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CHAPTER I
INTRODUCTION

Knowledge of results (XR) can be defiged as knowledge of various
kinds Which»the trainee or performer receives about hié performanée
(cf. Ammons, 1956), KR has b-een further defined as including the
subject'sr(ﬁ's) perception of KR. The‘definition and roles or
properties of KR wili be discussed further in a Literature Review
section. Bilodeau (1966) has compiled a list of terms various
authors have used_for "muchvthe same experimenfal procgdures" as are

used for KR: feedback (achievement information feedback, informatioﬁ
or informative féedback, reinforcing feedback,vpsychological feedback,
etc.), reinfdrcemgnt, and rgward. Bilodeéu.aléo‘lists modifiers
such as supplementary, intermittent, augmented, terminal, infrinsic,
eitrinsic, action, and 1earniﬁg (i.é., learnigg,feedback)vthat have
been used in association with KR. Much research interest has centered
on the effects of KR,on performance, Bilodéau and‘Bilodgau (1961)
state that no:other'independent Variablg foers guch a wide range of
possibilifies for getting man to reﬁeat or change pis pesponses S0

immediately and by such large amounts.
KR Specificity

KR Specificity (KR Spec), a parameter of knowledge of results,

"may be defined as the degree to which information given the learner



describes the manner in which his performance deviates from criterion
performance (Gotterman, 1960). It may be regarded as anaiqg@us.tg
qualify of reinforcement. Though not specifically stétedg Underwood
(1966, pp. 336—337) seemed to use the term precision for specificity
though Cottefman (1960, p. 12) aﬁparently would use "pracision” or
"accuracy” to refer to another aspect of information. [This particular
author does not at present feel that there is a clear nééd for the
three terms therefére, specificity will be the only term;necessary

for this paper.] For a particular task, if the diffefénce'in KR
Specificity is great enough (and enough trials are given), an increase

in KR specificity may result in an improvement in performance.
Intermittent KR Schedules

An intermittent KR schedule refers to the presentatiqn to an S
of KR on some'ﬁrials (or after 36mé responses) and not on others. KR
ihtermittency may be thought of as referring to the placement of KR
following responses in.a series‘in which other responses are not
followed by KR. It is noted that random ratio (or random-interval)
KR s&heduies may interpose itwo or more consecutivé KR trials between
or among non-KR trials. |

There are two possible types of intermittency schedules, a KR

schedule and a KR percentage.
KR Schedule

KR schedule will refer to the manner in which KR is presented:
fixed-ratio, fixed-interval, random-ratio, or random~interval KR.

Concerning KR schedules, very little research has been done comparing



fixed-ratio {or fixed-inberval) with fandom§;§ti®_(or rand@meinﬁerval)
schedules of KR pfesentationo

Fixed-Ratio KR. When every nth response receives KR, and when
n is constant, the KR may be said to be given according to a fixed-

ratio schedule.

Fixed-Interval KR. If KR is given according to fixed time
intervals, then KR is given on a fixed-interval schedule. This
would also be the case if KR was given on a fixed-ratio schedule

having a constant inter-trial interval.

Random-Ratio KR. On the other hand,‘in a random-ratio (RR) or
variable—fatio (VR) schedule of KR, the KR occurs after a varyingi
number of responses, the number varying unpredictably from KR to KR
(cf. Ferster and Skinner, 1957, p. 391). Thus, random-ratio KR
conditions result in KR occurring on randomly picked trials. However,
for a given ratio the average number of responses preceding a response
followed by KR is usually equated with the number of such responses

in a fixed-ratio schedule.

Random-Interval KR. Random— or variable-interval KR may occur‘

where the time between KRs is randomly varied. As with random-

~

ratio KR one particular average interval may be used.

KR Percentage Schedules

KR.percentage or ratio refers to a method of presenting‘KR in
which KR is given on a certain percentage of the total trials or
éccording to a certain ratiovof KR frials to total trials.

Little intermittent-KR fesearch has been done using a procedure

which, over different KR percehtages, holds the number of KRs constant



and varles the number cf total trlals (1nclud1ng the non-KR trlals)
It is obv1ous that the opp051te could be done° that 1sﬂ the. total
number of trlals could be held ccnstant and the KR ratlo varied., But
this m1ght only demonstrate the behav1oral effects of 1ncreas1ng the
ngghg;,of KRS‘: S1nce reward9 or relnforcement, and KR are not
synonymons‘tefmer-methodologlcal«and theonet;cal comparisons betﬁeen
the,two;areasfof;reeearcn‘interest‘are-difficult;bhowever, holding
the"number of KRefoonetantbis analogons to holding the nnmber of

mMﬁmmmﬁcm%wt
KR Spec x KR Intermittency

Much research has been done concerning the separate effects of

. the intermittency'and‘the quality of reinforcement on'the behavior of
animal Ss. However, there is a'lack of researoh concerned with the
intenactive.effects of these tno‘variables. Lewis (1960, 1963)

found fenvpanametnic laws aften revlewing the partial-reinforcement
literature of theel9SOle. He mentione.further that not many ne— '
searchers seem to be interested in how one variable relates to
another along the maJor range of both. An earlier”review by’Jenkins
‘and Stanley (1950) supports h1s statement. »Mucn.the same'can be

sa1d concernlng the KR area, “but to an even greater extent, since’

far less research has been devoted to. the effects of KR on learnlng

: than to the effects of re1nforcement.

'U31ng, for example, a-perceptual-learning.task the effects on
performance on. th1s task of the 1nteractlon or- relatlonsh1p between

varlous levels of speo1f101ty of KR (or feedback) and d1fferent KR
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intermiﬁt@ncies (diff@r@nﬁ p@r@%ntag@s.an& the $wo schedules) could
be studied using a féctorial arrangsment of éxp@rimental treatments.

This study'isvdesignédito discover the effects of the interaction
of différent‘KR specificities and different KR schedules and per—

centages holding number of KRs constant.



CHAPTER I
STATEMENT OF THE PROBLEM

With relatively few exceptions, knowledge of results (KR) has
been shown to be an important variable in learning. Whenever a
training method or device must be,designed to aid learning of a task
involving- perceptual judgements, it is important not only to consider
whether KR must“be provided but, also, hpw»and'to what degree it can
be preovided in order to help the learnér most. It is thus desirable
to know the éffects of various types of feedback on learning. Both
qualitative and_quantitati&é aspecfs'of feedback are important. This
would include studying the SPecifiéity Qf the feedback, the rate,
the periodipityihand the effects of withdrawing KR on performance.

The latter can be studied through the use of intermittent KR schedules,
thus providing not only an estimate of XR rate effects, but the amounf
of learning which occurs without KR or during non-KR practice trials
és well. There has been a lack of research dealing with thesc
variables.

It was therefore thought desirable to use a factorial experiment
to investigate the main and interactiv¢ effects of the specificity of
KR, the ratio of KR, and the schedule of XR presentation (fixed ratio
and variable ratio) on the rate and level of learning of a simple
perceptual jﬁdgement. Thus, the three variables used were KR specifi-

c¢ity, KR percentage, and KR schedules.



Only one response was allowed per trial. Since the intervals
between and within trials were the same from ﬁrial o trial, the fixed-
ratio KR group is algo a fixed=inierval KR group, and the variablem
ratio KR group a variable-interval KR group. Hewever, fixed- or
random-ratio will be the terms usually used in this paper.

The peréeptual task used congisted of estimating to the nearest
degree fhe extent of angular separation between a small arrow-headed
line and a larger one running completely across a 3% inch cifcle.

Some normative data are available for judgments of this sort as a
function of the physical characteristics of the stimulus (Baker and
Grether, 1954; Reese, 1953). Cotterman (1960), using the same stimuli
as those used in this study and six types of KR specificity, found
that the "rate and level of learning to estimate angular separation
are increased when knowledge of results is given." Cotterman (1960)
stated that the "no—knowledge group was generally the worst" in
performance. However, one might question whether any learning (or

a sample deviation) occurred for this group from stimulus set I to II
before increasing approximately halfway to what resembles a plateau
for the three additional stimulus sets. However, the difference
between the first and last "no information"” stimulus sets in absolute
error was found to be non-significant. Cotterman (1960) did feel

that the no information group 1earnéd nothing but then states that
"while préctice with or without knowledge permitted 5 reduction in
absolute error on the hardest stimuli, practice with knowledge was
necessary for the maintenance and improvement of performance on the
easiest items." Thus, one can compare the responding for this study's

groups with that of Cotterman’s no KR gfoups to obtain some idea of
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the influence of non-KR responding although the effscts of non-KR
responding after one or more KHs have been given and then discontinued
for large numbers of trials are not completely known.

In addition o locking for such as possible interactions, this
study investigates the addition of differing numbe:s of non-KR trials
and such factors as differing KR rates and inter-KR intervals.

‘Cotterman found that "learning, as measured by absolute error,
was generally greater the more specific the knowledge of results given."
The KR specificity groups were generally ordered from lowest to highest
in specificity and pérformance and with no exception.for the KR
Specificities used in this study.

However, Cotterman states that: "In general, adjacent treatment
groups did‘ﬁot differ signifiecantly, although more extreme ones did.ﬁ
This is apparently considering irtests of paired comparisons of group
means on each stimulus set. Of the KR Specificities used for this
gtudy, KR Specificities II and III (Cotterman's KR specificities
IV and VI, respectively) never diffeféd significantly in Gotterman's
(1960).study.on a stimulus set; Cotterman's KR specificity VI was
significantiy superior to II on‘the second, third, and fourth‘stimulus
sets in Cotterman's (1960) study. Twenty—four differenf stimuli were
given per set, each set containing the same stimuli butvgivenﬁin a
different random 6rder. Cotterman further states though that: "The-
failure to find reliable differences among adjacent treatmént groups
is readily understandable in the light of the considerable variability
shown by even the best group." However, suffice to say thgt since
adjacent treatment groups did not always significantly differ on a

stimulus set as to mean absolute error, the specificity or precision



of information may have to be incrsased beyond & vertain level in
order for 8 te achieve a statistically significant improvement in ‘
performance from the level one begins with. Thus this writer fesls
that in view of the foregoing material in this chapter regarding
Gotterman®s (1960) stuﬂy the above statement regarding the operation
of increased KR Specificity on learning may perhaps need some |
qualification. This gqualification may even include the following
statement, regarded by Cotterman as confirmed, "(2) the rate and
level of learning to estimate angular separation were directly related
to the specificity of the KR given." The present study used three

of Cotterman's KR specificity types (type II, "right" if S was

either correct to the nearest degree or no more than one degree in
error or "wrong'; type IV, "over", "uﬁder", or — if to nearest

degree ;» “correct"; and V, the correct amswer), thus providing a

test of certain of‘Cotterman's findings under conditions involving
variation of the numbers of non-KR trials and thevrate and periodicity
of KR presentation.

Bilodeau and Bilodeau (1958) and others have studied the effects
of KR rates and Bilodeau, Bilodeau, and Schumsky (1959) and others:
the effects of introducing and withdrawing KR, but both studies
involved a lever-pulling task. Thus, tﬂis study also served t§
extend the findings of Bilodeau and Bilodeau (1958) and others by
employing a visual judgment task without S's having to acquire a
motor skill or, at 1east; with less emphasis on either acquiring a

motor skill or on the motor skill (functioning) itself.
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This studvaas designed %o determine ifs

(1) the rate and level ofilearning aré related o the spescificity
of the KR given, " | |

(2) fixed-ratio (interval) and random-ratio (interval) and
variable ratié KR schedules differ in their effects on the rate and
final level of learning to estimate angular separation,

(3) higher KR percentages (rates) result in higher rates and/or
final levels of learning, and

(4) the three variables interact in the effect(s) on learning.

Predictions concerning the dependence of learning on KR and KR
rate were not made. However, it should be pointed out that if
learning weré largely dependent on KR per se, then a decrease in error
would occur primarily after a KR trial and, in addition, fixed-ratio
performance curves should follow a step~function. This would
support Thofndike (1927) who emphasized the importance of feedback
“in acéuiring a perceptual skill and Bilodeau and Bilodeau (1958) who
found such a step—functionvahd concluded that learning is dependent
on the absolufe frequency of KR,.i.é., the number of KRs, and
independent of the relative KR frequenéy. _Stated another way,
Bilodeau and Bilodeau (1958) found that learning rate was indeed a
funétion of the KR rate or percentage, but that the final-learning

level was only a function of the total number of KRs.



CHAPTER III
EEVIEW OF THE LITERATURE

An attempt has been made primarily to survey selected studies
closely relating to the present studj in régard to methqd, taék, and
variables studied, thus placiné a limit on the KR'studies rex;rie{\red°

There are studies mentioned which, are outside these 1imiting‘
aspects but which demonstrate a particular procedure, finding, or con-
clusion which is relevant to procedural or discussion‘aspects in this
study and/or which give some indibation Qf the status and perhaps
flavor of KR research. Thus, thbugh thefe are studies included which
may be pertinent in regard fobother.specific aspects of KR or per-
haps KR in general, the ﬁrimary concern of this literature review
igs with verbal KR or feedback, péfcepfual tasks, KR specificities, and
KR intermittencies. The study is not concerned primarily with motor
skills. To review all pertinent literature might be to review all
or almost all of psychology since all or almost all of behavior
involves some kind of feedback. Certain investigations a?e of some
interest, however, if they for example, involve some aspect of tﬁe
above-mentioned procedure, if thevqonclusion from the stﬁdy can per-—
héps appl& in some.way to this study's findings, or if the study is
instructive in‘view of presenting possible prqcedural agpects and
problems which should be dealt with or pe;haps avoided. In some of

these latter, less fully related cases, several studies may be

11



briefly mentioned and one discussed more fully so as to provide an

example.
Selected Barlier Research

Cotterman wrote in 1960 that "Perceptual skills are among those
kinds of behaviors for which the effects of knowledge of resulté
are less well determined." He feels that "enough has been done to
warrant the conclusion by Gibson in 1953 that if knowledge of results
is not absolutély necessary to the improvement of a percepiual
Jusgement, it is at least of great value." Cotterman (1960) states
that evidence for this is found in research'on the tasks of judging
whether one or two points are contacting the skin (Solomons, 1897);
grading handwriting (Gilliland, 1925); estimating 1ength (Thorndike,
1927); estimating auditory number (Tawbman, 1944); estimating visual
number (Minturn and Reese, 1951); and judging visual stimuli differing
in size, brightness and hue (Eriksen, 1957). However, these studies
did not go beyond the validation of the general principle and
explore the effects of systematic variations in the knowledge
(Cotterman, 1960). Thus, one may inquire about the influence on
1earﬁing due to changes in XR specificity, intermittency rate,
frequency (cf. Bilodeau, 1966, and Bilodeau and Bilodeau, 1958),

interval and/or ratio, and schedule (including periodicity).
Knowledge of Results (KR)

There has been some disagreement in defining knowledge of re-
sults (KR). Bilodeau and Bilodeau (1961) present a number of state-

ments by various authors concerning KR, some or all of which might
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be taken as oﬁ gconstrued to be definiti@ns of KR, These include
information to § as to how accurate his reactions are (ﬁrownw 1949),
knowledge of wvarious kinds which the performer receives about his-
performance (Ammons, 1956), S's perception of KR (Annett and Kay, 1957)
and a restriction of feedback to observable, quantifiable events
(Bilodeau,.l955; Fitts, Noble, Bahrick, and Briggs, 1959; Taylor,
1957; and Norbert wiener). Bilodeau and Bilodeau (1961) -state that
Bilodeau (1955), Fitts et al., and Taylor use response error as
feedback andvfeel that S's ovefturesponses to feedback are thé
objects of the iﬁquiry and that the word "knowledge" in the phrase
"knowledge of results" should not have the implication of a response
to feedback by‘§. In an earliér era, Seashore énd Bavelas (1941)
argued that correct and incorrect conceptioné of one's performance
Were included in KR (Bilod'eaﬁ and Bilodgaui,_'v 196_1). Bilodeau and
Bilodeau (1961) st'é,te that Brown (1949), Ammons (1’95\7‘.)',’ I‘Annettv and
Kay (1957), and Fitts et al. _(1959_) "tak‘e’ somewhat different positions
on knowledge of results. All‘would include'ekternai eveﬁts‘that
depend upon what § has done‘and,that a?é directed béck1#§wards S.
They disagree on whether $'s knowledge or habité enter the definition."
'éilodeau_gj_gl. (1961) also point out that many of the preceding
do not precisely state what‘types of external stimulus feedback are
admissible for consideration as "feedback". Apparently therg is
no present limit on whét may be considered legitimately as feedback
(Bilodeau and Bilodeau, 1961). Co'tterman (1960) appears to define-
feedback or KR in general as information given to a trainee about his
performance beyond what is naturally available as a result of per-

forming the task.



For a discussion of gome Types of KR or KR labels see, e.g.,
Miller {1953) [referrsd to by Annett and Kay {1957)], Annett and Kay
(1957), Bilodeau and Bilodeau (1961}, and Bilodeau (1966).

The outstanding thinking on KE in the 1940s
was done by Brown [1949] who discussed the three
now famous roles of KR: reward, information, and
motivation. That is, like primary reward, KR
might serve to reinforce or strengthen habits, evoke
already establisghed habits (cue properties), and
provide the motivation (incentive) for learning
or performing. These ideas are generalizations
from the issues of reward research, and even
today there is no methodology to differentiate be-
tween the alleged effects. It must be said, how-
ever, that KR research is not yet overly concerned
with theory, since it is more or less acknowledged
that suitable probes are wanting. Identifying
relevant variables and finding functional rela-
tionships are much more militantly pursued
(Bilodeau and Bilodeau, 1961).

Knowledge of results may lead to improvement in performance (1) by
causing a tendency to repeat actions which have been successful;
(2) by what may be called a "directive effect,” i.e., by causing a
tendency to correct any unsuccessful action; and (3) by setting up
a conscious attitude or mood which is conducive to accurate per-
formance. Removal of KR may produce, on the other hand, an
attitude or mood which is not conducive to accurate performance
(cf. Blwell and Grindley, 1938).

Bilodeau (1966) provides additional discussion of this problem.

Probably most psychologists would allow that IF

linformative feedback]| has at least the following three

empirical properties, regardless of hypothesized

theoretical properties: (a) R strengthening, (b)

sustaining performanée, and (c) eliminating previously

established Rs. As for its theoretical properties,

logically, IF, as any stimulus, can have all or any -

of three: (a) directive, (b) motivating, and (c¢)
reinforcing.
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Bilodeau (1966), continuess

Among [certain other] investigators, the directive
property seems generally acecepted, though not with
equal stress by all. E. 4. Bilodeau, who emphasizes
the directive property, meintains one extreme position,
Others (Adams, 1964; G. B. Noble & Broussard, 1955)
are more moderate, either allowing all three properties
as reasonable or not commitiing themselves as io

how IF operates. Withholding commitment until more
low—order laws are gathered is doubtless the sensible
position; few manipulations have yet been offered

that would vary the potential properties separately...

Comparisons and Contrasts Betwgen XR and Reward. . In some cases,
KR has effects‘similar t0 those of réward. Aocofding to Bilodeau
and Bilodeaﬁ (19%8), there is an obvious likeness between KR and
reward (or punishment); each is the terminal effect of §'s behavior,
dependent on S' response, but alsc controlled by E. For example,
according to Bilodeau and»Bilodeaﬁ (1958) improvement increases as
the number of_tfials followgd by KR‘inoregses (Bilodeau, 1953),
deterioration occurs with its removal (Elwell and Grindley, 1938),
and response shifts occ.ﬁf with arbitrary shifts in KR (Bilodeau,
1953). »Bilodeau et. al. (1958) stafe that rates and levelé‘of
learning”have proved sensitive to the adequacy of KR, variously
defined. Manipulations of time (Lorge and Thorndike, 1935), con-—
sistency (Bilodeau, 1953; Bilodeau, 1955), frequency (Bilodeau énd
Bilodeau, 1958), and specificity (Cotterman, 1960) of KR have been
shown fo affect learning (cf. Bilodeau and Bilodeau, 1958, and
Cotterman, 1960).

However,’accérding to Bilodeau and Bilodeau (1958) the two are
not nebéssarily equivalent. BReward is typically provided after one of
a dichotomy of responses, while KR more often varies with the degree

of response error. Actually, some of the confusion arising out of
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comparisons of data from the twe arsas arise from the different types
of taesks and procedures which have been used to date. In the human
gkills context, the task is uvsually one of leavning to make graded
regponses by means of a graded error signal, KR being a gquantitative
index of how and by how much subsequenit behavior should be modified.
In KRhstudies, verbal instructions to S generally define the general
problem, limit the response types, a;d establish the range within
which the correct response lies. Absence of KR does not usually
signify anything at all; On the other hand, in studies of reward
gradations of response are commonly irrelevant, a common reward
being administered for any one of many responses meeting a broadly
defined criterion such'aé.éturning right" (Bilodeau and Bilodeau,
1958).

Many of the KR studies involve a correlation between the XR
received and the corresponding response, i.e., especially with
higher KR Specificity the level of response accuracy determines
what KR S receives. However, correlated reinforcement studies using
rewa:d rather than KR have also been done. In addition, the factual
or empirical meaning of reinforcement refers to any of a wide
variety of conditions which may be introduced into the learning
gituation to increase the probability that a given response will
reappear in the same situation (Kimble, 1961, p. 137). It would
seem that KR would fit the empirical definition of reinforcement
although the theoretical definitions of KR appear to vary somewhat
among authors as do those for reinforcement. If KR is considered in
empirical terms as a condition which, when used appropriately, promotes

learning, then it may be considered a form of reinforcement -~
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providing, of scourss, that reinforcement is swpirically defined as
by Kimble {1961, p. 239).

Bilodeau (i9669 p. 259) seems to agree "despite previocusly
expressed objections (E. A. Bilodeau and Bilodeau, 1958..., 1961)¢
that IF (information feedback) could be included "in the general class
of reinforcing events, without commitment on its theoretical‘actionam
i.e., IPs are certainly stimuli that are consequences of behavior
and‘that serve to modify R probability."™ As Bilodeau et al. (1958)
state, once we héve a number of studies undertaken with comparable
v oberations, fhefe will be better opportunity to ¢omparevthe operation
of rewafd and KR at a theoretical level. \

Studies Concerned with the Effects of the Specificity of

Knowledge of Results. The effects of variations in the specificity

of knowledge about a perceptual response have been investigated by
Hamilton (1929) and by Waters (1933).

Hamilton studied the effect of five different
incentive conditions on judgements of length. Sixty
undergraduate women individually made fifty attempts
on each of two days to set a flexible rod, controlling
the length of a horizontal bar of light, in such a
a way as to make the variable bar twice as long as
as a standard (120 mm.) one. Beginning with the
sixth attempt on the second day an equal number
(10) of subjects (Ss) were given the following
treatments: (1) punishment — a bell sounded after
each wrong response; (2) reward — a bell sounded
after each correct response; (3) guess-with—
punishment -— a bell sounded after each wrong
response and Ss then guessed whether their ad juste
ment was long or short; (4) told-with-punishment —
a bell sounded after eaoh wrong response and the
experimenter (E) said "long" or "short;" (5)
knowledge - E said "long,® "short,” or "correct®
after esach response; and (6) a control — no bell
or knowledge. Analysis of error, expressed as
a percentage of average error, showed all incentive
onnditions superior to the control condition.
Told~ zxit. guess—~wilih-punizhment groups did not
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differ significanily, bul were superior %o reward

and punishment groups which alse did not aiffer
significantly. The kmowludg@ ﬁrQup wag inferioxr

to all other incentive groups &%lﬁﬂﬂiﬂcamev B

for guess- and sold-—with-punishment gf@unﬁﬁ o In
general, the time reguired for settings was uncorrelated
with error and decreased with practice. At least
superficially, the results of the experiment are at
variance with the common sense hypothesis that
performance is direcily related to the specificity of
knowledge of results. Bul, there are several possible
explanations for the knmwledge group's inferior
performance. Fivrst, variations in specificity were
confounded with variations in the time relations be-
cause the bell was sounded immediately after the
response and E's remarks followed after some delay.
Second, it is possible that once the Ss were sure
they had made an error, they already had sufficient
information to guide future responses. Finally,

the bell may have been intrinsically more reinforsing
and motivating and so enhanced performance relatively
more than simple knowledge (cf. Brown, 1949)
(Cotterman, 1960).

An additional variable to consider is "correct™ in the "long,"
"short," or "correct™ KR, but it is aésumed that few oﬁ none would
consider ﬁcorreot" a detrimeqﬁ.

| Waters'(i933) found in one study that improvement in Jjudging
the length of cardboard strips was seemingly unrelated fo degree of
information given. In a second study, estimations of a twelve-—
second interval improved in proportion to degree of information. Thus,
the effect of sﬁecificify may depend on the nature of the task being
learned (Cotterman, 1960).

In a classic experiment, Trowbridge and Cason (1932) studied
improvement in drawing three-inch horizontal lines while blindfolded.
As indicated by mean percent correct lines (if within one-eighth
inch of three inches) and aﬁerage error, those S's receiving informa-
tion on amount and direction of error were far superior to the others.

Those receiving right-wrong information were better than those
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receiving no information from B, and those given nonsense
syllables were worst of all. In.the second series of one-hundred
trials, whén Ss in each group were divided equally among the thrse
conditions not encountered in the first series of trials, the same
relative performances were noted for the various conditions_(ofs
Cotterman, 1960).

Hirsch (1952) used six multiple—choice type film—tests of
material learned from six training.films, énd‘six KR methods (five
KR Specs and no KR) in a Latin Square design. Hirsch (1962) states
that the Ss were "highly‘motivated," "in a reélistic training
situation,™ and that the "learning material" was "highly meaningful and
relevant." Hirsch implies that "meaningfulness" and a gradient of
such can be applied to KR (tﬁough his-designations of this in his
study may be éomeﬁhaten%itrary); The six methods or treatmentS-
relating to the KR presentationé were: (A) no KR; (B) KR, light
from a necn lamp, when S chose the correct answer on a multiple—.
choice question; (C) neon light as in (B) plus informatién as to the
number of the correct choice; (D) neon light method again — as in
(B) ;~ with the addition_yhat the question was repeated on the
screen with only‘the correct answer (i.e., all alternatives were
removed except the correct one); (E) method (D) with the addition
of a second showiﬁg of the film after the immediate test; and (F) a
second showing of the film after the immediate film-~test, no other
KR apparently being given. Hirsch does not seem to label the showing
of the film as KR, though it is asked if Cotterman (1960) apparently
might do so iﬁ that he stétes "To the extent that recall of test

questions and responses is stimulated by .it, the film affords . . .



knowledge of results,”
Hirsoch (1952) states that
Learning in this study was measured as retention.

That is, it was measured as a difference cbtained

between two tesis, the first test accompanied by

knowledge of results and the second three weeks later

without specific awareness of vesults. It is

recognized that there are other definitions of

learning; however, in this study learning was con-

sidered operaticnally, namely, as the retention of

specific material (Hirsch, 1952, p. 2).

Measured in terms of the delayed post~test minus the immediate
test retention, the descending order of differences between the two
tests were: methods E and D were not significantly different
(largest differences); D and F were similar; F, C, and B were similar;
and A was lowest in retention.

Method E was felt by Hirsch to be the most effective in holding
retention losses to a minimum; a gain in mean score-was actually
brought about for some film tests, though the overall mean did not
reach the .10 level of significance. Method D showed some loss, but
this was held té a minimum (i.e., the loss was not significantly
greater than that which might be expected to occur by chance — at
least for certain test films and groups and in relation to the
overall mean). The other methods had overall means which showed a
loss in retention, though this did not always occur or did not ocecur
beyond an .05 level of significance for all individual groups and -
films for certain of the KR methods.

Besides the overlapping of the "clusters," certain specific
results were a little more complicated. The differences in the

effects of the different KR methods from one film-test or group to

another do not appear always to have been the same on the immediate



test, the delayed post-test, and for reteption, though 1 iests are
available only for the retention data. For exampls, overall
immediate test performancevum&ér metho& 4 was higher than the other
methods but only higher than methods C:or B on the delayed post-test.
Hirsch states thét the obtained difference aittribuiable 0 methods
on the immediate test was due to one test and group, but he does not
give the significancé level, and it seéms that perhape the differences
for both the immediate tests and retention could have been due to
more than one test or grbpp. Howeﬁer,~the overall meén loss under
Method A was greater than thét.for_any of the other methods with
reéérd'to retention betweenvthe'immediate énd post tests. Whether
some of the diffefences are.due to the methods themselves or to

some other variable, for example, to.one or more groups having more
upper classmen, was apparently not always»known.

Ross (1927) had Ss (perhaps not completely naive) under
presumably motivating conditions make as many tallies (four‘vertical
lines crossed with a fifth) és they could in a one-minute trial
within certain limits of accuracy. It is interesting that although
increased specificity of "knowledge of progress" éeemed to cause
better performance, no change in relative order of the three different
KR Spec sections was noted in the last two periods. It appears that
all sections may even have continued to improve during the last two
periods. |

Testing and feedback were apparently given in groups of Ss
rather than,individually,vwhich might or might not have had an in-
fluence in this type of-studyo Appéfently;ithere was the existence

of knowledge by at least certain or all of the particular KR
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sections of'what} respeciively, all or certain of the other sections
were doing, one section even hearing a differeni KR condition being
given to another sectioh. |

Howe#er, relatively disparate numbers of practice periods were
allowed Before and after KR was changed for the sections, i.e., only
two practice periods after KR‘conditions were changed were-given com-~
pared to ten before the change. (it might be noted that most Ss had
learned to a certain degree already.) Other factors seemed to exist
such as the possibility‘that: _(l) there was the apparent presence of
additional KR (knowledgg to Ss-of their perfqrmancé "standing with
‘referencg tb_the other sectionsﬁ) fpr all gections during the last two
periods; ana itvis asked‘if'(Z) KR propedurés or KR may not have been
gquite the same for reépective.beforc_and‘after KR.chaﬁge sections. In
addition,vit appeérs that (3)‘KR-change$iwere not all_ma&e for certain._
groups duringjfhé sé@§¥§é§i6d;+éh&“(4); though this is not clear, it is
. asked ifithe¥per16ds Beforé the KR changes involved‘morg delay of XR,
i.e,,vif‘at least two of the.peﬁiods——the 1ast two, where KR changes
~ were begun——may have beenbclo$er togeth¢f‘in'regard to their.temﬁoral
intervals. In adaition;'it is feltVthatvthough certain control of KR
procedures,was,used-far at least“certain'éections, it is felt‘that per-
haps additionél pr@oédﬁrgs”su§h §s5using_a deviqe pr‘apparatus to con-
ceal the S's prior tallies éouldvaléd‘havé beén'used to control the S's
ability to obtaiﬁ exfranedus, édditional sources of KR and to receive
knowledge of his own.progreSSg

It could be asked, however, ifvthe effects of certain of these
procedures just mentioned might have been greater or less — facili-

tative or detrimental —— for, e.g., the less specific KR groups
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and, if these procedures might have served to decrsase the differences
among groups (cf. Ross, 1927, p. 345, p. 346). It seems that it is
not known if these or certain procedures might have affected the
responding after, and for certain procedures, as well as beforevva
change in KR conditions was made for the sections.

Ross (1927) mentions other tasks that he has utilized in
conducting other experiments in a manner similar to the one reported
in his article, finding that "there was no tendency for the groups
motivated during the first part of the experiment by a knowledge of
their progress to show a reversal of form when the information was
withheld during five suooessive praétice periods."

In several experlments performed in classroom situations
(Ross, 1933), different degrees of knowledge of performance for
weekly objective tests did not produdevdifferential learning. The
procedure included:

The distribution of scores of the entire class

was placed on the board and the items on the test

missed by any considerable number of students were

discussed after each test, However, [1] one group

was given no knowledge whatsoever as_to its progress,

either individually or as a group. [2] A second group

was given vague information, each student being told

simply that his score was '"good," "fair," or "poor."

[3] A third group was given partial 1nfopmat10n as to

progress, each student being told his point score on-

each test, but not shown his test paper. [4] The

fourth group, however, was given full- information,

being retained at the close of the c¢class hour so

that the papers could be distributed to them and

opportunity given for discovering and discussing

individual errors. The papers were then collected —

the whole process usually taking five or ten-

minutes.

Also included in the procedure was gome interchanging of KR Spec

among the KR Spec groups. The difficulty level (such as mean
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percentages of quesfions answsrgd correetly) which, it would seenm,
might determine differences among differeﬁt KR Spec groups, and fhe
amount, if any, of rel&tivé discreteness, similarity, or the extent of
differences amoﬁg the tests and queétions between tests and within a
test do not appear to be extensiveiyjtreated. Whether certain
questions wefe»similar or reqﬁired similar answers and to what extent
a certain type of knowledge of one question's response would be ex-
pected to aid or interfere with responses on other questions is also
not clear. Thus in%glved may be a task to task transfer of learning
or training éituation involving somewhat different‘tasks. Ross

felt that Ss, asvwellkas‘having a subjecti#e estimate of their own
score, were all operating at a higher ﬁotivation level, and mentioné
that_motivation.for Ss in the classroom is pfobably higher‘than in
the labofatory. (It might aiso b; noted that perhaﬁs the "effort"
of the decreésed KR groups may have increésed tq compensate for
their lack of information; anxigty might ha&e increased and additional
increases in éffort may have_occurred due to higher aniietyglevels

as wellvas to feelings §f "ann&yanee" which might have become
associated»w;th the course subjéct, classroom learning, etc. ).
Furthér analysis by Ross.in a subseqﬁént experiment revéaled that
§§.wére able to éstimate what théir_éco:es were to a certain:extent
(medianjcorrelation of .71 between studenf's estimates and actual
scores). Perhaps it should also be noted that Ss iﬁ the "full
information" group received ‘only five to ten miﬁutes at the close

of the olassvhour‘as a gfoﬁp to discover and‘Qiscuss individual
,errors and ailow'g to‘cblléct,the papers. Ifrthepé were individual

quéstionsnwithin each test it Wouid seem that there would be a
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certain KR delay, even if § had time — and this may bs questioned ~=
to look at and understand all the questiéns and answers. Testing
once a week also appears to involve relativgly larger inter-test
intervals than those in Ross® 1927 study. it might be meniioned
that KR for a partigular test might produce learning for the
questions missed as ﬁell as more gfeatly "impress" on 5 an answer
even if correctly given originally by S. Thus, assuming that Ss
were not achieving very close td one—hundred per cent_correct scores,
giving the same test again might produce Aifferent results for
different KRs if outside”sourges of KR could he contrclled and, by
giving the same test again, the possibility of differences in effects
in retention could also have been tested. Somewhat related to this
matter, it is of interest fto compare, for example, certain discussion
and references mentioned by Ammons, 1956,'e,g., Pressey, 1950, who
according to Ammonms, 1956, reported that "students who repeated
quizzes with an immediate self-scoring arrangement showed much
greater learning than did those to whombthe test was merely given
again without any knowlédge of resulis® (Ammons, 1956). Ross
(1933) reports that additional experiments by himself and another
—Q did not reveal any significant differences favering the group With
full knowledge of progress. He mentions another author who apparently
found differences using arithmetic tasks but Ross (1933) mentions
that the experimental and control groups were not equated on the
basis of attainment in arithmetiec.

In general, many of fthese studies do nct offer critical evidence
of how the specifieity of KR is related to effectiveness of learning.

It is apparent that precise control of specificify has often Leen



lacking (Cotterman, i960)0 For example, in Ross! {1933) olassréom
experiments Ss may have had some kéowledge of resulis through clagg-
Troom discussibn 6f tést items missed by any considerable numher of
~ students as well as a distribution of soores>of the entire class
placed on the board.i Other experiments confound guidance (KR)
conditions (Ross, 1927), time of giving the knowledge (Hamilton,
1929, Hirsch, 1952) or differen‘t‘levels of specificity (Hirsch, 1952)
with specificity per gg_in a way as to make inferences from them
hazardous (Cotterman, 1960)..

Hirsch (1952) combined certain KR conditions, and apparently
did not compare the KR combination.conditions wifh all the possible
separate KR.conditions. In addition, the times for at least certain
of the "trials", treatments, aor KR conditions do not appear te Eave
been the same. In addition, among the points made by Cotterman in
his (1960) review of Hamilton's (1929) study, it appears that
Hamilton combined certain KR conditions in one treatment condition;
one of the KRs may have been given after the other, and, according
to Cotterman, "after some delay". It would seem, then, that there
might havé been the introduction of delay of KR in the Hamilton
(1929) study. The effects of delaying varicus KRs may not be readily
determined and an allowance for the delay made if the KRs have been
combined and given at different times for an § and have not also
been studied for other delays and, perhaps in addition, given
separately each, to a different gfoup of 8s. It might semetimes be
possible for the separate effects of certain KR specificities which
have been combined to be-determined from certain of tﬂe designs used,

but this might prove to be less exact. This is not 1o say necessarily
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that in at least every case the purposes of the authors of these
studies have not been fulfilled. Howsver, the experimenits by
Trowbridge and Gasoh (1932) and Cotbterman (1960) clearly suggest
that performance is directly related to the degree of specificity
of the information given the tréinee about his performance.

Studies Concerning Intermittent Knowledge of Results. Bilodeau

and Bilodeau (1958) using fixed ratio conditions somewhat similar
to thdse used in fhis study, were also interested in comparing the
effects of various ratios or frequencies of KR. Using the simple
task of requiring S to learn to move a lever a certain distance
(the apparatus is described by Bilodeau and Ferguson, 1953), three
groups of seventy-eight Ss and a fourth group of thirty-nine Ss
were given the magnitude and direction of FThe errcr on each trial
(the one-hundred per cent KR group) or on a set of proportion of

trials (.10, .25, and .33 groups). The number of KRs per group was

held constant at ten, and KR was administered under fixed ratio
conditions. XR for the .10 gréup was given on evefy tenth trial
starting with the first triél; for the .25 group, every fourth
trial; and for the .33 group, every third trial. The numbers of
total trials for the above four groups were one-~hundred,; forty,
thirty, énd ten, respectively, the one-hundred per cent group
receiving only ten trials.

For ali groups the optimal lever travel was 330570 of arc,
but S was not informed of this -~ only that he was tc find cut how
far to pull the lever to get é "hit"., On trials when KR was gi#en,
E gave S a verbal report of the magnitude of the error, rounded

to the nearest whole number and transformed according te a scale
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graduated into one~hundred units rather than degrees. In additien,
positive errors were read as "too high," negative as "too low."
The task set § was thus one of minimizing the reported error.

Bilodeau and Bilodeau's "hypothesis tested was that in a
relatively simple, discrete mo%tor-learning task the effect of a
KR upon the response tendency is immediate and without additional -
beneficial effect upon later non-KR responses." In other words; KR
will cause an immediate change in the performance level at the KR + 1
trial but.changes beyond the KR + 1 trial due to KR will be negligible.
So far, a step funciion is implied (théugh apparently not specifically
predicted or stated by Bilodeau and Bilodeau, 1958, in. their intro-
duction before tﬁeir experiment) as well as the importance of the
mere occurrence of KR rather than its ratio (frequenoy) in that, it
is implied, KR whether ocourring with a high or low frequency (or
low or high spacing) yields equal KR + 1 performance. On the other
hand, there is a 1ist‘of possible considerations to the contrary.
With the growth of inhibitory or extinction effects, performance
might be related to the relative frequency of KR (Bilcdeau et al.,
1958). Further, interference from non-KR trials might reduce the
effectiveness of the occasional‘KR? or the wider spacing of KR
trials might reduce motivation (Bilodeau et al., 1958).

Resulis sh;wed that there was little difference bhetween groﬁps,
althoﬁgh Group .10 genserally had the“sﬁallest error on a given KR + 1
trial and had the smallest grand mean e?for over the ten KR + 1
trials. Group .10 reversed, if anyth%pé, the slight trend in the
main experiment (the other percenﬁageEgroups), apparegtly @eaning

that some increase in mean absclute error ocourred as percentage



wasydgoreasedo
-In addition, there was no evidence that performance improves in
‘the absence of KR for the preceding respoﬁsee‘ A step=like fﬁnctiqn was
generally found for the partial KR groups with a.gradual slope for.the
one—hundred per cent group. |
The major findings was that "learning" is "independernt of relative
frequency of XR and positively related to .absolute ffequenoy. The for;
mer finding means that the learning effect of a KR is the séme whatever
the dlspers1on of KR, prov1ded number of previous KRs is held constantﬂ'
The amount and level of learnlng or performance was a functlon
of the number of KRs and the learnlng rate was a functlon of KR rate
or percentage. Higher KR percentages and rates produced greater
rates of error decrease; an increase in KR perceﬁtage thus also
resulted in a decrease_iﬁ‘thé total amount of error responding but
the error 1evél eventuélij reébhéd*wésitﬁe'same for all groups.
The number of non-KR trials appeared neither to hinder nor
faoilitéte the 1earn£ng 1e§el pfoducéd by the KR trigls although
larger numbers of. nonQKR trials did produce a grééter a@éunf of
error réépondlng and.slower error reductlon (learnlng and performance)
rates. In addltlon, performance tended to deterlovate after KR + 1
trials thoughﬁthe greater deterioration was seen in the early stagé
ofipractiée. |
| It does not appear that Bilodeau and Bilodeau provided in 1958
an explahation for the pérformance deterioration iﬁ-mean absolute
errof at least after earlier KR + 1 trials. Bilodeau:and ﬁilodeau
(1958; p. 383) stated that "Inasmuch as the non%KR trials had no

effect upon the responses of succeeding KR trials" (it is felt by
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this author that Bilodeaw and Bilodeaﬁx9 1958, could perhaps use, and
perhaps mean, KR + 1 trials) "it was not necessary to raise the issue
af secondary KR during non-XR trials, interference from non-KR trials,
nor differential motivétion and inhibitory processes.™ cheverg(it
appears to this author that the suggestion could be made that some

of these or other variables including forgetting or lack of retention
may be needed if explanations are to be provided for all of the
phenomeﬁa, such as for non-KR responding, found in, e.g., Bilodeau and
Bilodeau's 1958 study or for results found when KR presentation
conditions are further varied. [Bilodeau, Bilodeau, and Schumsky
(1959) using greater numbers of continuoﬁs; successive non-KR trials
than in the Bilodeau and Bilodeau (1958) study, do speculate the

presence of I to cause increasing "overshooting® of the sorrect

R
response on non-KR trials. ]

Bilodeau and Bilodeau (1958), referring to Jenkins and Stanley's
1950 review of partiél réinfor@ement, pointed out that many writers
have dealt with block means which have ingluded rewarded (or9 €oey
UCS) and unrewarded trials although it is apparent that this may
obscure the results of any ¢f the individual rewarded and unrewarded
trials. In the case of KR, using block means may obscure the
responding at the KR, KR + 1 and any following trials and maks com—
pariéons among these trials difficult or impossibles Bilodeauvand
Bilodeau (1958) report that Denmyﬁs (1946) study ‘was <omparable and
gave results similar to Bilodeau,ahd Bilodeau's (1958). In Denny's
(1946) study, gsing a "T maze, he reported fhat learning is equally
good for schedules of 50% and 100% reward provided performance

is plotted against rewarded trials (and previded there is mo bias
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attributable o secondary reinforcement )" {Bilodeau and Bilodeau,
1958).

Bilodeau (1966, p. 273) seems %o admit of either "no trend, or a
negative trend," on non-KR trials, i.e., for responses not followed
by IF (information feedback). Bilodeau (1966) further discusses KR
percentage including "relative frequency of IRY and mentions other
studies concerning the XR percentage topic including Larré (1961)

[of which Bilodeau (1966) states that the Larre study (1961) "allowed
IF for every R, every third R, or every seventh R" and provided
verification of Bilodeau and Bilodeau's (1958) findings]; Bourne

and Pendleton (1958) in concept identification; and A. Taylor and
Noble (1962) in seiective learning. Bilodeau (1966) states that
Bourne et al, (1958) and A. Taylor et. al. (1962) found that "R
error over a block or series of Rs waé greater the fewer the IFs

within a block.™

Responding With and Without KR.-Comnsiderations. It 1s suggested
that the KR and how S uses the KR may determine how he performs
without KR and what he learns about the task and his performance on it

(cf.y e.g., Goldsiein' and Rittenhouss, 1954)l° (Perhaps E's control of

lAnneft and Kay (1956 and 1957) have discussed th- wroblem of S8
attending cues intrinsic and not intrinsic to the task and performance
without the extrinsic cues. In this regard, Annett's. (qu9; ‘hypotheses
include sensor ry interaction and facilitatory or inhibitory intermodal
effects as replacement for a pure attention hypothesis in discussing
findings from studies utilizing functions probably involving somagthetic
respense produced cues; e.g., in the appendages, and visual cues. The
possibility of, e.g., sensory interaction, may also be e¢ffered as a
reason in the present literature review for limitine somewhat the
irelusion of sensory-motor skills literature axnd. find)ng& gince the
present study 1nvolves what might be regarded primarily as visual-
cognitive functlons, memory probablv included, and, thus, probably
somewhat different :situations.
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KR conditions and 8's knowledge of certain scoring factors, whether
due to the KR or to lack of comtrol of experimental conditions, might
also be added as a factor affecting non-KR peﬁformanceq) E may vary
the conditions of giving KR in an attempt %o cause higher maintenance
or retention of performance when KR is withdrawn. A random inter—
mittent presentation of KR (e.g., Goldstein and Rittenhouse, 1954, and
Stockbridge and Chambers, 1958) has been used by Es in such an
attempt. This particular method did not appear to be successful, or
highly successful as the case may be for éll of the types of KR
used,

Bilodeau and Bilodeau (1958) using a lever-pulling task state
that "it is obvious that between KR trials S made responses at least
qualitatively similar to those associated with KR trials.” However,
in connection with implications from his own study, Lavery (1964)
mentions that there is

an impressive area of investigation in which numercus

KR variables have been reported to have null effects

" on retention of motor skills. 8ince we now know thatb

Ss do not necessarily produce the same response on FK

trials as they do on X trials, it is not surprising

that variables introduced on XK trials do not affect

performance on NK trials. Ancther group of these

studies which merits consideration investigated the

effect of interpolated activity on the learning of

a simple skill (Bilodeau and Bilcdeau, 1958; Larre,

1961; Blick and Bilodeau, 1963). In these studies

the interpolated activity always consisis of a

variable number of NK responses which are mors or

less similar to the respeonse which is acquired with

KRO *

Another viewpoint might held that situations with KR and those
without KR are two different types of situations and when KR is

withdfawn, S is required to perform in and transfer what he has

learned to a gomewhat different situation. Under conditioms involving



the introduction and withdrawal of KR {often only KR as defined by

E; other types of KR or feedback may cr may net be available) inmcluding
those involved in intermittent XR schedules, S5 may be said to be
responding in two different situations. Thus, transfer of training
may be a cpnsideration not only when a change from one trainiﬁg

device to anothér éccurs but also when KR-occurrsnce to KRVnon—
ocourrence trials are given on the same training deﬁice or in the

same general situation.

Periodic Versus Aperiodic KR and Reinforcement. It appears that

there is a soéreity of research which compares fixed-ratio or fixed-
interval with rand;m—ratiojor random-interval KR,

,Results from certain studies indicate that differences may
exist in acquisition responding due %o periodic or nonpericdic
(random) reinforcement patterns or schedules, although other studies
have‘not found them (see, €.g., Grant, Riopelle, and Hake, 1950;
Leongnecker, Krauskopf, and Bitterman?.l952g.and Tyler, Wortz, and

Bitterman, 1953; these studies are discussed by Lewis, 1960, 1963)u
SUMMARY AND CONCLUSIONS

Selected literature concerning KR specificity and intermittency
has been discussed. The review, af%er disecussing certain general
f;ndings, and general, empirical and theoretical aspecis, and
pﬁoblems, covered primarily selected studies conserned with the
effects of one particular variable, e.g., specificity, and levels
thereof. As‘menticﬁed in an earlier chapter, gtudies of the interaction
of KR specificity, schedule iype, and percentage aﬁﬁéar to be

relatively scarce.
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Certain avthors have pointed out the major imporhtance of KR.in
acquiring a skill. However, universal agresment or definite commit-
ment as to the definition of XR as wgli as its properties has not
been achieved. Perhaps éhe particulér.definiﬁimn of XR and roles that
a researcher will assign t¢ KR may, af least in part, be related tp
the type of KR research, i.e., the type of task, KR, mode of Kﬁ
presentation, etc;, that the particular researcher emphasizes. It
is even seen that not all Es have used the same ferm for KR.

An increase in KR specificity often increased learning or,
at least, improved performance though exceptions were ncted. Aﬁparently,
for some tasks, the Specificify or precision of the information must
sometimes be increased beyond a certéin level in order for 3 to
achieve a gtatistically significant (e.go, beyond the .05 level of
significance) improvement in performance. Some of the sxecepiions
may have been the result of an experimental condition or condition
which would ﬁave to be cont?olled if only a consideration of the
effects of an increase in KR specificity are desired. An interesting
probiem might be the comparison of a method which wenld give KR of
right responses with a method which would present KR afber wrong
responses (e.g., ¢f. Hamilton, 1929).

Intermittency work concerning KR percentagevhas included the
additicn of different numbers of non-KR ﬁrials fér different groups
using a simple lever-pulling task and the response geal held constant
for all individual triais. This methed demonstrated the dependence
of § on KR for performance improvement, and the laokJof impﬁovementf
even some performanée deterioration, without KR. The effec'ﬁ9 or at

least the main effect, of KR seemed to be at the KR + 1 trial. TFor
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at least the preceding task, the rate of performance change did seenm
to be related to the KR rate (or percentage). However if the number
of trials.were held constant, the level of performance obtained
seemed to be related to the absolute occurrence of KR.

It seems that generalizing much beyond the task situation, KR,
and KR method of presentation, etc., used o fiﬁd or demonstrate the
particular KR principle should still_be'cautiously done.

This author would like“to See more research concerning KR
schedules and percentages as well as more research using tasks
requiring a large amount of perceptual (such as estimating angular

displacement) and cognitive (such as in concept -formation) skill.



CHAPTER IV
METHOD
Sub jects

One hundred and eight subjects (§§) were in the experiment,
:thirtyhsix male and seventy-two female college students.. Bach §
was fandomly assigned to one of the eighteen cells of the design
and run individually and succéssively by one and the same E. Table
I shows the experimental layout. Six Ss were used for each cell,
(Two males and four females‘were asgigned to each cell; though Ss
were. balanced in numbgr,yithin a_qg}l for sex, the data.was ﬁot
an;lyzed for‘differenceé in.:e§p§nding duebto sex).:

Data‘from several (5) Ss containing a procedural error or
variation was omitted and replaced with that from five addifional

Ss.

Stimuli

The stimulizconsisted-of,twenty—four 5~ x 6-~inch white non-
glossy photos all of which resembled those used by Cotterman (1960).
Figure 1 shows a sample stimulus pattern (full-size) ﬁsed by
Cotterman (1960) and in this study.

Centered on each of the‘phqtos was a 35-inch circle in bold
outline with an arrowheaded line running completely across it though

not always through the center and a small %ainch*arrow ad jacent, but

36
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Figure 1.

Sample Stimulus (20°)
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not parallel, to the line (cf. Cotterman, 1960). Tour fine lines
radiating 1/16 inch outward from the periphery of the 3%min®h,gircle
indicated the main direciionsm The stimuli differed as to direction
and position of the arrow and the line and there were twenty-four
different arrangements or stimulus patternso Each group of three
longer arrows pointed to a different point of the eight main compass
points (Cotterman, 1960). The preceding statement does not refer
to the stimulus circle itself in relation to the larger lines but the
larger lines appear to have been taken with the "beginning'" as the
center of a compass disregardingvor independent of the circle used
for the stimulus.  Since there were eight main compass points and
three arrows originating from each, a total'of twenty-four pafterns
could be generated. For each group of three long arrows 6ne passed
througﬁ the circle's center and the other two seemingly passing
through a perpendicular distanqe of 3/4 inch on either side of the
center. The small arrow was randomlyrpositioned anywhere along the
line (except near the circle perimeter) with a minimal separation
between the two of 3 to 12 mm. Cotterman (1960) stated that "Although
it was oriented in the same general direction as the line, the arrow
deviated by 11 to 44 degrees from being parallel to the line and
the amount of deviation wag never duplicated.¥

The sample stimulus was used in instructing Ss. Cotterman
stated that it differed from the experimental stimuli in that the
arrowheaded line did not point towards a major compass’point and
the small arrow deviated in a direction and by an angular amount (200)

not used in the experimental series.
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For convenience in handling, the stimulus-photos were dry—
glued to thin 5= x T-—inch tin squares go that the side and hottom
edges coincided. A one-inch margin of {tin was present at th@ top of
the stimulué and was unseen by 5. A 5= X T=inch posterboard paper
square was glued on the back of each stimulus to protect the stimulus
photos from scratches from the tin when‘the stimuli were piled in
stacks. It was felt that cues suoh és scratches on the photos were
minimal and did not cbntribute significantly‘to the results:of the
experiment;

For each § the twenty—four stimuli within a set were presented
in a different raﬁdom order. As with Cotterman (1960), for the
,present study

| Five cbpies of each of the 24 different arrange-

ments, or 120 stimuli in all, were used in the experi-

mental series. These were grouped into five sets

of 24 each sco that each set contained copies of all

the arrangements but in a different random order

(Cotterman, 1960).

Thus E did not have to present the exact same stimulus photo over to
an S though the samevstimulus pattern would or might, depending on
the number of trials received, reoccur for an S.

One important aspeét'of the stimuli and the task is that with
practice (with or without knowledge) ﬁrojection aistance appears to
emerge as a‘sfimulus agpect to become a very important determiner of
the responses in that it appears to be or eventually become positively
corrélated with mean algebraic error. Cotterhan seems to at least
imply théf this process occurs more quickly for at least certain
higher KR Specs. The "projection distance" way be defined as the

shortest distance from one or the other end of the small arrow along
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its axis to the command heading or longer line {large arrow) using
only a two-dimensional or plane system. There also is the suggestion
‘that knowledge speeds this process (Cottermany 1960).

There is at least one problem associat@d ﬁith the stimuli-
Cotterman mentions that the stimuli used in his experiment diffeyed
congiderably in difficulty. He states that this lack of consisténcy
in stimulus difficulty reduced the power of his experiment in that it
contributed to greater within-group variability.

| Cotterman;s (1960) twenty-four stimuli, each being different, may
thus involﬁe S in a situation involving twenty-four different separate
tasks requiring or involving the possibility of transfer of learning
or tfaining from task to task. Though problems such as the existence
of stimuli differing:in difficulty were mentioned somewhat by

Cotterman, task differences are not analyzed in this study.
Apparatus

The presentation apparatus consisted of a vertical beoard

(3 x 2% feet) mounted on wooden feet and placed on a table in front
vathe seated 3. A small aperture or slot (7/8 inch in height and
5 2/8 inches in width) was cut in the Loard 16%-inuh&s from its top
‘80 that-the stimulus pattern could be slid throﬁgh onto a siightly
tilted stimulus holder directly in §;s line of sight. Measuring at
eye-~level, S's head was abqut seventeen inches from the oﬁening in
the screen. The distance from 8's eyes to the stimulus varied
somewhat, however, dut to 8's size and the movements of his head.
An attempt was made to keep the seéting arrangement coanstant with

proper estimated allowances made for 8's size by varying the chair-to-
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stimﬁlus distance. This distance could be estimated through the use
of éeveral marks on the floor. Over the stimblus holder was a 40-
watt shielded bulb, located eleven inches below the oy of the screen,
which‘pfévided illumination of the stimulus pattern. The board
obstructed S's view of the exposed upper portion of the metal squares
in such a way that only the 5~ x 6—inch stimulus-photos mounted on
the metal squares were visible. The experimeﬁter (E).sat to one
side of the aperfure;iv

The whole abparatus was painted dull black. E used a desk
lamp behind the apparatus which,_with the stimulus light, constitﬁted
the main source of light in the sm;ll sound—-protected cubicle in
which the experiment was done.

The lamp was arranged so that to S the top and side edges of
the board appeared evenly-surrounded by light of moderate intensity,
thus alleviating'any‘possibie:tnﬁleasantness due to contrast between

the brightly-lighted white stimuli and the black board.
Experimental Design

A2x3x 3Wfactqrial arrangement of treatments was employed
(see Tables I and II). |

A "triai" consistedvof the presentation by E of one stimulus,
the oral report by §‘as to the amount of the angular displacement in
degrees, and, afterwards, when required by the percentage~frequency
schedulé:bfhe oral report by E of theiappropriate KR ofifeedback.’

The data for each subject were divided into three Elocks and
three block meanS‘wére obtained. For ten per cent KR -groups means

were obtained for the first forty, second forty, and third forty



trials; for the twenty per cent KR groups one for sach twenty of the
sixty total frials was obtained; and, likewise, for the thirty-three
per cent KR groups one mean for each tweive trials was cobbtained.

An analysis involving responding from individual KR fo XR + 1

trials was also done and is presented in the Discussion chapter.
Procedure

Bach § was seated before the apparatus and read the same general
instructions. In addition each S received instructions that were
relevant to the KR Spec he réceived. The instructions ére presented
in Appendix A. Bach S was shown»successively each gtimulus pattern
of his respective set. Using a stopwqtch, E,presented a stimulus
for approximately five seconds, allowed ten seconds to elapse
during which he noted 3's response, gave the appropriate knowledge
of reéults if such was required by the schedule, and then presented
fhé next stimulus. HEach S was permitied a oge—miﬁute reét between
the third and fourth sets in thé ten per cent KR group.

All trialé were of the éame time lengﬁh in so fér as E's timing
was aocurate~and‘cér¢ain procedural irregularities (such as Questions
from S) could be eliminated or kept to a minimum though a small
amount of variance in the timing may have occurred at least for
~certain Ss.

.If can be seeh from Tablé I that there were three types of
specificity in KR. Type 1 KR invqlved telling 8 that he was "right"
if hérwas either correct to the nearest degree or no more thaq one
: degree in error; otherwise, he was told that he was "wrong”. Type

II XR involved telling him "over", "under", or (if to nearest degree)



TABLE I

EXPERIMENTAL PROCEDURAL LAYOUT

KR .Schedule (A)

KR Specificity. (B)

KR Percentage (C)*

10% (Cq1)
(120 trials per S)

20% (C2)

(60 trials per §)

33% (C3)
(36 trials per 8)

KR Spec I
(3,)
Fixed :
Ratio KR Spec II
(A].) (Bz)
KR Spec III
(B3)
KR Spec I
(B))
Random
Ratio KR Spec II
(Ap) (By)
KR Spec III
(B,)

* Each S Received 12 Reinforced Trials (12 trials with KR)

197
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"oorrect®. Type III KR involved telling him the corrsct answer
(to the nearest degree). >‘ |

For the ten per cent fixed ratio (intermittent KR) group, KR
was givén_evefy tenth trial beginning with the first trial an@ thig
continued until twelve KR trials and one-hundred and twenty total
trials were given. For the twenty per cent fixed ratic group, KR was
given every fifth trial beginning with the first trial; B again
gave twelve reinforcements but this time S received only sixty trials.
The .33 fixed ratio group received KR only on evefy third trial
beginning with the first ftrial yielding”a total of thirty-six trials.

~ For the yériable, or rando@ ratio groups (raﬁdom intermittent
- XR), the twelve KR trials for éach S were selected randomly from the
thirty-six, sixty, or one-hundred and ftwenty trials that'§ received,
depending‘on what XR percentage group he waé in, except that KR
was not given on the last trial, i.e., the 36th, 60th, or lzbth
trial depending on the KR percentage.

It is seen that in regard to £he ocourrence of XRB the fixed-
.ratio KR group is also a fixed-interval KR group and the variable-
ratio XR group’a variablefinterval KR group due,to»the_constant
inter- and intra-trial in%ervéis. Thus, both the number of the
trials and the time interval between successive KRs was consiant
for the fixednraﬁio (fixed~interval) group while the number of the
trials_and’the.fime‘interval between successive KRs was random
(i.e., may have béen variable) for the randomuratio'(randemminterval)
groups. However, fixed—ratio and randqmmratio,will be coczen a8 the

terms used to represent the presentatioﬁ of KR in +this experimento
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Bach 5 received only one type of KR Specificity, one type of
KR Percentage, and one type of KR Schedule. Bach group of six 3's
received only one unique type of KR Specificity x Percentage x

Schedule interaction.
Sgoring

For each stimulus presentation, subtraction of the correct
answer ffom the corresponding judgment.&ieldeéwa gcore indicating
amount of error. The absolute errqf, sign disregarded, was recorded.
Amount of error was used as a measure of performance or learning
("performance” and "learning" are used interchangeably andldistipctions
between the two.tefms will not be made). In this experiment, as in
Cottermén's, the .05 probability level wés ﬁsed inrall tests for

statistical significance.



CHAPTER V
RESULTS
Block Data: Averages Over PTrials

All data reported are in terms.of mean absolute errors or mean
absolute deviations of the subjects' responses ffom the correct
values of the anglqs. Only block data are reported in this section.
Block means were obtained for each § by dividing the total number
of trials into three equal parts.and computing an average. Block
means for the .10 group are based on forty trials, for the .20
group on twenty trials, and for the .33 group on twelve trials.

All data discussed in this section are suﬁmarized in Table
I1T1 (and in the Appendix). The summary of the analysis of wvariance
Yis presented in Table 11,

Periodicity: Fixed-Ratio Versus Randomeatio Schedules. A

significant difference‘bgtween the two periodioipies, fixed and random
ratio was not found, although there tended to be consistent
differences between the fixed-ratio and variable-ratic groups from
block to block with the random-ratio treatment groups recei&ing
greater mean abgolute errors than the fixed;ratio (see Figure 2).
The Periodicity x Blocké interaction was élso not significant.
It‘should perhapé be noted that further étatistical tests would
bg necessary to place a higher confirmation on.statements in regard

to differences between groups, blocks, etc. Nevertheless, some
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TABLE II

SUMMARY OF THE ANALYSIS OF VARIANCE:

BLOCK MEANS

Source of Variation Error df Mean F
- Term Square

KR Periodicity 90 1 42 45268 1.12910
KR Specificity 90 2 159.05600 4.23043%
KR Percentage 90 2 22.62900 0.60187
Blocks 180 2 173.47650 30.96130%*
Periodieity x Specificity 90 2 6.19350 0.16473
‘Pertodicity x Percentage 90 2 50.58300 1.34538
Periodicity x Blocks 180 2 6.49000 1.15831
Specificity x Percentage 90 4 34.90275 0.92831
Specificity x Blocks 180 4 15.72825 2.80711%
Percentage x Blocks 180 4 12.45250 2.22247
Periodicity x Specificity x Percentage 90 4 49.77975 1.32399
Periodicity x Specificity x Blocks 180 4 6.00875 1.07242
Periodicity x Percentage x Blocks 180 4 15.13025 2,70038%
Specificity x Percentage x Blocks 180 8 6.49250 1.15875
Periodicity x Specificity x Percentage x Blocks 180 8 4.53000 0.80849%
Error: Subjects (Periodicity x Specificity x Percentage} 90 37.59852
Error: Periodicity (Specificity x Percentage x Subjects)

Blocks - 180 5.60290
Total: Periodicity x Specificity x Percentage x Subjects

x Blocks 323

* ,05 Significance Level

~laale

*% ,01 Significance Level

o



TABLE III

TREATMENT MEANS

KR PERCENTAGE

KR KR .10 .20 .33
" SCHEDULE SPECIFICITY
BLOCKS BLOCKS BLOCKS
1 2 3 1 2 3 1 2 3
I 11.16° 9.12  8.05 9.12. 9.83  8.72° 8.12 10.15 10.10
FIXED  ° II 10.09° 8.04  9.48 6.88 6.41  5.96 10.51° 7.1  7.38
RATIO - .
I1I 11.76  6.66 4,63 8.25 7.71  6.09 8.66.  6.76.  5.95
I 10.06  9.24  8.03 11.78  6.88 7.58 13.75.  13.9%  14.22
RANDOM II 10.18. 7.31  6.19 12.24 9.02 7.81 8.36  6.29  6.93
RATIO
III 8.96 6.10  5.38 11.00  7.73  7.03. 9.82  8.87  7.62

gb



MEAN" ABSOLUTE ERROR

11

10

L | g Fixed ratio
5 o~ ~ —o Random ratio
- \ v
\
- \
A
o
N
L . \ .
N
NN
. \\\ v
SN
- N
o - = «
1 2 3

[N ; BLOCKS

Figs 2. Mean absolute errors of the:
fixed-and random-ratio groups as a
function of blocks of trials.



statements in this regard, i.e., beyond mersly peiniivg oul whers

significant ¥ scores occurred, will he made.

KR Specificity, Blocks, and the KR Specificity By Blocks Int@ré
action. The significant main effects of KR Specificity and Blocks
can best be understood by examining the significant KR Specificity x
Blogks interaction, for the presence of a significant KR Specificity
x Blocks interaction. This significant component shows that the
effects of the three KR specificities differed across certain or all
of the three blocks. |

It can be seen in Figure 3 that errors for KR Specificity I
(right-wrong KR) were always higher than those;for_KR Spécificity 1T
or KR Specificity III. The decline in errors for s in the KR Spec
I groups from block to bleck appeared to be almest linear while ths
curve for the KR Specificity II groups (over, under, or correct )
appeared to be curvilinear. The decline in errors for the KR
Specificity III groups (correct énswer) was 1esg clear though 1%
possibly tended to be non~linear. Responding under the twc highexr
KR Specificity conditions improved more rapidly from block one to
block two than responding for “right or wrong” information. In
addition, the‘improvement of the KR Speec III groups from block two to
block three appeared to he greater than that for the KR Spec II groups.

FPeriodicity x Percentage x Blocks Interaction. The cther

signifiéant interastion was the KR Periodicity x KR Pax@entage x
Blocks interaction. Figures 4a and 4b’show the mean abzolute errors
for the three KR Percentages at zach bl&ck for the fixedmraﬁio arnd
random=~ratio conditions, resbectivelyo Differing trends ag a funciion

of both KR Pericdicity and Percentage are obvious across the three
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blocks, but are at this time unexplainable. It aprears

block one; however, if present, this effect wse scon logh over
further trials. Examination of Table III reveals a mean srror ¢f 9.40
for fixed-ratio, block one responding and an error of 10.68 for
randém—ratio, block one responding, so that the overall numbsr of
errors did not differ greatly beiween fixed—ratio and random-ratio
schedules at block one, The .20 and .33 random-ratio and .10 fixed-
ratio groups appear to be highest in error at block one and the .20
fixed—rat%o group the lowest. In addition, it can be clearly seen
that the mean érror for random-ratio, .33 responding at block three
and perhaps block two was greater than the other means. Therefore,
if random-ratio scheduling had an éffect on perceptual performance
different frém that on performance manifested under fixed-ratic
conditions, it may have been when feedback occurred more rapidly,
l.€e, a33,‘.91' was more closely packed and the total number of praciice
trials wés less. It can be seen, too, that the fixed .33 group
appears tq be the next highest in error at biock three thoungh it is
not nearly as high as the random +33 group.

The fixed~ratio; .20 groups and random=ratic, .10 groups were
lowest in terms of mean errors both at block three (6.922 and 6.532,
respectively) and for all three blocks combined (7.664 and 7.939,

respectively). (see Table III).



Individual Trials and KR to KR + 1 Data

Individual trials and KR %o KR + 1 data are presented in the

Discussion chapter.
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CHAPTER VI
DISCUSSION
The Influence of XR and Non-KR Trials

Though the results of this study may seem to point out certain
aspects of the effects of intermittent KR, it is recognized that a
more precise determination of effeéts ghould receive further considera-
tion. For example, this might include a study of the amount and
duration of influence on performance of a given number of continuous
KR trials followed by a givén number of non-KR trials and vice
versa. [With regard to responding'under no KR and eontinuous
KR oonditions, Cofterman's (1960) study, from which stimuli used in

this study were taken, was mentioned earlier. |
The KR Specificity Times Blocks Interaction

With regard to the KR Specifigity X Blocks interaction, it was
found that:'

1, PFor the Specificities employed, rate gnd>level of learning
to estimate angular separation are iﬁcreased when more specifig
knowledge of resulté is given; »This is in agreement with Cotterman._
(1960) and Ammoﬁs (1956, Generalization 3). However, learning may -
not immediately increase when specificity of KR is increased.

Different KR specificities during early trials may not produce
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differential learning effects—~for example, in the levels of Learning
among the tﬁrée KR Specifiéity groups ai. block one in Figure 3.

Thus, the beneficial effects of an increase in KR Sp@cifigity may g@%
be noticeable until later in learning. A difference between means
for KR Specificities II (over, under, or correct) and IIT (eorrect
answer) was nof noticeable at blocks one or two but some difference
appeared at block three. However, in general, greater specificity
of KR results in faster learning or a faster decrease in error rate
and, eventualiy, lower levels of error responding.

The following are additional conclusions which might be drawn
from this experiment and which merit further testing. It should be
pointed out that all conclusions based on the KR Specificity x Blocks
interaction are always to be considered in the light of the signifi-
cant KR schedule x KR Percentage x Blocks interaction.

2. Performance curves‘for the KR Specificities tend to be
concave upward with a negative slope (sleping'downward to the right)
across blocks (for the size of blocks used). The rate of mean abso-
lute error reduction appeared to be negatively accelerated. For a
given KR sﬁeoificity, the level of learning to estimate angular
separation increased and the rate appeared to decrease largely in
quadratic fashipn. One exception might be the ovérall curve for the
KR Specificity I group (right-wrong information). Here there is
algo a slight trend in a Gufvilinear direction though the curve is
nearly linear. Curves for Cotterman's data de not always appear to
be consistentlyllinear or curvilinear in form. |

3. Assuming that performance follows a negatively accelerated

curve which approaches some limit, it may be postulated thats
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(a) Over trials, a certain point or platesu will be reached
where additional practice trials, inelu@ing trials with XB, will cause
oﬁly very small or no increments in performance. Hawevefs it is
possible that a certain amount of feedback may be nesded in order to
maintain responding at a lower error and, hence, higher performance
level (cf. Bilodeau, Bilodeau, and Schumsky, 1959)°

(b) Different KR specificities cause performance tc reach an
asymptote or plateau at different levels or points, higher levels
being reached as KR Specifiecity increases. Cotterman (1960, Do 12)
notes the difference between actually changing the specificity, and
only changing the precision or accuracy of the specific information.
Hevdoes‘not oconsider the latter case to properly be an increase in
specificity. For example, Cotterman (1960, p. 12) feels that changing
the KR Specificiﬁy from,"no information™ to information including
"iright' if correct to nearest degree or if no more than one degree

~in error, otherwise 'wrong'," actually yields two different kinds of
'Speoificities, However, ohanging the latter information to "'right?®
if correct to nearest degfee, otherwise ‘wrong'" resul®s only in a
change (an increase) in the accuracy ofithe‘information and not in
the kind of specificity. All of the three KR specificities used in
the present study may be considered t¢ be three distinct types of KR
spécificity. As mentioned, the problem remains one of closely
defining "specificity of knowledge §f results," an@ even "knowledge
of resulis," and obtaining agreement among KR‘researoﬁérs,

4. TFeedback specificity must be soﬁewhat restricted before
overall performance is sevefely.hampered in a perceptual skill

situatibn such ag the one used in this experiment. Apparsntly, the
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performance of the KR Specificity 1 group was somswhat worse at all
three blocks thean that of the KR Specifioity IT and XB Specifiecity 111
groups, but curves for KR Specificity II and KR Specificity 11T are
hardly separate except at block three., Cotterman’s (1960} curves
for the same KR specificities as the latter two are always separate
and do npf cross; however, the two types were not significantly
different from each other in their effects at each block. Giving
more trials might show whether, as KR Specificity is increased,
learning continues for a longer period and/or.reaches a final higher
level. In addition, several ﬁlateaus or asymptotes.might be found
for any one performance curve.

5. ©Cotterman states that when considering absclute mean errors,
his treatment “groups differed from each octher at each successive
stage of practice"‘(Cotterman, 1960, p. 9). Except for one greup
at one stage or bloqk in Cotterman's study, curves for all groups
retain their respective rank orders. Sitated more specifically, it
was found that the effects of increased numbers of KR giver accérding
to a continuous KR schedule were such that KR Specificity groups
involved in the particular type of perceptual learning task described
in his study generally diffe#ed from each other at each successive
stage of praciice though not always signifiééntly and maintained the
same rank order from block to block. Howéver? the effects ofvdecreaséd
numbers of KR given according to an intermittent KR schedule in this
study were such‘that‘the fespective KR Specificity groups did hot |
necessarilyvdiffer from each other at each successive block until
the later blocks of learning were reached and a greater number of

KRs had been given. Cotterman's Ss responded with much less error
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for their first block of twenty-four itrials. The S8 in this study re-
celved an éverage of twenty-four trials for their first block (twelve,
tweﬁty, or forty trials, making an average of twenﬁykfdur trials per
block); however, Ss in this study had four KBs (usvally but not always
for the random ratio group) while Céttermanés 88 had twenty-four KRs
for the first block of trials.

6. Giving additional KR in the particular task'used in this study
_might decfeaée errors further to at least a level of about 4.5 degrees
absolute error (such as that found in thterman”s.l960 study). Further
comparisons with Cotterman's and with Biiodeau and>Bilodeau’s data.Will
be presentedvlater in the discussion.

7. Various possigie "emotional' aftereffects associated with ver-
bal reinforceﬁent m;y be present. Probabiy there is a gredater emotional
component associated with "right," “wrong,”™ and "correct™ than with
fgedback cpnsisting of a difference answer (number of degrees milssed
by) or the correct answer itself (number of degrees). Feedback such
as "wrong" might actually be considered td:approximate punishment and
possibly be detrimental to berfofmanﬁe, althougﬁ, while less probable,
facilitative effects cannqt be ruled ouﬁ either, {Thas,‘not only was
feedback reduced at KR Spgcificity I but an emotional component was
quite possibly present. KR I performance would thus be expected %o
be inferior to that of either.KR II or XR IIT if the emoiional
component were1detrimental. Further researéh might attempt to describe
both the interaétioﬁ and the specific separate influences o?vthe
infofmational and emotional variables more fully.

Further, similar but possibiyvless intense emoiional components

were perhaps. present for the other two Specificity groups. Coming
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closer to the correct answer might have resulted in a "good feeling,"
with the opposite result expected when S's answer was farther from the

- correct ansﬁer, It should be pointed out that any emoctional compensnts
of KR would probably héve occurred:imtermittentlyuwjmst as the non% M

emotional components.

Schedule and Percentage and the Schedule Times Schedule

Percentage Tiﬁes Blocks Interaction

Some preé-experimental speculation could have considered the fact
that the .éO condition might result in a compromise between (a)
greater rapidity of KR occurrence which would involve l@ss for-
getting of the Kﬁ or informatiénkah non-KR trials and greaﬁer overall
tension and alterness and (b) a largér améﬁﬁt of practice or a greater
number of non-KR trials aﬁd a greater contrast between KR and non-KR
trials when KR occurred, and, hence, might result in the most
efficient performance. However, the ANOVA results did nct show a
significant F for the percentage variable, but they did show a sig-
nificant Schedule x Schedule Percentage x Blocks interaction.

Concerning the séhedule x‘séhedule percentage x blocks interaciion,
several trends do appear. These are listed belows

l; Performance conﬁergence.for.all schedqleupercentage combina~-
tions :except the raﬁdom «33 group appearsvta be greatest at blo@k two
(during the intermediatg stage of learning) rather than at ﬁlook ihree
(during a later stage of learning). - |

2."Schedule percentage appearsvﬁo be more of a criticaiyfaqtqr
“in learning earlier in training for Fixed Ratio responding and later

in training for Random KR responding.
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3. Comparing fixed=ratio %o random-ratio schedules for a given

percentage only, there is a general trend, though not congistent for

all blocks, for a particular higher percentage group (.20 or .33) to
perform at lower érror 1evgls for fixeqwratio conditions rather than_
when it is under ran&omwratio conditions (though, e.g., the .20 RR
group may be equal ér better than the .33 FR group for‘later blggks).
It was_noted that the errors were.usually higher fof_the <33 fixedf
fatio gfoup than for the .20 fixed-ratio group. However, under ,10
pefoeﬁtage conditions, the fandom—ratio grours performed bether than
the fixed—ratio +10 groups (though .10 random—ratio error respondiﬁg‘
appeared to be—at least so@ewhat—-lower than that for the other
gschedule x percentage groups except at block one where .20 and .33
fixed—ratio responding is better).

(a) At the .33 schedule percentage only the decreased KR
spacing and inpreaséa rapidity of KR occurrence may favor fixed-ratio
KR conditions in that the .33 schedule appears to be detrimental to
responding under random KR conditions at flocks two and thfee.

(b) Performance for the .10 random-ratio KR condition, involving
an increased KR spacing and a decreased KR rate, appears to have been
élightly but consistently bettgf for éll blocks than performance
under.the .10 fixed~rafio KR schedule and the other random-ratio
percentage conditions. , In other words, for pergentages used in this
study the highest spaced (.lO) random-ratio KR grou§ performed slightly
better than‘the‘highest spaced (.10) fixed-ratic KR and the other
’randommratio percentage groups. |

It éppears that és feedback rapidity-is increased and practice

without KR is shortened, a certain amount of response decrement



under random aperiodic KR is noticed. For a low KR rate but large
amount.of practice aperiodic KR responding appsars to improve and
become slightly but consistently b@tt@rlfar»blocks two and threa than
responding under periodic or fixed~ratio KB conditions. Again, this
result or trend is tentative and whether or not further response
decrement or increment would ocour When percentage is further increased
or decreased, respectively, is at present unknown.

Perhaps ingfficient use of KR would be operative for the .33 RR
group where KR might‘sometimes occur quite clqse together. At least,
KRs being distributed quite close together followed by g; regeiving

none for a while might result in less efficient use of KR.
The Effects of KR Percentage

From the preceding results it may generally be concluded that
differing percentages of KR (feedback) are unequal as.to their
effects on rate of learning and on the total amount of error re-
sponding, higher percentages resulting in faster learning and fewer
total err§rs, but equal in their eventual total effect on the level
of learning to estimate angular separation. Larger KR percentages
the:efore-result in more efficient lgarning conditions, since the
same amount or level of.learning is evidenced by all percentage
Vgroups yet the largermperceﬁtage Ss require fewer trials.

It seems that the three percentage means were obtained using
three %ivisors—-totél numbers of trials~_of unequal value; these
threé pgrceﬁtage means were "equal" insofar aSIOne'cons;ders‘only
their insignificant F score in the ANOVA, and thus the three total

- absolute error scores corresponding to the three divisers would also
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be assumed to have been of unequal value. Thus, it might be
tentatively inferred that an increase (or decrease) in non-KR trials
resulted in an increase (décrease)? in $otal error.

Considering the.inverse relationship between the number of non-KR
. trials and the‘rate of KR; i.e., as the number of non-KR trials
increased, the rate decréased,vand vice versa, it would then follow
that the totalyerror was inversely dependent upon the rate of KR,
or that as the KR rate increased, the tétal erfor decreased.

Such inference emphasizes the importance of KR in determining
errof responding and performance and is related to the increase in
efficiency which occurred with larger KR percentages. In\addition7
‘such inferenoe would tend to go against speculation that learning
occurred on non-KR trials (and thus against specualtion that KR
rate per se also affected learhing through some type of KR after-

efféct phenomena such as the overlap and summation of KR aftereffect
or an increase in tension or arousal or through c¢ther mechanisms.
Such inference would perhaps'also be‘compatible with speculation
that learning was not oocurring.at a high rate on non-KR trials.

Tt is still unresolved as to whether the final equality of
different pefoentage effects on learning levels is due to increases
(faoilitative) or decreases (detrimental) in KR rates (rapidity of KR
occurrence) correspondiﬁg with approximately equal balancing effects
from respective decreases (detrimental) or increases (facilitative)
in non-KR trials (total number of practice trials), or due only to
the frequency of ooéurrence of XR. "Approximately equal® is used
since the exact effects, whethervequal or unequal, over a large

number of percentages between and beyond the percentages used in
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this study are not known. Whether inoreaaeﬁ‘cﬁ decreases of KR.rates
and non-KR trials would even be facilitative of detrimental to learning
levels is unknown. It is possible ﬁhat'if>a balancing of KR rate and
non~-KR practice does occur, it might break down when more exireme in-
crease and decrease in KR percentage, holding other conditions, in-
cluding the quantity of KR, constant.

Small percentages such as .05 appraoch zerc reinforcement and in-
volve larger'nﬁmbers of non~XR trialg. In the direction toward zero
KR total overall reéponding should eventually begin t& increaéé gignifi-
cantly in error. A percentage such as .05 for twelve KR trials re-
quires a total of 240 trials, 228 qf the totﬁl number of trialé being
non-KR trials. A zero percentage can only be considered a limit toward
which percentageé only approach but never reach if conditions involving
XR are being compared. However, zero percentage conditions should
probably be studied for comparison purposes.

The actﬁal percentage value(s) at which a transition to betier or
worse is not knoewn——if it exists at all. A transition peint, if
such exists, from equal performance effects among percentages %o
detrimental effects would more probably lie in the direction of
smaller peroéntages of KR. However, fcr a .05 rate and twelve
total KRs, for example, effects of variables such as fatigue, boredom
or reactive inhibition might serve to decrease p@rformanée and would
confound results if only the KR ratexand non-KR trials were the
objects of inquiry. A facilitativé transition point may not exist,
but 1f it does, it will probably be found to 1ie in the direétion of
one~hundred per cent or continuous KR. As mentioned, Bilcdeau and

Bilodeau (1958) found no differences amcng the final learning levels
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of 85 due to KR rate under ten, twenty, thirty, and cne-hundred per
cent KR conditions using a lever-pulling task and equal numbers of
KR for each percentage.

Due to the variability of responding, it is often difficult to
obtain by inspection‘of the individuval graphs even a vough picture
of non-KR responding when compared to the impreésion one may obtain
from iﬁspecting Bilodeau and Bilodeau's (1958) curves (where a non-
varying task, i.e., the same correct response, was attempted on
every trial).

To further complicate the problem, an increase in the inter-KR

intervalicould hypothetically be facilitative due to enhanced con-
- trast effects, or detrimental due to dccreasing amounts of retention
over non~KR trials of the suppcsed beneficial KR after%ffects. For
these smaller percentages still additional factors such as "boredom"
and, loss of motivaticn could be postulated_to have occurred.

In addition, the assumption that increased KR rates are
associated with facilitative effects (dué to. such phenomena as less
_forgetting between KR trials) might be count@xbalancéd.(at'least
spmewhat)_if an opposite "detrimental® effecﬁ(s) can be postulated,
at\least_for earlier trials. TFor example, earlier .23 KR might be
postulated to have occurred too scon for efficient use of KR; i.e., a
few non;KR trials might have been useful in allcwing 8 a chance to
-consolidate, integrate, or think<éb@ut the KR and.its,reléti@n to
responding without interference from immediaﬁely recorring KR?

Further epranatéry‘faotors with regard tc responding under
different schédulés and percenfages‘ﬁill bg presented in a folldwing

section.
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- Figure 5 compares responding nnder ten and one~hundred per cent
KR conditions. Two curves from thie atudy are presented, ons based
on three blocks of fortyrtrials each with four ¥XRs being given at
each block, and the.other containing five blocks of twentyvtrials
each with two XRs given at each block. The curves are for the .10
fixed-ratio group which had KR Specificity III. Kach of Cotterman's
:points for KR group VI is composed of a block of twnety—four trials
and twenty—four XRs. Two curves are presented for Bilodeau and
Bilodeau (1958), one curvevwith tWO'biQCkS of forﬁy trials with four
KRs and a third block‘compose@ of twenty frialg and two KRS and fhe
other curve drawm.from points each repreSenting-a_block of twenty
trials and two KRs. Both curves are for the same .10 KR condition
or group. Note how the location apd shape ofvthe curves are somewhat
changed when smaller blocké of trials are used in drawing the curve
(sigmoid) for this study and the second Bilodeau and Bilodeau (1958)
curve.

Surprisingly, respondigg under the .IQ KR céndition of this
study almost reaches the 1evel of responding obtained uﬁder the
one~hundred'per cent - KR conditions 6f Cotterman’s study, although
total overall performance is still better for the onémhandred per
cent continuous XR condition. The”reéaer ghould note tha% although
one-~hundred and twenty trials were réoeived by Ss in both groups,
oﬁly twelve KRs were’given to the .10 group in this study and one-
hundred and fwenty KRs, one~hundred and eighi more thén tﬁe group in
this study, to Cotterman's group. (It is noted tﬁat other__at.least
certéin other--KR Spec x Blocke, KR Sohedule x KR Peréentage x XR

’Blobks groups, or other groups in this study, may not reach levels
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KR Spec III=.10~fixed-ratio
_ _ group of this study

- : ‘ " {correct answer to the

' nearest degree;

N o - perceptual task)

@w@w

KR group VI (100% KR)
- of Cotterman's 1960
study (correct answer
to the nearest degree;
perceptual task)

~+10 fixed~ratio data of.
Bilodeau & Bilodeau's 1958
study (magnitude of error
and "too high" or

- "too low!"; primarily
\\\\\?otor.task)
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MEANS FOR BLOCKS OF 20 or 24 TRIALS

Fig. 5. Curves for selected block means from
this study, Cotterman's 1960 study, and from the
author's calculated block means from estimated
individual trial scores from Fig. 1 of Bilodeau
and Bilodeau's 1958 study.



68

as low as that of the le.fixedwratio KR Spec IIT group). Additional
study of the graph reveals that at twenty-four trials and 24 KRs Cotter-
man's Ss equal this studyfs aiO‘gg at approximately @ighﬁy tfials and |
8 KRs and that at ene-hundred and twenty trials and 120 KBEs, Cotterman
Ss do not appear to differ greatly frem this study's .10 58 after re-
ceiving one~hundred and twenty trials and 12 KRe. This is significant
in that it may point to factors other than KR as operative on this task.
The approximate convergénce of the two curves could be due to the
following faétors:

(1) The task used by both Cotterman and this author is such that
S may operate on or approach anzipitial platean after forfy~eight to
seventy-two KRs, though some édditional learning might occur later.
Thus Cotterman's Ss might have aﬁproaohed‘asymptctio performance during
the second block (they received forty—eight KRs in these two blocks),
while the .10 group éhqwed a fagter 1earning(rate, but still at a
higher error level, since they received only eight KRs during the first
two blocks of forty trials each, or during the first four blecks of
twenty trials each. However, this study’s .10 curve would then be ex-—
pected to cross Cotterman's curve unless for unknown reasons the per—
formance of the S8 in ﬁhié experiment reached an asymphtote at twelve
KRs. It would be interesting to .compare the slopes and final levels of
tﬁi; study's KR Spec curves with the slopes and final levels of Cotter—
man's curves for thebfirst twelve KRs.

(2) Non-KR practice contributes significantly, and in a facili-
~tatory way, to performance. (An edditional facter such as KR rate may
then be neéded to explain the. equality of the peycentage groups,

especially the two extreme ones, .10 and .33, in the present study.
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That is, if support iz found for non-KR practice eifects, then this may
. also supﬁort indirectly the hypothesized KR rate effect, since s2ome=
Fhing would be needéd to Balance the .10 group's advaniage in having
more non-KR trials; all percentage groups still wers equal in absoclute
mean‘errors;) |

(3) Although less likely, KR might have a facilitative influence
on responding under .lO’conditions duevtovgreater.KR?ﬁoanR contrast or
to some unknown factor(s) unique to intermittent conditions and/or
their inteféétion(s) with other variables such as KR specificity or
schedulé. For exampié; during the earlier phases of intermittent KR
S may somehow be able to utilize KR to reduce errers more rapidly and
efficieﬁtly than during either the later phases of intermittent KR or
during continuous (massed?) KR respon@ing.

(4) A factor related to fatiguefbr‘reactive inhibition might
more rapidlyvinfluence respording under continuous KR presantation.
It‘might be assumed that inhibitien is alse produced by nonreinfeorced
triais, although this assumption may bé more difficult to make using
KR rather than reward. If the motivation established by KR is self-
sustaining, at least for several trials (cf. Ross?, 1933, specule-

N tions), then inhibitions due to the'absence of informétion might notd
be immediately.o?erative.

The question might be asked as to whether the use of ten per

cent KR with 120 KR trials (invelving a total of 1,200 trials —
1,080 more triais per § thaﬁ‘in'the Cotterman study), would result
in requnding-below the plateau:(assuming, in ofher words, that the
upper limits of performanée hadn't been reaéhed). If ®so, this would

seem to show the presence of learning during non-KR irials.
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Concerning thg effects of the temporal spacing @f trials and -
possible difficulties which might be encountered, Helson {1964} and
Bevan (1963) have mentiqgéd that since each application of a fixed
value of reinf@réement is assumed to bring,its.effectiﬁe value
nearer to an indifference level, rapid repe%ition should be accompanied.
by relativgly rapid‘neutralization of stimulation with a consequent
decrement in performanég. In accqrdance with anrassumption of a
curvilinear relationship between tension 1ev¢1 and performance,  not
only could too high a rate and level‘of tension be deﬁrimental to
performance but a spacing of reinforcéments which is too wide would
also result in poorer performance due ppséibly 1o the‘relatively
Jlarge decrease in tensiqn. According to Helson and Bevan, extended
periods of zero reinforcgﬁent cannot supporﬁ optimal tension leve}s
for performance. Bevén.(l963) gives experimental‘evidence for these
deductions. However, if nonreinforoed trials can be viewed as
having ze&o intensity (see, é.g,, Helson, 1964), then such trials
should have the effect of reducing a postulated internal sensory
norm and tﬁusvenhancing the perceived magniiude of any subsequent
stimulus change. |

In this study, the addition of KR into the siﬁuation might be
taken to have been the main stimulus change, although it should be
noted that a lésser stimulus change occﬁrr&d from trial to trial
when the stimulus phetos were changed. In addition, the stimulus
was present and responding'still ocourred on non-KR trials. Thus,
in a following section non-reinforced itrials will not be considered
by this author to be of "zefo inténsity", especially when related

to expectancies of KR ccourrence (expectancies of a percentage or
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schedule~pattern—of KR occurrence), though non-KR trials will be
tﬁought of as tending to be associated with a lower arousal level
and ‘a lowerrinternai sensory norm (unlesszsome couniefacting influencg
such as the expectancy of RR KR — see following section_;; is
present).

If KR rate follows the same U-function thaﬁ tension level does
(this could be thg case, e,g.;'wherg tension is @ependeht on KR
rate), it would seem, then, that whether increasing or decreasing
KR rate would result in an inore#se or decreaée“in performance
would depend on where one begins choosing values on the U-function.
ﬁnless one started in the middle of;this function, changing the KR
rate toward a middle value would yield a consistent increasingly
faqilitative effect‘on,performaﬁce until one passed the mid-point,
at which time the effect ﬁ§uid become detrimeﬁtal.

| It might fhﬁsjﬁe ﬁoééible:to ianeéee KR fate so that S could
not use the feedback as efficienﬁly, althngh for the inter-stimuli
. intervals used in this study efficienéy of KR use might continue
to increase (of at least level off and show:mno decrease) for KR
réte values up to a continuous (100%) KR leﬁel. |

Nevertheless,_asidé from some;increased eTTOT in the .33 random-
EVSChedulg groups, variéﬁles suoh»aé rate, ténsion,,sti@uius change
and nonAKﬁ practice effects were either unoperative, or,‘if operating
for‘this;task, were appafently counterbalanced in effect by each
_cher; that is, the increésed XR rate may still have produced a
faci}itative‘Qverallblgvel of arousal but was balanced by a facilite-
tive enhaﬁced stimulus change‘(gont:ast) and additional non—kﬁ

practice in the .10 groups.
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Actually, there are several possible hypotheses regarding the
apparently,eqﬁal effects of the three‘percentages. Explanations
inﬁolving ;ither the absolute amount of KR as the only factor
infiuencing responding, or as additional factors fhe balancing‘out
of non-KR practicefwith the effects of rate of KR presentation have
begp‘presented pfeviousiy.v'A third explanation whiéh pould work
sepa}atelyvor in conjunction with thevpreceding_two would involve
"tension", "contrast", and possibly other motlvatlor cons1deratlons
and, again, 1nvolve the hypothes1s that these varlables fa0111tated
performance in that they were within fac111tat1ve llmlts but were
_dlstr;buted dlfferentlallyvqmong»thg percentage condltlons. It is
‘possibie, of couréé, that with regard to thg findings relating
tension level tq perfprmanc§>aﬁd Helson's assumptions céncérning
thé repetition of reinforcement,. the percentages use@ in this
study did.nbt:represent a range sufficiently iarge to be relevantf
For example, the percentages”may have‘been.intermediate in ?alue
and, hence, have lain in the middl; of the U—fﬁné%ion describing

the relationship between tension level and performance.
The Nature of the Task

Cotterman'svand this study's curves are from the same "judging-
angular-dlsplacement" task, whlle that of Bilodeau and Bilodeau's
(1958) is for a lever—pulllng task. The KR effect appears to be
dependent in ‘some measure on the type of task used since the curves.
based on Biiodeauvéndeilodeau'srl958vd;ta (se;'Figure 5) appear to

be different, reachiﬁg lower levels of errors than the other curves,
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and, if correct in shape, posszessing a greater overall rate of error
reduction (for the block sizés shown) than Coﬁterman”s‘curvaa

In additién, whether learning iz due mainly to the absolute
frequency of KR or to the relative frequency of KR (and the influence
of KR rates, non-KR practice, tension level and aleriness, compebing
responses, contrast andbother variables) may depend on the nature

of the task.

KR Schedﬁle, KR Percentage, and Blocks: Bxpectancy, Tension

Level and Arousal, Contrast, and Competing and Emotional Responses.

The nonsignificant'Schedule main effect and the nonsignificant
Schedule x Blocks interaction for means provides support for the
hypothesis that arfixed~ratio presentation of KR results in
learning equal to that-foﬁhd when treatment conditions invelve a
random-ratio presentation of KR (although fixed-ratio performance
was consistently bettéf than random—ratio)from block to block).

In addition, the F scores for the Percentage means as well as the
Percentage x Blocks interactién were nonsignificant. Howéver, the
Schedule x Pércentage x Blocks interaction (see previcus sechion)

suggested some differences between the schedules for different

then additional eiplanation may be needed other than thé gonclusion
that S's eventual pefformance level (after several KRE have beesn
given) is due only to theiabsolute occurrence of KR and not to the
KR rate or scheduie. |

Selected Constructs Defined. The folldwing constructs and

related discussion are offered in the hope that some further ex-

planation might be made in regard to Percentage and Schedule as
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well astercentage x Schedule interactive effects, at least for
responding at later stages of training (eug.v Block three in the
presentagxperiment). Large case letters will be used as symbols in
_order to abbreviate a particular hypothetical intervening. construct
or phenomenqn. . Subscripts generally will be used to refer to thé
source of a variable. After presenting the constructs, their -
possible interaction and their place in a model used to explain
selected cases from the above-mentioned responding will be pre-
sented.

Arousal. Tension or arousal:(g)"were mentioned;previously,iﬁ
connection with tension (1) as mentioned by Helson (1964) and
Bevan (1963), HOwever,rthe term arousal wiil be preferred in this
sectién;.‘ | |

Aroﬁsal (a) is a form of tension, drive, or alertness, and,
perhaps with therexception,of tension or arousal due‘to frustration,
arises when 5 feels that he cén predict somewhat in regard tb_
stimulation other than KR but cannot predict as well the effects of
responding or response oﬁtcome, in¢luding the feedback (Such as
the KR pattern or rate of ocourrence), until higher levels{of
learﬁing are attained. For example,v§>knows What:is going to
happen (will happen) but not how he "will come out",:such as might
be expected someﬁimes on an exam in school.‘ However! for only
arouéal to exist withpﬁt anxiety he must not.be.overlz aroused by
XR inoonsiétencies. | | |

. Unless otherwise mentioned,vg is usually considered in a
facilitative senée, at least in direcf‘action, though an g‘which‘

_is facilitative directly might also be considered indirectly
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detrimental if speculation has a particular level of a subtracting
from another constfuct. This will be discussed later. |

»when‘ézstimulus, responée; KR, and arousal at’a_"facilitativeﬁ
1evei occur ﬁemporally andbspatiaiiy'cléée together, then it ig
assumed_that therg is‘optimal use of a KR and, thus, optimal
learning and pgrformance.;;"

KR Rate. Rate_will_be,abbreviated‘bykgband rate of KR will
be written r(KR). More specific erRZs‘wili be designated by a
decimal, e;g.,:.lo KR.. The cldse::elationsh;p of giggl to such
aspects as the humber'ofvnon-KR trials and:interAKRiiﬁtervals has
been discussed;‘ _‘

Contrasf, >Contrast (¢) refefs to the "contrast" between KR
and non-KR itrials or’the noﬁ?lty‘df change of KR compared:to
non-KR trials. Contrast, as mentioned earlier, would occur at
a higher level when the internal sensory norm in reference to
KR is greatlj reduced by the occﬁrrence of non-KR trials.

Contrast a1s§ will Be said tp yield arousal and this arousal

with its contrast source is designafgd'a The occurrence of KR

Z¢*
increases the KR sensory norm;'fhus, higher rates_gf’KR,might
reduce contrast since more frequeht receipt of KR wéuld reduce its
novelty. However, this may only ocecur durlng early trlals before
Exps are formed. Once S beglns to form Exps, the role of r(KR)
mlght be expected to decline 1n 1mportance. Exps might be forme&
_earller and perhaps at hlgher levels for hlgher r(KR)'s and formed
later and at_lower levels for‘the-lower r(KR)'s. The Exps, ExpFR

and ExpBR would also reduce C." If S has learned to expect fixed-ratio



KR on the trial on which it occurs, or to expect randomuratio KR’
on any trials or on most trials, then KR will be less "no&el" and
afford less C when it ocours.

v Bxpectancy. Expectancy (ggg) will be considered to be synonymous
with set or anticipation. S may comsciously or unconsciously
anticipate or expect a fubture KR trial according to his own '"guess"
as to a given percehtége or schedulé. This may be clearly held
uppermost.in’miﬁd by S or exist only as a more vague "féeling"
that "information should occur 'soon'" or "information will
probably ﬁot QCcur ffor a while.'" . This brings up anotherlconéept,
namely, the certainty that § has concerning his Exps, but this
will not be further discussed at this time..

Support for a_hypothesis that Ss were able to "estimate"
the approximate percentage of KR occurrence in this. study is the
direct relationship'fouhd'in cerfain light—prediction studies
befween percentage of reinforéement and response réfe or percentage
of g;esses in acquisition: increase in the response rate occurs
with an increase in_thelreinforcement pe:cenfage (cf. Edwards,'
1959; Estes and Straughan,vi954;.Grant,.ﬁake, and Hornseth, 1951;
Grant, Hornseth, and Hake, 1950; Humphreys, 1939; Lewis and
Duncan, 1958; Rogers, Webb, and Gallagher, 1959; and Kimble, 1961,
pp. 194-196). Léwis (1960; 1963, p. 164) staieé tﬁat 'Expectancy
"theory" was brought into partial reinforcement by Humphreys (l939)};
Lewis‘mgntions that Humphreys! (l939)_expectancy theory considered
that "partia} reinforcement resulted in an expectancy of irregular
reinfo:cementland_that.Qontinuous reigfércementhresulted iﬁ an

expectancy of regular reinforcement." (Lewis; 1963, p. 164).
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Lewis (1960, 1963, pp.. 164—»16_6) d,iscusses some studies concerning
expeetancies. However, expectanoy conecepts have been in psychology
since before 1939 (see, for example, Kimble, 1961) Sklnner (e.g.,
Ferster and Sklnner, 1957) has also reported the unlque'patferns
of responding associated with Vafipus typeg of schedules, such as
decreaseé in,requnse_rate befneén_reinforcements under fixed- |
interval échednles.

| It m@y_thereforg,not bé nn unreasdnable step to assume that

Ss may oonscionsly or unoonsciously form estimations (assumptions,
guesscs, expectatlons, sets, etc.) of periodic or aperiodichR

and even of KR percentages after a certaln number of trlals with
_ KRs., Consequently, in the case, for example, of widely spaced,
flxed-ratlo KRs, Ss mlght become less aroused: [aEprR(non—KR)J
and perform with less accuracy between KRs. Exp of flxed—ratlo XR

w111 be wrltten ExpFR and Exp of random—ratlo KR Wlll be wrltten

ExpRR.. EprR(nonAKR) is a term for convenience in d031gnat1ng
the 16w level of Exp ex1st1ng between FR KRs:

Other Construc‘bso Other terms and thelr abbrev1atlons are:

Adaptation (__p_), Competing Response (ggng R), Frustratlon (Frust),
and Anxiety (éHE)

Egggivis similnr to‘Arqnsal;vhowever, rugt differs from arousal
in that S is more unable‘fo prédict KR, 8 iérmore greatly aware of
a percelved 1n&b111ty to meanlngfully structure or 1nterpret 1ncom1ng
stlmulatlon such as‘the pattern or rate of KR presentatlon or both.
Whether S's struoturlng or 1nterpretatlon 1s.compat1ble or incom-
patiblp with "reality" is not nécesééry to'nonéider in tnis case but,

ratner,‘whether S feels "content" with his interpretations.
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By Cmptg R's are meant those responses made by an §!attemptiﬁgi
to "figure out® fhe meaning of_the experimgnt.er‘prgdiot the
occurrence.of KR.  Any event diétracting from)an S's trial;by trial;
perf@rmanca and his conéentratiqn upon the éfimuli, his responses,
and the KR as it ocours would be classéfied as é,gggig R. (This
might even include S's attempfing to remember the laét KR, stimuli, _
and his performance at a.KR ffiél, ihough memory for KR ﬁas generally
considered earlier in theAcpnfexf.of the r(KR) variable), If Cmptg Rs
and‘qther variables‘interfere‘with the overtly Erdefined perceptual  )
responding by §,_i.e., with §}s actual perceptual task performance,
then additional E£E§3;might §@velo§.

Anx will bevsaid‘to occur. under the same con&itipné_asuggggi
but under the additional condition that S igv"ego—involved" in the
task andlviewé any‘kind of perbeivedvfailuré”as‘a threét_to his
ego.

Adpt refers to lessened ability of a stimulus or an event to

yield arousal.

Arousal, Its Source and Location of Ogcurrence. The following
a's, their sources, and the location of their particular occurrence
will be considered:

(1) aq occurs at a KR trial. It may be considered as the arousal

due to contrast.

(2)‘§T(KR) occurs at KR and non-KR trials. The faster an individua}
receives stimulation, in this case KR, the higher his g level
might be. |

‘(3) (a) gEprR occurs mainly at and/or just before a KR trial.
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(v) 2 occurs over non-KR trials. ‘Since it is a
=ExpFR(non-KR) : : . =
occurring between KR trials, when 5 expects no KR, it is
usually assumed to constitute a 1oWer»level of.g.
(4) gEprR occurs over KR and non-KR trials. It may be thought

.of as a due to S's uncertainty regarding the: temporal ﬁ}esentation

of XR.

Teta1>A}ousal As a Function of the Conmstructs. Total arousal
‘effecﬁs (QT) forﬁfixedmratib coﬁditions w%l; be considered to be
some func#?ogiqug; agypFR’ ér(kR)’ and Adpt. . This gan.be written
as: . | : ’

an %1(f) C, aEprR' ar(KR)’ andiAdpt.
For a random—ratio situation, b' ‘
ap = (£) Oy ap, ppr 3,(gg)r a0d Adpt,
except for high percentage random-ratio'conditibns.for which
‘ ap = (f)-C, 2BypRR’ ér(KR)’ Anx, Cmptg Rs, Adpt, (and
perhaps oe;tain additional Frust-derived variables which t;nd_

to make for detrimentally higﬁ a).

The existence of the variables in thempreceding equations -and
 th¢ir operation in this study is unknownm, though in meny cases they
ha&e been borrowedvfrom findings”ffom ather research or from hypo-
thgses and concepts discussed by other reéearoheréa The actual
'degreg of contribution of the ﬁariables in each equation isfalso
not presently known, nor is the form of th§ interaction of such
variables, e.g., whether additive, subtraotive; ﬁultiplicativé;
etc. | | | | |

A General Consideration of the .Location of the Occurrence of

Various Constructs. Exp and higher r(XR) may be thought of as
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conditions which lower. the € gffgct and thus the For a KR

E,HC,.

trial only,-éT may have as its poss1ble eomponents one or more of

the followihg. EC and a.Ex FR} values of ExpFR, EprR, and r(XKR),

_all of which might serve to subtract from C (and, lience, - —C)’ and

values of EprR(nonéKR) which may enhance C. (and, hence,'gc)

‘On both KR and non—KRttrlals, an may have as its pogsible

components one or more of’the‘fqllOWing:\ éT(KR) and EEprR'

For a fixed~ratio, nonéKR'trial, gwaillsihclude only

gEprR(non—KR)

Examples of the Conetructs and thelr Interactlon ag Applled to

the Results gi‘thls Study.‘ A few,selected exampleg ;nvolv;ng the
constructs and their possiblé explénatbry~ﬁsefulnes§'wiﬁh.regarditq‘
the results of this study w1ll be presented below.

Sche@ule. An hypothes1s to explaln the absence of a 51gn1f1-
>,cant schedule main effect might consist of a postulated eventual
‘formation of (a) a set or expectancy of perlodlo KR and an 1ncrease
1n arousal (aE FR) at the KR trlal for the flxednratlo groups, and, .
(b) an expectancy of variably occurrlng KR and an overall 1ncrease
(over all trlals, KR and non4KR) of arousal (aE RR) in the random-
ratio groups. The fixed-ratio groups mlght eventually have become
Mset" to receiﬁg a éarticular KR»éﬁprgximately.atrtheﬁtime it
.‘océurred{and, fhué, received mgximumvbenéfit fromvthe KR. The tension
or alertness in {the random KR groupjmight be attributed:to'thq Ss!
inability fo~predict»the qccurrehcebof the next KR.and,-thus,:they
might’have bgen more;“tenéeﬁ and faleft“, looking ﬁpr KR:at eagh
- trial. The iﬁéieaseddtension, aEprR’ may thué have‘opergted in a

facilitative fashion for‘mény.qf theirandom~KR groups and equalled
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the facilitative effects operating for the fixed-ratio KR groups'
.agousal gystem (éEprR)’

However, the random KR situation might have excited other
processes such as competing responses, frustration, and anxigfy
reactiohs:‘since, for example, S, in an efféri to obtain or‘structure
a "reasonable" ﬁicture of environmental;brganism interaction (pér;
haps compatible‘with former experiances);[ﬁay haﬁe tried to "figu:e
Qut"ﬁ%hat aspect of his behavior pattern.the XR was dependént upon
for presehtation;‘ Aotﬁaiiy, howevef; theré was none and, therefore,
§ prgéénted himsélf wifh an‘ﬁﬁsolvaﬁle problem. If continued
f);attempts were made fto arrive at a-splution, there might have resulted
an. increase in qompeting,responses (including irrélevant hypotheses
,of conclusions aé'to the expefimenf;s purpcse), anxiety, frustration
and other processes, some of which could have increased arousal
levels beyond facilitative limifs. (This might be tested with_the
iﬁse of attitude écales given after the judgement task). Though the
overall FR mean wés supefior 40 the overall RR ﬁéan, the means wer§<_
ﬁét gignifibantly different; therefore, the role of emotional and
competing responses will be oon§idered.in the discussion of the
Schedule x Percentage x Blocks interaction below.”

Per;entage. Higher KR percentages, @.8., ;33, might be assumed
to yield higﬁ“over~all érousal levels (assuming an optimum or
maximuﬁ facilitative pérceﬁtage value of .33 for this study). Lower
percentage values might be aséumed to yiéld'low éT(KR) aﬁa,‘thus,
be less‘faoilifative than the ET(KR) of the highet percentage vélue-j
however,uproportionatély higher arogsal at the KR trial due to a

KR-non-KR contrast effect (QC) might also be predicted. Groups who



82

received lower KR percentages (e.g., -10) and thus wider KR spacing
may therefore have eventually benefited from a greater oontrasf
between KR and non4KR trlals and relatlvely greater amounts of a 2q

at the KR trial.

Peroentogo x Schedule E,Blooks. If any of these hypotheses
is correot, odditionél aésumptioﬁs ﬁa& be required since, among
other possible differences among meané of this second-oroer inter-
action, the performance of the .33 randem-ratio gfoup Was‘lowe;
at blocks fﬁé andwthree, and the mean performance oflthe .10 random- «
ratlo group tended to be higher than that for a large magorlty of
other Sohedule b'd Percentage treatment groups at block three (although
the dlfferenoes may have been due to sampllng).

Concernlng the .33 random-ratio group, perhaps both a strong
expectation for 1rregular KR with 1ts assoolated arousal (aEprR)
and a hlgh arousal level due to the hlgh KR rate [a (KR)] evenﬁually
comblne t0 yield a high degree of overall arousal. This; along
with competlng and emotlonal (frustratlon) responses 51m11ar to
those mentloned earller, mlght eventually have resalted in a hlghly
detrlmental arousal level.

The hlgh KRFnonéKR contrast under the .10 randommratlo oondltlon,
coupled w1th a weaker set for random KR and thus weaker aEprR'
might perhaps have ylelded a level of arousal whlch was partloularly ’
facilitatory. There is also the poss1b111ty that the small ‘amount |
of EEXPRR wouldmnot be formed very qulokly, That‘ls, a .looEprR
might be more "difficult" to develop than a .10 ExpFR, iie;,;the ’
.iO ExpRR formed at lower levels and perhaps%had:a shorter existence.

As mentioned earlier, a lower amount of ExpRR might bo-lesé:
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facilitative in its own right but might be hypothesized tc interfere

EC.

However, it would seem that a set for pericdic KR under the

much less with

.10 fixed;ratio condition (which should also involve high contrast)
would also be facilitatory unless performance wqrsenéd between KBRs.
This might be due to a decregse of S pFR between KRs’[designated
éEprR(non—KR) for convenience | due to thevgxpegtancy of not
receiving a’KR for relatively long lengths of time. A pqrfbrmanqe
deoremgnt between KRz, at least with highly-spaced KRs With'large
numbefs of intgrvening non—Kﬁ trials, seems possible if métivation
(i.e., arousgl) was mugh‘abated over.n0n~KR trials. If a and
ExpFR didrdecrease‘between Kthrials, however, a compensatory in~-
érea#e in gémighf”also have occqrred on a KR tfial.

Attempts to pursue this problem further and explain_vayious
results utilizing the g,_Egg, the several a's, Adpt and other
theoretical oonéegﬁs have‘beén attempted elsewhere by the author,
but the problems involved havg proven to be»oomplex and‘involved.‘
For example, for a given experimental operation, the time at which
one>of fhe'particular theoretical phencmena oscurs, the 1ével it
reaches, and its duration are unkndwn and can only be guessed at.
In addition, it seems that there can always be hypothesized com—

pensatory increases or decreases in cne construct to account for a

loss or gain in another construct.
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Error by Individual Trials Analysis
Aftereffects, Continueds

Figures 11-15 show absolute mean error versus individuwal trials
rather than blocks for selected groups from this experiment.
Effects of indiyidual KR trials, i.e., trials with KL, on KR + 1
trials, i.e., the first trial following a ¥R trial, and thus, the’
more immediate effects of a given KR, can be studied. Figures
6-10 also show several other KR effects not shown by the earlier
graphs drawn from block data.

Cf current interest, then, are the scores obtained on KR and
¥R + 1 trials, and, then, the absolute mean error scoring from
a KR to a KR + 1 trial. It is seen that the possibilities could
involve a majority (Qf minority} or no majority of KR to0 KR + 1
error increéses or decreases as.well as equaleR to KR + 1 re-
sponding for a given KR trial to its‘first folloﬁing KR + 1 trial.
From Tebles IVab and Figurer €-.7, it is seen thét fdr the fixed—
ratio gfoups, those who received the lowest KR freguency and gréatest

inter-KR spacinf, .10, one-hundred and twenty trials), appear to

» have along with one other group (.33 ™R KR Spec 1) which received
the highest KR frequency but léast KR specificitj a majqrity of
decreases in atsolute error after the XR at the KR + 1 trial
(Figures €, 9, and 10)s Tor the fized-ratio ETOUDS, immediate
facilitative KR effecis appear to occur more often as KR trials
are more interspersed, the effect moving toward .10 scheduling

rather than toward .33. Groups receiving conditions .20 and .33

involving an increased KR frequency and decreased KR spacing are
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- Showing the arrangement of treatment groups a,c.crd.ing to a

majority of increases or decreages in or approximately equal mean

absolute error responding (a difference of only cne degree or less)

from a KRi to a KRi + 1 trial in the individual trials where KRi is

any KR for a given treatment group, i being a number of a given KR.

Ma jority KR to KR + 1

s w o

'."Equél" BErrer Responding

Majority KR to KR+l

Error Decreases.

 From A KR, ‘to A KR+l

" Brror Increases

AB,C, 6 2/3

i
Trial
4,B,C, 8/12 AB.C, 6/121nc.=6/12beo. AB.C, 1/12
ABCy 9/12 -413302 5/12Inc.=6/12Dec.
4,B,C, 8/12 AiBBCs_6/121nc,=6/l2Dec.. AB,C, 8/12
4B,y 7/12
- Majerity KR to KR+l Ne Majority
A4,B,C,
AB,C, 6 1/3 /12 5% Incs vs 6 1/6 Deca  A,B,C) 5 1/3
A_B.G, 6% AB.C, 5 5/6 Inc. vs A.B.C, 5
2B, 0o &2 2°3°3 2 2 pee: )
1 -
A,B,C, 6% 4,8.C; 6 1/3
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TABLE IVb

IMMEDIATE KR AFTEREFFECT: SHOWING THE ARRANGEMENT OF TREATMENT GROUPS
ACCORDING TO A MAJORITY OF INCREASES OF DECREASES IN OR APPROXIMATELY
EQUAL  INCREASES AND DECREASES IN MEAN ABSOLUTE ERROR RESPONDING FROM -
A KRi TO A'KRi+l TRIAL IN THE INDIVIDUAL TRIALS, WHERE i IS THE NUMBER
OF ATGIVEN KR TRIAL

PERCENTAGE
'lo (Cl) 020 (C ) 033 (C )
SPECIFICITY _ C 2 T3
KRSpeC I $ Y \ ‘\ ~ A g y )
(Bl) ‘ “ L] . [y ‘. LY . t‘ b Y ) 7
‘ N «lh\ . P/‘- '/ 7 v ’ . ~‘ R N
Fixed-Ratio KR Spec II ////// AN
(Al) . ' (B2) ) . . .1//4 \\ s‘ .‘_ I
KR Spec III // / / /
(Bs) i /
SCHEDULE i (L L Ll i
'vKR,Spec I N 1 N X '
)
Random-Ratio KR Spec II
(a,) (85)
KR:Spec III
(3,)

g”ikg Schedule X Specificity X:Percentage Groups Yiélding a
NERXKY  Majority of Decreases in Mean Absolute :Error Responding
251 from a KRy to a KR;+l Trdal.

Groups in General No "Clear" Majority of Increases or °
Decreases in Mean Absolute Error from a KRi to anKRi+1
Trial.

;ﬁ/ / "Equal" Mean Absolute Error Responding from a KR, to a
/5222 KRi+l Trial for Fixed-ratio Groups Or for Schedule
/

.:‘:‘:: Schedule X Specificity X Percentage Groups Yielding a
L) Majority of Increases in Mean Absolute Error Responding
s -] froma KRi to a KRi+1 Trial.
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either equal in error decreases and increases or the decreases are in
a minority. Such an apparent pattern does mot appear for the random-
ratio groups when & similar KR to XR + 1 analysis is done. . Due to the
random nature‘of the KR for each S, KR tc KR + 1 averaging was done.in
a different @anner, KR te KR + 1 responding tallied for each S.and then
random-ratio gfoup a§§rages found. In the averaging method for the |
fixed-ratio group individual trial averages‘oﬁer Ss for‘each FR x KR
Spec x Percentage groﬁp were found first and then KR to KRJ; 1 respoﬁd-:_
ing calculated. However, if is felt that the two methqu yield com— .
-parable results.

An explanation for the cases involving equal numbers of KR to KR +
1l error increasesvahd decréaéés and the majérity of XR to KR + 1 in-
creases 1s not at hand, but an eiplanation for the KR ; 1l error de-
creages can be offered in'terms.df aftereffeg%s'due to the KR and KR
spacing. Possible explanatory Qariables were mentipned earlier in other
sections. For example, a KR non-KR contrast hypothesis fits somewhat
neaﬁly with the immediate aftereffects analysis results and conditions
of the .10 FR group though not as well with the .33 FR KR‘Speéﬂl group.
‘For example, individuals whéﬁfeceived the .lO‘or decreased freqpency of
KB with increased KR spacing conditions might have been in a decreased
tension state, iesslset for aiKR triél, and have been relativély adapted
to conditions involving trials without KR compared to individuals who
are reoeiving higher KR frequencies. Thus, an occurrence of KR under
décreased rate conditions (.10, ohe-hundred‘and twenty trials) could
have resulted in greater stimulus change énd contrast at the KR
trial which would cause greater arousal, alertness, and tension over

the immediately following trials.



Ss receiving higher KR ratios and faster KR occurrences

(toward .33) could be hypotheSized to be operating under greater

arousal and tension levels on non-KR trials compared to arousal on

decreased YR frequency (toward .10) non-XR trials; arousal and

tension 1evels‘might be loﬁer at tho higher i percentage KR itx
than the ténsion:le&éls fori,ioidecreascd.ratip KR trials. Of
coufse, even_the'revefse‘could be trﬁe, i.e., KR tension increased
as ratios decreased, or again, pcssibly there were no overall
tension differences, ‘since, as mentioned, measures for tension
lLovels and tension levél changes were not a variable in this study.
Lowever, tha fijdiny‘of’afm@jority of Xi to KR + 1 error increassr
for five groups is still unexplainable.

A complete and integrated explanation of the results of the
KR to XR + 1 analysis is not yét aipgand. It might be that |
"increased tension" is less impo;tant & variable than "contrast"
or poséibly greéter contrast betwe¢n KRvand KR + 1 trials under
+10 conditions causes-still greater tension when KR occurs.

Estes (1960, 1963) reports paired associates, eyelid con-
ditioning, and fréevverbal recail'tasks to‘show that an:all-or—none
interpretation,ié;called for infexp}ainiﬁg resulfs‘obtained.from
the first éévéral tféining_aﬁd‘tgst triais in his experiments.

It appears,‘howéver, from a;1ook ét Figures 11-15 that neither
an all-or- none nor the gradual formation Qf S—~R bonds ana habit‘
strength formulations épply'élosely:té the résults of_this expéri-
ment. If appears thaf»the 1atter\m9dél‘wouid.more closely apply,
however, although théile&:ﬁiﬁé_cﬁr%eé oVér individual trials are

far from‘smooth.b
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The dependence of learning on the KR and the small influence
ol »ractice without XR has alre:dy been mentioned in the sections
concerncd with the first analysis using block means. For the

» - T
NS, L0
FLL LI - b

najority of the Fixec-ratio Ui Specs Ti and III g

1ing

in this task is gradual but often appears to be mainly dependent
on the presence of KR. However, since learning is so variable for
the sometimés more difficult and somefimes easier stimuli used, it
is hard to compare the effects of kR and the lack of KR on~
learning for the various treatment groups.

The questibn remainé, is 1earning sti1l due only to the KRs
or 18 praétice aétually balancinzﬂonﬁ ﬁhe KR frequency variable
+to make the pergentagés vnvperférmanqé? 'Are these two variables
impossiﬁle té separafc.’llf perfOrmaﬂCe is dﬁe only to KR, using
one stimulus or'stimuii of equal diffioulty,»one should get at
least forvall‘grbups iHVOlﬁing”é;leﬁel of KR\specificity near KR
Spec TI or III'a step’f@nofién ip‘Which all groups would. show. the
immediate effeth»of KR,'t£é‘drop in ‘error at KB + 1, at least
until learniﬁg begins. to reach an‘asymptotic level of error re—
sponding. Although Bilodeau and»Bilédeau's (1958) Figure 1 for
the .10 KR group.(Bilodeau and Bilodeau's, 1958, Group ten) using
a lever displacement task shows a step function of sorts, this is
not always the case in this experiment. For even Fixed-ratio x
Ki - Spec I1I1 x .10 conditions such clearly defined "steps'" are not

always clearly seen in the figure for this ‘group. Error responding
within a given step often exceeds error responding present in

previous "steps" or befcre the last previous KR was given. This

also seems to have occurred some in Bilodeau and Bilodeau's (1958)
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Figure 1 for the .10 groups' responding later in learning (the
43vd to the 100th trial, approximately) when a decrease in error
responding has greatly deceleratéd and the error decrease progresses
in a slower ﬁegatively acceierated fashion. Addipional as yet
unknown variables may be operating in the particular perceptual
learning situation used in this experiment. However, although
learning appears to be gradual'for the Fixed~Ratio~KR Spec 11I-.10
Ratio conditions involving higher feedback specificity, after all
twelve KRs have been given and the Ss have gradually reached lower
error leveis of responding, the reader will note the usual effect
of KR is to cause an immediate lowering of error responding with a
gradval rise in error response until the responding on the next
KR + 1 triai.

For the Fixed Ratio-KR Spec III-.10 Percentage groun,
within a block the geﬁeral'fall and rise trend in responding could
be described as a series of variable semi-U functions. Over frials,
from KRlbto KR2 one would expect some "forgetting," "extinction,"
‘or gradual lessening of KR aftereffect and alertness in trials
after a KR trial and é function with a negative slope and de~
creasing rate eventually reaching a minimum asymptote; then there
might occur a change to a functiun of‘pp§§ﬁive_slope with increasing
rate due possibly to increased "awareness" or "alertness" due to
an "expectation'" of KR culminating at a response point or trial
containing a second KR bu below the previous'KR tpial in error.
(However, the curve might’then'reach“an asympiote or change to
a négative acceleration — with stiil positive slope —— before the

next KR). The rhase would then begin anew starting with KR2 and
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again culminating at KR3, a KR containing response point lower in
absolute mean error. The finalventire overall somewhat “scalloped!
curve would have a negative slope and acceleration. Skinner (1938)
has Qbﬁained curves containing "scallops" but.apparently in different
situa£ions. |

However, suéh respoﬁding was not found in this experiment but
was much more variable than that found by Skinmner ﬁhough inter-
stimulus differences were one possible source for trial to trial
response variétion. Distinct scallops are probably found more
often Qhefe vérious rates of responding are possible between.rein-
foréements in the distinétly operant sifuation. The gross rate
of responding is often the dependent variable. Such was not the
case in tris experiment. Here, reihforcement or KR was giveh
regardless of J's perférmance. KR was assigned to given trials
before 5 entered the experimental situation and trials then.given
according to regula? time spacings. As menficned, in this.respect
.conditigns thus resembled a fixed—_or variableminﬁerval schedule
rather than a fixed- or variablemfétio schedule. It should be
pointed out that Ss uhder random KR conditions may feel that KR
is being given on other than a‘preassigned schedule, that is, due
to some aspect of their performance, It is remembered, howevef,
that there were no or only small differences.obtained between fixed.
and variable-ratio Ss (non-significant F score for the Schedule
variable) although the differences were consistent. Food reinforce-
ment is also often involved in the obtaining of scallops. A
motivatioﬁ vafiable is thus involved in the formation of scallops:

The organism does not expect additional reinforcement immediately



after reinforcement in a fixed-interval schedule and thus is not
motivated to respond or perform the experimental task immediately
after receiving reinforcement. In this experiment involving in-
termittent KR, it is more probable that motivation was maintained
at a relatively higher level between reinforcements than on the/
"respond for food" task due to an assumed desire on the part of
the Ss to maintain higher overall performance in the "guessing
angular separation." |

A f%nal major point concerning this section's analysis is
that wheﬁ considering only the better feedback conditions, KR Spec
IT and ITI, learning is quicker and thus more efficient under the
increased KR.frequency conditions and higher percentages of feedback
holding number of KRs constant although eventually under the de-
creased frequency conditions S's absolute error decreases to com-
parable lower levels occﬁpied by grbups receiving the increased
KR frequency. Again, under conditions involving intermittent
reinforcement, with the total number of trials held constant within
a trial series or cell, the decreése in errcor responding occurs
faster as the total number of trials is shorteﬁed and as KR occurs
more often. It would seem that leérning efficiency would be maxi—
mized with one~hundred per cent reinforcement, but the possibility
of overloading the information processing system of the subject
with too much information must be considered. :

Among hypotheses which might thus be derived from this
section, the following are offered as examples.

For intermittent KR conditions in which the number of KRs is

held constant:
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(1) +the overall decline in errors over trials will become
steeper as the KR rate of occurrence increases; and

(2) as the percentage is decreased the immediate effect of
KR is usually an increase in performance.

Stronger éonfirmation of these_hypotheses awaits the application
of, e.g., more fdrmal, precise analytical methods in describing the

curves and the differences between levels of the KR variables.
Notes Concerning the Instructions

The instructions should probably be modified, enlarged upon,
or perhaps made more specific, at least for college Ss when both
sexes are’included aé Ss or where it is suspected that a fair
number of the Ss have not had sufficient experience with
geometrical terms.

Unfortunately, a limited number of Ss seemed to have diffi-
culty in fully understanding, remembering, or following the instruc-
tions, and an attempt was generally made to clarify the inétructidns.
The preceding as well as additional questions and discussion frdm
Ss were handled by I in a relatively '"neutral" but cordiél manner.
Brief discussion and inStrucfions —— gome of which are mentioned
in the two paragraphs below —— were found to be necessary for
several Ss and wére included. This usually cccurred before the
experiment or dﬁring the early part of the trials. One might
assume that most Ss eventually understcod the task requirements
after they had seen several of the stimulus arrangemenfs.

For eéxample, it should probably have been made clear that the

correct answer expected from § was not the number of degrees required
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to point the small arrow at the tip of the long arrow, but that the
correct answer involved the arrows 5éiné parallel %o eaéh other and
pointing_in the same, and’not opﬁosifep,directions.

A description of what is meant Ey p@rallel might also have
been given, and it could have been specifically pdiﬁtedueut that
two arrows lying parallel to eachKOther can poiﬁt ip the same
direction. In.aAdifion, it might have been stated %o S that the
small arrow would not turn beyond 90° (or 1800,_e%c.) in order
to have it 1ie'para11e1 té the larger arrow and point in the same
directipn. B might also have made fﬁrther-pfeliminary'ipﬁ&?ry
as t§:§'s undersfanding of how angles ‘are measﬁred; -

\Where'a certain\amountwof acquired sk;li‘and_éxperience is
tq be brought to the experimgﬁt bng, it might beknecessary,to_
aséertain in some‘way before actual ;esponding beging as to whether
v§ already pésses-the miﬁimum skill ré&uiredﬂaf the very beginning
~ of the experiment énd whether S is able:to opérate within the
"boundé;iesﬂvof performance required by %he task anaﬁg. of coursey -
this would have to be dqne without tréining S éﬁy further in regara

to performance on the task.
Generality of Results

Generalizing from resulis obtained from the task used in this
study te those of other tasks shouldgnot be done without é consi&praf :
tion of the similarity ﬁetwpeﬁ the tasks involved. [SeevCotterman
(1960, p. ‘1‘7) for comments in this regard. ] Additip;ﬂially, the type
of KR, KR_spécificity!_énd'pfésentatioé used méy:wéll influence

responding with as well as without KR. Other‘factérs to consider



mightAinclude performance or response measures, such as target
tolerance(s) ;nd response. variability, and scoring metheds. [Con-

‘ cefning the performance measures, see, fer exaﬁple? Annett (1959) and
Stockbridge and>0héh5éfs (1959) who used twoxﬁooring systems;] '

In addition, the findiﬁgs of this study prebably should net
serve as a primary source fér generating assumptions concgrning
.qretention over extended periods @f time, i;e., beyond-ﬁhoée used
in this study. This‘would apply te time perieds with or without
non-KR trials. It would ﬁlso apply to considerations;invelving
%ransfer‘from the task used in_this‘study to'highly dissimilar

tasks.



CHAPTER VII
CONCLUSIONS

All hypotheses advanéed_earlier in the hypotheses section were
in general confirmed. Howéver, certain exceptions from the general
case were noted. In additiOn,'certain additional conclusions
or deductions.beyond‘tﬁe preiiminary hypotheées,were
»reachéd. Genérally, mean absolute error is the.performance:mpasure

considered. | :
Concerning the KR Specificityvx blocksvinteraption resﬁlts and
‘the figures for the same, the follow1ng hypotheses were conf1rmed°
‘. l. Rate and level of learnlng to estlmate angular separatlon
are inoreased at lgast eventually when more gpecific knowledge of
results is givén. |
N—The following are additional hypotheses or deductions which
merit further'festihg, it should be pointed out that all hypotheges
and . deductions derlved fr@m the KR Speclflclty x Blocks 1nteractlon
data are always to be con91dered in the light of the 51gn1flcant
Sche&ule x Percentage x Blecks. 1nteract10n;
1. Effects of an 1ncrease in KR speclxlcity, When 1ower error
levels of Tesponding are expected, may not be notlceable untll
later in learnlng (when KR is given 1nterm1ttent1y). Rate and level

of learning to estimate angular separation increase at different

99 -
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rates and reach different levels of learning depending on tho
specificity of KR.

| (a) KR Spec x Blocks learning curves appeared to be negatively
accelerated'(with a negative slope when plotting error vs. blocks
 with error on the ordinate) except for the highest KR specificity
which appeared to be linear but with a negative slope indicating
the possibility of some small learning for even fhe right-wrong
information, KR Spgc . group; |

2. (a) Effects of continuous KR (Cotterman's study) are often
such that treatment ngups invdlved in the particular type of
rerceptual learning task described in this study will differ from
each other at each successive stage of practice and will méintain-
the same rank order over irials (from block to block).

(b) Bffects of intermittent KR (this study) appear to be
such that resnective treatment groups will not necessarily differ
from each other at each succeséive stage (or block of practice trials)
until the later stages of practice are reached.

3. Additional ¥R in this particular task under this study's
conditions should eventually decrease error further to at 1eést a
level of about four degreses absolute error, a level found by
Cotterman (1960) for his sixth group utilizing the same KR specificity
as this study's XR specificity three, continuous KR feedback,
and one-hundred and twenty total irials.

Concerningvthe schedule and percentage variables and the
schedule x schedule percentage x blocks; internction, seéveral

trends which appear afe_listed:
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1. For the schedule percentages used, performance under random KR
eccurrence did not usually differ from performance under fixed ratio -
KR occurrencg.‘ R o

2. (a) Aber?ant respog@iﬁg was noted at schedule percentage type
three (.33).whére_ranéom KR wés inferior to other fikgd and’random
ratio KR groups in perfermance.  Although it wés felt_thé% this deviant
responding may not be a reliable finding, the hypcfhesis‘was offered
for fﬁrther’testing.that up to a point aé the ratios‘increase andeR
spacing and totai number of.triélsldecraase, random KRverror may in- -
crease and pefformanqe décrease.v Fixed ratio résponding will remain
constgnt. I | |

(v) Again,‘within random KR conditions, that is, considering ran-
dom conditions only, random KR may improve performance as the ratic is
decreased. .For the percentage method used iﬁ this study (holdingvthe
~ npumber of KR trials.constant); decreasing the ra%ib'results iﬁ higher .
KR spacing and greater nﬁmﬁeré’of praeticevtrigls; fqr example, the
.10 percentage had onefhundred and twenty trials as qompared to the
;ZO!percentage which.h;d sixty trials.

3;v Wiﬁhiﬁ fixed ratie conditions, fixed :ati@ perfarmagce
differs more at bleck Qne than cenﬁarges; performanpe,under random
conditions appears‘to diverge later in training.v It is interesting
>thatjwith the exception ofvthe random ratio x 033fgroup, all the
groups exhibit the closet.eo#vergence at bleck two rather than‘at
bleck three.

4. Learning is still'faster earlier in training, decreasing

in rate over time and practice trials as practice continues. . Thus,
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Schedule x Percentage x Bleocks all appear te be curvilinear and
negatively accelerated (with a negati?e slwpe Qhen error is plotted
against trials with error on the ardinat@)@

5e ‘?erf@rmance or learning may be r@tarﬁed m@r@'at block one
under overall randem conditions than for overall fixed ratio con-
ditions,.

6. Suggested by the finding of an insignificant F-score for
the pereéntage means in the ANOVA was an addifi@nal;hypothesis
thaf fer rdnges not beyond ranges used in this study, differing
percentages or ratios eof KR mcéurrence,arg ﬁnequal ag to their
| effect on raté ef change in perfermance or learning to estimate
angular separati&p and on the‘t@%él ameunt of error but equal in
their eventual effécts:mn the level of error responding. (A ﬁossible
exceptipn may be‘@né or more selected Percentage x Schedule x Blocks
cases)., One explanation for this_ﬁ@uld be that learning is
‘larggly-or, for all practical purpoées, solely due to the KR and
not much or not all due_t@_practicé_without KR, " An alternate
hypothesis weuld be that ihere are alse learning effects due to
.indreases or decreases in rapidity of KR ecourrence (am increas¢
1iﬁ KR spaciﬁg or inter-KR iﬁtervals) which always cerrespond with
appreoximately equal and opposite iearning effects due to the corres-
ponding decreases or increages, respectively, in the total number
of_practiée trials. éhus, an individual who receives more practice
_tridls than an individual at a larger‘r;tié reéeiving lese practice
trials:may net be in the7more advantageous position for-learning

gince the § feceiving the higher ratio and faster KR occurrence
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position for learning may thus be able to maks better and morve
efficient use of the KR when it cccurs.

Comparisons made with Cottermaﬁ's (1960) and Bilodeau and
Bilodeau's (1958) data point to task diff:culty as a determiner of
the level of performance reached but the particuiar comparisons
made appear to leave unresolved the muestions concerning the variables

rr

under-lying this study's Percentage resulis, Howes

the final

u)]
55 lend
support to the possibility of learning on non~K2 itrials halancing

factor, the rate of XR. This relationship may bresk do.a when more

extreme ratios

.05 percentagé is' in the direction of greater KR spacing, and .50
or even .75 in the direction toward decreased KR spacing; the first
examplé, 05, could bé said to be approaching zerc reinforcement
or KR and the last example, .75, as being closer to one-hundred per
cent or continuous KR. Exactly what differences would be found
between these extreme ratios and the ratios used in this study
(.10, .20, .33) is not knowm.

Balient poinis concerning the error by individual irials
analysis include: .

1. It is readily seen in the absolu%@'error by individual
txiq@s analysis that with total number of reinforcements (KR)
Leld constant as the totél number of frials is shortened and as
KR occurs more often, the decrease in error occurs faster. (How-
ever, in general, equality in average error respcending or performance
was found in the block‘data ANCVA for the three percentage groups

A\
used ;.
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(a) When the total number of X2 is held constant, the learning
process occurs more efficiently as the percentage is increased.

Possibly this continued increase will not hold for more extreme
percentage values, for example, above fifiy per cent. However,

Bilodeau and Bilodegu (l958),lusing a lever displacement task, have
found thaf one—hundred per cent KR conditions (ten trials, ten
‘_feedbacks) were equal to .10, .25, and .33 KR conditions, holdiﬁg
number of Kis céﬁstﬁnt;"Tﬁus,-learning gdcurred faster and feed-
back éoﬁditipﬁsﬁweré:mdre.efficient for learning the higher the
‘ratios (étill:hOIdiﬁé nuhbéflbf'kRs constaqf).

2. (a) In the fixéd_rétio .10 (one-hundred and twenty trials,
tnelve Kis) treatmeﬁf:groups (éndkpossibly certain other Schedule x
Percentége_groupé);.KR'+ 1 trials uéually seemed to have.responding
at a_lower ér%oriiévél thén fhaf[bﬁ £R frials demdnstrating thaf-the
typévof-KRYﬁsed:iﬁbfhis'typeléf percéptuél'learning experiment
often seemé to have an immediafe effect on behavior, if conditions
iﬁvolve the perioaic,vpélaiively high spacing of-KR. Again, these
immediate KR effects appear to occur more often as KR trials are
more interspersed; that is, the immediate KR effect seems to occur
more often in the .10, one-hundred and twenty trials condition
rather than in the .33, thirty—six_trials condition.

A ﬁR to noanR trial contrast hypotheéis and other hypothesized
variables fit somewhat neatly with thesebresults.

(b) Oﬁe .20 énd one .33 fixed-ratio group and three random—
ratio groups contained a majority of KR to KR + 1 trials showing
an increase in KR to'KR'+ 1 error responding; an explanation for

this is not presently at hand.
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CHAPTER VIII
SUMMARY

One-~hundred and eight undergraduates in psychology and educa~
tign estimated individually with respect tc 120, 60, and 36 stimulus
photos how many degrees a Z+-inch arrow wbuld have t6.be turned to
‘exaotly paraile}van¢adjacent afrdwh@aded‘liﬁ@ drawn a0roSs & -
inch circle. The étimﬁli_wer@ prés@nted fqr»fiv@‘séaandg with ten
seconds between stimuli aﬁd longer rest intervals separating various
sets of twéhty;four. Bach set contained examples of the smame twenty-
four (or less)_different stimuli in rendem order. Correct answeré
ranged from eleyen»to forfynfouf &egrées”@nd wér@ never duplig@%ed
within a set. Kﬁowledge o% results given orally after each |
esfimétioﬁ-ranged in spgbificity from‘éimpl@'rightuwrong imf@r@&ti@m
to the direction of error (ﬁévef,"_"under," or, if tq:th@ neare#t
degree, "correct") to information giving the correct answer ﬁo the
nearest degree., |

Iﬁ ;ddition, specificity df KR interacted factqrially with
three percentages éf Kﬁg .10,;.20, and .33, the totazl number of
KRs held constant. A third variablg was the giving of KR or feed-

. back in either a fixed ratio (périod;c) or random ratio (aperiédié)
faéhion (see Chapter IV for thé factérial desigﬁ‘ér layout). Due

to the nature of the method of giving KR and trials, the fixed-ratio



groups were also fixed-interval, and the rand@mwrati@ Ss rand@mw
injervgl groups;  |

| Three block means per éell were computed from diff@r@nces in
mean absglute,error'between the'Garre@t §ﬁd in@arfect f@sp@nses and
these bidgk mean differenoeé between grouﬁa.tréated in an ANOVA
forma%; Ge?tain-of thé_variableé,énd their interaction were found
$o be significant. In éddition, an analysis'of fhe’fgsponding
from a KR.fd th¢ KR'+ 1'tfiai seemed to sugges%”some differences
amoﬁgztreatment gfoupg. |

| Conclusidqsvﬁere deriyed from the.results as well as.possible
suggested trgnds an@ a discusgion oﬁ the same presented.  Various
poseible thedretical,factors,such as arousél dr tension, contrastg7
expectancy, andvcpmpeting and emotional resﬁonsesiwere discussed
in an attempt to.offer éome sﬁggeé;qd explanation for‘at least a

limited part of the responding found.
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APPENDIX
INSTRUCTIONS TO SUBJECTS

"Are you familiar with how angles are measured? Well, if you
think of a righfﬂangle like the corner of a square, that would be
ninety degrees;: Half of that yould be forty-five degrees, and-so .
forth;" : N |

"In this experimgnt I'm going to show you a sefies of stimulus
cards much like this one. (E holds up.éample.) fou'll see them
each time through an openiﬁg here (E.poiﬁts). For each card imagine
that you are fl&ihg a plané in.the‘direction shown by this @mail*
arrow. The.léng line wifh the arrow on one end shows the direction
in which you are supposed té‘fly. I'd like you to tell me‘how manyr
degrees you wouid‘hAVevtd'furn t; fly iﬁ the same direction as the
long line,’fhat is, soffﬂat th9 smal1 arrow would bé‘géréllel to |
the. line.” - . i )

| "Do this each time immediately aftgr 1 femove-the card." -

"I'llvlgt you ioék ét’eacﬁ“one for about five seconds, wait
ten sgconds, show you anéther for'five_secqnds and so fbrth until
we have.completed.the"series;"Then.I'll wait two minutes before
beginning the nexf one." |

- "Remember to give your answer each time without hesitation or

delay as soon as I remove the card."
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Group I: "Sometimes I will say ‘right' or ‘wrong' shortly
after your response to show you whether or not you

have made an error."

[o»]
:
o

"Soﬁetimes I will say 'over,' 'under,' or 'correct,’
shortly after your regponse to show you the direction
' of-your error. 'Over' would mean that your estimate

was too high.

l:
3

e
]H.
H
H

“Sometimes I wiil tell you the correct answer shortly
after your response.so you Wi;l knéw the direction

‘ and amount of yéur error." | |

"Dblyﬁu héVgrany Questibﬁs?"' o

“Rea.dy?“.o ¢« o .



TABLE III

Periodicity over Specificity x Percentage x Blocks

Periodicity
 Fixzed Ratio ~ _8.252
‘Random Ratio : 8.976

- Specificity over Periodicity x Percentage x Blocks

Specificity
1 19.996
i1 8,122

111 7,723

Percentage over Periodicity x Specificity x Blocks

Pefcentage

8.362 8.337 _9.142

7448



TABLE 1LY (CONTINUED)

Blocks over Schedule x Specificity x Percentage

Blocks
1 2 3
10,041 8.179 7.621

Schedule x Specificity over Percentage x Blocks

Schedule Specificity
I 9.382
Fixed Radio
IT 7.986
ITI - 7.386
I 10,609
Randon Ratio
It 8.259
111 8.059

Schedule x Percentage over Specificity x Blocks

Percentage
Schedule .10 .20 .33
Fixed Ratio 8.784 7.664 8.306

. Random Ratio 7.939 9.010 9.977

GTt



TABLE III (CONTINUED)

Schedule x Blocks over Specificity x Percentage

Blocks
Periodicity 1 2 3
Fixed Ratio 9,398 7.983 7.374
Randem Ratio 10,685 8.375 7.867

Specificity x Percentage over Schedule x Blocks

Percentage
Specificity .10 .20 .33
I 9.286 8,986  11.715
IT 8.55% 8.053 7.763
III 7.248 7.972  7.948

Specificity x Blocks over Schedule x Percentage

Blocks
Specificity 1 2 3
I 10,668 9.869 9.450
I1 9.712 7,363 7.293

IIL 9.743 7.305 6.119
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TABLE III (CONTINUED)

Percentage x Blocks over Periodicity x Specificity

KR Percentage

.10 .20 .33

Blocks _ Blocks ' Blocks
12 3 1 2 3 1 2 3
10.371 7.755 6.959°  9.881 7.929% 7.201 9.872 8.853 8.701

_Periodicity x Specificity x Blocks over Percentage

Percentage

‘Periodicity  Specificity .10 .20 .33

, I 9,463 9.225 9,459
Fixed Ratio :

: 11 - _9.206 6.417 8.335

IIT 7.684 7.350 - 7.126

I - _9.109 8.747 13.971

Random Ratio 11 7.897 9.689  7.191

111 6.812 8.59 8.770

L1t



TABLE IIT (CONTINUED)

Peribdicitv x Specificity x Percentage over Blocks

. Blocks -

Periodicity Specificity
12 3

| i 9.471 9.719 .957

Fixed Ratio 9163 7.186 609
111 9.559  7.043 .557
| I 11.866 10,018 .943
Rendom Ratio 11 10261 7.539 977
11 9.927 _ 7.567 682

Periodicity x Percentage x Blocks over Specificity

KR Percentage

- 8Tt



MEAN: ABSOLUTE ERROR
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KR Spec I %X .10 Treatment Group.
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MEAN. ABSOLUTE ERROR
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FIGURE 10. . Individual KR (open circles) and non-KR trials (dots)
S including the KR+l trials (large dots) for the Fixed-ratio
KR X KR Spec I X .33 treatment groups with mean absolute
error versus successive individual trials.
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