subjecte in the desired age range. Thres experimentsl groups were come
vrised of the subjects in thoss three classes. vhen other classes were tested
and there were less than 15 subjects fitting the desired characteristics, the
experimenter solicited the number of subjects necessary to complete a group
from the union. The subjectz solicited in this marmer were extremely
cooperative.

Nome of the subjects tested had ever participsted in a situstion calling
for printing the letters of the alphebet upside down. During the course of
the three days of practicing, subjects were earnestly requested to disqualify
thamselves 1f they violated the instructions which explicitly requested them
not to practice the task or even think of the letters in an upside dowm




fashion outside the time allcotted in the practice session.
3. Apparatus

All alphsbet printing was conducted on sheats of paper specially prepared
for this task. The paper was 8 1/2" by 11" and had 10 rows of 3/8" by 3/8"
squares with 26 squares per row, one square for each letter of the alphabet.
A sample sheet can be found in the appendix. All subjects were requested to
and did in fact, use ball point pens, and only the capital letters of the
alphabet were to be printed upsids down.

C. Procedurs

A gemeral set of instructions was given to all subjects. They were told
that the task that they had to perform was to print the letters of the
alphabet, but not in & regular mammer. They were told to print the capital
letters of the alphabet wpsids down fram the right hand corner of the page
nearest Yo them to the lelthand corner of the page mearest to them, printing
only one letter in each of the 26 squares in a line.

Purthermore, they were instructed to work for speed and sccuracy, since
both are considered important. They were told that if they finished one
corplete line of the alphabet before time was wp, they were Lo cover up the
entire line just completed with an extra sheet of peper that they already
had been instructed to have ready. The line just cumpleted was to be covered
in order to make certain that the subjects would not merely copy the letters
already printed. The instructions were repeated a second time and questions
were allowed. The instructions were also repeated at the beginning of each of

the other two practice segsions.
The first trial and all trials afterwards were for 60 seconds. Two
measures were recorded by the experimenter: 1) the total number of letters
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printed and 2) the totsl mmber of correct letters printed. A1l of the letterd
were scored by the same experimenter thus his criteris for comctngas vas
universally applied. The lettere had to be definitely recognizsble as the
letter intended before it could be considered correct., The most cormon
ristakes were J, N, Q, S and Z.

All subjects received the same genersl instructions for the first trial
from which base, pre-practice scores were derived. Specific instructions givaq
to the various groups are given below.

1. Actual Orthodox Practice. After the general instructions the members
of this group were told that they would practice thie task six trials per day
for three consecutive days. Each trisl wes of 1 mimute's duration, with a 1
minute rest pause between trials. After each trial the subjects were sgked to
count the total number of characters printed end to indicate that total in the
maergin next to the lines used in thet trial. They were then told to relex
until the ready signal was given. The process was then repested for five more
trials.

2. Imeginary Practice. After the generasl instructions were given to
subjects of this group, they were told that they would have only 1 sctual
practice trisl snd that the remeinder of their practice trisls would be
accomplishad with the use of imsgination. These subjects were instructed thet
they vere to imegine printing the cspitel letters of the alphebet upside down.
They were not to simply picture what a letter looked like, but imagine print-
ing it, which in fact means to imegine making all the movements necessery to
print it. This wes to be accomplished without actually making sny movements
of the hand or erm. They were to imagine printing one letter in each square
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until one entire alphabet was finished. They were to start over again until
told to stop. At the end of each imaginary trizl they were told to indicate
on the back of the sheet of peper the total mumber of letters they had
imagined making in the course of the trial. If for example a subject imagined
making all the letters in the slphabet in the time slotted his score for that
trial would be 26, After the first actual practice trial a new sheet of paper
vith the standard squares on it was given to each subject and then the
imaginary practice trials would begin. The subjects in this group practiced
the same number of trials per day for 3 consecutive days as the AOP group.

3. Imaginary and Actual Orthodox Practice. Once the general instructions
of the task were given, the subjects were told that they would alternate trials
using ACP and IP. They were told what was requested of them in the imaginary
practice trials and in the regular practice triels as described sbove., The
subjects kept track of their score on each trial with the same number of trials|
practiced per day and the number of days practice as for subjects in the ACP
group.

h. Reduced Actual Orthodox Practice. The subjects of this group were
given the same instructions a2s the subjects in the AOP group except for the
fact that they practiced each day for half the number of trials as the ACP
group.

5. Continually Correct Practice. After the subjects of this group
completed their pre-practice trials, they were told to take the second sheet of]
special paper end print the letters of the alphabet right side up from left to
right on the page. Then they were instructed to turn the sheet sround so that
811 of the letters were upside down in front of them. The letters were all
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correctly printed right side up so when the sheet upon which they are written
is turned sround, all of the letters sppesr in their correct upside dowm
positions. At the begirming of each triel, the subjects simply traced on top
of the upside down letters. At the end of a trial they were instructed %o
record how far they hed gotten. They received the seme muber of trials per
day ag the ACP group.

6, Imitation Practice. After the subjects of this group completed their
pre~practice bage trial, they were told that they would prectice the alphsbet
printing by meking the upside down figures of the letters with their pens
without actuslly meking any morks on the test gheet of paper. They vers
creating phantom letters as described in Chepter I. They wvere to concentrate
on speed as vell as ascouracy and they were also to keep track of how far they
were asble to get during each triel. They received the same number of prectice
trials as the AOP group.

7« Practice with No Knowledge of Results. The subjects of this growp
practiced in the same marmer as the subjects of the AOP group with the exceptidn
that immediately after each trial they wers told to tum their sheet of printeq
letters over so that they could not see the letters or know how many they hed
printed. If they completed & line in the time alloted they were to cover thet
1line ard begin over. Although a specific knowledge of how meny letters were
being printed was not avellable to these subjects, they still had a rough
indication as tc how well they were doing if they would note the muber of
lines that they were sble to accomplish during each succeeding trisl,

8. Yo Practice Control. The subjects in this group on day mumber one
gimply took one 60 second trisl of AOP and on dey mumber three took snother




60 second triel of AOP,.

D. Random Placement of Subjects in Groups

The same procedure of randomly selecting subjects for the varioug groups
thet wes followed in the pursuitmeter task was followed here. In other words,
it is assumed that 211 the group meens for the base 60 secomd pre-practice
trisls did in fact arise from the zeme homogeneous population. In arder to
make the asssurmtion of no differences in the mean mumber of correctly printed
upside dovm letters per group during the pre-practios trial more of a
certitude, & simple two way clsssification enalysie of verience wes conducted.
Teble ¢ summarigzes the necessery elements of the analysis and the Verisnce
Retio obtained. The Variance Retio of 663 obtained ie not significant.
Significance tables for Variance Retios do not indicete any significent ratio
for even an infinite mumber of degrees freedom that is less than 1.00,

It is therefore relstively safe 4o sssume thet all of these groups are

starting out with the same meen sbility to print the letters of the alphsbet
upside down and thet differences which exist between the group mean starting

scores are dus to chance fluctuations.

Es. Results and Anelysis
1l. Zinalysis of Improvemente Hoted in Tach Group
Since it has been established thet all subjects were in fact randomly

distributed smong the eight groups, it would be well to determine whether or
not each of these groups vas sble to increase their score to s statisticslly
significent degree.

Reference to Table 10 will revesl all the essentlal components which mre
necessary to compute t ratios for the significance of the difference between
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ANALYSIS OF VARIANCE OF PRE-PRACTICE MEAN SCORES TO
DETERMINE IF ALL GROUPS IN THE ALPHABET PRINTING
TASK DID ARISE FROM THE SAME HOMOGENEOUS POPULATION,

Source of Sum of Degrees of Estimate of
Variation Squares Freedom Varlance
Between 261.6375 7 37.3768
Groups

Within 6314.1190 112 56.3761
Groups

Total 6541,.2996 119

Variance Ratio=

37.3768

= .6629 which is not significant.




TABLE X

NECESSARY COMPONENTS FOR CCNDUCTING t TESTS TO DETERMINE IF
EACH GROUP IN THE ALPHABET PRINTING TASK IMPROVED TO A SIGNI=-
ALL MEANS ARE BASED UPON ONLY THE NUMBER OF
CORRECTLY PRINTED LETTERS.

FICANT DEGREE,

Mean Score| Standard | Mean Score| Standard [Difference
Group Pre-Practice| Deviatlon| of Post- | DeviationBetween S.E. t
Trial Pre-Practice| Practice | of Post- | Mean Pre4y DM
Trial Trial Practice | Mean Post
Trial Trials
#
AOP 23.00 6.98 66.27 12,16 43.27 3.82 11.33
IP 24,87 7.76 48,40 6.99 23.53 2,78 8.46”
I AOP 23440 7.03 58.80 12.02 35.40 3.72 9.52'
%*
RAOP 24,40 5.16 60.67 8.90 36.27 2.75 13.19
3
CcCP 25.66 7.90 43,60 14.26 17.94 4,35 4,12
3%
ImP 27 .26 8.75 54,07 11.66 26.81 3.90 6.87
3
PNKR 27.26 6.91 64 .67 7.15 37 .41 2.66 14.06
K2
NPC 25.13 7.01 33¢33 - 8.54 8.20 2.92 2.81
#*

Probabllity is less than .01 for 28 degrees of freedom.

€9
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the pre~practice mean score and the postepractice meen score for each group.
The t ratios have been computed and as indicoted in Table 10 311 the groups
improved beyond the 01 level of eonfidence.

2e Analygis of Differences in lean imounts of Improvement

In order to be zble to test statistically the a priori hypotheses
set concerning the verious comparisons, it will be necessary to teat if the
over-all differences between 2ll the mean smounts of irmprovement e
significent or not. A simple two-uay classificetion enslysis of varisnce can
easily indicate whether or not the over-gll differences sre significant. For
a more elsborate discussion of the reticnale behind this amalysis of variance,
the resder can consult the section of Chapter IIT which corresponds to this
chapter,

Teble 11 indicates that the variance ratio obtained is significant hayond‘
the .05 level of confidencs. Therefore, the differences existing betwsen the
mean smounts of improvement for the eight groups rmst be explained in terms c%
the effects of the different types of practice rather than teo chance
differences.

3. Statistical Testing for Specific a priori Hypotheses

Since it has been esteblished that the over-all differences betveen
mean smounts of improvement sre significent there is scme degree of justifices
tdon for proceeding vith the testing for the significance of the differences |
between specific mean mmounts of improvenent.

8. Testing of Hypothesis I

Hypothesis I resds: Imsginary Practice is es effective as Actual
Orthodox Practice in the learning of an upside down alphebet printing task.
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TABLE XI

ANALYSIS OF VARIANCE OF POST=PRACTICE MEAN SCORES
FCR GROUPS IN THE ALPHABET PRINTING TASK.

Source of Sum of Degrees of Estimate of
Variation Squares Freedom Varlance
Between 14,350,0740 7 ¢ 2050.0157
Groups »
Within 13194.8940 112 91.025
Groups
Total 24,544 .9680 119

2050,0157

Variance Ratloz —gy o5 = 2.252 which is significant beyond
the five per cent level of confidence.
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The essential components necessary to test the sbove mill hypothesis can be
found in Teble 12. The t of 5.7L indicates that there is & resl difference in
the amount of improvement to be derived from learming the alphabet printing by
the use of imapgination ané by the use of actusl practice, The mull hypothesis
must, therefore, be rejected,

Subsidiary Hypothesis Ii reeds s& follows: No Practice Control subjects
will not improve z2s rmich as subjects using Imaginary Practice, slthough beth
types of practice necessitate only two trisls of Actusl Orthodax Practice: 1)
& pre-practice trizl and 2) & postepractice trisl, The essentisl elemonts
necessary to conduct 2 t test for the significence of the difference in the
sbove tvo means can be found in Table 12, The t of 6.16 1s significent beyond
the 01 level ar confidence. The sbove hypothesls can be accepted.

Through the testing of Hynothesis I, Imaginerv Practics hss been chown to
be an effective agent in producing sufficlent amounts and kinds of internal
input and feedback necessary to lesrn the slphsbet prinmting task. The IP M
was gble to improve to 2 statistically significantly better degree than the
NPC group. The amount of improvement noted wes achieved without AOP,

It seema as though the internsl input and feedback available are of
sufficient strength to effect the gimple form of coordinsted output called
for, namely printing. The resder will recsll thet in the pursuitmeter task IP
was only as effective as NPC. Undovbtedly, then, what the O is being cslled
upon to do in the pursultmeter task is much more difficult and required more
complete and coordinated imput and feedback than 18 needed in the ~lphebet
printing task.

be Testing of Hypothesis II




NECESSARY COMPONENTS FOR COMPUTING t RATIOS TO
STATISTICALLY TEST ALL PARTS

TABLE XII

OF HYPOTHESIS I.

67

Mean Amounts of
Hypothesis Improvement Difference| S.E.
in between D t
Question Means M
Group 1 Group 2
Hypothesis AOP IP 5
I 43.27 23,53 19.74 3.44 5.74
Subsidiary 1P NEC %
I1
*

Probability 1s less than .0l for 28 degrees of freedom.
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Hypothesis II reads: A corbinstion of Imaginary Practice plus Actusl
Orthodox Practice is as effeclive as Actual Orthodex Practies in aequiring an
alphebet printing tesk. Teble 13 reveals the t test for the difference betwesn
the mean gmounts of improvement and it will be noted that there is no
statisticslly significant difference in the two types of practice in terms of
thoir effecting incresses in performance. The hypothesie 1s accepted.

Subsldiary Bypothesis II 4 resds as fcllows: Feduced Actuel Crthodox
Pragtice is not as effective as a combinetion of Imaginery plue Actual Crthedey
Practice in lesrning an alphebet nrinting task slthough in effect both types
of proctice use an squal number of Actual Orthodax Practice trisls. In Table
13, a2 & test for the diffarence betwsen NACY and I+AC has been conducted., The
t obbained indicates no difference in mesn amounts of improvement. Thus far
in this hypothesis, the results have been identical with those of the pursuit-
mater task.

Subsidiary Hypothesis II 41 reeds: Reduced Actusl Orthodox Practice is
not &8 effective as Actusl Orthodox Practice eince ACP uses twilce as much
prectice ss RACP. Reference to Table 13 reveals that the above hypothesis
mst be rejected. No statistically significant difference is indicated between
the two types of practice, It appesrs as though with & total of cnly 8 one
mirmte practice trisls subjects begin resching an ssymptote of performence in
this task wiich subjects praeticing for 16 one minute trials have already
resched.

It thus seems as though the combining of IP with AOP adds little (in
terms of exceptionslly useful input and feeddback) to improving performance
both in the alphsbet printing tesk and the pursultmeter task,
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TABLE XIII

NECESSARY COMPONENTS FOR COMPUTING t RATIOS TO
STATISTICALLY TEST ALL PARTS OF HYPOTHESIS II.

Mean Amounts of
Hypoigesis Improvement Difference S.E.
Question between D t
Sroup 1 | Group 2 Means M
Hypothesis AOP I AOP
II 43,27 35,40 7.87 3.80 2,07
Subsidiary I AOP RAOP
Hypothesls
I1L 35.40 36.27 «87 3.39 .256
Subsidiary AOP RAOP
Hyvpothesis
ITi3 43.27 36.27 7.00 3.56 1,94
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In terms of the corbinetion of IP with AQP the human perceptusl motor
system reacts in very similar ways in two tesks. However, in terms of the
effectiveness of IP, the human percentual motor system reacts quite dii‘famuﬂ;

¢. Testing of Hypothesis IIX

Hypothesis III reads as follows: Reduced Actusl Orthodox Practicd

is ss effective as Practice with No Knowledge of Pesults for acquiring en
alphabet printing tesk even though the over-all smount of actuel practice for
the RAOP group is half that of subjects practicing with no knowledge of their
performance. Teble 1l indicates that there is no difference between the two
megn amounts of improvement. The question to be posed here iz this: Are thesd
two groups 80 similar in the smomts of performance improvement noted btecsuse
of the prohibitive sspects of no knowledge of results or becsuse of the speed
vith which this task is acquired? The more conservative answer and the more
veclistic one ie the letter of the two alternstives. It appears as though
subjects rapidly spproach a performance ssymptote in this task which rakes it
extremely difficult to deteet differences in practice efficlency between PNER
arxl RACP,

Subsidiary Hypothesis IIX 4 reede: A combinetion of Imaginary snd Actual
Orthodox Practice iz as effective ss Practice with No KEnovledge of Hesults
although subjacts ueing I+AOP would sctually practice omly one half the number
of trials as subjects in the PNKR group. Table 1L indicates that there is no
difference in the twe mean amounts of irmprovement. Once again, informstion
cbta ned in testing the other hypotheses sugpests that the faciliteting
agpocts of combining IP with AOP are negligible as are the prohiblitive aspects
of witholding informstion in PNKR. The effects of these types of practice




TABLE XIV

NECESSARY COMPONENTS FOR COMPUTINS t RATIOS TO
STATISTICALLY TEST ALL PARTS OF HYPOTHESIS III.

Mean Amounts of
Hypothesis Improvement Difference| S.E.
in Between DM t
Question Means
Group 1 Group 2
Hypothesis PNKR RAOP
III 37.40 36.27 1.13 3.45 .327
Subsidiary PNKR I AOP
Hypothesis
IITi 37.40 35.40 2.00 3.69 542
Subsidiary PNKR AOP
Hypothesis
ITTi1 37.40 43.27 5.87 3483 1.53
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mist still be viewed upon in terms of the actual visusl-suscular input and
feedback available for effective use in acquiring the task.

Subsidiery Hypothesis III ii reads: Actual Orthodox Practice is more
effective than Practice with No Knowledge of Results. The results of the ¢
test indicated in Table 1l necessitate that this hypothesis be rejectad.
Although the difference is in the expected direction, the probability of this
difference having arisen on the basis of chance is quite high (approximately
.20).

For all of the aspects of Hypothesis III, it appears as though the level
of the difficulty of the task camouflsges the diverse effectiveness of the
different types of practice. It also appears as though the prohibitive
aspects of what has been described as PNKR have been minimal if not negligiblel
In reality, it appears as though this should heve been referred to as Prectice|
with asome Knowledge of Rasults, for in all perceptual motor leaming, a sub-
Ject must have at least some indication as to ths propriety of his actions,
otherwise be would simply function at a level of probability. Subjects
certainly know at least in a gross way that they have printed more letters
from one trial to the next by noting epproximately the number of alphabets
printed and the letter stopped at--if it is in beginning, middle or end of the|
alphabet.

Hypothesis IV reads: Imitation Practice is as effective ss AQOP in the
acquisition of an alphabet printing tesk. The results of the t test conducted
in Table 15 force the conclusion that ImP is definitely not as effective as
AQP,

Subsidiary Hypothesis IV i reads as follows: No Practice Control is not




TABLE XV

NECESSARY COMPONENTS FOR COMPUTING t RATIOS TO
STATISTICALLY TeEST ALL PARTS OF HYPOTHESIS IV,
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Mean Amounts of

Hyoothesis Improvement Differencd S.E.
in : between Dy t
Question Means
Group 1 Group 2
Hypothesis ImP Aop %
v 26.80 43.27 16.47 3.62 4,55
Subsidiary ImpP NPC
Hypothesis #
IVl 26.80 8.20 18.60 2.74 6.78
%

Probability is less than .01 for 28 degrees of freedom.
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as effective as Imitation Practice in Faciliteting improvement in a pursuit-
moter task. The t test conducted for the differeaces in improvement can be
found in Table 15 and the results indicate that the hypothesis be accepted.

Merely making the outlines of the lstters, thus creating "phantom"
impressions of them, does seem to facilitate improvement to a considerable
degree although the amount of improvemsnt does not reach that attained by ACP.
It appears as though some degree of coordination betwsen input, feedback and
output can be achieved by this method, even though the subjects do not receive
an opportunity to see the results of what they think should be printed except
in "phantom" form.

Hypothesis V reads: Contimually Correct Practice is as effective as
Actual Orthodox Practice in learning an alphabet printing task. Heference to
Table 16 reveals that the t of 18.63 obtained from testing for the differences
between the meen amounts of improvement indicstes that CCP is definitely not
as effective as AOP in facilitating performance improvement in an alphabet
printing task. The hypothesis must, therefore, be rejected.

Subsidiary Hypotheais V 1 reads: No Practice Control is not as effective
a8 Continually Correct Practice in facilitating improvement in an alphabet
printing task. Table 16 reveals a t of 2.71 which was cbtained in testing the
sbove hypothesis. The + is significant at the .05 level of confidence.

What conclusions can be drewn from testing Hypothesis V? Compared to AOP|
the effects of CCP in facilitating performence improvemsnt are not very great.
If the input and output patterns of remembering given letters and printing
them upside down are coordinated by correct fixed pattems, there is M
little opportunity for the perceptusl motor system to operate in its more

natural error-modifying capacity. "Giving" the 0 correct pattern to be
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TABLE XVI
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STATISTICALLY TEST ALL PARTS OF HYPOTHESIS V.
Mean AmouUnts of
Hypothesis Improvement Differencg S.E.
in between Dy t
Question Means
Group 1 Group 2
Hypothesis ccr AOP 3
v 17.93 43.27 25.34 1.36 18.63
Subsidiary CCP NPC
Hypothesis et
Vi 17.93 8.20 9.73 3.59 2.71

St

Probability 1s less

33

Probability 1is less

.01 for 28 degrees of freedom.

.05 for 28 degrees of freedom,
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practiced nokes the O more passive to input and feedbock which are yielded and,
in being more passive, the effects of the feedback and input are sterilized,

The same general conclusion applied to Hypothesis V in Chepter III can te
applied here: "In leerming a perceptual motor skill, an ‘error-free' human
organism 1s soparently a less efficient perceptual system than one which can
gauge the effect of error end initiste movements on the basis of perceived
error.” Real movements, resl printed forms and real error meke for better
coordirstion between input, feedback and output than imitated movements,
phentom printed formes and hypothetical error.




CHAFIFR V

IRTFR~TASK COMPARISCN OF PRACTICE
EFFECTIVENESS HIERARCHIES

A« Purpose
The purpose of this chapter ia to determine 1f the types of practice

applied to the adlphsbet printing tesk snd to the pursuitmeter tssk yileld
compersble amounts and kinds of input and feedback infomstion. Phrased
differently, the essential cuestion presented here is this: Does the humsn
gysten essentislly derive comparable smounts and kinds of input and feedback
informetion from the same type of practice orientation spplied to the two
different kindg of taske being used?

1If the most effective throurh the least effective means of prectios in
the pursultmeter task in terms of the amount of improvemsnt noted in the
difference betwsen pre-practice and postepractice scores is compared with the
moet effective through the least effectiwe means of practice in the alphstet
printing tesk, sn index of the extent to which these hierasrchies agree can be
obtained.
B, Method

The perfect measure to determine the index of relstionship or correlstion
between the ranks of the types of practice in terms of effectiveness is the
rank order correlatiom coefficient, rho.

17
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Table 17 shows the rank order of the verious types of practice from rost
effective through least effective. The necessary calculations are also shom.
In this case, P = 581 which is significant ot the ,OL level of confidence
(Underwood, Duncan, Taylor and Cotton, 1954, Table 7).

But whet vrecisely does tiis measure of correlstion indicate as opposed
to & Pserson product mament coefficient of correlation? ‘then Iho ls
determined for data of ranked measurerment, it hag the sams value thet r would
have and therefore, it may be interpreted as a messwe of the smount of linesr
correlztion betwean ranks. (Olde, 1938, 1949; Underwood, Duncan, Taylor and
Cotton, 19545 =nd Thornmton, 1943).

In order to obtain a rough index of how & soatter diagram of points
representing the various types of practice for the alphsbet printing task snd
the pursuitmeter task, Figure 3 has been comstructed. Note that the points
seem to distribute themselves in an epproximately linear relationship,

Cs Comclusionss

The most erfective mesns of practice for the slphsbet printing task is the
most effective mesns of practice for the pursuitmeter task and generally
speaking that 1s the cese on down the line, Although not perfectly linear, thtﬂ
rank relstionships heve & remarksble degree of similerity and do show
slgrdficance a8 mentioned above.

From the cbservetions mede here, it eppesrs as though the human perceptual-
motor leaming system derives comparsble benefits from similar forms of input
and feedbeck in two different realms of endeavor, The amounts and kinds of
information necessary for the orgardsm's perceptusl-motor lesrning system to
effect certalin levels of performance efficiency in different tasks see:m to be




RANK DIFFERENCE CORRELATION BETWEEN EFFECTIVENESS
OF VARIONUS TYPES OF PRACTICE IN THE PURSUITHETER
TASK AND THE ALPHABET PRINTING TASK.

Rank In{Rank in
Rotary |Alphabet o
Type of Practlice |Pursuit|{Printing D D
Task Task
AOP 1 1 0. 0
IP 7 6 1 1
I AOP 2 4 2 4
RAOP 3 3 0 0
PNKR 4 2 2 4
ImP 5 5 0 0
CCP 6 7 1 1
NPC 8 8 0 0
2 0%z 10

2
_ 63D
Rho:p—l —_— W:-l—)-

«881 Which 1s significant at the
.01 level of confidence

-
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gonstant, Thus the orgenism obtaining input end feedback of a certain kind in
one task tends to utilize similer input and feedbeck in another task to a
corparsbly effective degree.

It would be well to make the above conclusions with certain qualificstiong
It must be remembered that there sre differences in the starting level of
proficiency between the two tasks used. Any sort of peper and pencil task
glready involves highly developed writing skills wheress in the pursultmeter
task this coes not seem to be the csse. Thus the improvements derived by the
subjects for all types of practice in both tasks must be considered in the
light of the different starting levels of proficiency subjects utilize in
alphabet printing and rotary pursuit.




CHAPTER VI

THE RELATION OF PRACTICE ACCELERATION TO
PERFORMANCE IMPROVEMENT

A. Purpose

This chapter is designed to consider certain questions concerning the
relationship between the rste at which the various groups practice and the
over-all amount of performance improvement they were able to achieve.

In Chapter V it was noted which types of practice were most effective and
vhich were least effective in facilitating performance improvement from the
pre-practice trisl to the post-practice trial. The mejor question to be aakeq
here is this: In the alphabet printing task, for example, does the mean reate
at which the subjects of a group use the input and feedback available to them
in producing characters according to their unique practice output (such as theﬂ
phantom letters of ImP or the completely correct letters of CCP or the
imaginary letters of IP) correspond with the group which achieved the greatest)
over-all amount of improvement? Does the fastest rate of increasing perform-
ance in practice trials according to the various practice orientations corre-
spond with the group which achieved the greatest amount of improvement from
the pre-practice trial to the post-practice trial?

The most natural inclination is for one to suggest that the group with
the fastest rate of practicing will meske the greatest amount of improvement
noted in the difference between pre-practice and post-practice scores. The

82
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first integral element necessary to determine if the relationship between rate
and improvement is direct, inverse or non-existent is an indication as to the
comparative rates at which the various types of practice are able to produce
letters according to the characteristic modes of orientation being used.

B. Method

Before the rates of output for these various types of practlce are pre-
sented, the limitations of the data must be considered. There are only four
types of practice which can be compared for rate in the pursuitmeter task,
because there was no genuine way to record daily trial by trial improvement
for the CCP, the ImP, the IP and the NPC. Therefore, the rate of increase will
be presented for only AOP, RAOP, PNKR and I+AOP; however the statistical
treatment to be applied to the relationship between the ranks of the practice
improvement and the ranks of the over-all improvement cannot accommodate a
small number of only four elements. Thus the analysis will have to be limited]
to a consideration of the alphabet printing task for which there are records
of the number of letters accomplished per trial from trial number two through
trial number seventeen for six of the eight groups. There are no practice
trials for the NPC group and the data from the RAQP group cannot be compared
for rate with groups which practiced for twice as many trials. Thus only six
groups will be considered.

In Figure i can be found the mean number of seconds that each of the four
groups remained on target for day number one through day number five. Accord-
ing to the rough indications apparent in the figure, AOP has the over-all
highest rate of acquisition and it also had the greatest amount of performance]
improvemant although for the first two days of prectice I+AOP seemed to
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out-accelerate AOP. The lowest rate of acceleration, RAOP, had the third
largest amount of improvement of all eight groups which seems to slightly
indicate an inverse relationship. The type of over-all relationship to be
derived here between rate and amount of improvement must remain an unanswerablp
question because of the data limitations.

C. Results and Conclusions

In Figure 5, are represented the mean number of letters accomplished per
trial per day for the six groups which readily lend themselves to analysis.
However, as the graph is in its present form, it would be next to impossible
to actually determine the over-all highest rate of practice and the next
highest rate and so on. Therefore, the following msthod of determining a
hierarchy of rates of acceleration was devised. The mean number of letters
accomplished per trial was recorded for each of the six groups in question.
The group which accomplished the most letters on, for example, trial number
two was given a rank of 1 and the next highest group was given a rank of 2,
and so on. This process was repesated for each trial from 2 to 17. The ranks
that a given group had obtained on all sixteen practice trials were summed
for all six groups and the group which had the lowest total was the group withl
the highest rate of over-all acceleration. It therefore received a rank of
1. The next lowest total received a rank of 2 and 8o on down the line. Thus,
& measure of the ranks of the highest through the lowest over-all rate of
acceleration was obtained. It was a simple matter to rank the groups accord-
ing to the greatest amount of improvement through least amount of improvement.
The two sets of ranks were then analyzed for the amounts of correlation
between them according to the Spearmsn renk difference coefficient of
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of correlation, rho.

The calculation of rho as well as the ranks discussed above can be found
in Table 18, 'mep of -.60 obtained is not significant for the number of
paired rank differences that are available.

It appears, then, from all indications that in the alphabet printing
tagk, the human system is functioning with an inverse relationship between
rate of practice and over-all amount of improvement for the types of practice
investigated. It seems as though the input and feedback available while
practicing allows for rapid output in terms of whatever is called for but
that the rapid output is of little significance in facilitating performance
improvement from pre-practice to post-practice scores. The information
available to one group allows rapid acceleration according to a particular
mode of practice, but the human perceptusl motor learning system is apparently
extremely selective as to what will and what will not become performance
increasing, eifective input and feedback.




TABLE XVIII

RANK DIFFERENCE CORRELATION BETWEEN VARIOUS TYPES OF PRACTICE IN
TERMS OF OVER=ALL AMOUNT OF IMPROVEMENT AND RATE OF PRACTICE

ACCELERATION.
Triales Column -»
pzzgzigﬂ 2314|5167 891011121314 {15|16|17! % (A |B|lCc |D D2
AOP 614,555 |6 |3 (3| 514,54 |4.5 4|4 | 4 51| 4 7195 |1 | 4| 18
Ip 4.53353565.553356565 6714151111
I4A0P 456 |56 |5 | 6|56 |66 |45/6|5 | 6|3.5 6 8,5 6| 3|3 |9
PNKR 31455 (4|4 4|4 (354556 (3|3 |3 |3.5 3 631321111
ImP 1.5222212222212222 295 214 124
cCP 1.5 1 {1 |1 12 {1111 |112]1 111,121 188 1 | 6 S |25
2D2=56
Column
A=Sum of all rsnks for all trisls. Rho ( 1 62D2
B-Overall rank in alphabet printing == - —Tﬁa::—j-
task in terms of acceleration. N{N 1
C-Fank 1in terms of amount of over-
all amount of improvement { =— .60 which 1s not significant.

D-Difference between ranks.
D<-Difference between ranks squared.
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CHAPTER VII
A THEORETICAL ORIENTATION

Ernest R. Hilgard {1956) has pointed out some interesting problems relat-
ing to the concepts of reinforcement, provisional try and feedback. An
attempt will be made here to weave the information collected in this research
into the framework of the problem pointed out by Hilgard. To quote Hilgard:

Many learning problems require the selection of one or another
possible mode of action in ordsr to reach a gcal. Because
alternative responses sppear one after ancther until the correct
one is stumbled upon, this leaming is commonly described as

trial and error. This designation is descriptively approprisate

to several standard laboratory experiments. In nctor-skill
experiments, acceptable responses have to be discovered within a
range of movement posaibilities; in the problem box, there is
usually one correct response among many unspecified possibilities;
in discrimination experiments, selection is to be made from among
fixed alternatives; in the maze and multiple-discrimination
experiments, successive choices must be integrated in proper order.
Two main theoretical problems arise: the problem of the nature of
the original adjustment ending in the correct act, and the problem
as to how this adjustment is facilitated when the situation is

repeated.
(Hilgard, 1956, p. 469 - L70)

The first of the two explanations offered by Hilgard is that of Edward
L. Thorndike's. Thorndike's approach was to separate the two problems with
the original adjustment of the organism being considered as a result of the
"law of multiple response." This law simply intimates that the organism has
a predisposing tendency to vary its responses in a given problem situation
with a wide variety of the acts existing within it. These various responses
are exscuted in a semi-random fashion until a correct one is chanced upon.
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Then, aceording to Thorndike, & second principle becomes operative and that
is the "law of effect.” This law simply stipulates that when the same
situational problem is repeated, the response that was rewarded has a better
position in comparison with the rest of the possible variety of responses, and
thus it would tend to become operative 2t an earlier point than before.
Although a situation may be comparatively novel, prior exeriences will have
established some preferential orders of resmponse, thus the multiple responses
occurring will never be truly random. An example of this might be a cat in a
closely compact puzgle tox. His first reasction msy be that of scratching and
biting to get out, He very probably would execute the same response if he
were put in a shoe box or if he were caught in some exceptionally thick
bushes. The analysis of the sequence of steps taken by learning organisms is
vwhet Hull attempted to formulate.

Hilgard has also proposed the alternstive answer to the problem of the
original act of adjustment and how it is facilitated. According to this
alternative, the act of original behavior is not simply the application of
earlier habits to the new situation, but rather it is 2 "genuine attempt =at
discovering the route to the goal." (Hilgard, 1956, p. L70) The previous
experiences of the organism are used but within a mammer which is appropirate
to the present, This kind of an interpretation, according to Hilgard,
renders the original act of edjustment a provisional try which is to be

confirmed or negated by its ultimate success or failure. Hilgard is quick to
note that the provisional try is very much analogous to the "hypothesis”
behavior of Tolman and Krech. According to Hilgard, "the theory supposes that
a provisional behavior route is kept in suspension until its consequences
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change its provisional status; if it is confimed it is an appropriate path of
action to be followed under like circumstances." (Hilgard, 1956, P. L70).

In 1948, when Hilgard first presented the concept of the provisional try
the concept of feedback had not gained any wide degree of popularity. Uhat is
being implied by the provisional iry is simply that there is feedback that
corrects provisional attempts according to the consequences derived. The role
of reinforcement under the conceptions of provisional try and of Feedback
assimilates an informative role. When a correct response is made, the
information fed back to the orgenism indicates no discrepancy or error between
the desired state and the present state. The goal has been reached.

The concept of the provisional try with its resulting feedback and either
confirmation or denial of an appropriate goal seems definitely more spplicable
to the tasks which have been investigated and the data obtained, than the two-
part process which Thorndike outlined.

In the pursuitmeter task, the performance which is called for is a series
of circular arm movements coordinated in a particular direction. The wnique
fumbling of a subject is not blind responding from a bag of semi-random
responses, but rather is a closely knit continuous series of attempts to
reduce error or discrepancy between the goal desired and the present state.
The seemingly random series of movements are easily explained on the basis of
new attempts to coordinate feedback and input into a more efficient on-target
output. In being subjected to different kinds of practice rather than
orthodox methods, the subjects involved were being farther and farther
removed from the most optimum conditions for a provisional try.

In one type of practice, CCP, the provisional try was eliminated and the
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result was a rather complete inability of subjects to profit very much in
either task. When the correct mode of attack is imposed on an organism,
performance is inhibited and information being fed back from the visual imageeﬂ
and muscles flexions is being superficially imposed upon the orgsnism and is
thus useless rather than being internally assimilated and thus effective in
increasing performance efficiency.

In IP in the pursuitmeter task, an organism may be mentally assuming a
continuous series of provisional trys, but until they are in some way
implemented or put to the task, they remein hypothetically provisional rather
than actual trys.

The concept of the provisional try is equally applicable to the alphabet
printing task. Both the type of input available to the organisms and the
feedback available to them in learning are active ingredients in implementing
or inhibiting provisional trys.

The organism must use his memory of the letters as a basis for printing
the letters upside down according to the inatructions. The initial input in
this case thus arises from inside the organism. When the signal to start is
given, the subjects uses past knowledge of the letters in their normal
pogitions to print them in the inverted order. As O prints a letter, visual
and motor feedback are available to him. If there is no discrepancy or error
between the inverted engram (as devised by the subject) and the visuo-motor
feedback concerning what has been printed, he can continue to the next letter.

Error can enter into the system in two ways, 1) when a letter is
incorrectly inverted as it becomes input into the system, in which case
motor coordination or output which prints the letter will find no error; and
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2) when a letter is correctly inverted as it becomes input but coersion of
muscular pattern by virtue of habituation causes an incorrect charscter to be
printed. The system may or may not detect the error depending on speed of
output, which if slow would make the system more likely to be sensitive to
incongruities between input, output and feedback.

Since the alphabet printing task is apparently a simpler task and the
motor habits necessary to perform it are developed to a great extent, the
provisional trys are mich more easily facilitated in IP than they were in the
pursuitmeter task, hence the rather large amount of over-all improvement for
IP in the printing tesk. CCP, however, is about as efficient in the alphabet
printing task as it was in the pursuitmeter.

Thus, depending on the degree to which the provisional try is implemented
and the amount and kind of feedback available greater or lesser facilitation
of efficient performance output can be achisved.

According to the orientation presented here, it would seem as though
Hilgard's concept of the provisional try is definitely justifiable.




CHAPTER VIII
SIMMARY AND COHCLUSIONS

This study sought to investigate the comparative effectiveness of
different types of practice involving different smounts and kinds of input
and feedback information in the acquisition of a pursuitmeter task and an
upside down alphabet printing task.

There were elght types of practice orientations investigated with all
elght types of practice being epplied to both tasks. The eight types of
practice were: 1) Actual Orthodox Practice, 2) Imaginary Practice, 3)
Imaginary plus Actual Orthodox Practice, 4) Reduced Actual Orthodox Practice,
5) Continually Correct Practice, 6) Imitation Practice, 7) Practice with No
Knowledge of Results and 8) No Practice Conmtrol.

These various types of practice were to be comprehensively compared along
tmemmmgofimmwmnipmm‘auﬁmdgw
hypotheses concerning the effectiveness of the various types of practice in
facilitating increases in performance; secondly by inter-task comparison of
the effectiveness of the different types of practice and; thirdly, by compar-
ing the rate of use of input and feedback available as measured by progress
per trial per day with over-all amounts of improvement.

The various a priori hypotheses will be presented below along with the
results of the statistical testing of the hypotheses for sach of the tasks.

Hypothesis I reads: Imaginary Practice is as effective as Actual

9h
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Orthodox Practice. In both the pursuiticter task and the alphabet printing
task, this hypothesis was rejected. Subsidiary Hypothesis I i reads: No
Practice Control is not as effective as Imaginary Practice, although both
types of practice necessitate only two trials of Actual Orthodox Practice;
1) a pre-practice trial and 2) a post-practice trial. NPC was just ss
effective as IP in the pursuitmeter task, but not in the alphebet printing
task.

Hypothesis II reads: A combination of lmaginary Practice and Actual
Orthodox Practice is as effective as Actual Orthodox Practice. In both tasks
this hypothesis was accepted. Subsidiary Hypothesis IT i reads: Reduced
Actual Orthodox Practice is not as effective as a combination of Inmaginary
and Actual Orthodox Practice although, in effect, both types of practice use
an equal number of AOP trials. This hypothesis must be rejected since in
both tasks no significant differences were found between RAOP and I+ACP.
Subsidiary Hypothesis II ii reads: Reduced Actual Orthodox Practice is not as
effective as Actual Orthodox Practice since AOP uses twice as much practice
as FAOP. In the alphabet task, AOP was not more effective than RAOP, but
there was a significant difference in the amount of improvement derived from
these two types of practice in the pursuitmeter task.

Hypothesis III reads: Reduced Actual Orthodox Practice is as effective
as Practice with No Knowledge of Results even when the over-all amount of
practice given to the RAOP group is half that of the PNKR group. This
hypothesis was accepted for both groups. Subsidiary Hypothesis III i reads:
A combination of Imaginary and Actual Orthodox Practice is as effective as
Practice with No Kncwledge of Results although subjects using I+AQOP would
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actually practice only one half the number of trials as subjects who use PNKR.
The hypothesis must be generally accepted for both tasks since in the alphabet
task there was no difference in the two types of practice and in the pursuit-
moter task I+AQOP was more effective than PNKR., Hypothesis III ii reads:
Actual Orthodox Practice is more effective than Practice with No Knowledge of
Results. This hypothesis was asccepted for the pursuitmeter tasik but not for
the alphabet printing task, in which the predicted direction was found but
significance was not quite reached.

Hypothesis IV reads: Imitation Practice is as effective as Actual
Orthodox Practice. This hypothesis was rejected for both tasks. Hypothesis
Iv i reads: No Practice Control is not as effective as Imitation Practice.
This hypothesis was accepted in both tasks.

Hypothesls V reads: Continually Correct Practice is as effective as
Actual Orthodox Practice. This hypothesis was rejected in both tasks.
Hypothesis V i reads: No Practice Control is not as effective as Continually
Correct Practice. The hypothesis was accepted in both tasks,

An inter-task comparison of the effectivensss of the types of practice in|
the two tasks was conducted and it was found that the correlation of the
ranks of the prectices in terms of effectivensss between the two tasks is .881
which was significant at the .0l level af confidence.

A non-significant correlation of -.60 was found between the ranks of the
rates of practice for six of the eight groups of the alphabet printing task
and the ranks of the over-all amount of performance improvement noted. The
rate of practice does not, therefore, necessarily indicate the amount of

improvement derived.
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Also, an attempt was made to relate the learming of the tasks at hand to
the concept of the provisional try as dsscribed by Hilgard. It was agreed
that the tasks studied and the types of practice used could very easily be
given the provisional try - feedback orientation.

The general conclusions tc be presented here are derived from observationg
of the effectiveness of the various types of practice as applied to both
tasks.,

To begin with, any attempt to reduce the input - feedback information
of Actual Orthodox Practice in either of the two tasks studied by any of the
types of practice used constitutes a removal of the practice from the optimum.
The orthodox manner of practicing supplies the organism with the most
efficient and effective means of improving performance. An interesting
question which results from studying Actual Orthodox Practice is this: Is
there scme way to make Actual Orthodox Practice still more efficient? By
careful analysis of the various elsrents corprising the tasks at hand, would
it be possible to instruct subjects to attend to certain of these elements
while using AOP, thereby heightening, focusing, and clarifying certain
beneficial aspects of AQP?

An example of what is mesnt by this instructed attention, as it will be
called, in the pursuitmeter task might be this. Carefully instruct subjects
to have an easy, relaxed grip on the stylus snd be especially careful not to
apply any downward pressure on the stylus since this simply does not enhance
pursuit movements, but probably inhibits them. Also instruct subjects to
develop a rhythmic bodily motion to their pursuit practicing. It is probably
true that most subjects develop these two techniques after they have been
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practicing for some time, but by instructed attention, would it be possible
to bring them to a performance asymptote sconer or are these two elements
simply cormponents of Hilgard's provisional try which must be achieved by the
subject through experiences of input - output- feedback -output? It is an
interesting question for future ressarch.

The use of Imeginary Practice in learning these two tasks does not render
univocal results. The reader will recall that IP was just about as effective
a3 NPC in learning the pursuitmeter task. Why should IP yield three times
the amount of improvement as NPC in the alphabet printing task and just equal
the amount of lwprovemsnt ylelded by NPC in the pursuitmeter task? Vhy has IP
been showm to be effective in dart throwing, in basket ball free throws and
throwing rope rings at & peg, but not in pursuitmeter leaming? The
conclusion arrived upon is that in only pursuitmeter learning as in none of
the other tasks where IP has been shown to be effective is such a continmuous
and repid interplsy and courdinstion of input - output - feedback - ocutput neo}
essary to effect significant improvement. The other tasks require discrete
movements which start at some specificable moment and end in another moment.
The internal input and feedback hypothesized as existing in IP seems capable
of effectin; increases in performance only in tasks where discrete movements
are called for. An interesting proposal for future research might consider
whether or not IP would be affective in learning to trace a star shape from &
rirror image. This is a task in which & continuing series of movements ceems
to be operative. It is an interesting question.

Now for a consideration of combining IP with AOP and its relative
effectiveness. All apparent indications point to AOP doing the vast majority
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of the work in pursuitmeter learning. In the alphabet printing task it
&ppears &s though a performence asymptote is too rapidly reached to determine
whether or not IP combined with AOP is more effective than RACP. By reducing
the total number of trials used, it may be possible to note whether or not IP
coupled with AOP is more effective than a RAOP condition which would use an
equal number of AOP trials.

The spplication of CCP proved to be one of the most interesting aspects
of the entire study. In both tasks, subjects using CCP improved, but the
amount of improvement was quite negligible when contrasted with that of AOP.
From the observations made, it can be concluded that any attempt to give an
organism all the patterned movements which it would normally develop in the
pProcess of provisionally trying, inhibits the proper assimilation and
coordination of input snd feedback into the organism so that performance
improvement is minimal. The passive imposition of the necessary movements on
the muscles involved does not begin to compare with the active movement of
muscle groups desriving feedback by which further movements can be made.

PNKR is definitely a limiting element in the acquisition of these two
tasks although its prohibitive aspects seem more pronounced in the pursuit-
meter task than in the alphabet printing task. This is probably so because
of the relativity of the knowledge being limited in the alphabet printing
task. The subjects had an approximate indication as to how well they were
doing rather than a precise indication. In further studies involving PNKR
it might be well to consider the specificity of the knowledge being witheld
from a practicing subject. Diverse degrees of specificity of knowledge of
performance undoubtedly effect performance to diverse extents.
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vWhen subjects imitate the movements of the two tasks investigated, the
feedvack derived from those imitated movements does not have sufficient
informative value to be as effective as AOP. The imitated movements yield
only coarse feedback information regarding the effectiveness of outputs
exscuted.

The experiment has shown the feasibility of applying a feedback model to
an inter and intra-task study of diverse methods of practice in the
acquisition of two perceptual motors skills, and has suggested certain
questions which may warrant future research along these lines.
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