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Consumer Response to Innovation: Television

1. Introduction

This is a study of consumer purchases of television receivers between the
years 1946 and 1950. As such it fits into an almost totally neglected area of
the economics of consumption. Little is known sbout the reaction of consumers

to the appearance of & new produceol Despite this fact, it is clear that a

1 It is not necessary to cite the many well known works on the pure theory

of consumer behavior: consumer surplus; statistical demand studies; and aggre-
gative consumption. Few of the studies except J. S. Duesenberry, Income, Saving,
and the Theory of Copsumer Behavior, {Cambridge, 1952); C. F. Roos and V. von
Szeliski, "Factors Coverning Changes in Domestic Automobile Demand,” in The
Dynamics of Automobile Demand, (New York, 1939); and P, de Wolff, "The Demand
for Passenger Cars in the United States,” Econometrica, Vol. 6, No. 1., are
relevant to the question of consumer response to innovation.

While there have been a number of efforts to analyze TV demand in & number
of cities, the analyses were, for the most part; conducted for purposes other
than studying the time rate of consumer sbsorption of the product. Of interest
‘are L. Saxon Grsham, Selection and Social Stratification, Ph.D. Thesis, Sterling
Memorial Library, Yale University (1951); "TV Today: Report II," further data
from the NBC-Hofstra Study, Televieion Today: its Impact on People and Products
(New York, 1952); C. A. Siepman, Radio, Television and Society (New York, 1950).

number of important economic problems and well known economic theories depend

significantly on the ability to deal with the question of the response of

consumers to innovation. A few of these problems and theories may be suggested-
It was Schumpeter's view that both economic groﬁth and cyclical fluctuations

are the result and manifestation of innovationn2 The process of "ecreative destruction"

2 J. A. Schumpeter, The Theory of Economic Development (Cambridge, 1949).




revolves sbout the introduction of new innovations of a type which both increase
the efficiency of producing existing goods and displace old products in capital
end consumption markete. Within the scope of this theory, the rate of economic
progress, as well as the severity of cyclical disturbances necessarily depend
upon the nature of the innovations and the rapidity of the spread of écceptance..
It follows that a partial explanation of the problem of economic fluctuations,
the rate of growth of the economic system, and the rate of obsolescence of ald
methods and old commodities, msy depend to a large extent upon the rate at which
consumers are willing ﬁo adjust their preference fields. Lack of knowledge as
to how this process comes ébput is a serious hiatus in economic knowledge.

The fact that the consumjtion function in the United States has exhibited

a steady secular upward arift is well known. One hypothesis which has been
suggested as an explanation ﬁf this drift is that it is attributable to the

steady introduction of new comm.odities.3 To give operational meaning to this

3 Duesenberry, gp. git., pp. 58-61.

hypothesis it 1s necessary to determine to what extent different new goods are
additions to aggregate demand. .Verification of the hypothesis, and prediction
of the effects on aggregate demand, depend upon the study of & number of new
consumer goods and, particularly, on the rate of absorption of the new goods.

In a full employment economy, if a new consumer good is introduced, resources
will'be diverted from other uses into the production of the new good if the resources

required are greater than those released by the rate of growth of productivity.
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As the new commodity gains acceptance its subsitutes may lose ground, if not
absolutely, then relatively. The speed of this acceptance and the nature of
thessubsiitutesare important factors in determining changes in the pattern of
resource use.

Finally, it is suggested that economists can perform a valuable service
if their studies of.new products help remove some of the uncertainties associated
with prospective innovations and some of the maladjustments associated with
innovation and the relocation of productive resources.

A basic premiee of this inquiry is that an examination of the various
characteristics of new commodities and the consumer groups who purchase them
will assiét in predicting consumer response to similar new commodities. A knowledge
of the sales level which can he expected at diffefent prointe in time presents the
means whereby the effects of new commodities on indﬁstrial growth, on economic
stability, on the distribution of income, and on the other issues which concern

economists, can be analyzed.

II. Hypotheses

For statistical reasons discussed in Appendix C, the dependent varisble
used for the purpose of fitting regressions is a linear transformation of the

logistic function:

>

1
b= n

1+ ~(a+ L bx)
e j=1 1l

where 5 is percentage TV ownership and x, is the i-th of a set of n independent

i
variables. The general shape of the function is that of the cumulative normal

curve. As shown by Roos and von Szeliski and also by de Wolffh in their respective

L Roos &and von Szeliski, op. cit., and de Wolff, op. c¢it.
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studies of sutomobile demand, a function with the same general) shape as the
logistic function has economic meaning when gpplied to the problem of the growth
of demand for a new consumer durable good. In the view of Roos and von Szeliski,
automobhile sales dC/dt depend in part on the potential market, (M-C), where

M 1is the saturation level and C 1is the present stock of automobiles owned by
the public, and also upon C independently. When C is very low, potential
sales are high but do not materialize at a rapid rate because the product is in
its experimental stages and therefore few consumers are bold enough to be "{nnovators."
Graduslly, however, consumer resistance is overcome as it becomes evident that
purchases are beilng made by other persons. The rate of increase of sales with
respect to the stock of ownership rises until one-half the potentisl market is
covered. Subsequently, the ratg of growth of ownership declines as the décline of

the potential market, (M-C), overcomes the positive effect of increasing general
2

acceptance.

5 let, 8 = aCc(MC)

where § = d0/dt, theé rate of sales, and let a be an arbitrary constant
greater than zero.

ds/dac = a(M-2C) .
Consequently, if '
as/ac > o ,

C < .m L]

If C 1is expressed as a percent of M, and if M is 100% ownership,
the rate of increase of ownership will be at a maximum at the ownership
level of 50%.
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Applied to TV ownership, the Rcos and von Szeliski hypothesis suggests
g function of percentage TV ownership with respect to time and other independent
variables the shape of which is closely approximated by the logistic function.
Consequently, if hypotheses are stated as functions of & linear transformation
of the actual growth curve, they must be interpreted to imply that the relation-
ships depend upon the level of TV ownership, relative to saturation, which
already obtains. The linear transformation, X, of the logistic function is
ln(ﬁ/(l-ﬁ)), where '% is vercentage TV ownership in an area. The preliminary
hypothesesto follow are all stated in terms of X, the "logit" of D, and
are to be interpreted as partisl relationships.
1. Up to a certain income level TV ownership in an ares is expected to increase
as income 1ncreases; However, TV is expected to be an inferior good and, as a
consequence, ownership among middle income groups will be higher than among high
income groups because TV provides middle income groups with the means with which
to save on other entertainment expenditures. Sympolically,

X = ao + 8y Y

vhere Y is median personal income received by families and unrelated individuals

in an area. To this expression the interaction hypothesis:

ie added. The relationship between X and Y will therefore t2 the parebolic
function:

X = ao + aeY - aB Y2 .

2. TV ownership in en area will incresse as the length of time the srea has besn

exposed to TV coverage increases and as the number of availsble signsls incresses,



Accordingly,

X = b0 + bl Ta + ‘o2 Ts

where Ta 1is the age of the oldest 8tation in the area, and Ts 1is the

number of available singals. Because X 1s ststed as & linear re;ationship
with respect to Te and Ts, a saturation level of 100% ownership is implied.
Tt is reasonable to suppose, however, that "relative" saturation levels short of
100% may be reached. For example, where television coverage is poor, there
may be no combination of other factors which will bring a portion Qf the poten-
tial market over the threshold between non-ownership and ownershipff Similarly,
the n-th signal established in an area may be expected to have a smaller impetus
to increased ownership than the introduction of the preceding signal. These

possibilities may be summsrized by:

bl = b3 - tha
and,

b, =b_. -b
Combining the expressionhs:

) 2 ) 2
X =b +byTa = bTa" + b.Ts - bTs" .

The proviso that @X/dTe and dX/dTs remain greater than or equal to zero over
the range covered by the data must be added because it is not reasonasble to suppose
that decreasing values of X could possibly be.associatéd with increasing values
of Te and Ts .
53 TV ownership will be inversely related to the educational level E attained
by perséns on the grounds that;
a. It has always been, and still remains, a common complaint among highly
educated persons that TV offers litile in the way of serious high level

entertainment.
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b. Highly edugated persons fear the effects of TV on their children.
¢. Highly educated persons are apt to prefer sctivities in which
they can participate actively to "canned" entertainment.
It is remsonable to suppose, however, that the objections to TV exhibited by
highly educated persons may break down over time, particularly as program choice,
reflected by an increese in the pumber of singals, increases. Symbolically,
X = Cy c. E

and,

which combine to yield:

X = ¢, - °2E + chTs .

4. 1In areas where median incomes are high, TV ownership will be associated in
an inverse way with the dispersion of income. The reverse will be the case where
median incomes are low. These hypotheselare offered on the presumption that:

a. The lower the dispersion of income in high median income areas, the
more persons, relative to the total in the.area, will have the means
with which to purchase TV.

b. The lower the dispersion of income, the greater will be the degree of
-social hamoggneity in the area ahd consequently the greater the social
pressure to emﬁlate neighbors.

c. Where median incéme in an area is low, a higher dispersion of income
indicates that more persons in the area will have incomes great enough
to afford set purchases than if the dispersion is low.

Symbolically, these hypothess may be written:

X= do - dqu
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where Yq ig the relative quartile deviation of income in an area, and:

dlﬂda—dBY.

Consequently,
X=4_ -4,Y +4,YY
o 27q 3 e
5. Urban dwellers will own fewer sets than suburban dwellers because alternstive

forms of entertaimment will be more easily accessible. Accordingly;
x(A) > x(U)
vhere X(&) and X(U) are the "logits" of percentage set ownership in "adjacent"
and "urban" areas respectively.
III. Data and Variables.

The study was made possible by the happy circumstance that in 1950 the Bureau

of the Census included in its Tract Statistic36 information on television ownership.

6 U.S. Department of Commerce, Bureau of the Census, 1950 Population Census
Report, Vol. III, "Census Tract Statistics.”

A Census Tract is & contiguous geograpﬁic area, varying greatly both in area ”
éﬁd in population., The number of dwelling units in a tract varieg from less than
five-hundred to more than ten thousand. Tracts are classified by the Census into
"urban" and ' adjacgnt areas. These categories make it possible to make urban-suburban
comparisons. Three tables of information are reported for each tract. Tables I and
II present breakdowns of the sex, race, and national origin characteristics as well
as income and education distributions. Table III reports household characteristics
including television ownership. With respect to TV ownership, households were

classified as "yes," "no," or "no response." In 1950 there were approximately 38
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cities for which data on TV reception were savailable.

The project derives much of its interest from the fact that in April 1950,
the date of enumeration, different areas had been exposed to different lengths of
time and intensities of TV coverage. For exsmple, Philadelphis, Pennsylvania
wag covered by three stations which, among them, had eccounted for a total of
108 station months. Omn the other hand, Toledo, Ohio had only one station, whick
had been in operation for 21 months. If tracts in Toledo and Phileadelphia that
are otherwise similar can be found, the differences in ownership in April 1950
caused by differences in TV broadcasting histories can be observed. As a consequence,
the combination of the Census Tract statistics with the history of TV coverage
in different c;ties makes it‘poasible to study the introduction and spread of TV

&s well as the factors governing the demand for TV at any one time.

A. Stratification
Tract statistics were published for sixty-two cities. Of these, twehty—fouf

are not used €ither because they}had no TV signals in April 1950 or because the
published date were not available when the study wes undertaken, The remaining
thirty-eight cities are divided into three televiasion éoverage ¢lasgeg. Class i
cities had only local slgnals in April, 1950. ciass IT cities hed only unambiguous-i.e.,
originating within a fiffy mile radius of the city-"foreign" signals. Class III
cities had at least one local signai and in addition had one or more ambigucus
{rifty to seventy-five mile redius) or unambigﬁons foreign signal.

. For reasons of ceamputation feasibility,.the semple was arbitrarily limited to
3,000 of the 7,419 eligible tracfs and was stratified in three ways. The first
stratification was the division of cities according to the three classes of TV

coverage. The second principle of stratification was to over-represent "adjacent” areas.
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The sample ratio of "urban" to "adjacent" tracts is two to one, compared with &

more than three to one ratio for all eligible trects. The final stratification

was by median income. To facllitate comparison between the various sirata, an

effort was made to represent them as evenly as possible. In strata where selection
was required, the method used was to choose every n-th tract, in each gity, following
the Census tract number. This procedure was modified to avoid, in so far as possible,

-

retaining geographieally adjoining tracts.

B.. _Yariables.

A complete listlng of the dates of station introduction in all tracted areas

was gathered from Television: The Buainess Magazine of the m_dnﬂm-r{ This

7  Television: The Business Magazipe of the Indusiry, vols. 3-7, 1946-1950.

information made it possible to define four variablea vhich describe the time shape
and intensity of TV coverage in different cities. The age of the oldest station

Ta and the number of signals Ts as of April, 1950 give a fair mesgure of the:
covefage of a city. Ho§8§ér, set ownership will probebly also depend on other
dimensiong of the history of coverage. For example,‘set ownership may differ in

two clties which had equal values for Te and Té if, in one city, most of thé
signals had existed'for some time, vwhile In the second city, all but the first
station had been recently introduced. This possibility can be taken into accourt
either by Tt, the average mge per station, or by T, the total number of television

étation months.
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The remeining variables were obtained from the Tract Statistics. Summary
measures such as median income, median education, and median number of persons
in dwelling units could be obtained directly from the published data. In other
cases, minor preliminary campﬁtations were necessary. Some information, for example
televisicn ownership, 18 reported by the Census as number reporting TV ownership,
and number reporting in the affirmative. It 1s thus necessary to divide the number
owning TV by the number reporting .ownership té cbtain the desi;éble yariable of
percentage TV ownership. In still other cases, as for example the relative quartile
deviation of inccne, it was necessary to calcu;ate the first and third quartile”

points from the fregquency distribution of income which was reported.8

8 The methods of calculating quartile points .and estimating points in open-end
classes are discussed in Appendix: A.

It is usefﬁl to have a complete list of the variables used in the study and
to idéntify them symbolically. Accordingly, we define,

Te - the age of the oldest station, local or unambiguous foreign, in months dating
backwards from April, 1950.

Te ~ the number of signals, local or unambiguous foreign, availeble in April, 1950w

T - the total number of local or unambiguous foreign television months dating
backwards from April, 1950.

Tt - the everage station age as of April, 1950. Tt = T/TB .

E - median education of persons 25 years old and over in yeers.

Y - median personal income in 19h9 received by families and unrelated individuals.
Yq - the relative quartile deviation of income.

A - median age of the male population between the ages of 14-6k.

Ac - the percent of the male population under 1l years of age.
Aa - the percent of the male populstion over 64 years of age.
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N - the percent of the total population, non-white.
M - the percent of the male population, married.
F - the percent of the total population, female.

F1f-the percent of the female population over 1k years of age in the labor force.

00 - the percent of aceupied dwelling units occupied by their owners.

C - the percent of those reporting who have more than 1.0l persons living
in one room.

DU - the median number of persons in dwelling units.

'5 - the percent reporting TV ownership who own sets.

X = 1n(B/(1-D)), the "logit" of percentage TV ownership.

«_ Testing of eie; evision Coverage an come .

Multiple regression analysis is used to test the income and coverage hypotheses.
With respect to the TV coverage variables multiple regression analysis is fhe most
useful technique to employ because different combinations of several variables may
be tried in order to obtain the best possible fit. 1In the case of income, the
rngessions employed in testing the hypotheses of this section will later be used
to calculate residuals which in turn serve as the dependent varisble for the analysis
of subsequentsegtions. In this way the effects of the higﬁ cofrelationa between: |
income and other in@ependent variables are removed. The anslysis is, for the time
being;, confined to Classes I and TIII. Cless II 18 & small Cl&SSOf?Only four cities,
where, because a particular value of one coverage variable is asegociated with a unique
val#e for all other coverage variables, it is obvious that meaningful regressions,.

containing more thén onekof the coverage variébles, cannot be calculated.

A. TV Coverage Hypotheses
In addition to simple testing of the coverage hypotheses, -1t is desirasble to find

the appropriate combination of independent varisbles for the estimating equations of
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Table T

Class I Regression Coefficients, Explained Variations (82), Coefficients
of Multiple Co-Determination (R}, and t ratios (bracketed values)
for Regressiodns Relating Income and Television Coverage
to X, the "logit" of Television Ownerdéip¥*

Code Independent Variables
Constant Y Y2 Ts Ta Tt T T52 Ta2 Tt2 82 R2

T:a ~4.537 6818  -.04kk  .0384 .0298 .NO32 x x X x' 1,342,285 .6951
(20.Tox*) (12.58%%) (4.61%%) (14.87%%)(1.07)

I:b -4.501 L6772 -.0441 0366 .031L x x x x x |1,341,789 .6948
(20.76%%) (12.55%) (k. howx) (11.k7*x)

I:c -4.467 0 .68%0 -.004  .0013 L0307 X .0011 X x x |1,329,113 .6882

I:d -4.010 8176 -.0558 x X X L0053 x x x ]1,128,171 .6463

I:e [--5.058 6802  -.0441  .2028 059 L0463 x =-.0162 .0001  -.0009 1,347,132 .6976

{ 20.60%x) (12.43%x%)(2,10%) (0.31) (2.94%*) (1.63) (0.65) (2.60%%)

* A single asterisk accompanying & t-ratio denotes significance at the 5 percent level. Double asterisks
denote significance at the one percent level. An x indicates that the particular variable was not included
in the regression. The total number of independent observations is 1,373. The total variation about the

sample mean of X is 1,931,184.
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Table IT

Class IIT Regression Coefficients, Explained Variations (Se), Coefficients
of Multiple Co-Determination (R®), and t-ratios (bracketed values)
for Regressiong Relating Income and Television Coverage
to X, the "logit" of Television Ownersghip*

Code Independent Variables
Constant Y Y2 Ts Ta, Tt T T52 Ta2 Tte 52 R2

ITI:a | -3.712 .7h06 -.0592 .0428 .0071 .021k X x x x 614,549 L 4OU6
(17.58%%) (11.71%*)(3.00%*)(1.64) (4.00%*)

III:b | -3.612 L7239 -.0580 -.0036 .0256 X x x x x [603,342 4856

ITT:c | -3.699 .7118 -0570 .0291  .0303 x -.0018 X x x {603,020 .4845

IIT:4 | ~3.273 LT726 -.0609 x x x .0034 x x x {553,178 .Lh52

ITI:e | -5.652 L7201 ~-.0555 .3671 - .0481 .1259 x -.0120 -.0018 -.0015 {737,372 .5935
(19.13%*) (12.28%%)(7.54**) (4.35%*%) (6.68%*) (2.48%) (2.67%%)(2.83%)

*A single asterisk accompanying & t-ratio denotes significance at the five percent level. Double

asterisks denote significance at the one percent level. An x indicstes that the particular variasble

was not inecluded in the regression.

total veriation about the semple mean of X is 1,242,431,

The total number of independent observatiocns is l 4000 The
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Classes 1 and IJI. The process of finding these variables is broken down into
two stages. The first step is to try different combinations of the linear forms
to Qetermine if all four coverage variables are independently significant. Non-
linear forms are then added to test the relative saturation hypotheses and to see
if they yield an improvement in fit. Because the correlation between the coverage
variables is high, finding the appropriate variables requires a rather lengthy process
of trisl and error in.which many different combinstions of independent variables
were tried. The complete process need not be described. A brief review of the
links in the chaein is, however, instructive. |

T 4is a composite variable which reflects the length of time TV has been
available, the intensity of coverage, and the time shape of coverage. Ts and Ta

may be assumed to be independent of each other,g the first describing the intensity

9 This is, strictly speaking, not true. In areas where Ts is large, Ta also
tends to be large.

of coverage in April, 1950 and the latter describing the length of time TV has been
available to the area. Because Ts and Ta are viewed as being complementary,  the
gquestion is to determine whether the combination of Ts and Ta yields a better
explanation than T alone, and also whether T maskes a significant addition tq

Ta and Ts . The regressions I:b, I:c, I:d, III:db, III:¢c, and III:d of Tables
I and II were computed in order to answer these questions. Comparison.of the S2
values of the :b end d regressions in both classés clearly shows that Ta and Ts
yield better results than T alone. Testing for the significance of the addition

2

of T to Te .and Ts by subjecting the differences 82c -5 b to F tests, yields

insignificant F ratios of 1.10 and 3.75 in Classeg I and III respectively. As a conse-
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quence of these tests it seems clear that T can be dropped from the analysis.

The combination of T8 and Ta do not give a comﬁlete description of the
time shape of TV coversge. ‘For example, a difference in percentage ownership
would undoubtedly exist between two areas were Ta is 25 months and Ts is equal
to 3,Iif in one area all three stations were introduced 25 months ago while in the
other area all but the first station are one month old., As a consequence of this
possibility Tt was tried together with Ta and Ts . 1In the resulting regressions
(I:a end III:a) Tt is not significant in Class I but is significant in Cless III
where, however, the addition of Tt has mede the coefficient of Ta 1nsignif1cant.
From these results it can be concluded that, with the data at hand, the added time
shape dimension does not improve the explanafion of TV ownership.

Regressions I:a and IIl:s were uséd to compute the residuals which are later
employed as the dependent varisble in variance and regression analysis conducted -
for the purfose of testing remaining hypotheses and supplémenting the results with
analysis of additional independent variables.

The final step in the process of estimating TV ownership in terms of the cdverége
variables is to add the non-linear forms Ts?, Taa, and Tt2 in an effort to test
the relative satﬁration hypothesis. The results of the additions are the regressions
I:e and IIT:e. In Class III the addition of the three higher order terms improves
the fit markedly. The additional variation explained by adding these variambles is
122,82% which amounts to 9.8 percent of the total variation in Class III. R is
raised from =h95 to .593. The improvemaitin fit ;s such that all independent varlables
are significant at the 5% level and only T32 is not significant at the 1% level. In
Class I however, there is almost no improvement. The additional variation explained
by adding the three new variables (82e - Sea) yields a barely significent F ratio

of 3.82 and 1lifts the value of R2 by about one-fourth of one percent. A2 a consequence
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it can be concluded that the relative saturation hypothesis cennot be supported

for Class 1. |
Interpretation of the results is facilitated by graphic presentation. For

purposes of illustration four mythical tracts, all assumed to have median income

values of $4,000, are chosen and four different broadcasting historieslo are ascribed

10 The particular histories are those of actual cities. A may be identified with
St. Louis, Missouri; B with New York, N.Y.; C with New Haven, Connecticut; and
D with Detroit, Michigan. :

to these tracts. It will simplify the presentation if the particular broadcasting
histories are labeled in accordance with the code of Table III. Comparigon of the

time paths of absorption beteen A and C tracts show differences between Class I

TPable 111
Code . Television Class Number of Signals
A I one
B I gseveral
cC IIT one
D I1T several

snd TII areas with one signal. Comparison of B with D shows differences between
Class I and III tracts with seversl signal, and comparison of A with B and C with D
shows differences due to different levels of coveragelin cities of the same coverage
class. The time path of absorption of TV for A is plotted in Chart 1, for C in
Chart 2, and for B and D in Chart }.

A single signal is assumed to have been introduced at t(0) in tract A.
Subsequent increases in percentage ownership are associated with the mere passage

of time. Because the non linear forms of the coverage varisbles were not found to be
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significant in Class I cities, the curve which is traced out is a gimple continucus
logistic with 100% saturation expected in approximately 180 months.

In tract C (Chart 2) a single signal is introduced ai t(0) and as in tract
A subsequent increases in ownership sre aésociated only with the pasgage of time.
However, in this Class III tract the non-linear coverage variables were significant
and thus, in accordance with regression IJI:e relative saturation is reached and
the rate of increasse of percentage TV ownership beings to decline after the eighteenth
month. Because, in Class III, curves fitted to the data would show declining
ownership as time passes béyond thirty months, it is not useful to extrapolate curve
C beyond the range of time covered by the data.

Curve B (Chart 3) is the curve appropriate for the Class I tract with several
signals, while curve D 1s the appropriate curve for a comparable Class III tract.
Assuming the existence of three signals at the outset in B, estimated percentage
ownership at t(0) is .080. Absorption increases to approximately 20% over the next
twenty-nine months. 1In the twenty-ninth month a new signal becomes available. Another
new signal is introduced in the thirtieth month and a third in the thirty-second month.
The effect of these new signgls is to produce & more rapid increase in ownership
over the three month pericd. Subsequently, ebsorption proceeds at the old fate‘ﬁntil
the forty-eight month at HQich time the seventh, and last, signal is introduced; Again
there is an increase in the rate of sbsorption and a subsequent return to the old rate.

Thé Class IIi tract with coverage D begins its career with one signél and con-
sequently less ownership at t(0) than tract B. There is, however, a rapid increase
in ownerghip and by the sixth month percentage oﬁnership in D has caught ﬁp with
ownérship in B. Absorptioﬂ continues at a more raéid rate than in B. Howevef,'the
diminishing slope of the curve after t(6) indicates that & mild degree of relative

saturation has begun to set in. 1In the thirteenth month a new station is esteblished
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in a nearby city and in the sixteenth month time more local stations are established.
The effect of this station introduction is to increase the subsequent time rate
of sbsorption to a higher level than was obtained with one signal. By the twenty-fourth
month, however, the rate has begun to decline as saturation, relative to the number
of signals, begins to set in.

Comparison between Class I and Class III areas 1s instructive. In general,
Class I is dominated by large cities such as New York and Chicago where a steady
introduction of new signals helps to shift relative saturation levels up. Because
the regressions utilized to estimate absorption in small Class I cities also iﬁcluded
the New York and Chicago data, it quite naturaslly appears that relative saturdtion is
not reached in any Class I city. Initially, TV appears to be greeted much mofe
avidiy in Class III.cities. This fact is probably due to the circumstance that the
average Class III city is smaller than the average Class I city and therefore has less
to offer in the way of alternative entertainment opportunities. However, the average
number of signalsavailable in the average Class III city is less than in the average
Class I city. In asddition some of the coverage may be poor because it is external.
Az a consequence of this relatively poorer coverage, it is not.surprising to find

relative saturation levels in Class III.

B. Income Hypothesis

That television is an inferior good with respect to income is clearly supported
by the available evidence. In the final estimating equations, I:b and III:e it is
evident that the coefficients of income and income squarel are highly significant.
. Increasing income is associated with increasing X and p wvalues until income

levels of 7,676 and $6,487 are reached in Classes I and III respectively. Beyond
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these income levels, additional income is associated with declining percentage
ownership. The estimated relationships of income on p for the two classes are

traced out in Chart h.ll

11  The values of the intercepts were obtained by substituting the mean values
of the coverage variables in the respective classes. This substitution yields
the regressions:

Itd' X = x -2.955 + .6T772Y - OU1Y?
and, o '
IIX:e' X = -2.684 + .7201Y - .05551’2
from which the curves in Gha;t 3 are traced.

Before concluding that television is an inferiof good with respect to 1ﬂcome,
the possibility that alternative hypotheseslmight yield equally good fits must be
considered. The most likely hypothesis of this naﬁure would be that increasing |
percentage ownership is associated with increasing income but at a donstantly
diminishing rate. In ﬁhis case, percentage ownership would approsch a maximum -
assymptotical;y as income increases but would never exhibit an actu%l decline
no matter how great income becomes. The logical function to use in testing this
hypothesis would be a logarithmic curve or & hypérbolg. “It.is not necessary .
actually to fit such curves to compare the differences, because a simple calculation
of the mean values of the residuals, V, in different income classes, indicates that
the regressions I:a and III a slightly overestimate X for very low and very high
income levels and slightly underestimate X for intermediate levels. Consequently,
an improvement in fit might be cobtained by adding the third order term, Yj, to“the
existing regression, while substitution of a legarithmic or hyperbolic function

would unquestionably harm it.
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C.  Interactions Between Income and Coverage Varisbles.

It is evident from Chartlh that considersble difference exists between the
income regressions of Classes I and JII. In Class I, ownership is lower than
in Class III for income levels up to a level of #7,150 when estimated Class I
ownership begins t6 exceed Class III ownership. As income increases the spread
between the classes grows wider. Because clties were classified by the type of
TV coverage they had, it is reasonable to expect the differences in income
regressions to be traceable»to differences in coverage. Such a difference, or
interaction, could he taken into account in the regressions by terms of the
form YI's and YTle . Analysis of the interaction proceeds by dividing the

data into the two coverage classes and conducting anslysis of variance12 with the

12 For a discussion of the variance analysis model used in the anslysis see
Appendix D.

data in each coverage class divided into a) five income classes and five Ts
classes, and b) five income classes and four classes of Ta . The results

are summa;ized in Tables IV and VI.

Table IV.
Ans a ce on V for e e agsse
an e eg of 81 . *
Source : Varjation egrees reedom F_ Ratio
Explained Unexplained Numerator  penominator
nggs | : .
Mean . — 588,901 S 1,373 —
1) Ts 11,700 577,201 5 1,368 5.45%%
2) Y ' 32,313 565:588 > 1.568 16°05**
3) YTs 55,091 533,810 25 1,348 5. 57*%
k) (3)-(2)-(1) 20,046 533,810 15 1,348 3. howx
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ble . ontinue

sis of Varisnce on or e e es

*

and Five Classes of Signals. Ts.

Source Yeriation Degrees of Freedom F__Ratio
‘ .Explained Unexplsined Numerator Denominator
Class 11T :

Mean -— 627,882 — 1,396 -—
1) Ts 118,635 509,247 5 1,391 64.83%%
2) Y 8,235 619,651 5 1,391 3.70%*
3) YTs 143,960 483,922 25 1,371 16,31%*
L) 15 1,371 3.25%

(3)-(2)-(1) 17,091 483,922

* The identicel format as the above is used in subsequent analysis of variance
tables. The criterion of acceptance used is the one percent level of significance
denoted by double asterisks. A single asterisk denotes significance at the five
percent level. '

The variation explained by Ts (row 1) is high in Class III but quite low
in Class I. This result is in line with expectations because the non-linear forms
of the coverage variables added little to the explanation in Clsss I but did add
significant amounts to the Class III explanation. The interaction terms are
significant in both classes. To simplify the interpretation of the interaction
terms the five Ts classes are collapsed into two clesses where the first class
includes one to three signals and the second class includee four to seven signals.
The means of these classes and the differences between these means are computed -

and entered in Teble V and are plotted in Charts 5 and 6.

Table ¥
Means of Residuals for Five Income and
Two _Signal Clasees.

lag Y, Y, Y3 ¥, !5
1) Ts, -.1327 L0365 .02h46 -.0356 .1052
2} Ts, -.2284 -.1036= 121 - 1479 -.1600

3) Difference L0957 L1401 -, 1175 -.1835 .2652
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Table !'Qontinues

e of ive Income
Iwo Signal Classes.
Class IIT Yl. Y, Y:,) Y, Y5
1) ‘I'sl -.0018 .1232 .0815 -.0872 -.2949
2} Ts,, -.3129 -.1239 .0256 -.0020 L0179
3) Differences «3111 2471 ~.0559 -.0052 ~.3128

If no interaction exists, the entries in row three would all be of_nearly
equal value and with the same sign. This is obviocusly not the case. In Class T
the residuals are poslitive for high income classes which indicates that regressibn
I:a underestimates ownership among high income ¢las§es for cities with few
signals and ove:estimates ownership for cities with numerous signals. This difference
may arise from the fact that the cities with more signals provide betlzr entertsinment
alternatives than the cities with only a few signals. Th;s suggests thaf the
‘degree to which TV is inferior with respect to income depends upon the degres to
which alternatives exist. Hot doge can be inferior to steak only if stéak is a =
possible alternative. If steak is unknown, and if no other mesats exist, hot dogs
would undoubtedly be considered a choice delicacy. As the alternatives improve, |
therefore, the more.inferior can TV be expected to become.

The upshot of the argument is as follows: ﬁad fhe interaction between Ts and
Y been taken into account in the Class I regreesion, the coefficient of YT®
would have been negative and thus peak ownership would have been reached at a lower

level of income and the whole curve would have been rotated slightly downwards about
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the intercept .15

. .
13 VWhen X = ao + B

Y - aaYz maximum ownership is reached when Y = _ 1 .
2a
2
Asswming that the effect on the coefficlents of Y and Y2 of adding the
interaction term is negligible, we have:

1

X = ao + alY - a2Y2 + aBYTs .

Maximum ownership 18 now reached sat,

al,+ ‘5??
Y= 2a *
_ 2
It _
8 8 4 aaTa
2&2 2&2
then,

0 > a Ts .
3
Consequently, if a, 1is negative maximum ownership occurs at a lower income
level and if it is Bositive maximum ownership will occur at a higher incame
level.

It is evidenf from Table V, that in Class III the interaction effect is the
oppoasite of that obtained in Class I. Regression IIT:a underestimates ownership
for high incomes wiﬁh few signals and slightly overegtimatea ownership for high
incomes with many signals. It is plausihle to suppose that in Class I citiea the
ratio of TV coverage to alternative entertaimments, 1f gsuch an index can be 1magined
decreases as the number of signals increases while in Class IIT this ratio increases.
As a consequence, the coefficients of the interaction term in Class IIT will be
.positive—-i.e., there Qill be an.a@poainstendeﬁcy to the inferior good'effEQt
resulting from better coverage relative to alternatives-and therefore the regregsion

line will rotate slightly upwards thus increasing the income level st which peak

ownership oceurs.
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The combined effects of the Interactions in the two classes suggest that
when the interaction between Y and Ts is taken into account, the spread
between the Income regression lines narrows. ‘ | |
The possibility of the existence of an interaction between the passage of
time from the date of introduction of the first station, Ta, and income, is
considered below. Table VI summarizes analysis of varience for the two coverage

classes, in five income classes and four classes of Ta .

Tsble VI.
Analvei srisnce on for e Income gges and

. Clagseg of Age of Qldest Stetion. Ta .
Source | Variation Degrees of Freedom F_Ratio

Explained Unexplained Numerstor Denpominator
Cless I C
: Mean : - 588,901 - 1,373 N
1) Te 1k,620 574,281 I 1,369 6,33
2) YTra 50,352 538,349 20 1,353 32,04
3) (YTa)%a-Y 3,49 538,349 10 1,353 0.8
Qlass III

Mean — 627,882 — 1,39 _—

1) Ta 62,417 565,465 b 1,392 38, haxx
2) YTa 95,674 532,208 . 20, 1,376 12, 36%%
3) {YTa)~-Ta-Y 25,026 532,208 10 1,376 6. 7

The variation explained by Ta in Class I is qpite small while in Class III
it is quite large. As with Ts this result 1s_to be expected from the fact that
non-linear forms of the coverage variables improved thg fit significantly in
Class III but did not do so in Class I.

Thelinteraction term is not significant in Class I. On the basis of the .
present analysis it cannot therefore be asserted that the passage of time will have

any effect on the shape of the income regression. In Class III, however, the
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interaction term is significant. The nsture of the term cam be explored by
employing the procedure of collepsing the four Ta classes into two classes.
The mean and differences of V in each class are entered in Table VII and are

posted in Chart 7.

ble V
eans of Res ' g _for ve Income
and Two Ta Classes
Class III Yl_ Y2 Y3 ¥y, Y5
1) 'rsl -.0846 .0758 0526 -.0043 0155
2) Tﬁa -03088 "01299 01109 “ "'olll-OE 'u155}+
3) Difference 2242 2057 -.0543 «1359 .1709

X, 1in Cless III, is ovefestimated by regression III:a for high income
groups wvhen Ta in large. Consequently, had en interaction varisble YTa
been included in the regression the coefficients would have been negative
wvith the consequence that fhe regression line: of income on X would have
been rotated downward about the 1ntercept. This interaction term would have
widened the spread between the Class I apd TII regressien lines.

Taking both the YPs and YTa 1nteraetions into account, the net effect
oh the regression line of Class IIT would have been negliglble because the
coefficients of YI® and YTa would have had opposite gigns end thus the
effects would probably cancel each other. The Class I regression would, however,
clearly be rotated downwards as the coefficient of YTs would be negative while
the coefficlent of YTa would gt bhe significantly different from zero. The net

effect, therefore, would be to narrow the gap between the Clase I and Class 111

regresgion lines.



id

+30.m,

.20

-'10

-020_

- 26a -

Chart 7.

eans d_Differences fo (o) =

of dest Sta n

s8¢

Income Class.*

Differences

1 - $0 months,

30 months and over.

0 - 1,999 dollars
2,000 -~ 2,999
5,000 - 3,999
4,000 ~ 4,999
5,000 and over.



_2"(..

D. Analysis of Class JT

| It is not possible to analyze Class II with the methods used to treat Classes

I and III. There are only four cities in Class II. Each value of Ts 1s
associated with a unique value for the other coverage variables. Consequently,

a meaningful jegression containing more than one coverage variable cannot be
computed. Although this difficulty makes 1t impossible to conduct as thorough-going
an enalysis in Class II as in the other classes, some interesting comparisons may
nevertheless be made.

Intuitively, TV ownership might be expected to be highest in Class I, second
bighest in Class III and lowest in Class II where only foreign coverage is available.
However, the weighﬁed méan values of X in the three classes Show this suspicion
to be false. X equals -1.1186, -.9033, and -1.7037 in Classes I, II, snd III respectively
Percentege TV ownership is conseqngntly highest in Class IT and lowest in Cless III.
The high level of ownership 1in Class iI is probdbl& due to the fact that-two‘of the
four cities in Clé;s iI*Bridgeport and Paterson-receive New Yorkfsleven:signals.

In no other Class do half the cities recelve this many signals.

A second comparison might be made between Class I and III cities with ci{ies in

Class II which have campérable numbers of 8ignals. The result of such & comparison

are entered in Tabl; VIII. The entries are the weighted mean values of X .

Table VIII
ean Value ' for three erage
Clasges by.9ignal Class
Tsl Tsj- Ts7
Class I - 2.0238 - 2.0167 - 0.8116
Class II - %.200% - 1.2925 - 0.6330

Class IIT - 1.2259 - 1.0801 - 0.TT48
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Where there is only one available signal X 1is lowest 1n_C}ass IT. With
three signal;, however, Class II moves up tc an intermediste pogsition, and with
gseven signals X is highest in Class II cities. The low ownership in Cless IT
cities with one signal is probably due to the fact.that the one foreign signal
whiqh is received will inevitebly be higher than a local signal. On the other
hand, the cities with no home signal and seven external signals, Bridgeport and
Paterson, are fairly small cities with limited alternative entertainment fsacilities
and thus comparis;n with the Class I cit} from which the seven signals originate
(New York) shows that percentage ownership is higher in the Class II cities than
in the Clﬁss.I city.

Finally, ;t is interesting to compare the relationship between {ncome and X
in the three classes. Table IX summarizes the income regressions for the ciaéées.

In Class II a Y2 term is not significant, a result which may be interpreted as

Table IX
Regressions and Coefficients of Multiple
ete tion . R f Income on for Three Cove e Clasges.
Class | Regression | R B
I X = - 3.285 + .8058Y - .051.;1!2 <3179
IT X = - 3.195 4 .6T701Y : 1833 -
ITI X = - 2.987 4 .T543Y - .0552Y° 3363

supporting the conclusion reached before--namely, that in the ebsence of alternative
entertginment opportunities, TV becomes less of an inferior good. In addition, the

low value of Ra in Class II suggests that, again; because alternatives are not

8 readly available as in most Class I and Class III cities, TV comes closer to becoming
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g household necessity and consequently income makes a smaller contribution to the
explahation of the level of ownership.

Y. _Tesgting of Hypotheses Concluded

In this aection the remaining preliminary hypotheses which were set forth
in Section II are subjected to statistical tests and the resulis of the tests
are interpreted. Whereas regression analysis was used in testing the income and coverage
hypotheses the resulte of the present section are obtained by means of variance
snalysis on the residuwal, V, of regressions T:a and JII:a. The results of the
pection may therefore be interpreted as being free from interference with possible

ecorrelations with income and the linear coverage variab;es,lu

14 It should be observed that independent varlables which are significant on’ Vv

will alsc be significant on X . However, if the independent varisbles are nmot - .
significant on V, they may nevertheless become s0 when taken on X together with

the variables originally used ‘o calculate V . 1In the analysis to follow no
adjustments are made to take account of this possibility, because variasbles which are
not significant on V can only become significant on X by "stealing" some of the
explanation from other variables and not by adding anything to the overall explanation.

Education 1818
Tsble X summarizes the resulte of analysis of variance on E, Ts, and, to

make sure that the education effects are not correlated, on Y .

Table X
7
is of Variance on on,
e 81 and Five e Classes.
Source | Yariation Pegrees of Freedom - tio
Explained Unexplained Numerator ngggmingsnr
¥ean — 1,216,783 — 2,767 —
LE 51,814 1,164,969 6 2,761 20, 46%x
2) EwTs 106,420 1,123,891 10 2,757 26.08%*

3) ETs 139,347 1,077,436 30 2,737 11.79%*
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ble ¥ Continue
Analysis of Varience on V for Six Fducation,
Five Signal, and Five Income Classes.

Variation Degrees of Freedom F _Rastio
gource Explaiped  Unexplained Bumerator Denominator
Mean
y) (3)-(2) 33,591 1,077,436 20 2,737 b, 26%*%
5) Y+E 73,866 1,142,917 10 2,757 17.80%x
6) (Y+E)-Y k9,425 1,167,358 5 2,757 2% . 3T**
7} (Y+E)-F 2,389 1,164,969 I 2,757 5 .66%%

The explained variation is row one is the variation expleined by grouping the data
into six education classes. The resulting variation of 51,814 is high relative

to the degrees of freedom used up and thus yields a highly significant F ratio

of 20.46. A regression equation with the residusl, V, as dependent variable and
the six education classes as dummy independent variables yields:

V= -.11;76}31 + °0629E2 + 0600E_ + .0890Eh + .00851.=:5 - .11:,50E6.

3

The coefficients of this equation are the class means of the dependent variable,
V. If, for example, E were twelve years, E5 would egual unity, énd all other
E's would be zero. V would consequently equal .0083 which is simply the mean
value of the residualé in class 5.

it is evident that the relstionship between education and TV ownership is
non-linear. For very high and very low educational levels the reslduals are
negative, while for intermediate values they are positive. Conseqﬁgntly, persons

vho have almost, but not quite, completed high school are the largest owners. The

result, for higher education leveis, is as originally expécted.l5

15 fThe possibility that the variation explained by the education classes is partially
due to correlation with the remaining effects of income gives rise to the entries in

row 5, 6 and 7 of Table X. A glance at row 7 shows that very little of the relationship
between E and the residuals is due to correlation with the remaining income effects.
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The interaction hypothesis-- that the effect produced by education will depend
on the number of available signals--is also supported by the fact that a significant
intersction (row & of Table X) exists. The direction of the interaction is, however,
the exact opposite of the exjected direction. The analyeis of the interaction i=
simplified in the same way as before--nemely, by collépsing the five classes of
signals into two classes, each being subdivided by the standard six education clesses.

In Table XI the respectivé cell means are posted in the first two rows. The
third row entries are the differences between the values in the first two rows.

These meéns and differences are posted in Chart 8.

Teble XI
Means of Residusls for Five Income and
Two Signal Classes

Class I E, E, E, E, E, B,

1) Ts, - .15%3 - .0302 .0866 .1298 0007 - .0164
2) s, - 1303 0757  .0500 - .0609 0132 - 2062
3) Differences - .0230 - .1059 -0366 | = .0689 - JQ125 - .2098

In the absence of interaction, the entries ip row 3 would be of nearly equal
values with the same slgn. This is clearly not the case. Two parabolas fitted |
vith the variables E and E2 for the two signéL clasaes would cross in two
pleces. The curvéture (the coefficient of Ea) would be greater with more signals
than with less and this is contrary to the interaction hypothesis which holds that
the coefficient of E2 should decline as T8 increases. In fact for the very
high educational levels a lower V value is observed where the number of available

signals is high. This may be explained as follows: A large number of signals
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exists only in the larger cities. The larger the city the greater are the alternative
entertainment opportunities. New York City, for example, had geven signals in
1950, but it also had a vasti number of theaters, art galleries, opera houses and
other entertaimment facilities which exist in other cities to a much smaller extent
if, indeed, they exist at all. The persons most likely to take advantage of these
entertaimment facilities are the most highly educated person and congseguently
these persons may be expected to substitute other forms of entertaimment in place
of television whenever other forms are available.

Is the relationship between education and the mere passage of time similar

to the relstionship between education end the number of signals? Table XIT

sumperizes the information needed to answer this question.

Table XII .

Analysis of Varlsnce on V. __for $ix Education
and Four Ta Clesses

Variation Degrees of ¥Freedom E__BRatic
Source Explained Unexplained Numerator Izgnszm,ga_m:
Mean - 1,216,783 - 2,767 -
1) Ta 16,458 1,150,325 b 2,763 ——
2) E 15,967 1,170,816 6 2,761 —
3) ETa 130,095 1,086,688 24 2,743 —_
¥) (3)-(2)-(1) 17,670 1,086,688 1k 2,7h3 3.19%+

The'interaction term 18 significant. Compressing the four Ta classes imto
two elasges and computing the means and differences of V 1n the various clesses

yields the entries of Table XIII.
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able

Means of Residuals for 8ix Education snd Two
Signal Clasges

E, E, Ey E), Eg E

Ts, - 1906 - 0189 - 0272 0695 .0258 - .1498
Ts, - .0719 1084 .1093 .0k66 - 0222 - 2804
pifferences - 1187 - 1273 - .1%65 - .0229 .0480 <1306

Beyond Eh differences between the mean residuals of the two Ta classes
increase with higher education. If the passage of time is ssscciated with a
breakdown of snobbism, such an effect is not discernible. A counteracting
tendency which may be attributable to the same set of circumstances that made the

education Ta relationship the opposite of what was expected, seems to prevail.

B. Income Dispersion
The hypothesis that the more closely knit a neighborhood, the greater will be
the degree to which the consumption habits of neighbors will be imitated, can be
tested by assuming that the dispersion of income in a tract, as measured by the
relative quartile deviation of income, Yq, is a fair measure of social homogeneity.
Table XIV summarizes the results of variance analysis conducted simultanecusly
with Y, Yq and also the urban-adjacent classification, U . U is included
because it is possible that differences between urban and adjacent tracts may be due
to differences in income dispersion. Because it is desirable to analyze @he'effects
of.the urban-adjacent clas;ification subsequently, it is convenient to include it
in the present classification. Income is included to make certain that all possible

income effects are removed:
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The explained variation in row 6 of Table XIV is the variation explained by
Yq . Although the size of the variation is not large relsative to what was explained
py Y end E, it is nevertheless significant. Row 10 gives the variation, on
y, added by Yq, after the effects of Y and U are taken into account. As is
evident from row 13, most of the loss of taking Yq along with Y and U‘ is

due to correlation with Y rather than with U .

Table XIY

Analyeis of Varjence on V_ for Five Medlen Income Classes,
Four Y (Classes, and the Urbasn-Adjacent Classification.

q
Variation Degrees of Freedom ¥ Ratics
ource Explained Unexplained Numerator  Denominator
Mean 1,216,783 _— 2,767 -_—
1) Y + Yq +U 76,326 1,140,457 9 2,758 20. hgxx
2) Y + Yq 52,440 1,164,343 8 2,750 15.55%%
3) Y+ U 54,365 1,162,418 6 2,761 21.52%*
L) Yq +U 79,848 ;,156,935 5 2,762 28, To¥**
5) Y 26,971 1,189,812 5 2,762 12.52%%
6) Yq 35,804 1,189,812 L 2,76% 21.02%%
nu 28,355 1,188,428 2 2,765 32, Q7**
8) Yy, 69,495 1,147,288 20 2,747  B.31ex
9) (1)-(2) 23,886 1,150,457 1 2,758 5T . Tox*
10) (1)-(3) 21,961 1,140,457 3 2,758 10, T7**
1) (1)-(4) 17,403 1,1k0,457 4 2,758 10.05%*
12) (8)-(2) 17,055 1,140,457 12 2,747 B ln
13) (2)-(5) 25, 469 1,164,343 .3 2,759 20.00%*

The relationship between the residual, V, and Yq is illustrated by the

regression:

V=.0688Y 1 - .0126Y 2 - .1 - . .
Yq 0 Yq 550Y q3 ou66rqu
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For tracts with very low dispersion of income (qu), the residuals are positive.
For other values of Yq the residuals are, as expeéted, negative. Low dispersion
of income indicates a greater degree of social homogeneity and consequent greater
pressure to conform. However, the higher V value for YqLL than Yq3 indicates
that the relationship is not a very precise one.

The interaction between Y and Yq, ag is evident from row 12 of Table XIV
is significant. The analysis of the interaction is again facilitaeted by collapsing

the four Yq classes into two classes. The means and differences of the remaining

classes are enterted in Table XV and are plotted in Chart 9.

Table XV

Means of Residuals for Five Income and
ncome spersion Classes.,

Y, 1, Y3 1, Y5
1) qu - 3400 0331 .0868 -0190 - 0177
2) qu - .1508 - .0815 - .0301 - .1822 - 1797
3) (1)-(2) - .1892 1146 L1169 . .2012 .1620

The entries lend support to the social homogeneity hypothesis. For very low
incomes TV ownership is ﬁighest in tracts where the dispersion of income is greatest.
For incomes greater than $2,000, however, the opposite is the case. TV ownership
is greater where the dispersion of income is lowest. This suggests that the homogeneity

of the neighborhood is an important factor in explaining ownership.
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C. Urban vs. Adjacent
Reference, once agaln, to Table XIV indicates that the final hypothesis--that

A TV ownership will be greater in suburban areas than in urban areas--is supported
by the evidence. The explained variation in row 7 is the variation explained by
d1 riding the data into urban and adjacent categories. The variation is reduced
gomewhat by the inclusion of Yq and Y, (row 9) but the effects of U remain
significant. The mean value of the residuals for urban areas is -.0506 and for
ad jacent areas the mean value is8 .0919. These valves suggest that there is a
considerable difference in TV ownership between urban and adjecent households.

The explanation for this difference may be that city dwellers are closer’
than suburban dwellers to the amusement centers of the city. Suburbanites, find-
ing it too bothersome to travel to the center of town, may be contentnto take thelr
enterteimment at home from the TV screen. On the other hand, it might be supposed
that there are good reasons why persons live in the suburbs rather than in town
and these reasons may give & truer explanation than the explanation that the trouble
of go;ng to the center of town varies in direct proportion te the distance from the
front door to Broadway. Common sense suggests that Iin moat cities and for most
persone it would probably be correct to say that the choice is not between the
TV set in Long Island and;the Belasco Theater  on Brpﬁdway'but betwgen the TV set
and the neighborhood theater or between watchiug the-bail game on the TV get and
geing to the local gand lot. Consequently, therdifferénces between set, OWnersﬁip
among urban end adJacént persons may be due not so.much to the distance to the
center of town but to true differences in the characteristics of households in urban
and adjacent areas, such as differences in family size, degree of croinng in the

home, home ownership and other factors. Same of these possibilities are explored below.
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Teble XVI summerizes the results of analysis of variance on V for the urban-adjacent
classification, six classes of median number of persons in dwelliing units, DU,

and four classes of percent with 1.0l or more persons per room, C .

Table XVI
Analysis of Varience on’ V for yhe Urb--; _ cent Cla : fication,
8ix Clasges of Median Number of Persons in Dwelling Units, and
Fo lasges of ent 1. r More Per Room.
rce Yarjation Degrees edom F_ Ratio
Explained ' Unexplained Numerator ngggg;natqr
Mean — 1,216,78% - 2,767 -
1) ¢+ DU + U 217,364 999,419 10 2,757 59.,88%*
2) C + U 215,998 1,000,785 9 2,758 65.T5%*
3) U + U 196,099 1,020,684 7 2,760 T5.T1%*
Y C+U 49,644 1,167,139 5 2,762 2% hpux
5) € 25,878 1,192,905 b 2,763 15.82%*
6) U 28,355 1,188,428 2 2,765 32, GTH*
T) U 194,077 1,022,706 6 2,761 B7. howx
8) (1)-(2) 1,366 999,419 1 2,757 3.7k
9) (1)-(3) 21,265 999,419 3 2,757 19. hoxx
10) (1)-(4) 167,720 999,419 5 2,757 91.90%#*
11) (3)-(7) 2,0z2 999,419 1 - 2,760 6.55%*

The explained variation in row 8 is what remains of the variation explained by
the urban-adjacent classification after DU and C are taken into account. This
remainder is not significant even at the 5% 1evél. When DU and C are taken 1ﬁto
account it is not gorth the loss of another degree of freedom to obtain the contribution
of the urban-adjacent distinction.

Rows 9 and‘lo show the explanations attributable to C after DU and U are
taken into account, and DU after C and U are taken into account. The 167,720
explained variation in row 10 is particularly high end indicates that fam;ly size

anks in importance with income and the extent of TV coverage in explaining!TV ownership.
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Further consideration of the importance of family size is deferred to Section VI.

C, the percent of households with 1.0l or more persons per room is clearly
a meaéure of the degree of crowding in the home. From Table XVI (row 3 minus row 7)
it is evident that the inclusion of (€ was not necessary as far as the reduction
to insignificance of the variation explained by the urban-adjacent ci=sgification
was concerned. Although it is reasonable to expect homes to be more ¢rowded in urban
than in adjacent areas, the difference in family size seems to compensate 1or this
difference. C, moreover, is probably not a very meaningful measure of crowding
because there is a large difference between the size of rooms. The explained
varigtion due to C 1is probably.arper caplta income effect. When households
are very crowded, per capita income will be low. Consequently, it is not surprising
to find that the class means of the residuals of the C classes yield the same

U sp&pe as the mean value of the residuals of the income classes.
: Supplementar 8 8

The analysis so far has concentrated rather heavily on the‘testing of the
formal hypotheses and the interpretation of the results. 1In this section additional
variables, pérticularly those concerning household characteristics, Are taken up.
The method of analysis employed is to screen the remaining independent variebles
listed at the end of Section III for significance by means of uni-variate variance
analysie. Possible correlations between varisbles are then analyzed by & series

of regressions on V.

. 8 of the Varisbles

Reference to the list of independent varisbles posted in Section IITI shows that

the variables not yet considered are:
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A - Median age of the male population between the ages of 1lh+6l4.

Ac - The percent of the male population under 14 years of age-
As. - The percent of the male population over 6k years of age.
N - The percent of the total population, non-white.

M - The percent of the male population, married.

¥ - The percent of the total population, female;

Flf-The percent of the female population over 1k years of age in
the labor force.

00 - The percent of occupied dwelling units occ¢upied by their owners.

DU - The median number of persons in dwelling units,

Table XVII summarizes analysis of variance on V for these varisbles, The
format of the table is the same as previous variance analysis tables with the
exception of an additional column in which the signs of the coefficients of the

independent variables are entered.

Teble XVII
Analysis of Varlance on V_ for Classes of A,
Ac, Ae, N, M, F, FIf, DU, and 00."
Source Varijation Degrees of Freedom F_Ratio Sign
' Explained Unexplained  Numerator Denominator

Mean e 1,216,783 - 2,773 —

A 40, 354 1,176,429 5 2,768 18.99%* -
Ac 78,299 1,138,484 4 2,769 47 .63%% +
An 33,840 1,182,943 Y 2,769 19.13%% -
N k2,539 1,174,244 4 2,769 25.09%% -
M 5379 1,209,404 L 2,769 L, 22%%

F 52,530 1,164,433 5 2,768 24 . 87x -



able Cof ues
Analysis of Varjance on V for Clagses of A,

*

Ac, As, H, Ms E, Flf, DU, and QO .

Source Varjation Degrees of Freedom F_Ratio Sien
Explained Unexplained Numerstor Denominator

11 I 194,077 1,022,706 6 2,767 B7.Loxx +

00 2,101 1,020,605 2 2,765 2.85 +

F1f 84,082 1,132,701 L 2,769 O 51.55%* -

* The variation explained by 00 is a remainder after the effect of I
was taken out. .

Table XVII suggests that OO0 may be dropped on the grounds that it is not
gignificant. Similarly, the explained variation of M 1is so small that it does
not seem worthwhile to cqnsiﬁer tt‘further; The remaining‘variables are all

,
significant when taken by themselves. Some of the signs, however, are the opposite
of what might be expected. It is not surprising to find that increased participation
in the labor force by females should be associated with less set ownership, but
that aﬁ increase in the relative number of females in a tract is associated with
less ownership is difficult to understand. Similarly, it is strangé to find that
an increasé in the relative number of aged persons 1s associated with declining TV
ownership.

These results suggest that there are undoubtedly some correlations between"
some of tﬁe variables and that whén these are taken into account the sighns of some
of the coefficients may turn out to be more in line with expectations.l In order to

test this possibility some of the more likely joint relationships are analyzed



with the aim of determining whether combinations of the variables yield different
results than univariate treatment. The analysis proceeds by means of regression

pnalysis conducted with a sub-sample of 554 observations. The dependent variable

in each case is the residusl, V . The regressions are reported in Table XVITI.
Table
Regression Equations on V and Correspondin

t Ratios (bratketed yalpes) for Selected Combinations of
Independent Varjables.#*

ode Regression Eguation
6.1 V=.0099 + .O771F - .1350F1f

(17.59%*) (19.20%*)

6.2 V = -.048% + .0027FLf + .OL4TN
(1.35) (16.65%*)
6.% vV =.0041 - .085laa + .0Q083A
(3.92%x) (2.04%)
6.4 V=-.0182 + .2719DU - .39%3Aa - .2568Ac

(38.19%%)  (38.54xx%) (33.13%%)

* Double asterisks accompanying a t ratio indicate significance at the 1§ -
level of significance, while a single asterisk indicates significance at the 5%
level. The criterion of acceptance is the cone percent level.

Regression 6.1 combines the effects of F and Fif . Whereas the sign
of the coefficient of ¥, when taken independently, is negative, it now becomes,
&8 originally expected, positive. The coefficient of. F1f remainé negative, g
result whiéh again is in line with common sense expectations. In addition, the
toefficient of F1f falls from the -.0166 it would have been had F1f been taken

8lone, to a value of -.1350
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The result suggests that the coefficient of F, when taken alone, is
negative because in tracts where the relative size of the female population is
large, a larger proportion of the females will participate in the labor force.
labor force participation, in turn, reduces TV ownership. BHowever, when both
F and F1f are taken together, housewives are, in effect, segregated from
working women and thus, as expectéd, V rises as the relative number of
housewives increases.

Regression 6.2 estimates V as a function of F1f and ‘N . The two
variables are.éombinedfon the expectation that participation iqlthe labor force
is higher for non-white femasles than for whites. The coefficients of both
independent varisbles are positive. Taken independently, the coefficienﬁ of
F1f would have been -.0166 and the coefficient of N would have been -.0h6k,
However, the coefficient of F1f is insignificant, and this indicates that N
and Flf are so highly correlated that, in so far as their relatiox{ship to TV
ownership is concerned, both are practically the same varidble.

The foregoing suggests that the relationship between F, FI1f, and N is as
follows: TV ownership is Inversely related to the relative size of the non-white
population. Once the non-white population has been tgken into account, additional
informetion regarding female participation in the lgbof force adds very little
to the explanation of TV ownership. There is, however, a strong correlation between
female labor forece participation and the relativg‘number of femsles in a tract. If
the number of labor force"participating females.is lérge, the proportion of those

who are housewives is apt to be small and TV ownership will be small.
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Further speculation on the causes of low ownership in non-white areas
suggests that perhaps TV programs are designed to appeal to a white audience
rather than to colored audiences. Except for sports events this supposition
is undoubtedly true. Perhaps the TV program makers have overestimated the
importance of incdme as &n enabling factor in owning TV and have therefore
guided their program makiﬁg tdwards a rather narrbw audience. On the other
hand, it may very well be true that there is a very real aifference between
white and non-whites.which, apart from income and program desigh, makes for-

s lower level of ownership among non-whites.

Regression 6f3 brings together median age of persons 1l4-64 years of"
age, A, and the relative number of aged persons, .Aa, in a tract. Independently,
the coefficlent of A is -.0062 and the coefficient of Aa is -.Obkh. The
negative values of Aa are unexpected because coﬁmon sense suggests thét"

‘old pérsons might welcoﬁe TV as s soﬁrce of relatively effortless enpertainment>
agd as a means of paasing their léisure hours. In regression 6.3, however, the
addition of A to Aa ha;jnot changed thé coefficient of : Aa to the expected
positive valﬁe. .The coefficlent of A, moreOver,_is not slgnificant at the

one percent level. Becausé both As and A are igﬁeﬁendently fairly significant

it is evident that where Aa 1is high A 1is also hig£ (the correlation coefficient
between the two variables is .916)‘gnd thus wﬁeg An is incluged together with |
A, the additional vafiation explained by A 18 unimportant. 'ConSEquently, if
there are relatively more aged persons in one tfact.than in another, median age

of persons lh-64 will also be higher in the first tract, and.higher age is associatea
with less TV ownership. Provisionally, it may be inferred that age makeg for

congervatism in the adoption of a new product such as TV.
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Finally, the combined effects on V of family size, children, and aged
persons are taken into account in regression 6.4. The sign of the coefficient
of Ac now becomes negative whereas it was positive when taken independently.
The coefficient of Aa is also negative and sbsolutely greater than the
coefficient of Ac, a result which is to be expected because the coefficients
of Ac and Aa are positive and negative respectively when the two are taken
independently.

Regression 6.4 must be interpreted with care. The addition of a child or
an aged person to & family necessarily involves an increase in family size.
When femily size increases, however, the increase is not necessarily reflected
in an increase in the number of children or old persons. The regression there-
fore suggests that as family size increases, the probability that a family will
own TV increases but that the increase will be smaller if the new family member
is a child instead of an adult. The negative coefficient of Aa when taken
independently suggests that an additional aged person may actually overcome the

family size effect and may reduce a family's probability of owning a set.

B. . The Inferior Good Hypothesis and Egmilx‘Size and Qggpggl&ign

The coefficients of regréssion 6.4 are so highly significant and the results
80 extremely suggestive that further discussion is in order.

At the outset it should be observed that the commonly held notion, that the
motivation behind the decision to purchase TV is provided by pressure from children,
is only a half truth. Adults may justify the purchase of a set to their snoﬁbish
frieﬁds in these terms but tﬁe present analysis indicates that, in fact, adults
themselves provide more motivation towards set purchasethan do children. The question
of why it is that the probability that a family will own a set is greater if the family
is composed wholly of adults rather than partially of adults and children, nevertheless,

remains. An asnswer to this question, it is submitted, can be found in the inferior
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'good hypothesis analyzed in Section IV and in the peculiar nature of teievisicn
as an entertainment economy.

Bacause income, as reported by the Census, is perscnal family incoms, and
" pecause the effects of family income have heen removed from these data through
"calculation of the residual, V, an increase in family size, family income
remaining constant, must ﬁecessarily be associated with a decline in per capita
income. The fact that as family size increases, TV ownership increases, suggests
that TV becomes more and more important as per capita income, and therefore the
ability to purchase alternatives, decreases. The greal advantage of television
appears to be that, once the initial cost of purchasing a set has been met, the
marginal cost of viewing one more program is negligible, and the marginal cost
of allowing one more family member to view a program which is already being watched
by others, is zero. On the other hand, the marginal cost of taking one more peérson
to the movies, or to a baseball game, is the price of admission and perhaps alsc
bus fare. It is clear, therefore, that there are considersble "economies of
scale” to owning TV.

The next question to be answered is: For what.age groups are these economies
the greatestf Casual cbservation suggests that because the méjority of aged
Persons are not habitual movie goers, TV is less of a money saving device, and
therefore less of an inferior good for families composed partly or wholly of aged
persons. In the case of children two factors aré:important. The admission price
to motion pictures is lower for children than for adults, and childrep, probably,
do not attend movies aé frequently as adults. Consequently, there will be &
lower saving on alternative expenditures if the family is partly composed of children.
However, a counteracting factor needs to be cited--namely, that the effective

admission price for adults to a motion picture, theater, or baseball game is reised
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if there are young children in the family because the cost of beby sitters
must be included. If, however, there are also aged persons who serve as baby
sitters in the family, this cost is not encountered.and consequently the need for
TV is lessened.

In conclusion, the results of regression 6.4 quite clearly seem to support
the inferior good hypothesis. Both on statistical and theoretical grounds there
is considerable reason to suppose that the probebility of ownership of TV increases

more if an adult is added to a family than if a child is added.

YIT: Summery

Common sense suggests that the two factors which will be most important. in
explaining TV ownership in a tract are the length of time and intensity of television
coverage and the income characteristics of the tract. As the analysis of Section IV
showed, these presumplions were entirely correct. Income and television coverage
explain about 65% of the total variation sbout the mean of the dependent variable.
Moreover, the shapes of the relationships are of a sort which lend support to the
original hypotheses. Television ownership increases as the length of time television
has been évailable 1o a region increases and as the extent of TV coverage increases.
In Class III, but not in Class I, the relative saturation hypothesis--that s
plateau of ownership may be reached at less than 100%--ie supported by the findings.

With respect to income, increasing percentage ownership is associated with in-
creasing income to median income levels of $7,676 and $6,487 in Classes I and IIT
respectively, after which increasing income is associated with declining percentage
ownership. For high income tracts in Class I, TV ownership increases by much less
vhen the number of signals increases, than it does for other income groups. This

result corroborates the inferior good hypothesis. It leads to the interesting
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possibility that, because a larger number of signals is asscciated with a large
number of alternative entertainment opportunities, the degree to wh&ch TV is an
inferior good with respect to incoms depends upon the degrse to which alternative
entertainment facilities are available.

The hypothesis that TV is an inferior good not only with respect to income
but also with respect to education is supported by the evidence at hand. TV
ownership is highest in tracts where the median educational level is from 10.0 -
to 11.9 years. For higher education levels, and alsc for lower levels, ownership
is lower. The interaction hypothesis--that additional signals will increase owner-
ship relatively more among highly educated groups than emong other groups is not
borne out by the analysis. 1Indeed, quite the opposite is the case. The interaction
term, although significant, shows that set ownership among highly educated groups
is overestimated to a greater degree by regressions I:a and III:a where ﬁhe number
of signals is large than where the number of signals is small. This rather peculiar
result can be rationalized by reference to the same argument which was employed to
interpret the income-signals interaction.

The social hqmogéneity hypothesis-~that for areas with equal median incomes,
percentage TV ownership will be inversely related to the dispersion of income
except in very low median income areas--is borne out by the analysis. For tracts
with median income in excess of $2,000 & decrease in the dispersion of income is
asgociated with greater percentage ownership, whiie the opposite is true for tracts
with median incomes less than $2,000.

Division of deta intourban and adjacent categories shows that, as hypothesized,
ownership of TV receivers in suburban aress is significantly greater than in urban

tracts. Extension of the analysis to include famlly size shows that the urban-adjacent
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difference is in reality a difference caused by family size.

Although there is a positive association bhetween percentage set ownership
and family size, the degree to which this is true depends upon femily composition.
For a given family size the prcbability that the family will own TV is greatest where
the family is composed of édults from the ages of 14-64. The probability of owner-
ship will decline‘if a child is substituted in place of an adult, and declines
still further if an aéed person is substituted. Theée findings, it was argued,
support the inferiqr good hypothesis and help to shed light on the peculiﬁr
nature of TV as an expenditure saving device.

Finally, it was found that an increase in the relative size of the nqn-white
population is associated with declining TV ownership. This may be due to the
nature of TV programs but also to the fact that an‘iﬁéreaae in the relative size
of the non-white population is associated with an inérease in the percent of the
female population which participates in the labor force. There is a positive
association between TV ownershif and an increase in the reiative numbef of housewives
but a negative associatiqn between ownership and an increase in the percent of

females participating in the labor force.



Appendix A
Quartile Estimation

The measure of income dispersion used in the analysis is the relative quar-

tile deviation:

Y =Y, -7Y
g 9 gl
Y
vhere Y is median income and Yq5 and qu are the third and first income

quartile points respectively. The relative quartile deviation is used because

it is & well known fact that the quartile deviation of income is highly correlated
with the mediaﬁ level of income. Yqﬁ. was computed from the income freguency
distribution reported by the Census by the expression:

Yq5 = M§5 - (c5/f3)(F5 - .T5F)

vhere Mq5 is the upper class mark of the third quartile class, c3 is the
class interval, f5 the frequency in the third gquartile class, F5 the
cumuletive frequency through M ., and F the total frequency of those report-

a3

ing income in the tract.

In 121 tracts third quartile income points fell in the open-end interval
of $10,000 or more. To estimate quartile points in these cases, a sub-sample
of the fifty-one highest medien income tracts where third quartile incomes were
known was used to compute & linear regression of Yq5 on fo » the percentage
of the total frequency falling in the open-end class. Accordingly,

Y., =a + bf
]

9>
Subject to the restriction that,

$10,000 = & + .25b.
The estimated value of b was 5543. For each percent that the total frequency
in the open-end class exceeds 25%, Yq3 was therefore estimated to exceed $10,000

by $55.43.
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Aggendix B
Weighting

Since there are different numbers of persons in different tracts, each
observetion must be weighted proportionately to the number of respondents in
the tract. The number of respondents is generally different for different
qpestions and these differences vary from tract to tract. However, the lack
of proportionality between numbers answering different questions from tract
to tract does not appear great. The differences are'usually consistent in
direction. For example, in & high income tract & higher proportion of the
total population will report income than in a low income tract, while the
proportions reporting do not differ. Evidently, pecople are less reluctant to
let others know that they are well to do than to let them know that they
ire poor. The consistency found here suggests that no loss of significance

will be caused by this difference in the percent reporting.

Aggendix C

Transformation of Dependent Variable

An individual either owns a TV set or he does not. It is imppssible to
define a continuous function relating a person's TV ownership to other char-
acteristics the way it might be possible to establish such & link between his
characteristics and, for example, his food expenditures. It is, however,.
bosgible to establish a threshold index as s function of his chargﬁteristics.
If the index exceeds his critical value he will own & set and if it does not
he will not be an owner. For a large group of people with a given value of
the index (equal incomes, education, eic.) & proportion, p, of the persons

¥ill have thresholds less than the index (owners) and (1-p) will have
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thresholds greater than the index (non-owners). If the thresholds of the
individuals are assumed to be normally distributed, the percentage of
ownership out of a large number of individuals varies, with respect to the
index, in a way which approaches the cumulative normsl curve.

If p varles in the way suggested sbove, 1t is obvicus that linear
regression with p as the dependent variable would be poor procedure.
Approximation of the integrated normal curve, however, requires iteration

gnd it 1s desirable to avoid this if possible. Berkson16 has suggested a

16. J. Berkson, "Application of the Iogistic Function to Bio-Assay",
Journal of the American Statistical Association, Vol. 39, #227, pp. 357-365.

procedure for doing this. He assumes the probability, p, of a positive

response to be given by the logistic function which has the same general
éhape as the cumilative n?rmal curve, Stated as & function of n inde-
pendent variables:

P: l

ol
- bixs
1+ om(a 3 baxi)

and has the linear transformation:

n
In(p/(1-p)) = a + = bx,
1= *

P 1is the true probability rather than the observed proportion. p can,
however, be approximated, without iteration, by the cobserved proportion,

' P, provided that ﬁ.is based on a large number 6f cases and that each Qbser—
vation is weighted by -nP(l-f} where n is the number reporting TV owner-

ship in a tract. The component P(1-B) is included as part of the weight
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pecause at very high or very low wvalues of p the approximation ig least good
with the consequence that observations at the extremes are weighted less
heavily than chservations in intermediate regions.

Following Berkson's procedure, the natural logarithm of the ratio p/(l—p)
is used as the dependent variable in linear regressions approPriately

welghted.

Agggndix D
Statistical Models

Vaeriance and multiple regression analysis are employed as complementary
tools of analysis in this study.

Regression analysis estimetes the value of a dependent variable as a
function of a set of independent variables by statistically evaluating the
parameters of a function in a way which minimizes the sum of squared residuals.
In the general case, the parameters of the function will be such that:

a 2

2 [x; = Glypy | ¥pyseeea¥yy)]

where X, is the observed value of the dependent variable of the i~th obser-
vation and where the y's are the n independent variables, will be at a
minimum.

Variance analysis indicetes whether, if observations_are grouped in
accordance with different values 6f one or more independeﬁt varieble, there is
& difference in the mean values of the dependent variables. Use of variance
analysis as a preliminary to regression asnalysis serves the purpose of indicating
¥hether the variables under analysis are significant, and, because variance

4nalysis focuses attention on the means of the dependent varisble associsted
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with particular classes of the independent variable, indicates whether the
relationship between the variables is linear or non-~linear. Moreover, where
it is fairly evident that independent variables are not eqrrelated, the dif-
farence between the partisl rélationships gotten through multi-variate re-
gression gnalysis and uni-variate variance analysis will be slight. Be-
cguse variance analysis is a mofe economical technique than regression
analysis, it is utilized wherever it is appropriate.

The great virtue of regression analysis is that correlations between
independent variables are taken into account. Coﬁsequently, multiple
regression analysis reduces the risk of giving the same explanation twiceq_

The advantages of regression analysis can be combined with the economy

of variance anal&sis by proper construction of a variance analysis model.l7

17. I am indebted to Professor James Tobin for illustrating this model.

—

Because the model is not among the more common variance analysis models and
because it iz used extensively in the present investigafion it is instructive
to congider its properties briefly.

In a two way classification according to classes of the independent
varigbles B, education, and Y, income, the total sum of squared residuals about
the sample mean of the dependent variable X, can be written:

2 2

2 2
g uley+se+y/su

waere 8% is the over all sum of squares, Iaey is the portion of the total

2

due to interaction between E and Y; S ety

is the sum of squares explained
by the Y classification together with the explanation added by E; and

2 :

S u is the within cell, or unexplained, sum of squares. If E and Y are

entirely independent of each other, the Y (row) classification will be
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entirely independent of the E (column) classification and as a comsequence:

2 2 2
Se-i-ywsy’lse

where 52y and SEe are the row and column sums of squares respectively. In many
examples of variance analysis, substitution of Say and 82e for Sae+y is
appropriate because the experiment can be designed or the classifications can
be "rigged" to eliminate dependence of row on column classifications by making
the number of observations in each cell of one column proportional or equal
to the number of cbservations in the corresponding cells of other:columnsu
This technique simplifies computation because SEY is simply equal to the sum
of the products of the row means and the sum of the dependent variable in the
rov classification. 82e is the column counterpart. |
The procedure outlined above is difficult to follow if data are not
obtained from controlled experiments and is practically impossible to use with
non unit weight data. Consequently, the problem is to evaﬁuate Sge+y, the row
sum of squares plus the column sum of squares with the component due to
correlation between E and ¥ eliminsted.
A return to the fundamentals of regression analysis shows how this can be
'accamplishedj If each row and column class is defined as a "dummy" variable
with either a zero or one value, the problem can be solved by the familiar technique
with which the parameters of a regression and the sum of squares explained
by the fegression are calculated.
As an illustration, assume that there are three education classes, E

.1.’

EE’ and. EB_and three income clagses Yh’ Y5’ and Y . Knowledge of the sum of
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welghts Ewij in each cell, the sums of the weighted dependent variakle Zwixi
in the rows and columns, makes it possible to set up the familiar "moments
matrix" of regression analysis. Because the sum of the weights and the sum
of the weighted dependent verisable in one class will be determined once the
geme values for the other five clasgses are known, any one of the new "dimmy”

variables must be dropped out.

El E2 E5 Yh Y5 X
El Ewi
E2 0 EWé
E5 0 0 EW3
YL Zwih ZWs), Ew;u Ewh
Y5 Zwi5 Ewéﬁ EW35 o Zws
X EWin 2W2X2 EW3X3 ‘ Ethh Zw5X5 wag

In general, the weighted moment between any two varisbles, expressed as

4o Woen E is El,‘it cannot
also be Ea or Ez'a Consequently, all E2 and E5 are zero and El equals

unity. The moments of ElE2 and E1E3 will therefore be zero, the moment of

Eth will equal the sum of the weights in that cell, and the moment of Eﬁ;i

devigtions from their sample means, is waix

wi .
11 be thxl
Given the moments, the regression can be solved and the sum of squares
explained by the regression can be found. The sum of squares is the sum
of the variation explained by Y, a deduction for correlation between E and Y

having been made.

Any two or more independent variables can be analyzed by a combination of
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three variance analysis models. Continuing the income and education sample,

the Tirst and simplest model is:

< n
i=1
or,
m
b. X = zb E
j=1 j tj

vhere n and m are the number of classes of Y &and E respectively.

Model (a) states that X is a function of Y, and model (b) states that X
is anunction‘ofJ E. The models do not teke into account the fact that in-
come end education may be substitutes for each other as explenations of X.

Correletion between E and Y is taken into account in the second model:

n n
X=xaY, +XbE,.
jmp Y1 e d

The model states that X is a function of Y and also of E, the effect of Y

having been removed. The third model:

n n

X=5 a8, . E
=1 j=1 1913

states that X depends upon both Y and E and that the way in which ¥
affects X depends on the value of E. This third model therefore takes
into account aXl possible effects ¢f the classification according to Y and E.

By combining these three modele¢, all msnner of tests can be made. Iet

the explained variation of the third model be S%ye’ of the second model be

2 2 2 ' 2 W2

5 . and of the first model be S ¥ and S o Subtracting S ety from 8 ey
2

leaves the interaction effect, while - Se2 gives the explanation proﬁided

8 e+y
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vy ¥, E having been taken into account.
The significance of the relationships can be tested by means of F tests in
which the variation explained per degree of freedom lost is compared with

the remaining variation per degree of freedom.
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