
DOCUMENT RESUME

ED 112 166 CE 004 986

AUTHOR Park, Theresa
TITLE Occupational Shortages Reporting System, Forecasting

Model and Correlation Analysis.
INSTITUTION Texas State Technical Inst., Waco.
PUB DATE Jul 75
NOTE 134p.; Revision of ED 106 486

EDRS PRICE MF-$0.76 HC-$6.97 Plus Postage
DESCRIPTORS *Computer Programs; Data Analysis; Employment

Patterns; *Employment Projections; *Employment
Trends; Job Market; Labor Market; *Mathematical
Models; Prediction; Predictive Validity; Technical
Education; *Technical Occupations; Vocational
Education

IDENTIFIERS Texas

ABSTRACT
The report presents a computer model for forecasting

occupational shortages into the near future based on occupational
data reported monthly by the Texas Employment Commission for the
period January 1970 to July 1975 and on job openings listed in
classified want ads frcm September 1974 to July 1975. The report
describes the methodology of the occupational shortages forecasting
model and the equations used in the model (least squares method), and
describes the features of the computer program with respect to input
requirements, computing sequence, and output descriptions. The model
predicts occupational shortages by extrapolations of the calculated
linear forecasting equations which approximate the nonlinear
occupational data. The correlation analysis which shows (1) how well
the forecasting line represents the actual data points and (2) the
reliability of the prediction is also included. Appendix A of the
report (78 pages) presents computer graphical representations of the
forecasting model as it applies to 76 technical occupational areas
covered in the various departmental course offerings of the James
Connally Campus of Texas State Technical Institute. Appendix B,(eight
pages) provides the computer program of the forecasting model.
(JR)

***********************************************************************
Documents acquired by ERIC include many informal unpublished

* materials nct available from other sources. ERIC makes every effort *
* to obtain the best copy available. Nevertheless, items of marginal *

* reproducibility are often encountered and this affects the quality *

* of the microfiche and hardcopy reproductions ERIC makes available *

* via the ERIC Document Reproduction Service (EDRS). EDRS is not
* responsible far the quality of the original document. Reproductions *
* supplied by EDRS are the best that can be made from the original.
***********************************************************************



1

1

,° OCCUPATIONAL and EDUCATIONAL

SEP 1 5 1975

1 P.

RESEARCH DEPARTMENT
U.S. DEPARTMENT OF HEALTH,

EDUCATION II WELFARE
NATIONAL INSTITUTE OF

EDUCATION

THIS DOCUMENT HAS BEEN REPRO-
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIGIN-ATING IT POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRE-
SENT OFFICIAL NATIONAL INSTITUTE OF
EDUCATION POSITION OR POLICY

0
0
0
0

1mM.

0

o

o

o

0
0
0

0
OCCUPATIONAL SHORTAGES 0

REPORTING SYSTEM 0
0

FORECASTING MODEL o
AND

CORRELATION ANALYSIS 0

0
0
0

JAMES CONNALLY CAMPUS

TEXAS STATE TECHNICAL INSTITO-7.



TEXAS STATE TECHNICAL INSTITUTE

WACO, TEXAS

OCCUPATIONAL SHORTAGES REPORTING SYSTEM

FORECASTING MODEL & CORRELATION ANALYSIS

PREPARED BY:

fluiLteLzi_ Pa4
THERESA PARK
SR. PROGRAMMER
THE RESEARCH DEPARTMENT

PREPARED FOR

MANPOWER RESEARCH

July 1975

APPROVED BY:

ERReHARRIS
MANAGER OF- RESEARCH
THE RESEARCH DEPARTMENT

3



OCCUPATIONAL & EDUCATIONAL RESEARCH

PROCEDURE
Subject

ACKNOWLEDGEMENTS

Department

OER
Author

Theresa Park
Da te

July 1975

vage

The writer wishes to thank the guidance and many helpful suggestions

of Mr. Jerry Harris, under whose supervision this work was initiated.

The acknowledgements are due to Mr. A.L. Freeman, who has contacted

fifty program chairmen on this campus and obtained the occupational input

clusters which were used to produce fifty different short-range forecasting

models for each departmental occupational shortages outlook.

Special appreciations are due to Ms. Joyce Argabright for her contri-

bution of generating data history by monthly collection and coding of

input data from Texas Employment Commission and Classified Want-Ads sources.

Sincere thanks are due to Miss Rita Radigan who has prepared the job

streams with various departmental input cluster data and produced the

output of each departmental forecasting models.

Many thanks to Mr. Ernest Calderon for his kind assistance and coopera-

tion in arranging and scheduling computer times for this program processing.

Thanks are due to Mr. Bill Lane and Mr. William Cotton fcr processing

accurate computer runs. Skillful keypunchings of data performed by Ms.

Michiko Kubiak and Ms. Carole Aylor are most appreciated.

Finally deep appreciation is expressed to Ms. Nancy Uptill:,re who neatly

typed this report and helped with the proofreading.



OCCUPATIONAL & EDUCATIONAL RESEARCH

PROCEDURE

I- %gill Nu

"-4-4" ,z.-44'

v. uicigtvi,
..1 X
44 .4.4.,,,....,4.4.-

Subject

ABSTRACT

Department
OER

Au trio r

Theresa Park
Date I Fage

July 1975 I ii

A computerized graphical representation of the occupational shortages

forecasting model and correlation analysis is presented. The methodology

of occupational shortages forecasting model is discussed. The definitions

of the terms and the equations used in this report are given. The features

of the computer program used in this study are described in respect to the

input requirement, computing sequence and the output description. Sample

calculation of the forecasting model and the correlation analysis of the

resulting model are shown in stepwise manner. Shown in the Appendix A are

computer outputs of the graphical representation of this model and the analysis

prepared for each department of the James Connally Campus of State Tech.

Ths listing of the computer program is shown in Appendix B.
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In recent years, in order to reduce the uncertainty about future, many

different forecasting methods are developed and applied to many areas such

as job market and economic situations. But none of them is fully perfect

and much criticism and doubt have been expressed with respect to methods

as well as forecastability. Nevertheless, the forecasting has become a

basic and necessary tool of decision making in modern society and is pre-

ferred over the unreliable and unsupported guesses.

Presented in this report is the occupational shortages forecasting

model which is based on study of the historical data; that is the pattern

of actual past event is projected into future by assuming that the trend

which was true for the past will also be true for the future for the

short-term period.

For the sake of simplicity and plausibility for short-term forecastine°

or lack of a better hypothesis, the least squares method of fitting first

degree polynomial to the historical data is applied, thus resulting in the

occupational shortages forecasting model.

Historical data available from the Occupational Shortages Reporting

System (5) are those collected monthly from Texas Employment Commission (TEC)

source for the period of January 1970 to the present (64 data points as of

July 1975), and those from Classified Want-Ads source for the period of

September 1974 to the present (10 data points as of July 1975).

The predictions are made by the extrapolation of calculated linear

forecasting equation which may be considered an approximation to the unknown

nonlinearity.

7
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Included also in this report is the correlation analysis which shows

how well the forecasting line represents the actual data points as well as

the reliability of the prediction. The details of this analysis and method

are described in Section I and Section III.

The objectives of this occupational shortages forecasting model and

correlation analysis are to contribute in the following areas:

(1) The occupational outlook information to be used for vocational

training, course planning and recruiting at the various

departments of the James Connally Campus of State Tech.

(2) The feasibility study of new programs and ventures in'terms

of the marketability of skills that can be taught at State Tech.

(3) Knowledge of future demand of vocational occupations for the

graduates of State Tech.

It may be added that we have found the following interesting trends

in the actual data reported here:

(a) The slopes of the forecasting equations are, in d majority of the

samples, positive in both cases of the TEC and the classified

want-ads data.

(b) The classified want-ads data produced larger slopes in the fore-

casting equations and closer correlation in the analysis than the

TEC data in many cases. This can be interpreted as indicating

that the actual job shortages are probably greater than given by

the TEC data.

Yage

2
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SECTION I

THE METHODOLOGY OF FORECASTING MODEL, DEFINITIONS

AND THE CORRELATION ANALYSIS
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The methodology of various different forecasting techniques and the

formulas used in the correlation analysis are given in the statistical
(1),(2),(3), (41literatures.(1),(2),(3)' for completeness, and in order to define

the terms as used in this present program, the equations are rederived

and the definitions are restated here.

1. Least Squares Linear Approximation Method

This is the most widely used method for calculating the parameters

a. for the selected model. The principle will be explained with respect

to the linear model

Y= a0 + alX (1)

Given a table of N sets of data, where Y

is estimated to be the above linear

function of X, determine a0 and al.

Y

A

Fig. 1

The least squares criterion is to determine a0 and al such thot the sum

of the squares of the vertical distance between the data points and the

straight line is a minimum. Referring to Fig. 1, this may be stated as:

n

Ei
2

1=1

= minimum

X
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This is true only if

and

b ao
= 0

6i2 = 0 (2)
I) i=1

al

,..

The sum of t
2

may be expressed in terms of the equation to be

fitted and the original data points.

Referring to Fig. 1,

6 = Y
estimated

- Y
actual

=
Yestimated

ao + alX

actual

Thus,

=Y .

61 = a0 + a1X1 - Yl

62 a0 alX2 Y2

n
= a0 + alXn - Yn

and

n

(3)

2E ei 2 = (a + X - Y )2 + (a
0
+

1
X
2
- Y

2
)2 +0 al 1 + (a

0
+a

1Xn
Yn )2 (4)

i=1
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Performing the differentiation given in Eq. (2) after substituting Eq. (4),

it is obtained that

lb ei 2
i=1 = 2(a

0
+a

1
X
1
-Y ) + 2(a0 +a1X2-Y2) + ....+2(a0 +aiXn-Yn) = 0

15 ao

(5)

E E. 2

i=1 1 = 2(a0 +a1X1-Y1)X1+2(a0 +a1X2-Y2)X2+ ....+2(a0 +a1Xn-Yn)Xn = 0
0 al

which yield the following normal equations:

aoN +a
1
EX =2:Y

Solving

a

a

Eq.

ao X

(6)

Y

xy

+

for a0

EX
X2

a
1
Z. X2 = E XY

and al, we obtain

= ( E Y) ( X2) - ( E x) ( Z XY)
9

0
=

N

X

N

Ex

Z x
Z X2

EY
E XY

N E X2 - ( Z X) 2

N EXY (2X) ( Ey)
1 N Z X

z x2

N ZX2 (2. X)2

(6)

(7)

Therefore, the parameters a
0

and a
1

are computed in terms of sums and sums

of cross products of the raw data.

r-

Page

6
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The standard deviation of a set of N numbers Y ,Y Y is1 2" N
denoted by sy and is defined by

2
2 y- 2 V 2

Y) 4.43".3, 1-1YL - N V
s =

s'iN
(8)

where yzrepresents the deviations of each of the numbers Yifrom the mean Y.

Thus s is the root mean square of the deviations from the mean or, as it is

sometimes called, the root mean square deviation.

3. Regression

Often, on the basis of sample data, we wish to estimate the value of

a variable Y corresponding to a given value of a variable X. This can be

accomplished by estimating the value of Y from a least square curve which

fits the sample data. The resulting curve is called a regression curve of

Y on X, since Y is estimated from X.

4. Standard Error of Estimate

If we let Y
est.

represent the value of Y for given values of X as

estimated from Eq. (1), a measure of the scatter about the regression line

of Y on X is supplied by the quantity

Y.X NI

r (Y.- Y )24. 4. eS t

N

which is called the standard error of estimate of Y on X. Equation (9) can

be written for the linear relationship as

Y

NI
J.-

.X
0 ` 1

2

which may be more suitable for computation.

(9)

(10)

13
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5. Covariance of X and Y

If we let xA..= XrX and y.= Yr.Y, then the covariance of X and Y is4 A.

defined as

s
XY

- x4Y4

Using together the quantities defined as sx =

NI

1 2..
N*

(standard deviation of the variable X), and s =

N

(standard deviation of the variable Y), the covariance of X and Y can be

used to calculate the coefficient of correlation for the linear relationship

as

r =
sxY

sxsy

6. Statistical Hypotheses. Null Hypotheses

(12)

In attempting to reach decisions, it is useful to make assumptions or

guesses about the populations involved. Such assumptions are called statistical

hypotheses and in general are statements about the probability distributions

of the populations. In many instances we formulate a statistical hypothesis

for the sole purpose of rejecting or nullifying it. For example, if we want

to decide whether one procedure is better than another, we formulate the

hypothesis that there is no difference between the procedures (i.e.,any observed

differences are merely due to fluctuations in sampling from the same population).

Such hypotheses are often called null hypotheses and are denoted by Ho.

14
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7. Level of Significance

In testing a given hypothesis, the maximum probability with which we

would be willing to risk a Type I error (hypothesis is rejected when it

should be accepted) is called the level of significance of the test. In

practice a level of significance of .05 or .01 is customary, although other

values are used. If for example a .05 or 5% level of significance is chosen

in designing a test of hypothesis, then there are about 5 chances in 100 that

we would reject the hypothesis when it should be accepted, i.e.,we are about

95% confident that we have made the right decision. In such case we say that

the hypothesis has been rejected at a .05 level of significance, which

means that we could be wrong with probability .05.

8. Coefficient of Correlation

The coefficient of correlation is a measure of the numerical closeness

between the regression equation and the set of observed data points. That is,

the coefficient of correlation is given by:

27)

r =
est.L

Y)2

If the relationship is linear, Eq. (13) can be expressed as:

Nixy 4)9 (

v02 4./
(N X. - (tX)2AN fY? - ( 4.Y) 2 )

4

(13)

(14)

1,5
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The value of r varies between -1 and +1. If no correlation exists, the value

will be O. On the other hand, if a perfect correlation exists (i.e.,all the

points fall on the regression line), the correlation will be 1. This value

will be negative for inverse relationships.

If one is using regression/correlation analysis for application, he

should be concerned about two requirements:

1. How well does the regression line represent the actual data

points - or what is the coefficient of correlation?

2. How much confidence can be placed on this correlation measurement?

,To satisfy the first requirement, the quantitative evaluation of the

coefficient of correlation is necessary. Frequently, textbook authors

present a general criterion for the evaluation of the significance of

coefficients
(2 )

as follows:

COEFFICIENT (r) RELATIONSHIP

00 to + .20 negligible

+ .20 to + .40 low or slight

+ .40 to + .60 moderate

+ .60 to + .80 substantial or marked

+ .80 to +1.00 high to very high

r 1,6
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The foregoing is a crude analysis and may be somewhat misleading. The

significance of a coefficient of correlation depends upon the nature of the

factors related, the number of cases involved, the range of score data, and

the purposes of the application of the measure. A more useful test of the

significance of a coefficient of correlation is based upon probability theory

and is illustrated next, to satisfy the second requirement. To test the

significance of a coefficient of correlation, we may establish the null

hypothesis (H0) that r = 0, and that any value of r, other than 0, is the

possible result of sampling error. To test the null hypothesis, we will use

the t-testfl here. The statistic, t, is calculated as:

t = r

where

.1

N- 2

r = the correlation coefficient,

N = the number of samples used
to derive the regression
equation,

= N-2 is the degree of freedom,

and

t = the resulting number of
standard errors of r in
the interval between the
computed r, rc, and r=0.

(15)

Fig. 2. The Student's t-test.

The cross hatched section, P is the
probability that the correlation
coefficient, r, equals zero (or will
deviate t standard errors from r).
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After calculating t, one can easiliy look up the probability value from a

student's t-Table. This resulting probability is the probability that the

coefficient of correlation equals zero. If the probability is significantly

low, the null hypothesis is rejected, thus bolstering the reliability of the

correlation coefficient. As an example, we consider a relationship with

r = .90 and the number of samples, N, equals 11. To test whether the null

hypothesis appears true, the statistic

\I
t = 0.9

(11-2)
= 6.2 ,

1 - 0.9

which has student's t-distribution, is tested. From student's t-Table with

1) = N-2=9 degrees of freedom, one obtains t = 2.82 at .01 level of significance.

Since calculated t value is greater than 2.82, the probability that r = 0

for t = 6.2 and N=11 is less than 1%. Therefore, the null hypothesis, Ho,is

rejected at a .01 level and the reliability of this given correlation coeffi-

cient is very good, with the probability of 99%.
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SECTION II

COMPUTER PROGRAM FEATURES

1,9
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The features of computer program JSOR0025 include:

Date

July 1975

Page
14

(1) reading of historical data points,

(2) calculation of least squares forecasting model,

(3) calculation of parameters involved in correlation analysis,

and

(4) printing of the computed results in graphical form.

The historical data points are obtained from Occupational Shortages Master

Data File(5), by summing up the monthly incidence of shortages in each input

cluster, which consists of occupations closely related to the given technology.

Program JSOR0025 is written in Fortran IV, Basic language and requires com-

puting time of 33 seconds/graph with IBM 360/22 computer. The details of

program features are further shown in Input Subsystem, Computer Subsystem and

Output Subsystem next.

20
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(a) Input Subsystem

CARD 1:

NO. REQUIRED:

FUNCTION:

Title Card

One card for each data set

Prints the title heading on top of each graph.

Column Format Variable Description

1-72 18A4 TITLE(I) Title to be printed on top
of each graph

73-80 2A4 DATE MM/DD/YY where MM=Month,
DD=Day, YY=Year of run date

Sample Input of Title Card:

/MECHANICAL TECHNOLOUVMACHINE SHOP OPERATIONS (TEC DATA) 06/04/7rN

1111 111 111 1 1111 1 1 1 1 1 1 11 11 1

1 1 1 1111 1 1 11 11 1 11 1

00000600000e10000090011000n0069119r0PnAllu010;0'11qC11J0001109110000010110100
I 7 3 4 5 6 7 3 10 12 11 11 15 1, 17 13 11 -0 31 1,i:I 7.1 x;117,1 '! !r! , .; ;r aY sl ' -, 14;I Z.9 .11 .1 II ,174 77 ,11. dJ

111141111111111111111111111,1i11111111111111111111)111111/1111

222222222221722222222222222222212 )272/'.. '.%'2i1;)2?72)72222',. '1222.!

3331333313131313331333 :13:1'. 11' :?3111113L;1';33:',1731

414441444^.4444444444441'44444,3414, ;a ? A.4 1' ^ tl 3414 :1'.14443

55155515555551551555555555:511555!;.:5541!i'..7Y151;153iSVIS15555,.
66,6666 6 6 6 6 6 1; 6 iiG611616 ri 3 665651111 '.1;15ir.'1,11,:1,`.;,:*b''6: 6 3 9,6666

117111777777117777771771111711777711117177777717177717777777777
3888188335188S 8013886S188itglrA8il::3831?3.;', ',8881881',''i:^13,181.1.8

999999919141999111'i '19`..""91"., "L? iql

111/1111111111111

;:222222?222222222

3333333?331331333

44444444414441444

5555555 '..755555551

1;6666666661666666

71717777771777717

4RIA8R188881183888

11q; 99,9 '3 9 3 1 9 ' 4 ' , 9 3 '3 9 9 e 2 9 9 9 9

21
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CARD 2: Control Card

NO. REQUIRED: One card for each data set

FUNCTION: Specifies the number of data points and the

number of dependent variables

Column Format Variable Description

1-3 13 NP Number of data points

4-6 13 NC Constant 1, which is the
number of dependent variable
for this program

7-10 A4 Blank Blank field

11-80 none none Not used

Sample Input of Control Card:

62 1

00000000000099690011d9.Anr.13i:30Pf10005099!!,.-.996.:"f191I9P0990340P009i;0009000PC00009000
1 2 3 1 5 5 7 10 II 13' .115 xi " i/ ,' 'U !! 1,1 r, - I1I , , r :a5,, N59 ,, ,/ A A 17 1733

11111111111111111111111111111111111111.I111 1111111111111111111111 1!111111111Ill

2 212 2 2 2 2 2 2 ? 2 .7 2 2 2 2 2 2 2 2:' 7 7 2 2 2 Z 2 L ..? .) :2! `i 1 2 7 ? 7 ? 2 2 2 z 2 2 2 2 2 2 222222227222

3333333331331212.'11 .3 3 1 ' :; 2 I .' ' i33 ',13133'.i-.1.1? 3 3 ;13 3?.3 3 3 3 3 '.)3 3 3 3 3

444444444444.1 14,1.1444444444 4444441444044

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 FI 5 9 5 5 5 5 5 5 5 i; 5 -; 5 5 5 5 .; 5 5 5 5 5555555555.1555 5 1.3 5 S 5

6166666660666C66666666665:'').:,.6..660',.,,::;67gtiLt.:1',,t6..;::,:i*;CC;66666;'f66666';66666.613n.

77 7 7 7 7 7 7 7 777777117777777777777777 7/177 7 7717/1777771 7 7 7 7 7 7 7 / 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

8 8 8 8 8 3888388838995586 :19 8 3 8 2 8 9 .
.! ^ 99 3 8tC.;88P.P.:18882C288

"0,19991 in,,c9 CI . ; ri .1; fi " 9 9 8 ti

1., I 1 , X
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NO. REQUIRED: As many cards as necessary to input all the data points

in twenty six points per card format.

FUNCTION: Defines magnitude of dependent variable in sequence,

Y Y
2'

Y
3'

, Y .
n

The magnitude of independent variable, X1 = 1, X2=2,
X
3
=3

'
, X

n
=n are generated by the program.

rage
17

ie,

Column Format Variahlp Description
,

1-78 26F3.0 Y(I) Magnitude of dependent
variable are given in twenty
six consecutive fields, three
columns each

79-80 none none Not used

Sample Input of Data Points Card:

24 17 32 28 28 28 27 26 27 15 17 15 15 13 13 15 13 15 7 13 12 20 20 21 25 23

0onoomocoopoom0000nnorionnommoopoal,,00nlJnaoq01.1o9oo'oulooloollomoon000
I 3 4 5 5 7 I II V; II II 171) :5 I/ '3 17 e +.1 .111 ,4 NI 'I +1/ ,1 +J<,0,111 +; AO d +I/ ....,165+. S1 e5 74 .1 /4 15,6 /7 71 33 a

1111i111111111111111111111111111111111111111111 h111111111111111111111111111111111
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CARD 4: Plot Symbol Card

NO. REQUIRED: One card per data set

FUNCTION: Assigns plot symbols for plotting historical data
and calculated data

Column Format Variable Description

1-4 A4 KAR(1) Blanks

5-8 A4 KAR(2) Plot symbol in col. 5 for
plotting historical data

9-40 8A4 KAR(3) to
KAR(10)

Plot symbols for multiple plot
(not used by this program)

41-44 A4 KAR(11) Plot symbol in col. 41 for
plotting calculated points

45-80 none none Not used

Sample Input of Plot Symbol Card:

I 2 1 a i ti' e 1 in

24
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CARD 5: Y-Label Card

NO. REQUIRED: One card per data set

FUNCTION: Specifies the Y-label, which is to be printed vertically

along the Y-axis

Column Format Variable Description

1-40 40A1 YLABEL(I) Y-label to be printed verti-
cally along the Y-axis

41-80 none none Not used

Sample Input of Y-Label Card:

IINCIDENCE OF SHORTAGES

1 1111 11 1 1 111

1 1 1 11

0000000000009010001000111000i3000000013000::001n113; 300'109 '000i3900000000000000000000
I 2 3 4 5 6 7 I' 3 '1 I, ': il M 15 IS N MI :1 al : . , .1.4 ..! I :-2 :l !El '1,' .1, ." 4, :: 9 '' .. ,^ ' ; -, ! , . ., ! , ,i .1 ! , , ' , ; 1 ,:" , .,,5;61,. .!: 69;a a I 1 i i. 1 i' 9 ,,1 ,7 1

11111111111111111111111111111111111111111' .'1 1'11111:1111:11111111111111111111

2222222222222212227222172).2";.17221.2227727/1,: ..,,i 231222";7?'?1,-???2277.222772922212

3331?313133'331:3113'13 ;J333', ;,' ; 13.1" 3 3 3 "1. 7. 3 3 3 3 3 '1 3 3 3 3 ; 3 3 3

44444144,14445.4.14444444.144- '!.114;1444,:' 41-114.'44A .:1,!344144,1414,14,14.14

5515551151555555555551`155:555:0';'.':.1.,')55.+7't51.

666116666613911E66161106166 11`16601.1130t,1Y.:;.:;,;',,36u ,11191''.1:,'::;01;.:61.13S6666017666661,11C

7777771117777711717117777174'1777/1M1Iii7l.'01 177771..17'7711711711'1171117777117

818883388888881318880118888213631189983101318!.- ;' , eirI8R0p9itEc80F8880,e0a

919919991,1919999911991' ";,1' '1 '1 9 9 9 9 9 ': 9 9 1, 9 3 3 9
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CARD 6: End-Card

NO. REQUIRED: One card per data set

FUNCTION: Terminates the runs by placing behind the last

set of data

Column Format Variable Description

1-3 A4 END Constant 'END' in col 1-3
to terminate the runs

4-80 none none Not used

Sample Input of End-Card:

A.MD
00000000000011000030019',0'.: fi rinlory'!!)090074:106700'.!-00..'110111"1000onrao,e9000300000000
1 2 3 4 5 6 7 A 7, 11 14 11 ri II 1; ;120 71 .1 4 , , .. 1 ; , 1 .111 I. I' 11- ; ;1441. C1.' 41 .1 d .1 IJ 14 757'. ; / 71 i6 A)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

22222222 2 2 7 2 2 2 222222.?7?:; /;:'222722:7, 2?771 2 2 2 2 Z 2 ? 7 2 2 ,;22 2 '222".;2222 2 222222

333313137333:11133313i? '.17".""71-:''.,3; ; .4 7) .', 3 .1? J1,14',1',.$7,;13333?.3333333333333

4414441444444 ;44444 4 4 1 ; 4 ' 4 ;4 ; ." ; 4 " 1 1 :" 4 *' 1 ^. 4 4 4 4 4 4 4 ,1 4 4

11555555555:-;5555555.5155
C66666660666661;;;356-7 6 :7 7: 6..

::,5 9 9 ti ;IM5.5'..)51,-)71155555555555555555

!-; '7 C. 17 .7 t166b'i;6656666666566

7 7 77777777 777777777777!:; 777 477 77:7 I ?; ;7 I,' 1 7 7 ; 7 ; 7 ? 777717777 1 I 'I 1 7177777777777

888898338 379889388838S',:l'.; '1; :. :"82988888888898888888

999991q3999,''''',1!",9 ;n!f',!'9';:113` !".1 60 "i S 9 9 9 9 q '; 9 9 9 9
I 7 1 4 1, 7 7 14 1 .
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(b) Computer Subsystem

The computing sequence is shown below:

Yes
Terminate
the runs

Calculate:

1. Least Squares forecasting model

2. Parameters used in correlation.
analysis:

a. cr,efficient of. Correlation

b. Standard Error of Estimate
c. Standard Deviation of Y
d. Covariance of X and Y

Print:
Computed results
in graphical
form
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(c) Output Subsystem

The computed results are shown in graphical form of XY plot. The title of

the graph is shown at the top of the page. The axis of independent variable

is marked in month, year sequence. The axis of dependent variable is the number

of incidence of shortages. The historical data is shown with symbol, (.). The

data calculated by least squares forecasting equation is shown with symbol, *.

The impression of the staircase function of the calculated forecasting line is

due to the limitation of line plotter which rounds the calculated point to the

nearest integer. The exact form of the forecasting equation is given in the

printed graphical output sheet. Other parameters calculated and printed are:

(1) coefficient of correlation,

(2) standard error of estimate,

(3) standard deviation of Y, and

(4) covariance of X and Y.

The sample output of this program is shown next.
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In order to illustrate the method of computing forecasting model and the

parameters involved in the correlation analysis, the hand calculation is per-
-

formed using the real input data of Mechanical Technology/Machine Shop Opera-

tions shortages which is also used in the computer processing of output. It is

noted that the hand calculation results agree very well with the computer results.

The following table is constructed to aid the hand calculation. The depen-

dent variable, Y is the incidence of shortages reported in Mechanical Technology/

Machine Shop Operation; and X, the independent variable, is the time in sequence

from January 1970 to Fabruary 1975, which is the time period of collected TEC

data.

Table 1

X Y X
2

Y
2

XY

1 24 1 576 24 -30.5 -10.468

2 17 4 289 34 -29.5 -17.468

3 32 9 1024 96 -28.5 - 2.468

4 28 16 784 112 -27.5 6.468

5 28 25 784 140 -26.5 6.468

6 28 36 784 168 -25.5 6.468

7 27 49 729 189 -24.5 - 7.468

8 26 64 676 208 -23.5 8.468

9 27 81 729 243 -22.5 7.468

10 15 100 225 150 -21.5 -19.468

11 17 121 289 187 -20.5 -17.468

12 15 144 225 180 -19.5 -19.468

13 15 169 225 195 -18.5 -19.468

14 13 196 169 182 -17.5 -21.468

15 13 225 169 195 -16.5 -21.468

16 15 256 225 240 -15.5 -19.468

17 13 289 169 221 -14.5 -21.468

18 15 324 225 270 -13.5 -19.468

19 7- 361 49 133 -12.5 -27.468

20 13 400 169 260 -11.5 -21.468

21 12 441 144 252 -10.5 -22.468

22 20 484 400 440 9.5 -14.468

23 20 529 400 460 - 8.5 -14.468
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Table 1
(continued)

X Y X
2

Y
2

XY x-R

24 21 576 441 504 - 7.5 -13.468
25 25 625 625 625 - 6.5 9.468
26 23 676 529 598 - 5.5 -11.468
27 26 729 676 702 - 4.5 - 8.468
28 18 784 324 504 - 3.5 -16.468
29 21 841 441 609 - 2.5 -13.468
30 25 900 625 750 - 1.5 9.468
31 26 961 676 806 - 0.5 - 8.468
32 31 1024 961 992 0.5 - 3.468
33 31 1089 961 1089 1.5 3.468
34 33 1156 1089 1122 2.5 - 1.468
35 37 1225 1369 1295 3.5 2.532
36 35 1296 1225 1260 4.5 0.5322
37 42 1369 1764 1554 5.5 7.532
38 49 1444 2401 -1862 6.5 14.532
39 48 1521 2304 1872 7.5 13.532
40 43 1600 1849 1720 8.5 8.532
41 38 1681 1444 1558 9.5 3.532
42 46 1764 2116 1932 10.5 11.532
43 44 1849 1936 1892 11.5 9.532
44 44 1936 1936 1936 12.5 9.532
45 52 2025 2704 2340 13.5 17.532
46 56 2116 3136 2576 14.5 21.532
47 56 2209 3136 2632 15.5 21.532
48 56 2304 3136 2688 16.5 21.532
49 59 2401 3481 2891 17.5 24.532
50 60 2500 3600 3000 i8.5 25.532
51 66 2601 4356 3366 19.5 31.532
52 56 2704 3136 2912 20.5 21.532
53 62 2809 3844 3286 21.5 27.532
54 59 2916 3481 3186 22.5 24.532
55 59 3025 3481 3245 23.5 24.532
56 50 3136 2500 2800 24.5 15.532
57 66 3249 4356 3762 25.5 31.532
58 50 3364 2500 2900 26.5 15.532
59 51 3481 2601 3009 27.5 16.532
60 44 3600 1936 2640 28.5 9.532
61 45 3721 2025 2745 29.5 10.532
62 44 3844 1936 2728 30.5 9.532

c.---Z-_,9533 ZY =2,137 Ix2=81,375 JEY2=90,495 XxY=82,401E(x-7)(Y4)=15o85.4929

X = 1,953/62=31.5 Y = 2,137/62=34.4677

'Tr>s viv
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(1) The coefficients a0, a
1

of the regression line (forecasting model) are

computed 1n7 Eq. (7) as follows:

Let DET = N Z X2 - (Z X) 2

= 62(81,375) - 1,9532

= 1,231,041.

Then,

and,

ao = {( 1Y)( Z X2) - ( ( ZXY)}/DET

= {(2,137)(81,375) - 1,953(82,401)}/1,231,041

= 10.53517 (10.5352, computer result),

al {N XY ( Ex) ( Y))/DET

= {62(82,401) 1,953(2,137) }/1,231,041

= .75976 (.7598, computer result).

Therefore, the resulting forecasting equation is, by Equation (1),

Y = .7598 X + 10.5352.

:13
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(2) The standard error of estimate is calculated by Equation (10) as:

Y.X
r Y 2 a IY - a 2:XY

o 1

N

90,495-10.53517(2,137)-.75976(82,401)
= 62

= 86.7155

9.31 (9.3, computer result).

Fa ge

28

(3) The standard deviation of the variable Y is computed by Equation (8) as:

Sy =
z y2 2

N

f90,495-62(34.46774) 2

62

4777577---

16.479 (16.5, computer result).

(4) The covariance of X and Y is computed by Equation (11

= f (x - (y - V)
XY

N

15,085.4929

62

243.314 (243.3, computer result).
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(5) The coefficient of correlation, r, is calculated by Equation (14) as:

N xy (IX) ( Y)

\RN E X2 ( Z, X),{N Y2 - ( I Y)2.1

62(82,401) - 1,953(2,137)

{62(90,495) 2,1372}

.82505 (.8251, computer result).

(6) t-Test is performed as follows:

Let the null hypothesis, H0, be given as

H
0

: The coefficient of correlation, r, equals zero and that

any value of r, other than 0, is the possible result

of sampling error.

To test the null hypothesis, the statistic, t, is calculated by

Equation (15),

t = r
N 2

1 - r2

= .8251 j
1 - .8251

2

= 11.31

62- 2

aS
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By looking up the Student's t-Table, and choosing the level of significance

to be .01, we would reject Ho if t> t.99 = 2.39 for (62 - 2) = 60 degrees

of freedom. (See Figure 2 on Page 11).

Thus, the null hypothesis is rejected at a .01 level of significance and the

relationship between the forecasting model and the set of occupational

shortages data points of Mechanical Technology/Machine Shop Operations is

quite sound.

36
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APPENDIX A.

COMPUTER GRAPHICAL REPRESENTATIONS OF FORECASTING

MODEL AND ANALYSIS PREPARED FOR THE VARIOUS DEPARTMENTS

OF THE JAMES CONNALLY CAMPUS OF STATE TECH
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