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SUMMARY 

The objectives of this study were to (l) predict long-term carpet 

shipments quarterly, four years in advance, and (2) predict short-term 

carpet shipments, that is, carpet shipments one quarter in advance. 

The long-term prediction was limited to a systematic technique 

comprising trend projection, seasonal analysis, and cyclical analysis. 

The short-term prediction was restricted to a statistical technique of 

multiple regression analysis. The available data limited the prediction 

time period to one quarter or longer. A time series from 1952 to 1959 

was analyzed to reduce the influence of the Korean War on carpet ship­

ments. 

A multiplicative model which contained trend, seasonal, cyclical, 

and error elements was utilized for the long-term prediction. This model 

projects seasonal and cyclical elements of increased magnitude as the 

trend element increases. 

In order to project the trend component, equations of polynomials 

of degrees one through four were calculated by the method of least squares. 

The linear equation was found to be statistically significant with the 

parameter. 0.10 in the "F" test. This significance level was assumed 

to be the error which the carpet industry would accept. 

The seasonal component was determined by adjusting the quarterly 

averages of the seasonal element times the cyclical element times the 

error element. The cyclical element was determined from a five point 
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moving average of the cyclical element times the error element. The 

error term was tested for randomness by the theory of runs and was found 

to he random at the 0.05 significance level. 

The total United States carpet shipments are composed primarily 

of imported carpet, tufted carpet, and woven carpet. Imported carpet 

deliveries were predicted with the aid of a linear equation calculated 

by the method of averages. Projections of tufted carpet shipments were 

made with a cubic equation selected by the method of differences. 

A multiple regression model was constructed which contained in­

dependent variables with a relationship to the total United States carpet 

shipments. The statistical significance of the variables was tested with 

the t test. Two variables were significant at the 0.10 level. The error 

terms in the predictions resulting from the multiple regression equations 

were tested for randomness by the theory of runs. The error term of the 

full regression equation was found to be random, while the error term of 

the reduced regression equation was found not to be random at the 0.05 

significance level. 

The systematic technique provides a better prediction for both the 

long-term and short-term projection of carpet shipments. The prediction 

made with this technique has a smaller range and average error than the 

prediction resulting from the multiple regression model. 

In view of the coefficient of multiple correlation of 0.957* ob­

tained with the available basic data, additional study should be devoted 

to multiple regression analysis of carpet shipments data of an individual 

company. 
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The total United States carpet shipments in 1963 are projected to 

he 211,620,000 square yards as compared to l6l,620,000 square yards in 

1959- Tufted carpet shipments are projected to increase from 96,040,000 

square yards in 1959 to 156,510,000 square yards in 1963. Woven carpet 

shipments are projected to decline from 58*508*000 square yards in 1959 

to 46,940,000 square yards in 1963. 



CHAPTER I 

INTRODUCTION AND STATEMENT OF TEE PROBLEM 

In t roduc t ion .—A c a r p e t i s a durab le consumer good. I t ' i s a s t y l e i tem, 

t h e demand fo r which i s inf luenced by t h e changes in consumer p re fe rences 

f o r p a t t e r n s and c o l o r s . In r e c e n t yea r s c a r p e t has ceased t o be r e ­

garded as a luxury i tem. 

The two common methods of manufacturing ca rpe t a r e woven and 

t u f t e d . Woven c a r p e t i s manufactured on a loom. Warp yarn i s fed from 

a c r e e l o r a beam i n t o t h e loom; a s h u t t l e , which passes back and f o r t h 

ac ross t h e loom, i n s e r t s f i l l i n g ya rn p e r p e n d i c u l a r l y t o t h e warp ya rn . 

The loom weaves a c a r p e t by i n t e r l a c i n g t h e warp and f i l l i n g y a r n s . 

Tufted c a r p e t i s manufactured on a wide sewing machine. J u t e 

f a b r i c i s fed i n t o t h e machine from a r o l l , and as t he j u t e passes 

through t h e machine, need l e s , th readed wi th yarn , sew t u f t s which form 

the c a r p e t . 

In 1951* c a rpe t p roduc t ion t o t a l e d 64,766,000 square yards valued 

a t $449,188,000. In 1959* c a r p e t p roduc t ion had inc reased t o 154,535,000 

square yards valued a t $670,062,000 ( l ) . 

Carpet i s manufactured by t h r e e major producers and a l a r g e number 

of smal l p l a n t s . The 1959 s a l e s , as a pe r cent of c a r p e t i n d u s t r y t o t a l 

s a l e s , a r e l i s t e d in Table 1 f o r t h e t h r e e major c a r p e t companies (2). 
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Table 1 

Manufacturer Per Cent 

Mohasco I n d u s t r i e s Incorpora ted 15*1 
James Lees and Sons 12.5 
Bigelow-Sanford Carpet Company 10.7 

The i n t r o d u c t i o n of t u f t e d ca rpe t has changed t h e i n d u s t r y ' s r e ­

quirements f o r p roduc t ion f a c i l i t i e s . The number of c a r p e t looms i n 

p roduc t ion has decreased from 5,000 i n 1954 t o 3,200 i n 1958 (3). Table 2 

i l l u s t r a t e s t h e s h i f t from woven t o t u f t e d c a r p e t (4, 5)« 

Table 2 

Broadloom Carpet Shipments by Method of Manufacture 

Per Cent of To ta l Yardage 
Method of Manufacture 1939 1952 1959 
Woven 100.0 85.7 40.5 
Tufted 0.0 14.3 59.5 
T o t a l 100.0 100.0 100.0 

The c a r p e t i n d u s t r y r e q u i r e s an adequate f o r e c a s t of fu tu re produc­

t i o n requirements i n o rde r t o ( l ) p rovide optimum long term produc t ion 

f a c i l i t i e s , (2) s a t i s f a c t o r i l y c o n t r o l i n v e n t o r i e s , and (3) s t a b i l i z e 

employment and p roduc t ion . These o b j e c t i v e s a r e not e a s i l y a t t a i n e d i n 

1959 Sa les - Per Cent of I n d u s t r y To ta l 
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t h e c a r p e t i n d u s t r y due t o such f a c t o r s as t h e leng thy manufacturing cyc le 

from f i b e r t o f i n i s h e d c a r p e t , s h o r t p roduc t ion runs f o r co lo r s and p a t ­

t e r n s , and the p roduc t ion of c a r p e t fo r s tock t o s a t i s f y customer demands 

fo r quick d e l i v e r y . 

A case s tudy of ca rpe t f o r e c a s t i n g , p repared by Sprague of t h e 

Bigelow-Sanford Carpet Company, i s inc luded in t h e American Management 

A s s o c i a t i o n ' s S p e c i a l Report Number 27 (6). This f o r e c a s t , based on 

h i s t o r i c a l d a t a , r e v e a l s a c o r r e l a t i o n between c a r p e t shipments and d i s ­

posab le income. Sprague es t imated the c a r p e t i n d u s t r y ' s average share of 

d i sposab le income a t 0.2lk pe r c e n t . 

Data p repared by t h e American Carpet I n s t i t u t e i n d i c a t e s t h a t 

c a r p e t s a l e s averaged O.I85 pe r cen t of d i sposab le income dur ing t h e 

p e r i o d , 1951 t o 1959 (7)- See Table 3. 

Statement of t he Problem.--The o b j e c t i v e s of t h e p r e s e n t s tudy a r e t o : 

(1) P r e d i c t long- term c a r p e t shipments q u a r t e r l y , four years i n 

advance. 

(2) P r e d i c t s h o r t - t e r m c a r p e t shipments , t h a t i s , c a rpe t shipments 

one q u a r t e r i n advance. 

I t i s proposed t o achieve o b j e c t i v e s by t h e fol lowing method of 

p rocedure : 

(a) I s o l a t i o n of t h e t r e n d , s ea sona l , c y c l i c a l , and random components 

from the t o t a l of q u a r t e r l y domestic c a r p e t shipments and import c a r p e t 

d e l i v e r i e s fo r t h e pe r iod from 1952 through 1959* 

(b) P r o j e c t i o n of t o t a l c a r p e t shipments q u a r t e r l y through 1963. 

(c) Sepa ra t ion of import c a r p e t d e l i v e r i e s and t h e domestic c a r p e t 

shipments from t h e t o t a l c a r p e t shipments . 



Table 3 

Year Disposable Income Dol l a r Shipments Shipments 
( B i l l i o n s ) ~~ (Mi l l ions ) (Per Cent of Income) 

1951 $227.5 $449.2 O.19 
1952 238.7 421.8 0.18 
1953 252.5 446.1 . 0.18 
1954 256.9 434.0 O.17 
1955 274.4 .... 520.9 O.19 
1956 292.9 569.3 0.19 
1957 307.9 567.6 0.18 
1958 316.5 559.4 0.18 
1959 334.6 670.1 0.20 

Average 227.9 515.4 0.185 

Est imated Value of Manufacturers ' Carpet Shipments 
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(d) Sepa ra t ion of domestic c a r p e t shipments by method of manufacture , 

namely, woven and t u f t e d . 

(e) S p e c i f i c a t i o n of t h e v a r i a b l e s which exp l a in ca rpe t shipments . 

( f ) Cons t ruc t ion of a m u l t i p l e r e g r e s s i o n model of t h e type 

Y. = B + B N X _ . + B 0 X 0 . + + B X . + £. . 

1 0 1 li 2 2i p pi l 

(g) S o l u t i o n of t h i s equa t ion f o r e s t ima te s of Bq, B^, B^, B 

(h) Determinat ion of t h e v a l i d i t y of t he p r e d i c t i o n models by a 

comparison of t he range of e r r o r , average e r r o r , randomness of t h e e r r o r , 

and c o e f f i c i e n t of m u l t i p l e c o r r e l a t i o n . 

P 
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CHAPTER I I 

SURVEY OF PREDICTING TECHNIQUES 

For t h e purpose of t h i s s tudy , p r e d i c t i n g techniques a r e c l a s s i f i e d 

i n t o f i v e groups , namely: 

(1) Systematic Techniques. 

(2) Index Techniques. 

(3) Ra t io Techniques. 

(h) Survey Techniques. 

(5) S t a t i s t i c a l Techniques. 

Systemat ic Techniques.—This c l a s s i f i c a t i o n of techniques inc ludes t h e 

f i t t i n g and e x t r a p o l a t i o n of mathemat ical t r e n d s and t h e a n a l y s i s of 

c y c l i c a l and seasona l v a r i a t i o n s about t h e t r e n d l i n e . 

The a n a l y s i s of t ime s e r i e s u s u a l l y r e s u l t s i n two conven t iona l 

models wi th four components, t he a d d i t i v e model and t h e m u l t i p l i c a t i v e 

model (8). 

Addi t ive Model: Y. = T . ' + S. + C. + R. 

1 1 1 . 1 1 
M u l t i p l i c a t i v e Model: Y. = T. x S. x C. x R. * 1 1 1 1 1 
Y^ = t h e d a t a a t t h e i t h t ime pe r iod 

T^ = t h e t r e n d component a t t h e i t h t ime pe r iod 

S^ = t h e seasona l component a t t h e i t h time pe r iod 

C^ = t h e c y c l i c a l component a t t h e i t h t ime pe r iod 

R. = t h e random e r r o r component a t t h e i t h t ime pe r iod 
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The m u l t i p l i c a t i v e model i s u t i l i z e d when the seasona l component 

i n c r e a s e s i n magnitude as t he t r e n d component i n c r e a s e s . 

The method of a u t o - c o r r e l a t i o n i s s i m i l a r t o t h e methods of t r e n d 

p r o j e c t i o n and c y c l i c a l a n a l y s i s . A u t o - c o r r e l a t i o n i s t h e p r o j e c t i o n of 

a s e r i e s by means of a c o r r e l a t i o n of t h e s e r i e s wi th i t s e l f a t d i f f e r e n t 

p o i n t s i n t ime . 

Index Techn iques .—Forecas te r s have sought indexes which would change 

c o n s i s t e n t l y wi th t h e index they wish t o f o r e c a s t . In 1938* Roos examined 

238 indexes t o determine t h e i r l e ad c h a r a c t e r i s t i c s (9)« Those t h a t had 

l ead c h a r a c t e r i s t i c s i n 1938 had t h e same l ead c h a r a c t e r i s t i c s i n 1954. 

G. H. Moore, i n 1950, s t u d i e d 801 monthly and q u a r t e r l y t ime s e r i e s f o r 

t h e United S t a t e s (l0, l l ) . 

Moore found t h a t t h e fo l lowing e i g h t s e r i e s , r e g u l a r l y a v a i l a b l e 

i n c u r r e n t p u b l i c a t i o n s , had l ead c h a r a c t e r i s t i c s i n r e l a t i o n t o g e n e r a l 

bus ines s a c t i v i t y . 

(1) r e s i d e n t i a l b u i l d i n g c o n t r a c t s 

(2) commercial and i n d u s t r i a l b u i l d i n g c o n t r a c t s 

(3) new orders fo r durab le goods 

( 4 ) p r i c e s of i n d u s t r i a l common s tocks 

(5) wholesale p r i c e s of b a s i c commodities 

(6) average work week i n manufacturing 

(7) number of new inco rpo ra t i ons 

(8) bus ines s f a i l u r e s 

Moore devised the d i f f u s i o n index (12) t o p r e d i c t a r e v e r s a l i n 

t h e gene ra l bus ine s s t r e n d . He f i r s t smoothed a group of i n d i v i d u a l s e r i e s 
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u s i n g a moving average . He then counted t h e number of s e r i e s t h a t were 

r i s i n g a t a g iven t ime and c a l c u l a t e d the percen tage of r i s i n g s e r i e s . 

I f l e s s than f i f t y p e r cen t were r i s i n g , t h e s e d a t a i n d i c a t e d a bus ine s s 

c o n t r a c t i o n , and converse ly , an expansion. However, t h i s method i n d i c a t e d 

c o n t r a c t i o n s i n mid-1946, e a r l y 1947* l a t e 1947, and e a r l y 1951 when no 

g e n e r a l l y recognized bus ines s r e c e s s i o n fol lowed. Therefore , t h e v a l i d i t y 

of t h i s method i s q u e s t i o n a b l e . 

Wright has developed a s t a t i s t i c a l i n d i c a t o r method (13) of d e t e r ­

mining bus ines s cyc le t u r n s . His method i s based on the assumptions t h a t : 

(a) c y c l i c a l peaks i n i n d i v i d u a l s e r i e s a r e spread over s e v e r a l months 

before and a f t e r t u r n s i n g e n e r a l b u s i n e s s , and (b) t he i n d i v i d u a l peaks 

show a c l u s t e r i n g tendency i n t h e . v i c i n i t y of g e n e r a l bus iness peaks and 

t r o u g h s . By use of t h e normal d i s t r i b u t i o n , Wright a t t empts t o e s t ima te 

the t u r n i n g p o i n t s i n g e n e r a l bus ines s by d i scove r ing c l u s t e r i n g t endenc ies 

i n t h e peaks of i n d i v i d u a l t ime s e r i e s inc luded in a sample. Wright con­

cluded t h a t t h i s technique would p r e d i c t a bus ines s cyc le t u r n t h r e e t imes 

out of fou r . 

Ra t io Techniques .—Rat ios a r e r e l a t i v e indexes . For example, t h e r a t i o 

of raw m a t e r i a l i n v e n t o r i e s t o f i n i s h e d goods p roduc t ion i s a guide t o 

raw m a t e r i a l p r i c e s . 

Roos ( l 4 ) found t h a t r e l a t i v e indexes a r e guides t o t h e s a t i s f a c t o r y 

exp lana t ion of t he demand f o r c a p i t a l goods. He found t h a t t h e r a t i o of 

s e a s o n a l l y c o r r e c t e d ca r load ings t o ca r s i n a s e r v i c e a b l e cond i t i on g ives 

a reasonably s a t i s f a c t o r y f o r e c a s t of ca r s t h a t w i l l be ordered by r a i l ­

roads from s i x t o twelve months in t h e f u t u r e . 
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Survey Techniques .—Severa l agencies conduct su rveys , f o r example, For tune 

Magazine, McGraw-Hill Book Company, and t h e United S t a t e s Department of 

Commerce. These surveys a re based on a wide v a r i e t y of exper imenta l 

d e s i g n s . 

The Slurvey Research Center (15) conducted o r i g i n a l in te rv iews and 

r e i n t e r v i e w s of 1,245 s u b j e c t s i n 1949 t o determine t h e i r i n t e n t i o n s f o r 

purchas ing au tomobi les . The d a t a shows t h a t t he i n t e n t i o n s of consumers 

to"purchase automobiles a r e no t v a l i d . 

The Survey of Consumer Finance (l6) surveyed t h e i n t e n t i o n s of 

consumers t o purchase r e f r i g e r a t o r s , f u r n i t u r e , t e l e v i s i o n s e t s , and 

r a d i o s . Consumer i n t e n t i o n s on t h e s e i tems have l e s s v a l i d i t y than t h e i r 

i n t e n t i o n s t o purchase au tomobi les . 

The s t a f f of t h e Board of Governors of the Fede ra l Reserve Board (17) 

has been t e s t i n g t h e hypotheses t h a t (a) consumers can fu rn i sh u s e f u l c lues 

t o t h e i r f u tu r e economic behav io r , and (b) t h a t consumer buying p lans 

r e p r e s e n t t h e s i n g l e most powerful p r e d i c t o r of changes i n s p e c i f i c ex­

p e n d i t u r e s . The Fede ra l Reserve System a n a l y s t o rganize and analyze t h e 

da t a conta ined i n t h e Consumer Survey of Finance t o p r e d i c t demand f o r 

durab le goods. From 1948 t o 195̂ > out of 46 p r e d i c t i o n s of changes i n 

s p e c i f i c expend i tu r e s , 39 were c o r r e c t . L imi t a t ions of t h e i r work a r e 

(a) t he a n a l y s i s of d a t a r e q u i r e s judgment, (b) consumers change t h e i r 

p l a n s , (c) t he b a s i c d a t a was o r i g i n a l l y ob ta ined from consumers, and 

(d) t h e r e i s a t ime l a g t o o b t a i n d a t a and p u b l i s h t h e survey . Wo conc lu­

s ion has been reached as t o t h e v a l i d i t y of t h i s method of p r e d i c t i o n . 

Ferber (18) found t h a t t h e p r e d i c t i o n s of durab le goods purchases 

made from informat ion obta ined by surveys of consumer i n t e n t i o n s were 
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v a l i d f o r no more than s i x months. 

Schweiger s t a t e s t h a t , 

"The evidence t o d a t e i n d i c a t e s t h a t , i n g e n e r a l , i n d i v i d u a l s 
a r e not s e n s i t i v e t o smal l changes in p r i c e o r income, t h a t t h e i r 
response t o economic happenings a r e f r e q u e n t l y u n s o p h i s t i c a t e d 
and emotional and a r e l i m i t e d by l ack of knowledge and un­
c e r t a i n t y . Fo recas t s t h a t assume t h e r a t i o n a l 'economic man, ' 
aware of t h e f u l l range of choice a v a i l a b l e t o him, may e a s i l y 
go a s t r a y Threa ts of a shor tage w i l l ge t a s t rong 
r e a c t i o n , bu t p rospec t s of a smal l p r i c e change appear t o have 
l i t t l e e f f e c t on durab le goods purchases . 1 1 1 

Therefore , d a t a ob ta ined by surveys of consumer i n t e n t i o n s t o buy 

should be used wi th cons ide rab l e c a u t i o n . A through knowledge of t h e 

des ign of t he survey i s necessa ry t o reasonably i n t e r p r e t t he d a t a . 

S t a t i s t i c a l Techniques.—These techniques involve t h e d e r i v a t i o n of 

equa t ions , u t i l i z i n g s t a t i s t i c a l r e g r e s s i o n and c o r r e l a t i o n a n a l y s i s , 

t o p r e d i c t f u t u r e r equ i remen t s . Regress ion models should con t a in i n d e ­

pendent v a r i a b l e s which have an exp l a inab l e r e l a t i o n s h i p t o t h e dependent 

v a r i a b l e . 

Using m u l t i p l e r e g r e s s i o n a n a l y s i s , t h e Timken R o l l e r Bearing 

Company (19) developed the fol lowing model fo r p r e d i c t i n g company s a l e s . 

Fo recas t = B-^IZ) + B 2('3D) + B 3(2G) + B^(8H) + B^(6F) 

+ B 6 (7D) + B ?(1G) 

The seven i n d i c a t o r s a r e : 

1Z = f a i l u r e l i a b i l i t i e s 

3D = manufac tu re r s ' new o rde r s 

Schweiger, I r v i n , "The Con t r ibu t ion of Consumer A n t i c i p a t i o n s in 
Fo recas t i ng Consumer Demands," Short Term Economic F o r e c a s t i n g , Na t iona l 
Bureau of Economic Research, 1955• 
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2G = machine t o o l index 

8H = f a b r i c a t e d s t r u c t u r a l s t e e l 

6F = manufacturers 1 u n f i l l e d o rders 

7D = Fede ra l Reserve Index of Product ion 

1G = manufacturers s a l e s 

= cons t an t m u l t i p l i e r s o r parameters 

Wagenhals of t h e Timken R o l l e r Bearing Company s t a t e s t h a t , 

"The r e s u l t s of t h i s model have been from good t o poor . The p r o b ­
lem i s t o l o c a t e l ead ing i n d i c a t o r s which a r e c o n s i s t e n t over t h e 
y e a r s . I t i s a l s o necessa ry t o f i nd v a r i a b l e s which w i l l exp l a in 
t h e f o r e c a s t e d s a l e s a t t h e 0.05 or 0.01 s i g n i f i c a n c e l e v e l . 

A system of c r o s s - s e c t i o n a n a l y s i s i s used t o determine t h e s e n s i ­

t i v i t y of an item t o t h e change i n a dependent v a r i a b l e . Two pe r iods i n 

time a re s e l e c t e d and d e t a i l e d da t a a r e ob ta ined . Brandeen (20) i l ­

l u s t r a t e s t h i s method of a n a l y s i s f o r automobile consumption u s ing a 

c r o s s - s e c t i o n of 1940 and 1950. He concluded t h a t t h e income s e n s i t i v i t y 

of automobile consumption was 0.9-

S t a t i s t i c a l t echniques have been c r i t i c i z e d f o r t h e fo l lowing 

reasons (21): -

(1) Most of t he mathemat ical models a r e s t a t i c and i n f l e x i b l e t o 

s h o r t - r u n changes. 

(2) Mathematical p r e c i s i o n i s o f t en app l i ed t o rough d a t a . 

(3) Mathematical assumptions necessa ry t o d e r i v e r e g r e s s i o n 

equat ions do not apply i n p r a c t i c e . 

"Ifagenhals, R. E . , unpubl ished l e t t e r , Timken R o l l e r Bearing 
Company, Canton, Ohio, J u l y 6, i960. 
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(4) S t a t i s t i c i a n s do no t cons ide r t h e element of o b j e c t i v e 

judgment. 

(5) Independent v a r i a b l e s o f t en cannot be p r e d i c t e d wi th any­

more accuracy than the dependent v a r i a b l e . 

Mul t ip l e r e g r e s s i o n models have been ques t ioned as a r e s u l t of 

the two mathemat ica l assumptions necessa ry t o d e r i v e t h e mathemat ical 

- t heo ry (23). They a r e : 

(1) The dependent v a r i a b l e i s , except f o r random d e v i a t i o n s , a 

l i n e a r func t ion of t he independent v a r i a b l e s . 

(2) The random deviations a r e normally and independent ly d i s t r i ­

buted wi th t h e same s tandard d e v i a t i o n , r e g a r d l e s s of the va lue of t h e 

independent v a r i a b l e . 

App l i ca t i on of Techniques.—The American Management Assoc i a t i on (23) 

conducted a survey i n 195^ t o determine t h e techniques a c t u a l l y be ing 

used i n i n d u s t r i a l f o r e c a s t i n g p r a c t i c e . The r e s u l t s of t h i s survey, 

which inc luded a c r o s s - s e c t i o n of a l l i n d u s t r y i n t h e United S t a t e s , a r e 

l i s t e d i n Table 4. 

Table 4 

Survey of Indus t ry Fo recas t i ng Techniques 

Technique Number of Companies 
Using Technique 

Survey 1,308 
Systemat ic 278 
Index 213 
Rat io 151 
Miscel laneous 34 
T o t a l Companies Report ing 1,984 
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CHAPTER I I I 

DATA COLLECTION 

The d a t a p e r t a i n i n g t o domestic c a r p e t shipments and import 

c a r p e t d e l i v e r i e s a r e l i m i t e d t o t o t a l da t a fo r t he e n t i r e United S t a t e s . 

Domestic woven c a r p e t shipments i n t h e i t h t ime pe r i od , denoted 

by WC i, were ob ta ined from t h e American Carpet I n s t i t u t e . This i s t h e 

only e a s i l y a v a i l a b l e da t a of domestic woven c a r p e t shipments on a 

monthly b a s i s . 

Domestic t u f t e d ca rpe t shipments i n t h e i t h t ime p e r i o d , denoted 

by TC i* were ob ta ined from the Tufted T e x t i l e Manufacturers A s s o c i a t i o n . 

This da t a was prepared from t h e United S t a t e s Department of Commerce 

Se r i e s M22L-129, "Tufted T e x t i l e P r o d u c t s . " The domestic ca rpe t s h i p ­

ments a r e r u g s , c a r p e t s , and r o l l goods four f e e t by s i x f e e t o r l a r g e r . 

Machine-made import c a r p e t d e l i v e r i e s were ob ta ined from t h e 

American Carpet I n s t i t u t e . Import c a r p e t d e l i v e r i e s i n t he i t h t ime 

pe r iod a r e denoted by . These da t a a r e based on t h e United S t a t e s 

Department of Commerce Report FT 110, "United S t a t e s Imports of Merchan­

d i s e f o r Consumption i n Commodity by Country of Or ig in Arrangement ." 

The t o t a l c a r p e t shipments i n t he i t h t ime p e r i o d , denoted by 

y , a r e c a l c u l a t e d by equa t ion 1. 

Y. = WC. + TC. + IC. ( l ) 

1 1 1 1 
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The t o t a l United S t a t e s c a r p e t shipments on a q u a r t e r l y b a s i s 

were ob ta ined by adding t h e monthly woven c a r p e t shipments , and p r o ­

r a t i n g the semi-annual t u f t e d c a r p e t shipments and t h e annual machine-

made import c a rpe t d e l i v e r i e s . This p r o r a t i o n was based on the quar ­

t e r l y p e r cen t of annual woven c a r p e t shipments . As a r e s u l t , the 

seasona l component of Y^ i s weighted toward t h e seasona l f l u c t u a t i o n 

of woven c a r p e t . 

The da t a used t o o b t a i n t h e Bq va lues i n t h e m u l t i p l e r e g r e s s i o n 

equat ion of Chapter V, equa t ion 17, were ob ta ined from Business S t a t i s ­

t i c s which i s pub l i shed "by t h e United S t a t e s Department of Commerce. 

One i tem of d a t a , t h e number of household i n t h e Uni ted S t a t e s , was ob­

t a i n e d from t h e "Current Popu la t ion R e p o r t s , " S e r i e s P-20. These r e p o r t s 

a r e pub l i shed by t h e United S t a t e s Department of Commerce. This annual 

s e r i e s of d a t a was i n t e r p o l a t e d qua r t e r l y^on a s t r a i g h t l i n e b a s i s . 

A l l d a t a fo r t he independent v a r i a b l e s i n t h e r e g r e s s i o n equa t ion 

of Chapter V, equa t ion 17,were "unadjusted" except fo r t h e d i sposab l e 

p e r s o n a l income, which i s s e a s o n a l l y a d j u s t e d . The Na t iona l Income 

Div i s ion of t h e United S t a t e s Department of Commerce does no t p u b l i s h 

t h i s d a t a on an "unadjus ted" basis."*" 

A diagram of t he flow of c a r p e t from shipments t o consumption i s 

shown i n F igure 1. 

Graham, Robert E . , unpubl ished l e t t e r , Reference BE-54. U. S. 
Department of Commerce, Washington 25, D. C , October 10, i960. 
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CHAPTER IV 

A SYSTEMATIC ANALYSIS OF LONG TERM CARPET SHIPMENTS 

The o b j e c t i v e of t h i s a n a l y s i s i s t o p r e d i c t c a r p e t shipments 

q u a r t e r l y , four yea r s i n advance, by method of manufacture . This p r e d i c ­

t i o n i s l i m i t e d t o t h e sys temat ic technique of t r e n d p r o j e c t i o n , s easona l 

shipments . 

The q u a r t e r l y c a r p e t shipments as a pe r cent of t h e annual t o t a l 

c a r p e t shipments a r e a reasonably cons tan t percen tage as shown i n Table 

5. The second and t h i r d q u a r t e r s a r e l e s s v a r i a b l e than t h e f i r s t and 

fou r th q u a r t e r s . 

This type of d a t a , where the q u a n t i t y of t he q u a r t e r l y v a r i a t i o n 

from t h e t r e n d inc reases as t h e magnitude of t h e t r e n d i n c r e a s e s , a r e 

p r o j e c t e d wi th t h e fol lowing m u l t i p l i c a t i v e model: , 

a n a l y s i s , and c y c l i c a l a n a l y s i s . A t ime s e r i e s from 1952 t o 1959 i s 

analyzed i n o rde r t o reduce t h e in f luence of the Korean War on c a r p e t 

Y. = T. x S. x C. x 6 . 
1 1 1 1 1 

(2) 

Taking t h e logar i thm of equa t ion 2, we g e t 

log Y. = log T. + log S. + log C. + log € . (3) 

where Y. t h e da t a a t t h e i t h t ime pe r i od , 

t h e t r e n d component a t t h e i t h t ime p e r i o d , 

t h e seasona l component a t t h e i t h t ime pe r iod . 



Table 5 

Year Quar ter 
1 2 3 4 T o t a l 

1952 23.85 22.83 23.30 30.02 100.00 
1953 30.68 23.32 22.56 23.44 ; 100.00 
1954 26.75 23.92 23.79 25.5^ 100.00 
1955 25.51 24.51 22.34 27.64 100.00 
1956 27.22 23.78 23.05 25.95 100.00 
1957 28.85 23.65 23.19 24.31 100.00 
1958 24.25 22.42 23.35 30.00 100.00 
1959 : 26.27 24.95 22.48 25.80 100.00 

Average 26.73 23.67 23.01 26.59 100.00 

Range From -2.88 -1.25 -0.53 -3.25 
Range To +3.95 +1.28 +0.79 +3.23 

Range 6.83 - 2.53 1.32 6.58 

Carpet Shipments - Per Cent of Annual To ta l 
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C\ = t h e c y c l i c a l component a t t h e i t h t ime p e r i o d , 

and £\ = t h e random e r r o r component a t t h e i t h t ime p e r i o d . 

The q u a r t e r l y d a t a u t i l i z e d i n t h i s a n a l y s i s i s l i s t e d i n Table 6, 

The woven ca rpe t shipments , t u f t e d c a r p e t shipments , and import c a r p e t 

d e l i v e r i e s which make-up t h e t o t a l United S t a t e s ca rpe t shipments a r e 

t a b u l a t e d i n Appendix I . 

In o rde r t o e s t a b l i s h t h e t r e n d component, T\ , equat ions of 

polynomials of degrees one through four were c a l c u l a t e d by the method 

of l e a s t s q u a r e s . The equa t ions of polynomials and the s t a t i s t i c a l 

d a t a i n Table 7 were c a l c u l a t e d us ing t h e IBM 650 computer program 

PL 05 • 

I f a l l e f f e c t s o t h e r than t r e n d a r e assumed n o n - e x i s t e n t , then 

Y. = and Y. = T . . 
1 1 1 1 

The four equa t ions a r e : 

L inear ^ . = +1622.36 +74.231 (h) 

Quadrat ic $ ± = +1708.51. +59-031 + 0 . 4 6 i 2 (5) 
' \ 2 , Cubic T± = +1635.60 +83.67i -I.381 +0.04i- 3 , (6) 

Quar t ic $ = +1936.67 -76.701 +19-7212 -0-95i3 +0 .01i^ (7) 

where *P. = e s t ima te of t he t r u e T . . 

The s t a t i s t i c a l s i g n i f i c a n c e of t h e s e equat ions was t e s t e d u s i n g 

the "F" t e s t . The a n a l y s i s shown i n Table 7 i n d i c a t e s t h a t t h e l i n e a r 

equa t ion i s s i g n i f i c a n t a t t h e 0 .001 l e v e l . The o t h e r t h r e e equa t ions 
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Table 6 

Quarterly United States Carpet Shipments 

Year Quarter 
Period 

i Shipments, Y^ 
(10,000 Square Yards) 

1952 1 1 1,772 1952 
2 2 1,696 
3 3 1,792 
4 4 2,310 

1953 1 5 2,442 
2 6 1,856 
3 7 1,960 
4 8 2,037 

1954 1 9 2,201 
2 10 1,968 
3 11 2,256 
4 12 2,422 

1955 1 13 2,852 
2 14 2,740 
3 15 2,615 
4 16 3,325 

1956 1 17 3,181 
2 18 2,780 
3 19 2,976 
4. 20 3,351 

1957 1 21 3,558 
2 22 2,917 
3 23 3,158 
4 24 3,311 

1958 1 25 3,150 
2 26 2,914 
3 27 3,282 
4 28 4,218 

1959 1 29 4,192 
2 30 3,908 
3 31 3,753 
4 32 4,308 
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a r e not s i g n i f i c a n t a t t he 0.10 l e v e l . The 0.10 l e v e l vas s e l e c t e d 

"because the b a s i c da t a i s not p r e c i s e . In a d d i t i o n , t h i s s i g n i f i c a n c e 

l e v e l was b e l i e v e d t o be accep tab le t o t h e c a r p e t i n d u s t r y . The "F" 

s t a t i s t i c f o r oC = 0.10 wi th one and twenty seven degrees of freedom 

i s 2.90. 

Table 7 

Analys is of Variance Table 

Source 12 
SSxlO 

df_ 12 
MSxlO F 

Linear 1503.32 1 1503.32 168.53 S i g n i f i c a n t 
Quadrat ic , 3-93 1 3.93 0 .44 Not S i g n i f i c a n t 
Cubic I.67 1 I.67 0.19 Not S i g n i f i c a n t 
Quar t ic 17.22 1 17.22 1.93 Not S i g n i f i c a n t 
Res i d u a l 240.95 27 8.92 

Tota l 1767.09 31 < 

The t r e n d equa t ion c a l c u l a t e d by t h e method of l e a s t squares i s 

*r\ = +1622.36 +74.23i. This e s t im a t e determined by t h e method of averages 

i s : 

^ = +1635.74 +73-44i (8) 

The method of averages i s reasonably s a t i s f a c t o r y fo r tr\ . c a l c u l a ­

t i o n s of l i n e a r t r e n d s i n i n d u s t r i a l s i t u a t i o n s where computers a r e not 

a v a i l a b l e . Bryant (24) ob ta ined a s i m i l a r smal l v a r i a t i o n i n t r e n d 

equa t ions which a r e c a l c u l a t e d by the two methods. 

The l i n e a r t r e n d equa t ion and the a c t u a l Y^ va lues a r e shown i n 

F igure 2. 
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Figure 2. Linear Trend Equation and Actua l Y . ' s H 
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Assuming t h e t r e n d component, as g iven by equa t ion 4, i s c o r r e c t , 

e r r o r equals ze ro , t h e log Y^ - log T^ = log (S^ x x £ ) i n t he 

m u l t i p l i c a t i v e model. The seasona l component, S^, was c a l c u l a t e d us ing 

q u a r t e r l y averages of log ( S i x ^ x £ ^ ) . The q u a r t e r l y seasona l 

components, Table 8, a r e c a l c u l a t e d i n Appendix I . 

Table 8 

Quar t e r ly Seasonal Components 

l oga r i t hm of 
Quar ter Seasonal Component 

1 +0.0301 
2 -0.03^0 
3 -0.0229 
4 +0.0268 

With t h e assumption t h a t t h e S i e r r o r i s ze ro , t h e log Y^ - l o g I - l o g 

= log (C^ x £ \ ) i n t h e m u l t i p l i c a t i v e model. The c y c l i c a l component, C^, 

was c a l c u l a t e d us ing a f i v e p o i n t moving average t o smooth t h e d a t a , 

log ( C i x The r e s u l t s of t h e smoothing i n d i c a t e s a f i f t e e n q u a r t e r 

cyc le which i s shown i n F igure 3-

From t h e r e l a t i o n s h i p 

log Y. = log (1622.36 +74.231) +log §\ + l o g 6., (9) 

t h e t o t a l United S t a t e s c a r p e t shipments were p r e d i c t e d q u a r t e r l y f o r t h e 

pe r i od from 1952 through 1959- A comparison of t h i s p r e d i c t i o n wi th t h e 

a c t u a l Y. va lues i s l i s t e d i n Table 9' The average e r r o r of t h i s sys temat ic 
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Figure 3. C y c l i c a l Component of United S t a t e s Carpet Shipments 

Quar te r Logarithm 
0 : ' 0.0000 
1 -0.0100 
2 -O.O25O 
3 -0.0350 
4 -O.O35O 
•5 -0.0250 
6 -0.0100 
7 0.0000 
8 +0.0100 
9 +O.OI5O 
10 +0.0175 
11 +0.0200 
12 +O.OI75 
13 +O.OI5O 
14 +0.0100 
15 0.0000 
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Table 9 

riod 
i 

Prediction 
Y. 

l 

1 1,894 
2 1,717 
3 1,822 
4 2,113 
5 2,187 
6 1,913 
7 1,986 

CO
 2,225 

9 2,264 
10 2,017 
11 2,184 
12 2,612 
13 2,773 
14 2,519 
15 2,687 
16 3,112 
17 3,237 
18 2,848 
19 2,979 
20 3,326 
21 3,410 
22 2,942 
23 2,982 
24 3,3^ 
25 3,^39 
26 3,101 
27 3,362 
28 3,936 
29 4,140 
30 3,684 
31 3,875 
32 4,452 

Actual 
Y. 

1 

Residual 
e. 

1 

1,772 122 
1,696 21 
1,792 30 
2,310 -197 
2,442 -255 
1,856 57 
1,960 26 
2,037 188 
2,201 63 
1,968 ^9 
2,256 -72 
2,422 190 
2,852 -79 
2,740 -221 
2,615 72 
3,235 -123 
3,181 56 
2,780 68 
2,976 3 
3,351 -25 
3,558 -148 
2,917 25 
3,158 -176 
3,311 29 
3,150 289 
2,914 187 
3,282 80 
4,218 -282 
4,192 -52 
3,908 -224 
3,753 122 
^,308 144 

Comparison of Y. from Equation 9 with Y. 
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p r o j e c t i o n i s 4.0 pe r cent ranging from -255 t o +289. 

The randomness of t h e r e s i d u a l e r r o r , e^, was t e s t e d by t h e t h e o r y 

of runs (25). With twelve minus s igns and twenty p l u s s i g n s , t he c r i t i c a l 

number of runs i s e leven a t t h e 0.05 s i g n i f i c a n c e l e v e l (26). The 

r e s i d u a l e r r o r , Table 9> has f i f t e e n r u n s . Therefore , t h e r e s i d u a l e r r o r 

i s random a t t he t e s t e d s i g n i f i c a n c e l e v e l . The 0.05 l e v e l was s e l e c t e d 

as t h e maximum e r r o r t h e c a r p e t i n d u s t r y would a c c e p t . 

The p r o j e c t e d q u a r t e r l y c a r p e t shipments , Y^, f o r t h e pe r iod from 

i960 through 1963 a r e l i s t e d i n Table 13 and a r e shown i n F igure 4. The 

a c t u a l c a r p e t shipments f o r t h e pe r i od from 1952 through 1959 a r e p l o t t e d 

i n F igure 4. 

An equa t ion t o e s t ima te annual import c a r p e t d e l i v e r i e s was c a l c u ­

l a t e d by t h e method of ave rages . The d a t a i n Table 10 i s r e l a t e d by t h e 

l i n e a r equa t ion 11. 

IC\ = 197.46 +51.62i ( l l ) 

Table 10 

Annual Import Carpet D e l i v e r i e s 

Year Import Carpet , IC.^ 
(10,000 Square Yards) 

1952 260 
1953 332 
1954 299 
1955 4 1 5 
1956 4 7 0 
1957 486 
1958 469 
1959 707 
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Import c a rpe t d e l i v e r i e s p r o j e c t e d from i960 through 1963 a r e 

l i s t e d i n Table 11. The annual p r o j e c t i o n was p r o r a t e d q u a r t e r l y based 

on t h e p r o j e c t e d q u a r t e r l y p e r cent of annual ca rpe t shipments . The 

domestic United S t a t e s ca rpe t shipments a r e ob ta ined by s u b t r a c t i n g 

IC\ from Y . 

Table 11 

Import Carpet D e l i v e r i e s P r o j e c t i o n 

Year Quar ter Year Quar ter Import Carpet , IC^ 
(10,000 Square Yards) 

i960 1 175 
2 153 
3 158 
k 176 

196l 1 193 
2 164 
3 167 
k 190 

1962 1 191 
2 174 00 185 
k 215 

1963 1 213 
2 187 
3 196 
k 221 

An equa t ion fo r t h e t u f t e d c a r p e t pe r cen t of domestic ca rpe t 

shipments i n t he i t h t ime pe r i od , denoted by (TC Per Cent )^ , was 

c a l c u l a t e d i n o rde r t o s e p a r a t e t h e domestic ca rpe t shipments by method 

of manufacture . The b a s i c d a t a i s l i s t e d in Table 12. 
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Table 12 

Year Per iod (TC Per C e n t ) i 

( i ) 

1952 1 14.26 
1953 2 20.45 
1954 3 34.54 
1955 4 42.93 
1956 5 45.89 
1957 6 55.33 
1958 7 60.77 
1959 

CO
 62.14 

By a p p l i c a t i o n of t h e method of d i f f e r e n c e s , see Appendix I , a 

t h i r d degree polynomial equa t ion was s e l e c t e d t o f i t t o t h e d a t a . Four 

p o i n t s of annual d a t a , 1953* 1955* 1957* and 1959* were s e l e c t e d f o r 

t h i s equa t ion . The Gauss e l i m i n a t i o n technique was used t o so lve t h e 

four l i n e a r e q u a t i o n s . These c a l c u l a t i o n s a r e l i s t e d i n Appendix I . 

The r e s u l t i n g s o l u t i o n i s g iven i n equa t ion 12. The a c t u a l and p r o j e c t e d 

t u f t e d ca rpe t p e r cen t of domestic c a r p e t shipments i s p l o t t e d i n 

Figure 5« 

(TC Per C e n t ) i = -l6.6o +22-91i -2.38i2 + 0 . 0 9 4 i 3 (12) 

Based on equa t ion 12, t h e (TC Per Cent j^ was p r o j e c t e d f o r t h e 

pe r iod from i960 through 1963. The annual domestic t u f t e d c a r p e t shipments 

i n square yards a r e c a l c u l a t e d by 

TC. = (TC Per Cen t ) , x (Y. - I C . ) . (13) 
1 1 1 1 ' 

Tufted Carpet Per Cent of Domestic Carpet Shipments 
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The annual d a t a i s p r o r a t e d q u a r t e r l y based on t h e q u a r t e r l y p e r cen t 

of annual United S t a t e s c a r p e t shipments . 

Woven c a r p e t shipments , WC ,̂ a r e c a l c u l a t e d by 

/\ /s > 
WC. = Y . ' - I C . -TC. ( l 4 ) 1 1 1 1 x ' 

The p r o j e c t e d United S t a t e s c a r p e t shipments , import c a r p e t 

d e l i v e r i e s , and domestic c a r p e t shipments by method of manufacture a r e 
• 3 ' • . . ... -

l i s t e d i n Table 13 and a r e p l o t t e d i n F igure 6. 

The sys temat ic p r o j e c t i o n f o r t h e pe r iod from i960 through 1963 

assumes that t he same cond i t ions which existed from 1952 through 1959 w i l l 

e x i s t i n t h e p r o j e c t e d p e r i o d . This p r o j e c t i o n i n d i c a t e s t h a t c a r p e t 

shipments w i l l d e c l i n e i n 1961 as t h e c y c l i c a l component reaches a t rough . 

An up tu rn i s i n d i c a t e d i n t h e fou r th q u a r t e r of I961. This up tu rn i s 

p r o j e c t e d t o cont inue t o a peak i n 1963. T o t a l United S t a t e s c a r p e t 

shipments i n 1963 a r e p r o j e c t e d t o be 211,162,000 square yards as 

compared t o l6l,620,000 square yards i n 1959-

The major i nc r ea se i s expected in t u f t e d c a r p e t . This type c a r p e t 

i s p r e d i c t e d t o i n c r e a s e from 9^,040,000 square yards i n 1959 t o 156,510,000 

square yards i n 1963. During t h e same p e r i o d , woven c a r p e t shipments a r e 

p r o j e c t e d t o d e c l i n e from 5S,508,000 square yards i n 1959 t o 46,940,000 

square yards i n 1963. Import c a rpe t d e l i v e r i e s a r e expected t o t o t a l 

8,170,000 square yards in 1963 as compared t o 7*070,000 square yards i n 

1959. 

The c o s t of ca rpe t p roduc t ion v a r i e s s u b s t a n t i a l l y between woven 

and t u f t e d manufacturing methods. A t y p i c a l c a r p e t loom cos t about t h r e e 
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Table 13 

Year Quarter Shipments Projection - 10,000 Square Yards 
Y. IC. TC. WC. 

1 1 1 1 
i960 1 4,544 175 2,833 1,536 

2 3,968 153 2,474 1,341 
3 4,096 158 2,554 1,384 
4 4,569 176 2,849 1,544 

Total 17,177 o^2 10,710 5,805 

1961 1 4,575 " 193 2,972 1,410 1961 
2 3,879 164 2,521 1,194 
3 3,944 167 2,562 1,215 
4 4,506 190 2,928 1,388 

Total 16,904 714" 10,983 5,207 

1962 1 4,725 191 3,249 1,285 
2 ^ 4,284 174 2,947 1,163 
3 4,567 185 3,141 1,241 
4 5,314 215 3,655 1,444 

Total 18,890 7o5~ 12,992 5,133 

1963 1 5,506 213 4,072 1,221 
1,076 

1963 
2 4,850 187 3,587 

1,221 
1,076 

3 5,065 196 3,745 1,124 
4 5,741 221 4,247 

15,651 
1/273 

Total 21,162 817 
4,247 
15,651 4,694 

Quarterly Carpet Shipments Projection 
i960 through 1963 
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t imes t h e c o s t of a t u f t i n g machine. I n a d d i t i o n , t h e p roduc t ion r a t e 

of a loom i s approximately one-e igh th t h a t of a t u f t i n g machine. 
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CHAPTER V 

MULTIPLE REGRESSION ANALYSIS 

The o b j e c t i v e of t h i s a n a l y s i s i s t o develop a method of p r e d i c t i n g 

s h o r t - t e r m c a r p e t shipments , t h a t i s , shipments one q u a r t e r i n advance. 

This a n a l y s i s i s l i m i t e d t o t h e s t a t i s t i c a l technique of m u l t i p l e r e ­

g r e s s i o n a n a l y s i s . The a v a i l a b l e d a t a l i m i t s t h e p r e d i c t i o n t ime pe r iod 

t o one q u a r t e r o r l onge r . The independent v a r i a b l e s s e l e c t e d f o r t h e 

m u l t i p l e r e g r e s s i o n model were based on an exp la inab le r e l a t i o n s h i p t o 

c a r p e t shipments . 

The v a r i a b l e s were c l a s s i f i e d i n t h e fo l lowing manner: 

Dependent Var iab le 

Y. = c a r p e t shipments i n t e n thousands of square yards 
dur ing t h e i t h time pe r iod i n q u a r t e r s . 

Independent Var i ab le s 

X^/^ ^\ = new housing s t a r t s i n m i l l i o n s of d o l l a r s dur ing 
t h e ( i - l ) t h time, p e r i o d . 

L 2 ( i - 2 ) d i sposab le p e r s o n a l income pe r household i n d o l l a r s 
dur ing t h e ( i - 2 ) t h t ime p e r i o d . 

^ U i l ) = c o m m e r c i a l c o n s t r u c t i o n i n m i l l i o n s of d o l l a r s 
dur ing t h e ( i - l ) t h t ime p e r i o d . 

^4(i+2V = c o m m e r c i a l a i r c r a f t shipments i n number of a i r c r a f t 
dur ing t h e ( i + 2 ) t h t ime p e r i o d . 

^ 5 ( i + l ) = : f a c ^ o r y s a l e s i n thousands of c a r s so ld dur ing t h e 
( i + l ) t h t ime p e r i o d . 

X/-/. = c a r p e t shipments i n thousands of square yards dur ing 
} t h e (i-36)th t ime p e r i o d . 
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New housing s t a r t s were u t i l i z e d as a v a r i a b l e because c a r p e t i s 

i n s t a l l e d i n new homes. Af t e r a s tudy of t he d a t a i n F igure 7> t he t ime 

pe r iod i-1 was s e l e c t e d on t h e b a s i s t h a t a house must be s t a r t e d be fore 

c a r p e t could be shipped from t h e c a r p e t p l a n t . 

The second v a r i a b l e , d i sposab l e p e r s o n a l income p e r household, i s 

a measure of t h e consumer's a b i l i t y t o buy c a r p e t . Af te r s tudying t h e 

a c t u a l d a t a i n F igure 7* t he t ime pe r iod i-2 appeared t o be the most 

f e a s i b l e . The f a c t t h a t t h e d i sposab le p e r s o n a l income i s s e a s o n a l l y 

ad jus ted i s more important t han t h e s p e c i f i c t ime p e r i o d s e l e c t e d . Un­

ad jus ted d a t a were not a v a i l a b l e from, any p u b l i c a t i o n . Ne i the r t h e 

Research Department of t h e Fede ra l Reserve Bank of A t l a n t a nor t h e 

Na t iona l Income Div i s ion of t h e United S t a t e s Department of Commerce 

could supply t h i s in format ion . 

Commercial c o n s t r u c t i o n i s an i n d i c a t o r of t h e q u a n t i t y of c a r p e t 

which w i l l be i n s t a l l e d i n commercial b u i l d i n g s such as h o t e l s and m o t e l s . 

The ( i - l ) t h t ime pe r iod was s e l e c t e d by a n a l y s i s of t h e d a t a i n Figure 8. 

This t ime l ag compensates f o r t h e de lay between s t a r t i n g c o n s t r u c t i o n and 

shipment of t h e c a r p e t . 

The f o u r t h v a r i a b l e , commercial a i r c r a f t c o n s t r u c t i o n , was s e l e c t e d 

i n o rde r t o inc lude t h e c a r p e t i n s t a l l e d in a i r c r a f t . Af te r a s tudy of 

the d a t a i n F igure 8, t he pe r i od i+2 was c o r r e l a t e d because c a r p e t must 

be shipped from t h e c a r p e t p l a n t i n advance of d e l i v e r y of t he a i r c r a f t . 

Fac to ry s a l e s of automobiles were c o r r e l a t e d t o measure the c a r p e t 

i n s t a l l e d i n au tomobi les . Af te r a s tudy of t h e d a t a i n F igure 9> t h e t ime 

pe r iod i+1 was s e l e c t e d . This l ead ing r e l a t i o n s h i p i s necessa ry t o a l low 

f o r shipment and p rocess ing of t h e c a r p e t be fore t h e s a l e of t he c a r . 
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The s i x t h v a r i a b l e , c a r p e t shipments dur ing t h e (l-36)th t ime 

p e r i o d , i s an a u t o - c o r r e l a t i o n v a r i a b l e t o measure t h e replacement r e ­

quirements f o r c a r p e t . This pe r iod was based on a s tudy of t h e d a t a 

i n F igure 10, and on d i s c u s s i o n s wi th r e p r e s e n t a t i v e s of t he c a r p e t 

i n d u s t r y . 

The proposed m u l t i p l e r e g r e s s i o n model, g iven i n equa t ion 15 

below, assumes t h a t c a r p e t shipments a r e a l i n e a r func t ion of each 

independent v a r i a b l e . 

Y i " B0 X0 + B l X l ( i - l ) + V 2 ( i - 2 ) + B3 X3 ( i - D ( 1 5 ) 

+ B A ( i + 2 ) + B5 X5(i+D +% X6(i-36) + «i 

where B. = t r u e r e g r e s s i o n c o e f f i c i e n t f o r t h e j t h independent v a r i a b l e 
J 

and £^ = f a c t o r s not o therwise accounted f o r i n t h e equa t ion . 

The IBM 650 computer r o u t i n e ST0-1 was used i n computing t h e 

c o r r e l a t i o n and r e g r e s s i o n s t a t i s t i c s g iven i n Table 15. The b a s i c da t a 

f o r t h e a n a l y s i s a r e l i s t e d i n Table 14. 

The m u l t i p l e r e g r e s s i o n equa t ion f o r t h e model equa t ion 15 i s 

given as fo l lows : 

^(predicted) " *i " V o + b l X l ( i - l ) + b2 X2 ( i-2) ^ 

+ t3 X3(i-D + V M i + 2 ) + b
5
X5(l+l) 

+ b6 X6 ( i- 36) 

where Y^ - Y = = e s t ima te of t h e r e s i d u a l e r r o r f o r t he i t h t ime p e r i o d . 
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Table l4 

Basic Data for Regression Equation 

Period i Y. 

1 
X l ( i - l ) X2 ( i-2) X3 ( i - D . X4 ( i+2) ' X5(i+D X6(i-36) 

1952-1 1. 1,722 2,733 
2,194 

1,264 283 1,039' 
815 

1,221 
825 

8,387 
2 2 1,696 

2,733 
2,194 1,284 253 

1,039' 
815 

1,221 
825 7,434 

3 3 1,792 2,769 1,265 256 1,105 1,296 5,794 
4 4 2,310 

2,442 
3,120 1,277 298 1,158 1,504 5,716 

1953-1 5 
2,310 
2,442 2,999 

2,437 
1,304 330 1,111 

760 
1,730 
1,586 

7,293 
2 6 1,856 

2,999 
2,437 1,318 334 

1,111 
760 

1,730 
1,586 6,403 

3 7 1,960 2,999 1,333 395 830 1,297 6,o46 
4 8 2,037 3,333 1,349 509 984- 1,433 . 5,538 

1954-1 9 2,201 
1,968 

3,06l 1,351 553 823 1,439 5,127 
2 10 

2,201 
1,968 2,437 1,345 475 752 1,198 4,722 

3 11 2,256 3,280 1,349 5l4 1,187 1,389 4,924 
4 12 2,422 3,907 .1,347 626 1,488- 2,104 8,032 

1955-1 13 2,852 3,872 1,343 597 .959 2,122 11,034 
2 14 2,740 3,719 1,353 603 1,186 1,747 13,079 
3 15 2,615 4,915 1,381 757 1,807 1,946 12,520 
4 16 3,325 5,346 1,373 

1,437 
919 2,054 1,735- 15,443 

1956-1 17 3,181 4,725 
1,373 
1,437 939 1,801 

1,543 
1,473" 15,147 

2 18 2,780 3,576 1,458 821 
1,801 
1,543 1,062 17,622 

3 19 2,976 4,607 1,459 895 1,782 1,546 16,720 
4 20 3,351 4,986 1,491 961 1,919 1,784 19,711 

21,348 1957-1 21 . 3,558 . 4,508 1,501 954 1,510 1,575 
19,711 
21,348 

2 22 2,917 3,429 1,521 789 1,534 1,324 22,562 
3 23 3,158 4,307 1,525 856 1,808 1,430 I9r28l 
4 24 3 ,3H 4,808 1,547 951 1,930' 1,234 20,789 -

1958-1 25 3,150 4,475 1,558 968 1,373 1,020 18,821 
2 26 2,914 3,420 1,544 791 1,771 6i4 • 14,989 
3 27 3,282 4,268 1,539 869 2,020 1,393 15,006 
4 28 4,218 5,104 1,544 966 2,283 1,591 19,999 

1959-1 29 4,192 5,255 1,575 963 1,709 1,686 20,993 
20,834 2 30 3,908 4,167 1,579 811 2,230 

2,469 
1,033 

20,993 
20,834 

3 31 3,753 5,867 1,594 960 
2,230 
2,469 1,280 22,670 

4 32 4,308 6,390 1,623 1,100 2,264 1,993 21,223 



Table 15 

Resu l t s of C o r r e l a t i o n Analysis 

x l ( i - l ) 
X2 ( i-2) X 3 ( i - D X4 ( i+2) X 5 ( i + l ) X6 ( i-36) 

Averages 2,847.2 3,969.2 1,429.1 696.7 1,500.1 1,456.6 13,600.2 

Standard Devia t ion 7^3.1 1,040.5 110.8 258.6 499.3 342.9 6,323.7 

Simple C o r r e l a t i o n 
Coef f i c i en t s r 

y. 
1.00 0.88 0.88 O.89 0.86 0.20 0.88 

x i 

\ 
0.88 1.00 0.75 0.89 ,0.87 0.39 O.78 

x i 

\ 0.88 0.75 •1.00 0.89 . 0.8L -0.12 0.90 

% O.89 0.89 0.89 1.00 0.84 0 .14 O.89 

\ 0.86 0.87 0.81 0.84 ,1.00 0.09 0.82 

X 
0.20 0.39 -0.12 0.14 0.09 1.00 -0.01 

5 
r x 6 

0.88 0.78 0.90 0.89 0.82 -0.01 1.00 

P a r t i a l C o r r e l a t i o n 
Coef f i c i en t s -1.00 0 .24 0.53 -0.14 0.17 0.37 0.28 

Regression Coef f i c i en t s 
b . , 

Standard E r ro r S, 

-1.000 0.178 3.681 -0.421 O.I87 0.390 0.026 Regression Coef f i c i en t s 
b . , 

Standard E r ro r S, 0.148 1.191 0.592 0.219 0.198 0.018 
J's 
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The r e s u l t s of t h e c o r r e l a t i o n a n a l y s i s were used t o o b t a i n t h e 

m u l t i p l e r e g r e s s i o n equa t ion : 

Y i = -4,028.68 -tO.lT&C^^j +3,68lX 2 ( i_ 2 ) (17) 

-°-h22X3(l-l) ^ ^ ( i * ) ^ ^ ( i + i ) 

The cons tan t b^ i s c a l c u l a t e d i n Appendix I I and X^ = 1.00. 

The t t e s t wi th (N-n) degrees of freedom was used t o t e s t t h e 

hypothes i s t h a t b . = B . , ( j = 2, . ., 7)• 

b . - B. 

t = J * , B = 0 (18) 
J 

N = number of obse rva t ions 

n = t o t a l number of v a r i a b l e s = 6 

S, = s t andard e r r o r of b . 

The t e s t s t a t i s t i c , t , wi th 3 2 - 6 degrees of freedom a t t h e n i n e t y 

p e r cen t confidence l e v e l i s 1.706. This s i g n i f i c a n c e l e v e l was chosen 

because t h e b a s i c da t a i s not p r e c i s e . In a d d i t i o n , t h i s s i g n i f i c a n c e 

l e v e l i s b e l i e v e d t o be accep tab l e t o t h e ca rpe t i n d u s t r y . The r e s u l t s 

of t he t t e s t a r e l i s t e d i n Table l6. 
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Table l6 

Resu l t s of t Test 

Var i ab le t S ign i f i cance 

X l ( i - D 1.203 Not S i g n i f i c a n t a t oC= 0. .10 

X 2 ( i - 2 ) 3.091 S i g n i f i c a n t a t oL = 0.001 
X 3 ( i - D 0.711 Not S i g n i f i c a n t a t <?C = 0. ,10 

X 4(i+2j 0.854 Not S i g n i f i c a n t a t << = 0. ,10 

X 5 ( i + D 1.970 S i g n i f i c a n t a t ot = 0.10 

X6 ( i- 36) 1.444 Not S i g n i f i c a n t a t = 0. ,10 

The c o e f f i c i e n t of m u l t i p l e c o r r e l a t i o n , R, i s c a l c u l a t e d i n 

Appendix I I . This va lue f o r t h e complete r e g r e s s i o n equa t ion i s 0.957-
2 

This c o e f f i c i e n t impl ies t h a t 91-^3 pe r c e n t , R x 100, of t he v a r i a t i o n 

of Y i can be expla ined by t h e complete r e g r e s s i o n equa t ion 17- A comparison 

of t h e p r e d i c t i o n , Y^, wi th t h e a c t u a l Y i va lues i s shown i n Table 17-

The average r e s i d u a l e r r o r of the p r e d i c t i o n i s 177-5 o r 6.2 p e r 

c e n t . The range of e r r o r i s 911, from -493 "to +418. 

When t h e v a r i a b l e s which do not add s i g n i f i c a n t l y t o t h e equa t ion 

a r e d e l e t e d , t h e reduced r e g r e s s i o n equa t ion becomes 

Y i = V o + l 32 X2( i-2) + V 5 (1+1) (19) 

This reduced equa t ion i s f u r t h e r j u s t i f i e d by t h e minor i n t e r -

c o r r e l a t i o n , r = -0.12, between v a r i a b l e s X~f. ^\ and X , _ / . i n \ . 
3 2(i-2; 5 (.i+l) 



45 

Table 17 

triod P r e d i c t i o n Actua l Res idua l 
i Y. Y. e . 

l 1 1 

1 1,878 1,772 +106 
2 1,647 1,696 - 49 
3 1,873 1,792 + 81 
4 2,051 2,310 -259 
5 2,236 2,442 -206 
6 2 ,041 1,856 +185 
7 2,061 1,960 +101 
8 2,200 2,037 +163 
9 2,102 2,201 - 99 
10 1,884 1,968 - 84 
11 2,194 2,256 - 62 
12 2,667 2,422 +245 
13 , 2,645 2,852 -207 
14 I 2,602 2,740 -138 
15 3,033 2,615 +418 
16 3,053 3,235 -182 
17 3,013 3,181 -168 
18 2,790 2,780 + 10 
19 3,156 2,976 +180 
20 3,511 3,351 - 40 
21 3,351 3,558 -207 
22 3,240 2,917 +323 
23 3,389 3,158 +231 
24 3,506 3,311 +195 
25 3 ,241 3,150 + 91 
26 2,891 2,914 - 23 
27 3 ,341 3,282 + 59 
28 3,725 4,218 -493 
29 3,824 4,192 -368 
30 3,547 3,908 -361 
31 4,032 3,753 +279 
32 4,372 4,308 + 66 

Comparison of Y. from Equat ion 17 wi th Y. 
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The r e s u l t s of t he m u l t i p l e c o r r e l a t i o n a n a l y s i s wi th t h e reduced 

equat ion a r e l i s t e d i n Table 18. 

Table 18 

Resu l t s of C o r r e l a t i o n Analysis 

Y. 
l 

X2 ( i-2) X5 ( i+1) 
Averages 2,847-2 1,429.1 1,456.6 

Standard Devia t ion 743.1 110.8 342.9 

Simple C o r r e l a t i o n 
Coef f i c i en t s r 1.00 0.88 0.20 

0.88 1.00 -0.12 

6.20 -0.12 1.00 

P a r t i a l C o r r e l a t i o n 
Coef f i c i en t s -1.00 0.93 0.66 

Regress ion 
0.674 C o e f f i c i e n t s , b . , -1.000 6.172 0.674 

Standard E r r o r , S^ 
's 

0.436 0 .141 

The r e s u l t s of t h e t t e s t f o r t h e reduced r e g r e s s i o n equa t ion 20 a r e 

l i s t e d i n Table 19. The c o n s t a n t , b ^ , i s c a l c u l a t e d i n Appendix I I 

Y. -
l 

= -6,954.87 +6.172X2(. -2) ^ X 5 ( i + 1 ) (20) 
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Table 19 

Resu l t s of t Test 

Var iab le t S ign i f i cance 

*2{± 2.) 14.15 S i g n i f i c a n t a t ^ = 0 .001 

TLri.^s 4.77 S i g n i f i c a n t a t ^=0.001 > ^ i + i ; 

Bryant (27) i l l u s t r a t e s a method of t e s t i n g t h e hypo thes i s t h a t 

no r e g r e s s i o n i s p r e s e n t , t h a t i s : H Q S = = 0. The r e s u l t s of 

t h i s a n a l y s i s f o r t h e reduced equa t ion 20 a r e l i s t e d i n Table 20. 

Table 20 

Analysis of Variance Table 
Regress ion Data 

Source SSxlO 3 df MSxlO3 F 

Linear Regress ion 9,222 2 4,611 16.6 

Residuals from Regress ion 8,864 29 277 
Tota l 18,086 31 

The F value of l6.6 i n Table 20 i s s i g n i f i c a n t a t t h e 0.001 l e v e l . 

The m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t f o r t h e reduced equat ion 20 

i s 0-937' The reduced equa t ion exp la ins 87.8 p e r cent of t he v a r i a t i o n 

of Y. . 
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The n i n e t y p e r cent confidence i n t e r v a l f o r t h e va r i ance of an 

i n d i v i d u a l Y. i s g iven by Hader and Grandage (28) a s : 

V(Y ±) = +te s Vl + X 'A" 3 ^ 

where t = "Students t " t e s t s t a t i s t i c , 

s = square roo t of t h e r e s i d u a l e r r o r v a r i a n c e , 

= v e c t o r V X2(i-l)'..*5(i+l) 
A ^ = inve r se of t h e A m a t r i x , Appendix I I , 

and X = v e c t o r 

(21) 

X2(i-1) 
X5(i+l) 

The confidence i n t e r v a l s f o r s e v e r a l magnitudes of %ys a t 

(0 90 30)
 a r e calcula"ke(i in

 Appendix I I and a r e l i s t e d i n Table 21. 

Table 21 

Confidence I n t e r v a l s of t he Reduced Regress ion Equat ion 20 

i Y. 

1 
X2 ( i-1) X5(i+l) I n t e r v a l 

8 2,037 1,349 1,433 +6l5 

25 3,150 1,558 l,Q20 +648 

32 4,308 1,623 1,993 +667 

A comparison of t h e p r e d i c t i o n , Y\, wi th t h e a c t u a l Y_̂  va lues i s 

shown i n Table 22. The average e r r o r of t h e p r e d i c t i o n from t h e reduced 

r e g r e s s i o n equa t ion i s 225.4 o r 7-9 p e r c e n t . The range of e r r o r i s 

1,136 from -571 t o +565. 
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Table 22 

Comparison of y \ from Equation (20) with Y ^ 

t 

jriod Prediction Actual Residual 
i Y . Y . e. 

l 1 1 

1 1,675 1,772 - 97 
2 1,526 1,696 -170 
3 1,726 1,792 - 66 
4 1,940 2,310 

2,442 
-370 

5 2,259 
2,310 
2,442 -183 

6 2,249 1,856 393 
7 2,147 1,960 187 C

O
 2,330 2,037 293 

9 2,353 2,201 
1,968 

152 
10 2,154 

2,201 
1,968 186 

11 2,307 . 2,256 51 
12 2,777 2,422 

2,852 
355 

13 2,764 
2,422 
2,852 - 88 

14 . 2,573 2,740 -167 
15 3,180 2,615 565 
16 2,689 3,235 -546 
17 2,907 3,181 -374 
18 2,760 2,780 - 20 
19 3,092 2,976 116 
20 3,450 3,351 99 
21 3,371 3,558 -187 
22 3,325 2,917 408 
23 3,421 3,158 263 
24 3,425 3,3H 114 
25 3,349 3,150 199 
26 2,989 2,914 75 
27 3,483 3,282 

4,218 
201 

28 3,647 
3,282 
4,218 -571 

29 3,902 4,192 -290 
30 3,487 3,908 -421 
31 3,746 3,753 

4,308 
- 9 

32 4,406 
3,753 
4,308 - 98 
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A comparison of t h e reduced r e g r e s s i o n equa t ion 20 wi th t h e f u l l 

r e g r e s s i o n equa t ion 17 i s l i s t e d i n Table 23-

Table 23 

Comparison of Equat ions 17 and 20 

Equat ion Equat ion 
S t a t i s t i c 17 20 

R 0.957 0.937 
E 2 O.916 0.878 

Average E r ro r 177.5 225.4 

Range of E r r o r 911 1,136 

Hader and Grandage (29) s t a t e t h a t t h e r a t i o n a l e fo r d i s c a r d i n g 

of v a r i a b l e s i n m u l t i p l e r e g r e s s i o n equa t ions i s no t y e t s u f f i c i e n t l y 

w e l l developed. With t h i s s ta tement and t h e reduced p r e c i s i o n , Table 23, 

of t h e p r e d i c t i o n r e s u l t i n g from t h e reduced equa t ion , t h e f u l l r e g r e s s i o n 

equa t ion could be u t i l i z e d . 

The t h e o r y of runs (30) l ends a d d i t i o n a l suppor t t o t h e use of t he 

f u l l r e g r e s s i o n equa t ion . The r e s i d u a l e r r o r of t h e p r e d i c t i o n r e s u l t i n g 

from t h e f u l l r e g r e s s i o n equa t ion 17 has seventeen minus s igns and seven­

t e e n p lu s s i g n s . The c r i t i c a l number of runs a t t h e 0.05 l e v e l of s i g n i f i ­

cance i s e leven (3l)• The r e s i d u a l e r r o r , Table 17 has seventeen r u n s . 

Therefore , t h e r e s i d u a l e r r o r i s cons idered random a t t h e t e s t e d s i g n i f i ­

cance l e v e l . The r e s i d u a l e r r o r of t h e p r e d i c t i o n r e s u l t i n g from t h e 
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reduced r e g r e s s i o n equa t ion 20 has f i f t e e n minus s igns and seventeen p lus 

s i g n s . The c r i t i c a l number of runs a t t h e 0.05 s i g n i f i c a n c e l e v e l i s 

e leven (32). The number of runs i n t h e r e s i d u a l e r r o r , Table 22, i s t e n . 

Therefore , t h e r e s i d u a l e r r o r i s not random a t t h e 0.05 l e v e l of s i g n i f i ­

cance . 

The r e s u l t s i n d i c a t e t h a t t h e f u l l r e g r e s s i o n equa t ion 17 should 

be u t i l i z e d f o r p r e d i c t i o n pu rposes . 
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CHAPTER VI 

SUMMARY OF CONCLUSIONS AND DISCUSSION 

Conclusions.—The f ind ings of t h i s s tudy a r e "based on a t ime s e r i e s of 

t o t a l United S t a t e s c a r p e t shipments f o r e i g h t yea r s which were analyzed 

q u a r t e r l y . With t h i s l i m i t a t i o n , t h e conc lus ions of t h i s i n v e s t i g a t i o n 

a r e as f o l l ows : 

(1) The sys temat ic p r o j e c t i o n p rov ides a b e t t e r p r e d i c t i o n of 

c a r p e t shipments than t h e m u l t i p l e r e g r e s s i o n e q u a t i o n s . 

(2) The sys temat ic p r o j e c t i o n should be used f o r bo th t h e l ong -

term and s h o r t - t e r m p r e d i c t i o n of c a r p e t shipments . 

Discuss ion.—The sys temat ic t echnique prov ides a b e t t e r p r e d i c t i o n of 

c a r p e t shipments than t h e m u l t i p l e r e g r e s s i o n equa t ions because : 

(1) The average e r r o r of t h e sys temat ic p r o j e c t i o n i s k.O p e r 

cen t as compared t o an average e r r o r of 6.9 p e r cen t f o r t he p r e d i c t i o n 

made from t h e f u l l m u l t i p l e r e g r e s s i o n equa t ion . 

(2) The range of e r r o r of t h e p r e d i c t i o n made by t h e sys temat ic 

technique i s ^kk as compared t o a range of 911 i n t h e e r r o r of t h e 

p r e d i c t i o n made by t h e f u l l m u l t i p l e r e g r e s s i o n equa t ion . (Note: The 

u n i t of e r r o r i s 10,000 square y a r d s . ) 

(3) The m u l t i p l e r e g r e s s i o n equa t ion con ta ins two v a r i a b l e s , 

commercial a i r c r a f t shipments and f a c t o r y s a l e s of c a r s , which l ead 

t h e t ime pe r iod i b y one and two q u a r t e r s . These v a r i a b l e s would u s u a l l y 

be p r e d i c t e d by a sys temat ic t echnique which would reduce t h e r e g r e s s i o n 

a n a l y s i s t o p a r t i a l sys temat ic a n a l y s i s . 
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The f u l l r e g r e s s i o n equa t ion provides a p r e d i c t i o n wi th a c o ­

e f f i c i e n t of m u l t i p l e c o r r e l a t i o n of 0.957- This c o e f f i c i e n t was ob­

t a i n e d wi th a v a r i a b l e , d i s p o s a b l e p e r s o n a l income, which was seasonally-

a d j u s t e d . Since t h i s v a r i a b l e i s t h e more s i g n i f i c a n t of t he s i x 

v a r i a b l e s , a d d i t i o n a l s tudy should be d i r e c t e d toward ob t a in ing unad­

j u s t e d d i sposab l e income d a t a . 

The m u l t i p l e r e g r e s s i o n a n a l y s i s was based on indus t ry-wide d a t a 

of ques t ionab le p r e c i s i o n . This technique lends i t s e l f b e t t e r t o t he 

s tudy of shipments d a t a of an i n d i v i d u a l company. 

The sys temat i c p r o j e c t i o n f o r t h e pe r i od from i960 through 1963 

assumes t h a t t h e same cond i t ions which e x i s t e d from 1952 t o 1959 w i l l 

e x i s t i n t h e p r o j e c t e d p e r i o d . V a r i a t i o n i n economic cond i t ions and 

manufacturing technology w i l l a f f e c t t h e v a l i d i t y of t h i s p r o j e c t i o n . 

The sys temat i c p r o j e c t i o n i n d i c a t e s t h a t c a r p e t shipments w i l l 

d e c l i n e i n 1961 as t h e c y c l i c a l component reaches a t rough . An up tu rn 

i s i n d i c a t e d i n t h e f o u r t h q u a r t e r of 1961. This up tu rn i s p r o j e c t e d 

t o cont inue t o a peak i n 19^3' The t o t a l United S t a t e s c a r p e t shipments 

i n 1963 a r e p r o j e c t e d t o be 211,162,000 square yards as compared t o 

161,620,000 square yards i n 1959-

The major i n c r e a s e i s expected i n t u f t e d c a r p e t . This type c a r p e t 

i s p r e d i c t e d t o i n c r e a s e from 96,040,000 square yards i n 1959 t o 156,510,000 

square yards i n 1963. During t h e same p e r i o d , woven-carpet shipments a r e 

p r o j e c t e d t o d e c l i n e from 58,508,000 square yards i n 1959-to 46,940,000 

square yards i n 1963. A smal l i n c r e a s e i n import c a rpe t d e l i v e r i e s i s 

i n d i c a t e d . Import c a r p e t d e l i v e r i e s a r e p r o j e c t e d t o i n c r e a s e t o 
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8,170,000 square yards in 1963 as compared to 7,070,000 square yards in 

1959. 

A comparison of the actual and predicted carpet shipments for 

the f irst two quarters of 1960 is listed in Table 24. 

Table 24 

Comparison of Actual and Predicted Carpet Shipments 
January Through June 1960 

1,000 Square Yards 
Predicted Actual Error 

Woven Carpet 28,770 26,216 2,554 

Tufted Carpet 53,070 56,140 3,070 

Imported Carpet 3,280 4,159 • 879 

Total 85,120 86,515 1,395 

The cost of carpet production varies substantially between woven 

and tufted manufacturing methods. A typical carpet loom cost about 

three times the cost of a tufting machine. In addition, the production 

rate of a loom is approximately one-eighth that of a tufting machine. 

Based on the data and limitations of this study, the production 

requirements of the carpet industry wi l l continue to change as the trend 

from woven to tufted carpet continues into the period from 1960 to 1963. 

Industrial engineers should study these predicted changes in order to 

plan optimum manufacturing faci l i t ies for minimum cost operation of 

carpet plants. 
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Basic Data in 1,000 Square Yard Units for Table 6 

Domestic Domestic Import 
Woven Tufted Carpet 
Carpet Carpet Deliveries 

Year Quarter Shipments Shipments Machine -Made Total 

1952 1 14,9̂ 9 2,151 621 17,721 
2 14,307 2,059 594 16,960 
3 14,602 2,714 607 17,923 
4 18,819 3,497 781 23,097 

1953 1 19,435 3,964 1,019 24,418 
2 14,771 3,012 774 18,557 
3 14,289 4,565 750 19,604 
4 14,851 4,744 778 20,373 

1954 .1 14,967 6,, 240 801 22,008 1954 
2 13,382 5,578 716 19,676 
3 13,313 8,536 712 22,561 
4 14,294 9,166 764 24,224 

1955 1 16,054 11,410 1,060 28,524 
2 15,423 10,963 1,018 27/404 
3 14,063 11,162 928 26,153 
4 17,395 13,810 1,148 32,353 

1956 1 17,406 13,128 1,280 31,814 
2 15,206 11,471 1,118 27,795 
3 14,741 13,937 1,084 29,762 
4 16,593 15,692 1,220 33,505 

1957 1 16,057 18,124 1,402 35,583 
2 13,162 14,859 1,150 29,171 
3 12,906 17,547 1,127 31,580 
4 13,528 18,396 1,182 33,106 

1958 • 1 12,444, 17,916 1,137 31,497 
2 11,515 16,577 1,053 29,145 
3 11,992 19,731 1,096 32,819 
4 15,414 25,359 1,408 42,181 

1959 1 15,662 24,366 1,893 41,921 
2 14,600 22,718 1,764 39,082 
3 13,150 22,794 1,590 37,534 
4 15,096 26,162 1,825 43,083 
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Trend P r e d i c t i o n - Equat ion 4 

10,000 Square Yards 
Per iod i Y. 

1 
T. 

1 
1952-1 1 1,772 1,697 

2 2 1,696 1,771 
3 3 1,792 1,845 
4 2,310 

2,442 
1,919 

1953-1 5 
2,310 
2,442 1,994 

2 6 1,856 2,068 
3 7 1,960 2,142 
4 8 2,037 2,216 

1954-1 9 2,201 
1,968 

2,290 
2 10 

2,201 
1,968 2,365 

3 11 2,256 2,439 
4 12 2,422 2,513 

1955-1 13 2,852 2,587 
2 14 2,740 2,662 
3 15 . 2,615 2,736 

16 3,235 2,810 
1956-1 17 3,181 2,884 

2 18 2,780 2,959 
3 19 2,976 3,033 
4 20 3,351 3,107 

1957-1 21 3,558 3,181 
2 22 2,917 3,256 
3 23 3,158 3,330 
4 24 3,3H 3,404 

1958-1 25 3,150 3,478 
2 26 2,914 3,552 
3 27 3,282 3,627 

28 4,218 3,701 
1959-1 29 4,192 3,775 

2 30 3,908 3,849 
3 31 3,753 3 ,924 
4 32 4,308 3,998 



Cycle Ca lcu la t ion - Figure 3 

5 Po in t 

Per iod i log Y. • log T\ log(C.xS.x e. ) 0 1 1 1 log § ± log T.+log S. 

1 . • -° 1 
i o g ( c . x e±) 

Moving 
Average log 6\ 

1952-1 1 3 2485 3 2297 +0.0188 +0.0301 3 2598 -0.0113 +0.0175 
2 2 3 2294 3 2482 -0.0188 -0.0340 3 2142 +0.0152 +0.0200 
3 3 3 2533 3 2660 -0.0127 -0.0229 3 2431 +0.0102 +O.OI36 +O.OI75 
4 4 3 3636 3 2831 +O.0806 +0.0268 3 3098 +0.0538 +0.0248 +0.0150 

1953-1 5 3 3877 3 2997 +0.0880 +0.0301 3 3298 +0.0579 +0.0187 +0.0100 
2 6 3 2686 3 3156 -0.0470 -0.0340 3 28l6 -0.0130 +0.0039 0.0000 
3 7 3 2923 3 3308 -O.0385 -0.0229 3 3079; -0.0156 -O.OI63 -0.0100 
4 8 3 .3090 3 3456 -O.0366 +0.0268 3 3724 -0.0634 -0.0370 -0.0250 

1954-1 9 3 3426 3 3598 -0.0172 +0.0301 3 3899 -0 .0473 -0.0366 -0.0350 
2 10 3 2940 3 3738 -0.0798 -0.0340 3 3398 -0.0458 -0 .0421 -0.0350 
3 11 3 3533 3 3872 -0.0339 -O.0229 3 3643 -0.0110 -O.O269 -0.0250 

- 4 12 3 3842 3 4002 - O . O I 6 0 +O.O268 3 4270 -0.0428 -O .OO8I -0.0100 
1955-1 13 3 4552 3 4128 +0 .0424 +0.0301 3 4429 +0.0123 +O.OOI7 0.0000 

2 14 3 4378 3 4252 +0.0126 -0.0340 3 3912 +0.0466 +0.0108 +0.0100 
3 15 3 4175 3 4371 -O.OI96 -0.0229 3 4142 +0.0033 +0.0218 +0.0150 
4 16 3 5099 3 4487 +0.06l2 +0.0268 3 4755 +0.0344 +0.0207 +0.0175 

1956-1 17 3 5026 3 4600 +0.0426 +0.0301 3 4901 +O.OI25 +0.0143 +0.0200 
2 18 3 4440 3 4711 -0.0271 -0.0340 3 4371 +O.OO69 +0.0149 +0.0175 
3 19 3 4736 3 4819 -O .OO83 -0.0229 3 4590 +0.0146 +0.0117 +0.0150 
4 20 3 5252 3 4923 +0.0329 +0.0268 3 5I9I +0.006l +O.OO65 +0.0100 

1957-1 21 3 5512 3 5026 +0.0486 +0.0301 3 5327 ' +O.OI85 +0.0051 +0.0000 
2 22 3 4649 3 5127 -0 .0478 -0.0340 3 4787 -0.0138 -O.OO56 -0.0100 
3 23 3 .4994 3 5224 -0.0230 ̂  -0.0229 3 4995 -0 .0001 -0.0215.. -0.0250 
4 24 3 .5200 3 5320 -0.0120 +0.0268 3 5588 -0.0388 -O.O356 -0.0350 

1958-1 25 3 .4983 3 5413 -0.0430 +0.0301 3 5714 -0.0731 -O.O369 -0.0350 
2 26 3 4645 3 5505 -O.O860 -0.0340 3 .5165 -O.O52O -O.O3O9 -0.0250 
3 27 3 5 l 6 l 3. 5595 -0.0434 -0.0229 . 3 5366 -0.0205 -0.0200 -0.0100 
4 28 3 6251 3 5683 +O.O568 +0.0268 3 5951 +0.0300 -0.0027 0.0000 

1959-1 29 3 6264 3 5769 +0.0455 +0.0301 3 6070 +0.0154 +0.0138 +0.0100 
2 30 3 5920 3 5853 +0.0067 -0.0340 3 5513 +0.0407 +0.0191 +0.0150 
3 31 3 5744 3 5937 -O.OI93 - -0.0229 3 5707 +O.OO36 +0.0175 
4 32 3 6343 3 6018 +0.0325 +0.0268 3 6286 +0.0057 +0.0200 
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Seasonal Calcula t ion ' - Table 8 

Year _ _ _ _ _ _ Quar ter 
1 2 3 4 

1952 +0.0188 -0.0188 -0.0127 +0.0806 
1953 +0.0880 -0.0470 -O.0385 -0.0366 
1954 -0.0172 -0.0798 -O.0339 -O.OI60 
1955 +0.0424 +0.0126 -0.0196 +0.0612 
1956 +0.0426 -O.O271 -0.0083 +O.O329 
1957 +0.0486 O.0478 -O.0230 -0.0120 
1958 -0.0430 -0.0860 -0.0434 +O.O568 
1959 +0.0455 +O.OO67 -0.0193 +0.0325 

T o t a l +0.2257 -0.2872 -0.1987 +0.1994 

Average +0.0282 -0.0359 -0.0248 +0.0249 

Adjustment +0.0019 +O.OOI9 -0.0019 +0.0019 

Adjusted 
Average +0.0301 -0.0340 -0.0229 +0.0268 



Calcu l a t i on of Y. and e. - Table 9 

Per iod i T. 
1 

log $ ± log § ± log C± log Y ± 

/ \ 
Y. 

. 1 
Y. 

1 
e . 

1 

1952-1 . 1 1,697 3.2297 +0.0301 +0.0175 3. 2773 1,894 1,772 +122 
2 2 1/771 3.2482 -0.0340 +0.0200 .. 3 2342 1,717 1,696 + 21 
3 3 1,845 3.2660 -O.O229 +0.0175 3 2606 1,822 1,792 + 30 
4 4 1,919 3.2831 +0.0268 +0.0150 3 3249 2,113 2,310 -197 

1953-1 5 1,99* 3.2997 +0.0301 +0.0100 3 3398 2,187 2,442 -255 
2 6 2,068 3.3156 -0.0340 0.0000 3 2816 1,913 1,856 + 57 
3 7 2,141 3.3308 -0.0229 -0.0100 3 2979 1,986 1,960 + 26 
4 8 2,216 3.3456 +0.0268 -0.0250 .3 3474 2,225 2,037 +188 

1954-1 9 2,200 3.3598 +0.0301 -0.0350 . 3 3549 2,264 2,201 + 63 
2 10 2,365 3.3738 -0.0340 -0.0350 3 3048 2,017 

2,184 
1,968 + 49 

3 11 2,439 3.3872 -0.0229 -0.0250 3 3393 
2,017 
2,184 2,256 - 72 

4 12 2,513 3.4002 +0.0268 -0.0100 3 4170 2,612 2,422 +190 
1955-1 13 2,587 3.4128 +0.0301 0.0000 3 4429 2,773 2,852 - 79 

2 14 2,662 3.4252 -0.0340 +0.0100 3 4012 2,519 
2,687 

2,740 -221 
3 15 2,736 3.4371 -0.0229 +0.0150 3 4292 

2,519 
2,687 2,615 + 72 

4 16 2,810 3.4487 +0.0268 +0.0175 3" 4930 3,112 3,235 -123 
1956-1 17 2,884 3.4600 +0.0301 +0.0200 3 5101 3,237 3,181 + 56 

2 18 2,959 3.4711 -O.634O +0.0175 3 4546 2,848 2,780 + 68 
3 19 3,033 3.4819 -0.0229 +0.0150 3 4740 2,979 

3,326 
2,976 + 3 

4 20 3,107 3.4923 +0.0268 +0.0100 3 5219 
2,979 
3,326 3,351 - 25 

1957-1 21 3,181 
3,256 

.3.5026 +0.0301 0.0000 3 5327 3,410 3,558 -148 
2 22 

3,181 
3,256 3.5127 -0.0340 -0.0100 a 4687 2,942 2,917 

3,158 
+ 25 

3 23 3,330 3.5224 -0.0229 -0.0250 3 .4745 2,982 
2,917 
3,158 -176 

24 3,404 3.5320 +0.0268 -0.0350 3 5238 3,340 3., 311 + 29 
1958-1 25 3,478 3.5413 +0.0301 -0.0350 3 5364 3,439 3,150 

2,914-
+289 

2 26 3,552 
3,627 

3.5505 -0.0340 -0.0250 3 4915 3,101 
3,150 
2,914- +187 

3 27 
3,552 
3,627 3.5595 -0.0229 -0.0100 3 5266 3,362 3,282 + 80 

28 3,701 3.5683 +0.0268 0.0000 ' 5 5951 3,936 4,218 -282 
1959-1 29 3,775 3.5769 +0.0301 +0.0100 3 6170 4,140 4,192 " 52 2 30 3,849 

3,924 
3.5853 -0.0340 +0.0150 3 5663 3,684 3,908 ^224 

3 31 
3,849 
3,924 3.5937 -O.O229 +0.0175 3 5883 3,875 3,753 +122 

4 ' 32 3,998 3.6018 +0.0268 +0.0200 3 6486 4,452 4,308 +144 



P r o j e c t i o n of Y± - Table 13 

Per iod i \ log f± log § ± l og Cj_ l o g ! Y. 

1 I960-I 33 4,072 3.6098 . +0.0301 +0.0175 3.6574 4,544 
3,968 2 34 4,146 . 3.6176 -0.0340 +0.0150 3.5986 
4,544 
3,968 

3 35 4,220 3.6253 -0.0229 +0.0100 - 3.6124- 4,096 
4 36 4,295 3.6330 +0.0268 0.0000 ; 3.6598 4,569 

1961-I 37 4,368 3.6403 +0.0301 -0,0100 3.6604 4,575 
2 38 4,443 3.6477 -0.0340 -0.0250 ' 3.5887 3,879 
3 39 4,517 3.6548 -0.0229 -0.0350 3.5969 3,944 
4 40 4,592 3.6620 +0.0268 . -0.0350 3.6538 4,506 

4,725 1962-1 41 4,666 3.6689 +0.0301 -0.0250 3.6740 
4,506 
4,725 

2 42 4,470 3.6758 -0.0340 -o.aioo 3.6318 4,284 
3 43 4,814 3.6825 -0.0229 0.0000 3.6596 4,567 
•If 44 4,888 3.6886 +0.0268 +0.0100 3.7254 5,314 

1963-1 45 4,963 3.6957 +0.0301 +0.0150 3.7408 5,506 
4,850 2 46 5,037 3.7022 -0.0340 +0.0175 3.6857 
5,506 
4,850 

3 47 5 , m 
5,185 

3.7085 -O.O229 +0.0200 3.7056 5,065 
4 , 48 

5 , m 
5,185 3.7147 +0.0268 +0.0175 3.7590 5,741 
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Calculation of Equation 11 

IC. = a + bi 
• 1 

Year i "^i 
(10,000 Square Yards) 

1952 1 260 
1953 2 332 
1954 3 299 
1955 4 415 

Average 2.5 = ± 1 326.5 = ic 

1956 5 470 
1957 6 486 
1958 7 469 
1959 JL 707 

Average 6.5 = ± 2 533-0 = IC±2 

Adjusted Average 4.5 = i 429.75 =IC± 

a = IC\ - bi = 429.75 - 51.62(4.5) = +197.46 

T C - T C 

12 -il _ 533-00 326.50 b = — — T — - A c 1 o c = +5l-°2 
2 i ~ - 6.5 - 2.5 

Projection of Equation 11 

v . IC. 
Year 1 1 (10,000 Square Yards) 

1960 9 662 
1961 10 714 
1962 11 765 
1963 12 817 
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Method of Dif ferences 

S e l e c t i o n of Polynomial Equation 12 

(TS Per Cen t ) . 
2 3 a + b i + c i + d i • 

Year i (TC Per C e n t ^ AY 

1952 1 14.3 
1953 2 20.4 6.1 
1954 3 34.5 14.1 8.0 
1955 4 42.9 8.4 5̂  7 2.3 
1956 5 45.9 3-0 5.4 2.7 
1957 6 55-3 9.4 6.4 1.0 
1958 7 60.8 5-5 3-9 1-5 
1959 8 62.1 1-3 4.2 0.3 

Se lec t ed Po in t s 

i (TC Per C e n t ^ = a + b i + c i + d i 3 

2 20.45 = a + b(2) + c(2) 2 + d(2) 3 

4 42.93 = a + b ( 4 ) + o(kf + a(4) 3 

6 55-33 = a + b(6) + c(6) 2 + a(6) 3 

8 62.14 = a + b(8) + c(8) 2 + a(8) 3 

So lu t ion of Se l ec t ed Po in t s Equations 

I n i t i a l Tableau 

1 2 4 

CO
 

1 4 16 6k 
1 6 36 216 

1 CO
 64 512 

20.45 

42.93 

§5.33 
62.14 

X 



S o l u t i o n Tableau 

1 0 0 0 

0 1 0 0 

0 0 1 0 

0 0 0 1 

-16.5980 

+22.9140 

- 2.3820 

+0.0935 

P r o j e c t i o n of Equation 12 

Year (TC Per Cent), 

i960 
196l 
1962 
1963 

9 
10 
11 
12 

64.85 
67.84 
71.68 
76.93 
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Ai>EEHDIX II 
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Formulas f o r Computing S t a t i s t i c s 

Mean: X. = 
1 

I X . 

,1 
N . 

Where N = T o t a l Number of Observat ions 

Standard Deviat i a t i o n : c r . = \J(V. .) 

Where V. . = 

ij N 

IX.X. ~ X£X,. i J J 
Simple C o r r e l a t i o n Coef f i c i en t r ^ 

V. . 

^~i STi 

Sample Ca l cu l a t i ons Equation 17 

The ma t r ix of simple c o r r e l a t i o n c o e f f i c i e n t s f o r t h e r e g r e s s i o n 

model i s def ined as A. 

A = 

yy 

" X l y 

XF 

x i x i 

X .X . 

J 1 

X1 X2 

yx. 

xl x 3 

x . x 

J 3 

^ 4 

x n x 1 A4 

X j X 4 

x i x 5 

X .x,_ 

J 5 

'^6 

" x l x6 

X .X f6_ 
For t h e sample da t a analyzed in t h i s s tudy , t h e A ma t r ix i s l i s t e d 

i n Table 15- The inve r se of t h i s ma t r ix i s as f o l l ows : 
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11.95 -2.98 -6.56 1.75 -1.50 -2.15 -2.67 
-2.98 13-05 1.90 -6.96 -5.07 -2.84 1.09 
-6.56 1.90 12.65 -5.94 -0.04 2.89 -1.75 
1.75 -6.96 -5-94 12.41 1.22 -0.17 -2.80 
-1.50 -5-07 -o.o4 1.22 6.39 1.52 -1.00 
-2.15 -2.84 2.89 -0.17 1.52 2.77 0.44 
-2.67 1.09 -1.75 -2.80 -1.00 0.44 7-4i 

Where 

Where 

( a . . ) = ( r . . ) -1 

(r^^.) = A which i s t h e i nve r se of t h e simple c o r r e l a t i o n 

c o e f f i c i e n t s . The elements a. . , of t h i s i nve r se ma t r i x , a r e used i n 

computing t h e fol lowing s t a t i s t i c s . 

Mul t ip l e Regress ion Coe f f i c i en t s 

( j = 2,3,4,5,6,7) where ^Tj = 

s tandard d e v i a t i o n of t h e j t h v a r i a b l e , and = s tandard d e v i a t i o n of 

t h e dependent v a r i a b l e , Y. . 

b 2 " 

*6 = 

-2.982 x 0.743" 
L11.947 x 1 .041 

-6.558 x 0.743 " 
II.947 x 0.1108_ 

1.750 x 0.743 
II.947 x 0.2586 

-I.502 x O.743 
11.947 x 0.4993_ 

"-2.1473 x 0.743 
II.947 x 0.3429 

-2.666 x O.743 
II.947 x 6.324 

= 0.178 

=3.681 

= 0.421 

= 0.187 

= 0.390 

= 0.026 
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Partial Correlation Coefficients 

12 

13 

•15 

•16 

•17 

= r 
-a. . 

a. T a.. 

11 JJ -2.982 
|_ /H.947 x 13.048J 

-6.558 
|_ /H.947 x 12.649J 

1.750 
_ /11.947 x 12.414J 

-I.502 
\/ll.947 x 12.414 

-2.147 

\/ll.947 x 2.772 J 
-2.666 

\/ll.947 x 7-405 

= O.239 

= 0.533 

= 0.144 

= 0.172 

=0.373 

= 0.283 

Biased Standard Error of the Estimate 

s' = = = 0 . 2 1 5 

6 |/~a^ l/n.947 

Unbiased Standard Error of the Estimate 

Multiple Correlation Coefficient 

A - i i W = °- 9 5 T 
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Unbiased Standard E r r o r of Mul t ip l e Regress ion Coef f i c i en t s 

b . i - V 
S b J = y j$ _ n ' f o r ( j = 2 , 3, h, 5, 6, 7) where 

r^g = p a r t i a l c o r r e l a t i o n c o e f f i c i e n t 

between t h e dependent v a r i a b l e and 

t h e 2th v a r i a b l e and b . = r e g r e s s i o n 

J 
c o e f f i c i e n t . 

N = T o t a l number of o b s e r v a t i o n s , 

n = T o t a l number of v a r i a b l e s . 
0.178 / l - (0.239)2

 n l U 7 S2 " 5T239 V (32 - 7) " 0 , 1 4 7 

= 3,681 i l - (0.533)2 _ x m S3 0.533 V 32 - 7 ~ J"-L*1 

= - ° - ^ f A - ( - 0 . 1 4 4 ) 2 _ 
~ -0 .144 » 32-7 " 

= 0,187 A - (0.172)2

 = -b5 0.172 V 32 - 7 y 

s6 = 0̂390 il - (0.373)2

 = Q t l 9 8 0.373 » 32 - 7 ^ 

- Q-026 il - (0.283)2

 Q 0 l 8 0.283 » 3 2 - 7 " ° ' 0 1 0 

C a l c u l a t i o n of t> , Equat ion 17 

Y = b Q XQ - - ^ ( i . - L ) . + b 2 X 2 ( . _ 2 ) + b 3 X 3 ( i _ l } 

}4 A 4 ( i + 2 ) +
 b5 X5(i+l)

 b6 X6(i-36) 
where X =1.00 o 
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b o = Y " b l X l ( i-1) " b 2 X2 ( i-2) " b3 X3 ( i-1) 

• b 4 X 4 ( i + 2 ) " b5 X5 ( i + l ) " b6 X6(i-36) 

Y = +2,847.22 

_ b i x i ( i - i ) = -(o-^Q)(3969.156) = - 706.51 

-b 2 X 2 ( i _ 2 ) = -(3-681)(1429.094) = -5,260.50 

"b3 X 3 ( i - l ) = -(-0.421)(696.656) = + 293.29 

" b4 X4 ( i+2) = -(°-l87)(l500.125) = - 280.52 

-b5 x 5 ( i + l ) = -(0.390)(1456.563) = - 568.06 

-b 6 X 6 ( i _ 3 6 ) = -(0.026)(l3,600.22) = - 353.60 

b = -4,028.68 

Sample Ca lcu l a t i ons Equat ion 20 

The ma t r ix of simple c o r r e l a t i o n c o e f f i c i e n t s f o r t h e r e g r e s s i o n 

model i s def ined as A. 

A = 

yy yx, 

x2^2 

••xcy r 5 X
5

X 2 

yx c 

X2 X5 

X5 X5 
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For t h e sample d a t a analyzed i n t h i s s tudy , t he A ma t r i x i s l i s t e d 

i n Table l8. The inve r se of t h i s ma t r i x i s a s fo l l ows : 

-1 

a l l a l2 a l5 

a21 a22 a2$ 

a 5l a52 a55 

-1 

8.228 -7.587 -2.561! 

-7.587 8.010 2.483 

-2.561 2.483 1.8121 

where ( a . . ) = ( r . . ) -1 

where ( r . - . ) 1 = A 1 which i s t h e inve r se of t he simple c o r r e l a t i o n co-

e f f i c i e n t s . The elements a . . , of t h i s i nve r se m a t r i x , a r e used i n 

computing t h e fol lowing s t a t i s t i c s . 

Mu l t i p l e Regress ion Coef f i c i en t s 

— '(J = 2,5) where , = 

s tandard d e v i a t i o n of t h e j t h v a r i a b l e , and <\T = s t anda rd d e v i a t i o n of 

t h e dependent v a r i a b l e , Y^, 

b 2 , - -7.587 x 0.743" 
8.228 x 0.111 = 6.172 

-2.561 x O.734" 
8.228 x 0.343 = O.674 



P a r t i a l C o r r e l a t i o n Coe f f i c i en t s 

r . . 

12 
15 I |/8.228 x 1.812J 

Biased Standard E r r o r of t he Es t imate 

e 

|/~â  |/ 8.228 
Unbiased Standard E r r o r of t he Es t imate 

Se= /NTT Se' " /srh" (°-259) = 0.2 
Mul t ip l e Regress ion Coef f i c i en t 

R - f 7^ ^ 
11 Unbiased Standard E r r o r of Mul t ip l e Regress ion Coe f f i c i en t s 

J 13 
N - n 

S^ = 

1̂72 /l - (0.934)2 = ^ 6 

0.674 jfi - (0.663)2 . 0̂3 1/ 32 - 3 ~ 0*1^1 
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Calculation of b Q, Equation 20 

y = b o x o + b 2 x 2 ( ± . 2 ) + b 5 ( i + l ) 

where X =1.00 o 

b Q - Y - b 2 X 2 ( . _ 2 ) - b 5 X 5 ( i + 1 ) 

Y = +2,847.22 

-b 2 X 2 ( ± _ 2 ) = ( 6 . 1 7 2)(1429.094) = - 8 , 8 2 0 . 3 7 

- t 5 = ( 0 . 6 7 4 ) ( 1 4 5 6 . 5 6 3 ) = - 9 8 1 . 7 2 

- 6 , 9 5 4 . 8 7 

Analysis of Variance Calculation - Table 20 

= n r(X 2 (._ 2 )Y) - £ X 2 ( . _ 2 ) £ Y = 7 4 , 6 1 7 , 3 8 7 

G 5 y = n ^ ( X 5 ( i + D Y ) " * X 5 ( i + D Z Y = 52,435,010 

Gyy = n XX2 - ( 2 Y ) 2 = 5 7 8 , 7 7 1 , 3 7 5 

1 "3 Linear Regression =' (—) (b^ G ^ + b^ G,. ) = 9.222 x 10° 

Residual From G 
Regression = (-2£) - (-)(b0 G^ + b_ G c ) = 8 , 8 6 4 x 10 3 

n n 2 2y 5 5 y 

Mean Square of T . „ . . 
T - T , . Linear Regression 1 - , ~ 3 
Linear Regression = = 4,611 x 10 

S S f S ^ = Hesidua! Fro* Recession __ ̂  l p 3 

Regression 



"F" Statistic = U ' 6 l l x l f = 16.6 277 x ICT 

90 Per Cent Confidence Interval, Multiple Regression 

Variance (y\ ) = + TQ10 S /l + X* A - 1 X 

A = 

From "T "Tables, 0.10 = I.699 (d.f. = 29) 

S = 
(Y. - Y.) 
1 1 n - 3 = 287.237 

f o
 X2(i-2) X5(i+l)J 

z: xo x̂  
o o 

2(1-2) 

* * o X2(i-2) 

^ X2(i-2))' 
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5X5(i+D 
^X2(i-2) X5(i+1) 

r X 5(i+l) ^X2(i-2) X5(i+1) ^ ^ ( i + l ) ^ 

where XQ = 1 

A = 
32 45,730 46,6lO 

45,730 65,750 x 103
 66,460 x 103 

46,610 66fk6o x 10̂  71,650 x 10-

-1 
6.218 -3.582 x 10 - 3 -0.537 x 10 - 3 

o 6 6 -3.582 x It)'3 2.544 x 10" 0.101 x 10 
o f. f. 

-0.537 x 10^ o . io i x 10" 0.270 x 10 



X5(i+D 

C a l c u l a t i o n of 90 Per Cent Confidence I n t e r v a l - Equat ion 20, Table 21 

i = 8 
x' = JjL 1349 1433_ 

X = 

1 

1349 

1433 

Variance ( Y \ ) = +1.699(287.237) V1 +0.5879 = +615 

i = 25 
X = j l 1558 1020̂ ] 

X = 
1 

1558 
1020 

Variance ( Y \ ) = +1.699(287.237) | / l + O.7661 = +648 
i = 32 
x' = [1 1623 1993] 

X = 
1 

1623 
1993 

Variance ( Y ± ) = +1.699(287.237) | / l + O.8669 = +667 
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