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The purpcse of this thesis was to assess the use

of constant nonavailable time estimates in the determination

e ™ " " " wr " "
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of Air Fcrce manpowsr standards. Analysis of datz from

™
R

several sources revealed significant differences in the

i

\N‘w il

amount of time personnel in the various pay grades (military

;: and civilian) were available for primary duty. The effect E

! upon manpower standards caused by the use of erroneous

i availability estimates is simulated through the application
of various estimates to a work center. The authors conclude
that current metheds 2f estimating worker availability are

inadequate and recommend incorporaztion of availabilitly

estimates in work sampling studies.
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INTRODUCTION AND BACEGRCUED

PROBLEE STATZFERT

¥

Recenit years have seen a sharp increzse in the

proportion of the total Air Force budget expended for
salaries, retirement benefits, and other m=npcwer costs
with the buying power of the Defense budgei decreasing.

Because of %Zhe rising cost of mznpower, it is becoming
increzsingly important that recuirerents for this valuable

resource be correcily determined. HFanpower rescurce

F  d A e W
requiremenis determination, one of the primary functiens

of management, is zccomplished throughout the Ai

Lo
"’é’m
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m

by the Menagement Engineering FProgram (MEP). Within the

¥EP, an estimate of worker availzbiliiy is applied through-

out requirements determination cecxputations. This avail

)
o

able ftime figure is usad as if it were constant for all

|2

work centers in the Air Porce. The only indication of
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If the assuzmption wers invalid, the
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various grades and tyces of work centers couid be inv

pl

alid.

could Be 2 loss

of accuracy in the requirezenis deter=ipation and subseguent

allocation of manpower authorizations throughout the Air

Force.

= i - = - i = - -
estimate for available tine, Uucrctions r
= £3 3 + v &l T
at Air Staff are currsnily conducting zna

objaentive of constructing =z =zodel which wi

availabiliity in future time frazes. {1}

in cost has made manpower a resource which dems
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managezent attention o insure that

. -
=ined accurately. Factors such as availa
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nich will predict worker
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however, the purchasing power of the defense budget
declined.(9:i) The defense budget, when expressed as a
rercentage of the gross national product, declinzd from
7.9% in 19€4 to 6.8% in 1971 (5:141) and ic expected to
reach 6.4% in 1973.{(35:144) Vhen expressed as a percentage
of total federal spending, the decrease is from 44.1% to
30.7%.(9:96) The impact of these percentages on defense
planning can be summed up by the opening sentence to the

1972 Department of Defense publicaticn, The Economics of

Defense Svending: "National Defense spending for fiscal

vear (FY) 1973 in dollars of constant buying power will be
at the lowest level since FY 1551.%(9:i)

Although the total ds=fense budget is decreasing,
manpower costs have shewn a significant increase, both in
terms of constant dollars and as a percentage of the budget.
Between 1968 and 1973, pay and related costs increased from
32.6% of the budget to 52.1%.(54:30) During this same
period the military force was decreased by 1.2 million men.
(9%48) The major cause of the increase in the defense pay-
roll was an attempt to raise military pay to a level commen=
surate with civilian pay in the private sector.(8:3)

The real significance in the rising cost of man-
power is that less money is left for force maintenance and
modernization. Senator Dominick (R-Colo.) voiced his con-
cern in Ordnance when he said, "Since more than half of the

budget is for manpower, a relatively small amount is left

for new equipment and research and development."(27:283)
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Senator Byrd (D-Va.) indicated that current procedul »s

g

must be examined when he said, "Defense manpower is a very

expensive resource, and it is incumbent on the DOD to manage

it

it as such."(13) The December, 1972, issue of Fortune

pointed out why we must be concerned with the rising cost

Milllilll" i

i S R

of military manpower: "...while the forces are being paid 2
btetter,...they have less capital for investment in the mili-~ =
tary technologies that alone can make their diminished num- %

bers count for more."(35:142) ;

There is considerable effort in Congress and in

i)

defense procurement agencies to obtain the required weapons =

i I W‘. m

to meet the expected threat for the least possible cost. £

(35:150) This study will; bowever, investigate the other

Gl \‘u’;‘,

portion of the security dollar--that of manpower costs.

TN

The data presented to this point merely highlight

the effect of past manpower cost increases. There is every

—_—

indication, however, that the rising trend in manpower costs

will continue.(8:4) Competitive levels have now been

P

reached for most military pay grades and it is a matter of
law that future pay increases will occur automatically as
eivilian pay rises.(10:3)

A poiit often overlooked is the fact that in addi-
tion to increases in basic pay, there has been an upward
adjustment in basic allowance for quarters, as well as a
signifiéant increase in the amount of the reenlistment

bonus payment. Another point which is being given current

attention is that the significant increases in tasic pay

o
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have caused corresponding and proportional increases in the
cost of maintaining the retirement sycstem.(10:3) Also,
there are continuing attempts te increase the level of reen-
listment bonuses, continuation pay for - Zficers, and bonuses
and special pay for medical officers, lawyers, and nuclear
qualified personnel.(5:4)

The three services have all felt the effects of
rising manpower costs; however, a comprehensive study of
manpover costs through DOD would be an undertaking quite
beyond the scope of this paper. This study will, therefore,
be limited to the Air Force where the trend of rising mili-
tary manpower costs cited earlier holds equally true.

Budgetary pressures are being felt at all levels
of the Air Force organization. Maj Gen Bray (Deputy Chief
of Staff, Plans and Operations, HQ USAF) emphasizes this
when he says, operational managers "...will be constrained
in budgets, in personnel, 2nd in hardware..."(2:287) Over
the past five years, manpower's share of the Air Force
budget has increased at an annual compound rate oif approx-
imately five and one~half percent.(3:18) Between 1964 and
1975, the pay and allowances of unifcrmed Air Force persorn-
nel increasec from 21.6% to 36.2% of the Air Force budget.
During the same period, expenditures for the procurement
of aircraft and missiles, prime weapon systems, decreased
from 29.3% to 12.3%.(44&53) The significance of the per-

centages is perhaps more readily seen when a comparison

over a longer time period is made. Figure 1~1% shogs the
- 7
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trends in amounts expended for prime Air Force weapon
systems and for manpower during the 1957-1974 time frame.,*
Another way of viewing the increase in Air Force manpower
costs is on the basis of average cost per man. This figure
has risen from 34031.52 per man per year in 1957 to

$10,471.47 in 1974-~an increzse of 258%.(40-53)

Classical economic theory pcints out the implications

of the rise of manpower costs in the Air Force.
To some extent, the different factors of production
engage in mutual and continuous competition. If one Factor

becomes too costly in terms of its productivity relative <o

ancother, a corrective substitution takes rlace. For exzmple,

a sharp rise in wage rates may stimulate the introduction
of machines to displace labor. This implies an attcrpt to
combine the factors of production in the most sconoxmical
way. This discussion, of course, describes occurrences in
the private sector, where the motivating force is maxi-
mization of profit. The same arguments, however, can be

applied to the public sector including the military, since

*¥The data &
from annual issues 3 2
ment. The grron labeled manpow
active duty military personnal lovwances; systems
costs includes expendiiures Ior and nissiles. All
data through fiscal year 1872 reflect actual funds expended.
Fiscal years 1973 and 1374 are 0f{fice oi Managexenti and
Budget projections exiracted Ifrom the same scurce. It
should also be noted that shert run trends in manpower cast
as a percent of tetal Air Force exgenditures are greatly
affected by fluctuations in menning streagith. For example,
the expected decrease in manpower costs belween 1973 and
1974 reflects an expected reduction in force from 692,00
t6 656,000,

e 3=1 were exiracted
inited States Govern-

nciudes uniiorzed,
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the long-run objective is the ecoromical combination 2f the
factors of production for any required output. Provision
of required output at least cost could be likened to maxi-
mizing profit in civilian firms.

The ideal situation, of course, is an economically
efficient h»alance among the factors of oroduction, In the
short run, changes to bring the factors into balance are
restricted. <Tost of the factor may, however, be reduced
by increasirg efficiency of the factor, thereby requiring
less of the input factor to achieve th. same level of pro-
duction. If the factor is manpower being paid at a given
rate, the cost of production can be reduced by either
reducing the total manpower, increasing efficiency of
remaining manpower, or both.

The marginal return of a worker as an additional
unit of manpower can be expressed as the ratio of the

quantity of output over the cost of the worker,

Marginal refurn = §%§§%§

The denominztor is the averags cost to employ a worker over
time and is established by Congress. Thus, Air Force man-
agers can improve marginal return only Dy increasing the
numerator. The quantity of output is 2z function of both
the productivity of available man-hours and the amount of
time a worker is available to production. While attention
has long been focused on finding vetter ways of doing work,

little consideration has been given to the amount of time
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available for productive work versus the amount of time

a worker is engaged in activities cutside the work center
to which he is assigned.(15:6-26) The fact that a worker
is not producing in his primary capacity as a member of
a funectioning work center representis « significant cost
which many managers in the Air Force have a tendency to
overlook.

The tendency to overlook the cost of nonproductive
manpower can be directly related to the financial manage-
ment sysuem used by the Air Force. Under the system as
it operates tcday, the mission and the approved spending
plan for each organization are centrally controlled by
functional managers at Major Air Command (MAJCOM) or
higher.(6:20-6) Therefore, operational level managers
have their resources, including military persomel, actu-
ally controlled by others. The operating manager lacks
knowledge of what his productive outpuis aciually cost,
and is encouragzd to think of his prime resource input——
people—as being "free™ from an economic standpoint.(6:20-7)
The end result is that there is ns imposed motivation for
managers to focus on effective utilizaticn of this valuable
resource.

Uperational managers ave not involved in the man~

povwer requirements determination process. Management Zngi-

Jte

neering 7Yeans (MET), assigned to major air command manpower

and organization directorates, are responsible for computing

P

anpower reguirements throughout the command.(16:1-1)




¥ithin this unusual environment it is imperative that the
- Air Force manager understand the manpowver determination

E process, and have confidence in the accuracy of the compu-
tations. The Management Engineering function has an obli-
gation to the Air Porce as a whole to sr3ure that overall
manpover requirements are accurate; additionzlly, they _
have an obligation to every weryk ceunter manager in the Air
Force to accurately determine the recuirements for each

work center,

i Oy R

i

OBJECTIVES

As »reviously indicated, the accuracy of manpower

ik

authorizations depends upon ths accuracy of the factors

It

used in requirements computations. The accuracy of the
q 33

iR

measurenent of nonavailable time has considerable impact

on the accuracy of computed manpower reguirements., Addi-

tionally, if the assumpticn of constant availabiiity for

it w5 o Rl 1

211 grades is incorrect, the accuracy of the manpower

requirements will be adversely affected. Consegquently,

the objectives of this thesis are the assessment of:

1) errors in manpower standards caused by the constant

l‘l"l"lllm\ I

et
I & S O S i 1 P

. estimates curvently used for man~hour availability, and

B

2) the effect upon authorizations caused by errors in

availability estimates. The authors feel that the thesis

cbjectives can be adeguately achieved by answering the

fellowing research questions:

(1) Are ali Ai: Torce personnel homogeneous

AR

by,
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{i.e. are not significantly different) with respect to the
time available for primary duty?

(2) Are 211 Air Ferce civilian employees homoge-
neous with respect tc the time available for primary duty?

(3) T1s the available time measured during Manage-
ment Engineering Studies significantly different from the
available time determined by other methods?

(4) To what degree %ill an errcr in the determi-
nation of available time affect manpower standards?

(5) Are manpower zuthorizations affected by errors

in the manpower standards?

o
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CHARTER II

METECDOLNGY

This chepter consisis ¢of three parts. The first
will cover the quantitative data collection and will include
the detailed collection »rocedures, as well as the prelim-
inary computations reguired to reduce the data to a useful
form. Part two will include the gualitative data collection
methodology and the qualitative analysis procedures required
to accomplisk the cbjectives, Part three will consist of

the guentitative analysis procedures reguired to accomplish

research questions one througk four,

PART ONE: QUARTIZATIVE DATA CCLIECTION PRr ZDURES
Four separate data ssts were collected. ZEach data

set will be covered separaiely.

Headguarters Air Force is currently conducting a

- =

study to determine if the on-the=job availability of civii-

=

ian employees of the Air Perce is significantly different

i
from the current estimate of 149 hours per month., The

Eﬂ

Wright-Patierscn AFE HET team granted the authors access

s =

ata collected for this study., This data

£

to the availabls

[
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included two documents. The first was a comrmand summary
of data collected at six installiations: Hill Air Force
Base, Kelly Air Force Basé, ¥cClellan Air Force Base,
aobins Air Force Base, Tinker Air PForce Base and Newark
Air Porce Station. This summary was compiled from inputs
collected by Management Engineering personr2l located at
each of the six locations. The colls.tion rethod was
directed by Headquarters AFLC Managerernt Engineering Divi-
sion ané was the same for all installations.(25)

The second document was tkhe complete data set from
the Wright-PFatterson Air Force Base portion of the study.
This document contained data from 1723 civilian timecards
randonmly selected from a cross section of 27 pay periods.
Each timecard covered a two week, 80 hour period. The
categories of time collecied were: regular hours, overtime
hours, annual leave, sick leave, leave without pay, absent
without pay, and special absences. The data was aggregated
by Management Engineering Team personnel in an attempt to
getermine the average availability for all civilians at
Wright-Patterson Air Force Base.

Two additional characteristics of both documents
are of special siznificance. First, an additive was
included in the cowmputations for all instzllations in the
form of an estimate for the number of hours the average
¢civilian devotes monthly to training, This figure was

provided by civilian personnel. Secondly, the analysts

conducting the study did not compute the variance of the
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estimate of monthly available time; consequently, a statis-~

tical confidence interval for the availzble time estimate
could not be constructed. The AFIC Command summary is

included as Appendix A.

Civiliarm Tizecard Data

The anthors coclilecteé data similar to the civilian
availability study with some nstaiie exceptions. Civilians
at Wright-Patierson Air Porce Base were randorly selected
and six months data was extracted from their timecards.
Categories of data far each individual were: regular
hours, leave, sick leave, lecave without pay, absent without
leave, holidays, and special absences., Zach entry for each
individual was checked to insuce that the timecard totaled
80 hours. If the entry did not total 80 hours, rescords
maintenance personnel explained tThe discrepancy. After
the datz was collected, each category was totzaled for each
individual. The holiday hours were subiracied from the
total to give the assigned hours. The categories of annual
leave, sick leave, lsave wi*hout pay, absent without leave,
and special zbsences were added for each individual and
divided by tL: assigned hours to give the proportion of
reonavailable time. This figure was then multipliied by 168

assigned hours to give the ncnavailable hours per smonth:

o

nena ?;:Ea‘ le hours . .. .
— X 162 isned hours/month =
assigned aours | - oo 28Si /month

Ld

F3

nonavailabie hours/month

oty

Additiona]l datza for the selected :ndividuzls wers

i L T

L
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extracted from their perscnnel records. Date ol birth,

total active federzl service date, sex, and pay grade wers

recorded., (Of the 232 in the original sample, personal

3

data on 26 could not be collected dus to the duplicatio

-

of last name and initial.) The date of birth was coaverted

to “z2ge® ty subtracting the year of birth from 73. The
total active fesderal service date was translated into
years of service in a like manner.

In order to rank zll individuzls on a single pay

grade scale it was necessary to convert hourly wage grades

into GS equivaients. The civilian persomnel office has a2
standard procedure for this conversion. Their procedure
was employed as follows: using a2 pay scale of a1l sieps
of civilian grades, the hourly wage scaie for the first
shift was converted into an annual salary by multipiying

by 2080:

Thiz amount was compared with the fourth step of the Gen-

eral Schedule pay scale. The conversicn was to the CGS pay

grade with the closest annual salary, raintaining integer

"

pay grades. The completed data set was in the following

format:

Nonavailable Time Sex Age  Years Service  Pay Grade

T = 3 - = -
Data Prom Air Foree Survey

iy

The Air Porce has recently revised the availab

T FTyrn 1t
x: S XICE &

LTS
A1%]

= & Z2 S T
2 to 144 hours, The

e
;%
%

u
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] annual Air Porce Survey dated July, 1973. Headguarters Air

= Porce provi

Tne datz w=

s - ha AT B . 2
The applicable gueations Irsa The Air Force Survey and zan

oo aa . et end 3 N -
example of the data received are coniained in Appendix 3.

translation of gquestion responses intc times., Each response

; was either a range of hours or a renge of days. The value %
‘ of each response was taken as the midpoint of the rangs. %

; For the guestions which were expressed in hours, the traens- '
iztion into hours loszt to profuction was direct. Hssponses .
of whole days, e.g. leave and k&R, included weckends and %
holidays. Therefore, the fullowing procedure was usa2d %o §
| i cenvert these responses into Yenrs lost fo production. =
:% E 4 o s Lrand 32 S Ratia %
365 davs _ 102 weskend days _ 2 5oiida¥s _ 554 worzdays/year =

= - e
= £ 5577 R 1 = - Tee
- to an averaze of 5.507 hours lost fo production. £
= .
mean and v
=
~¥ wis sumsadian O Sha =aar yan camnnTad g
3 e3gn Tans TuesSTion 85 10i120Ws,. Ihg E8an Was Co=puseg =
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the unweighted frequencies, then dividing the sum by the
number of respondents of that grade. Variance was computed
using the unbiased estimator of the sum of deviations
squared diviced by the number in the sample minus one.

The mean and variance for each question and rank are

included in Appendix B.

Work Sampling Daia

One of three methods used in the data measurement
phase of Management Engineering standards is work sampling.
In this procedure the proportion of assigned time a worker
spends in various categories is actually measured by obser-
vation. One category measured during all work sampling
studies is nonavailable time. The definition of nonavail-
able time used by work sampling technicians is the same
definition used by the analysts who determine the estimate
of availability.(16:42-4)

The authors were granted access to the work sampling
studies on file at Headquarters AFLC. The data included
studies of 128 work centers from seven different Air Force
installations. Nonavailable time was expressed as a pro~
portion of the total hours measured. The proportion of
nonavailable time was multiplied by 168 hours to obtain
the average nonavailable time per man for each work certer.
For ease of_analysis the data was manually grouped by base
of origin., The grouped data is included in Appendix C,

Due to the nature of the confidentiality of indi-~
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vidual identities in work sampling studies, the names,
ranks and any other data that might conceiva®ly be used to
identify individuals are not retained in Management Engi-
neering backup data and, therefore, were not available

to the authors.

PART TWO: QUALITATIVE DATA COLLECTION

The gathering of qualitative data concerning man-
power determination/authorization was conducted with the
aim of providing an understandable explanation of the flow
from manpower standards development, through programming,
to allocation of authorizations. Particular emphasis was
applied to the interface between MEP units, Major Air
Command (MAJCOM), and HQ USAF in the manpower determination
and programming processes, and to the interface between
HQ USAF, MAJCOM, and units in the authorization allocation
process.

The first step in the data gathering process was
a review and consolidation of existing information in Air
Force directives concerning manpower determination, program-
ming and the authorigation allocation processes. The
authors found that many directives contained information
pertinent to one or more aspects of the combined process
due to the extensive number of interfaces between various
levels of command and functional areas. The explanation
of the processes in Chapter IV is an attempt to identify

interfaces and clarify relationships.

=
=
=
=
=
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Upon completion of the directive review, the authors
conducted interviews with base level MEP, MAJCOM MEP and
Manpower and Organization personnel to clarify the base/
MAJCOM relationships in the determination/allocation process.
Personnel possessing recent experience with the Air Staff
were interviewed to determine the relationships between
MAJCOM and Air Staff level and pertinent actions at HQ USAF
level. Appendix D provides a listing of personnel inter-
viewed. Information was also obtained from HQ USAF con-

cernirg current manpower procedures.

PART THREE: QUANTITATIVE ANALYSIS PROCEDURES

In analysis based on statistical sampling procedures
there is a possibility that the conclusions are in error.
The probability of faulty conclusions; however, can be
computed and an acceptable level established. The maximum
acceptable probability of incorrectly rejecting a true
statistical hypothesis is what is referred to as the level
of significance.(38:8) The significance level is 5% for
all statistical tests in this thesis,

Research Question 1--The data collected through the
Air Force Survey was used to answer this research guestion.,
To avoid possible confusion the following explanation will
be for one pay grade. Identical analyses were conducted
on each of 15 pay grades, on the total sample of officers,
and on the entire sample of airmen.

The survey included 21 questions concerning

activities which contribute to nonavailable time. Taking
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each pay grade separately, the average response for each
question was computed. The average for each gquestion can
be considered as a statistical variable. The sum of ths
averages of any number of variables gives the expected
value of the sum.(29:217) Therefore, the total nonavailable
time measured by the survey is the summation of the average
response for all guestions.

To construct a statistical confidence interval
arcund the nonavailable time estimate, the variance must
be computed. The sum of variances for a number of var-
iables, however, is not the variance of the sum unless the
covariance is zero. The variance of the sum of any two
variabies X and Y can be expressed as:

V(X+Y) = ¥(X) + v(Y) - Cov(X,Y)
The equation for determination of the correlation coef-
ficient is:

< 24 3 :

Cov(X,Y)/(V(X))=*(V(Y)* (30:7)
The variances of X and Y are squared terms and are always
positive, This indicates that the sign of the covariance
is the sizn of the correlation coefficient. An analysis of
all questions was conducted by the authors, and no logical
argument cou..d be presented to suppert a negative ccrre-
lation between any two questions. Therefore, the assumption
was made that the covariance is nonnegative. If the
respsnées to each question are independent, the covariance
is zero and the variance of the sum is the sum of the var-

iances. If the responses are correlated in a positive

g

s s

T
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manner the sum of the variances will ve higher than the
true variance of the sum. A confidence interval computed
using this estimate for the variance will be conservatively
wide,

The mean and variance determined by summing means
and variances for each question were used to construct 2

95% confidence interval as fcllows:
I =% .96(%31)% (29:379)

For this computation to be valid, either the original data
must be normally distributed or the size of 2ach sample
must be large enough for the central limit theorem to
apply. There is no reasca to assume nonavailable time
follows a normal distribution, but the sample size for
each pay grade, except warrant officers, is well beyond
25, which is the minimum value generally accepted for
application of the central limit theorem.(29:288)

There were only 12 warrant officers in an officer
sample of over 7000. Varrant officers maite up less than
two tenths of one percent of the officer population of the
Air Force. Their impact was considered to be negligible
and they were not considered in answering research ques®ion
one,

The final siep was to compare the 95% confidence
intervals for the estimates of nonavailability due to the
activities coversd by the survey. If the confidence

intervals for two ranks were mutually exclusive, then tie

I

i

i
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two ranks were considered to be heterogenecus with regard
to nonavailable time.

A test was also conducted to determine if there is
a significant dependent relationship between rank and non-
available time. Linear regression analysis was ggnducted
first on the sample of officers then on the sample of air-

men to determine the possible relationship between rank

and nonavailable time. A statistical hypothesis test

was employed to test the hypothesis that the correlation
n=2

1-r2
the coefficient of determination, follows Student's t dis-

- . > .
coefficient was zero. The expression r{ }¢, where r is

tribution with a-~2 degrees of freedom. If the probability
n-=2
-1
of significance the hypothesis can be rejected. If the

that t _, is greater tkhan r( 2)é is less than the ievel

hypothesis is rejected, the conclusion is that nonavailable

time and rank are statistically dependent. A conclusion

M o S il

of dependence is sufficient to reject homogeneity.
Research Question 2--Data from the civilian man-~
power availability study and the data collected by the

authors from civilian timecards were used to answer this

resesrch guestion,

AR R R
.

The nonavailable time mezsurement from the civilian
timecards, as mentioned earlier, was collated by sex, pay

grade, age, and length of service. The first analysis was

on a possible difference between men and woren employees

with regard to nonavailability. A 95% confidence interval
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was constructed for the sample of males and another for
the sample of females., 3Both samples were large encugh
for application of the central limit theorem. The two
confidence intervals were then compared feor mutual exclu-
siveness.

The analysis to determine a significant difference
between pay grades was accomplished almost identically to
the procedure outlined for research question cne., Each
data point was the total monthly nonavailable time average
for an individual. There was no reguirczent to sum cate-
gories and; hence, no requirement for the assumption of
ronnegativity of covariance.

The analysis of a significant difference due %o
age or length of service centered around the hypothesis
test of a zero correlation., If the hypothesis could be

rejected, a significant dependent relationship existed

which indicated an absence of hozcgeneity.
Research Question 3--The data from the MET work
sampling studies were used to answer this research guestion.

The mean available time and variance was computed. It

PR

should be noted that the data points were for work centers,

not for individualis. The authors had no way to determine
the preportion of civilians and military personnel assigned
to each of the work centers., Additionally, analysis by
individual fraits such as rank, age, et cetlera, could not
be corducted. This datz is also unigue in that it is the

only measurement of availability that is conducted through
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actual observation.

The current estimate of military availability is
144 hours per month. The current study of civilian avail-
ability has estimated that the average availability for
APIC is 140.5% hours per month., Application of the central
limit theoorem allows the sampiing distribution to be con-
sidered as a normal distribution. Using the sampling
distribution, the authors computed the probability of a
deviation from the sample mean (%) as severe or more severe
than the difference between X and 144 or the difference
between X and 140.35. The level of significance was set
at 5%.

Research Question 4--The data from the civilian
timecards was used to answer this research question.

The authors constructed a simple computer simu-~
latio:x model which simulates the conversion of measured
man-hours into the number of required reople., The inputs
to the program are the size of the work cepter and the
availability. The monthly allowed hours are divided by
the monthly availability per person to determine the
reguired number of hours. The number of allowed hours
is determined by actual measurement of productive hours
extrapolated to a monthly tasis.(16:6-3.b.(5)) The
assumption of the simulation model is that the allowed
man-hours are egual to the available man-hours. Another
way to state the assumption is that during the work

- s

measurement study, practical utilization of available

kst




vorkers was 100%. That is tc say, the work center require

the exact number of personnel assigned. The simulation

rpakes random draws from a distribation of available tine

to build a random work center. The distribution used by

timecards. Yhile it is realized that this distribution

may not bde appropriate for the entire Air Force, it is the
dis

Lest estipate of the shape of the tion of monthly

BT

availabilit

1

For a given size work center and availabilit
Yy

ff
i
Tl

estimate, the model simulates the resultant manning for

3 1000 work centers. A frequency distribution of the average
number of recguired workers is computed for each work center
1 size.

Two variations of the model were ussd. The first

used the fractional man rule appliczble to civilian work
centers while the other used the 7.7% ruie for military
work centers. The simulation included work centers xrom
size 1 20 25 a2nd was repeated with 5 e<timates of avail-~
- ability; the true mean of the distritutiocn, 5% above and

below the mean, and 103 above and below the mean.

tke authors was consiructed using the data from the civilizn
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CHAPTER III

ANALYSIS OF NORAVAILA3LE TIME ESTIMATE

This chapter covers three major points. The Tirst
is the analysis of the hypothesis of a homogenecus work
force with respect to nonavailable tize. The second is
an analysis ¢of the current measurement of worker avail-
ability and the third, the effect of a2 biased estimate of

nonavailable time on work center requirements determiration.

HOMOGEHEITY OF WORKER AVAILABILIT
The Air Force Management Engineering Program recog-
nizes heterogeneity beiween civilian ané military employees.
However, all personnel within ezch of these broad classi-
fications are treated as if they were hozogeneous.(16)
If each of these groups is truly homogenecus with respect
to availability, then the =easured available time is a

statistical independent variable for the population of that

warla £ S

oup. 1if it can be shown that a2 gnificant difference
grour

- e o
exists between the availability of different samples from
the same population, or if it can be shown that availabilit

-

has a dependent relationship with some otker variable, the

hypothesis of homogeneily can be rejected.

s

il

il




The computational accuracy of Management Engineering

work center manning standards is dependent upon the assump-

H wil

l

tion of worker homogeneily with respect to nonavailable

time. Therefore, rejection of the hypothesis of homogeneity

A R

would indicite that manpower standards are in error.

Bomogeneity of Military ¥Workers

A 95% confidence interval of the estimate of non-
available time measured by the Air Force Survey was com-

puted for the sample of 7502 officers and for the sample

DA bR

of 20,320 airmen. The central limit theorem indicates that

i

»

a distribution of sample means apprsaches a normal distri-

il

bution as the sample size becomes large.(29:288) Appli-

cation of the central limit{ theorsm allows the assumption

I
U bl e b

of normality and the computation of the 95¥ confidence
interval of tke estimate of the mean becomes the sazple
mean 51,96 standard deviations. The results of the compu-
tations are as follows:

Variance of 3Std Dev of

Sample  Sample Sample Sampling Sampling
¥ean Variance Size Distribution Distribution
Officers 17.5139 4%1.277¢ 17,502 <305 0742
- Airzen 15.7975 44.305% 20,320 0022 .0469

95¢ Confidence Interval

Officers 17.3685 %o 17.65353
Airmen 15.70%6 to 15.8894

The upper limit of the confidence interval for airsen is

iy
£
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V¥
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below the lower conf
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the data indicates That nonavailable time of Air Porcs
officers and nonavailable time of airmen does not come from
the same population.

The hypothesis was modified to detormine if the
popuiation of officers is nomogeneous with respect to non-

availabie tizme, HNinety-five percent confidence intervals

for each rank were computed as follows:

Variance of Std Dev of

Sample  Sample Szzple Sampling Sampling
rank ¥ean Variance 31&n Jlstrzsgtxcn Distribution
Gol 18.7017 45.738C 457 <1001 .3164
ItCol 19.0422 37.1908 1500 .0372 .1929
Ma3 18.4354 39,1866 1515 G259 .1609
Capt 17.6263 38.9758 284G 0137 1170
1Lt 15,6781 48,2433 950 -0424 2059
2Lt 13.4399 30.2353 TAC .0409 2022

95% Confidence Interval

Cal 18.081%6 to 19.3218
LtC-1 18.6641 t 19.4203
¥aj 18.1200 t 18,75C8
Capt 173570 to i7.8556
1Lt 16.2745 to 17.0817
2it 13.0436 to 13.8362

L}

The copfidence intervals are graphicaliy displayed

WM

in Figure 3-* on the follewing page., The data indicates

("0

the nonavailable tizes for grades of majer through cclorel
are not significantly different. However, the confidence
intervaliz for ist lieutezmants, 2nd lieutenants, and captains

do not overlap with those of any other ofiicer grade. The

P

hypothesis of haomageneity can therefore be rejected and

st

it

i)
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the conclusion reached that nonavailable time is not

Lt

i
e
m

homogeneous varizble for ail iir Porce officers.
[~

S e

il

This conclusion is supported by the analysis to

it

determine if a dependent relaticnship exists beiween rank

ol

and nonavailable time for Air Porce officers. The statis

LRI R

tical hypothesis is that the linear correlation coeific:
of officer grade and nonavailable tize is zers,

Z X = Officer grade;

; 2L%, I=1

2 1Lt. I=2

% Capt, X=3

ﬂ % Maj, =4

3 i ItCol, X =5

%§ Col, X=6 X=6

Y = average nonavailable hours mezsured by the Air Forc

Survey.
2

X X X i X
1 13.4399 1 180.6309 13.4392
2 16.67a1 4 278.1530 33.3562
5 3 17.5263 g 310.6865 52.8789
’ 4 §s,§3§£ 16 339,864 73.7416
S G.0422 25 362.6054 83,.2116¢
) _6 18.7017 36 349.7536 112.2102
21 103.923% 91 1821.6393 380.8378 Su=
o ¥ Sum(3¥)-Su={X} "Su=(Y)

o
'
——"
b
!
(M

K°Sun{¥x®)-Sun
_ . - 2
= {{6}(380.8378)-(21}{103.9238) ) /((&)(21}-217)

{2285.0268-2122.3958)/(546-221)

102.6312/105 = .977

i




(Sum(¥)~b*Sum(X))/N
(103.9236-(.977)(21))/6
= 13.9011
Total variation = (X°Sun(Y?)-Sum(¥)?)/N
((6)(1821.6993)-103.9236°) /6
(10,930.195-10,800.114)/6
130.081/€ = 21.680

TEGRhER

A A

Explained variation = a‘®Sum(Y)+b Sum(XY)-Sum(Y)z/N
= (43.9011){103.9236)+(.977)(380.8378)-10,800.114/6
1444 ,6523 + 372.0785 - 1800.019
16,7118

o T

B e

.

< o ... _ BExvlained Variation _
Coeffizient of Determination = Total Variation

= 15.7118/21.680

Coefficient of Correlation = r = .878
H,: Zero correlation
H1: Correlation not zero, Significance level = .05
If B, is true, r((ﬁ-e)/(1-r2))% follows Student's t
distribution with N-2 degrees of freedom.
r((m-2)/(1=x2))} = .e78(4/.2292)2
(.878)(17.&52)%

= 3,668 (31)
The probability that t4 is greater than 2.776 is less than
the significance level of .05. Therefore, the hypothesis
can be rejected.(3%)

The data indicates a significant dependenti relation-

ship between grade and nonavailsble time for Air Force




officers.

A similar hypothesis was applied to determine if

A

the population of enlisted personnel were homogeneous with

T

respect to noravailable time. Ninety-five percent confi-

- dence intervals for each rank were computed as follows:

Variance of Std Dev of

Sample  Sample Sample Sampling Sampling

5 Rank Mean Variance Size Distribution Distritution
3 E9 17.1210  38.4229 254 1513 .3890
= E7 16.3440 36.6403 1603 .0229 1513
E E6 15.8104  39.4658 3057 .0129 .1136
5 E5 15.8421  44.4808 4809 .0092 -0959
= E4 16.6356  51.0688 5110 .0100 1000
5 E3 15.6337 42,4371 3354 .0127 <1127
3 E2 12,7734  33.2348 1408 .0236 1536
3 Ef 10,3317  22.4978 639 .0352 .1876
; 95% Confidence Interval
E E9 16.3586 to 17.8834

ET7 16.0475 to 16,6405
| E6 15.5877  to 16.0331
- E5 15.6541 to 16.0301
= E4 16.4396 to 16.8316 :
2 E3 15.4128  to 15.8546 i
- E2 12,4723 to 13.0745

E1 9.9640 to 10.6994

The confidence intervals were plotted as shown in

Figure 3~-2 on the following page. The data indicates that

=
|
=
E|
=
=
2
=

= the nonavailable time for grades within the category con-
taining E3s, ESs, and E6s and those within the category

containing E4s, E7s, and E9s are not significantly dif-

bl

ferent. The two categories; however, are exclusive. The

i

bt
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confidence intervals for Eis and E2s do not overlap any

other confidence intervals.

The hypothesis of homogeneity

can, therefore, be rejected, resulting in the conclusion

that Air Force enlisted personnel are not homogeneous with

respect to nonavailable time,

The conclusion is supported by the following regres-~

sion analysis to determine if a dependent relationship

exists between rank and nonavailable time for Air Force

enlisted personnel.

that the linear correlation ccefficiert of enlisted grades

The statistical nypothesis tested is

and nonavailable time is zero.
X = enlisted grade

Y =
Survey.

W
-] Lo SRS Y - SO RS |

E1, X
E2,
E3,
E4,
ES5,
E6,
E7,
E9, X

b4 bd P4 P4 P4 B¢

X
10,3317
12,7734
15,6337
16.6356
15.8421
15,8104
16,3440

120.4219

17.1210

1

W -3 O WUt &N

>4
S ]

[
o SOERY A B « A WA U o BN R

N

N

=8

b X
106.7440 10.3317
163.1597 25.5,58
244 ,4126 46,9011
276,7432 66.5424
250.9721 79.2105
249.9687 94.8624
267.1263 114.4C80
293,1286 14,0899

1852,2552

591.8919

average nonavailable hours measured by the Air Force

Sum
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= N°Sum(XY)-Sur{X) *Sum(Y)

N*Sum(x%)~Sum(X)?
((8)(591.8919)-(37)(120.4919) ) /((8)(221)-372)
(4735.1352-4458.2003) /(1768-1369)
276.9349/399
.694
a = (Sum(Y)-b"Suza(x))/N
(120.4919-(.694)(37)/8
= 11.8517

n

it

(¥*Sum(¥?)-Sum(¥)2) /0
((8)(1852.2552)-120,4919%) /8

= (14,818.041-14,518.297)/8

= 37.468
Explained variztion = a‘Sum(Y)+b*Sum(XY)-Sum(¥)2/N
(11.8517)(120.4919)+(.694)(591.8919)-14,518.297/8
1428.0338 + 410.7730 - 1814.7871
= 24,0197

T - . Exvplained Variation 2
+ - =
Coefficient of Determination = Total Variazi =T

Total Variation

24.0197/37.468
6411

Coefficient of Correlation = r = .801

Bo: Zero correlaticn

H,: Correlation no zero, Significance level = .05
1 4

If H, is true, r((ﬁ-Q)!(?-zg))t follows Student's t

distribution with N-2 degrees of freedoum.

l

2..3 2
r((N-2)/(1-v°))2 = .301(6/.3666)*

(.801)(16.3666)2




. 3
r((N-2)/(1-r2))* = 3.240 (31)
The probability that ts is greater than 2.447 is less than
05. (31)

significance level of ,05.

Therefore, the hypothesis can be rejected at a

4R D A

Dl

i

The data indicates a significant dependent relation-~

ship between grade and nonavailable time for Air Force

enlisted personnel.

Sumzary

The data indicates a significant difference between

the population of nonavailable time for Air Force officers

and the population of nonavailable time for airmen. The

data also indicates that populations of nonavailable time

for military grades are significantly different. The data

i g

further indicates a significant dependent relationship

between military rank and nonavailable time. The hypothesis

of a homogeneous populaticn of nonavailable time for Air

T

Force military personnel caa therefore be rejected which

A

supports the contention that manpower standards for military
PP I

Ll

T i

A

work centers are in error.

Homoreneity of Air Force Civilizn Employvyses

i

(Al v"}‘l,'i

Rt o o o

The mean and standard deviation of the population

i

of nonavailable time for civilian employees at Wright-

Pattersocn Air Force 3Base was estimated through a sample

of civilian timecards. The sample mean was 19.1802 hours

and the sample standard deviation was 22.9235 hours. The

I

data was analyzed to investigate possible significant
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differences due to sex and pay grade. Tests were then
conducted to determine if a significant dependent relation-
ship exists between nonavailable time and pay grade, lon-
gevity, or age. The data was arranged as follows to deter-

mine if a significant difference due to sex of worker exists.

Sample Sample tandard Deviation of
Mean Size Sampling Distribution
Females 21.1911 56 3.0632
Males 18.3389 147 1.8907

Application of the centrazl limit theorem to the
sampling distribution allows the computation of the prob-
ability of a deviation as extreme or more extreme than
actually occurred. For males the deviation is:

X=X _ 18.3389 - 12.1802 _
5Td dev 1.8907 = -.4450

Prob(X less than -.4450) = .33

There is no significant difference between the mean of all
civilians measured and the mean of the sample of males. For
females the deviation is:

21,1911 - 19.1802 _
3.0032 = 656

Prob(X greater .656) = .2546
A significznt dif{ference between the mean of all civilians
measured and the mean of the sample o5f females cannot be
established at the 5% level. A similar analysis to deter-
mine a significant difference due to pay grade also proved
inconclusive at the 5% level.

The following is an analysis to determine if a

significant dependent relationship exists between pay grade

et s S e ot

b
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and nonavailable time for Air Force civilian personnel.

The statistical hypothesis tested is that the linear corre-
lation coefficient of civilian personnel pay grade an¢ non-
available time is zero.

X = civilian pay grade

Y = nonavailable hours per individual

N = 203
sum X Sum X° Sum Y Sum Y° Sum XY
1921 20,765  3882.5182  105,761.58  35,406.364

b = NoSum(X¥)-Sum(X) "Sya(¥)
H‘Sum(x‘)_sm(:{)z

(203)(35,406.364) - (1921)(3882.5182)
(203)(20,765) ~- 19212

= (7,187,491.8 - 7,4583,317.4) /(4,215,295 - 3,690,241)
= -270,825.6/525,054
= -.5158
a = (Sum(Y) - b°Sum(X))/n
= (3882.5182 - (-.5158)(1921))/203
= (3882.5182 + 990.8518)/203
= 24,0067
Total variation = (§'Sam(¥2) - Sam(Y)g)lg
((203)(105,761.58) - 3882.5182)2/203
= 21,469,600 - 15,073,947/203
= 31,505.679

Explained variation = 2°Sun(Y) + b°*Sum(X¥) - Sum Y2/§
= (24.0067)(35882.5182) +
-.5158)(35,406.362) — 3882.51822/263

oA
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93,206.44¢ - 15,262,602 - 74,255.896

Explained variation

BEx in variat 2
Coefficient of Determination = "E}§:§e§ g._gulen = r-
ToUelL YEREYTIaATIon

687.951/31,505.679

r? = .0218
Coefficient of correlation = r = =,1477
EO: Zero correlation
HT: Correlation not zero, Significance level = .05
If B is true, r((8-2)/(1-r%))? follows Student's t
distribution with N-2 degrees of freedom.
r((§-2)/(1-32))% {-.@é??)(20§{.§?82)§
(-.1477)(205.4792)%
= =2.1172

The probability that t20$ is less than -1.97, is less than
.05, Therefore, the hypothesis can be rejected at a
significance level of .05,

The data indicates a siznificant dependent relation-
ship between pay grade and nonavailable time for Air Force
civilian personnel,

s an analysi etermine if a

£

to

e

m

The following
significant ~ependent relationship exists tetween worker
age and nonavailatle time for Air Force civilian personnel.
The statistical hypothesis tested is that the linear corre-
lation coefficient of civilian personnel age and nonavaile
able time is zero.

X = civilian worker age

e il

A
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nonavzilable hours per individual worker

R = 203

(LR
e
1l

Sun X Sum X2 Sum Y Sum Y2

Sum XY §
8756 400,024  3882.5182  105,761.58  170,422.95 3

b = RoSum(if)-Sun(x) ‘Sun(¥)
N*Sun(x?)-Sun(x)?

W

= {203)(170,222.95) - (873 A){>k 2.5182)
(203)(400,025) - 8736°

= (34,595,858 - 33,917,678)/(8,120,487.2 - 76,317,696}

= 678,180/4,887,176 :
b= 01388 Z

e
]

a = (Sum(Y) - b°sum(X))/% §

(3882.5182 - (.4388)(8736))/203 :
a = 13.1539 ’
Total variation = (H°Sum(¥?) - Suz(¥)Z)/x

= ((203)(105,761.58) - 3882.51822)/203 :
(21,469,600 - 15,073,947)/205
31,505.679
Explained variation = a*Sum(¥) + b°Su=(I¥) - (Sag{Y))zlﬁ
= (13.1559)(3882.5182) +
(.1388)(170,422.95) - 3882.51822/203 :
51,070,256 + 23,654.705 — 74,255.896 i

b i TR U L I
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Zxplained variation 2
Total variaiion -

Cocefficient of Datermination =

-

= %93065“13 H ,SV/ #U?§
2

= ™ = ’G‘;dﬁ
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EO: Zero correlation

31: Correiation not zero, Significance level = .05

G A

A

If H, is true, r((%-Z}!(%-r‘)}g folloys Studeat's t

'

i

distribution with -2 degrees of freedozm.

r((§=2)/(1-r%))?

b

Dbt

]

(.1221}{201/.2851)
= (¢§22?)(§%52$$}}

1.7441
The probatility that §20§ is greater than 1.97, is not less
than .05. Therefore, the hypothesis cannot be rejected at

a significance level of .05,

ok

I

Tne data indicates no significant dependent relaticn-

ship between worker age and nonavailable time for Air Force

A

civilian personnel

==

=

The following is an anzalysis to determine if 2
significant dependent relationship existc between worker
length of service and nonaveilable tipe for Air Force civil-
ian persconnel., The statistieal hypothesis tested is that
the linear correlztion ccefficient of civilian ex=plioyese
length of service and nonavailable time is zero.
= civilian worker lexngth of service

= nonavailable hours per individusl wsrker

L
i

= 203
Sum X Sum Y Sum X° Sum ¥° Sum XY
3648 3882.5182 81,960 105,761.58  73,975.391

E
=
E
E

Ij
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- £203)(73,975.391
\233)("‘ = 6{}} -

(15,017,004 - 14,045,950) /(15,637,830 - 13,089,924)
970,054/3,547,956
b= 2734

a = (Sux(Y) - b*Sun(x))/%
= (3882.5182 -~ {.2734)(3618))/203

Total wvuriation = (R‘Sﬁg(¥2} ~ Sum(Y)z)/g

£(203)(105,761.58) ~ 3882.51822) /203
= (21,469,600 - 15,073,947)/203
= 31,505.679
Explained variation = a*Su={Y} + b*Su=m(XY) - Sam(v)zlﬁ
= (1£.253)(3882.5182)+(.2734)(73,975.391)-3882.51822/203
= 55,337.551 + 20,224,871 - 74,255.896
= 1306.505

- . . . Explained variation 2
s e L o £ T fﬁ‘ o] Fn = — - ._.: - tr Fas =
Cosfficient of Determination Sotal variation

1306.506/31,505.672
= ‘34.55

Coefficient of Correlation = r = .204

]

Ks: Zero correlation

Eg' Correlation nol zero, Significance level = .05

H

If #) is true, r{((%¥-2)/(1 “‘}}3 follows Studeni's ¢

distribution with

r{{§-2)/(1-r

#Iﬂ

i-2 degrees of freedonm.

%
))% = (.204)(201/.9585)%

(] H"

Z
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Probability (t,,, is greater than 1.97) is less ithan the
level of significance, Therefore, the hypothesis of zero
correlation can be rejected which demonstrates a significant
dependent relationship between length of .ervice and non-

available time for Air Force civilian personnel.

Suczary

The data does not indicate a significant difference
between the povulation of nonavailable time for civilian
personnel males and females, or between civilian pay grades
at a significance level of .05. The data does indicate,
however, that z significant dependent relationship exists
between pay grade and nomavailable time, and between lon-
gevity and rnonavailable time which demonstrates that the
assumption of homogeneity of nonavailable time for civilian
work centers is in error.

ANALYSIS cgg;3§? ESTIMATE
OF WOEKEZR AVAILASBILIT

0f the methods currently used to estimate nonavail-
able time, oniy the nmeasurement recorded during MET work
sampling studies uses actual cbservatisn as the source of
data. Additionaily, this measurezent technigue is the oniy
technigque in currsent use that measures nonavailable tizm
as a2 single value. All other measurement devices are forces
to include subjective estimate additives and/or colliect data
from several different socurces.(26) An analysis was con-

ducted to determine if the measurement comnducted durin
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work sa=mpling studies differs sigificantly from the esti-

mates measured by the other technigues in currsnt use. A

o]

population consisting of the nonavailable time of work

assigned to AFLC was used for this analysis.

Availability HMeasured by York Samplins Studies

A study of military availabilitly completed in Harch
1973 estimates the average nonavailable tizme for military
personnel to be 24 hours per menth.(32) 4 siudy to deter-
mine the available time for civilian emplcyees of the Air
Force is being conducted as of this writing. TFhe analysis

for AFIL has been cozpleted with an estimate of nonavail-

w‘

ability for civilian employees of 27.65 hours per month.(25

The current manning of AFIC is approximately 90¥ civilians

and 10% military.(34) The weighted average of %the estimated

o

available time for workers in AFIL is (.9){27.65)+(.1}(22)=

27.285 hours/month. A sazmple of 128 work sampling studies
conducted at AFLC installations has 2 mean of 29.6726 hours
]

= w F3 = o F - = T A%
hours/month, Application of The ceniral limit theore=
PE
- - F_ N ] - = = = & &35 T == = o= -~
tows the Ifollowing computation of the probability of =2

experience
= 2?‘2§§:§:;§?2§ = =1.825% standard deviations.
; ;(:?’3%’:2
Probability (Z less than -1.923) = .0274, which is less
t the level of significzacs of .05. Thersiore, the data
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indicates a significant difference between the nonavailable

time measured by work sampling studies and the measurement

by the techniques in current use.

Credibilitv of Current Aveilability Estimate

Analysis of measurements of nonavailable time made
by various technigues and at various times raises several
unanswered questions concerning the accuracy of the estimate.
Work sampling studies listed the available time for the same
bases. Assuming that both methods were accurate and were
properly utilized, it would be expected that the average
available times derived by the two separate studies would
display a ‘.igh degree of positive correlation. The fol-

lowing analysis; however, indicates a negative correlation.

Study Vork Smpl 2
Base Estimate Rank Estimate Rank a a-
Hill 142.50 3 123.45 6 ~3 9
Kelly 138.60 6 145.38 1 5 25
McClellan 139.39 > 138.08 3 2 4
Robins 142.58 2 142.18 2 0 0
Tinker 139.48 4 134.76 5 -1 1
W-P 143.97 1 136.33 4 -3 __8

248
Spearman rank Correlation (oefficient rg = 1= 6 E“m ¢
N-=N

r =1 -‘--Z-M—)-.j 28 = 1 =1.371 = =.371 (38:204)

This apparent contradiction raises questions about the

accuracy of the data.

The credibility of the data is further degraded by

o i
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comparison of two Air Force studies to determine military
availability conducted in 1971 and 1973. The overall
:-zults indicate a decrease in nonavailability from 26 to
24 hours per month. Comparison of individual activities
which are included in nonavailable time, shown below,
reveal substantial differences which are not indicated

by the toctal change.

Nonavailable Category 1971 1973
Leave 11.28 6.89
Medical 2,62 3.80
Education and Training 6.8% 3.81
Sad duties and other

m;3c special absences 5.32 9.44

(18:Vol I(CI)Table 2-1 & 32)
These two studies were conducted by the same people

using the same analysis procedures.(32) It is possible
that the change in the amount of time expended per month
in the categories of Education and Training and Squadron
Duties can be traced to pelicy change. However, the average
amount of time expended for Leave and Medical reasons should
be fairly stable over time., Research has uncovered no
factors which cause the changes indicated by the measure~

ment.

EFFECTS OF AVAILABILITY ESTIMATE ERROR
To determine the possible effect of a deviation of
the estimate from the true mean ¢f the distribution of
available time, the authors constructed a simplified model

of a portion of tne requirements process. The model

3
%
E |
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simulates the translation of measured allowed time for a

work center into the discrete number of people reguired.

L RN T

An accurate simulation of reality requires knowledge of the

R A

distribution of available time. The authors found no prior

LR

research to determine this distribution; therefore, the

best estimate of the shape of the distribution was con-

structed using the data from civilian timecards. This

R e A

distribution is very probably somewhat in error. Discrep~-

ancies in the distribution however, should not negate the

Ll

il
o i

general conclusions reached through the simulation.

i

it

AFM 25-5 prescribes two rounding rules in manpower

3 calculations., The civilian fractional rounding rule is

applied to all work centers having at least one civilian

£ authorization.(34) Under this procedure 2ll requirements
calculations resulting in 2 number plus a fraction are
increased to the next highest whole number. The military

- rounding rule is applied to work centers for which only
military personnel are authorized. For military work
centers which are authorized from one to iwelve personnel,
the whole number portion of required personnel is multiplied

by .077. The resulting number is then compared to the

. fractional portion of required perscnnel to deteraine
- actual authorizations. For illustrative purposes, assume

the requirements for a work center were 6.4 personnel,

Then:
6(.077) = .462 = allowed overtime

Since the fractional portion of required personnel (.4) is
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less than allowed overtime, actual authorizaticns for the

work center would be es*ablished at six people. If the
requirements determination results in 13 or more personnel,
the fraction is Gropped to reduce the number authorized to
the next lowest whole number,.(16:6-20) The model was
modified to simulate both rounding procedures.

The results of the simulation are contained in
tabular and graphical fora in Appendix E., The results pro-
vide insight into the effects of three variables on the
reguirements determination process: the method of frac-
tional rounding, the size of the work center, and the error

in the estimate of available time.

Fractioral Rounding

Computed civilian work center requirements are three
to six percent above the computed requirements for military

work centers when all other variables are held constant.

Work Center Size

For very small work centers, current procedures
cause computed requirements to be above actual require-

ments. As the size of the work centers increases, the

i

curve of computed requirements as a percent of actual
requirements decreases sharply, approaching a constant for
large work centers. The shape of the curve makes the com=-
puted regnirements for smzll work centers very sensitive

to beth changes in the estimate of available tinme, and

fractional rcunding procedures.




Available Time Estimate

A

A change in the estimate of available time of a

given percent "X", causes a change in the computed reguire-

ments of approiiéately the same "X" percent for large work

centers. The same “X" percent cﬁaﬁge in the estimate of

i T

available time for small work centers is affected by the

iy
Lt

shape of the curve and results in an error somewhat greater

it

than "X" percent. Thus, if the available time estimate is

I

determined inaccurately, manpower standards will be irn

erxror.,

L

CHAPTER SUMMARY

The analysis has shown that the assumption of
; 2 worker homogeneity with respect to nonavailable time is
- : invalid. The significance of this finding is that the
g ; computational accuracy of manning standards is based on

E this assumption. The result is loss of accuracy in man-

power standards.

i

i

Comparison of the current estimate of nonavailzable

it

Ul

time with work sampling data and with prior estimates

strongly suggests that the current estimate is in error,

g

il

A simulation modzl indicates that ai. errer in the nonavail-

able time estimate will cause a loss of accuracy in work

‘& center menpower standards.
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CHAPTER IV

MANPOWER PROGRAING AND ALLOCATION CICLE

It has been shown in the previous chapter that
significant differences exist in the availability of Air
Force workers, and that inaccurate availability estimates
inject error into manpower standards. A review of the
manpower requirements determination, programming and
authorization process will demonstrate the impact of an
error in manpower standards on 2uthorizations.

Air Porce manpower requirements are not the simple
aggregation of grade deteraminations made through analysis
of individual positions; consideration must also be given
to statutory and budgetary constrainis on personnel anthor-
izations. Statutes currently limit the number of general
officers, field grade oificers, and the number of airmen

in the top two enlisted zgrades. 4n additional ceiling

(]

= =

is imposed yéarly by 0SD on the number serving in the top
six enlisted grades.(17:3~1) Also affecting the manpower
procass is the fact that the aAir Force budget is subject

to approval by the Congress. The Air Force rarely enjoys

a funding level sufficient to allow manning at total deter-

mined requirements. As a consequence, nanzing authori-
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gzations may be well below the required number determined
through management engineering studies.

Within this constrained environment, the Air Force
determines manpower requirements and allocates manpower
authorizations. To facilitate an understanding of the
process, the gerneral flew of the D0D Planning, Programming
and Budgeting Syst:m will be outlined from the Air Force
viewpoint.,

THE PLANNING, PROGRAMMING,
AND BUDGZTING SYSTZM

The DOD Planning, Programming, and Budgeting System
(PPBS), established in 1962 and revised in 1970, controls
the scope of the major categories of programs and associated
DOD resources. It is an integrated system which provides
for the establishment, maintenance, and revision of the
Five Year Defense Program (FYDP) and the DOD budget. The
FYDP summarizes the approved plans and programs for the
DOD.(12:14)

To understand the process by which the PPBS func-
tions, one must begin with the basic building block of the
FYDP--the program element. The program element is a
description of a mission through identification of the

organizations and resources required for performance of an

4]

assigned mission. Resources consist of forces, manpower,
material quantities, and costs, as agglicahle.(2@:2)
Included are time phased actions and the means necessary

for accomplishment., Prggrams elements are aggregated to
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form programs, which are subsequently aggregated to form
the FYDP.

Within the Air Force, the Force and Financial Pro-
gram (F&FP) reflects the program approved by the Secretary
of Defense and is consistent with the FYDP, It contains
considerably more detail than the FYDP for the Air Force
| program elements, Each element represents a combination
;% of manpower, equipment, and facilities constituting a
| related mission or force car lity and the associated
: resources. The program elements are grcuped in major DCD
1 Prograns on the basis of similarity of mission or purpose.
=
% The F&FP includes the following ten major program volumes
=1
| and a summary volume:(20:3)

(1) strategic Porces

(2) General Purpose Forces

(3) 1Intelligence, Communications

(4) Airlift/Sealift

(5) Guard and Reserve Forces

(6) Research and Develcpment

(7) Central Supply and Maintenance

(8) Training, Medical, and Other General
Personnel Activitie

(¢) Adminis*vative

£

1@ Associated Activities

(10) Support of Other Nations

4 Each program volume shows the approved programs and

.

resources, number of wings and sguadrons, total Unit

= =

- Equipage aircrafi, buy/delivery guantities, flying hours,




and manpower strengihc by officers, airmen, and civilians,

(20:3)

The planning/prograrming/budgeting process begin
when the Secretary of Defense issues a memorandum to the
Military Depvartments providing a schedule of siznificant
actions of the PPBS cycle for the next calendar year. The
sequence of actions displayed, on the following page in
Figure 4-1, is typical:*

1. February--The Air Force receives the Planning
and Programming Guidance Memorandum (PPGM) from OSD.

2. Pebruary-liay--The impact of the guidance con-
tained in the PPGM is evaluated by HQ USAF. Primary empha=-
sis is on program exercises used to test alternatives for
inputs to the Joint Porce Memorandum (JFH).

3. May--The Air Force provides their input %to the
JFM which is then submitted to 0SD. The JFM provides the
combined services' recommendations on the joint force program
within the fiscal guidance provided in the PPGHM. The Air
Force Program Cbjective Memorandum (POM) is also submitied
to 0SD in May. The PO is the balanced, tetal force and

support program and is within the constra
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0SD. The F&FP is updated te ref

4. May-July--As circumsiances reguire, the AF may

-

subnit changes to the PGH. Reclamas to 05D decisions on
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the changes may alsc be submitted.

5. July--0SD issuss Prozram Decision Memorandums

to the Air Rorce. Decisions on reclamas are also issusd.

Procram Change Recuesis msy be submitted te 03D as neces-
(=t (= <

=

sary. The Air Porce publishes the Manpower Authorization

6. October--The Air Force budgeti is submitted to
0SD. The P&FP is updated fo reflect the budget submission.
The MAV i
7. October-Decenber-~The budget is reviewed by

0SD and 0¥B. Program Budget Decisions are issued by 0SD.

8. January--The USAF F&FP is updzted and published

to reflect the President's budzei. HQ USAP publishes the

THE MANPOYER PROGHAFXIRG PROCESS
Within the PPE5, =znpower programming follows the
general cutiine depicled in Figure 4-2 on the following
rage. Actual man-hour and worklcad reguirement data is
coxzpiled through mzapower situdies conducted by management

engineering teams at the work cenler level. The resulis

[v])
i
vy
1]
"1
]

1 xR 3~ F ion @ i 3 -
of the studies are forwardsd %o the major comman
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The term "work center Hanpower Standard® normall
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THE AUTHORIZATION ALLOCATION SYSTEM

The Manpower Resource Allocation System (MRAS) is
the automated HQ USATF system for processing and transmitting
manpower allocations to major commands. '‘ne MRAS inter-
faces with the Manpower Allocation and Accounting System
(MAAS), and MAJCONM standard system for allocating and
accounting for manpower.(17:A2-1) The Manpower Authori-
zation Voucher (FAV) is the document used to advise MAJCOMs
of Manpower Authorizations., sctual allocation occurs
through tapes which are authenticated by printed reports.

Each Major Commander must allocate manpower author-
izations within the limits of the MRAS. Manpower can,
however, be redistributsd betwren units if ceilings are
not exceeded. Tyrically, specific programs identified by
HQ USAT and those which the commander considers critical
receive 10Ci manning. After manning of the critical pro-
grams, remaining authorizations are allccated using estab-
lished manpower standards as a guide.(34) This procedure
cculd result in low manning in some areas. As an example,
if 855 of determined requirements is allocated to a major
command, an additional five percent reduction due to

manning of critical’ ositions could occur. Allocations

to base level would then bve 23% of dete.uwined authorizations.

If only 20 of a determined 2% authorizations are received,
and yet a worx center mission is still accomplished, some
doubt is created a  ~ the validity of the determination

process.
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The allocation system, as outlined on pages 61
through 63 by Figures 4-3, 4~4, and 4-5, begins with a
HQ USAF manpower allocation. The system is transaction
oriented and will accept USAF manpower allocations on an
as occurs basis.(19:1-6) The data received from AF is
added to the Allocation File and used to produce the USAF
allocation register. The register constitutes official
notification of an allocation., Data is then removed from
the allocation file to cause increases or decreases in the
baseline file., Any dzta not moved to the baseline file is
printed out as the unextended allocation register. Man-
power also receives an Extended Allocation Register
depicting a. allocation actions taken against the allo-
cation and baseline files and a Manpower Recapitulation
Register showing the total command resources derived through
a combination of baseline and unextended allocations.

Within the system two typves of actions occur in the
allocation process.(19:1-7)

(1) Unit actions consisting of activations, dis-
continuances, and reorganizations which add or delete
packages of authorizations fo a given unit. These actions
make up the Unit Control File (UCF). From the UCF is pro-
duced the Unit Control iaster Register which lists all
command units with corresponding basic authorizations
packages, and the Unit Control Change Register which con-

tains all changes processed against the Unit Control File

in a cycle.
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(2) Basic authorization actions representing <the

actual construction and update of the Basic Authorization
packages. These actions maxe up the Basic Authorization
File (BAF). From the PAF the Basic Authorization Change
Register is produced which lists all changes affecting
the Basic Authorization Packagez in the cycle, and the
Basic Authorization Register, which contzins all command
developed Basic Authorizatiion packages.

The unit and basic authorization actions are then
merged to produce a composite Unit Authorization File (UAF).
The UAF is compared to the Baseline File to assure that

all intended allocation actions have occurred. From the

e

UAF is derived the Manpower Authorization File which con-

tains detailed identification of allocated manpower that

has been distributed to units. This data is sent to HG USAF
in the HAF-7102, a report recuired for determination of
manpower posture by commund, and for transmission to the
military personnel center, where manning actions are taken
against the manpower authorizations.(18:42-1) In addition,

the UAF is used to compile the Unit Detail Listing (UDL)

Uli

which is distributed as commands determine. The Manpower
Data File (¥DF), also produced from the UAF, is transmittied
to base level in the iHAF-339 repor:. The MDF contains
manpower authorization data vy unit. A position number

is affixed at command level to each group of like authori-

zations to facilitote man/job matching at base level.

The Consolidated Uni%t Control Hegister (CUCR) is




e

compiled from the 3AF arnd ihe UCF. It contains officer,

>

airmen, and civilian sirenzths by eanh Basic Authorizat

R TR

ot

ion

Packaze for each unit. Alsc included is a recapitulation
by grade and program element for each unit and each base.
The CUCR is the document agzinst which UCF actions are
taken in the succeeding cycles of the system.{19:1-10)

Base level actions zre outlined in Figure 4-5,

=

Personnel data extracted frorm ~Iiicer, zirmen and civilian

o e

records are merged to produce the Mznpower and Personnel
Assignment Document (}24D).(19:1-12) <The MPAD is designed
to inform the unit comzander of the pcsitions authorized
for his unit, and the individuals assigned or projected to

be assigned to the positioens,

i

m

Thus, the manpower programming/allocation cycle is

s emphasized; however, that it is a complex

"

(2

Lo

-+
w

completed.

system with ever-changing inputs., Factors such as the

: budgetary ceilings imposed by Congress, the need for

é advanced weapon sysiems, personnel cosis, the complexity
t;% of new weapons systems, zn¢ manpower ceilings imposed by
V; Congress and DOD all have z significant impact upon the

é programsing cycle, The point to be remembered; however,
ig . . is that within existing constraints the manpower standard
ﬁ% is the primary basis for ihe programming and allocztion of

Fetshid -4

manpower authorizations., Therefore, any errors existing
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CHAPTER V

COXCLUSIOHS AXD RECOIZERDATION

CORCLUSIORS

Two major findings contribute to the conclusion
that manpower standards contzin some error due to the
computations involving worker availability. The first
concerns the assumption of homogeneity with respect to

nonavailable time.

The data indicates a significant difference between

the availability of officers and enlisted personnel.

ithin each of these classifications it can be shown that

a significant difference exists between availability of

different grades. It can be further demonstrated that

there is a signilicant statistical dependent relationship

between military grade and noravailable time, Therefore,

the conclusion can e made that the use of a constant

estimate of available time for 21l military work center

I
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pay grade and length of service, Based on this finding
the hypothesis that civilians are homogeneous with respect
to nonavailable time can be rejecied. t can therefore be
concluded that applicaticn of a constant estimate for avail-
ability of civilian work centers is incorrect.

The application of a constant estimate of avail-
ability to all work ceaters when in fact availability is
not a homogeneous variable results in erroneous reguirerments
determination. Some work centers will receive more authori-
zations than they rsquire wvhile others will receive less.

The second finding which contributes to the con-
clusion that manpower standards are in error is the strong
implication that current measurements of nonavailable tine
are not accurate. This implication is supported by the
following:
(1) The nonavaiiable time measured by AFLC work
sampling studies is significantly different from the non-
available time estimates determined through surveys, civil-
ian timecards, medical records, et cetera, which are cur-

-
i

rently used to determine pilitary and civilian availuzbility.

(2) Keasurement of noravailable time for six AFIC
bases by work szxmpling technigues is shown to have a neg-
ative correlation to measurements cf nonavailability for
the same bases using different technigues.

(3) Estimates of portions of nonavailable time,

coaputed through identical analysis, two years agpart, dis-

1

play wide differences. DPolicy changes within the iwo year

i
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period do not explain the disparity ol the results.
Tie effect of an erroneous measurement of avail-

*

ability was dexmonstrated through simulation. The model
indicates that an error in the estimate for available time
of a given percent causes an error in the average computed
requirements by approximately the same percent for large
work centers. The errcr becomes larger as the size of the
work center decreases., The significance of error in man-
power standards is tho* the error will be reflected to
some degree in the number of manpower authorizations
received.

Hanpower standards are the primary input in the
development of the program estimating ecuations used %o
determine overall Air Force manpower regquirements. Once
overall manpcwer authorizaiions are ovtained through the
PPBS cycle they are allocated to MAJCONS, bases and work
centers using the manpower standards as a guice., DIue to
the aggregation procedures ané the complexity of the process
the exact error in authorizaticns resulting from an error
in the manpower standard camnot be cdelermined, However,
because the manpower standards are the primery basis for
reguirements dsterminaticn ané alliocation, an errcr in the

standards wili bes reflected tc some degree in the allocation

in Chapter IV also indicates that
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in teday's environment mar functional arsas consistently

=

o a3 ik RSP a o
receive manpower authorizations which are conslgerably
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below their determined regquirements. Yet thesd work centers
are operating today with little or no visible impact due

to a shortage of marpower. 7This indicates one of three
things:

(1) The procedures for computing manpower reguire-
ments may be so inaccurate that in reality the work center
may have an adeguate worx force even though their authori-
zations are well below their computed reguirement.

{2) HNecessity is the basis for irnovation.

Managers may have been forced to learn to use the available
manpower more efficiently. This increase would compensate
for the difference between reguired and authorized manpower.

(3) It is possible that the missior is not being
accomplished at the desired level, but the impact is insig-

nificant. Tais could happen for two reasons. The output

e

of the work center may actually not be reguired at all or

-

the mission may have been accomplished at a level of per-
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the means toc obtain the estimate. Nonavailable time should
be recorded by grade, sex, lengith of service, AFSC, and any
other variables which coulé possibly influence nonavailable

time. The data, compiled over a period of time, woulid
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the requirement for the assuzption of homogeneity of non-
available time for bread classifications of the work force.

Wnhen the variables which impact nonavailable time
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ntified and their effect determined, they could
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be applied to successively hizher levels of the Air Force
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manyower requirements.

”b
o
e
-
B
o
Q
2]
ﬁ
o
ot
M

g Once the éata base has been establis
: description of the distribution of noravailable time would

be possible. The distribution could ther be used tc perform

J

th the aim of improving the

Pte
}.tt

nurerous types of analysis w

manpower determination process. Prime candidates for
3 analysis are:
a., The development of a rounding rule which results

in the greaiest probzbility of correctly deter-

M

ining manpover Yegquirements for any size work

= mining
= FS
5 center,
ms b o A Y i - i -3 - "
= b. he effect thzt combinztion of small work

determination using current rounding rules.
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4. Manarcient Encincering Program (MEP): A primary capa-

bility for accurately determining manpower requirements for

the Air Force. The objective of the MEP is to systematically

improve distribution/utilization of the manpower resource by:
a. Develoving and maintaining manpowver determinants.
b. Providing management engineering services, such

as methods improvement studies from which solutions to

management problems may be derived.(16:1-1)

5. Man-Hour: A unit for measuring work. It is equivalent

to one man working at a normal pace for 60 minutes, two

men working at 2 normal pace for 30 minutes, or a similar

combination of men working at a normal pace for a period

of time.(16:A2~2)

6. Nonavailable Time: Assigned man-hour losses allowed

for participation in those activities directed, recognized,
and approved by the Air Ferce, whicn render the individual

vnavailable for assigned primary duties. Examples of non-

available causatives are leave or pass, sick call or hospi-
talization, educaotion and iraining, squadron duties (exter-
nal to the work center) and taking a skill knowledge test.

Transient (FCS move) activiiy is not included in nonavail=-

able time.(16:42-4)

Y Opgcrational audit: The integration of four techniques--

directed recuirement, good operator, hiztorical experience,
and best _.dgment-~into a systematic method for measuring

work activity.(1€ S5-35)
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8. Program 3Budret Decision: A Secretary of Defense decision,

i in prescribed format, authorizing changes to a submitted

budget estimate and the FYDP,(12:658)

9., Program Chance Decision: A Secretary of Defense decision

T

authorizinz changes to the FYDP.(12:66)

1a

10. Preogram Chan-~e lLsquest: A formal document submitted

? by HQ USAY to the office of ihe Secreiary of Defense which
proposes an adjustment to the FYDP.(12:66)

11. Progsram Estinmating Bguation: A mathematical equation

AR

that uses a broadly based, prcgram-oriented, independent

variable (DEF) to forecast and/or program manpower require=-

ments into future time periods.(16:42-3)

iy Lol i )
L e

12. Prosram Estimating Frctor (PEF): L4 statistically

T

derived factor (linear or curvilinear regression formula)

*

for the computation of the number of manpower authorizations

v

i ot ittt A

to be increased/decreased because of a charsze in the Air

i

v

Force program.(19:12-6)

it

i

13. Projectsd ¥Workload: An amount of work proposed or

anticipated to meet the reguirement of a p ogram.(16zé2-3)
% 4. Time Study: A work measurement method for recording

ol

the time a worker expends on each element of an operatic

g

m

g and the pace at which he works, under specific cenéition

Al S

Jlty
U

L

e It includes the analysis of the data so as to deterumine the

time n.cessary for carrying out the operation at a ief ed

0'}

standard of performance from a limited number of obser~
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15. Unit Control Rile (UCZT): An electronic data processing

fiie which contains pertinsnt information abcut each unit
nf the command. Additionally, the file identifies the
Basic Authorizations that are assigned to each unit.(19:12-7)

16. Workload Fzctor: (1) An index or unit of measure which

is consistently expressive of, or relatable to, the manpower
required to accomplish the quantitatively and cualitatively
defined responsibilities of a work center. (2) An end-
product, or combination thereof, that is representative of
the work performed in the work center., It may be either
something physically produced in the work center (referred
to as a production-type workload factor), or something

that is external to, but served by, the work center (refer-
red to as a work generator-iype workload factor).(i6:42-%)

17. York Center: A groupinz of personnel using similar

machines, processes, methods, and operations, and performing
homogeneous type work, usually located in a centralized
area, The term is used tc identify 2 relatively small
activity within a broad functional segment. Perscnnel
within a2 work center pexiorm work that tiusically contridbutes

to the same ond product or result, and their duiies are

similar or closely relat
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SUFBARY OF AFLC CIVILIAN AVAILABILITY STUDY
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44,

45,

46.

47.

Hone
B. 1=% hrs
C . “0"5

Do 7-9

- Q)
»

Counseling and re
directed personal
career inforzaiic
and performing di

revievis).

A, None

B, 1-% hrs
Co 4-6

Do 7-9

E., 10-12

Beards or Lcunc
classification
Airzan/iCO of ¢

1 i

- —

80

13-15 hrs
16-18
19-2

22-24

EPNM

25~27 hrs
28-30
21-33

34 or more hrs

views (includes receiving
aiffairs counseling, obtaining

n and counseling from the CBPO,
rected personnel records

J.
K.
L.
M.

25-27 hrs
28-30
3133

34 or more hrs

(includes airman personnel

ards, Junior (

b1 4
Tt
-

-

£€3
-l

Wk
*! 3 e
Month/Cuarier B

cer Councii,

oards, and

tstanding Airzman of the Year Boards, etc.).

A. None

B, 1=3 hrs
C. 4-6

D. 7-9

E. 10-12

Retreats, parades, awards, retirement ceremcnies,

F.
r~

Ue
H.
i.

13-15 hrs
16-18
19-21
22-24

ané deccrations preseniations.

practice tize.)

A, Hone
Y

B. 1=3 hrs

f\:o "‘é":}

3. 7-9

E., 10-12

Unit or tase de
NCO, Officer/3c
tirdrcme Office
{Include tize ¢
perforal 1S 3
night be )
A, Hone

-

PR ]
G.
H.

I.

bt

el by by (;'J et

iy

1y
.

G.
K.
I.

13-15 hr
16-18

o (1Y

D) b ek b
YA O

|
[N LS I Y

{-

J.
K.
L.
M.

25-27 hrs
28-30
31=33

34 or more hrs

(De rot include

Jd.
X.
L.

H.

i et P Sy
..

25-27 hrs
28-30

31-33

34 or more hr

.
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43.

49.

50.

51.

funé drives, ax

A, Hone ?, 13-15 hrs Jd. 25-27 hrs

B, 1-3 hrs G. 16=-18 K. 28-30

C., 4-6 H, 19-21 e 31-33

D, 7-S I. 22-24 ¥. %4 or more hrs
E. 10-12

Military Court (official court membership,
witness, or defendant) andé Civil Court (juror,
witness, or defendant}).

1

A, Hone F. 13-
C. 4-6 H. 19-21 L. 31=33

D. 7-9 I. 22-2¢4 M. 34 or more nrs
E. 10-12

In/out processinz in conjunction with a PCS move.
Inciude time spent processing through such
stations as C35zC0, Finance 0ffice, Transportaction,
0fficer/¥CC ciub, Base Housing, Lidrary, ¥ail

Room, etc.

A. ¥Mone ?P. 13-i15 hrs Jd. 25-27 hrs

B. 1=3 hr G. 16=-18 K. 28-30

C. 4-0 2, 19-21 L. 31-33

D. 7-9 I. 22-24 M. 34 or more hrs

E. 10-12

Personal or fazmily settlement in cenjunciion
with a PCS zove. (Indizate time-off irom
normal dutly To losk for a house or aparizent

and time sgpent in the physical movement of
dependenis in a2ndé out of quarters).

A. Hone F. 13-15 hrs Jd. 25=27 hrs

B, %1=3 hrs G, 16-18 K. 28=-30

C. 4-% H., 19-21 L. 31=3

D, 7-8 I, 22-24 ¥. 34 or z=ore nrs

A. Eone ®, 13~15 hrs J. 25=27 hrs

B, 1=3 krs c, 1e=-18 £. 28-3C

C. &% H., 18=-21 L. 31=3>

D, 7-9 i. 22-23% ¥, 34 or more hrs
B. 10-12
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62.

85

How many é;jb of charzeable leave didé vou take
at the place mentionad in the abova guestion

#58 during the peried 1 July 1972 tarcugh 30
June 19732 (Do not include PC3 leave en route
to a new station, leave while TDY, or grad-
uation leave,)

A. Neone F. 13«15 days {. 28-30 days

B. 1-3 days G, 16-18 L. 31-33

C. ¢-6 H, 19-21 M. 34-36

Do 7"9 }:- 22‘24 ste 37-'-

E. 10-12 d. 25=-27 0. 40 days oxr more
How many days of chargezble leave did you take
in conjun tzc wit } : riod 1 July

n wit] 4
1972 through 0 June 1973

A. Ncne or not applicabl I.
B, 1-3 days Je
C- 4"6 Eo
Do ?"9 IJQ
E. 10-12 M.
F. 13-15 K.
G. 16-18 0.

(¢

22-24 days
25=21

28-30

3133

34-36

37-39

40 days or more

If you were staticned in Vietnam or Thailand
at any time g the peried 1 July 1972
through 30 June 1573, how zany da ys of cut-
of-country RiR (rest and recuperation) did

you take?

& days or zore

4
g
g

u
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APPENDIX C
SUMHMARY OF DATA FR
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SAMPLING STUDIES
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APPENDIX C

SUISARY
For Total Sample {=29.6726 Std Dev=14.0271
By Base

f A AR T il‘!whll i I LS i |I|‘.|[|

29.568  19.320  24.528  25.368  35.956  21.000 Gﬁé Dev=
28.224  22.680  34.944  22.560  29.904  32.502 ©.2100
30,072  21.672  31.58% 28,728 15,792 33,768

Hill Tinker W=P McClellan  Kobins ¥elly Griffiss

28,728  57.792  52.584 61,320  68.376  47.040  31.584
E 62.664  32.424  0.824  28.224  2€.376  18.480  16.968
= 97.272  39.480  32.760  33.600  29.064 6.384  22.680
X 27.048 36,960  27.384 16,296 11.928 14,784 & .. co
N 30.072  13.104  21.340  22.008 8.400  16.206 A=24.9%0

. 32.424  23.856 34,776 38.472  19.152  26.860
= 9.912 35.280 30.072 40,152 26,544 7.056
. 3.?65 40,824 25.536 37.96 24.360 18,816
= 38.606 ES.%E& 34,104 13.440 17.976 30.744
E 50,165 52.080 42.84C 25,872 33.936 i9.488
: 41.278 17.808 65,520 22.17v 11.256 24,024
g 45.§§2 52.E§§ 17.540 34.272 24,192 30.912
: 46,553  22.828  44.016 g . 37.128  34.71%
t_ ; .?é 4 36 Q%EG }GOE%G S";;I;‘;' : —}'E . %= TP A ey
= Fie Ll 24 To LR * by TP
»,g Z?OQéS TF_ -7 ~ai 2§0§f?{ Pleds I‘i ?3.‘:5;‘- Sﬂ'g L‘—:!{:
= = i g YL Lo ,ga IDD 22 ',é;-. ‘i? .??ﬁo
3 R=34.5467 Std Deve .2°325 +212

- Crd e 1z 21404 28,056

=3 bt& 383’— ?é.;s!; —ry ;g‘& e 1{
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APPEEDIX E

THE MODEL

Civilizn York Center

0010

0120 %
0130
0140 &
0150
0160
G170
6180

DINMEKSICK XOVER(10),XSHORT(10)
PRIRT:"WHAT IS THE AVAILABLE T7IME"
READ:PF

SEED=123.0

DO 100 £=1,25

=K

PRIHT:",.."

?Rl::‘g : ﬁzscg;h vfl ,?Eii S A Eﬂ? " ,E

N=Q Modificztions for
Military ¥ork Center

DO 10 I=1,1C00

Sthi=0.

B0 20 J=1,K

Frrwer

20 SUF=!

:? {:ﬁgf“ ?1‘
Ir(¥E)1,2,3

SUN+TI
UTH ={(¥ﬁ**§} ~SUE) /eF

0150 KUM=AUTH

0151 OVER=AUTH-KUM

0152 CE=.077={un

0153 IF(OVER.GT.CEL)NUM=NUN+1
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0260
0270
0280
0250
0300
0310
0320
0330
0340
G350
0351
0352
0353
0354
G360
037C
0380
0350
0400
G410
0420

430
G440
0450
0460
G470
0480
492

L B o R
i
3

)
WA AW A AN
) "y

ol

1

o

o

PRINT:"PRCE OVER :

-t a

DG 40 I=1,10
I*{XSHCRT(1))40,40,21

¥
1 XOVER(I)=XOVER(I)/10C
3

41 ASHORT(I)=%SHORT{I)/1000.

PRIHT:"DROB SHORT BY
£0 CONTINUZ
XOH=X0%/10C0.
PRINT:"PROB RIGHT ON
DO 60 I=1,10
XSHORT{I)=0.

60 XOVER(I)=0.

E¥D
FUKCTION TIME(X

IF(X.GT. .78) 601 500
IF{X.GT. .40) GCTO 504
IF{X.62. .35) GOTC 613
IF(X.GT. .30)GOT0 612
IR{(X.GT. .23) GOTQ 611
IF(X.6T. .20) GOTO 610
IF(X.6T. .17) GOTO 609
I7(X.67. .15) GOTC 602
P{X.0F. .11) GOTD 607
IF(X.62. .0%) ¢ 08
IP(L.GT. .06) ¢ o5

e f ws  yow Y 4
IF{X.GT. .05

=iy nm no Y3
IF{i.67. .02 603
=T A _T..3 Fa¥ ] A2t 3
If{.}-s%}it PAT S ] 8 2

)
bt
&
1

.

®,I,XSHORT(I)

" XON

i

il

"

14

ARG



501 IF(X.GT. .77) GOT0 625
0560 IF(X.67. .75) GOTO 624
0570 IP(X.67. .73) ¢o7
0580 I7(X.6%. .70) GOTO 622
0530 IP(X.GT. .66) GOTO 621
0600 IP(X.GT. .63) GOTO 620
0610 IF(X.CT. .61) GOTO 619
0520 IF(X.57. .57) G070 &
0630 IF(X.GT. .51) GOTO 617
s

L Akt T TR TR

0680 500 IF(X.GZ. .95) GGIO 502
0690 IF(X.GT. .925) GO0 635

0 A

0760 I¥(X.c?. .92) §OTO 634
0705 IF(X.GT. .91) 5070 533
0710 IP(X.GT. .83) 80T0 632
0720 IF(X.GT. .87) 2070 651

]

; 0750 IP(X.¢T. .85) ¢0%0
; 0740 IR(X.GT. .84) GOTO ¢
: 0750 IP(X.GT. .83) GoTO
0760 IP(X.GF. .52) §OTO

L

LU ¥ L
[ S
i

(34 ]
s IV 4]

7 770 TIEE = 26,

; 0780 RITURN
] 0790 502 IP(X.GT. GOTO 651 3
=
0800 IF(X.GT. .275) GOTO 646 %
0210 1P(X.GT. .97) €070 1z E
‘ 0820 IP(X.G%. .26) GOTC 622 %
; 0830 IF(X.GT. .95) 507D 621 £
: 0840 IF(X.G6T. .94) GOTO 638 §
= 0850 TIME=36. £
= 860 RETURN 5
! 0870 601 TI¥E=1,
)8SC RETURY
880 602 Timz=2.
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0560 IF{X.G%. .75) GOTO 82¢
0580 IF(X.GZ. .70) 4070 622

N ‘|||]| i“jﬂl‘l‘ L

0590 IP(X.GT. .68} GOTO 621
0600 IP(X.GT. .63) §CT0 620
0610 I?(X.GT. .61) £0T0 619 £
0620 IF(X.GT. .57) GOTO 618 g
0630 IF(X.GT. .51) GOZO 617 z
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1) GOT0 833
0710 IF{X.G%. .59) GOT0 632
0720 IF{X.GT. .87) G0TI0 631
: 0730 IP{Z.cF. .85) §030 630
] 0740 iP{i1.G6T. .84} GOTO 62
3 750 IF({X.GT. .83) 6020 628 i
: 0760 IF(Z.6%. .852) GO0 827

3
S
2|
b
to}
(4]
[ 41
[]

o Tl

5

2

)
AR

0790 so2 1IF(Z.67. .98) 007D 651
0800 IF(Z.67. .075) GGT0 6456 =
0810 IF{(X.57. .97) COTC 642
os20 I7{1.57. .08) GCTC 842
) L

0830 1F{X{.5T. .S5) COTO 821

3 o840 IF{X.G7. .24} GOTO 538

H 0550 TINE=36.

3 0860
Fsizde
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09Cd
0910
0920
0930
0940
0950
0960
0970
098C
0990
1000
1010
1020
1030
1040
1050
1660
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
4 1250

I
R

Ly

Gl

RETURN

603 TIME=3.

RETURN

604 TIME=4.

RETURN

605 TIME=S,.

RETURN

606 TIME=6,

RETURN

607 TIME=T.

RETURN

608 TIME =8.
RETURN

609 TIME=9.

RETURN

610 TIME=10.
RETURN -

611 TIME=11,
RETURN

612 TIME=12,
RETURN

613 TIME=13.
RETURN

615 TIME=15,
RETURN

616 TIME=16.
RETURN

617 TIME=1T7.
RETURN

618 TIME=18,
RETURN

619 TIME=19,
RETURN

620 TIM==20,
RETURH

621 TIMNE=21,
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1260 RETURN
1270 622 TINE=22.
1280 RETURN
1290 623 TIME=23.
1300 RETURR
1310 624 TIFE=24.
1320 RETURK
1330 625 TIME=25.
1340 RETURN
1350 627 TIKE=27.
1360 RETURN
1370 628 TIME=28.
1380 RETURN
1390 629 TIME=29.
1400 RETURI
1410 630 TIME=30.
1420 RETURN
1430 631 TIME=31.
1440 RETURN
1450 632 TIME=32.
1460 RETURN
1470 633 TIME=33.
1480 RETURN
1490 654 TIME=34.
1500 RETURN
1510 635 TIME=35.
1520 RETURY
1530 638 TIME=38.
1540 RETURY
1550 641 TIME=41.
1560 RETURY
1570 642 TINE=42,.
1580 RETURI
1590 643 TIME=43.
1600 RETURA
1610 644 TIME=14.
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1626 RETURN

163C 646 TIMNE=46,
1640 RETURN

1650 651 TIME=51.
1650 RETURN

1670 END

READY
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EFFECTS OF ERROR IN THE BSTINMATE OF AVAILABLE TIME
] HILITARY YORK CENTER
| (Entries in the chart are the average compuied requirements
| expressed as a % of actual recuirements,)
L Error in Availability Estimate
; Actual
Reqmnt =-10%  -5% ~1% 0 +1% +5% +10% =
. 1 175.70 148.80 120.70 114.5C 110.50 100.00 100.00 %
3 2 139.95 122,20 105.45 103.45 101.85 100,00 100.00 z
: 3 127.40 113.17 101.73 100.73 100.23 100.00 100.00 |
= 4  121.10 108.53 100.93 100.20 100.10 100.00  99.93 =
: 5  117.75 107.42 100.40 100.08 100,02 99.98 99.24 2
2 6  115.17 105.48 100.22 100.02 100.00 39.80 96.62 §
3 7 113,07 104,11 100.11 99.99 99.97 98.79 91.84 %
g 8  111.64 103,31 99.96 99.89 99.76 97.30 89.36 ;
; 9 110,41 102.89 99.96 99.81 99.40 95.09 89,17 %
: 10 109.43 102,26 99.79 99.40 98,95 93.46 89.96 E
: 11 108.86 102.39 99.72 99.17 98.35 92.71 90.6° :
= 12 108.08 101.84 99.34 98.63 97.48 92.23 90.51 £
13  107.85 101.94 99,23 98.33 96.96 92.40 89.82 %
14  108.09 102.19 98.83 97.72 96.24 92.73 88.57 E
15 108.38 102.27 98.92 97.87 96.39 92.93 87.87 g
16  108.74 103.00 99.03 97.92 96.64 S3.18 88.19
17  109.07 103.19 99.06 98.15 96.83 93.36 88.53
18  109.31 103.42 99.14 98.19 96,98 93.48 88.852
15  109.49 103.62 99,37 98.35 97.09 ©°3.64 89.23
: 20  109.6° 103.84 99.48 98.58 97.31 93.82 89.52
: 21 109.53 103.88 99.53 93.51 97.40 93.78 89.73
*A 22 109.60 103.88 99,60 98.70 97.57 93.93 89.80
3 23 103.76 104.00 99.73 98.78 97.63 93.95 89.88
24  110.04 104.0% 99,72 98.84 97.79 94.10 89.93
= o5 110.07 104.02 99,78 98.84 97.84 94.17 83N
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EFFECTS CF ERROR IE TiE ESTIMATZ OF AVAILABLE TIME
CIVILIAN WORK CEHTER

(Entries in the chart are the average computed requirements

expressed as a % of zctual reouirements,
Error in Availzbility Estimate
Actual
Reqmnt =103 -5% ~1% 0 +1% +5% +10%
1 192,70 182.50 165.80 162.10 156.60 129.80 105.50 3
2 149,05 143.45 135.00 131.55 127.70 111.20 100.65 E
3 132,85 129.93 122.43 120.27 117.17 104,90 100.07 5
4 124.88 123.28 117.60 115,30 112.55 102.7G 100.00 E
5 120.06 118.92 114.82 112.32 110.20 101.78 100.00
6 117,77 116.58 112.22 110.42 108.28 101.10 99.95
7 117.69 113,91 110.23 108.62 106.67 100.77 99.80
8  118.06 111.95 109.80 108.14 106.15 100.28 99.39
9 118.32 111.12 108.69 107.21 105.24 100.30 98.67
10 117.81 110.29 107.81 106.43 104.72 100.17 97.74
11 117.47 109.98 107.37 106.30 104.55 100.06 97.08 %
12 116.21 109,45 106.67 105.44 103.81 939.93 95.63 3
13 115.54 109.62 106.52 105.21 103.75 99.85 95.16 i
14 115.23 109.33 105.84 104.91 103.38 9%.72 94.39 <
15 115.05 109.32 105.59 104.61 103,06 99.59 94.27
16 114.99 109.25 105.2¢ 104.17 102.89 99.43 94.20
17 114.95 10%.08 104.95 103.96 102.72 9%.24 94,23
18 114.86 108,99 104.68 103.75 102.54 992.03 94.27
19 114,75 108.88 104.63 103.62 102.35 98,90 94.38
20 114.63 108.84 104.48 103.61 102.31 98.83 94.37
21 114.30 108.64 104,30 103.32 102.16 98.54 ©4,12
22 114.15 108.43 104.14 103.29 102,12 96.48 94.13
23 114.10 108.34 104.07 103,16 101.97 98.29 93.85
24 114,21 108.18 103.82 103.01 101.95 98.27 93.79
25 114,07 108.02 103.78 102.84 101.85 98,07 93.60

5
=
=
=
3
=

=
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COMPUTED REQUIRESHENTS AS A §% OF ACTUAL REQUIREMENTS
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COMPUTED REQUIREFESTS AS A % OF ACTUAL REQUIREMENTS
Military Work Center
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COMPUTED REQUIREXENTS AS A % OF ACTUAL
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COMPUTED RRQUIREMENTS AS A % OF ACTUAL REQUIREMENTS

Civiiian ¥York Center
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- 130% ¢+
1 3 COMPUTED REQUIREMENTS AS A % OF ACTUAL REQUIREMENTS
é Civilian Work Center
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| COMPUTED REQUIREVERTS AS A % OF ACTUAL REQUIREMENTS
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