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1.0 INTRODUCTION AND SUMMARY

&1.1 Background
'A substantial amount of effort has been expended in the last few years
(ovgwrsee-[1], [2], [4]F to attempt to be able to impreve the forecasting
of the number of quality recruits that will enter the various services over some
given period; the "quality" label refers to those supply limited recruits with
High School Diplomas and/or those scoring in the Upper Mental categories on the
AFEES exams. The explanatory variables used in the forecasting models are the
levels of key resocurces such as recruiters and advertising levels of different _
types, and key demographics such as the unemployment rate, the number of male high
school seniors, etc. As mmerous and diverse as these efforts have been, very few
have been subjected to rigorous types of validation snd none, to the knowledge of
the suthors, hss yielded rigorous confidence intervals. This deficiency was one of
the major criticisms of the discussants at the ONR Personnel Supply Models.Workshop
in late January, 1981 (see [ 6 }¥. The need for statistical coufidence intervals
is, of course, to put into proper perspective the single point estimates generated,
and to quantify the uncertainty or risk re=saining. Decision makers are them in a
position to apply their own risk preferences and to factor in the non-quantifiable
considerations.

This n‘i} discusses the result of two separate validation efforts and the
development of statistical confidence intervals for 2 predictor of quality enlist-
ment contracts that is currently being used by the Naval Recruiting Comsand. The

forecaster used for aiding in budget gemsratiom, resource allocation snd the spreading

of the quotas over the districts. The predictor is for the mmber of male, non-

prior service, active duty, High School Graduate (including those with GED's) comtract

eulistments obtained in a givea district, Region or the mation over a givea period

PR

— e,




-2=

of time. It is a non-linear function of thirteen explamatory variables plus a
number of monthly indicator variables. The model was built using momthly, district
data from January 1976 to December 1978 and contains 1,548 cells. The key ex-
planatory variables are: the local unemployment rate by district by month; the
number of production recruiters by district by month; the real dollars of sdvertising
in local advertising; the total dollars spent in the Navy's so called General En-
listed Program-General (GEP-G) budget on television, radio and billboards; the
expenditures in the GEP-G budget om printed materials (i.s., direct mail, magazines,
newspapers); the total expenditures in the Navy's GEP-Minority Program, the total
advertising dollars speant in the Joint Armed Forces Program (JADOR); the ratio of
the first year military pay to the average civilian pay for non-agricultural work
and non-supervisory personnel; the urban-rural character of the district; the
number of male High School seniors in the district; and the perceat black in the
male, 17-21 year old population of the district.

A two equation system wvas used whers NOIC leads ware first predicted as s
function of the advertising snd demographic variables; the second equation was on
HSG male, non-prior contracts where NOIC leads was an explanatory factor. A
log-log model was used to capture the diminishing return nature of recruiting re-
sources. A Koyck sutoregressive term (e.g., see {3]) was used to account for the
lagged effects of advertising, and the so-called Park's method of regression (e.g.,
see [3]) was used to handle the strong sutocorrelation and heteroscedacity associated
with pooling the time series and cross-sectional data. More details are available in
the authors' ONR report of July 1980, entitled, "The Impacts of Various Types of .
Advertising Medis, Demographics, and Recruiters on Quality Enlistments," (see [4]).
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1.2 Results of Validation Efforts

e The final model was subjected to two "wvalidation" tests for the independent
periods of January 1979 -~ September 1979, and FY80 in a retrospective mode. The

= levels of resources and demographics were known with certainty since the validatiom
work wvas performed in 1982. The final two system model, with its thirteen ex-
planatory variables and monthly indicator variables, was first used to forecast NOIC

leads; then HSG contracts were forecasted using the predicted NOIC leads as an

explanatory varisble. The results ware very encouraging:

i) for the independent 9 month inr:lod January 1979 - September 1979
(independent in the sense that the model was built using data from other
time periods), the model underpredicted the national 9 month totals but

by omnly 3.7%.
11) Por the complate fiscal year FY80, i.e., October 1979 - September 1980,

it underpredicted again, but by only 2.5%.

The model slso functioned reasonably well at ‘the Regional snd monthly levels. The
disaggregated results for the last 9 months of FY79 are included.

D .« ttan -
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DEGREE OF ACREEMENT BETWEEN PREDICTED
AND ACTUALS FOR THE INDEPENDENT
TIME PERIOD OF 1/79-9/79
; High School Graduate Contracts
Actual Predicted  (Error Ratet)
NATTONAL ENTIRE
9 MONTH PERTOD 45,137 43,459 (-3.7%)
Ares, Entire 9 Month Period
Area 100 ' 9,667 9,102
Area 300 8,582 8446 y
Area 400 8,409 8,321
Area 500 4,986 5,005 i
; Area 700 5,592 5,531 a
' Area 800 7,901 7,004 ‘
i MRA)Y ABSOLUTE 3.7% |
i ERROR _RATES ,
: OVER_ALL AREAS
: .
,’ NATIONAL MONTHLY RESULTS
; Japuary 1979 5,316 5,150 {
§ Pebruary 1979 4,639 5,463 |
{ 1
g Mareh 1979 4,931 5,519 i
! April 1979 4,030 4,113 !
1 H
| May 1979 4.007 3,772 .
: June 1979 5,361 4,802 ;
1 | July 1979 5,416 4,951
August 1979 6,313 4,978
' September, 1979 5,124 4,715
! MEAN_ABSOLOTE 9.872
ERROR BATR
OVER ALL MOWTHS
# Al]l error rates are Y "
Actuals
hi ‘. 7 ] _ y - - ‘
£.‘—+ -———— — P - ——
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1.3 Calculation of & Statistical.Confidence Interval for the Matiocnal,

Annual Level of HSG Graduate]Contracts (male, non-prior service,
active duty

One of the reasons that other ru‘archcrn have not generasted confidence intervals

- Tk

is the complexity of the issues involved:
i) the predictors typically include non-linearities to capture the diminishing
return nature of recruiting rc.onrcoi: .
11) the predictors, in order to capture the "good will" effect of advertising (
sust necessarily include lagged varisbles, and hence colinearities are
introduced; . y
1i1) the predictor must include monthly or gquarterly seasonal varisbles to
reflect the sessonsal ngture of recruiting. r

iv) the predictors typically exhibit error terms which are highly _corrcland

across districts, have unequal variances (hetsroscedssity) and are autocorrelated.

The basic approach described subsequently in Section 3 relies on detailed
information provided by the 80 called Park's regression package, available from the

SAS softwars. Unliks Ordinary Least Squares (OLS) regression packages, it is geared ~

to handle, quantify and incorporate the above effects. It provides a great wealth
of information that can be used to gemerate rigorous confidence intervals which
deal with the considerations fn (i) - (iv). A ' |

When this was accomplished, the following results were yielded: assuming

the demographics and resources to be utilised are forecasted properly, then at

the national level, one can be 90% confident the actual level of male, gon-prior

service, HSG contracts will fall within £8% of the single point predicted level;
1f s confidence factor of 80X is us the interval is +6.3%.

The coufidence level for each of the Navy's six Recruiting Areas follows be-

low. It is noted that they are less precise since there is a couucubl_- smount
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of smoothing or averaging obtained when working at the national level, in contrast
to the Regional level. When one appreciates that the regression model is being
forced to fit all districts and regions (with-no dusmy or indicator variables of
any kind being included), the results are reasonable. Subsequent research is being
gearsd to developing separate predictive equations with separate eslasticity esti-
mates for each Region. This should substantially reduce the uncertainties at the

Regional levels.

Confidence Limits by Area

202 g0z
Area 100 : +16.6% +12.9%
Area 300 +164.82 +11.5%
Area 400 +22.62 +17.6%
Area 500 #19.32 +15.0%
Ares 700 +13.12 +10.22
Area 800 +20.8% +16.22

Nation +8.02 +6.32
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2.0 THE PARK'S REGRESSION MODEL AND ITS OUTPUTS FOR THE HSG CONTRACT PREDICTOR

The HSG contract equation referred to earlier was built using pooled data
from 43 districts and 36 months; autocorrelation of the error terms and unequal
variances of the error or disturbance terms were observed. In such situations
the assumptions underlying the traditional Ordinary Least Squares (OLS) regression
techniques are not satisfied and hence OLS is not a viable
describes the Park's approach for handling the above problems which is available on

the SAS Software. A simple version of the Park's approach is shown below:

1 — -

it

Y s q taX b, A=1,2, ..., 43; t =1, 2, ..., 12)

€ = Pi€y ey * Uge A=1,2, ...,43 t=1, 2, ..., 12)
Var(e, ) = o> L=1, 2 43)
1)~ % v e
°1j ifve=0

Covariance (g, , € )
ie® 3,y 0 otherwise

The other assumptions are that the Uit are normally distributed with mean 0 and

variance ”ii’ the covariance of the (Uit’ th) matrix is ’ij' Finally, the initial

error terms €, . are normally distributed with mean 0 and variance ¢ii/1 - pi, and
I ]

o
have a covariance matrix Exeioi ejo), given by ﬂijll - pipj.
Hence in summary the disturbances are allowed to be first-order autocorrelated,

i.e., €5 is correlated with €4 t-1° with a unique (for each district) autocorrelation
2

t
coefficient p,. Further the disturbances are contemporaneously correlated across
the districts (i.e., €5¢ and ejt are correlated). Also note the variance of the

error term can be different for each district, i.e., it is not necessarily the case
that oi = 02 .

Consider first the traditional outputs for the HSG contract predictor described
earlier. Since the regression model is a log-log model, the beta values in Table

1 can be interpreted as the short term elasticities.

S -
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TABLE 2

Estimated Beta
Value

1)

2)

3)

4)

5)

6)

7N

8)

9

10)

Estimated Stan-
dard -Errors

Ratio of Military Pay
to Civilian Pay

.1583

Number of Male High
School Seniors

<2314

NOIC Leads from 2 Months . 009
Earlier

Military Propensity (proxy

for proximity of military
bases and tradition of
military in area; based on
responses from a questionnaire)

.6312

Percent Blacks of the 17-21
Year O01d, Male Population in
the District

-.0007

Urban-Rural Character of .183
the District, (percent of

male 17-21 year old population

of the district residing in a SMSA)

Local Advertising Expenditures
(deflated so dollars represent
constant purchasing power)

.0427

Number of Production Re- .6855
cruiters in District ‘
Local General Unemployment
Rate

.1706

Koyck Autoregressive Term .0569

014

.019

.002

.022

.004

.0096

.0058

.0145

.0107

.003

£ Value

11.149

12.079

4.3998

28.567

-.16

19.25

7.34

47.249

15.925

14.718

In addition to the above, there were eleven monthly dummies, two year

dummies, a GI Bill dummy for the month of December, 1976 (when the GI Bill ter-

minated) and 2 dummies representing the changes in the advertising policy of

are different than those obtained from the OLS model which assumes that p, are

the Recruiting Command.

2

We note that the beta's obtained from this Park's

0 and the oii are all the same. The R of the model is .837.

L
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gcxt consider the special types of information provided by the Park's Model.
Consider first the estimates of the autocorrelation coefficients Py (i1=1, 2, ..
They are given in Appendix 1 and range from ~.3133 (for the Atlanta district) to
«598 (for the Little Rock district). We further observe that eleven of the
forty-three pi's are negative, and that thirty-two of them have an absolute value
larger than .1. Hence it is clear that the error terms or residuals are strongly

correlated over cimé, as might well be expected.

Next consider variance-coveriance matrix of the beta matrix, the beta's

t being the regression estimates. Since there are twenty-six explanatory variables

plus the intercept, this is a 27 x 27 matrix and includes the variances of the es-

timates (i.e., the square of the standard errors of the estimates) as well as
} the correlations between the parameters being estimated. As an example, the
estimate of the unemployment elasticity (a random variable) has a mean of .1706,
a variance of .0001147, and a covariance with the elasticity estimate for the
percent black of -.00000829 (if.e., a correlation of -.16397) a covariance with
the elasticity of the urban-rural factor of -.00000809 (i.e., a correlation of
ji -.078) and a covariance with the number of production recruiters of .00000028

‘ (i.e., a correlation of .018236). These types of information are needed in gen-
i{ - erating the confidence intervals sought for. It 1s also extremly useful in
resource allocation decisions where one wishes to develop a confidence interval

for the ratio of two elasticities (see [5]) for an application of these ideas to '

the development of a confidence interval for the optimal ratio of print to non-
print advertising as to meximize NOIC leads). The detailed 27 x 27 variance-

covariance matrix is shown in Appendix 2.

Finally, cousider the ’13

is the variance-covariance matrix of the (Uit’ U t) where

3

1=1,2, ..., 43; § =1, 2, ..., 43) where ”13
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This matrix captures the variances and contemporaneous. -correlation between
districts of the error terms and is again needed in the confidence interval cal-
culations. As an illustratiom, the ¢ii's range from .02 for the Boston district
to .38 for the Louisville district, with most of them in the range of .06 to .08.
The entire 43 x 43 matrix is included in Appendix 3. Armed with the information

from above, we are in a position to calculate the confidence intervals.

. 3.0 TECHNIQUE FOR CALCULATING A CONDITIONAL CONFIDENCE INTERVAL FOR PREDICTOR
OF MALE HSG CONTRACTS

3.1 Sources of Uncertainty

There are always two sources of uncertainty in using a predictor: the first
is that the regression parameter estimates (i.e., the beta's) are random variables
! which are not known with certainty, that is, the point estimates of the beta's
} could be in error. The second source of uncertainty is that the values of the inde-
pendent or explanatory variables may not be known perfectly, i.e., the unemploy-
ment rate for next year by district, the number of recruiters, the number of
‘ male High échool seniors, etc. In this effort, we will assume the values of the
explanatory variables are known with certainty and derive a confidence interval which
deals with the first type of uncertainty only; this is known as a conditional confidence

interval, conditional on the values of the X's being known. \

3.2 Overview of Approach

‘ The basic approach is one of Monte Carlo simulation where the realizations
will be drawn from random variables which are dependent on the three types of in-
formation provided by the Park's Model. Recall that the model 1is:

26
Y, =8, +k§1 BXqe ¥ €0 W= 1,2, o0y 8356 =1,2, ..., 1) (2)
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where Yit is the log of the number of male, non-prior service HSG contracts and
where xkit is the log of the various explanatory factors; the Bk are then the true
but unknown elasticities, i.e., Bk‘represents the percent change in HSG contracts
of a 1% change in the factor xk'

Consider the simulation for the district of Albany, N.Y., i.e., i = 1 where the
key output of the simulation will be realizations of Yit and finally a confidence
interval for the first month of the fiscal year, i.e., October. The X values will
be the values of the independent variables for FY80. Then for Albany, October, 1979,
we know all of the X's (i.e., the number of High School seniors, recruiters, un-
employment rate, the monthly indicator variables, the number of NOIC leads for two
months ago, and the number of High School Graduate contracts for the previous month,
i.e., for September, 1979). In order to generate a realization for YAlbany, October
1979, we will need a realization of the B8 vector (27 of them) and a realization for
eAlbany, October, 1979° Given these realizations and the X's for Albany, October 1979
then from (2) we will have a realization for YAlbanys October, 1979° If one does this
say 100 times one has 100 realizations for YAlbany. October, 1979° One can then
develop say a (1 - a)th of confidence interval for the predictor for Albany, October,
1979 by computing the sample standard deviation, call it & and using the fore-
casted level, call it Y + 8¢ 2(1 - a/2), where ¢"1(1 - a/2) is the (1 - a/2)th
percentile from the normal distribution.

The general approach is tc repeat this procedure for each of the 43 districts
and for each of the twelve months, thereby coming up with 100 realizations for
the number of High School Graduate contracts for the nation for FY80. By again
computing the sample standard deviation for the annual national totals, a con-
fidence interval for the number of national, yearly male, non-prior service High

School Graduate contracts is obtained.

3.3 The Detailed Steps

Returning to the details, consider the simulation for Albany for October, 1979.
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The stepa are as follows:
1) Firsc draw 100 realizations of the 8 vector (each realization having 27

components). This is done by drawing from a multivariate normal distribution

(27 variates) with means given by the point estimates of the 8's ({.s., the

estimated B8 values of Table 1) and with a variance-covariance matrix equal to that

shown in Appendix 2 (i.e., the 27 x 27 matrix of the Beta values). A standard
Monte Carlo technique will yield random samples from a given multivariate normal
distribution; this yields the 100 realizations for the vector of B values. The

only remaining task is to generate a random draw of € (the

Albany, October, 1979
error terms). Recall from (1) that:

€Albany, October, 1979 ~ PAlbany SAlbany, September, 1979 * J

Urlbany, October, 1979 i

‘Now p Al is the first entry of the table of autocorrelation coefficients,

shown in Appendix 1.

ii1i) Consider the In the Park's dis-

dravw £rom €,)1eny, September 1979°
cussion of Section 2, it was pointed out that € i.0 is normally distributed with
]

mean 0 and variance 011/1 - °2 Hence

i eA].lnny, September, 1979

<

tributed vith mean 0 and variance 9, 1/! - pf where §, , is the first eantry in L
)] ]

is normally dis-

the 43 x 43 matrix of Appendix 3. Hence by making 100 random draws from a normal
2
with mesn 0 and variance 01'1/1 - P}, we have 100 realizations of eAlbnny, September, 79
iv) Counsider the 100 realizations needed of Uubmy, October, 1979° i.e.,
Recall that Un (1=1, 2, ..., 43) is assumed to be a 43 variate multi-

of U .
1,1
variate normal with means O and a 43 x 43 variance-covariance given by 0“ (the
entries in Appendix 3) which is invarisnt for all t. Hence by making a 100 draws
from a 43 variate normal with the above means and variance-covariance matrix, we
have a 100 realization for Ul 1 which reflects the pairwise correlations (i.e.,

the contemporaeous correlations).

'
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v) Combining the draw of 01'1 wvith the draw for el’o and Py we have a
drav (i.e., a random realization) for 51,1' Combining this with a draw of
the 8 vector and the knoui value of the X vector, we have a realization for 71’1.

This procedure is repeated for every district and for every month (the
same 100 8 values can be reused as the Beta's are assumed to hold for every
district and every month). For the downstream months, where the actual level
of NOIC leads obtained 2 months ago is not known, the forecasted levels from the
NOIC regression model is used. (Recall that a NOIC regression model was also
developed as part of the 2 equation system.) In addition, vhenever the model
calls for the number of High School Graduate contracts obtained in the previous
month, the forecast of the value obtained for the previous month is used. In this
leap~frog manner, all of the simulations can be carried out. The end result of
this exercise are 100 realizations for the number of male High School Graduate

contracts obtained unationwide in FYS80.

4.0 RESULTS

4.1 Rasults for the Nation

The sample standard deviationa from the 100 random realizations, is 3,038.
The national prediction for FY80, based on the point estimates for each of the
monthly-district pairs, was 62,306 (or 2.5% less than the actual 63,929). nonéc the
90X conficence interval is given by 62,306+ 1.645 (3,038) or an interval of about
+8%. The 80% interval (+ 1.282 standard deviations) is +6.3% whereas the 95% in-
terval (i.e., +1.96 standard deviations) is about 9.5%.

o
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4.2 Results by Ares

-l

The procedure was performed separately for each of the Recruiting Command's

six Areas to haelp discern which Regions were best fitted by the single model and

where the largest uncertainties still remained. The resulting six samaple stan-

dard deviations were:

Forecasted Actual

Level of Level of

HSG Contracts HSG Contracts

For TY8Q Por FYAO
12,362 12,799
12,385 11,083
11,528 13,508
8,393 8,499
8,343 7,333
9,295 10,737

80%
Confidence
Interval
10,765-13,957
10,956~13,814
9,497-13,560
7,130-9,665
7,495-9,192
7,784-10,805

90%
Confidence
Interval
10,314-14,409
10,552-14,219
8,922-14,135
6,771-10,024
7,254-9,432
7,356-11,233

95%
Confidence
Interval

9,922-14,801
10,200-14,470
8,422-14,635
6,460-10,334
7,046-9,641
6,985-11,604

We observe that for every region, the actual level of contracts fell in

the 90% and 95% confidence interval.

Also, for all but one region, i.e., Ares 700,

the actual level of HSG contracts fell within the narrowest interval, i.e., the

one of 80%.

confidence intervals.

This also helps to instill some credibility in the use of the above
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6.0 APPENDICES
APPENDIX 1

ESTIMATED VALUES OF RHO(I)
(FIRST ORDER AUTOREGRESSIVE PARAMETER ESTIMATES)
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APPENDIX 2
Copy available to DTIC does not

VARIANCE-COVARIANCE MATRIX FOR pemit fully Jegible reproduction
PARK'S PARAMETER ESTIMATES

P I (1 5 PR L P ) L. LS. ] NGBS, | X oy - ~Jw

- “ccawg u&“”“ 14 33 T LE TR I 3::'»-7»"»3:4:'." B3 5 annanaas asaanTey Lg'::!::-’.t..'.z-'- Rt A | H “iﬁ“;i:“am”
3 '~§§W?ﬂdﬁ¥ﬁ%m$—. i ::‘mem,dmg sl N
- I [ B R4 E e S i Frees B (U HTT B H AR H H T bt ke BN 4+

- - . ! - 11 ;'-'. e L] '!!,

LB - I v i;:a z:u.mas Erii Sty GGl Sl S e
En i et ety A R R A .

i R A e e T A ‘: 5 a4 H A

% _'-'3‘.'3-3&:"“ PRt L R e L o . $1U3: . 8 —
'f"l'.”o' a2 -0 00083 LR] 7 Sernen is-Be 308 j2-3: $53%3° $ 3.

JPAS. -

: ‘-am L m--qn—--“-uuo- el § BT PR — - ey - L LTI e —
agpyped :

'{‘% ...m 31!-8‘33884(3«!!:8383" M . 3% ! e

..-:.uazm:; Siedatatalt 2iaRgseice)-:3as8tale) 318 . > <JSRRtAATTY SoSRRSVYSRACIRAERATALG - .

'-"an' Bt SR I e gt e
S T TR AR 3

¥
Fig BT R A T
Lt +d

e

L]
- wirird

R4 e WNORIUHE S R WBNA $3907 B nanngﬂn 0o DA }ﬁ» " AR | 71 #oUERY 0.

. L] =-Ne mnmo,ulb-' 0000 1hn'.t=0, 1NN 10208y n n'u '. "ee’e ~ P UNNPHS -

I =2 BAYBULD 6o s BRI INZ 1 0 l S ) 96 N 900 by o [1dldd wld 1 5d Re?

[ o 0 LER.L] o w w .

o VauuOHi LG 37 Dob@0cLARn (e nnn I¥eht B 3 -8, 0004 74 ] g9o . v ! S g

MD?‘C'? -.;::-nial‘.-:o nlm'm v :n'n :. 33»4 nn, aommm "i ‘:’::'L t ":a:nu ] l.‘.’ ‘ow-m-.’" l‘l'o [ ] : 111

PHUBEY  =oUnbuob® 0] Bob / tynirsting, unanin is e, Hine : o-n.omn ISYN=0o AR I 10t andiS T > B CHV200.8RRAN ALY

(R 14444 shhal 1 = GO0 SIS H tF { R141 =0he, SRARRESTY] 0y

E A °s-:zzms.m':mmlm:samw-t'uml 88388 m !' e 88‘3\'8“ 888332«‘.&“-78&88 1130033
R e g & - 2 > % R




#t

-
e ———
Copy avcilable 1o DTIC does not
pemnit fully legible reproduction
o LlvRLY  vwawn _ vomesw el tess o Gawy -é**
"a". > (] <l mql 1 n;r¢e|um':( s P4 Caa el i WY € dlhr e mtsdisbeads v Sl
- “ T “"'.'“'" 7"“.“ ekt ¢ 1 546t S = SR8 ".:.n»& ;e :f‘a‘“
e Wl | RO ‘a I3 Ta v b xuunuxu4? ?’ f )
= 3. - o8 m 3T TG S s‘.,‘:;;mfﬁ’” .m 15 -
N A A . CABL sk baes ity mdta 30 n' Vig gAY

.
B ;ﬂazzszxum:m W IH,‘““’ S IS ped sz

AR AR SA SR N

3 B e m‘t’%ﬁz' FEERRL St
» 5322132'-5&315:“:‘.1"3& s ':.Bm'

Hrite f"ff‘ ':ﬂ‘fmqm..(,

‘q& ow (uu—uwlw

ean - _..', V300 se0sa s -—o-o_og__g:n [
prIC Wcﬁf
Covt pe 1epo™
m“v egt!
e,
* A d




APPENDIX 3

ESTIMATED PRI MATRIX Copy available to DTIC does no!

pemnit fully legible reproduction

LSRR S -

I O R T 11 O 3 oLt 1 o oo oA U st
ux: PR L §=x;s4=; »-"fés fiz c3:3t "t i T A B R B Y |

e R R T T R R oe-gottitil . A Tstelfh ST
Pt R IR R o T 3 nagher- <3ath
T I L1 T LA S 1 s Gt L s i kot . $88MIRL . - : =

r

*
Nuw
- wow

5.1*0‘.

R A R N e Syeaptisn - 2

B8 SRR TG - s _=H £ B R

e 4 LB B~ oved b M T '

e :

e b o 1479 Tt 11} BRI 2t =% s 14 ] ' ..3® -
R I T g L L R Ty % SR PR T TR T

"““‘m"" - '. i A = - A

R+ ] 3--..35353&31 ~nedaniatl - 2udk ¥ Zee S =93¢ B 4 ‘-_._..3: » = 3 s o

v, (TN

ae
t,
‘e
[ ]
X 3
e
[]
20
o0
1
&
!
]
[}

aza

Wle []
L .

1
available to DTIC does DO

Com fully legible 1

permit




- R e . A -

ioi' CEOE A M- E  cE0L 1Y - O 16 S BB g3 FATTGHE 17l g e e {9 cd - de-
< oy 7 ‘ - o o o ; &
T L O It ) T 1 LR 1 11O (Lo TR T M 3 LT
S § =i W8 lvY [ e - », =B, 025410 0.9 Y =U,9N)2ey 9.802019% -0, 29
) ":"de AN S A g i 4 | “w.0)0s -4 Taane9ef 8 ReniesS2 e -9
Hidw " BouBfne Vo ornige oot et hude. VoliNtiaYy L1 b iy TP LAIIE -u.undl-’ .
il 4 u.uu‘h-l-v_ W, -nu-. P T TR Y Nt ] Aenn o, U S L Bt I PR LNTAY ] (] S8 =8,
B IR S R S A L Y R 114 M e | B ST B e
S I 1H sl aniitl pinhng chguites Rigngy St
- RS0 11443 -z:'n':-:”:; "';'.'g,,;?_, [] n.m‘ﬂ ﬁ”” 1 - I -~ il
SR+ &N IO FT s A 21T ns gt B 43 (24 Rt T Mm“‘ 3 .'. 2 -3t RI00 ':'
- |3 -bokgenEy  iaw '-»: o"."g:'l:snl-n Simadmemy SN ."'M”- —’““m .‘.'a‘v!?.l SS TR i oe M 11
. mw:}_ - e - 'rqq' :“ .. Y4 : ey e [ X344 -
. dB 8% SIEMEYL “himaNsil r.’.«'i.m?-? £ RaIZI -o.g ‘i---.lfuﬁm«?.ﬂ‘“ﬁ ""“!‘4&"( 1) bt 1
A B D P AT 1nr-:=2 .aa:: ‘8'“‘3 (1 '3'333%“ —‘3'“ - 83 "3! S Zoaun3rng -erbe -y
--4:8;-. - ¢ IR .Y f. rais i | ¢ S iy Lo] | -
o 4 el88 - SiRnetire -ncikdatd] 333333 8""1 23088 ’--383 \il seansdsdt “E23ad) .
—anta. - - ~e : don.bhias bl rao SN v i) ? "SRy 41 3 s 4J
R BRI S S t‘nm;:gm 43t u::a B R
- T ' PRTOR YO Pe R m‘l | R Ry XX . dd v ¥ ";.' 4
L R g T T M‘R m.. el 3 EX
o dw A - . ST It S IR S S S SR A Tived s i 2 rhiel W0 .
35S St x’t:l‘:c-t.!tl B c:u:ama.::m...umm L. Sty g
it odie T B RIS -2 - LI e hikaat - M Rt
e not
5 Gvalloble to DTIC dm’c:m
1 ible geplod“ch
pﬁm" f\l“' egl
| ]
{
|
1]
t
s A
P ——— N ‘: c.p";f‘i
- i - - e ————— —— - ~ it
. .
¢




A

- e

o e . o e S

e - | e 2 Ty T Tt — -y POt -V - eﬁtw a9 adppiiigpiacded

~Ren 1 GJ00VSAY T 0ADIINN A NA2YdAN R N0ISIIY 9,000 Ty 0 h)INIA ~0 .l n,n0) I8k n.nnYIGLn A, NPIG5QN
%MWMM&&%MMMM 3 ruiseteis sitiitor it —aa
(. .

CoE UG SHRET ChRui e wihd ey °,:;;;;;3; ;55::3;;:5: TS Gadu
e U - y“ﬁ "IRTY -w:w TP - :"" _ — ’Mﬂ-; . Nep
s Saalen-—aun 1346 .a" l"'“ ~ ovhnt 3-, ntARSITAI - "u':"""ﬁ-il vusicesn -uiunglues _sreelllty . 9y0fs -
PRAN L AN L “ FTPFIMRATT] 3L, TR ¢ ' 14 S 14 | b1,
CE L B S mrz;, it L s e e IR
~ < BT- A3 SR SRR RS S AP 208 s ,""w:..‘if“
- e {7 C?GWM‘-RES’.»&;!-."'GS-‘M“ . hialTeRs aisel 33 aeshidity-
T = LA AA- FELEY b W” =

Rae 5Y- SSIERARRS- SHHEAAS - ARRSTY - -8 Mr?&‘--‘ﬂﬁ 838 L -

.M

R R L R R e s — Bin .L';-::w =48
.%;:'; B e T I L T T .3“ 33 St
O 110 e BT H LR - - - — FEEERRE ~tacusasae - BiBRRLIR 2 N ...

I R il O o T TR — RS B ) e et (e b L

B el i iams el R IR R T TR

ey

s DL
bie to DIIC oot
Copy avada oduction
pemmit fully legible 12P¥
. s -.Y -------- — - - —— - 4
{ :
L)
[}
t
LV
- .-




AP S—————. .

¢ e . - s dman - R

LR N} TR s cor 8y

. e WY . Y

Huw ¢ v Iinlo U 00 361 Pount i yvh

Huw 5 GeB¥iCNHL Vet ] W rounehYe

Hibd o oufl § GeUUZYurA  n,uticduy )

Rov 4 = Fankltnn

Pm: A

- I r.l e ¥W {9y

] 5;»‘807?

'8

N8 4

R

we M- slisi-nttis

oo u 2 1L oL AL

RTINS

avanﬂb" to pTIC does ot

permit fully legible reproduction




e e eame ke e e el - e e e ——r . ——"

 ———— — ———— 0l

SECURITY CLASSIFICATION OF Yiets P8GCE (when Dore Fatered)

REPORT DOCUMENTATION PAGE DEFO- O b Tioss Fres
! T. ALPONT NUMBLA 2. GOV ACCESSION O 3. RECIPIENT'S CATALOG nUNGLA .
‘ oNR-200-6 AN -ANY 2/ 4
& YITLC (and Swbiitiz) $. TYIC OF RCICHT & PLMOD COvEnLO

CONFIDENCE INTERVALS AND VALIDATION OF A FORE-
CASTER OF QUALITY NAVY ENLISTMENTS

. PCRFOAMING OKG, ALPOKY HuwL LRt

Y. AVIHUN(e) 8. COMTRACT OR GHANY NuMaLiCs)

i Richard C. Morey and John M. McCann ] N00014-80-C-0200
L]
. 9. PLEIONMING CHCAKITATICH nadl AND ACDRLSS 9. ::gc.luu LALMERT A2 T 2T, T AL,
Center for Applied Business Research CAS noNK UNIT NuuBE s
Graduate School of Business Administration NR 170-903, 62763N,
. Duke University, Durham, NC 27706 RF 55521002
" cun!kou.mc OF MICE KAuL AND ADDRLSS 12. HEPONT DATE
i de 4 July, 1982
' gff1ce agiag;aét¥::earch Code 452 13, KUMALR OF PFAGCS
e, uounEuma AGLNLY 1AML & ADDMILSS(I giltezont tiem Contentiing Ollico) 1% SCCURITY CLASS. (of tAle tepony)
Unclassified

T0a. DCCLA'NMIICATION DOSRENATE
** scueoutc 'c

16, LISTIMUUNICH STATLMENT (ol thie hegport) -

Distribution of this document is unlimited. Reproduction in whole or in
part is permitted for any purpose of the U.S. Government.

17. DISTRIVUTION STATLMUKT (of the abeimct ¢riered In ulocl 20, 1 Ctffere st tog I\u-on)

18, SUPFLLILKTARY HOTLS

. ’ ' Supported by the Naval Research Manﬁower R§D Program. -

9. KLY rORdS (Continee on ravesne stite 1t neceotory and t@enilly by tioch ayarler)

Confidence Intervals, Validation, Prediction, Regression, Quality Contracts

4 30. AGLTHACY {‘ntlm O foveree eide il medosonry and ideniily By blees Aumber)

i ‘ Validation efforts and the development of rigorous statistical confidence intervals fo
: : a non-linear predictor of quality enlistment contracts is reported. The forecaster is
} for Navy, male, non-prior service, active duty, High School contracts and is the one
Co being used by the Navy Recruiting Command for use in budget determination and in goal-
ing. The procedure deals with the complexities arising from a complicated regression
model, using pooled data, i.e., colinearity, autocorrelation, heteroscedacity  lagged
terms, and utilizes the detailed outputs from the Park's regression package, together
with Monte Carlo simulations. For 2 independent years, the model predicted within abor
—3% of the actual n

P Sctual RAYIONIT YOUITE—TNE U -Comfidenc
DD 4%, 173 tamonor tuov a3 ts Sbser e interval is + 8% of the predicted value.
B/H 01e)- 01000001

RN

e -

i
i







