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THE -SHIFTING SOCIAL BENEFITS AND LIABILITIES :
OF EDUCATIONAL ATTAINMENT! - :

o

A. Introduction ) ‘ N

oConye;tional wfsdom; along with aspects’of economic theory, has it théi
as the level of educational attaimment in gociéty 1nctéa§es‘so_doe§ the
aggt;gaténané individual socia} benefits for those attaining the more advance&
educational levele.’This.}efLeéés, in gtea; measu#e, the cherished !merican
belief Ln-the'effiéacy~vf educational cttainment: eduzational attainm;nt pays.
ﬁecently, this propositionhas been thrown into serious doubt.

Raymond Boﬁdon's models ofline%uality ofieducatiqnal and social
_oppdttuniéiéQ suggest that educatiOnai;gtowth'has the -effect of increasing
g?onomic inequality, a;suming'that income %s dependent upon eéucational :
attnin;ent.‘Boudon warng that Qe should not expect tﬁe Qevelopment‘of tke
educational system to have poﬁitive effects upon ecénomic Fquality. The effect -
1s.mo:é iikely to be a negative one and'ghg;éybw;h of the educational system
é#Y.bé to some_extent_tehponsible'fot the "persistence of econom%c inequality”

in certain Western 1ndusttidi'éonieties?2'

‘Boudon's models also suggest that as inequality of educational

S—
& .

opportunity decreases, the educational system expands and that this expansion

leads to increased inequality of social opportunity. While the average level

of educational attaimment in the population increases, the educational levels

that are associated with particular status expectationé are "sim. ltaneously

___moving upward,"” Thus, as individuals demand more and more education over time;

————




‘the individual return tends to be nil while the aggregate retur. on this

demand is high. The lower socioeconomic ciassés are compelled to demand more
'edpcation, for not to do so,condemns‘them to constantly falling social status
'expectations. Howevet; mote'educatigﬁal demand only tetatds this diminution in
status and does not incteasé the lower ciassesf chances of ;chieving increased
social status. Educational attainment become:s socially compulsory. >
f ‘ ’ Lester C. Thurow reaches soﬁe of the same conclusions from a different
- petspecti;e. He uses a "waée competition"'ﬁpdel (in contrast to the stand;td .
*Job competition” model) to explain why the distribution of edugation in the
American population has moved in tﬁe direction of gteat;t equality -since 1945
: while ‘the distribution of income has not followed suit. His empirical data
- and job_competition4modei illustrate the way in which educational atFainment
%- becomes a “"defensive necessity.” Accgtdiﬁg to Thurow's analysis, the more . .
rapidly the class of educated 15$ot g;oﬁs, the more s&ch “defensive
expenditures” on educational agtainment Becomes imperative. Rathqt than depend
upon educational programs to stimulate more social equity, Thutow‘would‘
b 1nit{§te a "frontal attack oﬁ wage differentials,"3
These two analyses guggest that théte might be something inherent within
. the structure and Epélc of qhg eduéational system 1§§eif wh{ch mitigageg
. against a concomitané increase in—economic/socigl eguiti‘with incteasiﬁg
educational attaimment and which makes educational’attairment sotially .
E:;' compulsory. It is this "1nhétent somegﬁﬁng" tggt I explore 16 this pap;t. )
‘What Boudon and’Thﬁtow lack,‘géaA;ﬁi;H—is now évailable, is a “
% c -coﬁptehenslve account of the logic and behavior of national’ educational

systems.4 This paper explores just how the growth of the educational system,

in and of itself, affects the relationship between educational and social " v
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“rattaiment. I develop two logico-mathematical models which {llustrate the

1dEgtaction between .two syétemic laws of behavior and a normative principle

coﬁnectipg the social and educational systems.>

The remainder of this Part is devoted to an explication of the systemic
laws and nomative ‘principle. Part II presents tﬁe.Agg;egate Model.and Part
III develops the Probabilistic Utility Hodel. My aim is to render in a °

quantitat}ve manner aspects orf a conceptual desctiptive/egplqnatory theory of

the equcationai system. I want to examine the power that systemic growth has

P over the relationship betweenleducptional and social attaimnént{

/
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B. A Distributive Perspective
- ™

A student Who leaves school in the middle of the ‘school year in oﬁe part

of the country and who enters the same grade in a distant part of the country

v

can generally find nearly identical curricula, procedures and facilities,

Clearly, some kind of system exists., It is useful to distinguish between a

- - : . " ~ . R
system of education, which comprises all of the many ways a societyq§ducates . e

and socializes its citizens, and an edhcaiional system, which -satisfies the

primary and seéondaty properties described below.

The educational system's étima;y features are threefold. First, the

system is composed of schools gnd colleges, but not all schools—and collegess
Second, these schools and colleges are related by a "medium of exchange"” which
in;ﬁudeg those certificates, degrees, diplomas, letters of recommendation and
the liﬁe, which allow persons to leave ady level of the system in one locaiity

and enter the same level in another. They ate_all_instrgmenté by which

-~activities carried aut in one place can be recugnized and "exchanged” for

~

similar activities of ‘a school or college in-some other place.-

Thifd, by "educational system,” I mean those schools anq colleges tﬂat

are conneéied‘by a medium of exchange and that are arranged by the Principle

¢

of Sequence. The principle states that these schools and colleges are _

organized 1n£o levels, so th;t if a pét;on'has attained (i.e., complete;) level

N3'£hen he or she.Hhé attained level N-1, bat not negesqarily ;evgl‘N+lx This
. p;incipié‘allows us to speak of petsons_ptogtessing'thtough the s}séem”;n&

appears to be a necessary ptopetty’of any~édﬁcatiqnal system due, in part, to

differing levels of skill accomplishment, knowledge acquisition, <and cognitive

*
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deﬁélopment of individuals. Completing a level o‘ the educational system is

. what I ean by educatioﬁalfattsinment at that level. ‘ .Y .

.~

‘In addition tigthese ptimarylelements, the educational system has three

- '

secondayy or detivative ptopetties. The sysgem will have a géfinite size, a _

eystem of control, and will create a disttibutidn'of educatignal goods and
second~order educatsodal goods. The petspective‘fot this analysis is a dis-

. PR

-~

tributive one that includes the notion of systemic size. I will not conmsider :

the system of control &«t this formal level of anal&sis.' . ,

¢ . }{ . ‘'

Evety society makes some arrangement for the/ digtribution of its goods
J I .
(i.e., benefics). The educational s)stem disttibutes educational go oods such as g

knowledge; skills, and certain kinds of tasge,rln addition to these goods, thed

educational system distributes their suttoghcés, called seoond-otdet L ';n;‘F

&

ecucational goods, such as grades, diplomas énd certificates. Some persons, ‘9

becausé of their greater ability (however ib is defined within the system),
-~ ?‘Z’x . ~

tenaeity, and acuity of choice, will come‘to possess.a latget share of

edﬁcational .goods than other pe?sons. 1f it is the case that non-eduéaticnal

socialtgfods such as income, earning opportunities, status and the like are --

distributed by the socioeconomic system on the basis" of the disttibucion of

4

cducational goods thtough the instrumentality of second-ordet educational

goods), then there exists a rMormative principle that links the educational and
socioeconomic systems., )

¢ PPV ~ e

»
This normagive ptinciple can te rendered as: “those having a greater e

share of educatlonal gogds’ metit or deserVe a greater share of non-educationat

social <oods."” ‘The poj7¢~ot strength of thi{s normative ptinciple can be v§%wed
as a function of the gize of the educational system. For the purposes of this

©

- . . . g
analysis, size is takzm) to be the attainment ratio-at the twelfth-leved of the

.
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e system: the percentage of 17~ or 18-year—olds.attaining the h;?h school - . J
~i.‘ . diploma.6
. When the system is small (say, 102 attainment ratio), the socioeco.omic
* rewards of higﬁ school attainment are likely to be quite negligible. For
3 example, the h{gh,scpool diploma is not likely to be used as a screening
prerequisite for Job entry. In the aggregate, aigh-echooi attainers do not l
ménoaolize economic opportunicies ;imply becaqee of attaimmént. Thus, the
sirength of the normative ptiaciple 1s lowt To be a high school dropout when
90% of your age-eaﬁbrt drops out presents no serious personal or social
'problem. .
As_the size of the educational system increidses, the strength of the
normative principle also increases, in part, because employers begin to
"utilize high school attainment as a selectionvcriterion. There are, however,

;o lagical constraints-on the strength of this_principle. When all 17-year-olds

_attain the kigh school diploma (100% attceinment ratio), its mere possession

LA

\
cannot guarantee socioeconomic advantage for anyone in this group. This is due

’
-

to the tdutological Law of Zero Correlation, which is necessarily true at any

) level_of’the educational system where the attainment ratio 1s 100£’(ot OZ);_

* The Law states that: "There is a point in the growth of the system at which \
there ds no longer any correlation between educational attainment and either

“the distribution of educationally relevant attributes in the population or the

distribution of non-educational social goods ordinarily associated with

.

educational attaimment."” - .
This law makes a logical claim and not an empirical one. In order for"

fhere to be a correlation between any two varidbles, both must be distributed

. N -
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and /Liabilities, assures that high school attaimment will have a decli.ning-

n

in the population under consideration. If one of these vatiables is uniformly *

disttibuted/ no cottelation can occur, For instance, a society ~ou1d not

distribute any of its goods based upon eve color if everyone had gteen eyas, <ot ;
Thus, an empitical claim is not only unnecessaty, i; is. inapptOptiate. It is L. . 1
equally mpottant to note that the Law of Zero Cottelation«makes a claim about ’ -
educatiZial attainment and not abeut educational achievement, which is another 0

matter/ altogether., ‘

[ 3

, v

Ohe corollary of the Law of Zero Correlation, the Law of Shifting Benefits

~

social value and that, concémitantly, a failure to attain the high school .

B4

diploma will have an increasing social liability,eas the high school

3

.

attainment ratio moves toward the zero correlation point. Thus, as zero .
oottelation is apptoached (at 100% attainment), the aggregate social benefi.u
associated with high school attainment decline for members of the attainment

group and the aggregate social liabilities of non-attainment increase. These

|

[

- 4 ° o :

notions are illustrated in Figure 1. - s . Lo e
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Figure 1. Social Benefit and Liability Cutves and a vaothetical
Uniform Growth Line of the High School Attainment Ratio ,
(adapted from Green, op. cit., Figures ‘6el, 642, 6.3)
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In Figure 1, the h'og'izontal axic represents 100 years of time. The solid
© K3 ’ < . . . ~

'lihe, "High School_Attainmemf Ratio," represents the assumption that the .

>
"

.
.0

educational system grows st a uniform rate of ypet decade. The dotted

curve, ts the strength of .

. .
- -

second-order educational soods in gecuring non-educational social goods.: At
N . . R . :

L. pbtnts,PA' and B, this strength must.be zero, due to the Law .'o_f Zero

Social .Benefits of. Attainment,” repres

R

Correlation. These two points are conceptua]'.‘l"y derived, while the actual shape

- »

£~
g & .
- % of the-benefit curve is a contingent mattér. As the attainment ratio increases

. a:' from 0% to 1‘002, the benefit curve.rises until it.peéks and then declines to - -

SR ,.2ero. This illustrates how the power of the normative principle increases and - -

L "then decreases, although the personal and social belief in it (i.e., the

?

efficacy of educational a_ttainment) may remain steady.
The other side.of the benefit-1iability coin is the %c;al liability ' -

associated with systemic growth. The dashed curve in Figute’ 1, ':Social

.

Licabilities of Attaimment,” represents the_conjecthte that at the lower

a . -
-

'attaipmerit ratics, ot havir{g a diploma is not a serious problem. However, as

more and,mott; of the age-copori: attains the twelfth level of the system,
D .5 ' -
non-attainment becomes an increasing liability._Even though the benefits once

associated with. t}\e high school diploma begin to decline, the 1iabilities of “

-

not hav?ng:‘it increase.” The precise shape of this liability curve is a -

<

contingent matter; that it rises is the point I wish to make'.7 .o

Figure 1 exposes\a peculiar patadoi. As zero correlation is app-oached, .
< © o
P .~ the aggregate social benefits once associated with high school attaimment

u dscline' and the aggregate social liaﬁilities of non-attainment increase. Where

<

*,. _ high schocl attaiment was once a highly sought” afteér gdod, it now becomes a -

X T . '

is ‘j&éessitx to be endured. .Where school leaving war once a possible and viable

L2~ .“.’;g, .
voe
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consideraticn, it now becomes an evil to be avoiced at'al%\costs.zTﬁése_ L
shifting benefits and liabilities méke_high school attendanc;\and attainment™ = - |

increasingly compulsory in ways ‘that were s&rely never meant to) be. The .

LA ’ - L d

personal and social consequences of sﬁch a situation can be deyastating.

. ”~

The central point here is that schooling is compulsory because it is CT e
(nearly) universal and no; universal .because it is compulsory. Historical data‘ ’ f
sdppbtt this claim.8 The American systeﬁ appears to have-teachgd the point

< of déclining benefits,and’I §u§pect that .if all compulsory attendence statutes

were repealed today, schoolikg would be just 2c coempulsory tomorrow. Schooling

. .~

2

has become defensive.d . ¢ . : _ i

e This analysis can help to shed light on gwo interesting phenomenon: 1)
the growing disparity between high school attainer and nonvattainet’job en;ty-
level inéome over time, desp;te thé increase in the a.taimment taéio and 2) a
constant U.S. high school attainment ratio of about 75% since 1965. To help
1i1usttate these phenomena, I utilize a logico-mathamatical model that
generates daté detiveé deductively étom the properties of a mathematical
distribution. I call this the Aggregate Mcdel si;ce the focus is on the

aggregate social benefits and liabilities of educational attainment.

o
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) - THE AGGREGATE MODEL AND APPLICATIONS
A The Model . < —
The following Agétegate Model rests'upon three idealized assumptions:

1. non-educational social benefits are always normally distributed. i
in the ;population under. considetation and remain so over time - a T

. :change in.the high school attainuent ratio does not affect the overall - B
normal shape ‘of this disttibution,

2, this disttibution encompases those who-have attained the high .school
~diploma, but who have not gone on in formal schooling (attainers), and
thoge who have not attained the-high—school-diploma_. (non-attainets),

3. society allocates its social beneiits in such a way that the attainers
monopolize the upper end of the noimal distributions

The fitst assumption fixes the overall shape of -the distribution and

o offers a particular view of disttibuted justice. Pethaps this disttibution 7 o

ts_gom overall normally distributed attribute or attributes in the

|

\

. ftotal populat:ion undet considetaticn.*Assumptione 2 and 3 tell us that the r.}
. |

’ ~high school attainets can be found §3 a group, lumped -at the upper end of the
idilttibution. The. third assumption, which will be elteted in Part III, revpre-

m overly—rigid-mitoeutic society.

pa—_—

-—authese,thtee-asoumptions_nte_g alized in Figure 2, which is a normal

diotribution in otendatdized normal form hnving a gtand mean (u ) of zero

A-:k.g,

and: a staudatd deviation (q) of one. Each asymptote is truncateo, for computa-

tional putpooeo, at 3,9 standatd deviations fton the mean. The high gschool

-
LR

- ettoinn ut tatio (¢) is tepteeented b§_tﬁe_3533ed area under the curve. This
‘iontheqpropottion of the total population undet considetation that has

.ﬁttnined thefhighlbchgol diploua. The medieqivalue of the social benefits of

oy -

“ithis group fs iy . S A
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The unshaded portion under the curve is the proportion of the total

,populagion that has not attained the high school degree. (3 ) and is equal to

1= ¢. The median value of the social benefit for this group is p- .,

¢

o

3090 d

Figure 2. Standardized Normal Curve for the Distribution of Social Benefits

(¢ = high school attainment ratio; -¢--= non-attainment ratio;
¥ =0 = grand median; p, = median social benefit for attainer group;
O  ur = median social * benefit for non-attainer group;
¢ 0 = 1 = standard deviation)

R 3

= TABLE 1

Median Social Benefits, Their Differences, and Their Rates of Change
For Attainer and Non-attainer Groups by High School Attainmeut Ratio

!

> Social-Benefits ;

e ———

() (2) {3) (4) {s) (6)
Size of Attainer Non-Attainer Rate of Rate of
Attainment Group Group Change Change
Group (¢)  Medtan (.)  Median (u-) U, * us ~of u of o- N
¢ ¢ ¢ ¢ ¢ [
0.01 2.575 ~0.012 2.587
. 0.05 1.960 -0.063 2.00 0.2388 4.2500
-0.10 1.645 -0.126 Lm 0.1607 1.0000
0.15 1.440 -0.189 1.629 0.1246 0.5000
0.20 1.283 -0.253 1.536 0.1030 0.3386 L
0.25 1.150 -0.319 1.469 0.1037 0.2609
0.30 1.0 -0.385 1,422 0.0983 - 0.2069
X =0 T 0.1792
0.842__ -0.52 1,36 0.0935 0.1542 -
T s 0076 0.8 1353 __ " o0l T 0.2 e
0.50 0.675 -0.675 1.350 0.1060 0.8 = — - ——
05.” 0.598 -0.755 1.353 0.1141 ,0.118s :
0.60 . 0.524 -0.842 1.366 0.12% 0.1152 .
- . 0.85 0.454 -0.935 1.389 , 0.3 0.1105 :
0.70 0.385 -1.0% 422 0.1520 0.1091
0.75 0.319 -1.150 %.469 0.1714 0:1090
0.80 0.253 -1.283 1.53 0.2069 0.1157
0.85 0.189 -1.440 1.629 0.253¢ 0.1224
0.99 '0.126 -1.645 ‘nLm 0.3333 0.1424 .
0.95 0:063 -1.960 2.023 0.5000 0.1915
- 0.99 0.012 -2.515 2.587 0.8095 0.3138 )
-11~-
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Note that the attainef and nua-attalner-medians change. as_a function of
the attainment ratic. When the ratio (¢) is zero, the non-attainer median ;s
%- equal to the étand.medlan (uc); When the ratic approaches its limit of one,
T ’ faé Attaine; median approaches thé'gfand median aﬁh the non-attainer median
; N—"\\hpproaches -3.9 standard deviations from the grand median. We can easily’
calculate the values of the attainer and non-attainer medians for differen:
values of the attaimment ra;lo.loTable 1 shows their values, their differ-
ences and their rates of change for attainment ratios ranging from 0.0l to

0.99. Figure 3 is a plot of the attainer and non-attainer medians by the

attainment .ratio. ‘ . . o

2.00 3.00
!
!
!
|
!

1.00
J .

Social Benefits Medium (o)
0.00

-1.00
/.

6——-—9‘

’(
|
|

e cope——— -t

)
d i
.o ' '

0 0.2 0.4 0.6 0.8

——— iV e
n o

- L
|
H

High School Attainment Ratio (¢)

.
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Figure 3. Median Social Benefit of Attainer Group (4,) ard Non-Attainer
(from Table' 1, é;

lumns 2 and 3)
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' °shiftin§ benefits and liabilities of educational attainment.

'B% An Income Disparity Analysis

A conventional analysis of high school attainer an& non-attainer 1ncone
dispatigges considers whatever is gained by the attainers to be the magnitude ¥
Gé the liability experienced by the non-attainers. If, for example, the median
1ncone of the atts;net group is 150X of the non—-attainer median income (at a
particular attainment ratie), then the benefit to the former group is 50% and

. the 1iability to tne latter group (in foregone income and earnings oppor-

tunigies, etc.) is 50%. This approach tends to concesl the full impact of the

Table..]1 and Figure 2. display another approach to.this situation. Here we

find the difference between the median benefit of the attainer group and the

median benefit of the enttre*population~undet considetation (Table 1, column

2). We do the same for the non-attainer group (Table 1, column 3). The .

diffetence between these two grand-median-dispersiciis is a measure—of-the — - e
tela;ive*position of one group with respect to tne otnet (Table 1, column 4).
If we think sf such social benefits as income, sslary-and wages, a
cqnventioﬁcl supply and demand analysis suggests that as the supp%y offhign
schoéi graduates increases, the relative social benefits tealized;ny these
graduates, with.respect to those with no high school degtee,'will decLineo
»(31Ven'a constant market demand for attainets). This is jnst what happens in
_the Aégtegate Model as the attairment ratio grows from 0.0l to 0.50. However,

as the'sttainment tatio_exceeds 50%, the relative advantage of the attainers

<

over the non’attainets 1ncteases. See Figure 3,11

PR
J

P

"‘“”“‘"““—-~—These~lactet_reunlts of the Model are consistent with certain empitical

findings. Time=-series U. S. Census data for 18- to 24-year-old males ftom 1939

~




phenomenon.12 A U.S. Senate report which examined the incomes of 24~ to
34-year-61d malces exptessed'sutptise at the "paradox" of inctéasing relative

income for high school attainers over non-attainers. 3

<

(wheﬁ the national high school attainment ratio was 50%) to 1975 display this E
The interaction between the Law of Zero Correlation and the Law of

Shifting Benefits and Liabilities has certain explanatory power when the data

areexamined as illustrated in the Agétegate Model. The " paradox," cited abgve, >

evaporates in light of thes; systemic dynamics which show the declining

Senefits associated wfth attainment and the'incteasing liabilities associated

with non-attainment as the zero correlation point is apptoached.14 -

]

C. Stabilization of the High School Attainment Ratio

What is the meaning of: the "intersection" of the benefit and liability

 “curves in Figure17—-Aithough-the. two_curves do not_actually intersect (they

“ygyg~4}ffq?ent vertical .axes), the "intersection” shown in Figure 1 does

AiIlustfate certain interactive systeaic efgects. This ;ihEétgégiion"-E;Bmﬁér
viewed a; an equilibrium point in the growth of the system beyond which it no
longer pays (in aggregate social benéfit'tetms) to finish high school but is
quite a serious social disaster not to do so. In a way, it is an aggregate
recognition of the Law of Zero Coréelatidn and the Law of Shifting Benefits
aqd'Liabilities; This phensmenon can be 1liu§ttated by the_Aggfégate Model. =

Figure 4 is a plot of tne rate of decline.of the social benefits of
attainment gene;g;ed by th; model. Note that aft;; an attainment ratio of 0.20

- the-median value declines at a fairly constant rate until the high school : ‘e

attainment ratio teaches"S0%7~At~this;pointmin;thekgtowth.of_the_gggpationai

ff;**“—'—-system;mthe~tate of decline increases and increases sharply at 75% attainment.

b '
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~— —__ _the rate begins to increase and-then increases sharply at 80X attainment,

High Séhool Actainment (3)
Figure 4. Rate of Change of Attainer Group lHedian by

High School. Attainment Ratio (from Table 1, Column 5)
Figure 5 15 a plot of the rate of decline of the ron-attainer median. Here

the median d_eqlingg_g;mq»gecteaging' rate until 75X% attainment at which point
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Thus, the two curves shown in Figure 3 can be said to contain inflection

points which occur in the growth of the system where the high school attain-

by

ment ratio is about 75X, The stabilization of the national attaimment ratio at

"9

&
around 75X may be the social recognitjon of the phenomenon described by the

v

model,15 -
) i

It may be purely coincidental that the inflection boints in Ehe model aﬁsxx\

3

~
AN
.

tﬁe national high school attaiment ratio éccut at ‘about 75%. Nevertheless, N
the model does serve to illustrate the phenomenon of systemic "equilibrium"
reflecting the interactive dynamiéb between certain systemic laws. The inter-
actidh between these l;wsaoffets an account of certain systemic phenomena.16
The behavior -of the educational system described above is based upon
these systemic features: the Principle of Sequence, the distribution of
second-order educational goods and the size of thé system as measured by the
attainment ratio at the twelfth level. Systemic‘sehavior was driven by the

. .._._pover of a lpgical tautology, its corn.llary and a normative principle linking

the educational and social systems. It is ironic that the successful growth—of-— -~ - I

the systenm, ag measured by an increasing high school attaimment ratio, appears

to sow the seeds of°a particular brand of failure.

-~
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THETPROBABILISTIC UTILITY MODEL

;o _ ’Ihe idealized society reflected in the three assumptions underlying the '
] o Aggreg;te Model is a rigidly meritocratic one. By aitgtihg tﬁe first and third
gssumptlons, wé can build a model that tefleéts a society that distributes its
5;‘ . non-educational social goods in a somewhat mo;e flexible manner. Like the

: —Aggtegétg Model, let Q; arsume that the pppulation under cons}detapionais
dichogomized into those who have attained tﬁe high school diploma {and nothing:
beydnd‘it) and those who have not attained the degree. Furthermore, let us

. assume two independent nommal distributions of social goods, one for the
attainment gtohp and the other for the non-attainment group. This state of

g " affairs is 11iusttated in Figure 6.

i o Now let us assume that both of these normal disttibutipns have identical

— . *
standard deviations. Thus, we'haﬂ_ﬁdﬁiiIIie”tach—ofTEhe—distrihu;;ggg_ggg

“

‘ leave them superimposed, one upon fhe other, on the social benefits axis. Note -

that the relative position of the two normal curve means femainsunnffected by

- ey

the standardization (i.e., the standardized and unstandardized means timain

: . f
5 stationary). These standardized distribucions are shown in Figure 6.

P =

E ‘A, . The-Standardized Normal .Distributions

Consider the two sthndatdized~norpal distributions shown in Figure 6,

below. Curves X¢‘ and x; repregsent the distributions of earnings opportunities

bl ) . .
é qf high school attainers aﬁdunon-attainers, respectively: Both curves have
E%;_____wugbglr»asympﬁotes truncated,'fq facilitate the computations to fol®aw, at 3.0

E———

v

—_—

. v \_._ -s_:. .
standard deviations above and below theif respective means—of-zero and.are .

f
S ek sl
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Figure 6. Two Overlapping Standardized Normal Lurves

superimposed upon a common axis, X, showing an apparent overlap, area E: that

<

area under ‘both curves which has a common X~axis range..

We let ¢ stand for the ratio of high school attainers to the total

0

) populaélen under consideration and let a stand for the meritocratic parameter.
This’patametes represents thése in the total population, and in particular
that proportion .of distribution X¢, which monopoli;es the highest values of x. -
It is clear from Figure 6 that this parameter imposes an uppet-bound on tne -

1
range of distribuion X=— (1.e., I5) and concomitantly places a lowet-bound on °

¢
"‘““*~———595~£33§E_25 fﬁLff:f::‘f? Except where a-O the targes of x¢ ‘and x )
diffet. T e . :

TTree—m—

Py’

Let us assume that despite changes in the size of ¢, the original

non—standatdized normal distributions retain their nomal. shapes and continue

; to have identical standard deviations and uanchanged means. The)(¢umah temains
i forever fixed and thus for any giveﬁ ¢, only a change in a can shift the x;

f curve. A mean/medium analysis of these -curves is presented in Appendix B,

::;,( o \‘
2 o

X (Social Benefits)
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Uniike the Aggregate Model, individuals in X¢ (L.e., high school

. A
- attainers) ate no longer g'atanteed ag advantage over persons in X; (1.e.,

non-attainets), with tespest to some value of X (level of social benefit). The.

\\ N N o
question now shifts from one of absclute advantage (as in the Aggregate-Model)

to one of relative advantage. We now aék, what is the probability that an

individual will be advantaged with respect to X, over changes in } and ing?

S

The symbols in Figure 6 rerer to proportions-and zre explained inp Table 2,

bEL)W.o y ) ' ‘ ‘ -
TABLE 2
PROPORTIONAL VALUES OF SECTIONS IN FIGURE 6_
Section Symbol - _ Meang_g
A (a) The proportion of the«population which is in X, s °
and which monopolizes .the Jnighest X values. “his ¢
1s the value of the metitoctatic parameter.
. ’ ~
B (1-0) The proportion of the population which is in X
and which dpes not monopolize the highest X values. ¢
< ’ -~ )
c (1-a) The proportion of the population which-is in X -
and which is not relegated to the lowest X values. L 3¢
D {a) The prcportion of Ehe popultion which is in XE
: and is relegated to the lowest X vaiues. N
E (8) The area of intersection of Sectiun B of X, and

Section C of Xa. ¢

The above concéptualization allows us to calculate the probabilities of -

persons falling in any of the five sections of Figure 6 as a function of & and

<«

¢s These probabilities are conditional probabilities of independent events.

.

Table 3 gives the formulae for these czlculations.

£
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N\e "« TABLE 3

i PROBABFLITIES

t

* Section Probability Meaning

‘A Pr(AlX )= u¢ ‘The probability of residing in Section
- . ¢ . . A is the conditional probability of .
| residing In A (i.e.,a ) given that one
already resides in x¢ (Le€ey ¢ )

) is the conditional probability of not
, .o : " reéiding in A (i.e., l-qa) given-that one
- ) . . . tesides in x (i.e., d)e

[N

-

c - Pr(C|X<)=(1=a)(1=-¢) The ptobabilit:y of residing in Section C -
¢ is the conditional probability of not ;

residing in D (i.e., 1-0) given that one S

- tesides in x- (i.e.', 1-9).

D Pt(DlK;) = q(l~¢) . 'I’he ptobabilit:ys of residing in Section D i
. is the conditfonal probability of residing -
in D (d.e,a ) given that one resides in - . :
x; (103, 1"'#)0
E;  <Pr(EICIX.)=(1-g)(1=¢) & The ptobabilit:y of tesiding in Section A
¢ ’ E given that one is already in X7, is "
the conditional probability of tesiding in :
~ A E (i.e., &) given that one resides in X
‘ ~ (1.e., 1-%¢) 40d resides in Section C (1.ef
1"“)0

]

By - Pr(E[BIX )=(l-0)¢s The probability of residing in Section
. ¢ <. E given that one 1s already in X; is- .
) the conditional probability os tegiding in .
.. E(i.e., §) given that one resides in X S
: . and resides in B (i.e., l-o). - ¢ .-

' v . .

B Pt(le¢)-(l~a)¢ The probability of residing ir Section B




5“ . B: Interpretation of Area E °

RN ST

BT . . .

The move from proportions in‘Table 2 té-probab)litieq in Table’3 is a

*

crucial one. Recall that eagh distribution reprusents one part.of the -
dichotomized total population. under consideration. The overlapping area, E,
is not a shared’ population between the two groups. It simply illustrates the

common_range of X shared by area B in X and C in X:

¢ 3’

Each person i the total population under consideration has a probability

of ending up in ont of the two distributions. Since ¢ is the proportion of the

.

total population that has attained the twelfth level, any individaal has

probability ¢ of falling under distribution X¢ (qll other things being

-

_ Of. course, $+(1-¢) equals 1.0, w.ich is the total population under

con%iaefation. 411 of’this foliows from the laws.of pt@bortions.
Consider Fiéure 6. As Section A changes in size,X; shifts to the left

. Or to the right (recall that we have assumed that‘chanées in ¢ do not affect
the shppe or position of the distributions). The entire area-under any one of
the two distributions is equal to 1.0, Thusi if & represents the value of the
area of Section A, then l-ais-the area of Section B. From this we can see
that the conditional probability of aﬁ individual being an qttaineroggg being
a monopolizet of the higher values of X is a¢. The laws of symmetry make
Section D equal to Section A. Thus, the probability of an individual being =2
'noﬂ-attaineriggg being relegated to the lowest values of X is a(l-¢). Similar
argumetts can be ma@e for Sections B and C. The probabilistic iq}erpretation

v

of Sectioﬁ E is a more complicated matter, hpwevetx

@

Although Sections B and C do not actually have an area in common, they do

share the common X-axis range Ip to I,. It is useful to think of £ ction E

gqﬁal). Similérly; the probability of not attaining at level 12is equal to (l-¢).




ot

’

as if it is the area of overlap between the two distributions. Recall that the

ptobability of being in C 1s simoly (1-¢)(1-a). Now, the probability og;peing

.incC and at. the same time being within the scoge of digtribytion X@ 1s Just

<

the prdbabtlity of being in C times the area of Section E. Similarly, the
ptobabilityQof being in B is (l-0) ¢, The probability of being in B and within
+the scope of distribution X3 i8 just the ptpbébility of being in B Eimeg the

area of Section E. - : '

It should now be- clear that Pt(EiClXE? is the ptobabilit; of any
individual non-attainer fallingein'the same range with and being under-the
same scope as an attainer. Likewise, Pt(ElBlX¢) is the ptobabil;ty of any
1nd1vidua1 attainev fal%ing in the same range with and being under the same
scope as a non-attainer. These two ptobaﬂi}ities need not always be equale. In
fact, they ace ‘equal only wken ¢=0.50.

What remains is to‘palculate the ate; of Section E, i.e, 8., This is égne
in Appendix A. |

C. Resuits of the Analysis’ B -

Tables 4 and 5 give the probabilities of fallipg in Section E given

attainment and of falling in Section E given non-attainment, respectively.

f

These Tables are derived from the probability formulae in Table 3. To gﬁtaiu

the probabilistic marginal utilities of attainment, we simply perform a matrix

gsubtraction, Table 5 minus Table 4., The results of this subtraction are shown

in Table 6. 3 ,
Note that the marginal utilities decrease for constant ¢ and increasing
§)
a, and decrease for constant a and increasing ¢. Furthermore, each column
?

reflects about the row where ¢=0.50 §0 that each column below this row is ‘the

negative converse of the column above.

~
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0.1000

0.2000

0.3000

TABLE %

IN SECTION E GIVEN ATTAINMENT

Meritocratic Parametor ()

0.,4000

0.5200

0.4000

0.7000

———

OF LEVEL 12 °

0.,8000

92,9000

0.9500

0,003%
0.0174
0.0353
00529
0,02046
0,082
'‘0,10%8
0.,3123%
0.141:%
0.,3580
01744

0.1940

021 -7

'229%

02470
002‘44
+2822
002,’9
0:317§
0,3352

©

-
¥

0:;660

0.,0022
09,0112
0.0224
0.0336
0.0448
0.056Q
0,0672
0.0785
0.0897

.0.1009

0.1121

041233

0.1345
0e1457

Q.1569

0.1481
0.1793

'0:1905

0.2017
06,2130

e

02000

0.001%

0.,0076

.0.,0132
0.0228
0.0304
0,0380
0.04%6
0.,0532
00608
0.,0604
0.0759
0.,0039
00,0711
0.,0907

041063

0.1139
0.1213

0.129¢

0.1347
0.1443

PROBABILITY OF FALLING

0.3000

0.0010
0.0051
0.0:01

0.0007
0.,0033
0.0067

0,0152--0,0100

0.0203
0.0234

0.0304

©.035%
0.6,405
00,0436
‘09507
0.,0558
0.,0408

0:.0134
0.0167
940200
0.67234

" 0+.0267 .

0.0301
0.0334
0.0367
0.0401

0,0659 0.,0434

0.0710
0.0740
0,08114
0,0842
¢ 00913
0.0943

-

0.0468
0,0501
0:,0534
0.0548
0.,0601
0404335

LY

TABLE 5°

0.0004
0.0021
0,0M42
0.,0052
0,008%
0.0104
0.0125
0:0144
0.0166
0,0187
0.0208
00229
0.,0250
0.,0220
0.,0294

0,0315 "

0,0333
90,0354
0.,0374
0.0398

Q+0002
0,0012
00,0023
0.093%
0:00427
9.00%8
0.0070
0.,0082
0.0094
0.0105
0.,0117
0.0129
00,0149
0.0152

00164 -

00,0126
040187
0.,019?
0.0214
0.0222

IN SECTION E GIVEN ATTAINMENT

Neritocratic Paramter (a) |,

0.4000

0.5000

06000

07000

0.0001
.0.0005
0,001%
-0.,0014
€.0022
0,0027
0.,0033
90,0038
0.0044
0.0049
-'0,005%
*0.0040
0.,0044
¢.0072
0.0077
0,0082
90,9080
0.0093
¢.0099
0.0104

0.,0000
0.0002.
0,0003
0.000S
0.,0006
0.0008
2.,0010
0.0011
0,0013
0,0014"
0.0014
0,0016.-
0.,0019
040021
0.0023
0.0024
0.,0026
00002?
0.0029
0.0041

BELOW LEVEL 12

0.8000

0.9000

3.0000 -
0,000 <
¢.0001 .
0,000

00002

0,0003 .
0.,0003 .
0.0004

040004

0,000%.

0.0005

°d°°°6 .

0 L) °°°6 “
0.0007

0.0007 .
0.,0008.

0.0008

0.000¢ -

0.0009

°o°°‘°ﬁ

" 0.9%00

©

L]

»
& . . u- N
---—--—---—)-‘-—n.‘-@-

0,3493

0.3352
0.5175
0.2999
0,222

26464
q.247o
0.2293
0.2117
001940
01764
03580
0.1411
01235
0.1050
9¢0882
0.0706
0,052y
0,0353
0.0176

0.2219
0.2130
0,207

0.1905 -0

0.1793
0.1604

0.1%69,

041447
00,1345

0.1233

0,112
0:,1009
0.,0097
0.,0785
00672
0.0560
0.0448
0,03
0:0224
00,0112

0,1504
0.1443
0,1367
11294
0.1218

0,1139

2.1043

0.0987

. 0.0711
0,083%

0.0759

0.0684

000608

0.0532

‘0.0454

0.0380

0,0304

0.0228

0.,0152

O 0076:

- «

.

0.1004
00943
‘0.0913
0.0862
0.08128
0.0740
. 0.0710
0,0457
0.0608

0.0558"

0.0%507
000456

0.0406.

D,03854
Q0304

0.0661
0,0633
040601
0.90%68
0.0534
0.0%01

0.0448

0,0434
0.0401
0.0367
0.C344
0.0301
0.0267
0,0234
0.02200

00204~ 0.,0147

00,0203
0.0182
0.0101
0.0%%1

0.0134
00100

0.,0057 -

00,0033

00,0412
0,0393
0:,0374
00,0354
00,0333
0,0312
0.02%3
0,027¢
0.0250
0,029
0.,0208
0.0137
0:0164
0.01446
00,0125
0.0104
0,0003
0,0042
0.,0042
0.,002¢

00,0232
0.0222
C.0211
0.01997
0.0107
0.,0176
0,0164
0.0152
0,0140
040129
0.0117
0.0104
0.0094
0,0002
0.0070
0,008
v 0047
0.003%
0.,0023
00,0012

0.010%
'0:0104
0.0099
0.0093
0.0088
¢.0082
0:0077
0.0071
0,00684
0.0060
0.00453
0.0049
0.0044
00,0038
V.0033

0.,0027°

2Q.0022
00,0014
0.0011
00005

0.0032 *

0.0031,
0.0029
6.0027
0.0026
0.0024
0.,0023
€:0021
0.0019
0,0018
0.0016
0.0014
0.0013
0.0011
0.0010
v.c008
0.0006
0.,0005
20,0003
0.,0002

0.,0010 . .
0,0010 .
0.0009

0.0009 .
040008

040008

0.0007

0.0007

0.0008

040006

0.0005

0,000%

040004

040004 ’
0.0003

040007

.0+000°

0,000 .
040003

0,0001
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TABLE 6

PROBABILISTIC MARGINAL UTILITIES OF ATTAINMENT OF LEVEL 12

. £. T

_ ' 0. Mer{tocritic Paranster-(qo)
o~ — e o . e
& 0,1000 042000 * 043000 | 0,4000 _0.5000 0,4000 0,7000 0,8000. 079000 0;9%0-
B 0,01 1° 0v346° 00220 -0,149° 0,09F 0:065 0,041 0,023 0,041 -0+004 :
S 10,05 | 04,318 0,202 04137, 0,091 0,060 - 0,037 - 0,021 0,010 0,001 :
a1 o.t0. l 0,262 0,179 0:322° . 0,081 0,053 0,033 -0;019 0 0,003 0,001 "
C 8 00150 04247 0,157 0,106 0,071 0.,047 0,029 GyO16 0,002 0,003 ‘
- 03200 1 0,212 04134 00071 0,061 0,040 0,025 0,0 104002 0,001 4
€T 0,250 03176 0,112 04074 0,051 -§.033 0,021 412 0,005 0,002 0,001 !
30730 1 04141 0,090 o.oax 0:041-  0,027° .0:012~-70,009 -0:004 .0.,001 0,000 ‘
2 0133 | 04104 0,067 0,044 0,030 -0,020. -0; 0,007 ~0:003 0,001 0,000 n
B 0140 1 0,071 0,045 0,030 0i020. ‘0013 : 04000 :
T 0i4% 1 104035 00,0220 0,085 --0,010° . 0+000 ;
8 0i%50 4 0,000. 0,000 5.0 ' 0,000 X
N 0,85 o.o.s."_‘?a""'.\ 1022 0,018 0,030 :
. =9v40. 1 20,071 0,045 ;z;o;‘ 104000 ‘
% 0063 - '0010_6 ’ 90067 0.000
20,70 1704141 04090 0,000 - W
28 '007o}_ ‘ “0.176. g . "0.001 T
i 04864 04212 - 7001 < o
t: :0035 4 -00247. - 0,003 . 2
g 0:90-F <0, . ""05001
B 0.95 p= T0.001
g_ : Lo k
* ~ ) \) . o
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An inspection of Table 6 shows that it is not individually advantageoua

__to obtain the high school diploma until 55% of the population under

consideration {17-year olid age cohort) does so. The row where ¢=0,50 can be

=

considered to be the indiffetence level. However, a mean/median analysis shows

//~ that, in the a ggtegate, it is always advantageous to be an attainet tathg:‘

Ry vewes——

[REERS

than a non~attainet. This is so because-fot all values of a, u¢ is greater

than us(éxcept when they are equal, when a=0). A complete mean)median analysis ~

is given in Appendix B. See coluums 4 and 6 in Table B-l.

This analyais af the Probabilistic Utility Model exposes an interesting
patadox. in the aggtegate it 1a more advantageous to be an attainer no matter
what ¢ and « ate, individuallx this is not always the case. Furthermote, Table
6 indicates that the marginal gigptiligy of not attaiping the high school
degree increases as attaimment 1ncreaaes and also increases as the .
meritocratic parameter decreases! This phanomenon can be vividly seen in the

‘lowet left~hand quadrant of ?abla 6;.Ka‘§a move from the uppet‘tight-haad‘to
“the lower 1eft~han§ corner on the diagonal, disutilities can be seen to o

doub¥e, triple and evan quadruple at various steps.
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‘The- idealized models developed—here-hsve-their limitations. The Aggregate

Model seems, on the face of it, too meritocratic for our present society. The
&istrtﬁutign of social benefits may not, in reality, be normal, and their means
(as shown 1in the Utility Model) may not remain constant with systemic growth

(which is clearly not .the case in the Aggregate Model). Vevertheless, these

'models can serve as “benchmarks" -against which to neasure other logico-

Y

mathematical models containing different assumptions, and empirically derived

" The high school graduation ratio is but .one indicator of systemic growth

ggg,nnthity,?fﬁ;t‘ishthe last systemic level that is non-gelective. One not

~ only chooses to go i t5 college, 'but in most cases one 1is elso’choeen{ Along

with ‘the nomative principle and with level 12 approaching zero correlation,
the post-oecondety system ordinirily would respond by expanding. However, it

must bnlance this teudency against its selectivity prineiple.‘This conflict

: might eccount, in pert, £or the- rapid rise of non-selective junior colleges

over the last twenty years. . -~

" Both models are-generalizeble over systenic levels and ‘make most sense

-

“with regard tovinitiel social benefitdistributionsauch as job-entry level

’inconea Very aimply; it is likely that the role that edueational attainment

ey nt e ve e

e g g

plays in getting a job is quite different from the role that it plays in°

&

. keeping or edvencing-in one. 17 : .o

o . o

ey e, w.,a-_wuu&hsuh e e e




:fa‘ . The dynamic account of the educational system that is the basis ﬁor the

f models presented here 13'3 formal one, and this is reflected in the models'
"- | ~

_nop-empiricél grounding. Like Boudon's efforts, the models avoid the cross=-
sectional and variable confounding effects of survey data. This is not to
deny the role and influence of human actors and social and political movements.

. ) The ‘models mergly illustrate, in a formal way, the power bf a logical tautol-

f————jj-~ogy—in-conjunctica,withui.BQSEEFéve pr#dcipie.la

?' . . ¢ These models help illustrate the limitations of educational policy.

B
2

Pushing the attainent level to 1002 to cancel out the effects of the Law of
E.‘ Shifting Benefits and Liabflities, yqrely shifts the problem onto‘another'

-l'e've];y{_he system: post-secondary. Merely trying to ra{se’ the high school
atta;n‘ent-ratio hight ;ause hnnecessaky hardship to those who choose not-to
complete the level and at the Qame time, diminish the benefits for attainers.
;Wb have seen how the same policy-can have differential consequences at
different stages of systemic growth. )
' Perhaps lowe;inq’the ratio 50-60% might have some effect upon the power
of the nommative principle to disproportionately reward formal schooling. This
mig;t be'a level below the "equilibrium point"” - the point at which the
effects of the decline in the social benefits of attaimment and the
preci;itous riée in the soqial-lihbil;ties of. non-atq§1nmentseey to be
~ maximally felt. Careful consideration should be given f;r providing ample

oppoptﬁnities for all to continue their educatgpn ({.e., to pursue ledrning).

., .

.

ot > Such a policy must avoid an inequitable distribution of non-attainers on the

1
S
5

a - N L}

-aztr;butgs).
It is unlikely that such an overtly articulated policy wou*d gain much

political support. In an&*case, it=would surely prove to be very difficult to

basis of class, race, sex and_ethnic background—(ives;—educationally irrelevent ~—




(.

. implement. Nevertheless, such‘a policy is already being carried out to a™—

hcertain-extent by the movement towarde competency-bised curricula. If

conpgtency achievement (not attaimment) levels are enforced; a sizable propor-
tion of those who now normally complete high school may never do so. And ‘a

large percentage of this group will likely be composed: of persons from lower

socioeconomic groups. This state of affairs 1is hardly an.adequate—sotutibn—to——————————————J
the problem of inequality of socioeconomic opnortunities. }
The'abandonment of the normative principle might be the most efficacious:-
but politically and socially the most difficult, way to reduce educational and R -
social inequality (no guarantee, of course). If educational attainment is no
longer used as an instrument for the distribution of non-educational social - :
goods, then perhaps education could once again be pursued for the benefits
that are intrinsic in the educational goods themsélves and not for the
socioeconomic advantages that disappear with ever increasing rates and levels ~ e
of attainment. o |
Such a move would mean the abandonment of .the illusion that the .
educational system is a solution.for almost every societal 111, It is not
clear just what new instruments for the distribution of social. benefits might
arise. However, if the system's logic is intractable (how does one'repeal the
iaw of Zero Correlation?), then.perhaps a reconsideration of a socioecpnomic

principle that disproportionately rewards formal educational attaimment is in

order. . )




T R | e e e e L,lo.f.i.ﬁh%i.f R IR e T T Y L T Rt T
. N . * e . .- - S B . . 4 - . [N Sy . N . IO D, - ¥ o,
* - . - .. . 1 m/‘lf . « .
) N ‘ ‘ ) o i * t
. ! .
. . ‘ N s .
. - - 3 .
® ~ .
’ ‘ ’ 2 . |
. . . . . . ~

(LI ? R - . !
H . . .
i . .
- , - - PR '
B . L.
3 . . ’
. A I3 A ‘ . < 1

~

-

.
ARPENDICES. -

. ’ . 5
. R . |
i i
. 7 . )
¥ . - ] E
1] v . . . . - .
-, - . . i .
& . . v
.
.
s |
. ° s i
: ’ ' j .
. . | i
L
M v .
. . . . ﬁ
. . . .
N . . : ! R
N : , ! .
;e i N s | N,
¢ - A
. o . v i
SN . 2 . -
e 4
PR B . . . o _ .
) Iy . | 1
o !
‘ . . > . . |
v . . }
: - ., t
b . . ¢ . . . . .
R . > . . .
Ve . . .
: L .
LRI : . : * to
- . " H 0
. . . . . ’ . . | 2 e
* * ! ' . ¥
; . i
* " . 1 L
¢ v 'R - -
T - . . a
. . , '
° .
« . t
. N . s .
. . 3 . .
o H . __ . .
. 1 . 1 - « . .
. ; . . ' . »
. . { , .. . N N . Lo . ’ . ,
.’ ' LR Pyt 2. AR i o T g ﬁ . . * P t ' N : “
N o e by s NN p [ i s <t i . ' , i ) . . . "
Predeiice LA b, 2% LoV . e " L * o ] . ‘ ~ . AP N B . . ~ . - . e o, et
s Tl L I R T R L N I | S R N R R T R LT earye S L S T T o O S S SUPRP AL v, e on % wrst nge f e




A A" R rnp £ ey

A e

k3

APPENDIX A

«

'CALCULATION OF. SECTION E AREA

To calculate 6, we begiglpy truncatiné the éﬁymptotes of the two
standardized \normai curves (Figure 6) at 3.0-standard deviations above and
*  below their respective medns. As a result, we lose 0.26% of, ‘the population of

any one curve,

.
b
.

‘

Since the two curves are 1qent1c£1 (i.e., both are standardized normal

. curves), the point on the X-axis (My directly below the point of

intersection (I) lies midway between the x¢ and‘Xz»distributign means, u¢‘

andllzy %espectivély. This - follows from the laws of - symmetry, sfﬁce Section D

18 always equal to Section A in area. Figure A-l1 emphasizes the area of

i

intersection in Figure 6.

[

;“; . - N 1]

° g
Figure A-l. Section E Area Emphasized N

(E$ and E¢ correspond to E, and E,, respectively,
in Table 3)




We know by symmetry, that the area to the right of the vertical line IuI

L4

on curve X$ (1.e., area E.) is equal to the area to the left of Iyy
. ¢ '

on curve X, (i.e., area E¢). Thus, twice E. or twice E¢ g;ves'us §,

¢
the area of ‘Section E.

Mow we can préceed to develop a pair of algotiéhms that enable us to

calculate area EE.'

¢

their relative difference,

The area §, equals 1.0 whed o equals zero. In this situation, %i and X

are superimposed one upon the other. Since u$-u¢,

¥, is equal to qu-;JJ which is‘equal to zero. When @=1,0; area § equals zero.

L)

In this case, X$ and X ate—mutually'exclusive_an& V] equais Q.O. Betweeft
these two extremes, o ranges from zero to 1.0, 8
We shail first examine. the case where a ranges from zero tq 0.5 and "then
the case where a ranges from 0.5 to 1.0, (Note that 0.5 is used tﬁ%oughqut the
‘text as an approximation -to 0.4987, which is used in the calculations due to

tfuncation.)

°

/ -
CASE 1: (0 a) 0.5) ! '

Consider Figure A-2. The relative distance, y , between the two means, u<

¢

-

.

and u¢, is equal to the distance on the X~axis under étea_A_114e.,_the—area

corresponing to -the value of a). '
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Figure A-2. Case 1 Where &_Ranges from 0 to 0.5 i
g ‘ . o . :
" Note that when a=0, the two means, "$ and u ¢’ coincide simply because the
two curves, )gz and x¢.; are superimposed one upon the othe:’?a the value '
ES N L . . :
ny of a increases, the x-¢- curve is.shifted to the left,a distiance equal® to the
distance-on the X-axis under Section A. Call this dls_t:ance v, which is the '
. value of the X, curve translation. i ' ' o
. ...Since 1’2-3.0,.awe need only find ¥ in order to find y(i.e., y = )
~“ : v ?'(i. Area F is equal to 0,4987-a and ‘pl is found from a standardized !
normal curve table. Once we have cmnputed \p we can locate quit:h respect t:o .
_______.¢Q_SQQ_HSMQ—A"3)-'be}0W ¥ :
s T i \—\
s .=31= - :




" . :
« " ' A e * - < @ ‘
" )
3
- x - X
: o o Ly LP : h ‘ §
e ’ -~ k l* ) ' N - ’:’:‘
) . 2 E . =
' Figure A~3. The Parameters for Finding § : ” : ;:'1_
Note that Uy lies V/2 above u;..Area' G is found from a standardized :
normal curve table. Area E; is equal to 0.4987-G. The area §, is éimply :
twice area _E;.‘. The algorithm for this computation ai:ﬁeirs ‘below.
- f
' ‘ ALGORLTIM A-1 °
] ., CASE 1 WHERE & RANGES FROM 0-to 0.5 : 7
T : ~ (Refer to Figures A~2 and A-3) N .
. Step X . _
1 . F = 0,4987- a
2 V; from standardized normal curve table '
3 v =vo-y '
f ] 4 Hy = "‘/2.°w:.c‘n respect to Wy ‘
‘ 5 G from standardized normal curve table 3
= 6 B = 0.4987-G - '
‘ 7 § = 2(E.) .
= ¥ B}
‘ ’ Y < .
=32- - :
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Figure A-4.depicts the situation for this case, and the algorithm for

compuéi;tion ‘of & follows ft.

-

CASE 2: (0.5 ¢ a » 1.0) .

L3

the

—

- w( .-
- X
3 [ % o
y/ -7 /-;.‘.7".';";‘.“¢ - )
4 S e ’i"‘-'fzg -\,
s N -;"F ‘0 AR
/ MisTy . N
/7 ‘ h‘i‘);;_-",l -
A-’ ; “t"-:?‘a:f - - > x
- =3,0
7 ‘ P v *
” k w *
. . .
Figure A-4. Case 2 Where a Ranges from 0.5 to 1.0 .
ALGORITHM A-2
~— === -~ CASE 2 WHERE & RANGES FROM 0.5 TO 1.0
(Refer to Figures A-3 & A-4)
: SCCE ? Q#-

1 F = a-0,4987
2 "’1 from -standardized normal curve table

- ¢ Y
4 Ur = ¥/2 with respect to s
5 G ftom shtan&atdizle'd' ormal curve table
6. B3 =0.4987-G : :
7 6= 2(3 ;)

' ’ f "33- . ' " °




" Table A-l,:below,‘gives' the values of & for a values in steps of 0.1,

| - _."Table A-2 'give's the intermediate -values of F, wl, Vs "I, G, ";’ for g

U~ Values in steps of 0.1,

\\
> g » ‘\‘\\\- . * )
R \\ - €
. . \\\\ )
. , \ = ) .‘ i
L ) - : TABLE A-1 .
VALUES OF & AS A FUNCTION OF o , . ;
- a ) S - T
A - 0o’ 1.0000
- s 00 0.3872 :
, < 0.20 0.2776 '
. ;;‘;g::i‘/ - . . 0030 . 00212“ _- s :
ST 0.40- 0.1666 - :
. N 0.50" : 0.1310 : :
0060 ' \ a .‘00 1006 ,
0.70 " 0.0750 LT
0.80 - = 0.,0516 o
. ~ 0.9n . 0,0294 B
- : 0.95 - 0.0172 <
\ 1,00 0o . :
- . N
. "’ .
. . - 2.
(\ ©
- _ 1 . \ )
-34- :
[ ¢ ? d
o ‘38 . " , RS
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. TABLE A-2" - ;
V '~ INTERMEDIATE VALUES CALCULATED BY ALGORITHMS Al and, A-2 , -
. ' . — ’::". . "" ] .‘IE

I DI S
o

0 . C
0,10  0.3987 1,275 . 1.725 0.8625 0.3051 0.1936 -
-~ . 0,20  0.2987 02835 - 2,165 1,0825 --0.3599 0.1388 ..
: . 0.30  0,1987 . 0.520 2,480 . 1,2400 " 0.3925" 051062 4, " . .
v Cn 0,40  0.0987 . 0;250 ,2.750, 1.3750° 0.4154 0.0833 * -7

. ) .0.50 0 - 0 . "3.000 1.5000s0.4332 0.0655 ",

. . 0,60 - 0.1013  0:255  3.255 1.6275 0.4484 0.0503°

3 « .70 -0,2013. 0:530  3.530 "-1,7650 0.4612 ,0,0375 o

L : . . 0,80  0,3013 0,850  3.850 11,9250 0.4729- 0.0258 ‘ C

S % 0.90 = 0.4013 1.290  34.290 2.1450 0.4840° 0.0147 . S

;. - 0,95  0.4513 1.660 -4:660 2.3300 0.4901 0.0086 '

: 1 ' 6,000 - - R .

- ) . \':\“ ::

< o 3 ..

; ’“ . (. \' e~

: «35~ ) ) o . :
390 ; ‘v -7 , :
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We can set the Model i.,nﬁ.mot:iona See Figure B-l. Note that whenu=0, the

~ .

. MEAH/MEQI‘AN ANALYSIS OF PROBABILISTIC UTILITY MODEL "{

following equalities hcld:

hd : < e 3
’ : - . - 4 M ?
- uB_.uc.uL‘..u¢.u¢ (1) |
. ‘. . |
' | . 2) ‘
Tupg=vg b=l ¥p=tp |, (2) }
When G = 1, another set of equalities hold: |
. ' 0, H . . ¢
- ', . . .
e, , s Rl (3) i
el ) L (L) '
‘.
) u$ . (,S)
. ¢ ~ s
1:.. ,_-'guA,.. uI '.IuD-UII - (6)
Between these two extremes, it 1is possible to calcuiate the relative

differences between mediaés"( u qsaﬁd__ u;ate the .gtan'd means and grand medians

ogf their respective distributfo?'s:) of the various sections of the two curves . :
shown in Figure B-l. : o ~, <
. P ’ : i
-
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Assme"that LS ¢ remains constant and that both cutves retain theit normal -

-

shapes as the size of ¢ (and concomitantly, ¢) and a change. ‘We take My "as’ our

» L] -
- 7’

point of teference, since i}, remains constant, and calculate the other medians

-
. ." .-
. PO

'_'_vwith respect to it. ~ T A S L

1. Schemaa 'fot'Median -Cnlculations fot'ch'anging Values off a‘

-

‘We begin, as we did in Appendix A, by ttuncating the .apymptotes of the

two standatdized normal curves at 3.0 standatd deviations above and below

,‘”‘y

their tespective means., Medians A and Ug- have alteady been calculated in

the Aggregate Model and can ‘be found in: columns 2 and 3 of Table l.

-

u;- is the distance on the X-axis undet Section A. This distance is the ‘1'

. value computed as an intemediate step by Algorithms 1 and 2. See Table A-Z.
[N

I is simply one half ua and is also ‘computed as an intermediate step by

.'Alg'otitljmg 1°and 2..See Table ~A72. "

Aru iRt rodded
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changing. values of &.

v left of "¢. Thus, .

In a similar- fashion,

A ts to right of u¢. Thus,

LS ’
- L

-

We 'ho‘{ develop s{hax;as that compute the values of “c‘ and ”D, for

o

Due to the synmetty of the two curves and the-equality of Sections A and

¢ will always.be as.much to the right of "3 as M3 1s to the ' "

p will always be as much to the left of u:; as

.

bp = Wy = ¥p

- t
.. o

. Table -B~1 displays the results of these computations.

$

¢

2. = Changing Means (."mand U3) With Changing ¢ and Constant a

t

xWe hava assumed throughout that the size of ¢ has no effect upon the

means of the dichotomized populations. Furthermore, for computational

hd o

purposes, we have assumed that only W< was affected by changing a- and that

o . - ¢

remains permaneritly anchored.

1

el

It is not unreasonable to assume that both means 'change with changing ¢

N

)

¢

-

and that both means change with changing . However, both of these cases%\ )

:educe to the analysis that has already been performed for the probability R

distributions generated by the formulae in Table 3 (constaat u

and- changing a)e

"

¢

.

for changing ¢
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¥ M .
TABLE B-1 . - :
INTERMEDIATE VALUES FROM ALGORITHMS 1 AND 2 T
(2) (3) (4) - (5) (6) (7 (3) :
Mo My ] Mg Mr .- o oy My -
w

0.0, .8 1.645 - =0,126 - 10,8625~ <1.5990 . -1.725  -3.370
‘ 0 i,zss T 0,253 -1.0825 -1,9130; .~2.165  ~3,448
0" 1037 . »Q.385 11,2400  =2.0950 ~2.480°  -3.517
0. 0.862  -0.,524 ' -1.3]50°  -2.2260 2,780 3,592

0 7 0,675 . =0.675 . -1.5000 ,-2.3250 . -3.000  -3,675-

v

0 . 0.524 ., -0:842  -1.6275".° =-2.4130  -3.255  -3.779

0 0.385  -1.037  -1.7650 -2.4930  -3.530  -3.915 .

- v

"0 . 0:253 - -1,283 - -1.9250  ~-2.5670 , -3.850  -4,103 ' = ..,

0 0.126  =-1.645  =2.1450 .  =2,6450" - ~4.290 . -4.416.
0  0.063  ~-1.960 - =-2.3300 . =2.7000  -4.660  -4.723
0 0 -3.0 -3.0°  ° -3.0 =640 -6.0 S

-

;
"
o5

o ¢ aat T s
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To construct the probability tables for changing means, we can use the

probagility distributibnsgenerated by the formulae in Table 3. We need only

“"know the sizes of ‘4 and'a, and the relative difference between the two .

3

é: dichotomized ﬁqpplation meang (see Appendix A). This relative difference,
s Py - N . "

|u¢ - ug |, is a function only of the size of q. Tﬁush 1f both means change

P e ]
% .

- with changing ¢ and with changinga, and if we know the.relative difference
- petween the means, we can calculate the new ae We can then consult the "
;T ) existing probability tables produced by.the' formulae in Table 3.

-
-

re 3; Non-normal Distributions wfth«Bquél and Unequal Ranges

" The same sort of. mean/median aﬁd p;obaﬁility analyses that have been

g ab el E AN 3 T

) performed for normal distributions can be performed' for non-normal
ERN k4 - . o«

f distributions. One'must, however, first .derive the formulae for the various
° o Ry N - . .

‘curves and utilize the calculug to obtain the areas in questions and their

N

Foa shifting means and medians. The mathematics involved in this kind of analysis
~ " 18- somewhat complex..
o Lo

: i -40-
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NOTES

°

1. Some of the ideas presented in Part I are given a much more detailed and
complete description in Thomas .F. Green, witn~assistance of David‘P. Ericson
and Robert H. Seidman, Predicting the Behavior of the Educational System.
i Syracuse: Syracuse University Press, 1980. I have borrowed from this work and :
o make-no reference to specific parts in the text of this paper. I am grateful <
: to have had the opportunity to collaborate with Green and Ericson. Naturally, :
: I am fully responsible for any. shortcomings of this paper. .
Portions of Parts I-and II appear within 8 different context in: Robert H.'
Seldman, "The Logic and Behavioral Principles of Educational Systems: Social
Independence or Dependence?", Keynote Paper, International Sociological
- Association - Sociology of Education Conference on the Origins and Operations
.of Educational Systems, Paris, 1980. Published as a chapter in:. The Sociology
. of Educational Expansion, Margaret S, Archer (ed.), London and Beverley Hills:
Sage, Studies in International Sociology Series, 1982,

; 2
¢

2. See Raymond Boudon, Education, Opportunity, and Social Inequality. New °
York: John. Wiley and Sons, 1974, Also, "Educational Growth and Economic A
Equality. Quality and Quantity, 8,.1974, pp. 1~10. .

*

: . 3.. See Lester C. Thurow, "Measuring the Economic Benefits of Education,™ in

7 & Margaret S. Gordon, ed., Higher Education.and the Labor Market., New York:

: McGraw~Hill Book Co., 1974; "Education and Economic Equality,” The Public - !
Interest, no. 43, Spring 1976, pp. 66-8l; Generating Inequality: Mechanisms of :
Distribution in the U.S. Economy, New York: Basic Books, 1975.

4, This account is contained in Green, op. cit.
‘v 5. For a formal and general mathematical explication of these two models see: : ;
: Robert H, Seidman, "The General Educational. System: Some Aspects of Benefit ’
¢ and Liability Curves,” Unified Theory of Educational Systems and Public Policy
Project, Report ‘Y-1 .04, Syracuse University, Syracuse, N.Y., 1976.

6. Growth in attaimment is only one of the eight modes of systemic growth
presented in Green, op. cit.-

7. But why should the benefit curwa decline at the upper attainment values?

After all, avoiding a disaster is in a way, a benefit. Thus, there should be .
uo decline in the demand to obtain the high school diploma - here supgly

creates demand! However, the empirical evidence shows that this is not the

case. Indeed, it is argued in Chapter 6 of Green, op. cit., that the maiginal

- growth of attainmment will be slowed by 1) the transformation of attainment to
achievement and 2) the rise in socioeconomic compulsion for more formal
"schooling. . .

8. Beginning in Massachusetts in 1852 and ending with Alaska in 1929, a
compulsory attendance law was enacted in every state and territory. Prior to

: the time of statue enactment, only Louisiana and two territories had less than
£ 60X enrolment of the school age population. See, Report of the Commissioner of
: Education, 1870-1916 and The Bi-Ennial Survey of Education, 1916-1918 (Alaska
statistics were unavailable). The data are put into a . social juestice
petspective in David P. Ericson with Thomas F. Green and Robert H, Seidman,
"Justice and Compulsion in the Educational System" (unpublished paper).
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9. The claim here is that variable attaimment ratios and not compulsory .
endance statutes compel school going. See David P. Ericgon-and Robert H.
Seidman, *Compulsory Schooling Without Compulsory Attendance Laws: Reflections

on the Behavior of Educational Systenms," Proceedings of the Philosophy of

5

Educaticn'.Society, 1978, . pp. 316-324,. +

"This is & view that .is {n sharp contrast to the revisionist. version (e.g.,
Samuel Bowles and Herbert Gintis, Schooling:in Capitalist America, New York:
Basic Books, 1976) and to thé historical explanation offered by David Tyack
"Ways of Seeing: An Essay on the History of Compulsory Schooling, Harvard
Educational Review, 46, August 1976 )

10. Here is a sample calculation of the median value of the social benefits
for high schiool attainers-and non-attainets.

know that the attainer group monopolizes the social berefits ranging in value
from 0. 52 to 3.9 standard deviations from the grand mean. See M. R. Speigal,
"Areas Under the Standard Normal Curve from 0 to Z,” Theory and Problems of

- Statistics; " New. York McGraw—Hill Book Co., 1961, p. 343,

The median“benefit for this group is thus y, = 1,0370, This is the point
under the ¢ portion of the total distribution % uhere half of the high
school attainers (i.e.,.15%) lie to the right and vwhere the other half lie to
the left.

The median social benefits for the remaining 70% of the total population
({.e., the non-attainer group) is p== -0,3850. This is the point under the E
portion of the total distribution where one half of the high school non-
attainers (i.e., 35%) lie to the right and the other half lie to the left.

.These median social benefit values are derived from the standardized

" normal distribution, which represents a particular normal distribution of

social benefits. If it turns out that, for this particular nommal
distribution, the median of the total distribution is $8,000 with a standard
deviation of $2,500, we can easily calculate the medians (in dollars) of the
attainer and non-attainer groups. -

Attainer Group Median: $10,593 = $8,000 + (1.037 x $2,500). Non-Attainer
Group Median: $7,038 = $8,000 + (-0.385 x $2,500).

45 Social Benefits

-3,9¢  -0.385¢ 0 0.5250¢ 1.037¢ 3.90

ur oW
¢ Yo %

s

Standardized Normal Curvg'for the Distribution of Social Benefits -

“¢= high school attainment ratio; $= ncn-attainment ratioj; u_ =0 =
W,= median social benefit for attainer group; v% = median
O= ] = standard deviatioi.’

Note:
grand median;
social benefit for non-at'tainer group;
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Suppose that the attainment. ratio stands at "30% (see ‘the Figure-below). We'
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11. It.is probably unreasonable to apply ‘the model at the lower attainment
ratios where the power of the normative principle is very low. However, the
model does serve to illustrate the idea that the relative benefit disparity
between the two groups first decreases and then increases. This phenomenon
suggests that a particular educational policy aporopriate for one stage. of
systemic growth might not be appropriate for another stage.

12. U.S. Bureau of the Cenrus; Decennial Census Reports for 1940, 1950, 1960,
1970; Current Population Reports, P-60, nos. 85, 90, 92, 97, 101, Washington
D.C.: U.,S. Governmert Printing Office.

13. Henry M. Levin, et al.,‘The Costs to the Nation of Inadequate Education.
A Report Prepared for the Select Committee on Equal Educatidonal Opportunity of
the U.S. Senate, Washington, D.C.: U.S. Government Printing Office, January

. >197Lo

14, For an extended analysis from another methodological perspective, see
Appendix C- in Green, op.. cit. . <, .
15. See National Center for Education Statistics, Digest of Educational
Statistics - 1979, Washington, D.C.: U.S. Govermment Printing Office, 1979,
Table 60. \ ‘
It is of some interest to note that U.S. Govermment projections of this

attainment ratio to the year 1989 keep it constant at about 74%. Why? The
"assumption” is that_the high school attaimment ratio for 18-year-olds will
remain constant at the 1977-78 level through 1988! No reason is given for ~ °
embracing such an assumption. See National Center for Education Statistics,
Projections of Educational Statistics to 1988-89, Washington, D.C.: U.S.
Govermment Printing Office, 1980, Tables 13 and A-2.

-%6. It can be argued that the ratio of attainers at the last systemic level ~
that 1s non-selective is a good measure of the maturity of the educational

system. Ic’ is but only one of eight modes of growth in-Green, op. cit.

17. See Vincent Tinto, “Does Schooling Matter? A Retrospective Assessment,
Review of Research in Education, S5, 1977, pp.201-235. ) ‘

18. For another perspective, one that focuses upon actors and events, see
Margaret S. Archer, Social Origins of Educational Systems, London: Sage Pub~-
lications, 1979. Chapter 1 contains an excellent exposition cf "methodological
individualism." Notice that the Utility Model - (aggregate) attainer mean was al-
ways higher than the non-attaiver mean. However, it was not always individually
advantageous to attain level 12. The problems of methodological individualism
require an analysis beyond the scope of this paper. Possible tire lags in
feeling the effects of the two models have not been considered.
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