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CHAPTER I 

INTRODUCTION 

"Cost estimating is of prime importance 
to effective planning for future trainer 
acquisitions and managerial control o f 
current acquisitions. Of major impor­
tance are those cost estimates which 
provide the basis for input to the 
budget review cycle for the acquisition 
of training equipment." [ l ] 

Cost estimating involves the ' which process ln 

are made concernlng the expenditure of effort 

pro-

and 

the cost of materials to achieve some stated or implied 

objective. Estimating the cost of flight trainers ln the 

NAVTRAEQUIPCEN training command presents a unique problem . 

Within the training command the estimating process usually 

involves judgements made by a single estima t or or a team 

of estimators. There is an inclination on the part of 

the estimator to underestLmate the scope of effort re -

quired to achieve a given objective at some future da te . 

This stems in part from the fact that many of the diffi-

culties associated with achie,ring certain objectives 

are not fully understood by the estLma t or or estimators 

due to their lack of knowledge in specific cost estimating 

techniques. Other factors which increase the uncertainty 

in estirna~ing the cost of new systems are as follows : 

1 
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1. Training requirements for a new system not 

adequately defined . (In this case a design approach 

cannot be established with reasonable confidence.) 

2. Lack of data on the system being simulated. 

3. Difficulty in documenting the requirement to 

a degree that prevents inc rease in scope as one proceeds 

from the tLme the estimate is developed until the project 

lS implemented. 

4. Problems of predicting inflation. 

This research paper presents and investigates 

functional cost estimating techniques applied to the 

Operational Flight Trainer (OFT) . 

The objectives are to examine the system design 
-

Work Breakdown Structure (WBS) of the Operational Fl ight 

Trainer (OFT) which consists of the following elements 

and to show how it can be used to estimate cost . Those 

elements that cannot be given a point or interval esti-

mate will be given a methodology for establishing a 

range of values. 

1. Student station or t rainee station 

2 Instructor station or instructor display 

system 

3. Motion system or mot ion platform 

4 . Visual system 



5. Computer system software 

6. Computer system hardware 

7. System integration 

The assumptions of this research paper are that: 

1. An Operational Flight Trainer (OFT) device 

will have from one to four trainee stations. 

2. Each Operational Flight Trainer (OFT) device 

is unique and they are not mass produced. 

3 

3. All experimental data used in this research 

paper are random samples from the population being studied 

and the estLmators of the population possess all the de­

sirable properties such as unbiasedness, consistency, 

efficiency , and sufficiency. 

4. Visual system, computer software, computer 

hardware system(s) and motion system(s) costs are ln­

dependent of each other . In other words the approach 

used to realize these subsystems in no way affects the 

approach to be used t o build another subsystem, so that 

any approach chosen would be able t o interface with the 

other approaches. 

5 . Instructor station cost is dependent upon 

student station cost and both are independent of the 

other subsystems costs . 



6. The more complex the system design hardware, 

the higher the cost the system integration Work Breakdown 

Structure (WBS) element will be. The hardware subsystem 

complexity is measured by the estimated total cost of 

that subsystem. 

4 
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CHAPTER II 

FLIGHT SIMULATOR TRAINING AND TRAINERS 

Before attempting to estimate the cost of a 

military flight simulator trainer, it must be defined. 

Whenever a flight training situation exists, there arises 

the problem of determining wha t trainer or combinat ion 

of trainers will best meet the needs of t he users . Some­

times this problem is assumed by the sponsor as t o wha t 

is acceptable to meet the requirements . At other t imes 

the problem of training is determined by the NAVTRAE QUI PCEN . 

All of this is handled through a Military Character i s t i c s 

(MC) document [ 2 ] that identifies the source o f the t r ain-

ing requirement, provides an analysis of t he t r aining 

situation, identifies and recommends i ns t r uc tional media , 

sets forth the Integrated Logistics Suppor t r equir ements , 

and provides an evaluation/i ntroduction/validation plan . 

It is prepared in close coordination with the Fleet Project 

Team . 

The trainers tha t are us ua lly considered are the 

Cockpi t Fami liarizat i on Tr ainer (CFT ) , the Cockpi Proce ­

dures Trainer (CPT) and the Ope r ationa_ Flight Trainer (OFT) 

5 
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without visual and motion, and the Operational Flight 

Trainer (OFT) with visual and motion. Figure 1 shows 

that these different trainers are separated by complexity 

of training tasks which in turn affects their cost . Also , 

within each type of trainer there is a cost range depen­

ding upon the number and complexity of training t asks 

desired. 

The Cockpit Familiarization Trainer (CFT) incor­

porates facsimiles of the flight stations of a specific 

aircraft. It is primarily for the use of pilots, other 

flight officers and flight engineers who are transitioni g 

to a new type aircraft, and for refresher training for 

experienced personnel. This device will normally be used 

to prepare trainees for entry into an Operational Flight 

Trainer (OFT) or into the aircraft. It will be use d t o 

facilitate the learning of the location of the va r i ous 

controls, instruments, switches, and lights i n the c ockpit 

and t o learn repetitive tasks such as checklis ts and nor­

mal and emergency operating procedures . The t r aine r may 

also be used in the classroom as a teaching aid . The 

controls, switches and instruments are not c onnected fo r 

response to trainee inputs ; however , al l annunciator 

lights are operable from t h e ins t r uc t or's panel for 

demonstration purposes . 
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The Cockpit Procedures Trainer (CPT) generally 

incorporates a replica of a specific aircraft flight sta ­

tion and air operator/instructor station(s). It is used 

by pilots and aircrewmen transitioning to a new type 

aircraft , or undergoing basic t raining, and provides 

cockpit familiarization and training in powerplant and 

systems procedures of normal, alternate and emergency 

types . The applicable aircraft instruments and other 

indicators are activa t ed t o respond appropria tely to 

trainee control inputs. Exact dynamic simulation of all 

functions is not required. This system is illustrated 

in Figure 2. 

8 

The Operational Flight Trainer (OFT) is used to 

teach flight crews the operat ional use of all controls 

and instruments applicable to ground operation, takeoff , 

landing, nor~al flight, various in- flight maneuvers , 

communication/navigation procedures, emergency operations, 

and such subsystems procedures as are under the control 

o f the personnel be ing trained . A generalized Operational 

Flight Trainer (OFT) is illus t ra ted in Figure 3 , and an 

Operational Flight Trainer (OFT) with simplified risual 

is illustrated in Figure 4 . 
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Fig . 2 . CocJ\:pi t Procedures Trainer ( CPI' ) 
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CHAPTER III 

PROBLEMS OF COST ESTIMATING 

Cost estimating is divided into three different 

type s . [3] Type 1 is a planning estimate . This estimate is 

for "out " year procurement s that are used to define alter­

nate design approaches prepared as an element of a mini ­

project master plan . " Out " yea rs are defined as beyond the 

budget year . A mini - project master plan is a technical pro­

curernement plan which includes cost estimates, lead time , 

functional baseline, etc . A Type 1 estimate utilizes a 

Work Breakdown Structure (WBS) to estimate a second or third 

level cost . These estima tes are the estimates that are most 

likely t o be requested on a " crash" basis , utilizing limited 

da ta and may require research and development funds. Des-

pite these facts, these cost judgements may resul t in impor­

tant budgetary decisions. The quality of the estimate 

and the technique used depend almost entirely upon the 

data base available to the estimator . If the estimator 

is able to draw an analysis with other systems, then the 

uncertainty of the estimate is reduced . If it is a 

2 



totally new system the estimate may consist largely of 

expert opinions, and the uncertainty o f the estimate is 

high . 

13 

Type 2 is a detailed estimate prepared as an 

element of the project mas te r plan . The project master 

plan is a detailed technical procurement plan intended 

for prosecution of an acquisition task. It serves as a 

basis for NAVTRAEQUIPCEN acceptance of an acquisition 

task and when coordinated and approved by the appropriate 

sponsoring agency, becomes a commi tment of the Center ' s 

resources to accomplish the task . A Type 2 estimate 

utilizes a Work Breakdown Structure (WBS ) to estL~ate to 

the third and fourth levels . It should not require re­

search and development, which would have been identified 

in previous estimates, and is based on the best available 

data backed wi th sound ra tionale .. 

Type 3 is a reprocurement estimate . This is an 

estimate for an identical or similar device previously 

procured . It may or may not utilize a Work Breakdown 

Structure (WBS) . This estL~ate utilizes the analogy 

type estimating techniques with adjustment factors to 

reflect the projected inflation rate . The accuracy of 

this estimate should be approxL~ately + 10 percent . ' 4 ] 
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Of the three methods, Type 1 is the estimate 

that creates "heartburn" for both engineers and managers. 

This is due, in part, to the problems of establishing 

the functional baseline. A functional baseline is the 

very beginning of a requirement . It includes the MC 

document and the engineer's design approach. These two 

areas are sometimes hard to establish due to the training 

requirements n o t being adequately defined, inadequate 

data on the system being simulated and the requirement 

scope increasing from the time the estimate is developed 

until the project is implemented. 



CHAPTER IV 

SYSTEM DESIGN WORK BREAKDOWN STRUCTURE 

A Work Breakdown Structure (WBS ) is a product ­

oriented famil y tree composed of h ardware , software , ser­

vices, and other work tasks which result from project 

engineering efforts during the development and produ c tion o f 

a defense material item, and which completely defines the 

project/program. [ 5] A Work Breakdown Structure (WBS) dis­

plays and defines the product t o be developed or produced 

and rela t es the element s of work to be accomplished t o each 

oth er and to the end product . 

The Work Breakdown Structure (WBS) is pr ima rily a 

cost estimating f ormat and provides an e ffe c tiv e and compre­

hensive approach that can closely correlate the flight 

trainer (hardware, software , service , e tc . ) and cost . It ~s 

so structured that i t can be used t o suppor t mini - design 

approaches and mini - project ma ster plans . 

The Work Breakdown S t r uc tur e (WBS) is developed 

downward from t h e pr ime ob j ective , the trainer system Nhich 

is lev el one, t o s ucces s&ully lowe r levels until manageable 

un i s =or p anning and control are derived . The Work 



Breakdown Structure (WBS) element is a discrete portion 

of a Work Breakdown Struct ure (WBS). It may be either 

an identifiable product, set of data or a service . 

By this process the subsystems and components 

which comprise the total system may be identifie d. In 

the initial stages of development the availability of 

information may limit the structure t o only the second 

or third levels. As the design becomes better defined 

the structure may be expanded t o the fourth , fifth or 

even sixth level. In general , high cost or high risk 

device programs should be expanded to lower levels than 

other work tasks. 

Figure 5 represents the system design Work 

Breakdown Structure (WBS) for an Operational Flight 

Trainer (OFT) wi th motion and visual systems . The 

16 

system design level of the Work Breakdown Structure (WBS ) 

represents the "heart " of training system cost es t imation. 
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CHAPTER V 

COST ESTIMATING TECHNIQUE APPLIED 

TO THE MAJOR ELEMENTS OF THE 

SYSTEM DESIGN 

The Work Breakdown S t ructu re (WBS) e l ements a n d 

levels which have been ident ified i n Chapter IV will now 

be examined as to what cos t estimating t e chn iques were 

applied . 

The Trainee Station 

Beginning with the trainee s tation , it was t hought 

that the number of instruments specified wou l d be a good 

indicator of cost . Unfort una t ely , the exact number o f i n ­

strument s lS not alway s given in t he contract performance 

specifica t ion. 

An example o f a perfo r mance specification language 

woul d be t h a t "Ins t r ume nts and controls us e d in the fligh 

and ground situa tion , whic h t h e tra iner i s intended to 

simulat e, s h al l be s ynthe tically activated t o meet specified 

perf ormanc e requireme~ts , a nd des i gned in accor dancE wi ~h 

MIL- I - 82356 . 6 ~ Also of i n t ere s t i s tha t the number of 

instrument s p r oposed for the s ame training device di==er 

cons ' derab_y . 

18 
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- Example : For one flight simulator contractor A 

proposed 39 instruments, contractor B proposed 24 ~nstru-

ments and contractor C proposed 44 instrument s. 

However, upon examlnlng eight different contracto~ 

proposals a cost estimating relationship was estab_ ~shed n 

the number of trainee stations and mater ial cos.:... _he da a 

are given in Table 1. All cost estima t es are nor_ a_~zed ~ 

the fiscal year 1976 as a base year. 

TABLE 1 

COST ESTJMA.TING RELATIONSHIP TRAINEE STATIO 

Contractor 

A 

E 

c 

D 

E 

G 

H 

Number Of 
Trainee 
S t ations 

x. 
l 

2 

2 

4 

1 

1 

1 

1 

2 

Material Cost 
Norma lized To 

F i scal Year 1976 

y. 
l 

$115 ,3 46 

$167 , 742 

$428 , 491 

$130 , 855 

$155 , 957 

$188 , 551 

$ 56 , 092 

$299 , 597 

'Ihe .Lir.ear regression equa ticn of y on x ~s: 

7 
-c = a + bx (Equa tion l ) 
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Using the data from Tab le 2 and the slope equa ~on 

shown below, the following c ompu tation can be made : 

b = n E y x - E y E x ] I 2 n E x - ( ( Equation 2 ) 

For the data in Table 2 the s l o pe can be computed as : 

b = 94824 . 63 

Also , the intercept c a n be c omputed as ; 

- -a = y - bx (Equation 3) 

a = 26885 . 76 

The regression equa t ion for t ra inee station material cost 

t hen becomes : 

Y = 26885 . 76 + 948 24 . 63 X 
c 

(Equation ) 

The aut hor recognizes t h at the intercept of the trainee 

station sample regress i on e q ua tio n does not go through 

t he origin . This is due t o the high correlation coeffi-

cient percentage of e quation 4 and the assumption that 

t he number o f t r ainee stations will be from one to four . 

The corre lation c oefficient can be determined for the 

f o llowing expre ss i o n : 

n ~ xy = (Zx) (~v ) 

n E x 2 - (~ x ) 2 ]~ n Z y2 - (Zy) 2 ]~ 
(Equation 5) 

Using Table 2 data and equation 5~ the linear corre a-

tion c oef::icient lS computed as 

./> = r = . 83 
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A hypothesis test was performed to determine if 

there was a correlation in the bivariate population . 

Since the sample size n lS less than 30, the " t '' s atistic 

used to test the null hypothesis that there is no c orrela -

tion is as follows : 

2 1:: 
t = r [n- 2)/(1 - r ) ] 2 (Equat ion 6 ) 

which is distributed as t 2 if the null hypothesis is 
n -

true . 

Applying the test to the above data with a equal 

0 . 05 , the null hypothesis H : r = 0 would be accepted if 
0 

- 2 . 447 < t
6 

< 2 . 447 . The value of r obtained is 
1:: 

t = 0 . 83 [(8 - 2)/(1 - .6889 ) ] 2 = 3.645. 

Since 3 . 645 is larger than 2 . 447 the null hypo-

thesis is rejected and the alternate hypothesis is 

accepted. The value of r is not the result of chance 

variation . It is significant. 

The variance and the standard deviation of the 

regression is next estimated to de ter~ine how good he 

regression cost estimating ~odel is as a pred'cti ·e 

device . The estL~ate of the variance is : 

= (Equation 7) 



Using the computed data from Table 3 

a yx 

= 500779221.3 

22378.09691 

To determine the sampling error in the estim ted 

slope b the unbiased estimat i on of the variance b must be 

determined by the equation: 

2 

23 

= 
a yx (Equation 8 ) 

2 
- [(~x ) /n] 

Again , using data fro Table 2 and a 
2 

yx 

2 
ab = 66 ,770,562 . 84 

ab = 8 ,171.32 

If the population slope B is zero then the sample 

regression equation is of no value as a predictive device. 

To find the 95 percent confidence interva for the 

population slope B , formulate the null hypothes's h he 

slope lS zero . The test is to be performed wi h a equal t o 

o.os . 

H . B = 0 . 
0 

Hl . B I 0 . 



TABLE 3 

COMPUTATION OF THE ESTIMATE OF STANDARD DEVIATION 
OF REGRESSION 

Observe d Values 
Computed 

Tra inee S ~a tions Material Cost Material Cost 

X y Yc y-y 
c 

115 , 346 216 , 535 . 0333 - 101 , 189 . 0333 

167 , 742 216 , 535 . 0333 - 48 , 793.0333 

428 , 491 406 , 184 . 3 22 , 306 . 7 

1 13 0,85 5 121 , 710 . 4 9 , 144 . 6 

1 1 55 , 95 7 121,710 . 4 34 , 246 . 6 

1 1 88 , 551 121,710 . 4 66 , 840.6 

1 56 . 092 121 , 710 . 4 - 65 , 618 . 4 

99 , 597 216 , 53 5 .033 3 83 , 061 . 9067 

14 1 . 542 . 631 1, 542 , 631 .0001 

( y - yc ) 
2 

1 . 023922 046El0 

2380760099 

49758864 . 9 

83 623 709 . 16 

1172829612 

4467665808 

4305774419 

6899290312 

3. 0 046 75328£10 

N 
~ 



For a small sample, less than 3 0 , the student t 

test lS used . .. 

25 

b - B 
t = (Equation 9 ) 

crb 

At the 95 percent level of confidence the c r itical value for 

the student t test with n-2 degrees of fr e edom is + 2 . 447 . 

From previous computed data 

t = 94824 . 63 - 0 = 11 . 60 

8171 . 32 

which is greater than 2 . 447. Thus, it is conclude d that the 

difference between the estimated slope a nd a hypothetical 

population slope cannot be explained b y chance var iation 

alone , and the null hypothesis i s re j ected a~ the 5 percent 

level of significance. The conclus i on suggests that H
1 

is 

true and that the sample reg ress i on e quation should not be 

discarded . It can be used for pre d ictive purposes . 

The 95 percent confidence interval for B, the hypo­

thetical population slope is 

o r 

7482 9 . 3 9 < B < 114819 . 87 
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It was decided that the sample linear regression equation 

could be used to predict the mean of y on x , (~ ) for a yx 

new observation of y , (y ) , given the value of x. To 

develop the confidence interval fo r ~ the unbiased yx 

estimate of the variance o f y must be computed fro the c 

following equation : 

a 2 = (ayx )2 
[1/n + [ (x- x)

2
/E (x i - x) 2

]] (Equat ion 10 ) 
Yc 

Each given value of x must be computed separately 

from previous data to form Table 4. For x to equal one 

student station , the computation would be 

a = 10007 . 7891 
Yc 

Then when x equals one ; i . e . , the cost for one trainee 

station , is to be computed the prediction equation would 

be 

yc = 26885 . 76667 + 94824 . 6333(1) = 121710.4 or 

121710, and finally, 

Yc + t n - 2 ;a/2a y = 121710 + 2 . 447 (10007.7891) 
c 

97221 < ~yx < 146199 

Table 4 is the computation of 95 percent confi enc 

interval for true regress ion line for trainee sta ions 

material cost . It gives the estimated material cost for 

one, two , three , and four trainee stations . 
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A graphic display of material cost versus number 

of trainee stations is shown in Figure 6 . 

Additional cost da ta wi th remarks are shown ~n 

Table 5. 

The average manufacturing labor and engineering 

h ours were computed on an extremely small sample size 

t o deve l op a 9 5 percent and 80 percent confidence in-

t erval for the population mean . Letting s equal the 

sample standard deviation, n the sample size , x the 

sample mean, a the type 1 error probability, and 1 - a 

the confidence interval, the following statistics may 

be used: 

n - 2, k 
s = [ [ l: (xi - x ) J I ( n - 1 ) J 2 

i =l 
(Equation 11) 

Using the student's t -distribution for sample size less 

than 30 when the population variance is unknown , the 

confidence interval for ~ woul d be : 

X + t 
- n-d ;a/2 (s/"\~Ti) 

From Table 5 the following manufacturing labor da a wer 

canputed 

-
X = 4 , 310.2 

s = 2,532 

n = 5 



= 

= 

2.776 

1 , 132 . 1565 

x + (2 . 776 ) ( 1 ,132 . 1565 ) 

1 , 16 7 < ~ < 7 , 453 

The 95 percent c o nfidence interval f or the manu­

facturing labor manhours po pu lation mean ~ would be 

somewhere between 1 , 1 6 7 a n d 7 , 453 per training s tation . 

From Table 5 t h e fo llowing engineer i ng· manhour data 

were computed : 

X 

s 

n 

t 2 ; .10 

s/y n 

:: 

:: 

= 

:: 

:: 

1 3 , 6 74 

8 , 1 21 . 8 

3 

1 . 886 

4 , 689 

x + ( 1 . 886 ) ( 4 , 689) 

4, 830 < ~ < 22 , 517 

The 80 per cent confidence interval for t e 

engineer ing labo r manhours population mean would lie 
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somewhere between 4 , 830 and 22 , 51 7 . Since the sample 

size lS sma ll and dispersion of the data is so grea , 

only an 80 percent confidence inter val could be realize . 



X 

1 

3 

1 

-
X- X 

- . 75 

' "'"5 

1 . 25 

2 . 25 

TABLE 4 

COMPUTATION OF 95 PERCENT CONFIDENCE INTERVAL FOR TRUE 
REGRESSION LINE FOR TRAINEE STATIONS MATERIAL COST 

- 2 a a 
Yc Yc y + 2.447 ( y ) (x-x ) c- c 

. 56 25 1 0,007.789 121 ,710 97,221---146,199 

. 06 2 5 8 , 171 . 325 216 , 535 196 , 540---236 , 530 

1. 5625 12 , 920 .000 311 , 359 298 , 439---342 , 974 

5 , 0625 20 ,01 5 . 578 406 , 184 3 5 7 , 206 ---455 , 162 

x is Lhe nLUnber of trainee stations 

o is the standard error of y y_ c 

y _ .ts the malerial cost est.imate of the trainee station ( s ) 

"' \.0 
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Contra 
A 

B 

c OpcraUonal 
Flight Trainer 

D Operational 
flight Trainer 

E Operational 
Flighl Trainer 

F Operatlonal 
Flight Trainer 

G Operational 
Flighl Traine 

TABLE 5 

'l'Rl\INEE STl\TlON 

Fi scal Year 1976 
Haterial Cost 

115,346 

167,742 

~428,491 

$130 

$155,957 

$188,551 

$299,597 

Remar ks 
TWo Trainee Stations (One Trainee sta­
tion Gunner , One Trainee S 

TWo Trainee Stat~ons 
and Copilot ) 
Total Cost Material , Engineeri ng and 
I.abor t $442 , 330 

Four Trainee Stations (Each has Pilot 
and Copilot ) 

One Trainee Slat1on 
Engineering Manhour Estirna 
Labor Manhour Esti•na te 1 

nd Copilot ) 
11,199 

One Trainee Station ( Pilot and CoPliof) 
Engineering Manhour Eslimate t 7 , 077 
Labor Manhour Estimate t 3,77il 

One Trainee Station lPilot and Copilo 
Material Cost t $109,193 
Labor Hanhour Estimale t 3,48 
One Trainee Station Sensor 1 2 

Instruments 
Material Cosl t $190,il04 
Labor Hanhour Estimate ' 761 

w 
...... 
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The Ins t ructor Station 

Using data from seven different contractor pro-

posals , the following cost estimating relationship was 

established on the trainee station material cost and 

the instructor station ma terial cost. The data are 

given in Table 6 . All cost data have been normalized 

to the fiscal year 1976 for a base year . Using Equa-

tion 1 and data from Table 7 , the regression model :or 

instructor station ma terial cost becomes: 

- 21464 . 42819 + . 4961663989 X (Equation 12) 

The linear correlation using equation 5 and 

"" the same data become ~ = r = . 9468 

To test for correlation in the bivariate popula-

tion using the same statistical ~ethod for instructor 

station that was used in testing trainee station with a 

equal 0 . 05, the null hypothesis H : r = 0 would be 
0 

accepted if -2 . 571 < t 5 < 2 . 571 . The value of r is 

obtained using equation 6 and is 
k 

t = . 9468 (7-2)/(1-. 89643 ) 2 

t = 6 . 57849 

At the 95 percent confidence interffil the null hypo-

thesis (H ) ·s rejected . The value of r is no~ the re­o 

s ult of chance variation and is s'gnicicant . 



TABLE 6 

COST ESTIMATING RELATIONSHIP I STRUCTOR 
DISPLAY SYSTEM (NORMALIZED TO FISCAL YEAR 19 76 ) 
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Material Cos t 
of Student Station 

Mater ial Cost 
Contractor o f Ins tructor S t ion 

A $115,346 $ 21 , 108 

B $428,491 $196 , 072 

c $167,742 $103 , 003 

D $130,855 $ 4 2 , 748 

E $155,957 $ 30 , 776 

F $ 56 , 092 $ 13 , 063 

G $299,597 $114 , 828 

The standard deviation of this regression model 

is computed next to determine if i t i s a good pr e d icti ve 

tool. 

Using equation 7 a11d the da ta in Table 7 t he 

following computations are made 

a 2 = 553 , 998,64 2 . 2 
yx 

ayx = 23,537 . 17 

Again, to de t ermine the sam pling error in the estimated 

slope b o f the r egr e ss i on model , the unbi a s ed est' a o r 



TABLE 7 

COMPUTATION OF THE ESTIMATED STANDARD DEVIATION 
INSTRUCTOR STATION REGRESSION MODEL 

Observe d Va lues 

Student 
Station 

Material Cost 

X 

115 . 3-16 

-!28 . 491 

167 . 742 

130 . 855 

155 . 957 

56 . 092 

1. 35-1.080 

Instructor 
Station 

Material Cost 

y 

21 ,108 

196 ,072 

103 , 003 

42 . 748 

30 . 776 

13 ~ 063 

114 , 828 

521 . 598 

Calculated 
I nstructor 
Station 

Material Cost 

Yc 

35 ,766 . 38126 

191 , 138 . 4082 

61 , 763 . 51589 

43 , 461 . 42594 

55 , 916 .19488 

6 , 366 . 537457 

127 , 185 . 5364 

521 , 598 . 0000 

214 ,868 , 141 . 2 

24 , 340 , 327 . 6 4 

1 , 700 , 695,050. 

508 , 976 . 5692 

632 , 029 , 398 . 

44 , 842 , 610 . 59 

152 , 708 , 706 . 4 

2 , 769 , 993,211 . 
w 
~ 



of the variance b must be de te rmined by equation s . 

Using data from Table 7 and the standard deviation 

(a ) of this regression model the following results 
yx 

were obtained 

= . 0056841552 

= . 0753933369 

The following is the test on the population 

slope Bat the 95 percent confidence interval. Let 

a equal 0 . 05 and formula te the null hypothesis that 

the population slope B is zero. The alternate hypo-

thesis is that B does not equal zero. 

Since this is a small sample of seven · observa-

tions, the student t distribut i on is used . At the 95 

percent confidence interval the critical value with 

five degrees of freedom is 2 . 571. 

b - B 
t = = 6 . 581 

The result is two and one-half times the critica 

value for the 95 percent confidence interval. The 

difference between the estimated slope and a hypo-

thetical popu_ation slope cannot be explained by 

chance variation , and the null hypothesis is rejec e 
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at the five percent lev el o f significance . I t could 

even be re j ec t ed a t t he one percent level o f s i gnifi -

cance since the critical value fo r 99 percent c onfi -

dence int erval is 4 . 032 . This c onclus i on suggests 

t hat H
1

, the a lterna t e hypo thesis , i s true ; and that 

t his sample regr ession e quation should not be d iscarded, 

but used as a predict i v e a i d in determining t he mater ial 

c ost of instructor s t a t i ons . The 95 percent c onfidence 

i nterval for B is 

b + 2 . 571 ab or 

. 3 0 < B < . 69 

Table 8 was computed using the unb iased estimate 

of t h e variance of y to s h ow the 95 percent confidence 
c 

interv al o f predi ction f or mate r ial cos t o f instructor 

station . The computa tion for equation 10 is 

1 
= 55399642 . 2 [ 

7 
+ 

- 2 (x-x) 

9 . 74636 7191El0 
J 

A g r aphic d isplay of instruct or station ( s ) ~aterial 

cost ve r sus t rainee sta t ion mate r ial cost is shown in 

Figure 7 . Addi t iona l cos t da ta with re~arks are shown 

ln Table 9 . 

The a v e r age manufa c tur ing labor and engineering 

h ou rs were c omputed us ing the same stat~stical method 
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'I'ABLE 8 

Otvl purrl\'f'ION OF 95 PERCENT CONFIDENCE IN'I'ERVAL FOR 
TRUE HEGHESS I ON L INE FOR I NS' rHUCTOR S 'l'A'fi ON HATERIAL COS T 

Number Of 
S ludc n l 

S l .J t lons 

l 

3 

Es Ll111a t e d 
S lude nt 
S ta Lion 

Ha l e ria1 
Cos t 

X 

121 . 710 

1 

11 , 159 

·106 . 184'} 

X- X 

71 , 730 

3 , 095 

11 7 , 91 9 

212 , 7 

a y 

10 , 411 

9 , 065 

1 2 , 577 

1 8 , 3 1L_ 

Eslimate d 
I nstructor 
Station 

Mate r ia l 
Cost 

y 

3 8 , 92 1} 

85 , 973 

133 , 0 21 

180 , 0 70 

y + 2 . 5 71 ( a ) c - y 

1 2 , 1 5 65 , 69 1 

62 , 66 7 - 109 . 2 79 

100 , 6 85 - 1 65 , 35 

132 , 9J 5 - 22 7 , 225 

w 
-....J 
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Notes Th e author r ecognizes that t he intercept 
of t he trainee s l ation sample regr ession equat ion 
d oes not go through t he origin. 1~is is due to the 
assumption t hat Lhe instructor sta tion mate rial cost 
is dependent upon the student or trainee station 
having a mate rial cost t hat would not go below or 
above Lhat whic h is s tate d in Ta ble 6. Also, this 
inlercept regression mod e l correlation coefficient 
of equntion 12 is .9468. 
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'l'ABLE 9 

INS'I'RUC'I 'OH STATI ON 

Fisca l Ye ar 1976 
Ma te rial Cos t 

$ 21 , 108 

1 96 ,072 

42 , 748 

A. 'l'wo 

Numbe r of CRT ' s ( 6 ), numbe r of di s play 
g e nerators , mini o 
quire d f o r Lhe s yst 

h r ome s o f lware for Lhe s vstem. numbe r o f 

Labor Mnnhour Eslima te 1 

r e­
rd ,. 

w 
U) 



Contracto 
G 

II 

De vi c e 
Operational 
Fllght Trainer 
He apon Syste m 
'l'ra ine r 

TABLE 9 - Continue d 

Fiscal Year 1976 
Haterial Cost Remarlt.s 

13,063 One instructor station . Parameters 
similar to Contractor C . 

$114 , 828 Three jnstructor stations . · 6perat1onal 
Flight Trainer instruc tor station CRT 
lt.eyboard . 

~ 

0 
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f or the trainee station. This time 90 percent and 95 

percent confidence intervals were computed on the po-

pulaEion mean ~ f o r the manufacturin g labor and the 

engineering manhours . Since the sample sizes were 

l ess than 30 the student's t distribution was used . 

The manufacturing labor manhours were computed as 

X = 1329 . 34 

s = 426 . 51 

n = 3 

s/,Yn = 246 . 25 

X + t (s/A/n) - . 975 ; 2 or 

X + 4 . 303 (246 . 25) -
269 < ~ < 2389 

The 95 percent confidence i nte r val for manu-

facturing labor manhours population mean ~ would be 

between 269 and 2389 for cos t e s timating purposes . 

The engineer i ng manho u r s were computed as 

X = 1907 

s = 1791.77 

n = 5 

s/.Vn = 801 .3 

X + t . 950 ; 4 (s/Nn ) or -
X + 2. 13 2 (801 . 3 ) -

198 < < 3616 



The 90 percent confidence interval for en­

gineering ma~hours population mean ~ would be between 

198 and 3616. 

The Motion System 
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Motion systems are used with Operational Flight 

Trainers to add propriceptor cues to students when per­

forming certain training maneuvers. Some of the pro­

priceptor cues that a motion system adds to an Operational 

Flight Trainer are skids, .slips, banks, turns, climbs, 

dives, accelerations, transitions, vibrations, and air­

craft touchdowns. There are other characteristics, 

depending upon the specific aircraft for which the 

Operational Flight Trainer is being designed. The 

motion system is illustrated in Figure 8. Using data 

from eleven different Operational Flight Trainers and 

four different sources, a cost estL~ating relationship 

was established on the motion system total cost and 

certain characteristics of the motion system. The 

stepwise linear regression model from the BMD[ 7 ] 

package was employed to determine this relationship. 

The first computer run used durrmy variables identi­

fying the contractors. By using the dununy variable, 
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differences inherent in a part i cular company were 

masked out (i.e., the difference in labor rates or the 

diffetence in raw material cos t , etc.). The linear 

correlation of this run was 99 percent . 

The computer data runs a r e listed in Appendix A. 

The equation for the cost of motion systems using the 

d~~y variables are: 

y = 693.56- 153.82(DEGFRE ) + l . OO(TOTWT) c 

- 2.59(YAW) + 1 .92( VERTCL) 

+ 3.99(LATRAL) + 2. 6l ( LONG ) 

+ Contract or Da ta (Equation 13) 

Contractor data are 

Contractor Da t a 

I - 19.70 

J - 72 .22 

K 95. 89 

L 00.00 

All cos t data are in thousand s of dollars and 

norma l ized t o fiscal year 1 9 76 base year . 

Table 10 descr i bes variables and the data range 

that can be used in this cost estimating relationship 

(CER ) model for mo t ion sys t ems . 

44 



Variable 

DEGFRE 

TOTWT 

VERTCL 

PITCH 

YAW 

LATRAL 

LONG 

TABLE 10 

DATA FOR MOTION SYSTEM CER MODEL 

Definition 

Degrees of Freedom* 

Total Weight in Thousands 
of Pounds 

Vertical Excursion ln 
Inches 

Pitch Excurs i on in 
Degrees 

Yaw Excursion in 
Degrees 

Lateral Excursion in 
Inches 

Longitudinal Excursion 
in Inches 

Data Range 

3 to 6 

12K to 47K 

0" to 96" 

0" t o 96" 

0" to 104" 

45 

*The six degrees of freedom for a motion platform 
are pitch, roll, yaw , vertical, lateral, and 
longitudina l . 

The standard error of the estimate of this CEP 

model is 5.38. 

A second cost estimating relationship model was 

developed not using the dummy variables. The linear cor -

relation on this model is . 9482. This computer data run 

is also listed in Appendix A . The equation for this cost 

estimating relat ionship model is : 



y = c 103.70 + 9.0l(TOTWT) + 3 . 25(PITCH) 

+ .56(VERTCL) (Equation 14 ) 
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From Table 10, the total weight , pitch and verti -

cal excursions can be employed to calculate the range for 

cost estimating. It is interesting t o note that total 

weight, pitch and vertical excursions affect the price of 

motion system platforms. This particular CER model has an 

advantage over the first in that the cost estimator would 

not have prior knowledge as to which contractor would be 

bidding. The first CER model has the advantage of evaluat-

ing a contractor's cost proposal when contractors are 

known. 

Computer Hardware System 

For the computer hardware the f oll owing approach 

and assumptions were made. The baseline system would con­

sist of one CPU with memory and all peripherals in the 

small (midi) size computer range to support a one trainee 

station without visual , motion and radio navigation . This 

Operational Fl ight Trainer (OFT) would be a low perfor-

mance trainer . If visual is required, only one trainee 

station and one instructor station would be configured for 

a fixed wing Operational Flight Trainer (OFT) . A second 

CPU would be required to interface and service the visual 

system. The cost of the second CPU with memory and 
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peripherals is provided for in the flow d iagram depicted 

in Figure 9. Without visual, one CPU c an service up to 

two trainee stations. If there are thr ee or four trainee 

stations another CPU of the same type would be required 

with memory and peripherals. Figure 9 , Flow Diagran for 

Determining Total Cost of Computer(s) Hardwa r e , is used to 

determine the total computer hardware cos t beginning with 

the baseline cost of $100,000. All computer hardware data 

includes engineering, manufactur ing l abo r , material, over-

head, general, and administrative cos t s. Computer hard-

ware data were examined on the bas i s o f low cost (LC) , 

high cost (HC) and most l i kely cos t (MLC ) for each deci-

sian factor within the computer hardware flow diagram . [8] 

Expected cost (EC) was computed f rom the equation : 

EC = LC + 4(MLC) + HC 
6 

(Equation 15) 

The var1ance (cr 2 ) would be c omputed from the equation as : 

2 a = (Equation 16) 

Tabl e 11 gives the complet e listing of the computer 

h ardware decis i on fac t ors, va r iances and cost data . 
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TABLE 11 

COMPUTER HARDWARE COST DATA 

Most 

Variance Low Likely High 
Expected 

(a2) 
Cost Cost Cost 

Factors Cost (EC) (LC) (MLC) (HC) 

Base Line 
Computer 108. 3K 69.4K lOOK lOOK lSOK 
Hardware 
Cost 

High Per-
formance 20K ll.lK lOK 20K 30K 

Radio 
Naviga- 12.SK .694K lOK 12.5K lSK 
tion Capa-
bility 

Motion 
System 26.6K ll.lK 20K 25K 40K 

Visual 
System 151.6K 625K lOOK 140K 250K 

Two 
Trainee 42.SK 56.25K 25K 40K 70K 
Stations 

Three 
Trainee 135K 136.1K lOOK 135K 170K 
Stations 

Four 
Trainee 180K lOOK lSOK 180K 210K 
Stations 



BEGIN 

BASELINE 
COMPUTER 
HARDWARE 

COST 
108.3K 

ADD 
20K 

ADD 
12.5K 

ADD 
26 . 6 K 

_.;no 2nd 
COM?UTErt 

S YS E~ 
· s 1 . 6K 

0 

. 0 

TOT.;L 
COMPli~ER 

HARDWARE 
COST 

ADD 2nd 
>-YE.:...:::.;S:::._~ COMPUTER 

SYSTEI-1 
l35K 

E D 

ADD 2nd 
COMPUTE!{ 

SYS . £M 
180K 

~ 
. ·o_s : c pu-cer Hardware os-: 
is determined on one ~rainee 
S a~ion ~ ·~h tisua: Sys~e . or 
one ~o : our ~ra:~ee s~a-:ior.s 
wi hou 'l · sua: Syste~s . 

Dol·ar r:;ures :n 3:ock 
Diagram represer.-: cx~ec-:ed 

I 
I 

( 

ADD 
~2 . 5!< 

k OS ( .::C) . 

::c . S. ?l w o:agr~~ :or De-:=r~~n:ng 7c-:a: 
Cos~ o: Q pu-er(s, ~ar~ware 
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Visual Systems 

Visual systems fall into two major categories . 

They are camera/modelboard and computer image generators 

(CIG's). Camera/modelboard visual system is one which 

utilizes a television camera which is " flown" over a scale 

model representing a portion of real-world terrain . The 

television scene, thus, generated is then presented to 

the trainee on a suitable display. The display is general­

ly comprised of a television tube with suitable optics to 

create a real-world perspective. 

A computer generated imagery (CGI) visual system 

replaces the television camera and modelboard of the 

camera model system with a digital environment stored 1n 

the computer as a group of surfaces comprising terrain and 

cultural objects. Through digital computations the en­

vi ronment is processed t o create a scene on the trainee's 

display. 

The flow diagram for estimating the cost of visual 

system is shown in Figure 10 .[ 9] Only one trainee station 

and one instructor station will be used when estLmating 

t he cost of a visual system. The visual system cost in­

cludes engineering, manufactur ing labor , material, over­

h ead, general , and administrative expenses . isual systems 

c ost data were analyzed by the same method used in deter­

mining computer hardware data . Equations 15 and 16 were 

used t o develop Table 12, Visua System Cost Data. 



T.~LE 2 

VISUAL SYS .EM COST DA_A 

Compo- Expected 
nents Cost (EC) 

Camera/ 
Modelboard 
Image 750K 
Generator 
Mode_board 
l.5' X 40' 

3' X 4' 
Section 

Display 
Unit 

Installa­
tion Cost 

Comp1.1ter 

20K 

50K 

200K 

Image 216.6K 
Generator 
(Dusk/Night) 
Cal-~graphic 
3ase Cost 

Each 6_.6K 
Disp_ay 
Char..ne_ 

2ach 
Displa_ 
Uni "" 

Data 
3ases 
( Pe!" Data 
3ase ) 

Ins-:.a_ ..... a-

60K 

: 0 .81\ 

~~on _es~ _ 8.3K 
& c. eckou-

13,6l_K 

l_.lK 

_,_ll.lK 

25K 

__ ._K 

6.25K 

62 5K 

....,ow 
Cost 
c..~c ) 

50 0K 

_ OK 

40K 

_5 0K 

150K 

50K 

50K 

5.K 

!'1ost 
Likely 

Cost 
()-!LC ) 

700K 

20K 

5 0K 

200K 

200K 

60K 

60K 

- K 

l ¥. 

51 

E'ah 
Cost 
(HC 

_, 200K 

30K 

60K 

300K 

350K 

80K 

70K 

20K 

K 
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TABLE: 12 - Continued 

Mos ... 

Variance Low Likely ni~~ 
Compo- Expected 

(a2) 
Cost Cost Cos t 

nents Cost (EC) (:,c) (MLC ) (HC 

Compute.:::-
Image 900K 27,777.7K 600K BOOK :, 600K 
Generator 
(Dav/Dusk/ 
Night) 
Calligraphic 
Base Cost 

Each 291.6K 625K 200K 300K 350K 
Display 
Channel 

Each 60K ll._K SOK 60K 70K 
Display 
Unit 

Each 53.3K 177.7K 20K SOK _OOK 
Data Base 

Ins-:.alla- 250K l,ll_.]..K .... SOK 250K 350K 
tion and 
Checkout 



BEGIN 
VISUAL 

NO 

CAMERA/ MODEL 
BOARD 
IMAGE 

GENERATOR 
15 1 X 40 1 

MODEL BOARD 
750K 

YES 

ZOK FOR 
EACH 

3 I X 4 I SECTION 

EACH 
ISPLAY tJNIT 

SOK 

NO 

YES 

YES 

LIGRAPHIC 
BASE COST 

216.6K 

FOR EACH 
DISPLAY CHANNEL 

ADD 61 . 6K 
PEP.. CHl>-NNEL 

FOR EACH 
DISPLAY UNIT 

ADD 60K 
FOR EACH 

DATA BASES 
ADD 10.8K 
ER DATA BASE 

INSTALLATION 
TEST & C~CKOUT 

08 .3!{ 

( END ) 

NOTE: All ~isplay 
Un~ts consist of 
CRT/Spher~cal Mirror/ 
Beamsplitter Display 
System. Dollar 
Figur es in Block 
Diagr am Represent 
Expected Cost. 

Fig Flow Diagram =or Cost Zst~at~~g 
on lisua System 
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Each Display 
Channe l 

25 0K 
( 3 Max} 

Installat~on 

200K 

END 

Fig . 10. 

2. 

, 
Da y/Dusk/Ni ght 

Base Cost 
900K 

II 
Each Display 
Channel Add 

291 . 6K 

Each Di spl a y 
Onit Add 

60K 

Each Data Base 
53 . 3K 

To Depend 
On S i ze 

Instal lat: ~on 

est & Checkout 
250K 

END ) 

Flow Di agram : o r os t Est~a t L~g 
on Vi sua~ Sys t em (Cont . ) 
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Computer Software 

The function of the Operational Fl ight Trainer 

(OFT) computer progr~~ is to simulat e the aircraft en-

gines, aircraft systems, communica t ion/navigation systems , 

flight control systems, media, sound, a nd c ontrol the mo -

tion system. The Operational Flight Tra i ner ( OFT ) compu-

ter program also interfaces wit h t h e v i s u a l system ; moni -

tors the instructor display station; solves the aero 

equations for that particular aircraf t ; monitors the 

performance of students; and generally controls , through 

the instructor station, the testing of s t udents . 

The size of the computer program mus t first be 

estimated before a cost evaluation c an be determined . 

The program task was tallied for nin e Ope r ational Flight 

Trainer. (OFT) computer software sys t ems. From this data 

a sample mean 11 - of 35,177 co~puter wo r d SlZe , and a 
· ~x 

sample standard deviation a of 9 , 156 was computed . In 
s 

the sample the minimum and ~aximum program sizes were 

21,792 and 46,994. The 99 percent c onfidence inter ral 

for estimating the hypothe t ical po pulation mean IJ. using 

t he s t udent t distribut i on was 

24,938 < 1-L < 45, 417 

The Opera t iona l F ight Trainers (OFT ' s) used in 

these da t a samples inc luded a visual system and a motion 

system. The ~ low d i a g r am in Figure 11 and the sample 



statistical mean shows the procedure for de termining the 

expected computer program size for an Operat ional Flight 

Trainer (OFT). The flow diagram estimates one trainee 

station program size equal to 35,177. The flow diagram 

subtracts from the program size if the visual system is 

not included. The sample mean ~ - for the visual system 
X 

interface program was computed at 4,213 with a sample 

standard deviation 0 of 2,473. The visual system data 
s 
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base cost was computed in the visual system section. The 

flow diagram also subtracts from the program size if the 

motion system is not included. The sample mean ~ - for 
X 

the motion system is 782 with a standard deviation 0 
s 

of 359. When estimating for two t o four trainee stations, 

the result of one trainee station will be multiplied. 

The result will be multiplied by two if two trainee 

stations, by three if three trainee stations and by four 

if four trainee stations. Only one t ra inee station will 

be configured with a visual s ystem. The t o tal program 

size is converted to a cost estima te by using equation 

22. Equation 22 cost estimates include all programming 

activities such as program design, program coding , pro-

gram testing or checkout, and program documentation . 



Begin 

Program 
Size 

35,177 
Words 

No 

No 

Fig . 1 1 . 

NOTE: Program size includes 
number of instructions, con­
stants and data storage. 
Word size is from 24 to 32 
bit. 

Subtract 
4,213 
~lords 

Subtract 
782 
Words 

Flow Diag r am for Determining 
Compu t er Progra~ Size cf One 
Tra inee Stat· o::-• 
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Costing and Pricing An Operationa l 

Flight Trainer System Design 

The following procedures are to be use d ln costing 

and pricing out the Operational Flight Tra iner (OFT ) sys t em 

design element of the Work Breakdown Struct ur e ( WBS ). ~~ 

From the previous functional cost estimating techniques 

the decision-maker must determine the mos t feasible tech-

nical approaches that may be used t o real ize each subsys-

tern. Probabilities are then assigned t o each approach 

according to the likelihood of that approach actually 

being taken. 

Trainee station(s) and instructor station(s) 

material costs would be derived from Table 8 or from 

equation 4 and equation 12 . Equa t ion 1 9 combines both 

the trainee and instructor station s cost since t he inst r uc -

tor station material cost is dependent upon the ~ate r ial 

cost of the student station: 

where 

cs . . 
lJ 

CS . . = [ [ [ (EN . . ) ( E ) ( 1 + OH ) j ( 1 + G ) ] ( 1 + P ) ] + 
lJ lJ 

[ [ [ 0 1F . . ) ( N ) ( M ) ( 1 + OH ) ] ( 1 + G ) ] 
lJ 

(1 + P) ] + [ (MA .. ) (1 + G) j ( 1 + P ) ] 
lJ 

(Equa tion 17) 

is t h e cos t o f t r aine e ~tation(s) l us ing appr oach 

J . 



EN .. 
lJ 

is the engineering hours for Work Bre akdown 

Structure (WBS) element i using approach J · 

For trainee station use computed data at end of 

59 

trainee station section. For instructor station use com-

puted data at end of instructor station section. 

~vfF .. 
lJ 

is the manufacturing h ours for either trainee sta -

tion or instructor stat ion i using approach j. 

· Trainee station will use computed da ta at the end 

of trainee station section. Instructor station will use 

computed data at end of section on instructor station . 

N is the number of trainee stations or instructor 

'\fA, , 
lJ 

stations to be manufactured. 

lS the material cost for subsys tem l using approach 

J . 

When computing f or trainee station use either 

equation 4 or Table 8. Instruct or station will use 

equation 12 or Table 8. 

E is the engineering labor rate . Use Table 13 . 

M lS the manufacturing labor rate . Use Table 13 . 

OH is the appropriate overhead rate . Use Table 13 . 

G is the general and administrative rate . Use 

Table 13. 

P is an esti~a te of the contractor pro-it rate 

(Usually 10 percent) . This variable to be eft 

out when computing cost variable for system 

i n "'-egra tion . 



CI . . 
lJ 

TABLE 13 

LABOR RATE COS T DATA FOR 

FISCAL YEAR 1976[11] 

Engineering Labor Rate 

Engineering Overhead 

Manufacturing Labor Rate 

Manufacturing Overhead 

General and Administrative 
Rate 

Profit Cost Type 

Profit Fixed Price 

Profit Other Than 
Fixed Price 

60 

8.25 

1100/o 

5 . 30 

1500,-b 

16% 

7% - 10% 

12% - 15% 

9% - 12% 

CI . . = [ [ [ ( El'J, . ) (E) ( 1 + OH) J ( 1 -r G j J ( 1 + P j J + 
lJ lJ 

[ [ [ (MF .. ) ( N ) (M) ( 1 + OH)] ( 1 + G)] 
lJ 

( 1 + P ) ] + [ [ (I1A , . ) ( 1 + G ) ] ( 1 + P ) ] 
lJ 

(Equation 18 ) 

lS the cost of instructor station(s) i using 

approach j. 

The combined student and instructor station cost 

is CT, . = CS . . + CI .. (Equation 19) 

CT .. 
lJ 

lJ lJ lJ 
is the total combined cost of student station and 

instructor station i using approach j . 

If P variable is left out CT .. would be cost 
lJ 

without profit variable . 
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The total cost of motion systems would be resolved 

from the below equation: 

CM .. 
lJ 

MSC .. 
lJ 

CM .. = (Number of Trainee Stations) (:'-!SC .. ) 
lJ lJ 

(1 + P) (Equation 20) 

lS the total cos t of motion syste~ i using approach 

J . 

lS the cost of a single mo tion system i uslng 

approach j. 

This cost includes engineering, manufacturing 

labor, material, overhead cost, general, and administra-

t ive expenses and can be computed from equation 14. 

The cost of computer hardware would be determined 

from the below equation: 

where 

cc .. 
lJ 

CH .. 
lJ 

CC .. = [ CH .. J ( 1 + P) 
lJ lJ 

(Equation 21) 

lS the t o t al cos t with manufacturing profit added 

of the computer hardware system(s) i using 

approach j. 

is the cost of computer hardware s ystem(s) l 

using approach J · 

This cost includes engineering, manufacturing 

labor, ma terial, overhead cost, genera l , and administra-

tive expenses and can be computed from Figure 9 . 
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The cost of computer soft ware can be determined 

from the below equation: 

where 

ep .. 
lJ 

X 

PI .. , ., 
-_J 

CP . . = [ [ (X ) { PI . . ) ( E ) ( 1 + OH ) ] ( 1 + G ) J 
lJ lJ 

(1 + P)] (Equation 22 ) 

lS the cost of computer(s) software l using 

approach j. 

is a v ariable use ln calibrating the number of 

trainers. If one trainer is configured , X will 

equal .9. If two or three trainers are confi-

gured, then X will equal 0.75. If four trainers 

are configured, X would equal . 60 . 

is the computer(s) software program size l uslng 

approach j, which would be estimated from Figure 

11. 

The visual s ystem cost would be computed from the 

below equation: 

where 

ex .. 
lJ 

ev .. 
lJ 

ex . . = C ev . . ) C 1 + ) 
lJ lJ 

(Equation 23) 

lS the cos t of visual system l uslng approach j . 

lS the cost of visual sys tem l using approach j . 

This cost includes engineering , manufacturing 

labor, ~a ter~al , ove r head cos t , general and ad~in'stra-

tive expe ses , and can be computed from Figure 10 . 
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System integration cost is t o be computed accord-

1ng to the following procedure: [12] 

System Integration = 
Cost 

[ Visual System] 
Total Cost 

+ 

[
Motion System] 
Total Cost 

+ 

[ .15] 

[ .10] 

Trainee Station & 
[ Instructor Station] [ . lOj 
Total Cos t 

+ 

[ Computer Hardware ] 
Total Cos t [ .15] 

(Equation 24) 

~rainee station and inst ructor station total costs 

are equations 17, 18 and 19 without the profit variable. 

Motion system(s) total cost is equation 20 without the 

profit variable. Computer hardware total cost is deter-

mined from Figure 9. The visual system total cost is CV 

and is derived from Figure 11 . 

The system integration percentage factors for the 

fourth level Work Breakdown Structure (WBS) elements can 

be determined by using the technique of weighting objec-

t ives as descr ibed in Chapter 6 of Introduction To Opera-

tion Research by c. W. Churchman , R . L . Ackoff , and 



E. L. Arnoff. Each pro j ect or s ysten engineer at the 

NAVTRAEQUIPCEN would, in making his own estimate , estab­

lish the relative values (weights ) to each fourth level 

Work Breakdown Structure (WBS) element and from these 

values decide wha t percentage to be used in estimating 

system integration cost. 
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CHAPTER VI 

INFLATION FORECASTING AS APPLIED TO 

OPERATIONAL FLIGHT TRAINERS 

Inflationary forecasting as applied t o Operational 

Flight Trainers (OFT's) for fiscal year 1 9 76 were predeter ­

mined by the memorandum from the Director o f Procure ent 

Services Department of the Naval Traini ng Equipment Center 

dated 15 March 1976.[1~ The 1976 fiscal y e a r was f r om 

1 July 1975 calendar year to 30 June 1976 c a len dar year . 

From 1 July 1976 calendar year to 30 Septembe r 1976 calendar 

year a new fiscal year reporting s y s t em was established 

within the U. s. Government. This s h ort time period was 

recorded as fiscal year 197T. 

The 1977 fiscal year was from 1 October 1976 to 

30 September 1977. All precedi ng fi s c a l years are now 

recorded from 1 October to 30 Se ptember. The escala tion 

f actors for labor and ~ater ial f or FY7 7 is 10 percent . 

F iscal year 1978 escalat i on fa c t ors f or labor and material 

a re 7.0 percent. All fiscal years preceding 1978 will be 

6 .5 percent. Ov erh e a d a n d G&A r ates would increase at 

a pproxirna t e ly 2 . 0 perc e nt per year . [J. 4] 
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Table 14 was deve l o ped us ing data fro~ the re-

ferenced Director of Procure~ent Se r vices ~emorandum . 

TABLE 14 

I NFLATIONARY I NDEX 

Fiscal Year Labor a n d Mater ial Overhead G&A 

1976 1 . 0 1 . 0 
(Base) 
1977 1 . 1 1 . 02 

1978 1 . 1 7 1 . 04 

1979 1.25 1 . 06 

1980 1. 3 3 1.08 

1981 1 . 4 2 1 . 10 

1982 1 .51 1 . 12 

1983 1 . 61 1 . 14 

1984 1 .71 1 . 17 

1985 1 . 83 1 . 19 

The a pplica tion o f forecasting inflation using 

Ta b le 14 would be t o take the ~aterial cost for trainee 

s t a t ion f rom either equation 4 or Table 4 and project 

it t o fi s cal ye a r 1985 by multiplying it by 1 . 83 . Example 

woul d be the mater ial cost inflationary forecast for three 

traine e stations in fiscal year 1985 using equation 4 . 

26885 . 76 + 94824 . 63(3) (1 . 83) = $569 , 799 
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Using Table 13 data and forecas ting for inflation 

to fiscal year 1985, 

Engineering Labor Rate 

Engineering Overhead 

Manufacturing Labor 
Rate 

Manufacturing Overhead 

General and Adminis­
trative Rate 

$8.2 5 ( 1 . 85) = $15 . 26 

1 .10 ( 1 . 19 ) = 13~6 

$5.30 (1. 85) = $9 . 80 

1.5 (1. 19) = 178% 

.16 ( 1 . 19) = 19% 

Using equation 17, trainee s t a t ion engineering 

and manufacturing data from Chapter V and a profit fixed 

price of 15 percent, the estimated average c ost f o r 

three trainee stations in fiscal year 1985 would be 

cs = [[[(13,674) (15.26) (2.3) ] (1.19 ) ( 1 . 15)] + 

[[(4,310) (3) (9.8) (2.78) ] ( 1 . 19) (1 . 15)] + 

(569,788) (1.19) (1.15) ] 

cs = $1,918,614 



CHAPTER VII 

CONCLUSIONS 

This research paper has presented and e xplained 

functional cost estimating techniques that apply t o the 

system design Work Breakdown Structure (WBS ) of an Opera ­

tional Flight Trainer (OFT). The system design wor k 

breakdown elements that this paper directed i t sel f t o 

were as follows: 

1 . Trainee Stations 

2 • Instructor Stations 

3 . Motion System 

4. Visual System 

5. Computer System Hardware 

6. Computer System Software 

7. System Integration 

The methods used in this paper t o dete r mine the 

functional cost es timat ing techniques we r e as follows : 

1. Linear regression analysis of s ample data . 

2. Linear multivariate analys is of sample data . 

3. Measur e of central t e ndenc y and dispersion 

of sample da ta . 
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4. Test of significance for small univariate 

samples using student's t distribution . 

5. Estimating the confidence limits for hypo­

thetical population mean ~ from a small sample using 

student's t distribution. 
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6. Naval Training Equipment Cente r "expert " 

opinion on estimating low cost, most likely cost and high 

cost on computer hardware and visual s ystems selections . 

The functional cost estimating technique developed 

in this research paper have not yet been practically 

applied to real problems. Current methods at the Naval 

Training Equipment Center rely on previous cost experience 

and intuition. The methods presented here will add sub­

stance to cost verification that is not dependent upon 

personal experience. 

The results of this resea rch paper are that a 

cost/price for each Work Breakdown Structure (WBS) element 

can be made separately and appraised, or totalled in o 

the system design Work Breakdown Structure (WBS) element 

and evaluated. Also, inflat~onary cost can be examined 

and judged &rom fiscal year to fiscal year using data in 

Chapter VI. If time had permitted , further area of re­

search would have been to develop an ~nteractive comput er 



program that would accept addit i ona l data and integrate 

each cost/price estimating technique into t otal cost/ 

price system for an Operational Flight Trainer (OFT) . 
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The author acknowledges t hat data in Table 8 

assumes that the variance for student station mater ial 

cost does not effect the variances f or instructor station 

material cost. Future work in this area would include 

combining the two variances for determi ning a much 

broader confidence interval f or ins t r u c t or station material 

cost. Future effort would also include examining other 

CER's on Operational Flight Trainers ( OFT ' s ) that would 

provide a refinement in estimating cos t . This would in­

c;J.ude sn_ch factors 0_s physical descr iptions (1-reight c.nd 

size), specifications and reliabi l ity factors , quantities 

(prototype and production), performanc e schedules 

(engineering and production), design inventory , cost/ 

quantity rela t ionship (learni n g curve) , and integration 

and test req~irements. The out put of this proposed model 

could then provide e mpirical values , schedule effects 

(engineering/product ion i n t era c tion) , integration and tes~ 

costs (all Work Bre akdown S t r ucture (WBS) levels) and 

many other areas tha t could pr ovide a detail model rela­

tionship of each f unctional area . 



APPENDIX A 

COMPUTER DATA RUN FOR MOTION SYSTEM USING 

STEPWISE LINEAR REGRESSION MODEL 
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FOOTNOTES 

1
Naval Training Equipment Center, "Procedures for 

Cost Estimating," Director of Engineering Memorandum 
3910.1, Orlando, Florida, September 1974. 

2Naval Training Equipment Center, "Functional State­
ment, Functional Description, Mini-Military Character­
istics, and Detail Military Characteristics; instructions 
and responsibility for," Instruction 3910.4A, Orlando, 
Florida, February 1977. 

3Naval Training Equipment Center, "Procedures f or 
Cost Estimating," Director of Engineering Memorandum 
3910.1, Orlando, Florida _,' September 197 4. 

L1 
~Naval Training Equipment Center~ "Procedures f or 

Cost Estimating," Director of Engineering Memorandum 
3910.1, Orlando, Florida, September 1974. 

5Naval Training Equipment Center, "Information 
Concerning Training Device Work Breakdown Structure (WB S) ," 
Project Engineering Guide ED-PEG-A039, Orlando, Florida , 
March 1976. (Typewritten.) 

6Naval Training Equipment Center, "S pecifi c ation for 
AH-lQ (COBRA) Helicopter Operational Fligh t Tr ainer / 
Weapons System and Simulator, Device 2B33," Tas k 3862 , 
Orlando, Florida, 1974. (Mimeographed.) 

7w. J. Dixon, ed. , BMD Biomedical Computer Pr ogr ams , 
3rd ed. (Berkeley: Univer s ity of Californla Pr e s s , 1973) . 

8 1 . d d' . Consu tatlon an lsc usslon 
Doering, on research report using 
Florida Technological University, 
November 1977. 
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with Dr. Robert D. 
PERT/Cos t Tec hnique , 
Orlando, Flor ida, 
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9consultation on Visual System Cost Estimating with 
Robert G. Palmer, Naval Training Equipment Center, Orlando, 
Florida, October 1977. 

10Training Analysis and Evaluation Group, "Acquisition 
Cost Estimating Using Simulation," Orlando, Florida, 
September 1975. (Mimeographed.) 

11Naval Training Equipment Center, "Average Industry 
Rates for Cost and Lead Time," Director of Procurement 
Services Memorandum, Orlando, Florida, March 1976. 

12 Interviews with selected systems engineers responsi­
ble for estimating on trainers, Naval Training Equipment 
Center, Orlando, Florida, October 1977. 

13Naval Training Equipment Center, "Average Industry 
Rates for Cost and Lead Time," Director of Procurement 
Services Memorandum, Orlando, Florida, March 1976. 

14Naval Training Equipment Center, "Average Industry 
Rates for Cost and Lead Time, '! Director of Procurement 
Services Memorandum, Orlando, Florida, March 1976. 
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