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ABSTRACT

The memory model, based on information theory
proposed by Moser (see SE 013 578), was used to compare the cognitive
processing patterns of second and eighth grade Negro and Caucasian
students in sclving the "parallel circuits" problem. (Connecting two
light bulbs and a dry cell so that when both bulbs light, cne bulb
can be unscrewed, leaving the other 1lit.) Fifteen male and fifteen
female students of each race were randomly selected from each grade
level. After the problem was verbally explained, the sequence of
connections made by each student was coded. The data processed by
successful and unsuccessful students of each race and sex were
analyzed separately in terms of Moser's model. Contingency table
analyses, t-tests and regression analyses of the parameters of the
model were made. All successful students processed most of the
retrieval than unsuccessful students. The relative number of
successful solutions did not differ with respect to race or sex. The
information flow patterns found in this study were similar to other
examples of problem solving analyzed in terms of the Moser model and
were characterized by high noise levels in the information channels.
Full data for the calculated "information values" are appended. A
glossary containing information theory terms and definitions of the
model parameters is also appended. (AL)
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TNFORATION PROCESSED BY NEGRO AND CAUCASTAN CHILDREN
EIGAGED IN PROBLEM~SOLVING TASKS

INTRODUCTION

A scientific approach to the phenomenon of human cognition has been
developing over the past five years at the University of Pittsbuvgh ureles dha
direction of Dr. Gene 'i. Moser. Interactions between inputs and outputs of
diverse informational experiences have been analyzed and results of these
analyses lead ons to believe that there may be an underlying basic stiructure
to cognition (1,2). Concepts developed by communication engineers have made
this survey of minds in the process of sxperiencing possible (3). Thus, a
hybrid field of knowledge wherein systems theoretical analysis has joined hands
with learning theory has emerged. Though this hybridization cannot supply an
instantaneous success formula, the application of which would relieve existing
educational controversies, it is hoped that it will offer new insights and
suggest innovative approaches to those involved in education.

This particular paper, an investigation of the problem-solving behaviors
of Negro and Caucasian students, hopes to carry the evolution of a theory of
cognition one step further as it attempts to aquantitatively describe aspects
of a racial group's information processing enviromment. It is hypothesized
that even though degrees of problem accorplishment may be similar for the two
groups, the various patterns of information flow in the operating systems

could be self organizing along different. routes. Perhaps, in this light,



Jensen's (L) claim that underprivileged black preschool children could have
failed the Head Start program due to differences between black and white
academic performance and ability, differences that he said reflected genuine
genetic differences between the two races, would have to be changed to read
that blacks had failed because the Head Start program did not emphasize those
aspects of the learning enviromment that would have been most beneficial to
their information processing systems.

Tt is hoped that these same information theoretic measures used to analyze
two racial groups could be further applied to the znalysis of problem-solving
behaviors in the individual child and to the development of learning environ-
ments most beneficial to this child. At this point in time, however, -vhen
individualization of the entire educational system is not yet a reality, a
view of problem-solving as presented here, could show educators that different
overall self-stabilization patterns are employed as members of a racial group
engage in problem~solving behaviors. Therefore different learning experiences
would be deemed necessary to best enhance the efficiency of each group's

information processing system.
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STATEI'E.IT OF THE PROBLENW

The study developed in this paper will attempt to answer the following
Question: How can information theory provide us with a model that could be
used to systematically investigate pfablem—solving processes that occur among
various racial groups? Hore specifically, the problem will explore the
potential of an information theoretic model used in the analysis of the overt
rosponses of male and female Negro and Caucasian students in grades 2 and 8

as these students physically manipulate an electric circuit problem.




PROCEDURE

The sample was drawn from a population of second and eighth grade students
enrolled in a suburban public school district in Horth Carolina. Both grade
levels were represented by 30 Negro and 30 Caucasian subjects chosen from middle
income range families. Bach racial group consisted of 15 males and 15 females
whose names were sclected by employing random number tables. It was necessary
to choose subjects that wers free from the following handicaps: mental
retardation, emotional disturbance, severe vision problems, or lack of
manipulatory skills necessary to solve the problem. If amy of the children
drawn at random did not fall within the desired income range or if they
possessed any of the listed handicaps, they were not included in the study.
Other children were drawn at random to replace any eliminated subjects.

Subjects chosen were expected to physically manipulate an electric circuit
problem. The problem-solving sessions were conducted in qu;atg well-lighted
rooms of the participating schools that afforded adequate working space. The
components of the problem, one one and one-half volt{ dry cell, one single
throw switch, two miniature light receptacles (with bulbs) and five 18 inch
blue wires with alligator clips at each end were randonly arranged on a large
table. Both light bulbs were placed in the receptacles, but they were left
partially unscrewed. The switech was left open.

The researcher identified in the following order each component of the
problem by pointing to it and saying: "This is a battery; this is a switch;
these are two miniature lights, and these are five wires that have alligator
clips at each end." The researcher then said: "I would like you to put these

materialas tngether sn that both bulbs 1ight up and so that when both bulbs



are 1lit you can unscrew one bulb and still have the other bulb remain 1it.n
Following these instructions, the researcher took one of the five wires and said
to the subject (while demonstrating at the same tine): "These alligator clips
can be placed on these two posts of the battery; they can be placed on these
two posts of the switch; and they can be placed on these two posts of the
lights." The problem instructions were then repcated. The researcher asked
the student if he understood the instructions. If the student answered "yes',
the rcsearcher said: "Tell me what youn are going to try to do." If the student
answered "no'", the rescarcher repeated the same instructions very slowly then
asked the student: '"ihat are you going to try to do?" If a student was unable
to comprehend the desired state of affairs, he was eliminated and another
subject was randomly drawn. If a student was not able to manipulate the
alligator clips, i.e. he couid not open them, he was also eliminated and
another subject randomly drawn. Each student was allowed 15 minutes working
time. If successful, he was dismissed earlier and his problem-solving time was
1’@:.:@1*{19(1.

The researcher recorded the various connections made by each student by
placing coded symbols (a total of eight symbols were chosen to represent the
connection terminals) onto sheets of tablet paper. Any comnections dismantled
before a test was made were circled. A test was defined as a situation in which
the subject got both bulbs to light and he, in turn, unscrewed one bulb to see
if the other still remained 1lit. Following a test situation, wire connections
from the preceding code sequence that werc not discomnected were recorded as
the first comnections of the new code sequence.

In order ﬁc analyze the varicus codes obtained it was necessary to

clasaify data into the following catagories, codes processed by unsuccessful
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and successful students, by unsuccessiul and successiul male and female students,
by unsuccessful and successful male and female students, by unsuccessful and
successful Negro and Caucasian students, by unsuccessful and successiul male
Hegro and female Negro students, and by unsuccessful and successful male
Caucasian and female Caucasian students. A total of 18 categories war thereby
established for each of grades two and eight.

Codes from each of these categories were then transferred to eight by
eight matrices. Letters "A' through "H" were used to label the rows and
columns of the matrices. These letters reprcsented the various components of
the problem, The battery terminals were represented by "AY, the positive
terminal, and "B", the negative terminal. The letters "C" and "D" roprosented
the poles of the switch. The "D" pole had a strip of yellow paint aleng its
side to allow the observer to distinguish it from the "C" pole. The poles of
the light receptacles were represented by "E", WEh, #G", and "H", The "F'' pole
{a gold pole) of one light receptacle had a strip of black paint along its
side. The other pole of this light receptacle, "E (%‘silver pole) had no

markings. The "G" pole of the other light receptacle &Eg a gold pole and the
‘ %

"H" pole a silver pole., No markings were placed thtﬁigulight receptacle.
Each matrix obtained represented the grand total of various connzctions

made by students in cach of the categories listed. Information measures were

calculated directly from these matricies. These maapures along with their

definitinna are listed in Appendix TT.



RESULTS

Information measures were calculated directly from matricies showing the
frequencies of various connections made by successful and unsuccessful student
groups in gredes 2 and 8. These measures along with their definitions are
listed in Appendix II. Information values obtained from actual data analyses
are summarized in Tables T through XTI 'of Appendix I. It will be noted that
no values are listed for the pgrade 2 successful groups. Herein, two students
(one ilepro male who made 19 connections and one Caucasian male who made 5
connections) did succeed but their connections were not analyzed due to the
fact that they did not afford the variety of actions that would permit
calculating the complete repertoire of information values. Chi-square tests,
t-tests and regression analyses were employed to determine the significances

of differences between the various information measures obtained.

Finding: 01

All student groups solving the parallel circuit problem processed their
greater amounts of information in the short term'memory. Successful problem
solutlonssrhowever, showed more long term memory retrieval than did unsuccessful

~ Analyses of long term memory values involved treatment of data in the
original and in the steady state matrix to determine differences between the
information content of an input alligator clip connection and the useful
amount of information flowing betveen two consecutive alligator clip connections.
Long term memory measures in all cases decreased going from the original to the
steady state matrix (see TublesI-XI). This decrease of long term memory infor-
mation from dependent actions to independent actions indicated that student

groups were not drawing primarily upon previously stored experiences to solve
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the problem and that the input information was being processed to a greater
extent in the short term memory. This finding was also reported in another
study by lMoser (8). Chi-square analyses of group long term'memcry values in

the memoryful condition (Table:.IV)showed no significant differences. Since
these values represented activity in the short term memory, it was concluded

that all groups processed similar amounts of information in their short tem
memories. Significant chi-sguare values were obtained from the analyses of
differences betveen amounts of information processed in long term memories
(Table XV )., Herein, these values were greater than expected for successful
problem solutions and less than expected for unsuccessful solutions. Successful
groups were able, therefore, to significantly increase amounts of information
processed in their long term memory store. Reference to Table XIT which shows
differences between amounts af information processed in long term memories for
successiul and unsuccessful student groups shows that in the case of Negroes,
especially female Negroes, a marked difference existed in the ability oX success-
ful and unsuccessful groups to retrieve information from their long term
memories. It is conjectured that this increased ability to draw from the long
term memory store displayed by the successful Negro group, again emphasizing

the female Negro group, was a primary factor in determining probiem outcome

for thése groups.

Finding: 02

The useful information processed in the problem-solving experience varied
as to Subgects' _grade levelg sex, race and prcblém—autccme.

The REAL information measure, as proposed in the memory model described
elsewhere in this seminar (8), is defined as the useful information flowing in

a channel. Tt is a component which describes the "amount" of useful information
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shared between consecutive ¥ and Y measages stored either in the short term
memory store or in the long term memory store. The secondary REAL information
measure is % REAL, or the proportion of the transmission channel whick is of
useful information.

Significant chi-square values were obtained for the information flowing
in channels in the memoryful and memoryless conditions. The second grade
groups obtained significant results in both conditions whereas only the latter
condition had significant differences of chamnel flow processed by eighth
grade groups. The second grade male and female groups of Negroes had greater
than expacted proportions of useful infafmation flowing in both levels of
channels. Less than expected amounts of REAL factors were flowing in actions
processed by the Caucaslan groups.

The chi-square test results (Table VI und XVII) =rere quite difforent in
interpretative relationships for the flow of useful information for eighth
grade subjects solving the parallel circuit problem. The successful group of
golvers had a greater than expected REAL informatioen factor in the memoryless
condition. The group of successfui females and the group of males who failed
to solve the problem also had greater than expected proportions of their channel

occupied by REAL information.

Finding: 03

Channel limits fc:» error capacity operated at significantly different
levels for successful eighth grade subjects grouped according to sex and race.
Significant coefficients of correlation were found for error capacities of

- groups of unsuccessful students but not for groups of successtul students,

Vihen problem-solvers receive information from the environment they scan
this information for identification and for possible filtration into a CODE

signal. These two processes are outlined in the Moser memory model (8)
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developed in a paper presented at this NARST conference. One component of this
model, the error correction information component, is that component which
"operates" on input information. The capacity of a chamnnel, a partial function
of the r:ztio of the error comnection information to the input information, can
be expressed as: H(X)/Hy(X). According to Shannon (3), there are levels of
input information above which encoding cannot be achieved for effective
transmission. The electric circuit problem data were treated to determine the
levels of channel error capacity and the limits for these chamnnels.

The error capacity limits for transmission channels differ in the memory-
ful and memoryless conditions of information processing. The differences of
the ratio values are shown in Table xVIII. 4 ranpc of 12507 to 149376 bits
of input information is treated per bit of error correction information in the
memoryful condition. The amount of inpﬁt information per correction bit
decreaces to an average of 1.0321 bits at the memoryless level. These
differences are due to changes in the channel error limits. Larger amounts
of input information are "tolerated" in a memoryful condition where the
consecutive X and Y messages are "related" to each other. Thengzas the
memoryless condition ensues and there is little or no "relatedness" of X and Y
messages, the amount of input information per error correction information bit
approaches unity. This is seen as meaning that more error correction informa-—
tion is needed for the channel.

The differences between the ratios for memoryful and memoryless conditions
are shown in Table .71I1I. Those arc idcntifie@ s clwnpes in b lovels of
error limits. The successful eighth grade groups of subjects differed from the
unsuécessful groups. As shown in Table XVIII, the successful groups had greater

ranges of change in amounts of input inferration per error correction information

O
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bit. This range is a function of the error limit capacity in the processing
of the information received from the envirorment. Chi-square tests were
calculated for changes in error limits found for groups of second and eighth
grade subjects. Significant values were obtained for successful ciphth grade
students grouped according to sex.and race. The male Caucasian group had a
change of error capacity which was less than expected. On the other hand, the
female Negro and Caucasian groups, and the Negro male group had change levels
which were greater than expected for the successful processing of the electric
circuit problem.

Regression analyses were done for clusters of subgroups of problem-solvers.
The clusters were of the eight subgroups of second and eighth grade subjects
who failed to solve the problem. o significant coefficients of correlation
were found for the test of the first cluster of subgroups. That is the H(X)
was not found to be significantly corrslated with the Hy(X) information
measured. These memoryful and memoryless condition coefficients were 0.5877
and 0.L52L. The lack of relationship between the input and error correction
information measures can be attributed to aforementioned results of chi-square
tests. There seems to be a difference in error limit capacities for the two
sets of subgroups of eighth grade subjects whose values of information were ;
used in the cluster. These sets were the successful and unsuccessful groups
and their limit values are apparently of different function levels (see
Table "TIT. The accond cliasteor vas iooand to hatve sigrdfisant cerrclations
for H(X) and Hy(X)g The coefficients were 0.7609 and 0.9998 for the memoryful
and memorylass conditions. The X intercept estimates for these respective
conditions were 2.7867 and 2.0000 bits. These values indicate the level of

input information at whish there is no error corrcctien information and above

O
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which there is a relationship for the "application" of error correction infor--
mavion to the received information. An interpretation of these findings are

continued in the conelusion section.

Finding: Ol

breat-;r gtrengths of dependence bet”een consecut;vé aliigatcr cllp connecﬁ}pns
than did sro UPS unsuccessfully procesg;ng the problem.

A measure of the strength of dependence between first and second alligator
clip comnections was obtained by employing equations derived to determine the
matrix power which approximates steady state conditions. The validity of these
equations was tested by driving sets of science dialogue matrix probability
values to steady state on a computer (i.e. by raising these values to higher
powers) and by comparing computer steady state levels to levels obtained by
using the equations.

Strength of dependence between the act of processing first and second
alligator clip connections was considered to be a measure of the degree of
coherence operating between these two cognitive events. Thus, if a set of events
becomes independent at a lower matrix power than ancther set of events, that
set 1s considered to possess a lower strength of dependence and to be less
coherent. Reference to Tables I through Xivshows that in the electric circuit
problem successful eighth grade student groups processed information with a
greater strength of dependence operating than did unsuccessful groups (the only
exceptions being the male group and the male Caucasian group wherein the
unsuccessful operated with a slightly greater degree of coherence than did the
successful). This coherence factor appeared to contribute significantly to

the outcome of female problem-solvers for in the case of the female , the
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female Jegro and the female Caucasian groups large differences were apparent

in dependence behavior walues of successful and unsuccessful problem processing.

Pinding: 05

The groups of second and eighth grade subjects who failed to solve the

electrlc circuit problem were found Yo differ ‘from each other in the amounts
of LTI information processed in both the nemoryful and nemaryless cc“ditlons and
i1 g amounts of changed =rror imit capacit

The three above listed information measures have been discussed in the
aforementioned findings. Chi-square tests of these information measurss were
had failed to solve the problem.

The rhi-square results for female Negro and female Caucasian groups in
grades 2 and ( swere aot found to be significantly different. These ‘tests .
were for the LTV measurss and error limit capacity.

The chi-sQuare test results were found to be significant for males of the
¥egro and Caucasian races. In every test the differences of observed and actual
values had the same levels of distribution with respect to race and grade level.
The second grade male Caucasian group processed meore LTM information than
expected at both the memoryful and memoryless levels. The same was found for
the level of error limit capacity. On the other hand, the eighth rade 1:ale legro
Croup procassed greater than oxpected’ arounts ol LT nemor, il and @ wroryleas
informiation. They wlso had a . reater than expected error 1i it capacity. These
findings also indicate that the second grade male Negro and eighth gréde male

Caucasian groups processed these same kinds of information in less than the

expected amounts.
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ing: €6

The relative numbers of subjects who successfully or unsuccessfully solved

ths éT;ctrlc circuit probiem did not Slgn;flcantiy differ from each other with
Téspect Lo sex or race characteristics. There were, ﬁp}everg significant

differences in the mean nunber Df wire connéculcn% made 1n the processing of
the probleﬁ.'f

The numbers of subjects who failed or succeeded in solving the electric
circult problem are listad in Tabhle Y. Chi-square tests for these frequencies
were not found to be significant. These results are shown in Table X7%. This
finding indicated there were no sex or race diiferences for potential success
in solving the problem. It also enabled the author to statistically test for
information measure differences with respect to the distribution of subjects
by the group characteristics. That is, no differences in success and failure
potentials and in race or sex groups enabled the use of non-biased frequency
ranges in the contingency kind of chi-square tests.

The suhjects who participated in the study each had five electric wires
available for completing the parallel circuit. Other than the number of
available vires, the subjects were not constrained in the mumber of connections
which could be made in the problem., The mean number of connections made by
groups of subjects are shown in Table X¥X. The t-test was applied and it was
found to be significant at the five per cent level. The mean number of cons~
nections made differed significantly for successful and unsuccessful groups
of eighth graders. There was a tendency for students who failed to have made
more connections than students who succeeded. ‘Vhen differences were applied,
according to sex and race, it was found that Jegro groups of females and rales

tended to make fewer comnections than did Caucasian groups.
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CONCLUSTON

There have been several studies to determine how humans snlve the parallel
electric circuit problem (2,8). These studies used an information theoretic
memory model to define the flow of information in the provlem-solving task.
They have never, however, examined differences in inormation processing that
may exist for racial groups of children., This paper describes a study to estab-
lish those differences in information processing.

There are 18 primary and secondary components to the memory model used in
this study. These are described in Appendix IT. The design of the analysis
was to determine the information values for the task processes of each of the
racial groups in grades 2 and 8. All of the 28 second grade children failed
to solve the problem. Almost two-fifths of the group of eighth grade students
solved the problem. There were no significant differences in the chances of
success obtained for racial groups. The same level of probability was also
found for the sexes of the raciazl groups.

The information flow for solving the electric circuit problem is quite
familiar to us. It is a problem—solving cognitive task and as was found in
other studies (2,8) had hizh noise levels in transmission channels. The
amounts of LT measure found in this task were also similar to those found

in other studies. Ranges in previous studies were 0,137 to 0.258 bit; in this

study it was 0.264 to 0,357 bit. Reference to other information theoretic
studies of problem-solving (2,8) revealed several other similarities in infor-

mation values. Tables I through XTI in Appendix I contain all information

values calculated in this study.




Therz were sew 4Aifferences between groups of Jegro and Caucasian ch'ldren
with respect to the procassing of the electric circuit problem. 4 conziderabie
nunher of statistical +agts were appiaed we  the inforratioa msasures to
suppert this claim. There were no significant differences in the chances for
success in the preblem task, The Caucasian groups made significantly greater

mean numoers of electric wire connections. The differences in information

processing vwers found to be relatively small in number and to be as distinguish-

ehle for sex groups as for racial groups. It was found that the group of female

degro eignth grade children succeeded in solving the problem because they pro-
cessed more useful information in the memoryful and m2moryless conditions.

They also utilized greater amounts of LT information in the long term memory
store and had a greater level of tolerance for change in the error limits of
the transmission chamnel., Thsz same characteristic of operating error limits
partially accountnd for the success of the female Caucasian group of eighth
grade children., Both groups of female children processed more than an expected
amount of useful information in successfully solving the problem.

The eighth grade groups of male subjects succeeded through operating a
greater strength of dependence between messages than that occurring for those
who failed to solve the problem. The successful male Wegro grcup of students
proccessed a greater than expected mean number of electric wire connections and,
dike the female group, had a greater tolerance for changs in chainnel e:ror
limits. The second grade group of male Negro children were quite like the
eighth grades group of females in that they processed tasks with greater thzn
expected amounts of useful information flowing in the memoryful and memoryless

charnels.
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The potential fer successfully solving the problem, irrespective of
chavacteristics of children, was mainly due to differences in the use of the
LT information measure in the long term memory store and to differences in the
ratio of the flow of useful information in that condition of the memory. In
addition the tolerance of ranges in error limit capacities played a role in
successfully solving the prcticm.

The major indicators of memory component actions by groups of students who
failed to solve the problem were found to contrast with the above mentioned
intomation measures. Failure by both second and eighth grade groups of child-
ren vas distinguished by the fact that these groups processed greater than
expected amounts of LTI information in both the memoryiful and memoryless
conditions. This tendency characterized male student groups but not female
groups. The difference between grade levels was that in every case the second
grade male Caucasian grouo and the eighth grade Hegro group processed greater
than expected amounts of LTV information. The reader should note that problem-
solving failure was related to amounts of LT information whereas success wag
more related to ratios and proportions of LTV information. In contrast to this
difference of processing, the control of input information played another role
in the potential for successful solutions of the electric circuit problem. A
regression analysis of the correspondence of input to error correction infor-
mation was found to be of a direct relationship only with respect to thLe
unsuccessful solution of the problem. This conclusion is believed to be quite
related to the above mentioned ranges of tolerance for error limit capacities
in channels.

As lienzel pointed out at the Wingspread Conference: "Little is known to

date about what may be called the culture of information seeking." (9) The
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reader may feel that this paper has attempted to emphasizc “enzel's riention of
culture and that the author has hoped to uncover statements that could describe
how members of a particular racial group adjust to a preblem-solving environ-
rent. in ways that are, perhaps, more efficient than those displayed by members
of another racial group. Such a view would be most detrimental to the advance-
ment of the cognition theory supperted in this paper. It must be emphasized
that when the author began this experimental design, she proceeded upon the
premise that no differences in degree of problem outcome would be operating
among Negro and Caucasian groups. Acceptance of this hypothesis was critical
to further irformation theoretic analyses that followed. It also allowed the
researcher to present to the educational community a basis for questioning
claims made by Jensen (L) and reports presented by the National Assessment of
Educational Progress (10). If different racial groups are, indeed, equipped
with equal potential and if our present educational system is not developing
these potentials to equal degrees, it does not seem that the fault lies with
information processors. These processors who are constantly being exposed to
envirommental stimuli and who have available repertoires of past experiences
that somehow influence response alternatives must be viewed in a way that will
maximize our understanding of their selection, response and interpretation of
information., The lloser memory model has attempted this. On the surface it nay
appe.r as a most complex mathematical webb, but slowly and steadily we are
pulling at its delicate underlying structures only to find simple, self-evident
relations that may be the threadlike nelworks that comprise man's cognitive

systems.
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TABLE I

A SUYMARY OF INFORMATION VALUES CALCULATED FOR UNSUCCESSFUL STUDENHTS IN CRADE 2

Information tidse S.S . ¢ Changessas
Heasure

H(X) 2,9885 2.9885
R.E. 99 .62%
H (Y) 2.6537
Refi, 88 .L6%
CODE 0.33L8
CODE EFFICIFNCY 11.20% )
H(Y) 3.2532 3,0115 0.2L17
H (%) - 2.3890 2.9655 0,5765
REAL 0.5995 0.0230 . 045765
% REAL 10.63% 0.38% 10.25%
LT 0.2647 0.0230 0.2L17
% LT™ Lh,15%
H(X,Y) 5.6422 549770 0.33L8
NOISE 5.0427 549540 0.9113
% NOISE 89.37% 99.62% 10.25%
MOISE in X 79 9L% 99.23% 19.29%
NOISE in ¥ 81.57% 99.24% 17.67%
Cells Occupied 60 6L
% Occupancy 93.75%
Logo N 5.9069 60000
Variety 8
Adjusted CODE WMl 0.31387500

M2 0.,09851752

Bl 0400970570

mlé 0.00009420

11256 0.00000001

“#Value in original matrix.
ixValue at Steady State matrix.
wxtChange, Ml - 3.5,

>4



TABLY I

LLE il nLE
Information oo 5.S. - Change - 1%+ 3.5. Change
Measure

H(X) 2.5715 2.9715 7 . 0632 2.2632
R.E. 99.05% 98.77%
Hy (Y) 2,5958 2,L092
R.E. 86.53% 80.31%
COTE 0.3757 0.55L0
CODE EFFICIENCY 12.6L% 18.70%
H(Y) 3.3111 3.0285 0.2826 3.3982 3.0368 0.361L
H.(X) 2.2562 2.91L5 0.6583 1.97h2 2.8896 0.9154L
REAL 0.7153 0.0570 0.6583 0.9890 0.0736 0.915L
Z REAL 12.854 0.96% 11.89% 18.0L1% 1.2L% 17175
LTH 0.3396 0.0570 0.2826 0.4L350 0.0736 0.3614L
% LT L7 .L48% 43.98% , o
H(X,T) 545673 5.9430  0.3757  5.372L 5.926L  0,55L0
NOISE L.8520 5.8860 1.03L0 L.383L 5.8528 1.4L694
% HOISE 87.15% 99.0L% 11.89% 81l.59% 984765  17.17%
HOISE in X 75.93% 98.,08% 22,15% 66.62% 97.52% 30,90%
NOISE in Y 78 .L0% 98.12% 19.72% T70.90% 97.58% 26.68%
Cells Qeccupied 60 6l 56 N
% Occupancy 93.75% 87 450%
Logo N 5.9069 640000 5.807L 6.0000
Variety 8 8
Adjusted CODE Mt 0.35221875 0.L8L75000

142 0.12L05805 0.23L98256

MY 0,015390L0 0.05521680

M8 0,00023686 0.00304890

M256  0,00000006 0.,00000930

o



TARLE TIIX

A SUIMARY OF TIITFORMATION VALUES CALCULATED ACCORDING TO RACE
FOR UNSUCCESSFUL STUDENTS IN GRADE 2

MEGRO CAUCASTAN
Information R 5.5, Change L‘Il S5, Change
lieasure

H(X) 2,9837 2.,9837 2.9671 2.9671
R.E. 99 . L5 98 .90%
e (T) 2.5881 2. 7LT
R.E. 86.27% 82 .L9%
CODE 0.3956 0.4o2h
CODE EFFICIENCY 13.26% , 16.60%
H(Y) ' 3.2L18 3.0163 0.2285 3.4322 3.,0329 0.3993
Hy (1) 2.3270 2.9511 0.621 2.0096 2.9013 0.8917
REAL 0.6567 0.0326 0.6211 0.9575 0.,0658 0.8917
% REAL 11.79% 0.55% 11.2L4% 17.60% 1.11% 16.49%
LTH 0.2611 0.0326 0.2285 0.L4651 0.0658 0.3993
% LT 39.76% L8.57%
H(X,Y) 5.5718 5.967L 0.3956 5.4L1,18 5.9342 0.h92h
NOTSE L.9151 5.93L8 1.0197 L.L8L3 5.568L 1.3841
5 FOISE 88.21% 99 45% 11.2L% 82.L0% 98.89:% 16.L9%
NOISE in X T799% 98.91% 20.92% 67.73% 97.78% 30,05%
MOISE in Y 79« 763 98 ,92% 19,16% 72.10% 97.83% 25.73%
Cells Occupied 57 al 60 6L
% Occupancy 89.06% 93.75%
Logs N 5.8329 6.0000 5.9069 6.0000
Variety 8 8
Adjusted CODE M1  0.35232136 0.L6162500

M2 0.1241303} 0.2130976L

4 0.0154083) 0.0L541060

W  0.000237L2 0.00206212

1256 0,00000006 0.0000CL25

<3



TABRLE IV

A SUITARY OF INFORFATTIOW VALUES CALCULATED ACCORDING TO SEX AND RACE
FOR UNSUCCESSFUL STUDENTS IN GRADE 2

MALE=NEGRO VMATE~CAUCASTAN
Information vt S.S. Change L 5.8, Change
Measure

H(X) 2.97Lh2 2.974h2 2.934L8 2.9348
R.E. 99.1L% 97 .83%
Hy (Y) 2.6183 2.2767
R.E. 87.28% 75.89%
CODE 043559 0.6581
CODZ EFFICIENCY 11.97% 22.h2%
H(Y) 3.21L6 3.0258 0,1888 35562 3.0652 0.4910
Hy (X) 2.3779 2.9226  0.,5LL47  1.6553 2.80LL  1.1h91
REAL 0.5963 0.0516  0.5L47  1.2795 0.1304  1.1L91
% REAL 10.66% 0.87% 9.79% 2L 55% 2.22% 22,33%
LTy O.2L0L 0.0516 0.1888 0.621L 0.130L 0.L4910
% LT L0.32% L8,57%
H(X,Y) 5.5925 5.9L8L  0.3559 5.2115 5.8696  0.6581
NOISE L9962 5.8968  0.9006  3.9320 5.7392  1.8072
% NOISE 89+3l% 99e13%  979% 75.15% 97.78%  22.33%
NOISE in X 79 «95% 98.27% 18,32% 56,405 95.56% 39.16%
MOISE- in Y 81.L5% 98.29%  16.84%  6L.02% 95.75%  31.73%
Cells Occupied 57 éh 57 6L
% Occupancy 89.06% 89.06%
Logp N 5.8329 6.0000 5.8329 6.0000
Variety ' 8 8
Adjusted coDRE Ml 0,31696L5) 0.58610386

12 0.100}16652 0.3L351773

¥k 0.01009352 0.11800Ll;3

mté  0.00010188 0.01392505

1256 0,00000001, 0.00019391
Error Limit Input.  1,2507 1.0176 0.2331 1.7729 1.0L64 0.7265
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TARLE IV (continued)

FEMALE~NEGRO

FEMALE~CAUCASIAN
Information Ml S.5. Change ML S.S. Change
teasure

H(X) 2.9783 2.9783 2,89LU4 2.89LL
R.E. 99.,28% 96.U8%
Hy (Y) 243125 2,0922
R.E. 77.08% 69.7L%
con® 0.6658 0.8022
CODE ErFICILNCY 22.36% 27.72%
H(Y) 343599 3.0217 0.3382 3.4928 341056 0.3872
H. (%) 1.9309 2.9349 1.00L0 1.4938 2.6832 1.1894L
EAL l.0L7hL 0.043L 1.00L0 1.4006 0.2112 1.189L
% REAL 19.80% 0.73% 19.07% 28.09% 3.65% 2h. L%
LTH 0.3816 0.043L4  0.3382 0.598L 0.2112 0.3872
% LM 36.13% L2, 72% )
H(X,Y) 5.2908 5.9566  0.6658 11,9366 5.7888 0.8022
NOISE L.2h3) 5.9132 1.6698 3.5860 5.5776 1.9916
% NOISE 80.20% 99.27% 12.07% 71.91% 96.35% 2L L%
NOISE in X 6L.83% 98 «51% 33.71% 51.61% 92.70% 41,09%
NOISE in Y 68 .83% 98 567 29.73% 59.90% 93.20% 33.30%
Cells Occupied 51 N u8 6L
% Occupancy 79+69% , 754,007 ,
Logpa N 5.6720L 6.0000 5.5850 6.0000
Variety 8 8
Adjusted CODE ML 0.53057602 0,60165000

M2 0.28151091. 0.36198272

Mk 0.07924839 0.13103149

¥lé  0.00628031 0.01716925

4256 0.000039) 0.00029,78 ,
Error Limit Input  1.542) 1.01h7 . 0.5277 1.9376 1.0787 0.8589




TABLE V

A SUFMHMARY OF INFORMATION VALUES CALCULATED )
FOR SUCCESSFUL AND UNSUCCESSKFUL STUDEMHTS IH GRADE 8

SUCCESSFUL UNSUCCESSFUL
Information et S.5. Change il 5.5, Change
easure

H(X) 2.9595 2.9595 2.9881 2,9881
R.E. 98 .65% 99 . 60%
Hyx (Y) 2.491N 2,5728
R.E. 83.05% B85.76%
CODE 0.L681 0.)153
CODE EFFICIEICY 15.82% 13.90%
H(Y) 3.3180 3.0405 0.2755 343098 3.011% 0,2979
Hyr (X) 2.13L9 2.83785 0.7L36 2.2511 2.96L3 0.7132
REPAL 0.8216 0.0810  0.7436  0.7370 0.0238  0.7132
% REAL 15.13% 1.37% 13.76% 13.25% 0.L40% 12,85%
LT 0.3565 0.0810 0.2755 0.3217 0.0238 0.2979
% LTM L3.23% , L3.65%
H(X;Y) SGLLSQ9 539190 O.L;681 S¢5609 5:9?62 Oe)-Lj-SB
NOISE L.6263 5.8380 1.2117 L8239 5.9524 1.1285
% NOISE BL.87% 98 .63% 13.76% B6.75% 99 . 60% 12.85%
NOISE in X 72.1L% 97.26% 25.12% 75.3L% 99.20% 23.86%
NOISE in ¥ 75.13% 97.3L% 22.21% 7T7-73% 99.21% 21...8%
Cells Occupied 56 6L 59 6L
% Occupancy 87.50% 92,19%
Logs N 5.8074 6.0000 5.8826 60000
Variety . 8 8
Adjinstod COLE ME 0.40958750 0.38286507

M2 0.16776192 0.14658566

vb  0,02814106 0,02118736

¥lé  0,00079209 0.000L6171

M256  0.00000063 0.00000021

<6



TABLE VI

A SUTARY OF THFORATION VALUZS CALCULATED ACCORDING TO SEX
FOR SUCCHESSFUL STUDENTS I CRAD. 8

Information
Measure

H(D)

R.E.

Hy (¥)

R.E.

CODE

CODE EFFICIENCY
H(Y)

H, (X)

REAT,

% REAL

LTH

% LT

H(X,Y)

NOISE

% NOISE

WOISE in X
NOISE in ¥
Cells Occupied
% Occupancy

Logo W

Variety

Adjusted CODE M%
e
i
116
1256

ik

98 .70
2.1900
83.00%
0.L4709
15.90%
3.3174L
2.1335
0.827L
15,18%
0.3565
h3.09%
5.4509
L,6235
8L.82%
T2.06%
75.06%
56

87.50%
§.8®7u

0.41203750
0.16977L90
0.02882352
0.00083080
0.00000069

MATE

5.5,

2.9609

3.0391
2.8827
0.0782
1.32%

0.0782

5.9218
5.8L36
98 .68%
97.36%
97 .L3%
el

6.0000

Change

0.2783
0.7u492
0.7L92
13.863%
0.2783

0.L709
1.2201
13.86%
25.30%
22.37%

3y

2.9323
97.7L%
2,1893
72.98%
0.7L30
25.3L%
BOBBLLB
1.7873
1.1450
22.36%
041020
35.11%
5.1216
3.9766
77.6L%
60.95%
65 . 66%
Lé

71,88%
3.5236

0.53L068L0
0.28522906
0.08135562
0.0066187hL
0.0000L4381

3.0677
2,7969
0.135L
24315

0.1354

57292
97.69%
95.38%
95.59%
6l

6.0000

Change

0.2666
1.0096
20.05%
0.2666

0.7430
1.7526
20.05%
34135%
29.93%



TABLE VII

A SUTARY OF TUFORMATION VALUES CALCULATED ACCORDIHNG TO RACE
FOR SUCCISSFJL STUDENTS TH GRADE 8

NEGRO CAUCASTAY
Information pl S.8. Change ik S.S. Change
Measure

H(X) 2.8921 2,8921 2.,9490 2.9490
R.E. 96.10% 98.30%
H, (Y) 2.1908 2.14168
R.E. 73.03% 80.56%
CODE 0.7013 0.5322
CODE EFFICIRNCY 2l.25% 18,.05%
H(Y) 3.2686 3.1079 0.1607 3.36L6 3.0510 0.3136
Hy (X) 1.8143 2.6763 08620 2,0012 2.8470  0.8L58
REAL 1.0778 0.2158 0.8620 0.9L78 0.1020 0.,8458
% REAL 21.20% 3673 17.L7% 17.66% 1.73% 15.93%
LTM 0.3765 0.2158 0.1607 0.L156 0.1020 0.3136
% LTM 3he93% , 1;3.85% - 7
H(X,Y) 5.0829 5.7842  0.7013  5.3658 5.8980  0.5322
NOTSE L1.0051 5,568l 1.5633  L.l180 527960 1.3700
% NOISE 78..80% 96.27%  17.L7%  82.3L% 98.27-  15.93%
NOISE in X 62.73% 92.5L%  29.81% 67,865 96.5L% 28.68%
MOISE in Y 67.03% 93.06% 26.03% 71.83% 96.66% 2L.83%
Cells Occupied Ll 6l 55 ol
% Occupancy 68.75% 85.9L%
Logp N 5.453) 6.0000 5.781L 6,0000
Variety 8 8
Adjusted CcODE Nt 0.L8214375 0.45737268

12 0.232L6260 0.20918977

Mk 0,05103886 0.04376036

M6 0,00292020 0.00191497

M256  0,00000853 0.00000367




TABLE VIII

A SUMMARY OF INFORWMATION VALUES CALCULATED ACCORDIWG TO SEX AND RACE
FOR SUCCISSFUL STUDEWTS IN GRADE 8

MALE-NEGRO #ALE-CAUCASTAN
Informstion Ml s.s. Change L S.S. Change
Measure
H(X) 2.9092 2,9092 2.9270 2,9270
R.E. 96.97% 97.57%
Hx (Y) 2,0853 241273
R.E. 69.51% 80.91%
CODE 0.8239 0.14997
CODE EFFICIENCY 28 .32% 17.07%
H(Y) 3.371 3.0908 0.2833 3.3006 3.0730 0.2276
H, (X) L.620L 2.7276 1.1072 2,0537 2,7810 0.7273
TAT 1.2888 0.1816 1.1072 0.8733 00,1460 0.7273
% REAL 25.80% 3.12% 22.68% 16,31% 2.49% 13.82%
LTW 0.L6Lo 0.1816 0.2833 0.3736 0.1460 0.,2276
H(X, Y) h.99L5 5.8184  0.8239  5.35L3 5.85L0  0.L997
HOISE 3.7057 5.6368  1.9311  L.L810 5.7080  1,2270
% WOISE The20% 96.88% 22.68% 83.69% 97.51% 13.82%
NOISE in X 55.70% 93.76% 38406% 70165 95.01% 2)1.85%
NOISE in Y 61.80% oL.12% 32.32% 73.5L% 95.25% 21.71%
Cells Qccupied Ly 6L 53 N
% Occupancy 68,75% 82.81%
Logs N S.li59L 6.0000 5.7279 60000
Variety 8 8
Adjusted CODE Ml 0.56643125 0.41380157
M€  0.3208L1L436 0.1712317L
uwlh  0,10294110 0,02932031
Ml6  0.01059687 0,00085968
o M256  0.00011229 , 0.0000007L
Error Tdmit Input 1,7953 1.0665 0.7288 1.h252 1.0524 0.3730
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TABLE VIIT (continued)

FEMALE~NEGRO FEMALE-CAUCASIAN
Information 1t S.S. Change Mt S.S. Change
Measure
H(X) 2.6512 2.6512 2.9323 2.9323
R.E. 88.37% 97 7L%
Hy (Y) 1.8363 2.0710
R.E. 71.0L% 69.03%
CODE 0.81L9 0.8613
CUTH BERLCLANCY 30.73% 29.37%
1(Y) 2.8611 2.5187 0.3L5h 3.388L 3.0677 0.3207
H,(X) L.623L 2.7837 1.1603 1.61L9 247969 1.1820
AL 1.0278 ~0.1325 1.1603 1.317L 0.135L 1,1820
% REAL 22.90% 2.50% 20 .1,0% 26.33% 2.31% 2L .02%
LT 0.2129 -0.1325 0.3L54L 0.L561 0.135L 0.3207
% LI 20.71% 3L.62%
H(X,Y) h.L875 5.3024 0.8149 5.0033 5.86h6 0.8613
NOISE 3.4597 5.L3L9  1.9752  3.6859 5,7292  2,0433
> NOISE 77+.10% 102.50%  5.Lo% 73675 97 o69% 2),.02%
NOISE in X 61.23% 105.00%  L3.77%  55.07% 95.38%  LO.31%
NOISE in ¥ 6l.11% 105.26%  L1.15%  61.12% 95.59%  3h.L7%
Cells Occupied 26 36 L éh
% Occupancy 72.22% 68 .T5%
Logp N L.700L 5.1699 5.L59L 6.0000
Variety ) 6 8
Adjusted CODE Mt 0.58852078 0.59214375
M2 0.34635671 0.3506322
M%s 0,11996297 0.1229L1136
Méﬁé 0.01439111 0,01511532
<20 0.00020710 0.,000228L7
Error Limit Tnput  1.,6331 0.952), 0.6807 1.8157 1.0L48L 0.7673
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TABLE IX

A SUMMARY OF INFORMATION VALUES CALCULATED ACCORDING TO SEX
FOR UNSUCCESSFUL STUDENTS IN GRADE 8

Information
Measure

H(X)
R.E.
Hx (Y)
R.E.
CODR
CODE BFFICIENNY
H(Y)
H,(X)
L
74 REAL
LM
T LT
H(X,Y)
NOISE
% NOISE
NOISE in X
NOISE in Y
Cells Occupied
% Occupancy

Logz N

Variety _

Adjusted CODR M1
12
Mié
M-
125

it

2.960L
98 .68%
2.5022
83.11%
0.L582
15.48%
3.3558
2.1068
0.8536
15.63%
0.3954
L6,32%
11,6090
8L.37%
TL.17%
Th.56%
58

90.63%
5.8580
8

0.41526666
0.172L411610
0.02973776
0.000884:33
0.00000078

MALE

5.5.

2.960L

3.0396
2,8812
0.0792
1.34%

0.0792

5.9208
5.8l16
98 . 66%
97.32%
97.39%
6L

6.0000

31

Change

0.3162
0.77LhL
O.77hly
14.29%
0.3162

0.L4582
1.2326
14.29%
26.15%
22.83%

pit

2.9865
99 .55%
2.5209
8L.03%
15.59%
3.2605
2.,2Lh69
0.,7396
13.L3%
0.2740
37.05%
5.507L
L7678
86.57%
756247
77.32%
55

85.9L%
g.7&1h

0.1001365L
0.16010933
0.02563500
0.00065715
0.00000043

FEMALE

S5.5.

2.,9865

3.0135
2.9595
0.0270
0.L5%

0.0270

5.9730
5.9L60
99.55%
99.10%
99.10%
6L

6,0000

Change

0.24L70
0.7126
0.7126
12,98%
0.2L70

0.L656
1.1782
12.98%
23.86%
21.78%



TABLE X

A SUIMMARY OF INFORMATION VALUES CALCULATED ACCORDING TO RACE
FOR UNSUCCESSFUL STUDENTS IN GRADE 8

Information
VMeasure

H(X)
R.Ei
Hyx(Y)
R.E.
CODE

CODE EFFICIENCY

H(Y)

EXCK)

REAL

% REAL
LTM

% LTM
H(X,Y)
NOISE

% NOISE
NOISE in X

NOISE in Y

Cells Occupied

% Occupancy
Logo N
Variety

Adjusted CODE ]

ml

2.9873
99.58%
2.5525
85.08%
0.43L8
14.55%
343055
0.7530
13.59%
0.3182
L2,.26%
5.5398
L. 7868
86.11%
The79%
T7.22%
58
90,63%
5.8580
8

0.3940592L

0.15528268

0.02)11271
0.000581L2
0.0000003),

NEGRO

S‘Si

2.9873

3.0127
2.9619
0.0254
0.L3%
0.025L
5.97L6
5.9492
99.57%
99 ,15%
99 .16%
6L

6.0000

Change

0.2928
0.7276
0.7276
13.16%
0.2928

0.4348
1.162)
13.1.6%
2l1.36%
21.9h%

CAUCASIAN
1t S.S.

2.9799 2.9799
99.33%
2.L657
82.19%
0.5142
17.26%
3.2892 3.0201
2.1564 2.9397
0.8235 0.0L402
15.12% 0.67%
0.3093 0.0402
37.56%
S.hL56 5.9598
Lh.6221 5.9196
8L.88% 99 .33%
72.36% 98 .65%
TU96% 98.67%
54 &h
8L.38% ,
5.7549 6.0000
8
0,43388196
0.18825356
0.,035L439L0
0.00125595
0.00000158

Change

0.2691
0.7833
0.7833
1h.L5%
0.2691

0.5142
1.2975
1h.L5Z
26.29%
23.71%



TABLE XTI

A SUMMARY OF INFORMATION VALUES CALCULATED ACCORDING TO SEX AND RACE
FOR UNSUCCESSFUL STUDENTS IN GRADE 8

MALE-~NEGRO MALE~CAUCASTIAN
Tnformation wl S.S. Change pl S.S. Change
lleasure

H(X) 2.934L 2.934L 2.9573 2.9573
R.E. 97.81% 98 658%
Hy (Y) 2.Lh217 2.3989
R.E. 80472% 79 96%
CODE 0.5127 0.558L
CODE EFFICIENCY 17.L7% , 18.88% ,
H(Y) 3.3332 3.0656 0.2676 3.3290 3.0L27 0.2863
Ho(X) 2.0229 2.8032 G.7803 2.0272 2.8719 0.8L047
REAL 0.9115 0.1312 0.7803 0.9301 0,085 0.84L7
% REAL 17.02% 2.21% 14.78% 17.36% 1.L4% 15.92%
LT 0.3988 0.1312 0.2676 0.3717 0.0854 0.2863
% LM L3.75% 39.96%
H(X,Y) 5.3561 5.8688 0.5127 5.3562 5.91L6 0,558L
NOISE L. LLlhé 5.7376 1.2930 L.L261 5.8292 1.hLo31
% NOTISE 82.98% 97.76% 14.78% 82.6L% 98 .56% 15.92%
NOISE in X 68 ..94% 95.53% 26.59% 68.55% 97.11% 28 .56%
NOISE in ¥ 72.65% 95.72% 23.07% 72 ,06% 97.19% 25.13%
Cells Occupied sk 6L 53 6l
% Occupancy 8L.38% 82.81%
Loga N 5.75L9 6.,0000 5.7279 6.,0000
Variety 8 8
Adjusted CODE Ml 0.43261626 O.4621110L

M2 0.18715683 0.21382397

Ml 0.03502768 0.0L572069

M6  0.0012269L 0.00209038

1256  0,00000151 0.00000437
Error Limit Input  1.L505 1.0h68 0.4037 1.4588 1.0297 0.L291
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TARLE XI (continued)

FEMALE-NEGRO FEMALE-CAUCASIAN
Information it s.S. Change Mt S.8. Change
Measure
H(X) 29733 2.9733 2.9787 2.9787
R.E. 99.11% 99,.29%
Hye (Y) 2. 4339 2.3189
R.E. 81.13% 77 .30%
CODE 0539 0.6598
CONE EFFLOTRENCY 18.1L% 22,15%
n(y) 3.3L75 3.0267 - 0.3208 3.2958 3.0213 0.27L5
Hy(X) 2.0597 2.9199 0.8602 2.0018 2.9361 0.93L3
REAL 0.9136 0.0534  0.8602  0.9769 0.0426  0.9343
% REAL 16.90% 0.90% 16.00%  18.LL% 0.72% 17.72%
LTH 043742 0.053L  0.3208 043171 0.0L26  0.27L5
% LTM L0.56% 32.L6%
H(X,Y) 5.L072 5.9L66 0,539 52976 5.9574 0.6598
NOISE L.L936 5.8932 1.3996 L.3207 5.9148 1.594L1
% NOISE 83.10% 99.10%  16.00%  81l.56% 99.28%  17.72%
NOISE in X 69427% 98.20%  28.93%  67.20% 98.57%  31.37%
NOISE in Y 72.71% 98.2L%  25.53%  T0.36% 98.59%  28.23%
Cells Occupied 55 6l Lo 6L
% Occupancy 85.9L% 76.56%
Logp N 5.781Y 640000 56147 6.0000
Variety 8 8
Adjusted CODE WLl 0.46356036 0.50511,288
N2  0,211,88821 0.25516933
Mh  0.0L61769L 0.06511139
M6  0,00213231 0.00L239L9
N M256  0.00000155 0.00001797
Frror Tdmit Tnput 1.4)35 1.m82 n0.1253 1.4878 1.0143 0.4735
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TABLE XII

IJFORMATION PROCESSED IN LONG AND SHORT TER: I ORIES
BY STUDENTS SOLVING THE PARALLEL CIRCUIT PROBLEL{

%4 Information Processed In

Grade Outcome Group Short Term Memory Long Term Memory
2 Unsuccessful Total 92,01% Te99%
Male 85- 63% ) 1)4&37%
Female 85.53% 1hL7%
Negro 88.90% 11.10%
Caucasian 87.61% 12.39%
Male, Negro 82.33% 17.67%
Male, Caucasian 82.65% 17.25%
Female, Negro 89.79% 10,21%
Female, Caucasian 73.91% 26.09%
8 Unsuccessful Total 93.11% 6.89%
lale 83.31% 16.69%
Female 91.03% 8.97%
Negro 92 ,61% 7.39%
Caucasian 88.50% 11.50%
Male, Negro 75.25% 2Lh.75%
Male, Caucasian 81.32% 18.68%
Female, Negro 87.51% 12,.49%
Female, Caucasian 88.16% 11.8L4%
8 Successiul Total 81.49% 18.51%
Male 82,01% 17.99%
Female 74.80% 25.,20%
Negro 63.57% 36.43%
Caucasian 80.29% 19.71%
Male, Negro 7L.91% 28.09%
Male, Caucasian 71.90% 28,10%
Female, Negro 61.6L% 38.36%
Female, Caucasian 77.11% 22,89%

G
A




TABLE XIIT

DIFFERENCES BETVEEW AMOUNTS OF INFORMATION PROCESSED IN LONG TERM MEMORIES OF
SUCCESSFUL AND U'SUCCESSFUL STUDENTS IN GRADE 8

Group Percentage Point Difference
(% LTM for Successful - % LTV for Unsuccessful)

Total 11.62
Hale 1.3

Female 16.23
Negro 29.0L
Caucasian 8.21
Male, Negro 3.3h
iale, Caucasian 9.42
Female, Negro 25.87
Female, Caucasian 11.05
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TABLE XIV

SIGITTFICANCES OF DIFFERENCES BETUEEI] AMOUJITS OF
INFORIUIATION PROCESSED IN SHORT TERM MENOLIES OF )
SUCCESSFUL AND UNSUCCESSFUL STUDENT GROUPS IN GRADES 2 AND 8

Grade Grouped According To Degrees Of Freecdom Chi-Squnare Value
2 Sex 1 0.00
Race 1 0.00
Sex and Race 3 1.54h
8 Outcome 1 0.78
Outcome and Sex 1 0.68
Outcome and Race 1 1.56
Outcome, Sex and Race 3 1.88

TABLE XV _

SIGNIIF'ICANCES OF DIFFERENCES BETVLEN Al OUNTS OF
INFCR ATION PROCESSED IN LONG TERM IEFORIES OF
SUCCESSFUL AND UNSUCCESSFUL STUDENT GROUPS IN GRADES 2 AND 8

Grade Grouped According To Degrees Of Freedom Chi-Square Value

2 Sex 1 0.00
Race 1 0.07

Sex and Race 3 7.10

8 Outcome 1 5,32
Outcome and Sex 1 3.51

Outcome and Race 1 3,86
Outcome, Sex and Race 3 5.88

% Signifirant at the 5% level
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Trrlps XV

SIGHIFICANCES OF DIFFLRENCES IN PROPORTIONS OF
USEFUL THFORIATION I THE TRANSHISSION CHAMNWELS OF
SUCCESSFUL AND UNSUCCESSFUL STUDENT GROUFS IN GRADES 2 AND 8

Grade Grouped Aecording To - Degrees 0f Freedom Chi-Square Value
Race 1 1.15
Sex and Race 3 8,23
8 Outcome 1 0.12
Outcame and Sex 1 1.19
Outcome and Race 1 0.35
Outcome, Sex and Race 3 1.24

T.BLE XVIT

SIGNIFICANCES OF DIFFERENCES ACCORDING TO RACE AT STEADY STATE CONDITIONS
IN PROPCRTIONS OF USEFUL INFORMATION IN THE TRANSMISSION CHANNELS OF
SUCCLESSFUL AND UNSUCCESSFUL STUDsNT GROUPS IN GRADES 2 AND 8

Cracle Grouped According To Degrees Of Freedom Chi-Square Value
2 Sex 1 0.36
Race 1 1.88
Sex and Race 3 29 .92
8 Outcome 1 L.283
Outcome and Sex 1 5.66:
Outcome and Race 1 2.2Y
Outcome, Sex and Race 3 3.86"

# Significant at the 5% level
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TABLE XVIIT

CHAVMNET, LTNITS FOiL ERROR CAPACITY

Channel Limits For
Error Capacity In

Grade Outcome Group ul 5.8. Change
2 Unsuccessful Male, Negro 1.2507 1.0176 0.2331
Male, Caucasian 1.7729 1.0L6hL 0.7265

Female, Negro 1.54L2) 1.014L7 0.5277

Female, Caucasian 1.9376 1.0787 0.8589

8 Successful Male, Hegro 1,7953 1.0665 0.7288
Male, Caucasian 1.4252 1.0524 0.3730

Female, Negro 1.6331 0.952L 0.6807

Female, Caucasian 1,8157 1.048L 0.7673

8 Unsuccessful Hale, Negro 1.4505 1.0L68 0.4037
Male, Caucasian 1.4588 1.0297 0.L291

Female, Negro 1.h135 1.0182 0.4253

Female, Caucasian 1.L878 1.0143 0.UL735

TABLE XIX

SIGNIFICANCES OF DINFERENCES BRT EWf NUMBERS OF EIGHTH CRADE STUDENTS
1:HO SUCCESSFULLY .. T UASUCCESSFULLY COVPLLETED THE »ARALLEL CIRCUIT PROBLIN

dtudenla Mrouped According To Degrees 0f Freedom Chi-Square Value
Outcome 1 3.2666
DQutcome and Sex 1 3.8668
Outcome and Race 1 3.8668
Outcome, Sex and Race 3 L.5332
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TABLL XX

PEANS IFOR NUMBER OF CONNECTIONS 1 ADE
BY SUCCEZSSTUL AMD UNSUCCESSFUL STUDENT CGROUPS IN GRADES 2 AND 8

Grarde Outcome Group # Students Number of Ilean Variance Standard
in Group Connections Deviation
2 Unsuracaessfl  Tobal £8 1075 18.53 341.87 18.L9
Female 30 L23 14,10 138,82 11.78
Negro 29 L76 16.41 102.31 10.11
Caucasian 29 599 20.66 572.LL4  23.93
Male, Negro 1l 265 18.93 129.L9 11.38
Yale, Caucasian 1L 387 27.6L 86L.09 29.L40
Female, Negro 15 211 1L4.07 65.52 8.09
Female, Caucasian 15 212 1L.13 212,12 1L.56
8 Successful Total 23 658 28.61 5oL.L1 22,46
Male 13 391 30.08 551.92 23,49
Female 10 267 26.70 U36.21 20.89
Negro 10 21,0 24.00 509.20 22.57
Caucasian 13 118 32,15 L471.82 21.72
Male, Negro 6 195 32,50 653.92 25,57
Male, Caucasian 7 196 28.00 U455.1h 21.33
Female, Negro L L5 11.25 21.19 L.60
Female, Caucasian 6 222 37.00 LL7.67 21.16
U Uusuacoanful Tobal 37 2166 58,54 1162 1h 34.09
Male 17 1056 62,12 1L40Lh.22  37.L47
Female 20 1110 £5.50 936.25  30.60
Negro 20 - 98L L9.20 943.26  30.71
Caucasian 17 1182 69.53 1196.25  3L.59
Male, Negro 9 396 LL.00 818.hL 28.61
Male, Caucasian 8 660 82.50 1278.50 35.76
Female, Negro 11 588 53.45 1005.15 31.70
Female, Cauneasian ¢ 522 58.00 8L0.67 28.99
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TABLE XXT

T-TEST COMPARISOIIS OF HEAN MNUI'BER OF CONNECTIONS “WADE 7
BY SUCCESSFUL AND UNSUCCESSFUL STUDENT GROUPS IW GRADES 2 AND 8

Grade Outcome Group Degrees of Freedom t

2 Unsuccessful Male-Female 56 1.92
Ne gro~Caucasian 56 =0.87
lMale, Negro-lale, Caucasian 28 -1.00
Female, Negro-IFemale, Caucasian 28 =0.01

8 Unsuccessful-Successful 58 3.67%

8 Successful Wale—Female 21 0.3h
Negro-Caucasian 21 -0.8L
lale, Negro-Male, Caucasian 11 0.32
Female, llegro-Female, Caucasian 8 =2 .1l

8 Unsuccessful Iale-Female 35 0.58
Negro-Caucasian 35 -1.8L
M¥ale, Negro-lale, Caucasian 15 -2.313
Female, Negro-Female, Cancasian 18 -0.31

#S8ignifiecant at the 5% level
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Symbol
H(X)

H (ifax.)

R. E.

CODE

CODE

DEFINITIONS OF INFORIATION THEORETIC MEASURESH

Actual
Information

Maximum

Information

Relative
Entropy

Redundancy

Conditional
Information

Code or
Chunk

Filtering

EFFICIENCY ™~ or

H ()

REAL

% REAL

Chunking

Independent
Information
of Second
Event

Useful
Information

Percent
Useful
Information

Definition

The entropy or information of the source of
messages, or input message of memory.

The information in any message, if every message
has an equal probability of occurring.

The information in the choice of the sender, or
the freedom of choice of the sender.

The information or uncertainty due to the statis-
tical nature of the set of events.

The uncertainty or information in second or
received messapges if the source message or first
message were krown. Also ragarded as noise to
be filtered from input memory message.

The filtering—out process, or the signal processed
in the memory, for relating input to operatiocn
for new information retrieval.

The amount of H (X) input in the code signal, or
portion of input, H (X), used for a match in long
term memory retrieval search.

The information in the received message or the
memoery message output, and independent of the
input message; if it contains noise.

The amount of information which is not spurious,
or the CODE message signal plus that retrieved
from the long term memory (as LTM).

The proportion of a transmission channel which
is useful or non-—spurious information, or the
proportion of information shared by contimious
messages which is meaningful,

w e &ntriss dre not alphahetinal, but are as the calenlation procedures are
executed for the troatment of event data. The expressions and definitions are
taken in part from Shannon (3), Moser (1), and Felen (2).
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Symbol

Hy (X)

NOISE

% NOISE

H (L,Y)

LT™

BIT

Equiveocation

Noise

Noise

Shared
Information

Long Term
Femory
Information

Noise in X
and Moise
in ¥

REAL in X
and REAL
inyY

Bits

Channel
Capacity

Information

YMarkeff
Chain

Steady
State

Definition

The amount of error—correcting information in a
channel, or the initial match identification in
the memory, and used to determine whether or not
an input message will be processed for long term
menory retrieval operations.

The portion of a transmission channel which is
spurious, or in the memory it is the "non-useful!"
information for new information retrieval
operations.

The phase-space portion of a transmission channel
vhich is spurious, errorful, or which is not
useful information.

The amount of information shared by consecutive

X and Y messages, or in the memory it is used as
a control mechanism for checking the input infor-—
mation with the subvocal output information.

The amount of information retrieved from the long
term memory store, in a channel represents the
end product of the subsitizing (1) of chunks
being related to useful information (REAL).

The amount of spurious information in the input
and output messages in a transmission chamnel or
memory model.

The amount of useful information in the input
and output messages (see above).

The contraction of the words binary digit. A unit
of information, or uncertainty and one bit
represents the amount of information in the choice
between two equally probable events.

The capacity of a communication channel is equal

to the information rate of transmission, or bits
per discrete event being transmitted.

The logarithmic measure of the improbability of
an event in a given situation.

A special stochastic process (12) in which the
probabilitics are dependent on preceding events,

A condition in a finite Markoff Chain where the

probability of a given state will be almost
independent of the initial state at time O (12).
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Symbol
S.S.H(Y)

Term

Steady State
Independent
Information

Strength of
Dependence

Qefigitiop

The information in an event when it has no
dependence on the event preceding it.

The numerical quality of dependence betwesen
X and Y events in a Markovian Chain (12).
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(1)

(2)

(3)

(L)

(5)

(6)

(7

(8)

(9)

(12)

(11)

(12)
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