
An Experimental Approach to the Estimation 
of 

Short -Run Price-Consumption Relationships 
for 

GRADED BEEF 

J. R. FRANZMANN and G. G. JUDGE 
Department of Agricultural Economics 

and 

L. E. WALTERS 
Department of Animal Husbandry 

Technical Bulletin T-77 

July 1959 



PREFACE 

Know ledge relative to short-run price-consumption re !a tionshi ps 
for beef is a necessary prerequisite for intelligent action by a govern
ment or finn. This study reports the use of experimental observations as 
a ha-.is for estimating these relationships. The study is, to a large extent, 
methodological in nature, as it presents the results of applying a con
trolled experiment in estimating consumer respome relationships for a 
particular cut of heeL 
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I. INTRODUCTION 

Precise economic choice criteria are required by planners at all 
levels of market activity. In fulfilling this need, the procurement of 
accurate data from which economic relations may be estimated is of 
signal importance. Although much of the data used for economic analysis 
is obtained through the passive observation of reality, controlled experi
ments may provide a superior alternative since (I) the data may be 
more nearly representative of the variables specified by the model, (2) 
greater control over the magnitude of measurement errors may be pos
sible, (3) variables of interest may be varied over ranges sufficient to 
allow the estimation of important parameters, and ( 4) the choice of an 
estimation technique, consistent with the process by which the observa
tions were generated, is simplified. 
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\Vithin this framework, the major objective of the research Ie
ported was to evaluate the effectiveness of a controlled experiment in 
generating accurate price-response data for the product T-bone steaks. 

Under the major objective, several corollary objectives were: (l) to 
estimate the short-run price-consumption relationships for Choice grade 
T-bone steak, (2) to estimate the short-run price-consumption relation
ships for Good grade T-hone steak, (3) to estimate the shortrun price
consumption relationship for the aggregate of the.se two grades, and 
( 4) to ascertain whether consumers distinguish between these two grades 
of T-hone steak on the basis of a single physical characteristic, namely, 
the amount of rib-eye marbling. 

II. THE ECONOMIC MODELS AND DATA GENERATION 

A. The General Economic Model 

The economic models presented represent an attempt to specify 
short run price-consumption relationships for the commodity T-bone 
steak. The models are designed to reflect the behavior of consumers 
when confronted with changing price structures in the market. Economic 
theory and a priori knowledge provide the basis for the specification or 
the variables and their classifications. 

As an aid in considering the economic models to be presented and 
as a general guide to the specification and classification of variables for 
a particular problem the following formulation may be useful. Consider 
the problem where parameter estimates connecting one variable with a 
set of other variables are desired. In regard to the classification ol the 
variables, the model may be specified as follows: 

Y1 ~ f(y:!, Y:~, · · ·, Y.i' Yi+l• Yi+:?' · ·, yj, Y.l+l' Y.i+:.!· · · · · y,,, Yk 1· )\~+:?' · ·, 

)' 11 ; ap a:..:, · • • , ar) 

where y1 is a vector of the observed values of the variable whose genera
tion is to be explained: y~, Y:;, ... , Yi are vectors of variables \\'hose values 
will be experimentally controlled over some range; Yi-!-l Yi+~· ... , Y.i are 
vectors of variables that are controlled at a fixed level; Yi+l' YH 2 , ••• , 

y1, are vectors of variables that are obsened, but not controlled; y1,+ 1 , l'k+~· 
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... , y" <tre vectors of variables that are unobserved and uncontrolled; 
and a 1 , a,, .... ar are a set of unknown parameters to he estimated. 

This general formulation points up the alternative classes of variables 
that must be considered and makes explicit the process whereby the ob
servations have been or are generated. \Vithin this general framework, 
several alternative models concerning the reactions of consumers of 
T-hone steak are specified and the experimental design for generating 
the data to reflect the variables specified in the model is discussed. 

B. Specific Economic Models 

For many products, one of the more important economic variables 
involved in consumer decisions is the price ol the product. A model 
describing the relationship between consumption and price may be 
postulated as: 

il·here y, represents the observed quantity disappearance ofT-bone steak 
in pounds per 1,000 customers; P11 represents a set of experimentally con
trolled prices imposed on T-bone steak in cents per pound; cL 1 • "c• ... , a 1 

are parameters to be estim<ll.ed; z11 represents a set of variables which 
;tssume fixed values over the experimental period; x 11 represents a set of 
uncontrolled variables observed over the experimental period; and x,1 

repre-,enh all the unobserved and uncontrolled variables. 

Several variants of this model 'vere investigated. In the first vana
tion, y, 1 represented the total quantity disappearance of T-bone steak; 
l\ 1 represented the average price of T-bone stctk: z11 included such 
factors as the prices of other cuts of meat; x 11 represented such factor' 
as those associated with the location of the store units, the passage of 
time, and level of total meat sales; and x, 1 represented all unobserved, 
uncontrolled variables such as the level of income of store customer<; 
and price of commodities other than meat. 

A second variation investigated relations where y" represented the 
observed quantity disappearance of Choice grade T-bone steaks; P 11 

represented the set of experimentally controlled prices as.s!Jciat.ed with 
thi~ grade of steak; z11 represented all the factors included in the ;1g-
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gregate modd pith the price of Co()(] grade T-bone steaks; ami x,, and 
x~t represented the factors specified lor the aggregate model. 

.\ third variation investigated similar relations lor Good grade 
steak where the variables take on interpretations analogous to those 
presented for Choice grade steak. 

C. Data Generation 

The specification of a conditional model requires that the sampling 
procedures for each of the variables be restricted in a certain manner. 
The variable P 1t is sampled only within designated experimental limits. 
The variables Z,t are sampled only at some fixed arbitrary level or at a 
level assigned beca usc it is of particular interest. Sampling of the 
\ariables x 1 t and x", is unrestricted in the sense that they may take 
on any values that may be generated hy the market mechanism during 
the experimelltal period. 

If it can be assumed that errors in measurement arc negligible and 

that the movements of the variables, x~ 1 , are random in nature, then 
the variability in y, 1 arises as a result of changes in the variables P,t and 
x, 1• In order to obtain valid estimates of the par.tmeters of the relation
ships postulated, some process is needed whereby some type of control 
is exercised over the variables x,t· In this study, the factors associated 
with the location of the retail store units and factors as.-.ociatecl with 
the passage of tilllc comprised the set, x 11 • 

The above considerations led to the postulation ol the loll(mi ng 

statistical model to IJe used in the generation of the data: 

)\i~< = JL di s.i p~; erjk (2.2) 
where }iik represents the quantity disappearance of T-hone steak Ill 

pounds per I ,000 customers; JL represents the o\·erall mean effect; eli 
represents the day ellects; si represents the store effects; p,, represents the 
price effects; and e1; 1, represents the experimental error. \Vhen i= I. 2 ... 
n; j = I, 2 ... n; k = I, 2 ... n, this model represents the familiar 
latin square design. In this research, however, i = I, 2 ... (); j = 
I, 2 ... Sand k = I, 2 ... ~). Model 2.2 i.-. descriptive, then, of an in
complete block design and cu~< represents the intrablock error. .\s with 
lllm.t other designs. e1; 1, is assumed to be distrihtttecl normallY ;tnd in
dcpendentlv with !llCilll 1cro and \itri;mce a~. 
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Ill. THE SETTING 

A large metropolitan market was desired so that fixed variates, 
such as income, family size, racial, and religious factors, etc., would in
clude the widest range of values possible. Tulsa, Oklahoma, was 
chosen as a sampling area that possessed this attribute. This choice 
also permitted greater administrative control over the experiment than 
could have been achieved if smaller markets in several cities had been 
sampled. 

Eight large, modern, self-service markets operating under the 
management of a single prominent chain of retail outlets were selected 
within the city. The stores were located in such a manner that the 
sampling took place throughout the entire city. The stores were further 
located such that with higher than average price, a shift in place of pur
chase from one test store to another was not likely to occur. Of course, 
the possibility remains that under the above pricing condition, some 
degree of shift may occur from test to neighborhood stores. 

Many other alternative courses of action were also available to 
consumers, but it was assumed that the income effect of alternative 
action with respect to a single cut of beef would lead to a substitution 
of some other cut of beef or some other type of meat within the test store. 

Thursdays, Fridays and Saturdays of each week for three consecu
tive weeks were selected as the test period. Such a selection made it 
possible to shorten the test period to a point where it more nearly ap
proximated a static situation. At the same time, since the bulk of 

meat purchases are made on these three days, a maximum of informa
tion could be obtained at a minimum of expense and interruption of 

store procedure. By using only three days of a week as a test period, 
location managers were provided with some opportunity to ad just their 

stocks for surpluses or anticipated shortages. 

Consumer buying habits for beef in the Tulsa market have been 
oriented towards the two federal grades, Choice and Good, and for this 

reason the T-bone cut from competing grades was not included in this 

study. Choice and Good grade steaks were trimmed to a uniform thick
ness of external fat cover and displayed side by side in the self-service 
counter. For the duration of the experiment, grade information was 
omitted from the package label. To eliminate biases arising from the 
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position of a particular grade in the display, each grade was assigned a 
position at random for each store during each treatment period. 

Pricing of the steaks followed the schedule of treatments presented 
m Table 3.1. 

Treatments l through 3 were designed to measure the effects of uni· 
form price level changes on the total consumption of T-bone steaks and 
on the relative consumption of the two grades. 

Three sets of treatments were designed to measure the response to 
price of consumers of Choice grade T-hone steaks. Treatments I, 4, 
and 7 were designed to measure this relationship when Good grade T
hone was priced at $1.15 per pound. Treatments 2, 5, and 8 provided 
the data for a similar relationship when Good grade was priced at $0.9.? 
per pound and Treatments 3, 6, and 9 performed a comparable role when 
Coocl grade was priced at $0.75 per pound. 

Two sets of treatments provided estimates of the price-response 
relationships for Good grade T-hone steak at fixed price levels of Choice 
grade steaks. Treatments l, 5, and 9 were designed to accomplish this 
when Choice steaks were priced at $1.15 per pound. Treatments 2, li 
and 7 were designed to estimate a similar relationship when Choice 
steaks were priced at $0.95 per pound. 

In order to handle unforseen contingencies and clear up any mis
understanding of the instructions, the following procedure was fol
lowed: 

TABLE 3.1. Pricing treatments in cents per pound, for T-bone 
steak experiment of choice and good grades. 

Treatment Choice Good 

1 115 115 
2 95 95 
3 75 75 
4 135 115 
5 115 95 
6 95 75 
7 95 115 
8 75 95 
9 115 75 
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Several days prior to the initiation of the experiment, each of the 
stores was contacted. At this meeting, the purpose of the study and the 
role of the store in setting up the displays and collecting the data under 
the specified conditions was explained to the meat manager. 

A second meeting was held on the day preceding the application of 
the first treatment. Thereafter, a visit was made to each store on each 
treatment clay to insure the adequacy of the display with respect to ap
pearance, proper display of grades and proper treatment prices. As 
records of previous treatments were collected, they were checked for 
completeness and possible gross errors. 

IV. THE RESULTS 

A. Results for Aggregate T-bone Steaks 

In order to use a simple static economic model, the data were ad
justed for variations introduced by differences in the stores, clays within 
weeks, and between weeks. These adjustments were accomplished through 
an analysis of variance.1 

1. The Analysis of Variance 

The results of the analysis of variance for the aggregate of T-bone 
steaks are presented in Table 4.1. Price (over the range studied) signifi
cantly affected the purchases of T-bone steaks. The importance of en
vironmental conditions is pointed up by the magnitude of the mean 
square for stores. 

Included in Table 4.1 is a multiple range test' for treatments at the 

1For a discussion of the analysis of variance for the design employed, see Cochran, W. C. and 
Cox, G. ~L, Ext>erimental Designs, John Wiley and Sons, 1950, p. 370-390. 

2 The multiple range test is interpreted as follows: No significant difference exists among any set 
of underscored treatment means. Thus t 4 is not significantly different from t 7 but is significantly 
different from all other tn.:atmcnts. Like\Yise, t3 is not significantly different from tl_. but is 
significantly different from all other treatments. :\'one of the treatments arravrd in the 
table bct·wcen treatments ·1 and 3 arc significantly different from one another. For a dis
cussion of the assumptions and computational methods see: Duncan, D. B., ~·~fultiple Range and 
l\.Jultiple }' Tests," Biometrics, ~larch, 1955. 
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TABLE 4.1. Analysis of variance for aggregate T-bone steaks. 

Source of Degrees of Sum of Mean 
Variation Freedom Squares Square 

Total 67 20,184.566 
Stores 7 6,059.863 865.694 
Days 8 1,310.738 116.467 
Treatments 
(adjusted for days) 8 8,011.445 1,001.431 
Error 44 4,802.520 109.148 

Standard Error of a Treatment Mean = 3.69 
Treatment Means (adjusted for days) 

9.17 2.94 

t' h b to h tn to fs L 
16.06 19.70 25.22 25.73 27.10 28.88 34.59 39.90 53.39 

------------ ---------=-- -- -------------------

1 percent probability level. Thi.-, test indicates that when the a\erage 
price of T-bone steaks ranged from 85 cents per pound to 115 cents 
per pound, no significant change in T-hone purchases per 1,000 cus
tomers occurred. At an average price of 125 cents per pound, however, 
a significant decrease in purchases resulted. At an average price of 75 
cents per pound a significant increase in purchases occurred. These IT

suits are consistent with the underlying static economic theory. 

2. Response Relationships 

Economists and businessmen will agree that, for most goods, the 
above results are to he expected. Interest centers on the manner in 
which price and sales are related, since the percentage change in quantity 
resulli ng from a percentage change in prices may significantly affect a 
firms total revenue. One of the simplest formulations postulates a relation
ship between quantity purchased and average price that is linear in log
arithms. The quantified results of such a formulation, using all nine 
treatments, are presented in Equation 4.1. 

Q = 5.(il- 2.09 p r" = 0.87 (!.l) 
(0.30) 

where Q represents the logarithm of the aggregate sales of T-bone steaks 
in pounds per 1,000 customers and P represents the logarithm of the 
average price of T-hone steaks in cents per pound. This relationship 

:J In this and in succeeding atul~sis, standanl error..; of estimate appc;!r in parenthesis helO\r tl1c 
coefficient. 
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indicates that 87 percent of the variation in T-bone purchases can be ex
plained by variations in the average price of T-hone steaks. The nega
tive sign accompanying the coefficient is consistent with logic in that 
the price and consumption of T-hone steaks are inversely related. With 
an equation in logarithmic form, the coefficient represents an estimate 
of the elasticity of retail demand and may be interpreted to mean that a 
l percent rise (decrease) in the average price of T-bone steaks results in 
a 2.09 percent decrease (increase) in quantity purchased per 1,000 
customers. 

Expenditures lor T-bone steaks possibly varied from treatment to 
treatment, although total income was assumed constant over the short 
time period studied. To approximate this income effect, average meat 
sales in dollars per I ,000 customers were entered in the logarithmic 
equation as an additional variable. The results of such a formulation 
using all nine treatments are presented in Equation 4.2. 

Q = 2.38- 2.23 P + 1.11 I r 2 = 0.90 (4.2) 
( 1.02) ( 1.09) 

where I represents the logarithm of meat sales in dollars per I ,000 
customers and all other variables have been defined previously. This 
relationship leads to a slightly greater estimate of retail price elasticity 
than was obtained from Equation 4.1. The sign of the meat sales coef
ficient is consistent vvith logical expectation, although the inclusion of 
the variable added only 3 percent to the total explanation of variation 
in Q. This may be due to the fact that T-hone sales represent only a 
small portion of total meat sales. 

B. Results for Choice Grade T-Bone Steaks 

\Vhen a product can be subclassified according to some grading 
standards, it may be desirable, for certain economic considerations, to 
possess knowledge concerning the effects of price on each grade. 

1. The Analysis of Variance 

To isolate the effects of price on the sales of Choice grade T-bone 
steaks, an analysis of variance was made to remove the variation due 
to stores and to ad just the data for differences due to time. The re
sults of the analysis are presented to Table 4.2. 
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The analysis of variance for Choice grade T-hone steaks is analogous 
to that for the aggregate T-hone analysis in that the two important 
sources of variation "·ere associated 'rith locational factors and pricing 
trea tmen h. 

The multiple range test for Choice grade T-hone steaks is not as 
easy to interpret because each treatment mean is unadjusted for the af
fects of the competing grade of steak. However, if Treatments 4, I, 
and 7 are compared (i.e. where the price of Good is constant at 115 cents 
per pound) it is evident that as the price of Choice declines, sales in
crease. A similar situation occurs for Treatments 5, 2, and 8 where the 
price of Good is constant at 95 cents per pound and for Treatments 9, 
6, and !l "·here the price of Good is constant at 75 cents per pound. 

2. Response Relationships 

A simple model, linear in logarithms, was used to estimate the para
meters connecting price and sales of T-bone steaks. A separate re
lationship was estimated for each of the price levels of Good grade steaks. 
Equation ...1.3 presents the estimated relationship connecting price and 
sales of Choice grade steaks over a range of 135 cents per pound to 95 
cents per pound when Good grade steaks were priced at 115 cents per 
pound (Treatments I, 1, and 7). Equation 4.4 presents a similar relation
ship covering a price range from 115 cents per pound to 75 cents per 
pound when Good grade was priced at 95 cents per pound (Treatments 
5, 2, and 8). Equation 1±.5 presents a relationship covering the 115-75 

TABLE 4.2. Analysis of variance for choice grade T-bone steaks. 

Source of 
Variation 

Degrees of 
Freedom 

Total 67 
Stores 7 
Days 8 
Treatments 
(adjusted for days) 8 
Error 44 

Sum of 
Squares 

8216.768 
1773.589 
700.415 

2,666.945 
3,075.818 

Mean 
Square F 

--------~---------------------

253.370 
87.551 

233.368 4.77 
69.905 

Standard Error of a Treatment Mean= 2.96 
Treatment Means 

t 1 t•• t•; h b h f; ts t>J 
6.75 9.40 10.23 11.59 14.78 15.17 16.35 24.92 25.23 

2.94 
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cent price range for Choice when Good was priced at 75 cents per 
pound (Treatments 9, 6, and 3). 

Qc = 6.11 - 2.45 Pc r' 0.77 (4.3) 
( 1.33) 

Qc 4.77 - 1.81 Pc r' 0.98 (4.4) 
(0.27) 

Qc = 5.80 - 2.37 Pc r' = 0.86 (4.5) 
(0.96) 

where Qc represents the logarithm of the quantity disappearance of 
Choice grade T-bone steaks in pounds per 1,000 customers and P, 
represents the logarithm of the price of Choice grade T-bone steaks 
in cents per pound. 

In each instance the sign of the coefficient agrees with the economic 
logic that as the price of a good rises the consumption decreases. A graph
ical presentation (Figure l) of these relationships, converted from the 
logarithmic form to the original price and quantity units, provides some 
evidence concerning the influence of the price of Good grade steaks. 
As might logically be expected, the response curves for Choice grade 
steaks shifted to the right as the price level of Good grade steaks in
creased. This indicates that these two commodities are substitutes. 
However, the magnitude of these shifts may be insignificant. 

If the magnitude of these shifts is assumed insignificant, the quantity 
disappearance of Choice grade steaks may be postulated as a function 
of the price of Choice steaks alone. The quantified result of such a 
function, linear in logarithms and based on all nine treatments, is pre
sented in Equation 4.6. 

Qc = 4.99 - 1.93 Pc r' 0.78 ( 4.6) 
(0.39) 

where all variables have been defined previously. This relationship pro
vides an estimate of price elasticity of -1.93. This relationship also 
indicates that the price of Choice alone accounts for 78 percent of the 
variation in sales of Choice grade steak. 

If the magnitude of the shifts due to a changing price level for 
Good grade steaks is not insignificant, then the quantity disappearance 
may be expressed as a function of the prices of the two grades of T
bone steak. Estimates of the parameters of such a function, linear in 
logarithms, are presented in Equation 4.7. 
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FIGURE 1. Price-consumption relationships for choice grade 
T-bone steaks at varying prices for good grade T
bone steaks. 

Qc = 4.10 -- 2.19 Pc + 0.72 Pg r' =' 0.86 (4.7) 
(0.37) (0.40) 

where P g represents the logarithm of the price of Good grade T-bone 

steaks in cents per pound and all other variables have been defined 

previously. Equation 4.7 indicates a price elasticity of -2.19. The 

positive sign associated with the coefficient of the price of Good grade 

steaks supports the hypothesis that these two grades of steak are sub
stitute goods. However, this latter coefficient failed to meet the test 

of significance at the 5 percent level. 

Since total expenditures on T-bone steaks fluctuated widely during 

the period studied, average value of meat sales was introduced as an 
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additional variable in an attempt to explain these fluctuations. To 
utilize information from this additional variable, the quantity disappear
ance of Choice grade steaks was then postulated as a function of the 
price of Choice grade steak, the price of Good grade steak, and the 
average value of meat sales. Specifying a relationship linear in logar
ithms leads to the parameter estimates presented in Equation 4.8. 

Qe = 4.19 - 2.19 P" + 0.72 Pg -- 0.03 I r' = 0.86 (4.8) 
(0.45) (0.44) (1.63) 

where all variables have been defined previously. This equation implies 
that the quantity of Choice T-bone steaks sold bears little relationship 
to the average value of meat sales. 

Since no other independent cardinal measure ol expenditures on 
T -bone steak was available, an attempt to eliminate these effects was 
made by selecting those treatments where expenditures were relatively 
constant. The quantity disappearance of Choice grade T-bone steaks 
can be postulated as a function ol the price of Choice grade steaks and 
the price of Good grade steaks when T-bone expenditures are constant. 
Treatments 1, 2, 5, 6, and 9 satisfy this condition. The quantitative 
result of such a relationship is presented in Equation 4.9. 

Qc = 0.45- 0.86 P,. + 1.21 Pg r' = 0.97 (4.9) 
(0.28) (0.16) 

where all variables have been defined previously. 

These results indicate that Choice grade T-bone steaks exhibit an 
inelastic response to price over a range of 95-115 cents per pound. 
Equation 4.9 indicates the price of Good grade steaks is an impotrant 
determinant of Choice grade steak sales within this range. A graphical 
representation of this relationship expressed in terms of the original 
price and quantity units is presented in Figure 2. 

C. Results for Good Grade T -Bone Steaks 

Prior to estimating the response relationships lor good grade T-hone 
steaks, adjustments for locational and time factors must be made as was 
the case for Choice T-bones and for the aggregate. Again, the analysis of 
variance technique was used. 
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FIGURE 2. Price-response relationships for choice grade T-bone 
steaks at a fixed expenditure level. 

1. The Analysis of Variance 

The results of the analysis of variance lor Good grade T-bone 
steaks are presented in Table 4.3. From the information in Table 4.:l, 
it is evident that the pricing treatments and locational factors were the 
most important sources of variation in the sales of Good grade T-bone 
steaks. 

TABLE 4.3. Analysis of variance for good grade T-bone steaks. 

Source of 
Variation 

Total 
Stores 
Days 
Treatments 

Degrees of Sum of 
Freedom Squares 

67 
7 
8 

8,074.557 
2,374.620 

319.069 

Mean 
Square 

339.231 
39.884 

(adjusted for days) 8 3,789.986 473.748 
Error 44 1,590.882 36.156 

F 

13.10 2.94 

---~~----------- ---~-------- --- -- ------- ·----------·· ----------- ---------

Standard Error of A Treatment Mean = 2.12. 
Treatment Means 

h t 1 t1 h to ts t" to ta 
3.35 9.32 10.06 12.32 14.13 14.98 19.48 24.36 28.16 

. _______ -_-_-_---~---------
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Results from the multiple range test indicate that sales of Good 
grade T-hone steaks decreased significantly from 95 to 115 cents per 
pound when Choice was priced at 115 cents per pound. However, when 
Choice grade T-hone steaks were priced at 95 cents per pound, significant 
decreases in Good grade T-hone steak sales were detected when the price 
increased from 75 to 95 cents per pound, and when the price increased 
from 95 to 115 cents per pound. 

2. Response Relationships 

A.s in the case of Choice grade steaks, the estimates of the parameters 
connecting price and sales of Good grade steaks are based on a simple 
model, linear in logarithms. A separate relationship is presented for 
each of the price levels of Choice grade steaks. Equation 4.10 represents 
the estimated relationship connecting price and sales of Good grade 
T-hone steaks over a range of 115-75 cents per pound when Choice 
grade steaks were priced at 115 cents per pound (Treatments 1, 5, and 9). 
Equation 4.11 presents a similar relationship when Choice grade steaks 
were priced at 95 cents per pound (Treatments 2, G, and 7). 

Qg = 3.96 - 1.42 Pg 
(0.04) 

Qg =10.02 - 4.58 Pg 
( 1.12) 

r' = 0.999 (4.10) 

r' = 0.94 ( 4.11) 

where Qg represents the logarithm of the quantity disappearance of 
Good grade T-hone steaks in pounds per 1,000 customers and other 
variables have been defined previously. 

The relationship presented in Equation 4.10 provides a near perfect 
statistical fit and yields an estimate of price elasticity of -1.42. It 
should be pointed out in connection with this relationship that T-hone 
expenditures were approximately constant throughout the price range. 

Equation 4.12 provides an estimate of price elasticity of -'1.58 
over the price range 115-75 cents per pound when Choice grade steaks 
were priced at 95 cents per pound. Since T-hone expenditures were not 
constant for all treatments involved in this relationship, the magnitude 
of the resulting parameter is overestimated. This fact is particlarly 
evident in a graphical representation of the two equations (Figure 3) 
converted from the logarithmic form to the original price and quantity 
units. 
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FIGURE 3. Price-consumption relationships for good grade T
bone steaks at varying prices for choice grade 
T ~bone steaks. 

The influence of the value of meat sales on this grade of T-bone was 
investigated by postulating a relationship ·where the quantity disap
pearance of Good grade steak was a function of the price of Good 
grade steak, the price of Choice grade steak, and the average value of 
meat sales. Quantifying such a model resulted in the estimates presented 
in Equation 4.12. 

Qg = -2.33 -3.00 p g -0.09 p c 

(0.81) (0.82) 
3.02 I 

(3.00) 
where all variables have been defined previously. 

As in the case of Choice grade steaks, no well defined relationship 
between sales of Good grade steaks and average value of meat sales is 
apparent. This relationship also implies that the price of Choice grade 
T-bone has little effect on the sales of good grade T-bone steak. 

By employing only those treatments where steak expenditures were 
constant, more valid estimates of the parameters connecting the price 
of these two grades of steak to the quantity of Good grade steak may be 
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obtained. Expressing these variables in a linear logarithmic form re
sulted in the quantitative estimate presented in Equation 4.13. 

Qg = 4.75 - 0.06 PC- 1.76 Pg r' = 0.90 ( 4.13) 
(0.76) (0.44) 

where all variables have been defined previously. From this relationship 
the price elasticity of Good grade T-bone steaks is estimated as -1.76. 
In this relationship, as in Equation 4.12, the price of the competing 
grade appears to have little influence on the sales of Good grade T-bone 
steak. On the basis of these results, Good grade steaks are elastic over 
the range of prices from 75-115 cents per pound. The results of 
Equation ·1.13 are presented graphically in Figure 4. 

D. Effects of Price Level Changes on the Consumption ofT-bone 
Steaks 

Considerable interest has risen with respect to the question of con
sumer preferences among alternative grades of meat.' A common 
technique employed to answer this question has been to record the 
responses of consumers to a given set of alternatives when the alternatives 
are priced alike at some one level. Data generated by Treatments l, 2, 
and 3 were employed in order to ascertain the impact of the level of 
price on the structure of consumption. The results presented in 
Table 4.4 indicate that extreme caution should be exercised in evaluat-

TABLE 4.4. Structure of steak sales under alternative levels of 
prices as percentage of choice or good grades. 

Treatment 

1 

2 

3 

Price/lb. 

115 

95 

75 

Choice 

60.143 

54.542 

47.253 

Good 

39.857 

45.458 

52.7 47 

Total 

100.00 

100.00 

100.00 

"Branson, R. E., The Co11sumer Afarket for Beef, Texas Agricultural .Experiment Station Bulletin 
856, April, 19!ii. 
Rhodes, V. ] ., Kiehl, E. R. and Brady, D. E., Visual Preferences for Grades of l{etail Beef Cuts, 
l\fissouri Agricultural Experitnent Station Bulletin 5H;{, June, 1955. 
Seltzer, R. E., Consumer Prejerntces for Beef, Ari1ona Agricultural Experiment Station Bulletin 
26i, October, 1955. 
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FIGURE 4. Price-response relationships for good grade T-bone 
steaks at a fixed expenditure level. 

111g consumer preferences based on a single price level. 

The sample data presented in Table '1.4 provided evidence that at a 
relatiYCly high price per pound, consurners tended to buy the Choice 
grade. At a relatively low price level, consumers tended to buy the Good 
grade. A.t close to the "normal" market price, the percentage di-;appear
ance of the two grades tended to be equal. ,\ possible explanation of 
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these results may be that as the price level of T-hone steaks decreases, 
many persons preferring the Cood grade of steak are no longer priced 
out of the market. 

Alternatively, the data of Table 4.4 can be presented in a graphical 
form 11·hich compares the price-consumption relationships between the 
two grades and the aggregate. These relationships are presented in 
Figure 5 and have been converted from the logarithmic form to re
lationships in the original units. These relationships demonstrate per
haps more clearly that, even within a given market, a wide degree of 
expressed preferences between two grades of steak may be obtained de
pending on the price level chosen for sampling the preferences. 

1. Response Relationship for Aggregate of T-Bone Steaks 

In addition to the above considerations, changing cost structures 
may suggest to retailers the need of a uniform price change for meat 
items. Information concerning the change in consumption following 
such a price change ,,-ottld, ol course, be desirable. T nformation of this 
type relative to T-hone steaks is presented in Equation L I·!. The data 

115 

Aggregate 
., 
B 
"-

~ 95 

~ Good Grode Choice Grode 

<..> 

" 
"' u 

d: 
75 

0 
0 10 20 30 40 50 

Ouontily Disoppeoronce in Pounds Per 1000 Customers 

FIGURE 5. Price-consumption relationships for T-bone steaks 
by grades and for aggregate under three price level 
treatments. 
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for this relation was generated by Treatments 1, 2, and 3. 

Q. = 5.06 - 1.80 p r" = 0.87 ( 4.14) 
(0.70) 

where all variables have been defined previously. This relationship 

was generated from treatments "INhere both grades of T-bone steak were 
priced alike and subjected to the same price differential between treat

ments. As in the two previous equations, the price coefficient represents 

an estimate of the retail price elasticity. For comparative purposes, an 
equation was estimated which excluded Treatment 1.--. The results are 

presented in Equation 4.15. 

Q = S.H - 2.00 P r' = 0.81 ( 4.15) 
(0.~)9) 

where all variables have been defined previously. It is apparent from 
Equations 4.14 and ~1.1 .'i that the estimate of elasticity under price level 

changes is not appreciably different from the estimate of elasticity under 

the alternatin~ pricing scheme. 

2. Response Relationship for Choice Grade T -Bone Steaks 

Umler the type ol economic change discussed above, the relative 
prices of two or more goods may remain constant while the absolute 

level of prices change''· Since the nature of the response by grades to 
price changes of this type may differ considerably from the response to 
alternative pricing schemes, it 1r<mld be desirable to have an estimate 
of the response relationship resulting from such conditions. Treatments 
1, 2, and 3 provided an independent source of data for computing such 
a relationship. Equation ·1.1 () represents an estimate of the response 

of Choice grade steak to price when both grades of steak "lrere subjected 
to equal and simultaneous price changes. 

Q,. = 3.G7 -- 1.23 P,. 
(0.68) 

r' = 0.76 

11·here all variables have been defined previously. 

This relationship does not have the same economic meaning as the 

previous relationships since the price of the competing grade "\\'as not 

0 rndnsion o! llT<ltmcnt ·1 \ro1tld rc..,ult i11 '' compari...,ou OH'l' uncq11al price range<;. 
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held constant. In addition, this equation suffers somewhat to the ex
tent of the shift in cl'-bone expenditures. If adjustments could be made 
to compensate for the shifts in expenditures, the magnitude of the 
price coefficient could be expected to be somewhat larger. 

3. Response Relationship for Good Grade T-Bone Steaks 

Treatments l, 2 and 3 may be used to obtain a relationship between 
the quantity disappearance of Good grade steaks and the price of Good 
grade steak under conditions of a changing level of prices. Quantifying 
this simple model, linear in logarithms, results in the parameter esti
mate presented in Equation 4.17. 

Qg = G.Ol - 2.45 Pg 
(0.69) 

r' = 0.93 

"·here all variables have been defined previously. 

(4.17) 

This relationship indicates that the response of Good grade steak 
to price is relatively elastic. No direct comparison can be made with the 
previous estimates of elasticity since this relationship contains a bias 
due to shifts in T-hone expenditures. .\ comparison with the estimate 
of elasticity of Choice grade steaks under the same pricing conditions re
veals that Good grade steaks are considerably more price elastic. 

V. IMPLICATIONS OF THE RESULTS 

The implications to be drawn from the results presented in the 
previous section fall into two categories. The first of these comprises 
the implications surrounding the methodological approach to the 
problem of data generation. The second comprises the implications 
pertaining to the use, by retail marketing firms, of the parameter esti
mates obtained from this type of cbta. In view of the scope of this 
study, the estimated relationships are valid only under an extremely 
restrictive set of circumstances. However, given a sound methodology 
and the resources to employ it, such a limitation can be reduced through 
a sequential analysis where the ceterus paribus restrictions on certain 
variables of the static model are relaxed. 
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A. Methodological Implications 

The results of this research contain methodological implications. 
The first aspect of the estimation process concerns the problems associa· 
ted with model construction. Choices must be made with respect to the 
variables to be included or excluded from the model and such choices 
are conditioned to a large extent by the availability ol suitable data. 

Although vast quantities of data are available, much of it is not 
generated or collected primarily for economic analysis. Consequently, 
it may fail to meet the requirements of the theoretical model. In addi
tion, some important variables arc measurable only in an ordinal sense. 
making inclusion in a quantitative model difficult. 

The results of this study imply that it is possible to reduce measure
ment errors to insignificant proportions. This fact in turn serves to 
point up the magnitude of specification errors and the consequences on 
the predictive ability of a given model. Controlled experiments may, 
therefore, provide economists with a valuable means of investigating 
such errors associated with demand relations. A few well designed ex
periments might !Pad to improved sector models with a more efficient 
use of research resources. 

The results of the research reported here accent the importance of 
ordinally measurable variables as a source of specification bias. The 
experimental methodology may provide a means of including important 
ordinally measurable variables in a given model through proper classi
fication of the ordinal variates and subsequent adjustment of the ap
propriate cardinal variates. 

Although it may be impossible, with a finite number of observations, 
to obtain a unique estimate of a theoretical indifference curve, it may 
be possible to obtain a range in which the true indifference curve lies. 
However, until some means of obtaining an independent measure of 
inco1ne is devised, the possibility of such estimates \vill rernain rather 
remote. 

With respect to data procurement, the results of this research imply 
that the experimental technique provides a means of generating data 
with accuracy sufficient for economic analysis. Equally as important 
is the fact that the variables measured can be representative of the 
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variables of the theoretical model. In view of the limited amount of data 
that can be obtained in a given experiment, it appears that controlled 
experiments can be use(l to the greatest advantage in procuring data 
for the testing of basic economic models. vVhen specification errors 
have been reduced to insignificant proportions, other methods may 
provide data with sufficient accuracy to permit intelligent decisions. 
Underlyiug all of the above is the fact th<tt if the information prmided 
by economic models is valuable to society, then there is a continuing 
need for additional coordinated eHorts among firms, consumers, data 
collecting agencies, and economists to provide the necessary data. 

Lastly, the results indicate that the level of price has an impact on 
the relative consumption pattern for T-hone steaks. This implies that 
researchers should consider modifying the current techniques being 
used to estimate consumer preferences for alternative grades of products. 

B. Implications for the Firm 

It is re-emphasized that, due to the restnctwns imposed by the 
static model, the particular results of this study do not have widespread 
application. However, certain inferences may be warranted for the 
limited sector studied. For example, assume that a retail firm finds 
it expedient to sell 25 pounds of T-hone steaks per 1.000 customers m 
order to adjust inventories. Employing the relationship presented m 
Equation 4.1, T-bone steaks should be sold for $1.04 per pound. 

Alternatively, another problem that might be analyzed is the fol
lowing: If the price of Cood grade steaks is to be set at 79 cents per 
pound and the firm wishes to sell 10 pounds of Choice grade steaks per 
1,000 customers, what price should be charged? Employing the relation
ship presented in Equation 4.11, the price of Choice grade steaks is 
computed to lJe $1.07 per pound. 

The type ot: relationships presented m the results section might 
also be used to solve purchasing problems of the firm, i.e., given a set 
of retail prices for T-bone steaks, what supplies will need to be pur
chased in order to meet the demand? Or alternatively, given certain 
supply costs of T-bone steaks, what price should be charged in order to 
maximize expected profits? 
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The simple analysis presented above has failed to take into con
:,ideration the many other cuts compri.-,ing a beef carcass. A firm, in 
setting- its prices on T-IJOne steaks, would, of course, need to consider 
the effects on the other beef cuts as \\·ell as the effects on other types of 
meats. Such considerations point up the need for additional research 
along such lines. 

VI. SUMMARY 

This research \\·as concerned with an investigation of the efFective
ness of a controlled experiment in generating data representative of the 
theoretical economic variables and with accuracy such that the relation
ships estimated provide a sound basis for linn policy. 

To accomplish this end, a sim pic, static economic model was con
structed and reformulated in terms of an appropriate statistical design
in this case, an incomplete Latin square. The data generated through the 
employment of this design w;ts used to estimate price-response relation
ships for Choice and Good grade T-hone steaks as >veil as the aggregate 
of both grades. Each of the relationships was subjected to statistical 
tests and an economic interpretation. 

In particular, in the range of $0.% to $1.15 per pound, the price 
elasticity for Choice grade T-bone steak was estimated at -0.86. In the 
rang-e of $0.7.5 to $1.15 per pound the price elasticity for Good grade 
T-hone steak was estimated at -1.76. Over a range of $0.75 to $1.25 
per pound the price elasticity for the aggregate of these two grades was 
estimated at --2.23. Investigation of the effects of price level changes 
provided some evidence that at higher price levels, total sales would be 
comprised predominantly of purchasers o[ the Choice grade steak. 

Implications of the methodology of controlled experiments in this 
area of marketing research are discussed as well as the implications con
cerning the possible uses of the estimated relationships for policy de
ciswns ln· retail iinm. 




	0483
	0484
	0485
	0486
	0487
	0488
	0489
	0490
	0491
	0492
	0493
	0494
	0495
	0496
	0497
	0498
	0499
	0500
	0501
	0502
	0503
	0504
	0505
	0506
	0507
	0508
	0509
	0510

