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Chapter 1

INTRODUCTION

According to David N. Burt, “the most important

functions of purchasing are to obtain the right quality

materials and service at the right time and price [1:12].”

The United States Air Force (tJSAF) relies heavily upon its

contractors for control of the quality of materials and

services provided. In order to achieve its purpose, the

Air Force not only specifies the level of product quality

but also specifies the quality control (QC ) approach which

the contractor is to use. Virtually all QC operations are

conducted by the manufacturer in his plant. The purchaser

(USLF) attempts to avoid a duplication of QC. If contrac-

tors with effective QC programs are selected , USAF can

reduce or eliminate duplication of the quality effort

(1:19—22). However, neither the contractor’s quality

assurance (Q4) organization nor that of the Air Force can

function in isolation. According to AFCMDR ‘74—1, the

contractor is responsible for performing in accordance

with contract requirements while USAF QA personnel are

responsible for verifying and evaluating that perf o rmance.

Two principal functions are involved in. satisfying the

USLF responsibilities:

I
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( 1)  assuring that the contractor procedure s are adequate ,

and (2 )  providing a means to evaluate the contractor ’ s

effort in following his procedures. The efficient and

effective integration of QA efforts of the contractor and

the Air Force can help lead to purchasing the right quality

materials and service at the right time and price (16:1_ 15).

STAT~ t~~T OF PR0BL~~

Prelude 
-

When procurement of a new weapon system for the

Air Force has been authorized , full responsibility for all

actions .aecessary to initiate and carry out the procurement

are assi~~ed to the Air Force Systems Command (AFSC ) (16:1).

The entire procurement process is accomplished as

a joint effort by two distinct organizations under LFSC,

the System Program Office (SPa) and the Air Force Plant

Representative Office (AFPRO) (16:2). Most of the effort

up to and including contract award, usually called the

procurement phase , is performed by the SPO. When the

contract is awarded , the AFPRO, which is located in. the

contractor ’s plant, initiates and carries out the on—site

surveillance of the contractor’s total production effort,

culminating in acceptance of the weapon. system by the

APPRO.

Thirty—five to fifty percent of the AFPRO manpower

is found in. the QA function “2). The prime objective of

~he AFPRO QA function is to insure that a contractor

ad _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



3
operated QA program exists which meets contractual require-

ments. AFPRO QA personnel evaluate and Verify contractor

performance in achieving these contractual requirements (16).

Because of the complexity of these contractual requirements ,

total AFPRO manpower can number several hundred for a major

weapon system in a large contractor facility; for example,

the LFPRO for the 0—5 transport aircraft numbered approxi-

mately 250 at the height of the production. program (3) .

While the technical expertise required of the LFPRO

0). personnel can ‘be determined in large measure by the

nature of the product involved (12:54), the specific number

of QA personnel required for adequate surveillance of a

major weapon system contractor is not so easily determined.

Efforts by the Air Force Contract Management Division

( AFCMD ) to establish manning criteria for  AFPRO detachment

QA offices has resulted in a set of eight manpower models ,

one for each type of facility as determined by the product ,

i.e., solid rocket motors , liquid rocket mot ors , engines ,

reentry vehicles , missiles , airframe , electronics , and

multiple products. These models use the number of con-

tractor QC and. inspection personnel as the only independent

variable for determining the level of Air Force QA manning

(5) .

Problem

Currently there is no manpower model in use by

AFSC for determining the optimum blend of USAF and. con-

tr ,~ctor QA personnel required by each AFPRO. Since A.FSC

ad
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has little direct cont rol over the number of contractor QA

personnel assigned , the problem is that of defining the

significant quality variables upon whi ch the contractor

bases his QA personnel requirements. Once defined , these

variables can be used to determine the optimal number of

AFPRO QA personnel employed at a given contractor ’ s plant .

BACKGROUND

Overview 
-

The American taxpayer demands that the Department

of Defense (DoD) contract wisely to obtain quality products

at minimal cost (10:1). An &FPRO organization directly

influences contractor performance and overall contract cost.

The trade—off between product cost and QA cost is affected

primarily by the level of cont ractor QA manning. Overall

contract cost is significantly affected by the contractor’s

QA effectiveness and efficiency.

Need for 0). Efficiency

DoD studies indicate a lack of measure as to the

effectiveness of QA manpower resources (7; 8; 11 ;17). Within

the context of a decreasing purchasing power of the DoD

budget, proper allocation of resources ‘becomes more than a

matter of academic interest. During FY75, the DoD procure-

ment budget was approximately 20 billion dollars. Of that

amount, approximately one percent , or 200 million dollars ,

was spent on administering contract QA requirements (12:~ 1).

A quality cost analysis study conducted at Stanford

ad
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University under an AFSC contract questioned the system used

for allocation of quality resources (6:29). The Stan.ford

study suggested that habits develop and activities continue

to be performed long after their need has ceased (6:29—30).

Once a system is established , change becomes difficult.

APCI’W Policy Change

In. December 1974 , AFCMDR 74—I replaced the previous

LFPRO QA operational manual , AFCMDM 74—I . The new regulation

advances a ooncept of QA which is based upon a precise

definition of Government QA. responsibilities accompanied by

a clarification of the Government/contractor QA relationship.

The approach taken by AFCMDR 74—I is that the QA task of an

AFPRO detachment can only be done effectively if applicable

contract management functional interrelationships wi th the

contractor are recognized. and promoted. The theme is that

QA is prevention , not correction , and that management of QA

relates to the following -two generalized respons ibilities

(16).

1. Assuring that -the contractor ’s quality system

meets the requirements of the quality provision s on cont ract.

Normally, in order of increasing complexity , these are:

(a) Standard Inspection , (b) MIL—I—’4-5208A Inspection System ,

and. (c )  MIL—Q—9858A Quality Program (19; 20).

2. Assuring that the contractor complies with all

the requirements of his quality system , that defects existing

in the manufactured end item are related to some inconsistency

in the management system , and that required adjustments are

ad 
_ _ _ _ _
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directed downward for correction and future prevention ,

rather than from the bottom up (15; 16).

The instrument used for contract qual ity management ,

as int roduced by LFCMDR 74—I , is the Contract Management

System Evaluation Program (CMS~~ ) procedure (16:5). With

C?!SEP, the approach to contract management shifts from

monitoring and. inspection of material to that of evaluating

the contractor’s system.

Existing A.F~ND Manpower Models

The research approach was to analyze the existing

AFCMD QA functional manpower models and to expand upon

their source, namely-, the manning requirements established

by the contractor. The APCI’~1D QA models were developed

using FY73—74 data and are due to be updated during CT76

(5:1) . They were developed using a linear regression

technique to establish a simple relationship between AJPRO

manpower requirements (dependent variable) and contractor

quality personnel (independent variable). The analysis

itself was performed utilizing a Management ~~gineering

Team (NET) ~ne1ysis program PACER. Examples of several

models by type of product are as follows (5:3):

Airframe

Equations : 1st Shift ~~d & 3rd Shifts

Y s 2 1 . 7 5 + .051 r = 2 . 43 + .0521
R =  .9414 R =  .963

sr = 6.144 SI 2. 13
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Missiles

Equation :

Y = 13.62 + .0791
R .775
5! 4.47

Engines

Equation:

1 — 2.45 + .0811
R = .822
ST = 3.02

Definitions:

I AFPRO QA manning
I Contractor manning
R Coefficient of correlation

ST Standard error

Proposed AFCIID Manpower Models

USAP manning models , based upon cont ractor manning,

require further clarification in that contractor manning

should be based upon. fundamental criteria. An attempt was

made -to determine the manning criteria used by the con-

tractor and to define a model for contractor manning. This

model could ‘be used by A~ JND and future researchers as a

starting point to construct A.FC?ID manpower models.

JUSTIFICATION

Limited Resources

The present climate within DoD in. general, and the

Air Force in particular, is that of limited resources

(13 :2—1 14-). Significant among these resources is manpower ,
which equates to dollars .

- --
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Criteria used to establish and justify manpower

expenditures are of more concern than ever before. Conse-

quently , these criteria must be fully relevant. Justifi-

cation of cost of any kind is assuming greater and greater

importance to management and carries with it a corresponding

increase in difficulty of accomplishment (18:20).

The Morgan Study

Morgan categorizes total quality costs as:

(a)  prevention costs , (b) approval costs , and (c) failure

costs (11:33). While these titles relate to the effort of

the &FPRO Q,A function, the preponderance , if not the total

“quality” cost of the AFPRO, is manpower.

The Juran Theory

A noted autho r in the field of QC , Dr . J. M. ~Turan ,

proposed. a theory about quality which is related to the

Morgan Study. He stated:

The basic problem of improving conformance
quality may be succinctly stated; it is to prevent
defects from happening, Defects that do not happen
cannot become scrap losses, cause extra operations,
require expensive rework , consume extensive inspec-
tion time , or result in customer complaints. In
theory , defects can be successfully prevented by
thorough plRrming for quality in such a way that
all product requirements are clearly known and. can
be produced , and. then by administering the plan so
as to detect and correct deviations before they
become defects [7:11—2].

Therein lies the challenge——to allocate personnel resources

to QA programs in order to minimize defective items and

their associated costs while maintaining an e f f icie~ t QA

pro gram.

ad
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Manning Criteria

The relevance of the LF~N.D QA manpower models is

dependent upon whether contractor QA manning is a valid

criterion. If this present manning criterion proves to be

unsupportable , then other more relevant criteria are neces-

sary-. Since the current A2CND QA models are due for

updating in. C176, significant variables need to be identi-

fied so that they can. be considered for the C176 update.

CNSEP shifted the A~~ND QA approach to contract

management from monitoring and inspection of material to

that of evaluating the contractor’s system. This approach

impacts both the type and quantity of QA personnel employed

by a given £FPRO. For this reason alone, a new look at

AFCMD manning criteria appears justified.

SCOPE

LFGND has responsibility for 18 contractor

facilities where major weapons systems are being developed

and produced. These facilities are scattered throughout

the United States. The universe for this study includes

all contractor piants which have a resident APPRO.

RESEARCH OBJECTIVE

The research objective was to determine whether

there exists a significant relationship between the

variables associated with the defense contractors ’ quality

ad
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organizations and the level of manning employed by those

contractors.

RESEARCH EYPOT~~SIS/QUESTION

In r’rder to accomplish the research objective , the

following general research hypothesis was tested :

A relationship exists between the number of

contractor ~A personnel ( the dependent variable) and the

following independent variables :

1. Volume of contractual end items present ed ,

2. Corrective action hours,

3. Scrap value (U ,

4. Type of product (four variables),

5. Material review actions ,

6. Production personnel ,

7. Total contractor personnel,

8. Total contract dollar value,

9. Number of defense cont racts ,

10. Number of large dollar value contracts
(two variables),

11. Quality provisions (six variables).

Where e significant relationship exists between the depen.—

dent and m d  ndent variables, the research question to

be answered is, “Can these significant variables be used to

create an APPRO QA manning model which is more effective and

efficient than those presently used?”

ad _________



Chapter 2

RESEARCH METHODOLOGY

NATURE Mfl) SOURCES OF DATA

Data for this research effort were obtained from

selected contractors now producing major weapon systems

for the Air Force. The contractors selected to participate

were those having contracts administered by a resident

&FPRO. The APPRO at each of the selected contractor

facilities was asked to approach its respective contractor

to acquire the requested data. The data elements consisted

of those criteria employed by each contractor to determine

the number of QA control and inspection personnel required

to accomplish all necessary quality functions.

Validity of Data

Since all major weapon system contracts contain a

requirement that the contractor maintain and document a

quality program or inspection system which is satisfactory

to the resident government Quality Assurance Representative ,

the assumption was made that the contractor’s quality

program/inspection system is in accordance with this require-

ment. It was also assumed that the data reported represented

an accurate and valid description of the contractor’s

decision making process in. regards to his QA manning.

11

ad - - - -
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Identification/Definition of Variables

The variables used in this research effort consisted

of one dependent variable and. 20 independent variables. The

following will identify and operationally define each

variable considered in the research.

Dependent Variable

~,uality personnel. The total number of contractor QA , QC ,

and inspection personnel required to accomplish all neces-

sary quality tasks.

Independent Variables

Volume of contractual end items presented. The average

number of end items completed each quarter year by the

contractor and. presented for Air Force acceptance.

Corrective action hours. The average time expended each

quarter year by contractor personnel in the correction of

contractor generated product deficiencies. Corrective

actions may be taken to correct deficiencies in product,

processes, and. procedures.

Scrap value ($). The average dollar value of material

scrapped each quarter year as a result of handling and

workmanship errors committed by contractor personnel.

ad - ____
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Type of product. The end item on the contract categorized

as rocket motors , airframe, electronics , or other. The

list originally included eight separate product types but

was reduced to four on the basis of the responses received.

Material review actions. The average number and. types of

material review actions each quarter year. Material review

actions are accomplished on defective material. The four

types of ac-~ions taken can be use—as—is, rework to print,

repair, or scrap.

Production personnel. Defined as the total number of con-

tractor personnel identified to production of the end items.

Total contractor personnel. The total number of contractor

personnel assigned to Government contract work.

Total contract dollar value. The dollar value of all

Goverrment prime contracts and subcontracts which the

contractor is currently complying with.

Number of defense contracts. The prime contracts and

subcontracts which remain in the contractor’s possession

and require future deliveries of products to the Govern-

ment.

Number of large dollar value contracts. The number of

active con-tracts having a dollar value of ten million or

more dollars presently held by the contractor. The data
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are separated into production and development contracts ,

thus creating two variables.

Quality provisions. The level of QA effort required of the

contractor by contract. The levels, in order of increasing

complexity are: (a) Standard Inspection, (b) MIL—I—45208A

Inspection System, and (c) I’IIL—Q—9858A Quality Pro gram

Requirements. Six independent variables are created by

contract quality provisions. These are the number and

dollar amou.~ts of each of the three levels listed above.

Gfl~ERALIZAT ION

The entire set of elements, or universe, to which

the efforts of this study were directed are the 18 con-

tractors who are presently subject to A~PRO administration

(5). Data collection. was accomplished for 16 of the 18

contractors to whom questionnaires were submitted. Three

of the contractors submitted incomplete data and were,

therefore, dropped from, the sample. Thus , the sample

used for the study included 13 contractors. The collected

data covered a period of 24 months from the fourt h quarter

of 1974 to ‘the third quarter of 1976.

DESIGN OF THE QUESTIONNA~~E

The questionnaire design was a co—effort of AFCMD/QA

and. the researchers . A proposed questionnaire (see Appendix

A) ,  prepared by the researchers , was sent to A.FCMD. AFCMD

prepared the f inal version of the questionnaire (see Appen-

dix B).

ad
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DATA COLLECTION PLA.N

Collection of data was accomplished with the help

of the 16 AEPROs mentioned above. The questionnaire from

AFCN]) was provided each A.FPRO QA organization. As question-

naire responses were returned to A~~ND/QA (see Appendix C),

they were individually assessed for information which could.

be construed as company confidential and such information

was deleted accordingly. AFCND summarized the releasable

mn.formation by contractor in a fornat as illustrated in

Appendix D. Contractor code numbers were assigned to the

data sheets in lieu of contractor names to prevent identi-

fication of specific contractors. These codes have no

significance other than providing a reference for individual

questionnaires.

STATISTICAL TESTS

Selection

The research objective of this study was to deter-

mine whether contractor QA data could be related to the ~A

manpower resources used by that contractor. I! a relation-

ship exists, it should be possible to predict the optimum

manpower requirements of an effective contractor quality

organization based upon significant data parameters. The

research hypothesis tests the existence of a relationship

between contractor quality manning and 20 independent

7ariables. The statistical tool selected for data analysis

was multiple linear regression analysis.

_ _ _ _ _ _ _
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Justification

Multiple regression measures the simultaneous

influence of a number of independent variables upon one

dependent variable——such as required manpower resources

(14:611). While manning requirements may not be affected

by a1 20 independent variables in question , any individual

or joint relationship which exists can be te3ted. In

particular , the regression relationship is of the form

Y = A + B1X1 + B2X2 + . . . + ~~~~~ ÷ B20X20 + Z

where B1 , B~ , . . . , B~~ are the “true ” net regression

coefficients, A is the true intercept , and. Z = Y’ — Yc , the

residual or stochastic error (21:266). Yc is defined as

the predicted value for a given set of independent variables

based upon the regression equation. The predicted para-

meters of the above equation become the best , inear,

unbiased estimators of the true regression plane since

analysis of parameter significance is based upon the least

squares method (14:601). An additional advantage of

muLtiple regression is the reductioi~ of bias caused by the

indirect effect of omitted independent variables; bias

being the difference between actual and. expected values and

indirect effect being the effect an omitted independent

variable may have (when correlated with the other indepen-

dent variables) on the dependent variable (21:306).

- - -.
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Basic Assumptions

The use of multiple regression formulas in assessing

the significance of parameters implies the assumptions that

-the residual errors, Z, are:

1. Clustered around a rectilinear plane,

2. Independent of each other,

3. Un4 form in their scatter, and

4. ~,Por small samples , normally distributed

(14:608—09).

Since each observation (the data items for one Y and the

corresponding set of independent variables) was collected

from a different contractor , the second assumption of

independence is considered valid. The fourth assumption

is considered valid, in. that, given a sufficiently large

sample (ten or more), the distribution becomes normal

(21:125). The first and third assumptions were tested

during execution of the regression analysis. The computer

program described below provided , as an optional feature ,

a plot of the residual terms against each independent

variable. The plot was a useful check on the assumptions

of linearity and uniformity (homoscedasticity) (14:605—09).

Computer Pro gram

Actual analysis of data to determine both the linear

regression model and. to test the significance of each inde-

pendent variable coefficient was accomplished using a
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computer program, BMDO2R, described in the Spurr and Bonini

text (14:604—10). The program performs a stepwise regres-

sion which enters into the model each independent variable

in order of importance, so that insigificant variables can

be discarded. In. the stepwise procedure , the program first

calculates the simple linear regression between manning and

the independent variable which explains the greatest part

of the variation in manning (the dependent variable). In

the next step , a second independent variable is included in

the regression. The variable chosen is the one which makes

the greatest additional contribution to explained variance.

At each step, “a partial correlation coefficient” is printed

giving the relative importance of those variables not yet in

the regression equation (14:607). A number of statistical

values related to inference are provided by the program.

The focus of -the data analysis effort was directed on. the

following values: (a) the regression coefficients

(b) the coefficients of simple correlation (r) between each

independent variable and the dependent variable, and (c) the

multiple correlation coefficient (R), which includes all

coefficients of simple correlation. As previously described

(Page 17), a plot of residuals versus the independent

variables was analyzed to ‘test the validity of the linearity

and homoscedasticity assumptions. The choice of R, r, and.

B~ as the variables of interest was based upon. their signifi-

cance in describing the existing relationship between the

dependent and independent variables. The coefficients of

ad -
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simple correlation. (r) describe the extent to which each

independent variable influences the value of the dependent

variable, or the relative explained variance of that

variable. The multiple correlation coefficient (R) was

used to describe the total explained variance of the

regression equation , or the goodness of f i t  of the data.

An. important aspect of the value of each individual regres-

sion coefficient is that each B
~ 
measures the change in -the

dependent variable (Y) per unit change in. the independent

variable 
~~~~ 

holding the other independent variables

constant (14:551—612).

Analysis

The coefficient of multiple regression (R) was

analyzed to determine the amount of variation which is

explained by the regression model

(R2 ExplainedVariationof I) ~21• 
-
~Total Variation of ~ ~

Each individual coefficient of simple correlation (r )  was

analyzed to determine its contribution to the total explained

variation of manpower at a contractor’s plant. An r value,

other than zero, would indicate a degree of contribution,

although it might not be significant (9:116). Analysis of

the regression coefficient was used to test the degree to

which each independent variable affects the dependent

variable while holding all other independent variables

constant.

ad
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CRITEPTA TEST/DECISION RULE

The usefulness of the regression line or plane , for

purposes of prediction and control , depends upon the extent

of the scatter of ‘the observations about it., If the observed

values of the dependent variable vary widely about the line ,

estimates of -the variable based upon this line will not be

very accurate. The measure of the scatter of the actual

observation~ about the regression line is called the stan-

dard error of the estimate (Sy. x) (14:561). Given Sy. x,

inferences can be made through the use of either a test of

significance or a confidence interval . Where a relationship

exists between. any given independent variable and quality

manning (as shown by r ~ o) , the significance of that
relationship can be tested after deriving the standard

error of the regression. coefficient

Sy. x
1 2x )

where ~ ~
2 describes the dispersion of x values around

their mean (14:566). Once derived , 3B can be used to

determine the t statistic, t =~~~~~~~ , which in turn is used

to accept/reject the null hypothesis that relationship

exists between and Y. The BMDO2R Program computes

individual F test statistics for each independent variable
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coefficient relative to the significance of its cont ribution

to the overall equation. Individual t~ statistics are

directly derived from this data by the relationship

t3 = ( F3 )

The level of significance for defining the critical value

for the t statistic, t~ was set at o( = .10. The justi-

fication for  this significance level was based upon the

results of the computer analysis described in Chapter 3.

SU~~ARY OP ASSUMPTIONS

1. The questionnaire data collected from the 16

LFPROs represent a valid sample of the variables which

determine a contractor’s QA manning decisions.

2. The accumulated data meet the assumptions

necessary for using the stepwise multiple regression tech—

nique.

3. A statistical significance test can. be designed

to define the accept/reject criteria for the research

hypothesis.

DEF~~SE CONTRACT A2tINISTRATION S~~ VICES P~~0T STUD!’

A pilot study employing the BMDO2R Computer Program

was completed using QA data obtained from the Dayton Defense

Contract Ad~m~nistration Services (DCAS) District monthly QA

report for December 1975. The objectives of the study were

to:

ad -.-- ___________________________________________________
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1. Gain additional ~.nsight into the use of BMDO2R

stepwise multiple regression procedure.

2. Apply the BMDO2R program to QA data.

3. Gain experience in. the use of the BMDO2R

Computer Program.

Based upon the results of the pilot study, the use

of the BIIDO2R Program appears adequate to support this

research effort. As determined by the results, the assunip~-

tions of linearity, independence uniform scatter, and. normal

distribution also appear justified for the data used in the

study.



Chapter 3

RESULTS AND ANALYSIS

Introduction.

In order to keep the results and data analysis,

which will be discussed , in the proper perspective , it

must be emphasized that the results of any analysis are

only as valfd as the data used. There was no direct

contact between the various APPROs and. the researchers

during the data gathering phase. This was intended in.

order to protect the confidentiality of individual data

sources. As compieted questionnaires were returned to

AFCM.D it became apparent , through discussions with A~JI’1D

personnel , that differences existed amongst A.FPROs as to

their interpretation of the information requested. As a

consequence, this resulted in a number of inconsistencies

and deletions in data which required the researchers to

omit three contractors from their sample . This could ,

perhaps , have been avoided ii’ time an.d direct communi-

cation had. permitted the researchers to offer t imely

clarification. Thus, ‘the sample size used in. the final

anR ’
~ysis included a total of 13 contractors.

Further refinement of the data was necessary to

reduce the number of independent variables to less than

23
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the number of samples. This is required by the use of the

F statistic:

F (21:340)
I -R
N-P

where P is the number of parameters ( total  variables), N is

the sample size (13), and R is the coefficient of multiple

regression:

R2 ~~plained Variation of the Dependent Variable
Total VariAtion of the Dependent Variable

(21:341).

Selection. of variables to be included in, the

an.alysis was based. upon the availability of data for each

variable as submitted by the £FPROs. In. addition , the

researchers conducted a number of BMDO2R computer runs to

determine the sensitivity of each variable in reference to

its contribution to the total regression equation. Con-

sequently, corrective action hours was deleted because of

missing data for three contractors; type of product , which

included four variables , was deleted both because of its

lack of significant contribution to the model and because

of the small number of contractors in some product cat e—

gories ; and the six variables which relate to number of

contracts and contract dollar amounts for the three con-

tractual quality provisions were combined, into two

variables, total number of defense contracts and total

dollar value of defense contracts.

ad -
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The remaining ten variab’es, which were the basis

of the analysis, described below are listed in Table I .

For each of these ten variables sufficient data existed

for IInRlysis.

Analysis of Results

As previously discussed, pnalysis of data to deter-

mine both the linear regression model and to test the

significance of the independent variable coefficients ,

was accompl±’shed using the ~~DO2R Computer Pro gram. The

program performed. a stepwise regression for each independent

variable in turn and in order of its relative contribution

to the explained variation. of the regression. model. Where

a relationship is shown to exist between an independent

variable and quality mRnn thg (as shown by the stepwise

partial correlation. coefficient , r, being different fro m

zero) the significance of that relationship was tested

using the t statistic, t~ . The level of significance for

defining the critical value of t 0 was set at o( = 0.10

with three degrees of freedom (n — P = 13 — 10). The prob-

ability of rejecting the hypothesis that a relationship

exists between the regression equation and the level of QA

manning at a given contractor’s plant (when such a rela-

tionship exists), therefore , is one in ten. The same

criterion was used. for assessing the significance of the

contribution made by each variable coefficient used in

the regression equation. With the significance level set

at one in ten (~~~< = 0.1) the researchers are 90 percent

ad . - ~~~~~~~~~~~ . .~~~~~~~ _ _  . ._ _ _ _ _ _ _ _ _ _ _
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Table I

Variables Used In First Regression

Variable Number Variable Description

I Total Defense Contracts

2 Total Contract Dollar Amount

3 Number of Research/Development
Contracts

4 Number of Production/Spares
Contracts

5 Number of Production Personnel
*
6 Number of Quality Assurance

Personnel

7 Average ~~d Items Accepted.,Quarterly

8 Average Material Review Actions ,
Quarterly

9 Average Dollar Value of Scrap ,
Quarterly

10 Total Contractor Personnel

*Depencient Variable

ad . .
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confident that the coefficients, which meet the test ,

actually contribute to the accuracy of the regression

equation.

A summary of the multiple regression. results, with

the partial correlation, of each. independent variable , is

given in. Table 2. From these results the test statistic

for overall significance (using 13 contractors and 10

variables ) is computed. as follows :

R2

F No. Parameters -

l — R 2

Sample Population — No. Parameters

.9936

s 1  — .9936
13 — lb

F9 = 5.24 oc = 0.10c3

Since F3 > F0 and the significance of the overall regression.

model is established at the 90 percent confidence level ,

the hypothesis of no relationship is rejected. The 90 per-

cent confidence level was deemed sufficient to establish a

correlation based upon the data which were provided. The

large value of the test statistic would, however , allow the

sam e decision. to be made at a confidence level of 99.5 per-
cent as shown by:

F9 = 43.88 = .00503

.4



28

Table 2

Summary of First Regression Results

Multiple
Step Variable 2 2 ~ ValueNumber Ent4red. R R Increase In R To ~~ter

I 2 0.9656 0.9324 0.9324 151.6888

2 4. 0.9795 0.9595 0.0271 6.6768

3 8 0.9900 0.9802 0.0207 9.4127

4 9 0.9916 0.9832 0.0031 1.4627

5 3 0.9925 0.9851 0.0019 0.8840

6 7 0.9937 0.9875 0.0025 1.1171

7 5 0.9938 0.9877 0.0003 0.1035

8 10 0.9965 0.9930 0.0053 3.0295

9 1 0.9968 0.9936 0.0006 0.2877

ad
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Si~ iificance of Individual Parameters

Based upon a 90 percent confidence interval

~ °(/2 = .05) for locating the trne net contribution to the

regression equation for each independent variable coefficient

and. being limited to three degrees of freedom ,

= 2.353.

Based upon. this statistic and the relationship

- 
t5 = (F5)~ = b i/ ’Sb

the parameters listed in Table 3 make contributions signifi-

cantly different from zero to the overall explained

variation and include the total dollar value of defense

contracts, 12, the number of production and spares contracts ,

and. the quarterly average number of material review

actions,18. Of these variables , the dollar value of con-

tracts makes by far the greatest contribution:

tX2 = (-1 51.6888)~~= 12.32

This compares to t1 = 2.58 and t1 = 3.07. For purposes
4. 8

of this study, the results of the analysis of the statis-

tical significance of the nine independent variables

indicate tbat three of the nine variables, as listed in.

Table 3, influence contractors in their assignment of QA

personnel. The confidence level for determining signif i—

canoe is 95 percent.

ad . - . - - . .. .~~~~~~~~~~~~~~~~
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Comparison of ~ cisting Vs. Predicted Contractor Manning

To complete the analysis of the data, an additional

BMDO2P. computer analysis was made using only the three

significant independent variables described above. The

results of this analysis are listed, in. Table 4. The new

critical test statistic, F~, 
is changed to:

F3 = 2.81 a<=Q .1
- 
09

or

F3 = 8.72 a(= 0.005C
9

The sample statistic , F3, becomes:

.9802
_ _ _ _ _ _  4 10F5 = 

— .980~ 
=

13- 4 
-

Since F3 ) F0 , the significance of the model is established.

The revised test statistic for individual indepc:dent

variables becomes (degrees of freedom = 13 — 4.):

t0 = 1 .533 °</2 = .05

As part of its data analysis procedure , the BMDO2R Program

computes the intercept constant and the coefficients for

each independent variable used. in the regression equati ”ri.

Using these values the regression equation is as follows:

= ‘71 .808 + 0.178 12 + 25.023 14 + 0.011 18
Table 5 presents a comparison of the present contractor
quality manning status (as recorded on the questionnaire)
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Table 4.

Summary of Second Regression Results

Multiple F Value
Step Variable 2 2 To Enter

Number Entered R R Increase in R or Remove

1 2 .9656 .9324 .9324 151.6888

2 4. .9795 .9595 .0271 6.6768

3 8 .9900 .9802 .0207 9.4127

ad - -
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versus the number predicted by the final regression model.

The coefficient of multiple determination (R2 ) for the

refined model is as follows :

~2 Explained Variation 802¶otal Variation

This relationship would indicate that the model is highly-

predictive of the number of a given contractor’s QA per—

sonnel. Where large deviations occur, as is the case with

contractors 776 , 383, and 133, a number of possible causes

exist. These causes could. stem from one or a comb ination of

the following conditions:

1. The contractor was significantly different

than other contractors of his type and this difference ,

as it relates to quality manning, failed to be detected

by the questionnaire.

2. ill significant independent variables relating

to QA mpnnin g practices were not included in the question-

naire, e.g. , the age and experience of the work force, the

ratio of supervisory to line personnel , number of sub-

contracted components to the end item , and productivity

indexes. One of the major problems of a study of this type

is that of identifying the most significant data parameters

for testing.

3. The data reported are inaccurate. This is

highly likely if the questionnaire was misinterpreted by

a given. JLBPRO and/or if the response to the questionnaire

was not based upon thorough research. In this respect ,

the amount and quality of data reported by various L.FPROs,

ad
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as reflected by the questionnaire responses received , were

not consistent . Three questionnaires had to be omitted

from the study due to incomplete responses and. two of the

18 AFPROs receiving questionnaires failed to respond.

There is the additional possibility that some APPROs or

contractors bounded their responses to questions by

restraints related to company policy and similar contin-

gencies related to a lack of trust or interest in. the

questionnaire’s purpose. Problems of communication and

time constraints were very real contributors to possible

data inaccuracies. The questionnaire responses were not

available to the researchers until the week ending 17 July

1976 . The questionnaires were submitted to the AFPROs on

6 IIay 1976.



Chapter 4.

C ONCLIJSIONS AND REC OI2~~’DA~ IONS

Introduction

Based upon the researchers ’ experience in the QA

field, a rule of thumb exists in industry regarding the

number of QA people a contractor should have. Of course,

the rule is on.ly for approximation purposes. It simply

states that the number of QA people required should

roughly be ten percent of the contractor’s total work

force. A look at the sixteen contractors originally con-

sidered in this study shows that the number of QA people ,

as a percentage of total work force for each contractor ,

ranges from. three percent to 19 percent with an average of

7.75 percent . On. the surface this average is not greatly

different fro m the ten percent rul e of thumb.

The data furuished. by the £FPROs regarding the

cont ractors ’ methods for determining QA mRrming was very

sketchy and included no numerical information. in. the way

of mathematical models. Rowever , some of the replies did

contain verbal references to a number of factors which

influenced quality menn ing decisions , e.g. , a percent of

production people or of total people , type of contract ,

peculiar quality requirements , the statement of work ,

overall complexity of build and. test efforts , and dollar

36
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risk in relation. to mission failure. onsequen~ly, the

researchers expected that at least one of ‘hese factors

would prove to be significant in. the Ieve~~pment of a QA

mRm~ing model. The researchers also expected that some of

the other variables represented in. the data furnlshed by

£FC?~ID would be significant. The number of material review

actions and end items were logically the strongest candi-

dates since these relate directly to the workload of QA

people. A~~it turned out there were three variables which

proved to be statistically significant. They were the

total contract dollar value, the number of production and

spares contracts, an.d the number of material review actions

accomplished. While the number of contractor personnel

ranked eighth in. contribution , it was the only one of the

six other variables which came close to meeting the test

for significance at the 95 percent confidence level .

Table 5 contains the actual and computed values

for the number of QA personnel for each of 13 contractors.

Assuming that an. estimated number of QA personnel is

reasonable if it falls within 25 percent of the ~ctual

number of QA personnel, the table reveals that contractors

No. 133, 383, and 776 do not fall within this limit. The

percentage differences from their actual values are 78,

50 , and. 34, respectively. Each. of these contractors pro-

duce rocket motors. For the fourth rocket motor contractor

used. in. the sample (No. 74.6) manning was predicted. within

11 percent of the actual level. Of these four contractors ,

Ii - _ _ _ _ _ _ _
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two were un.derpredicted (No. 4.07 and 383) and two were

overpredicted (No . 776 and. 133) by the program. Thus, the

fact that each exception was a rocket motor contractor may

have significance. However , being a rocket motor contrac-

tor is not sufficient by itself to create a significant

variable. For the remMn{ng four contractors, QA mRnnin.g

was predicted. within. five percent of the actual current

leve . and the other two within. 19 percent and 24. percent ,

respectively.

The availability of data for use in the model could

be somewhat of a problem. While the total contract dollar

value and the number of production contracts are easily

obtained , the number of material review actions is never

really ~~own until after the fact , that is , until they have

already taken place. In addition, there is a lack of

consistency among contractors in. their practice of recording

material review actions. For example , standard repair

procedures , whi ch. preclude formal Mat erial Review Board

(N~B) actions , might be used. by one contractor where

another contractor would. record a similar type deficiency

as an MRB action. Neverthdless, contractor mRnnlng is

predictable based upon the data supplied by this study .

Furthermore , since the £FCMD models for AFPRO quality man—

ning are based upon. contractor QA mMnn ing ,  the data apply

to A2PRO QA manpower predictions as well. The type of dat a

which has proven significant is readily available to all

kFPROs and thus to AFCND.
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In comparing the significant variables for the

A.FPRO study with those used. in the DCAS contractor pilot

study , it was evident that the number of contracts proved

to be a signif icant independent variable in. both models.

The volume of end. items was significant for the DCAS con-

tractor model but not for the AFPRO model. It appears

possible that the fact that the volume of end items hand.led

in the DCAS plants was considerably greater in. nearly every

case than the numbers handled by the APPRO facilities could

be the difference in. whether volume of end. items (variable

~~~7) was significant. If all data requested had been.

available from all 18 APPRO facilities, there may have been

more similarity between the two models.

One striking result o±~ the study is the fact that

not all of the factors which the contractors stated they

used to determ ine Q,L manning proved to be significant in.

the model . Several contractor quality managers were

personally interviewed by the researchers in an attempt to

determine the method. used to establish QA manpower levels .

None of these contractors relied upon statistical models

for predictive purposes. The most common response was

that of basing mRrnling on “workload” and/or a percentage

of production personnel. In some cases the actual method.

used was considered. company confidential by the manager

and was , therefore , not made available. The written re-

sponses to the questionnaires relating to the method. used

ad
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were similar to the verbal responses and were in most cases

deleted from the data format provided by LFCMD/QA to the

researchers. To the extent that “wo rkload” equates to

contract dollar value or number of production/spares con-

tracts, the contractor response was consistent with the

study results. On the other hand, the number of production

personnel did not prove to be a significant variable within.

the bounds of this study. Material review activity is also

related to cont ractor workload. If the cont ractor QA orga-

nization is performing its function according to MIL—Q—9858A ,

the amount of scrap and defective material should be reduced .

Therefore, MRB activity should be reduced. as QA effective-

ness increases.

The variables which failed, to meet the test for

significance are included. in Table 6. A brief analysis of

these variables follows :

1. The Total Number of Defense Contracts : In. the

sensitivity analysis referred to above (Page 24 .), it was

determined that dollar value and. number of contracts are

not independent of each other. If dollar value of contracts

was removed. from the list of variables, the total number of

contracts became significant. This was anticipated. But

both dollar value and number of contracts was included in

the model to cover the possibility of a large number of

smaller contracts existing versus a few high dollar value

contracts. The study indicates that most A.FPRO contractors

work with high dollar value contracts and that the total

ad
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dollar value is not independent of the total number of

contracts.

2. The Number of Development Contracts: The

partial correlation of this variable with contractor QA

manning is a negative value. This follows in. that the QA

involvement on. development cont racts is usually limited, in

comparison to production. and spares cont racts. Development

contracts do , however , make a significant contribution to

total dollar value. Apparently , within the limited data in

this study, the contribution of development contracts to

‘the regression did not prove significant in predic ting

quality merming.

3. The Number of Production Personnel: Five of the

16 contractors that responded to the questionnaire used. the

number of production personnel in. justifying their quality

mRnning levels. The lack of significance of this variable,

based upon the computer analysis, can be attributed to

different standards being applied. by different contractors

and/or the fact that the majority of the contractors do not

use this variable in. their method or model for QA m~~nthg.

4-. The Number of ~nd Items: Contractors having

AFPROs differ from those administered by DCAS in. that

APPROs normally administer major systems acquisitions.

The number of contractual end items, therefore , would tend.

to be less at an AITBU contractor’s plant. The smaller

number of end items at APPROs, in comparison to the dollar

value and workload involved, would explain. the lack of
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significance of this variable.

5. The Dollar Value of Scrap : Thi s variable relates

to the effectiveness of a given contractor ’s QA and pro-

duction departments in. that scrap equates directly with

improper control. The lack of significance of scrap in

predicting Q,L mRnnin.g can be attributed to the relative

importance of quality versus production organizations in

causing and detecting scrap. Apparently production organi-

zations are the more important contributors.

6. Total Contractor Personnel : This variable was

included based upon. the rule of thumb previously mentioned

(Page 36). The variable failed to justify the ten percent

criterion. The probable reason for lack of significance

was the variation. in quality workload based upon the several

types of APPRU administered contractors.

Conclusions

The degree of confidence based upon the results of

this study have to be tempered by the lack of data and the

limited. number of AJPROs that adequately responded to the

questionnaire. Nevertheless , the high degree of correla-

tion between predicted. and .ctual values for contractor

manning which result , when the study model is applied ,

indicate that the results are valid. Therefore , it can be

concluded. that contractors which are administered, by AFPROs

base their quality assurance manning on the total dollar

amount of contracts , the number of production and spares

contracts , and the average MRB workload.
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The A.FPRO QA manning  models used. by £FCMD to predict

and justify the number of QA personnel at the various AFPROs

are strictly based upon. contractor QA m~~ning. These models

can. be modified to include the same variables which proved

significant in. this study by simply substituting the study

model for contractor QA mRnn tng in the LFCND model. For

example, the equation used by AF~~D/QA for engine contractor

AITROs is

- 
Y =—2 .4.5 ÷ .0811

where I is contractor QA manning. Substituting

1 71.808 -

~~ 
•1781D + 25.023X.~~ ÷ 0.011X~~~

where is total contract dollar amount , I~~ is the number

of production and spares contracts , and is the average

MRB workload ; then

Y = 3.366 + + 2.O27X~~ + ~~~~~~~
Using this model the LFPRO at the engine contractor identi-

fied. as number 173 would be justified in. having 76 peopl ’.

The AFCMD model would. justify 74- people for the same /LFPRO.

The usefulness of the manning model generated by

this study is based upon the significant independent

variables being better criteria for justifying AFPRO QA
manning than is cont ractor QA manning. To the ext ent that

the result s of the study are valid , it would appear that

total contract dollars , the number of production and spares

contracts , and. the average NRB workload of a contractor

are more fundamental as a basis for manning requirements

of A.FPROS than is contractor manning alone . A contractor

Si - 

~

- 
_____________________________________________
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might well be under or over manned in terms of his effec-

tiveness or his workload and the APPRO would. at present be

justified in. matching that condition. By using the model

with the variables generated by this study, such a condi-

tion. would be avoided..

Since contractors are wo rking on contracts in all

stages of the acquisition. cycle from research to full scale

production, any manning model would need to consider the

variables in. each stage. The QA function becomes more

prevalent during the production stage of the acquisition

cycle. This is consistent with the study model including

number of production and spares cont racts as a significant

variable.

A side benefit of the study model is that of pre-

dicting the contractor QA m~nntn g requirements for new

contracts. The model relates manning directly to dollar

value and. contract numbers. As these variables increase or

decrease, the contractor~ rn~ nning requirements should

change proportionately. Thus, the Air Force contract

administration function. could more effectively cont rol the

QA costs of Government contracts by using the study model

as a basis for menning evaluation. The benefit of manning

predictability obviously applies to the AFPRO/QA function

as well as to that of the contractor.

As with any model for predicting or justi fying a

cost of production , gaming becomes a possibility . Since

the total dollar value applies to “current ” contracts , it

Si __________________________________
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becomes incumbent on the contract administration function to

assure that contracts are closed—out when all requirements

are completed.. Contracts which remain open, for reasons

other than, delivery of end items, should not be used to

just ify 1w-ring. It is assumed. that the majority of the

AFPRO adinirristered contractors used in this study have valid

workloads as indicated by the total contract dollar value

and the number of production. and spares contracts. On this

basis, those contractors which are not within the predicted

range for QA manning may well be over or under mpnrted.. The

study model , therefore, should be a mu.ch better method of

determining manning requirements for both contractors and.

APPROs than that presently used.

Future Research

This research effort has demonstrated that regres-

sion RnRlygj S can be used, to predict manpower requirements.

Future research should be performed. by those in. a position.

to implement the results. One of the major problems en-

countered. in ‘this study was obtaining complete and accurate

data. A~~MD has the authority and capability to obtain

necessary data on all APPROs under their jurisdiction.

The number of AFPROs varies with time. A major advantage

of a standard manpower model is that it could be used to

help determine the manpower requirements of new A.FPROa

before they are established.

Si -
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Ai~ND should obtain data on factors which they

believe might be significant to the manpower model . Among

the factors considered. should. be the variables used in. this

research effort. AFC~D can use this data to develop two

manpower mod.els with the use of regression Rnalysis .

The first model can use contractor QA mpnn in g as

the dependent variable. This model would. be comparable to

the model developed in this research effort and could be

used to advise contractors how their QA mRnnin g compares

to that forecasted by LFPRO standards as established by the

AFCND contractor manning model . Since the Government pays

for most of the eontractors ’ manning, any savings incurred

by the contractor by operat ing more efficiently would be

shared by the Government and cont ractor. Sinc e profits

would be affected. directly, this provides an incentive ‘to

contractors to optimize their QA mRnning levels.

The second model can. use APPRO QA. mRnning as the

dependent variable. This model could be used. to predict

and cont rol AFPRO QA manning since AFCMD controls manpower

authorizations. This would. be most beneficial during the

establishment of a new £FPRO or for major changes to an

existing AiPRO.

Thus , one data collect ion plan could result in

two regression analysis models which would. predict a. more

efficient and. effective balance of QA manning for the

contractor and the Government . The Government and con-

tractor would. share this benefit.

Si - -
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QTJESTIONNA T~~

Provide the following information as it pertains to the
contractor managed. by your AFPRO/Q.L organization. Answers
should be as specific and. brief as possible. Accuracy
should be based upon the best available information
provided by the contractor. Should the requested infor-
mation. be unavailable, a brief statement should be
included as to the cause for the nonavailability.

1. Provide the following inf ormation as it relates to the
present operation of the contractor ’s QA organization:

a. A brief description of each major contractual end.
item requiring source acceptance ( DD— .250).

b. The present number of cont racts and their dollar
value requiring a cont ractor organization consistent with :

No. Dollar Value

(1) MIL—Q—9858A 
__________  ____________

(2)  NIL—I—45208A 
___________  _____________

(3) Standard Inspection 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

2. Provide the following information as it relates to the
present personnel status of the cont ractor at your plan~.

a. Total personnel employed by contractor___________

b. Total Production Department personnel employed
by contractor___________

c. The number of Quality Assurance personnel employed.
by the contractor at your plant as fo~ lows :

(1) Lab Support (I1etrolo~~ , etc.) _ _ _ _ _ _ _ _ _ _ _ _

(2)  Quality Engineering 
_ _ _ _ _ _ _ _ _ _ _

(3) Plans and Programs 
_ _ _ _ _ _ _ _ _ _ _

(4-) Material Review and Records 
_ _ _ _ _ _ _ _ _ _ _ _

( 5)  Inspectors 
______________

(6) Total 
_ _ _ _ _ _ _ _ _ _ _ _

4-9
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3. Provide the following information as it pertains to the
contr~~tor’s qn~1ity personnel rn~ir~ning practices.

a. Briefly describe the method. used by the contractor
to justify his Q4 mpnn ing requirements.

b. Does the contractor use a statistical model to
justify or predict his QA manning requirements? (IES)(NO)
If so , describe the model , e.g.. , dependent/independent
variables , type of regression.

c. Does the present contractor QA mann ing correspond
to the requirements of his predictive method/model?

1. The present schedule status of each major Govern-
ment production contract :

M6ntbly No. of
Deliverable End Is the Schedule
Items Accepted Slip Caused By

Contract During Past Yr. Months Behind a QA Problem
Title (?lean and. Rang~e~ Schedule (Yes/No )

e. Average number of MRB actions (mean and range ) for
each contractual end item accepted. during the past 12 months .

Major End. Item
(Title) Thtal MRB Use As Is Rework Scrap

1. The number of field reports of unsatisfactory
material received by your plant within. the last 12 months.

Did EUR Result in Contractor
Majo r End Item No. of EURs Corrective Action (Yes/No )

-

~~~~~ g. The number of corrective action hours expended by
the contractor each month ( mean and range) during the last
12 months . - - -- — - - - --

h. The monthly dollar value of scrapped material during
the pas t 12 months (mean and range).

1. If the contractor’s method. of assessing his quality
manning requirements requires information not included in

- - any of the above questions , please provide the information
as additional data below.
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13 April 1976

Reply to
Attn. of: CC

Subject: Punctionai. Manpower Models

To: All Detachments/CC

1. The purpose of the attached. questionnaire is to
pro~ ide pertinent data that we will use in updating
the present QA functional manpower model . The data
will be shared with. AlIT in support of a Quality
Assurance manpower research study. Request all data
be sent to R~ AYCIID/QA. The data will be sanitized
prior to its being transmitted to AlIT. The sani-
tizing will remove all contractor identity , and thus
maintain necessary contractor confidentiality . Data
to be submitted will cover the timeframe 4th quarter
FY 74- through 3rd quarter F! 76 , by quarter.

2. Request completed questionnaire be submitted NLT
14- May 76. Contact Mr B. Martinez , ext 4—8880 on
matters pertaining to attached questionnaire or
related. items .

I Atch
Questionnaire

CLLI D. WEIGHT , Colonel USAF
Chief of Staff

52
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QTJESTI0~NA IRE

Provide the following info rmation, as it pertains to the
contractor m~ n~ ged by your A PPRO . Answers shoul d. be as
specific and. brief ae possible. Accuracy should be based
upon the best available inform ation provided by~ the con-
tractor. Should the requested informat Con. be unavai lable ,
include a brief state ment as to the reason for the non—
availability .

I . Provide the following inf ormation as it relates to the
present operation of the contractor ’s QA org anization :

a. A brief description of each major contractual end.
item requiring source acceptance (DD—250 ) and covered by
an. active contract whose face value is $10 million or
greater.

b. The present number of contracte and their dollar
value requiring a contractor organization consistent with :

No, Dollar Value

(1) MIL—Q--9858A 
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

(2) MIL—I—4-5208A 
_________  _____________

(3) Standard Inspection 
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

c. Number of NASA contracts in contractor plant_____

d. Number of off—site locations :

( 1) Greater than 10 miles 
_ _ _ _ _ _

(2) Less than 10 miles 
_______

e. Number of active contracts with a face value of
$10 million or greater.

(1) Development 
_ _ _ _ _ _ _

(2) Pr oduction 
_______

( 3)  Spares 
_ _ _ _ _ _

2. Provide the following information as it relates to the
present personnel status of the contractor at your plant .
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a. Total personnel employed by contractor_____________

b. Total Productio n Depart ment personnel employed. by
contractor ______________

c. The number at Quality Assurance personnel employed
by the contractor at your plant as follows :

1st shift 2nd shift 3rd shift

(1) Lab Support
(Metro lo~~~, etc.) 

__________  _________  _________

(2) Quality
Engineering 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

(3) Plans and
Programs - 

-~~~~~~ —~~~~~~ __________

(4-) Material
Review and. Records 

—

(5) Inspectors 
_________  _________  _________

(6) Total 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

d. Number ol contractor personnel performing Q,A accep-
tance test functions but not assi~~ ed to the QA organization .

e. Provide the following information as it relates to
LFPRO personnel status :

1st shift 2nd. shift 3rd. shift

(1) Supervisory 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

(2) Clerical 
_________  _________  _________

(3) Engineers 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

(4-) QA Specialists 
_________  _________  _________

(5) Data Monitor 
_________  _________  _________

3. Provide the following information as it pertains to the
contractor ’s quality personnel manning practices.

a. Briefly describ e the method used by the contractor
to justi fy his QA manning requirements.
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b. Does the cont ractor use a statistical model to

justify or pred ict his Q~ 
m~~ming requirements? (tES)( N O )

If so , describe the model , e.g. , dependent /independent
variables , type of reg ression.

c. Does the present contractor QA m~ nn{r~g correspond
to the requirements of his pred ictive method /model?

d. The present schechil. status of each major Govern-
ment production contract:

(1) Contract title

(2) Monthly number of deliverable end items
accepted during past year (mean and range).

(3) Months behind schedule

(4-) Is the schedule slip caused by a QA problem
(‘lEs) (No)?

e. Average number of MRB actions (mean and range ) for
each contractual end item accepted during the past 12 months.

(1) Major end item (title)

(2) Total NRB

(3) Use as is

(4-) Repair

( 5)  Scrap

f.  The number of field reports of unsatisfactory
material received by your plant within the last 12 months.

( 1) Major end. item

(2)  Number of Quality Deficiency Reports

_ _ _ _ _  

(3) Did Quality Deficiency Report result in con—
- — tA-actor correctiv e action (~~~

) ( N O ) ?
- g. The number of correctiv e action hours expended by
the contractor each month (mean and range ) during the last
12 months.

h. The monthly dollar value of scrapped material during
the past 12 months (mean and range).

i. If the contractor’s method of assessing his quality
in*nntng requirements require s inf ormation not included in
any of the above questions , please provide the information
as additional data below.
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RESPONSE TO QUESTIONNAIRE

l .a.. See Attach ment 2. Attachment 2 is a listing and
brief s~nopsia of the major programs in progress having a
face value in excess of $10 million and. requiring sourc e
acceptance (DD 250).

1.b. The present number of contracts and their dollar
value consistent with:

No. Dollar Value

(1) t’~tL—Q—985&L 11 $366~~40,0OO

(2) M.IL—I—45208i 16 
— 

27~ 65O ,000

(3) Standard. Inspection 0 0

(4-) NEB 5300.4-(IB) 22 775~8ll ,0OO

l .c. Number of NASA contracts in plant: 22

1 .d. . Number of off—site locations :

(1) Greater than 10 miles 4-

(2) Less than. 10 miles 0

I .e. Number of active contracts with face value of $10
million or greater:

(I) Development 6

(2) Production 3

(3) Spares 0

2.a. Total personnel employed by cont ractor: 5, 250

2.b. Total Production Department personnel employed by
contractor: I ,5O1

2 .c. The number of Quality Assurance personnel employed
by the contractor:

5?

- -
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1st shift 2nd. shift 3rd. shift

(1) Lab Support 40 0 0

(2) Quality ~ngi n~eering 62 0 0

(3) Plans and Programs 29 0 0

(4-) Material Review and
Records 55 0 0

(5) Inspectors 183 4- 0

(6) Total 370 4- 0

2.d. Number of contractor personnel performing QA test
functions but not assi~~ ed to QA organization: 33
2... The following info rmation relates to £FPRO QA personnel
status :

1st shift only

( 1) Supervisory 5

(2) Clerical 5
(3 )  Engineers

(4-) Inspectors 23

3.a. The contractor uses a “Long Range Plan” to j ustify his
QA mp n n ing  requirements. This document is dynamic arid ce—
lates management level best estimates for the type of con-
tract and level of effort required. Functional manpower
models are not adaptable to the type of business in progress
or anticipated. Each contract must be assessed on its own
merits, i.e., the statement of work, the peculiar quality
requirements involved, the funding situation and the over-
all complexity of build and test, and dollar risk in
relation to mission faiLure.

- - 3.b. The contractor does not use a statistical model in
determining manpower. See paragraph 3.a. above for rationale.

3.c. Question not applicable.

3.1. The present schedule status of each major Government
production contract:

(I )  Contract Title: See Attachment 2, “Program
Identification and Status Summary Index. ”
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(2) Monthly number of deliverable end. items accepted

during past yoar .

High: 30

Low~ 11$.

Mean/Month: 22

(3) Months behind schedule: None

(4-) No schedule slip due to a quality problem.

3.e. Average number of MRB actions for each contractual
end item during past 12 months: Information is a com-
posite of all major programs.

(1) Major end items: See Attachment 2 for identi—
firation major programs.

(2) Total MHB:

High: 701/month

Low: 372/month

Mean: 536/month.

(3 )  Use as is: 78 avera ge

(4-) Rework: 312 average

(5)  Scrap : 4-3 average

3.f. Number of field reports of unsatisfactory material
received within the last 12 months.

(1) Four incoming discrepancy reports were received ,
three on. Program A and one on Program B.

(2) Two on Program B resulted. in contractor corrective
action.

(3 )  One on Program B and. one on Program A. did not
result in. contractor corrective action because damage
occurred subsequent to shipment and was not attributable
to contractor responsibility.

3.g. The num~ber of corrective action hours by the contrac-
tor each month during the last 12 months:

Manhours per month average 137 ,280
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3.b.. Th. monthly dollar value of scrapped material during
th. p~~4~ 12 a~.~~ h*:

High: *80.000

5,000

Nean: 38,000

3.i. No comment—see cover letter and Ite m 3.a.
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QUESTIONNAIRE RESPONSE

1. Contractor:

2. Contractual end item~:____________________________________

3. Present number of contracts/dollar value requiring acontractor organization consistent with:

No. Dollar Value
a. MIL—Q1—9858L 

________  ____________

b. MIL —I—4-5208A 
________  ____________

c. Standard Inspection 
________  ____________

4-.. Number ~f NASA contra cts in contra ctor plant :
___________

5. Number of o ff—site locations :

a.. Greater than. 10 miles 
_ _ _ _

b. Less than. 10 miles 
________

6. Number of active cont racts with a face value of $10million or greater:

a. Development 
________

b. Product ion 
_ _ _ _ _ _ _ _

c. Spares 
_ _ _ _ _ _ _ _

‘i. . Total personnel presently employed by contractor_________

8. Total production department personnel presently
employed by cont ractor 

________

9. Number of QA personnel presently employed by contractor:

1st shift 2nd shift 3rd shift
a. Lab support

(metr olo~~~, etc.) 
— _________  _________

b. Quality engineering 
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

c. Materi al review and
records

d. Inspect ors 
________  _________

TOTALS 
_________ __________

62
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10. Number of cont ractor personnel performing QA acceptance

test functions but not assigned to the QA. organi zation

11.. APPRO QA personnel status :

I at shift 2nd shift 3rd shift

a.. Su.periiaory 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

b. Clerical 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

c. Engineers 
__________ __________ __________

d.. Inspectors 
_________  _________  _________

TOTALS 
__________  __________  _________

12. Major ôovernaent contract historical data:

a.. Cont ract identification: 
_________

b.. Nuster or deliverable end items accept ed:_______

Schedul e Slippage
Quarter Mean Range Slippage Caused. By

(Months) QA Problem
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13. Number of MRB actions per cont ractor end. item .

~~~~~

Contractor
B~~ge Use As Is ~ework Scrap Qdr Corrective

- Action

14-. Corrective action hours expended by contractor:

-- Qtr Mean Range V - - V V -. V
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15. Dollar value of scrap ped material :

Qtr Mean Hang.

- V~~~~~~~ ~~~~~ V



V 
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*1f ~ LA~~~P~ CATIOM OP ?*S ~~AG* ~~~b—.*..i_ -~~ -

In. order - to- adeçmtaly a~iwfntater the contracts tar it5 ~arg~ 
- 

~~
weapons ayotema, the Air lbrce colocatee. a ~etacbm~~.t -0-f Air
Force personnel, predo”i~~~’t2~y ci~+t+q~, i~ the contractor~efacility.. The majpxity o.f these persom~~1 are quality assurance(
~~

) speciaLists and. quality emgth.oere.. Kistorically the A.ir 
V

Force, as wall - as-the other Departm~~t of De~fet~se components, 
VV 

-have bad. difficulty i~ d.et ra~n i n~~ the number of Air~ Y~,rcé- -

Q4L people - requi~.’et to accomplish the QA1 f~~ctions and. tasks.. 
- - - - -

Th ±. thesis attempts to. id~~tity significant variables which
can. be used.. t a — ~~~ at an opti~~~ number or personnel.. For
porposee ot--reee~~~k, the 2~ Air Farc e Plant Espresantativ e
Offices umter the co~n±~ance of ffq Air Force Contract Manage—ment Division (A1aW~) were selected. for study.. Variables to.
be tested were jointly developed by th. researchers and. Kq
AJ~MD. The require d. data were gathered from~ the AFPROa by
Kq~ A?C~~ and. to ~‘war d e& to the. research : team far study. - Come- .
puter regression. analyses, using the ~~W02R Program, were
accomp2iahed and. statistical si~~.iticance of the variables
was. determined.. Study results indicate that three variables
were ai~~.ifican.t.. Those variables were- the number of production
and. spares centracts,. the total contract dollar value and. the
r~iimb er of material rev ew. actions accomplished.
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