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FORWDORD

The Army Mathematics Steering Committes initiated the present series
of conferences in October 1955. It is the intent of tais Commitiee that
these Design Conferences afford an opportunity to statictical design spe-~
cialists and Army research, development and testing personnsl to get to-
gether and exchange views and experiences in this repidly growing field.
It is also the intent that through invited addresses and special psnel dis-
cussions many of the new developments in the theory of Statistical Design
and Analysis of Experiments be brought to the atteation ol A:my scienlists;
they can the. make use of these new thecries to help solve some of their
complicated design problems.

It is of interest to note that the host of iliis Conferencs, ths Ialltstic
Research Laboratories, has for meny years recognised the importance of
mathematiosl statistics and actively applied the methods in Army rerearch
and development. In 1926 Dr. L. 8. Dederick derived in an unpublishod
manuscript the probability distribution of ths sample renge. In 1936 .
Genersl (then Captain) Leslie E. Simon formed within the Ballistic Research
laborstories 8 group essentially concerned with scientific san .iing. At
about this same time, he, with Colonel H. B. Zormig, published a paper
entitled "The Proposed System of Burveillance of War Reserve Ammunition. *
Among the many BRL repoits in the field of statistics two papers by R. H.
Kent, one issued in 1938 on "The Most Economicel Sampie Size” and the
other in 1940 on "The EBstimation of the Frobable Exrror from Successive Dif-
ferences® are representstive of early work and served to stimulate additionsl
research in this field. Other esrly Ordnanoe contributions include the
Crdnance Sampling Inspection Tebles. These were very important during
World War II and were the forerunners of the tables standerdiagd by the
Departme: of Defense as Military Standard 10SA. Mathemstical Statistics
has been, and is, playing an important role in the ocontinuing research, devel-
opment and testing activities at the Aberdeen Proving Ground, and the above-
mentioned papers are but a few of the many contributions that have been made,
and are being made, to this field by the scientists at the Ballistic Research
Laboratories.

The five invited hour addresses at the 8ixth Design Conference were
wclivered by F. J. Anscombe, W, 8. Conner, J. R. Duffett, J. E. Jackson,
and W. J. Youden. Residuals, experimental designs, reliability, and muln -
~ar{ate analysis were the topics discussed by the first four of these speakers.
W ]. ¢ uden, the banquet speaker, talked on "The Enduring Values", A
sane. ... *ussion on "Common Pitfalls in the Decign and Analysic of Experi -

5™ was nrganized and chairmanned by G. E. P. Box. The members .

Best Available Copy
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his panel were C. Daniel, J. 8. Hunter, W. J. Youdan,.and M. Zelen.

In addition to thess addresses, ten papers were presented .n the Clinical
Sessions, fifteen in the Technical Sessions, and eight by title. Special-
ists in the Clinical Sessions were asked to discuss experimental designs
in the areas of tolerance and calibration problems, optics, bomb salvos,
fatigue limits, missile safety, and multivariate anelysis. In the Technical
Sesgsions, personne! management, simulation, trajectory analysis, aerocol
chamber data, nerve gas experiments, reliability of wvapon systems, and
response surface analysis were but a few of the topics that were con-
sidered.

The 8ixth Conference was attended by 115 registrants and p..1ici-
pants from 58 organisations outside of the Ballistic Research labors -
tories. In addition, 71 staff members and other personnel of ths hoat
organization were present. Speakers and psnelists came from Bcoz,
Alien Applied Resesarch, Inc., Camadian Army Operational Research
Establishment, Cornell University, Dafence Resesrch Medical Labors -
tories (Cansda), Eastman Kodak Compeny, General Analysis Corporation,
Hercules Powder Company, Nationsl Bureau of Standerds, Princeton
University, Research Triangle Institute, Spece Technology Laboratortes,
Inc., University of California, University of Chicago, University of
Georgia, University of Maryland, University of Michigan, University of
Wisconsin, Virginia Polyteshnic Institute, and 1S Army facilities.

The members of the Army Mathematics Steering Committee take this
opportunity to express their thanks to the many speakers and other re-
search workers who participated in the Conference; to Brigadier General
John H. Weber, the Commending Genersal of the Aberdeen Provina Ground,
and Colonel J. P. Hamill, Director of the Ballistic Reseerch Laboratorios
for making such excellent facilities available for the Conference: and
to Dr. Frank E. Grubbs who served as Chairman on Looal Arrangements .
Thanks are due many others at the Laborstories for the time and the
help they gave the narticipants. Of these, Mr. O. P. Bruno and Major
Joseph E. Sowa deserve special mention. They handled many of the
lccal details for Dr. Grubbs and organized the interesting tour of the
iccal facilities.

[

Best Available Copy
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. Finally, the Chalrmur wishes to express 1is appraciation to the Ad-
visory Committee: G. E. P. Box, F. G. Dressel (Secretary), Frank E.
" Grubbs, Boyd Harshbarser, Clifford 1. Maloney, J. 8. Hunter, and”
Mamvin Zﬂlon for their help in organizing the program of the Conference,
and especially to Dr, Dressel for coordinating the Conference program
and stearlng these Procesadings through pubucafion.

S. 5. Wilks
Professor of Mathematics
. Princeton Unlversity
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ﬁi ! Theater No, 1, Aberdeen Proving Ground YN
o GEMERAL SESSION I; 0945 - 1215 - Theater, No.'] _

i ‘Calling of Conference to Order: '

S i . -
n ; . Dr. F. E."Grubbs, Local Chatrman
{ o, - Welcoms: - o
:'_-_.I o _ Briyadier Genera.l H. Weber, Commandlnq Gene'al Aberdeen
a" . . Proving Ground
, ' ~ Introductions
Colonel J. P. Hamill, Director-of the Ballistic Resevarch laboratories
i : .‘ ) Chairman:
; Professor S. S. Wilks, Princeton 'Unlverllty
Invited Papers; .
Reliability
- Dr. James R. Duffett, Space Technology laborutories, Inc.
Examination of Residuals
* Professor F, J. Arscombe, Princeton University
. At 1215 buses leave Theater No. 1 for the Chesapeake
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‘Wednesday Afternoon

There will be three Technical Sessions and one Clintcal Session con-
! ducted Wednesday afternoon. Technical Sessions Iand II will he held
\ concurrently from 1400 to 1500. From 1515 to 1645 Technical Session III and
. Clinical Sessian A will be running concurrently. The security classification -
. of the first paper in Technical Session Il is SECRET. No clearuncen are
) tequmd for the other papers gtven on Wanesday.
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TEQHNIC:\L SESSION 1; 1400 - 1500 - Cheupeake ~ Room A

e its B g - e e b o

S - I . Chatrman: Joseph Weinstein, U, §. Army Signal Research and
. Development Laboratory :

2 Simulation Error-Model for an Atrborne Target Location System ~
E. Biser aud John Beckmann, U. 8. Army Signal Research and
Development Laboratory

_ Analysis of Some Trajectory Measuring Instrumentation Systemll -
i " 0. L. Kinhgsley, .Range Instrumentation Division, White Sands
" Missile Range

0

‘. LI .

.~ - s . .
TR . R

TECHNICAL SESSION 1I; 1400 - 1500 - Chesapeake ~ Room B

Chairman: Clifford J. Maloney, U. 8. Army Blologlcll Wharfare
laborateries

A Trial Comparing Certain Side Effects of Two Nerve Gas Antidotes,
Using Human Subjects - C. A. de Candole, Defence Research
L- Medical laboratories, Downsview, Ontaric, and B. A, Richardson,
Canadian Army Operational Research Establishment, Ottawa, Canada

- An Application of the Exponential Hazard Model to Aerosol Ghamber
3 Trial Data - Theodore W. Horner, Booz,Allen Applied Research, Inc.

COFFEE; 1500 - 1515 - Chesapeake )
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CLINICAL SESSION A: 1515 - 1645 - Chesapenke ~ Room &
* Chatrmen: Ralph E. Brown, Frankford Arsenel
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Panelists: . G.E.P. Box, The University af Wisconsin
A. C. Cohen, Jr., The Untveutt); of Georgia

W. 8. Connor, The Reséarch Triangle Institute
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i . ) . : i H. A. David, Virginia Polytechnic Institute
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¢ - , J. R. Duifett, Space Technology uboratorie: lnc.. -

Calitration of a Zinc Sulfids Particle Detector ~ John B Mamqn.
C _ : Methods Research Section, MR & AE Branch, Technical Evelustiam
‘ - v 7 Diviaion, Chemical Corps Biological Laboratories .

Etfects of Alming Polnt Patterns on Bomb Salvo Target Coverage ~
: . K. D. Doner, Systems Analysis Laboratory, OML Division, Army
” o - Rocket and Guided Missile Agency, Redstone Arsenal

a : . —_

K ' The Tolerance Strucmre of Complex Systems - William S. Agee,
Flight Stmulation Laboratory, White Sands Missile Range

o | TECHNICAL SESSION [lI: 1515 ~ 1645

I The first paper in this session ¢arries a security classification cf _
SECRET and will be held 1n Room 259, BRL Bldg. 328. Transportation fom
the Chesapeake to BRL Bidg. 328 will be provided at 1505 hours.

The second paper will be given in Room B, the Chesapeake, beginning
at 1610 hours. Transportation from BRL Bldg. 328 back to the Chesapeais
will be provided at 1600 hours.

Chairman: F. Howard Forsyth, Office, Chief of Ordnance, Department
of the Army

sni Bldg, 328

Allocation of R?sourcen and Military Worth -~ Walter E, Cushen,
- ) Operations Research Office, The Johns Hopkins University
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Room B, Chesapeake

An Experiment in Personnel Management Evaluation - Richaid R.
Blough, Statistical Research Center, The University of Chicago

Wednesday Evening: The cocktail lounges at the Chesapeake and th-
Main Club tre open from 1630 to 2300 hours. The dining room &t the Main
Club is open from 1800 to 2000 hours. ’

Buses will take conferees to motels or Main Club.

Thursdey, 20 Qctober

Clinical Session B carries a security classification of S8ECRET. It and
Technical Session TV will run from 0909 to 101S. Clinicsl Bsssion C and
Technical Session V scheduled from 103} to 1230 complete the morning phase
of the program. In the aiternoon Technical S8essions VI and VII run concur-
rently from 1400 to 1440. General S8ession II will bs a punel discussicn
and is timed from 1500 to 1645.

TECHNICAL SESSION Iy; 0900 - 1015 - Chesapeake - Room A

Chairman: Gertrude Weintraub, Missile Warheed and Special Projects
Laboratory, Ploatinny Arsenal

Reliability of Weapon 8ystems Estimated from Component Test Data

Alone - Henry DeCicco, U. 8. Army Ordnence Special Weeapons-
Ammunition Command

Performance of Propellants Eveluated by Tensile and Sallistic Tasts -

Niles White, Propellant Branch, Propellant laborstory, ARGMA, anrd
Boyd Harshbarger, Virginia Polytechnic Institute

2 LINICAL SESSION B; 0900 - 1015 ~ BRL Bldg. 328, Room 259

securtty Classtification - SECRET

rraportaton trom the Chesapeake to BRL Bldg. 328 will be availabl.
=40 hours. Bus from BRL Bldg. 328 to Chesapeske 3% 1915 hours)

Best Available Copy



CLINICAL SESSION B: {Cont'd)

> Chairman: Edward W. Chittenden, Diamond Ordnance Fuze Laboratories

Panelists: R.-M. Etssner, Balliatic Research Laboratories

Walter Foster, U. S. Army Biologicel Warfare Labor-
atories ‘

T w*ff7 B~ C

[
.

J. R. Johnson, Ballistic Research hboratoﬂqs

Cliflord 7. Maloney, U. 5§, Army Biological Warfare
- : Lsboratones _

, . | 8. 8. Wnki, Frinceton University
Marvin Zalen, University of Maryhnd

. Multivariate Anulysis for Project Michigan Experiments - Emil H.
' Jebe, The University of Michigan, Willow Run Laboratories,
Oporationa Ressarch Dupartment

) - Problems in the Analysis and Interpretation of Project Michigan -
William A. Grown and Emtl H. Tebe, The University of Michigan,
Willow Run Lohoratories, Operations Research Department .
COFFEE; 1015 - 1030 - Chesapeake |
CLINICAL SESSION C: 1030 ~ 1230 - Chesapeake - Room A -
. Chalrman: Elizabeth Scott, University of Californu. Barkeley
& i’anelists: R. 7. Ansgpmbe, Princeton Unlvqﬂty .
;. . ‘ Robert E. Bechhofer Coruell University !> -
H. A. David Virginta Polytechnic Institute
J. Edward ]ackson, Eastman Kodak Company ‘ " R,
Jerzy Neymari, University of Cgltfomla. Berkeley r =
A

RS .
.................




‘ INICAL SESS 2 (Cont'd). B - ' .
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' Computation of Expected Resolutton Improvement Pactor - Chandlct
Stewart, Mine Detection Rranch, Engineering Research and
K Development laboratories

Panoramic Viewing Utilizing Hyperbouc Elltpsoidal Reﬂecttnq Optics ~
e : Donald W. Rees, Physical Bciences Laboratory, U. 8. Ordnance -
i Tank - Automouvc Lominand, Detroit A.rsenll

. Some Statistical Problems Related to Missile Safety Paul C. Cox,
Reliability and Siatistics Offtce, Ordnance Mlsston, White Sands
Missile Range .

'TECHNICAL SESSION Vi 1030 - 1230 - Chesapeake - Room's

Ch&irman. lawrence lLangwetl, Warhead and Spectal Projects Laboratory.
Picatinny Arsenal - o _ S

' Design for Welghing Caltbrations - Neilson, Herculel Powder
Company, Magna, Utah o IS

Response Surface Analysis as Related to Repellant Research -
D. G. Boyis and E, A. Perlmn, Hercules Power Compuny, Magna,
Utah

Application of Factorial Experiment and‘ Box Technique to Baul.mc'
Devices - D. J. Katsanis and C. 1. Fulton, Frankford Arsenal

LUNCH;

TECHNICAL SESSION VI; 1400 - 1440 - Chesageake - Room A

Chairman: A. Bulfinch, Quality Assurance Division, Picatinny Arsenal

1230 -.1400 - Chesapeake

On the Problem of Negative Estimates of Varlance - W. 8. Thompson,
Jr., University of Delaware, and J. R, Moore, Surveillance Branch,
Weapon Systems Laboratory, Ballistic Research Laboratcries

........................
...........................
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TECHNICAL SESSION VI 1400 - 1449 - Ghesmpesie - Room B -
Chairman: S. A. Krane, General Analyns Corpmum. Dugway Provlng
Ground Office -

Y

__
e
o

'Buud-Up“ of Single Polnt Source Data - R. r. White, General
Aralysis Cm'porution, Dugway, Utah

COYFEE: 1440-1500 Chanpuke

T g R
© .
a :

GEINERAL SESSION TI: 1500 - 1645 - Chela«poaka = Room A

Fanel Discussion on Common Pitfalls in the Deugn and Analysis of
Experiments.

Chairman: G.E.P. Bax, The Un!mltty'of Wi'scbnnn
Panel Members: Cuthbert Damcl, Prlva-ie Consulwant

J. S. Hunter, Mathemattca Rosearch Center,
The University of wxuconsin

W. J. Youden, Notional Bureau of Swandards
Marvin Zelén, The University of Marylénd .

After General Session II, buses will take conferees to motels or Main
Club for cocktails and dinner.

SOGIAL HOUR; 1730 - 1830 - Main Club, Officers' Open Mess

RINNER; 1830 - Main Club

Chatrmen: Frank E. Grubbs, Ballistic Research Laboratories b8
Speaker: W. J. Youden, National Bureau of Standardl = *The Enduring r .
Values.* CLaen

day, 21 October

Techr ical Bession VIII and Clinical Session D are scheduled for 090D -
1015. General Session III is called for 1030 and will run until 1230. After
lunch there will be conducted tours of the Ballistic Research lLaboratories.

..............
.........




X | TECHNICKLSESSIONVI; 0900 - 1015 - Chesapeake - Room A

? Chairmem: Badrig M. Xurkjian, Diamond Ordnance Fuze Laboratories
P

|

Some Tests for Outliers-C. P. Quaaenbexry and H. A. Devid,
Vtrqima Polytechnic Institute -

£ 3
e e g

- 4 . : | Note on Precision of Graded vs. ﬂ.\-—or-None Rnponlelin Bicassay ~
o _ § Francis M. Wadley, U. §. Army Chemicsl Corps Biological

[ . laboratories , ‘ :

" CLINICAL SESSION D; 0900 - 1015 ~ Chesapeake - Room B

Chairman: T.N.E. Grenville, Research and Ergineering Dtvlslbn; ,
' Departmernt of the Army, Office of the Quartermaster Genenl

Pamu:u- R. E. Bechhofer, Cormnell Unlv'rmy
O. P. Bruno, Ballistic Research Laboratories |

A. C. Cohan, Jr., The University of Georgia

Boyd Harshbargar, Virginia Polytechnic Institute
! o .J. S. Hunter, Mathematics Research Center -

H 1 : ’ _ Comparison of Fleld Wear and Laboratory Testing of Fabrics for
v Military Garments - William S. Cowie, Textile Clothing and
Footwear Division, QM R & E Center Laboratories, Quartarmaster
Research and Engineering Command

) . Estimation of Condemnation Limits from Limited Fatigue Runout
. ‘ " Data on Full Scale Components - J. P. Purtell and G. W. Egan,
. Research Branch, Watervliet Arsenal

COIFEE; 1015 - 1030 ~ Chesapeake
GENERAL SESSION ITI: 1030 - 1230 - Chasapeake - Room A
Chairman: Boyd Harshbarger, Virginia Polytechnic Institute

Development in the Design of Experiments - W, S. Connor, The
Research Triangle Instituts
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Multivariate Analysis Illustrated by Nike~Hercules

1. Separation of Product a..d Measurement Variability

II. Acceptance S8ampling - J. Edward Jackson, Eastman Kodak
Company

LUNCH: 1230 - 1400 - Chesapeake

TQURS; 1330 -~ Conducted tour will be initiated at the Chesapeake

SUPPLEMENTARY PROGRAM

The following papers were received too late to be considered for places
on the agenda. We hope that the manuscripts of these papers will be sub-
mitted for publication in the Proceedings of this Conference. (Papers are
listed in order of receipt in the Office of Ordnance Research).

A Virulence Measure for Minute Organisms - 8. A. Krane, General
Analysis Corporation, Dugway Proving Ground Office

Design of an Experiment for the Most Efficient Conduct of Safety, Re-
liability and Performance Tests of Fuzes in the Design and Development
Stages - Gertrude Weintraub, Missile Warhead and Special Projects
lLaboratory, Picatinny Arsenal

Design of an Experiment to Evaluate the Effects of Various Factors
Affecting the Acceleration of Unconventional Fragments - Gertrude
Weintraub, Missile Warhead and Special Projects laboratory, Picatinny
Arsenal

Design of the Laboratory Statistical Reliability Program for the T46El
Warhead - Alfred Fiorentiono, Warhead and Special Projects laboratory,
Picatinny Arsenal

Design of a Laboratory Reliability Program for the XM44 Shillelagh
Missile Warhead and the XM805 Fuzing System - Lawrence langweil,
Warhead and Special Projects Laboratory, Picatinny Arsenal

“enabilhity Prediction - AL Bulfinch, Quality Assurance Division.
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Frank A. rlock o{ Untted Electro Dynam.lcl. The model

RELIABILITY ™
Jemes R. Duffery
 Space: Techoalogy IAboratmmu 711:..

A. BACKGROUMND., These personnel who have been 1nvolvad in the flight
testing of complex guidad miesiles are, in general, aware of the phenomenon
that a much higher systamrellubility (R) 15 obtained for an essentially series °
arrangemant of the eomponents than would prevail {f astimates of the compo-
nent reliabtlitien "1"' it=]1, 2, ..., D) were substituted mtothe mathmtt-
cal model

' R=rTy el T

This phenomenon has been oloquently expoved, and elucidated upon, by

| R=qr, 2°*Tn -

18 usually referred to as the "series* mode); itis alsoknownas the "cascade®
or *tandam® model. ' By contrast, those personnel who have been concerned
with the use of redundancy (1.e., the parelleling of components) in order to
lower the prebabiifty of & dud (1.e., the unreliability of the payload) have
observed a phenomaznon which 18 opposite in effect to that which has been
observed in the series case. Namely, 8 .system of components arranged in
parallel evidences, in general, a lower reliability (R) than would bs obtained
if the estimates of the component reliabilities (rt'l, i=], 2, vee, M) Ware
substituted into the mathematical model

Re}-Q- '1)'(1 -lr2~).... ¢- rm).

This last model Is usually referred to as the "redundant” or *parailel® model.

A plausible explanation for these two phenomena, which have op-
posite effects fer the series and redundant systems, i{s that the variation ol
the environmental stresses from component to component within the same
flight 1s small relative to the variation of the environmental stresses from
flight to flight. It is believed that, {n many redundant sysiems, the atresses
associated with the m parallel components within the same flight possess
such a small standard deviation that this standard deviation can be neglected;
in such instances the variation attributed to the streszes is essentially the

*This {5 an abstract. The paper itself {3 being submitted for publication in
TECHNOMETRICE,
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rtandart deviniror of tha . stresses S fight to mgm. "Thin beliet is attyi~
buted to the ianuwlnq {acts: _ _ ,

{1) The m parallel components are usually rwimtnd in close
physical proximity to each other and honce tend to have
the same quantitative values of the stresses.

(2) The m parallel components are usually of the same type
- and thus are subject to the same mode of fallure and hence
are susceptible to he same kind of stresses.

{3) Many Xinds of stresses vary considerebly from mqht _
to flight. .

Thess sams {acts can prwon in the case of some series systems, 9.¢., the
successiva amplifler stagas in an aquipment, the slectron tubes in a guid-
ance and control package, and the relays in a black box.

w. 1. Howard ) has considered the series situation for a specific num=

erical value. of the component rellability r and for Gauasian distributionsof .

strengths and flight-to~flight strasses, whereas J. R.Dutfett(2) has constderdd -

tha parallel situation for a large range of values of the compoment relisbility o .

r and rectangular distributions of strengths and flight-to-flight mouu plus
sartain generalizations of theae assumptions,

An interesting pathological oxampla of the complete brukdm of redun-
dancy 12 afforded by the following example which is presented in (2);

The m parallel components incorporated in the same missile
flight (1.e., tho pame end item) are subjected to axactly the same
strans; tho probablility distribution of the stresses from flight-to=
flight consiats of two isolated portions; and the probability distrie
bution of strengths {8 sandwiched {in between the two isolated
portions of the strass distribution.

It {s clear that the reliability R of the system is only v, {,e.,
R=r, and thus no gain in rellabllity is achieved by using redundancy.

(1) W. ]. Howard, "Chsain Roliability: A Simple Failure Model for Complax e

Mechanisms,® The Rand Corporation, RM~1058, 27 Ma: =h 1953.

(2) J. R. Duffett, "Some Mathematical Considerations of Redundancy*,
Radioplane Company, Operstions Analysts Memorandum Report Number
12, 25 October 1956.
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hey Design:of Lkpetiments. - ' ' _ k3

- Iir. such: & situation. as that described in.the foregoing example, the .
waliabilitty ¥ of a syatam would be r, 0., R=r, regandisas of the
design amampenientt of the componsots which compose the system.

An'extremely pathological example which 1llustrates a situation tn -
which the opposite affect {as that discussed above) 1: obtained has been
given by C. R, Gam and is steted as follows:

A syatem is composed of 2 components.. One component
fails {f and only 1f the temperature is greater than or equal 0°
| . ‘ T, whereas the other component fajls if and only if the tempera-
¢ L ture 13 less than 0° P. 1If the components are arranged in series,
S - the reliability of the system will be zero, However, if the com-
- 1 . . ponents are arranged in pmlllol, the reliability cof the system
. - will be one. . -

Tn order to simultansously control, at acceptable levels, both the
probability of a dud (or a late detonation) and the probability of 8 "pre-
mature®, some technical peraonnel have profferad, as a'desirable solu-
tion, ths use of a "matrix” of components, arranged both in parallel and
in geries;i.e., the system isto consist of m pamllel circuits {or branches),
where each circuit has n components arranged in series(3,4). Such a-

a system will be referred to as a parallel-series aystem. (Apparently for
analytical simplification, m and n are, in general, set equal to each
other so that the design matrix {s square.) A special case of a parallel- -
serles system 18 the quad, The quad i{s of considerable engineering interest
and consists of 2 parallel circuits, each poueastnq 2 components arranged
in series.

Another design arrangement, which tends to decrease the percentage
of duds while increasing the percentage of prematures, is a series-paral-
le]l system. This arrangement consists of n circuits {or links) in series,
where each circuit has m components in parallel.

B. SYSTEMS STUDIED AND ASSUMPTIONS MADE, In this document, the
reliability of the four types of systems-~(l) a slinple parallel system, (2V
a simple series system, (3) a parallel-series system, and (4) a series-
paraliel system—are derived under the following assumptionst

¢ (3) Burton, E. B., The Martin Company. Unpubllshed paper on redundancy, : I!
quads, and crossing circuitry. e

- (4) Creveling, C. .. “Increasing the Rellakility of Electionic Equipment
by Use of Redundant Circuits, ™ NRL Report 463}, 5 December 1955,
Naval Research Laboratory, Washington, D. C.
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Design of Experiments

B)) Thae wreagtia. of the companents, regardiess of the fMght
tx witich they are incarporated, are tndopendently selected
fram a Hmad rectangular dtsmibation. - :

(b) All components which are incorporated inthe same mqht
experience exactly the same stress. }

(c) The common stress, whtch is applied to all of the compo-
nents within the same flight, 1s 1ndependenuy selected from
a fixed rectangular distribution. :

(d) Fatlure of a component occurs l~f, ‘and only if, the stress. -
" imposed on it exceeds ity strength. )

- (@) Failure of a simple series arrangemant of the components _
occurs 1f, and only if, at least one of the components fails, -

{f) Fatlure of a simple parallel arrangement of tha compoﬁar{u
wccurs ﬂ, an‘d only if, all of the components fail, .~ '

() Failure of a parollel-series system occurs if, and only 1f
all of the parallel branches (circuits) fail,

(h) Failure of a series-parallel system occurs if, and only if,
at least one of the links (ctrqults; in series fails.

1. CONCLUSIONS.

(1) 1t is concluded that the reliability of a system composed of m paralle,
components can approach, as an upper Ilimit, the value given by the
.independence model, viz.,

Rul-u-rl)q-rz) (l-rm).

as the variation of the stresses between flights decreases relative to
the variation of the component strengths.

{2) It is conciuded that the rellabllttio of a system composed of n series
components can approach, as a lower limit, the value given by the
independence model, viz.,

R= rlrz. T S

“ .
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- ' as the vartation of the stresses hetween flights decrexves telative ‘
' " wo the variation of ttre component strengths.

® i3 further concluded that, fbr a given level of component reliability,
the rellability of a series system can be increased by decreaaimthc
copy-to~copy variation of the strengths of the componenu.

AN TS X % 5 v m -
e

"{3) 1t is concluded :hat the reliability of a system con‘xposed of m para-
118l components can approach, as an upp.r .umit the value given by
the mdopendence model, viz.,

|
i 9 ' . o Rel-0-ml-vdeu. o), -
L o
}

as the variation of the stresses between {lights decreases relative tb :
the variation of the stresses within flights. :

(4)  1t1is concluded that the reliability of a system composed of n serles - ._."-'
- components can approach, as a tower limit, the value given by the -
1ndepandence model viz., _ _ : .-

.
e -

R= ’1’2""

. as the variation of the stresses between: mqhts decteaul relauveto .
' the variation of the stresses within flights,

(53 TItis coneluded that one muy obtain unwarranted optimistic estimates
of the reliability of a system composed of parallel components if the
independence model {s assumed, but not satisfied.

(6) It 1s concluded that one may obtain unwairanted pessimistic estimates
of the rellabtlity of a system composed of series componenta if the
independence model is assumed, but not satisfied.

M. RECOMMENDATIONS,

(1) 1t is recommended that systems integration studies be made for the
purpose of determining the effect of component failures on system
effectivensss and consequently to classify the systems incorporated
in the end item according to such categories as series, parallel,
series~parallel, and parallel-series.

{2) I parallel components are to be used, then it is recommended that
o ' consideration be given to the following:

.....................................................

-----
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| (d) The selectton of componerits fwhnu modes of i!umufm_ ave Qiffeweat. '

. {t) The incorporation of the components in such a wey that the stresses
associated with the components are independently selected from a
fixed probability distribution regardless of the end 1tem in which
the component is incorporated..

o o e st B

" 1t may be possible to Implement (b) by phyiically-nparatinq the
parallel components by sufficiently large distances, or otherwise -
isolating the parallel components from one another,

e

(c) The isolation of the prcu'el cbmpomnta from their enwironmenu.

(3) If serias components are to be used, then it is recommendad that con-'
: sideration be given to the followings . -

(a) The selection of components with {approximately ) the same modes
of failure.

T SRR A S S S VU U

(b) The assembly of the components in such & manner that they will
sxperience (2pproximately) the same environmental regimae.

One method with which. to implement (b) is to package the urlu
components 88 a8 compact unit.

{4) - 1t is recommended that the éxuung relevant transportation and in-flight
envirgnments which have been measured be evaluated, It is further
recommended that consideration be given to the {nstrumentation of
mizdlles for the purpose of obtaining additional information on the en~
vironmental conditiens which ate encountered by missile systems both
{1) within flights and {11) from flight to flight.

(5) It is recommended that the probability distributions of component
strengths be determined, primarily by medns of laboratory tests. It is
further recommended that consideration be given to decrsasing the

! variability ol the strengths of components which are to be used in

"serles systems and subseguently to maintaining (through Statiatical

Quality Control) the variation of component stungthl at a satisfactory

level.

{6) It iz recommended that the formulas given in this paper be employed
to serve as a guide in the calcuiation of system reliability.
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F. J. Anscombe | R
. L Princeton University .

During the last few years there has bzsen a growing interest in exam-
ining the residuals after some parameters have been fitted hy the method of
least squares. The author first became interested in the subject in 1954
through some suggestions made by John W. Tukey [1] : and he has recently .
been concemed in several studies relating to residuals [2,3.4] . The pur~
pose of this paper is to make a brief introductery sketch of some of these
developments. The presentation will be in terms of a particular example.

In Section 1 an experiment i3 described and the conventional type of statis- -
tical analysis {g outlined. In Section 2 comments are made on the validity of
the analysis, In Section 3 the residuals associated with the conventional
analysis are examined, and suggestions are made for modifying the analysis.

1. AIATIN-SQUARE EXPERTMENT AND ITS STANDARD ANALYSIS. In Table 1

are shown 2 set of observations of depth of penetration of a blast driven
earth rcd, Ten different propelling charge lots (denoted by the letters A, B,
C,..., J) wera compared on ten different sites or *plats* {shown as colv:ms
.An the table), firings beiny made on ten different dates spread over a period
of some nonths (the dates are termed *blocks® and shown as rows in the tabie),
in accordance with a 10 x 10 Latin square pattern. In each cell of the latin
square ‘(that is, at each date, on each plot) the appropriate propellant lot was
tested in duplicate, and two holes were driven. Thus there were 200 read-
ings in all. (These data have been kindly suppliied by Dr. Frank E. Grubbs.)

For such a set of readings, arranged in a latin square design, thers
is a standard method of statistical analysis, which a statistician is likely
to follow almost without thinking. The sum and the difference of the pair of
entries in every cell of the Latin square are calculated. The sum of squares
of the differences is found, to obtain a within-cell estimate of error variance;
the individual differences are then forgotten about. From the sums of pairs
of cell entries, row, column and letter means are calculated. If we dencte
the sum of the two readings in the cell in the { th row and jth colurn by Y1y
;_hen the various means to be calculated are the row means 71_ , the column mean
¥.y. the gverall meany, andthe letter means, which may be denoted by yeay,..., 'y'm.
These row, column and letter means show, respectivaly, the effects of blocks

*Prepared {n connection with research supported by the Office of Naval
Research.
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n ' . (datas),' plots and propellant lota, and can be set out in three shost tabies,
) 1 _ such as Table 2, relating %o pwwpellant lots. The entries in this table are'tin
:‘;\' g fact the letter means divided by 2, so that we have average penetrations per

firing, rather than averages of sums of two penetrations,

We can obtain an overall picture of the amount of variation present
in the readings by constructing the analysis of variance table shown in Table
3. For the purpose of comparing moans of rows or of columns or of letters,
ons would take the residual mean square in the analysis of sums of cell peirs,
namely 63.6, as the estimated residual vatiance, The estimated standard
error shown in Teble 2 {8 equal to one-half (because the letter means were
divided by 2) of ¥63.6/10. Iiwill be seen that there is no evidence that
the propelling charge Jots have any differential effect on depth of penetration.
<here is & marked seasonal efféct, and there seems to be & plot effect also.

. COMMENTS ON THE STANDARD ANALYSIS, The customary analysis of
experimental data goes along the lines briefly Indicated above. 1s it satis- -
factory? The orthodox treatment of the data would be perfectly appropriate .
and valid if certain ideal condititr:a were satisfled. We have no reason t )
suppose that these conditions are aver satisfled exactly, but it may well be
that they are often nearly enough satisfied for pcactical purposes. The ideal -
conditions are sometimes referred ‘o as the assumptions underlying the analy-
sis of variance. For the present latin square desiyn, they are ss follows:

IDEAL CONDITIONS. - The observations are realizations of
independent chance variables all normally distributed with
the same varianze and with means consisting of a ‘row con-
stant plus 8 column constant plus a letter constant,

Was it reasonable to analyzé the observations as thougli these con-
ditions ware satisfied? One may question the stancdard statistical analysh.
of any body of dota under the three main headings:

. 1
F (1) Are the obsewations trusmorthy? Should they" be taken at face L— P
yalue? : ' B

If the answer is yes, - : -

{2) Are the ideal conditions nearly enough satisfiecd to make the R
standard analysis acceptable? - '

I the answer {5 no, or doubtful,

...................................................
.................................................
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(3) . Hpw should the ¥tandard analysis be moditietd or replaced?

In regard to (1), no observations are ahsolutely trustworthy. If the
results arc sufficiently at varianoe with expectation, a mistske. in the ob-
servations will be strongly suspected. Sometimes it will'be possible to
verify directly that a mistake has occurred, and paerhaps to rectify it. But
even {f 1t {8 not possible to repeat or check the observations, a verdict: of

“presumed mistaka® may still seam the most reasonable, and that implies '

that obyarvations will be discarded. In some cases the whole of the ob-

servation may be discarded, in other chsas just one or two sherrant read-
ings may be picked out as presumably spurious, tho rest being acc.pted as

) renablo.

In regard to (2), the divers ways in which the 1idaal conditions could.
fall to be satistied are unlimited in number. The means may fail to have the
specified simple linear structure, and the deviations of the ebaervations from

- the means could in principle have any stochastic character whatever. There

are, however, a few types of departure from the ideal conditions that seem
to be worth loocking for explicityly, as belng eusuy imombtb!e and poutbly

{mportant..

On the subject of how far various kinds of departure from the idea}
conditions invalidate the standard method of analysis, not as much is known
as one might wish. (This.toplic is reviewed inthe last chapter of {5) and -
in chapter 5 of [£] .) 1f the ideal conditions were exactly satisfied, the
standard analysis would be the most convenient and intelligible and efficient .
possible. In so far as the {deal conditions are not satisfied, the standard
analysis will be in some degree inappropriate and perhaps misleading. For
large enough departures from the ideal conditions, it would be preferable to
_perform some sort of modified or alternative analysis, but that means further
computation and posslbly less easily intelligible results. .

Examination of residual.s s a valuabie method (though not the only
possihle one) of detecting {solated aberrant readings and of measuring sev-
eral sorts of systematic departures from the ideal conditions. That is what
this paper is about--obtaining information concerning conformity with the
ideal conditions, which i3 a necessary step before criticizing and possibly
improving the original analysis.

1. RESIDUALS AND FITTED VALDES, Corresponding to any cbesrvetion,
the "fitted value® is the least-sguares estimate of the mean value of the
hypothetical' chance distribution from w..ch the observation was dwn,
according to the ideal conditions. The “residual® is the difference between

the observation and the fitied welue.
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EJ Our example of the penetration data has the peculiarity that there - -
;-;;_ are two observations in every cell of the Latin square. -One might examine ' . ..'_ o
e the residuals corresponding to these 200 individual readings. However, . 'r-.}*j;i:kf:j
;'j-f for the pufpos= of comraring rows or columns or letters, it is the 100 cell ," ::‘_'-:.::.:
. sums y,, that are relsvant, and which we should hope would. satisfy the Bty
iGeal.cotditions fairly closely. So we now consider these as-the effective s

-
RAS YFIN

obsarvations and form the corresponding 100 fitted valuas txu) and residuals RS
{z;;). Each fitted value consists of the sum of the relevant row mean, col- S

. umn mean and letter mgan, minus twice the overall mean. For example,
corresponding to yu(- 136 B75) we have

Y = 123.69, = 128.73, Y(}') = 129.36, ?'125 30,
and hence the fitted vah—;e is ' '

- and the rastdual 18
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When the fitted values and the residuals corresponding to the one~ N
hundred cell sums y;; have been caloulated,the scatter diagram shown inFigure ' '
1. con be plotted. Each point corresponds to one of the cells of the 1atin
square, and has the fitted value as abscissa and the residual as ordinate.

Provided that no error has been made in the ¢alculation, the lcatter
diagram must have the properttel

Z“ 2 = le 2, Y_‘l = 0;

that is, the average of the ordinates must be zerp, and the coefficient of
lineer regression of the residuals on the fitted values must also be zero. v
If the ideal conditions are exactly satisfied, the diagram should have the ‘II S
further properties, that the residuals appear in aggregate. to bs normally : T

distributed, and that they show no dependence of lny sort on the fitted
values.

In the preszent case ohe peculiarity is immediately noticeable, that
the residuals have 8 negatively skew distribution; they range from + 11 to -
- 19, roughly. Another peculiarity is easily perceived when one looks for
it, namely, that the vertical dispersion of the points is greater on the left
side of the diagram than on the right. Thus the three largest positive

v o
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residuals and the six largest negative residuals are 211 associated with
fitted values that are smaller than y (= 125.3). These features of the
scatter dlagram suggest, respecdvely, that if the observations are thought
of as having a chance distribution, then the distribution must be negatively
skew rather than normal, and that the varianco, instead of being sonstant,
is smaller when the cell mean is greatar. '

It i3 not the case here that any one residual is so much larger in
magnitide than the others as to suggest a gross error or blunder in the:

" corresponding y. That is, there i3 no clear. outuer. and we are not temptod

to reject any obgervation as spurloua.

. Another effect whlch may sometimes be seen in such a scatter dia-~
gram, but is not seen here, is a quadratic or curvilinear regression of the

- residuals on the fitted values.- We remarked above that there is necessarily

no linear regression of residuals on fitted values, but a nonlinear regression
is not precluded Such a regression can arise if the effects of rows, columns,
and letters are not additive, in the way stated in the ideal conditions. In hct
here only the rows have & substantial effect. Columns seem to have a rather
slight effact, and letters no effect &t 8ll. There ts therefore not much scope
for nonaddittvlty, and 1t u not surprising that no curvilinear regression is
noticable, " :

To supplement the visual. mspactlon of the scatter diagram, one may
calculate various measures of departure from the ideal conditiona, and make
significance tests and other assessmentr. Relcvant formulas are given in
[3] . For example, in the present case, one may astinato a measure of
skewness ( ) in Karl Pearson's notation, 7, in R. A. Fisher's ) of the
presumed common distribution of deviations of %he y's from the linear cell
means. The: estimate comes out at -0.96, with standard error under the
full ideal condltions roughly 0.39.

To sum up, inspection of the residuals and thetr relation with the .
fitted values xuggests that the deviations of the y's from the cell means have
s skew distribution with nonconstant variance. The physical causs for this
i3 no doubt that occasionally, perhaps because of stones, the ground is so
hard that the penetration is considerably short of the mean, On the other
hand, there is no reason why petetrations much in excess of the mean shoyld
be observed, and in fact because the rocket motor is: broader than the rod
below it there is an effective upper limit to the depth of earth penetration.
achievable -~ though there {s no definite evidence in these ohservations of gy
ptling up of frequency at such a limit. ot
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v : Do these phenomena matter, and are Tablas 2 and 3 nitsleading? 3
S : The correct answer 1s probably no, because the viclation of the ideal con-

N ’ ' ditions is not extreme. But if computations are done automatically and with
‘ﬁ; little perscnal sffort, it is worth while to try transforming the ocbservations
' - in some way to improve their conformity with the ideal conditions. Raising -
' the readings to & power greater than 1 is suggested. .This would be parti-
cularly natural U there were theoretical or experimental -evidence that the
propelling charge reguired to achieve a given average penetration was pro~
portional to some power of the penetration; it would then be natural to.use
that power here. Thare are too few observations to fix #n appropriate power
 closely, from sxamination of the observations only - a rather hiqh powor, :

sixth or seventh, is suggested.

Let us consider, conuwatlvaly, raising the observations to the
fourth power. That is, all 200 original reudlnqs are raisad to the fourth
power and divided (!ot convenience) ‘by 106; and then the previous anbdlysis
is repeated. We find that the skewness moasuro caloulated from the resi~
dusls is now about halved (-0.54), and most of the egression effect of
variance on cell means has disappeared. In place of Table 3 we' have Table
4. The varience ratios ars not vastly differant from those of Table 3. The
block and plot effects have emergsd a little more distinctly, and thare is
still no Indication of real difference between the propellant iots. Table 4
_may be judged to be a fairer summary of the effects present than Table 3,
but evidently our conclueions will not be much different whichever we ex-
amine. It would be desirable to investigate psnetration records from a
number of other trials before venturing on a general recommendation for the
statistical analysis of such data.
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1 am indebted to Mr. Iohxx]. Simon and Mr. Carl x. Jukkola for
cartying out the computattonl.
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TABLE 3

Anslysis of varienco of penstratioms = .

-

Degrees of Bun of ‘Mean S e
Freedon © . squares squares '

Analysie of sumy of cell pairs . L o = .
| oty A3 - |
1376 152.8 " .
S 283 - ;.
W 636

Between blocks

) - Between plots -

Between propellant lots
Residusl

N v v v

Analysis of di’fferencén of cell pairs
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Anslysis of variance of penetretions after fourth-pover transformation -

.

-

Aralysis df suns 'of 'cegl 2:_1:1 l

Degrees of . Bumof . Mean-
freedom - ; squares ‘SQuUATES

- Between blocks . ' 9 L .'21613 '- 240.4
Between plots - 9 o 1322 . au6.8

.

»

Between propellsnt lots. 9 . @6 - o 28.4
Residuad L T2 , 3787 . 52,6

© Annlynis of diffearences of cell paivs

Total . 100 . 2950 - 2:5
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AXNALYIS OF SOME TRAJECTORY NIASURING
INSTRUMENTATION SYSTEMS

Oliver lee Kingsley _
_ Range Instrumentation Devslopment Division,
- A ‘White Sands Missile Range

1. INTRODUQTION. The purpose of the analysis was to isolate the random
- and blas errors inherent in the trajectory instrumentation systems currently
in use at WSMR. The preliminary ahalysis presented here is but the first to
be made on a series of missile flights. - ’ .

Date from the first flight i8 stiil undergoing further study.

_ The second flight of the current series was madé September 1960 and
the analysis will commence as the data becomes available.

The user is constantly requiring more and better data. These require—
merits inust be met as the missile systems become mcrerefined. Itisexpected
that these tests can lead to improved instrumentation systems at, WSMRand -
other ranges. :

The instrumentation systems used for the initial launching weres
Ballistic Camera, Askania Cine-Tkeodalite, DOVAP (Doppler Velocity and
Position), and FPS-16 Radars. Llater it is planned to include the Integrated
Trajectory System (ITS) in the series of tests. The ITS is a system capahle
of simultaneous multiple object tracking by combining range and angle in-
formation. The range and angle measuremerit involves the use of electro~
magnetic phase-measuring systems.

Briefly, the analysis will cover the methods used to estimate the
precision of each instrumentation. system and the bias of each instrumentation
system.

- II.- PRECISION AND BIAS ERROR ESTIMATES.

A. Precision Estimates by Multi-Instrument Method.

The {first attempts at precision estimates were confined to the variate
difference technique. Later the multi-instrument method was applied as data
from other instrumentation systems became available. The latter method has
hecome known as the *Simon-Grubbs Technique™ at White Sands Missile
Range because of the articles by General L. E. Simon and Dr. F. E. Grubbs
tllustrating this technique. This may be illustrated bricfly by the assumed

Preceding Page Blank
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mathematical models of simultaneous i-th paired measurements Y and Yip -
from instruments #! and §2 respectively:

(1) yu =%, + l'.,u + ou

@ ¥a=xp+by vey,

where: (a) X "X and represents the variability of the {~th quantity or
characteristic being measured,

(b) b, and b1 represent the measurement biss of instruments #l
and #2 rupoc“nly wﬁuo measuring the i-th quantity.

(c) T and e,, represent the random error of the {~-th measurement
with respect to instruments | and 2.

Now if we have "n*" of these paired measurements we may form "n*
differences of the corresponding pairs. Typically:

Q) (e, -0) + b, -b,,
If the bias is constant for any "n® paired measurements, we can .
estimate the variance of Y41 and yu [TH

4) "f’l = .’2‘ + '31 and

2 o .2 2
(5) ln lx‘ll'z

The estimate for the set of difference is:

2 2
el ¥ %e2:

It is now possible to estimate the instrumentation variability from the
equations (4), (S5) and (6). This method has a few shortcomings. Many times
one achieves negative variance estimates which require some interpretation
Dr. W. A. Thompson has worked on the problem of negative components of
variance and I note that he is scheduled for a paper on the subject at this
meeting.

(6) lg -y

The two instrument problem, in general, cannot be applied to trajectory
data - ause the characteristic measured i{s extremely large and variable
compared with the instrumentation system errors. The variance of the est -
matred instrumentation variance contains the cstimated variance of the
characlenistici. e rj‘); for est. (Ggl) we have

Best Available Copy
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If one knows the ratio of precision for the two instrument case, then,
the two instrument case could be solved for precision estimates. This is
uaually not the case,

Estimates of the error variance components wera obtained for the
four instrumentation systems: Ballistic Camera, DOVAP, Askania and Radars.
The square root of the variance estimates are presented in table 2, with the
exception of the DOVAP x~component. The variance estimate for the x-
component was small and negative: thus, the variance component was
equated to zero.

Table 2: Standard Deviation Estimates by the Multi-
Instrumentation Method.

Coordinate Stapdard Deviation Estimate *

Component ______Instrymentation System _

[ Askenia Radar
x (feet) 2 0 11 1S
y (feet) 6 4 11 21

|z {feet) 10 8 8 12

| Bosed on 28 consecutive traiectory data points.

Other estimates can be obtained from the analysis of variance tables
where the Ballistic Camera is considered as a standard for comparison.

1, Precis es 0 re thod.

The variste difference method was applied to data from theDOVAP
and FP8-16 radar systems for the trajectory segment covered by Ballistic
Camera, Data sampling rates for the DOVAP and the FPS-16 systems were
much higher than for the Askania and Ballistic Camera systems which were
dependent on a8 flashing light at one per second. Thus, the DOVAP and
Radar systems were more suited to this technique.

Table 3 presents the standard deviation estimates for the DOVAP
v+rem  The estimates are hased onr second difference.

Best Available Cop;
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a : Table 3: Standard DeviationEstimates by Variate Diffarence Mothod., -
.. DOVAP R .;.*;'
i~ b . Nominal time along trajectory| Standard Deviation Estimate® -

: s segment based onmissile. Coordinate forGomponcnt: po

: liftoff, - x.{fe) v Uty = (ft.) :

L | '40-50 seconds b 0a7-1e.31 | 0.24 ...
| 50-55 seconds 0.17 | 0.36 | 0.26 . b
R S 60-65 socands — 0,23 10,40 | 0.31 ‘
koY ‘ K *Each is based upon 50 consecutive trajectory data point
k(o

These estimates filter out linear noise from the data and hence ar~. >
" o much smaller than the Simon-Grubbs estimates of the previous section’. o
' : . which do not fiiter the Iinear noise.. E

bt ORI

Rl

. The variate difference technique was also a p.pll_ed- to trajectory E
data available from the FPS~16 radars,’ Each'radar was analyzed separately
and In its natural coorc 'nate system: range, azimuth, and elevation. The - ‘

~ radars, for the most part, exhibit estimates close to the design intents
range + 4 yards, azirhuth + 0.1 mils, and elevation + 0.1 mils (these ate .
rms. values) when evaluated by this method. Data from the three FPS~I6
radars that tracked most of the trajectory are shown in Table 4. These
data cover essenmuy the aame trajectory segment as data in the prcccd--
ing section.

" Table 4: Precision Esnmates by Variate Dliterence Method.

Tracking | Nominal Standard Qevigtlgg Estimate* {
FPS-16 | Time in Range  Azimuth __Elevation |
Radar Seconds | (Yds) (M1ls) (Mils)
DLZ_ 40-50 1.62 0.33 0.16
112 55-70 2.90 0.32 - 0.25
114 40-55 1. 86 0.14 0.12
114 55-70 2,34 0.15 0.15
122 3 40-55 0.7% 0.22 0.18
122 55-70 0.59 0.29 0.15
*Trajectory sample of 1$Q points

Table 5 shows the same set of radars but with sampling interval oy '
five times a# long. Most of the estimates were based on the third set of S
differences, and they include almost the entire missile trajectory. . ORI

.................
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o . . ‘Table 5: Precision Estimates by Variste Difference Method.
E‘,T.: e ' . ' o )
- C .. | Tracking | Time - | _Standard Deviation Estimate
ot . , FP5-16 Segment Range Azimuth _Elevatt
- o : Radar | In Seconda (Yda) | __(Mils) Mils) | -
. S BT 8-100 _ | 2,68 .31 L 0.211
w . : 114 10-100 2.78 0.15 0.1%5
: 122

Ja-loo | 1.27 | 0.35 0.20 1

,C. System Estimates of the Blas Errg;..

_ Two disjoint trajectory segments were expected for the Ballistic
camera coverage, Zach of these segments were to be divided into a first

- portion and a last portion. Actual missile trajectory segment was coverad
{n one continuous segment from approximately 39 ssconds of flight to 66 -
seconds of flight from missile lift-off. Thus, four sets of seven trajectory
data points each were formed. ‘ -

At simultanecus times, the reduced trajectory data from Askanias, -
DOVAP and radars were each differenced with respect to the Ballistic camera
data. The set of error difference data were used in the analysis of variance,
The Ballistic Camera data were considered as the reference standard.

The analysis of variance of the DOVAP difference data indicated a
significant shift tn the blas for the X and Z component segment means. The
Y component of DOVAP data indicated no shift in the means for segments.
However, a asignificant bias is indicated in etch of the overall mean coor-
dinates when compared with the expectation of zero. Table 6§ shows the
estimated means for each trajectory segment and coordinate. To compare
directly with the Ballistic Camera data, these data need a nominal adjust~
ments in each coordinate; the largest adjustment is approximately 8 feet for
the X component. These adjustments do not change any of the above conclu—
sions,

Table 6: DOVAP Mean Bias Error Estimates.

Component Trajectory Segment Over-all
Cocrdinate 1 2 3 4 Mean Bias
X (ft)» 54 |- 49 44 42 46
Y (fr) ~17 124 ~20 -16 -20 1z
2 (ft) -64 | -8l | -80 | -92_ -80_ |
*X needs a nominal 8 foot adjustment {
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The analysis of varfance for the Askania errors shows a significant
shift in the bias between the trajectory segments for sach coordinate studied,
In addition, there is a significant bias in the overall mean for each of the
coordinates, These biasea are undergoing further study at the present time,
The estimated mean error for each segment is shown in Table 7,

Table 7: Aukan{a Mean Blas Error Es_tlmntei.

Componemnt __Traje Segment ) Over-all
Coordinate 1 ‘2 S 4 ‘Mean
X {fr) 131 10 | 8 | =5 ‘ _6,4
Y (ft) 31 -1 -2 =20 ~7.4
Z_(ft) =22 ] -3% =18 -44 ~29.4

" The FPS-16 radars exhibit-a significant shifting mean along the tra-
jactory in the 2 coordinate. However, the overall mean error for the 2
coordinate i{s not significantly different - from zero. For the X" and *Y*
coordinate, the overall means exhibit a signtficant blas, This is not being
investigated further because the tracking was not a point source such as a
beacon. A Beacon track was intended for the shoot but was not attained,
Table B below exhibits the mean data.

Table 8: Redar Mean Biaa Error Estimataes.

Component Trajectory Segment _QOver-all
Coordinate 1 2 3 4 Mean

X (ft) ~10 -16. ~17 ~3 =-11.5

Y (ft) 13 20 8 25 16,8

Z (ft) 2 1 .20 -9 3.6

The analysis of variance tables are shown in tables 9, 10, and 11,
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- Table 3: DOVAP Aralysis of Wariance Treiiles for Trajedmry Begmeria.

ources of Variance d.f. 5,8, ‘ m.S, F , '
~Trajectory Segment 3 389 129 7,58}
- Brror ' 24 06 | 17

T e Rty Ty Y e P -
L) L e ey Lt

=3
P
[ ]

i onand 2ot

Totals _ 27 795 _
-Trajectory Segment 3 284 9% - 3,16
= Zrror T T 50
[Potals 27 | 997 =
[

~Traia . Segmant 3 '268) 897 .'zg,g
4__ 748 3
[Totals - 27, 3439 .

K
L
L
3
L

iy
[N
.h A
[

.

3
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[
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Table 10: Askania Analysis 6f Variance Tables for ‘rrujéctory' Séqmmiu. :

Sources of Variation d'.f. ;:s. m.8, F
~Trajectory Seqment 3 1414 471, 3 7,01
X - Error . 24 1614 67,2 .
Totals 27 3028 o
- Trajectory Segment 3 2048 682,58 | _7,2]
= Error J.24 1 2275 94,7
otals . 27 _ 4323 ]
E -Trajectory Segmen 3 3035 1011.7 10,10 |
- Error : 24 2406 100,2
otals 27 5441 :

ﬁl‘able U: Radars Analysis of Varlance Tables for Trajectory Segments.

ources of Variation d.f, 5.8. _m.S, .
-Trajectory Segment k] 880 293 \ 1,7}
-Error ' 24 4093 171
Fo;zm 27 4973 '
-Trajectory Segment 3 1149 383
- Error : 24 11980 499
otals 27 13129
-Trajectory Segment 3 3212 1071 8.74
- Error 24 2957 )23
otals 27 6159 .
e
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m. GINE-THEODQW An example of sub-

system study i{s given by this tracking correction digréssion. Each eine~
theodnlite record was read by three different reading perscnnel. The set:
of readings with the lowest reader variance was used {n the data reduction
process, Table 12 gtves the precision estimates of the traclunq correction

readings,

" Takle 12: Precision }:stimms for Eight clnetheodont'e -Racord_l. :

Fllm . “Standard Deviations bf Tracklng Gerrecuom :1
Coordinate inetheodolite

Svatam 1 2 3. 4 5 6 7?7 1 8
X(G:O S‘EC) . 3.0 111 0.4 0.4 0 3.1 3.8 2.8
¥ lare ane) - 3.612,1] 0,91-3,4] 2,412,915,11] 2.7

The estimates were derived by the thxec-msuument method (Simon~ .
Grubbs). Tha saraple sizes ranged from a low of 34 X~Y pairs to the maximum
of 99 XY pairs. There is a trend indicated for low estimates in X to be
paired with low estimates in Y., This is to be expacted becauss a qood ﬁlm '
record could be read well in aither coordinate, L

IV. SUMMARY AND CONGLUSIONS,

" A, The DOVAP and Ballistic Camera are among tha most precise systems in
4858 at WSMR. The DOVAP has the shortcoming that, in geners], the ra-
jectory data are biased from the true trajectory.

3. The shift in blas along the trajectory was significant in all coordinates
for Askania data; significant in the X and 2 coordtnate for DOVAP data. and

significant {n the Z coordinate for Radars,.

C. There was a significant overall bias in all coordinatus except for the e
Radars in the Z coordinate, - . : h...Jd

D. The significant hiases in the DOVAP and Askania Insrmmenthuon
systems should be studied and mathemattcal or physical methods dweloped

to remove them,
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KN RPPLICATION OF THE EAPONENTIAL 1INZMED
MODEL TO AEROSOL CHAMBER. TRIAL. DATR -

Theoflove 'W. Homar .
Booz, Allen Agpplied Research, Inc.

In a'n- aerosol cloud release, a bacterium may he ineffective because
of death before some critical time. This bacterial decay, as it is called,

- . has been studied by means of chambet. trials by releasing a cloud into the

chamber and then sampling the chambet at pericdic intervals. One of the
unique sets of data in this regard, from the standpoint of precision and .
amount of replication, is that supplied by Dr. T. L. Snyder and Hugh Les,

of Fort Detrick. . .

, In these trials, an aeroscl cloud of particles containing baateria
and tracer material was ganerated inside a chamber. Ten pairs of samples
wete withdrawn from the chamber at half-minute intervals starting at the
first half minute. A bacteria.count was obtained on one sample of each
pair and a tracer measurement on the other. Estimates of initial tracer and
bacteria counts were al®o obtained using a knowledge of the composition of
the spray mataerial, spray rate and duration, Tracer materinl was includad

, ' in the cloud release bacause the particles on which the bacteria were loca-

ted were continually falling to the bottom of the chamber and the tracer data
were used to correct for this fallout loss, The corrected data, which are

describad as biological recovery percentages, were computed for each
half-minute interval as, ' o : |

R=109x By o Ts
By T

where
B, | is the sample bacteria count;
LY il'thg initial bacteria count: : o )
T ia the sample tracer measurement;
1% the initial tracer measuremaent.
Chamber trials were run at relative humidities of 12, 36, 62, and B7% with
a medium ], and at 12, 19, 36, 49, 65, and 86% with a medium 2. About

twelve trials were conducted at each relativae humidity, medium combination.

One of the unique features of the Snyder-Lee data is shown in Blide
1, which shows plots of viable recovery percentages versus time on log-log
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paper. ¥uh ol thexe cumer are mwusiated with the data of medton ); the
lower -corresponding to a chamber relative humidity of 36% and the upper to
a chamber relative humidity of 12%. Tha plotted points are average biologi-

R
LT

t] : cal recovery percentages taken over all similar trisls. The upper curve is
' " concave downward and {is typical of the type of curva that is observed for

_' 1 ! - all.of the relative humidity, medium combinations except the one associated
' " with the lower curve, which {8 concave \\pward.

Saveral models Have been propossd by Dr, Snyder and otheu for
thene blological recovery curves. The Welbull model was found to give an -

w3 .

R-oxp Ea-rboxp(-ct)]

ll, excallent fit in all coses axcept the data for medium 1, relative humidity -
o : 36%. The Welkull model will not give concave upward curves in loq-loc
< | space. )
S | .
P A model which did ¢give a good fit to this data for all of the modium, .
" " relative Rumidity comblmttom waa the exponential hazard model, Thia
L | ' model is detined as.
- (

where R ia biological recovery percentage at time t, and a, b, and ¢
i . are constants, Hazard rate H(t) is defined as the chance that a busterium

. will die in the intarval dt giver that {t has lived to tima t. The hazard
rate for the exponential hazard model 13

Ht) == 0GR = - SHR o boexp (-ot)

i ‘ which will plot as a straight line on semi-~log paper. The model was, in
fact, suggested by ohserving the computed point-by-point hazard rate

plots on semi-log paper, This hazard rate is to be contrasted to a constant
hazard rate for exponential decay for biological recovery parcentages and a *
hazard rate of

b o . ' : “Ht) = ('g')tp-l
| for the Wgipull model.

" When the exponential hazard model 18 plotted on log-log paper, the
» blological recovery percentage curve is concave downward for t< /o and
concave upward for t>1/c¢. The initial recovery percentage at t = 0 is

exp (s + b) and the recovery percentage at t =oois exp (a). This model
was fitted to the Snyder-Lee data by computing the tegression of Y= InR
on X=exp (-ct), choosing ¢ %0 as to minimiza the sum of squares of the
deviations from regression.
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Denign of E.xpodmanu _ ' - ) 33

Tive rimdn mﬂ Rering the exporestil bazard mdel to avernges
over zimilar trisls of the viable recovery percentapes are shown in Slide _
2. The model was not {ited to the data of medium 1 at the relative hymi-
dities of 62 and 87%, because there was r.o evidence of bacterial decay
within the time span.covered by the data apart from an initial decay of §
to 10%. In the right-hand celumn of the slide are the percentages of the Y -
sum of squares accounted for by linear regressionof Y on X. These per-
centages, with two exceptions, are above 99%. The sxceptions occur at -
the high relaiive humidities for medium 2 and are due to the fact that the
slope of theregrassion line At these higher relative humidities is so qraduul
that the reyregsion sum of squates becomes amall relative to the noise
which is prassnt, This fact {a pointed up perhaps better by Slide 3, which
shows the plots of Y = 1n R versus X = axp (-ct) for the different relative ,
humidities and mediums. Looking at the upper line for medium 2, relative
hum!dity 86%, the nolase dld not appear greatsr here than at other relative
humidities, but the shallow slope of the line materially reduced the sum of
squares accounted for by regression, :

‘»...
=

.-.,.
i

?’7'!'
T a

W

"

Slide 4 shows other casos.. Here again, the ‘exponential hazard

The variation of parametcrl of the model with relative humidtty u
. shown in Blide §. The Norizontal axiv is associated with relative humidity
and the vertical axis with paramater value, In the case ofthe a and b
parameters, a discontinuity appears to occur in the neighborhood of a rela-
tive humidity of 45%. The a and b curves appedr to be almost mirror
images of each other. This i3 probably because the sumof a and b is N
associated with {nitial recovery and hence is a more fundamental parameter. h;‘_“
For a particular relative humidity, the sum of a -and b can be read off
the graph and used as an entry in the lower right table in the graph to find
the initial recovery percentage. Thus, the sum fcr a relative humddity of
21% 18 3,6, which is associated with an initial blological recovery of 37%.

- The variation of the initial biological recovery percentage with rela« } K |
tive humidity 18 not too surprising. However, the nonzero recovery percent- .~ K
ages at time equal infinity are somewhat more suspsct, Thus, when the .
relative humidity 1s 58%, the predicted value for the 'a parametar is 2, and
using the lower left table on the graph, recovery percentage at t = ©° {g’ o
estimated at 7.39%. This nonzero final recovery percentage {s a matter B
which {8 subject to experimantal verification, although such verification is !'
not possibla with present sets of data, because of the limited time span and RO
relative humidity levels covered by the ‘data.
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Although It {8 vt too dleariinBlide 5, ¢ declines Irom & value of
about D. 3% at W% relative humidity to about 0.20 at 65% relative humidity.. )
The odd value of ¢ = 0.80 for the relative humidity level of B5% was prob- -
ably 8 poor estimate due to the nojse ocourring at this humidity ievel. In
this case, the sum of aquares would not ba cubstantiany chanqod roganueu
| of the ¢ value used, .

: Using the graphs which ralate parameter valuos to relative humidity
! . level and the exgonent!al hazard modal, it was poseible to construct graphs

1 telating the three quantitios: relative humidity lovsl, per cant recovery, and

! ‘time, and from these graphs make predictions that could bo mod ior further -
| - testing of tha model,

_ "

. Bltde 6 indicates the results.of fitting the exponential hazard model ;

: to individual trials. The trials are thoxsa for medium 2, relative humidity i
36%. For thesa particular tricls, the-exoongntial haxard model axplainad !
substantial pertiony of the variability. The manner in which estimated initial S
recovery percentages varied from trial to ttal is shown in the column labsled - - .u-«
t = 0. Apurt from trial {33, which indicatas an initlal blologiczl racovery - DRERE

percentage of 8i%, the percentsges vary from a low of 14% to & high of 30%. .
Part of thiz variation may be due to imprecise control. of the relative humldtty
of the chamber. . R R

As regaids the axposiential Kaszard modol, there are a number of areas
that require further tnvestigation; namely:

1. Veitdity of the model, o -

2. Theoretical lmpltcbtlom of the modae],

3. Application of the model as a rasehrch tool.
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" Slide 3

Results of Fitting the Exponential Hazard Modoi _
to Snyder-Lee Data on Average Recovery
. Percentages Over Similar Trials

Relative

" Humidity

Average Biolugical
Recovery at
1/2 Minute

Percentage of ¥ Sum
" of 8quares Accounted for’

P?r Cent Ra'covery_
fatimates

‘Initial Final by Linear Regression

t=0  tae  ° of YomX

LR

St aca]

P
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Y

" - 38
82 .
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Medium 2
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2.%
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’ . t Fita of Suyder—Lee Datn to Rewpsoumtiiall Twsmod TokAl

| | . S , rmermae 0 300%
2 t -F Medium 2, R.H. 86% S ﬁf D
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e | "~ Results of Fitting the Exponential Hazard Model to. .
N : " © . the Trials of Medium 2, Relative Humidity 36%

: | .

i (. Estiniates of Recovery '

h- l - , . Percentage of ¥ Sum.
. ; Percentages of Squares Accounted for

E o T ' Initial . Final . by Linear Regreasion
v : Trial . tw0 tr e : of Y on X :

T8 . 15,69 .02 . . 99.66 -
6 .88 L0338 . ..98,80
1 - .38 . 030 S TNt
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- pation to induce flucrescence in the particles, This process, of course, en-,

CAUPBRATIONS GF A ZINGS SULFIENE ELNTYENE T ACTI.

John E. Malltqo S
U. 8. Army Chemieal Corps Biological ubonm“
Fort Detrick, Frederick, Maryland Lo

In the study of atmospheric currents and the behavior of particulates
in aerosol, a variety of finely divided materials is used as tracers. An im~-
portant class of tracer 1s the fluorescent particulates., Amongthe flucrescing
mineral compounds, the sulfides of zincandcadmium are particularly useful. -
Capabls of being producad 1p extremely well controlled ranges of particle
size and detectable in minute quantltin, these sulﬂdu have been used
wtdaly in aerosol studies.

A typical test using these tracers involves their asrosolizstion in an
atmospheric system of interast and subsequent sampling at a time and place
dictated by the test objectives. Sampling is achieved by filtering a metered
quantity of the aefosol through 8 membrane filter which retains virtually all
of the particles contained therein. After suitable preparation, the filters are
assayed visually with a low power light microscope using ultra -yiolet 11lumi-

tails counting all or a sample of the particles on the ftiter, which is at best
a tedious job. On heavily laden filters, the errqrs due to distribution of the
particles are further augmented by those from human fatigue and confusion of
the point light sources. On fllters with relatively low particle densities, the
time consumed in counting an adequate number of particles, say 300, which
is considered a reasonable sample, may be as much as 20 or 30 minutes.
This is due to the necessity of observing a large number of microscopic fields,
each .of which contains only a few particies. In a large scale test, with pos-
sibly hundreds of filter samples, the labor involved becomes excessive. Por
this reason, much thought has been qiven to davelopment of an automatlc
fluorescent particle counter,

No machine has been developed to count these particles, as such,
but the General Electric Company at Hanford Atomic Works, Richland, Wash-
ington has developed a device®* which, by detecting scintillution induced in
zinc and dadmium sulfides by an alpha emitting source, can give a quanti~
tative eatimate of the mass of the material present. This device gives data
in scaler readings of the number of nuclear disintegrations per minute.

.........

*Discussed by M. O, Rankin at the Meeting of the-American Meteorological
Soclety, San Diego, California, June 15-19, 1959.
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The problem to be prarented here concerns the atiempt to calibrste
this @svice in terms of partinlas per tilter. A series of filters was pre-~
pared with graded loaZings of prrifoles to cover a range considered of.

~ practical value ({.e., from 19 particlea per filter to one million particles
per filter in tan~fold irer ancnte)

Typical examples of the machine's response to filters of known
particle count are given in slide ], which indicates that its threshold is
at about 100 particles per filter and that no apparent upper limit of useful
response was reached, It is background radiation, in the form of coamic -
rays, etc., which sssentially dutmmnu the thruhe:ld of machine nnlt-
tivity, of course.

. Slida No. 2 presents a typical set of date in which visual counta
are plotted against mazhine response on logarlthmto paper. (Consider
points of machina 1 only.) :

Our approach has been to fit a linear regression to the data b.tw«n ’
the limits of 1000 to one million particles ‘per filter, This oquauon is qivvn
in the next slide. (Slide 3.) e ] '

The question to 'be asked here is, do the cata warrant fitting a
curvilinear regression starting at the 100 particles per filter level? A
corollary question is what would be the statistical validity of such a

curvilinear regression, considering that the visual counting 1s extramely

precise and accurate at low counting levels while the machine rupqnn is * .

just the opposite. - e,
M
- ,
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EFFECTS QF A7XING PCINT PATIIRNS ON BOME S.’\I;VO TARGET CGVERAGE

iph D. Daner

Systems Analysis Laboratory, Requirements and Plans Division,
R»sear.h ard Developmen: Operations, Army Rocket and Guided
Missile Agency, Redstone Arsenal, Alabama

1.0 PROSLEM STATEAIINT.

1.} P2CBLEM 1. To ~%“ain, on a given confidence level, the most
nearly uniform specified fractional coverage of a iarge homogenous target
. 3rea by varyisng the geometry and boxnballocation of multiple aiming points for
"1 salvo of bomks having & fixed [eiaal radius and circuler error probability.

1.2 PROELIM II, To find the simplest computational techrlques
for abta,ning acceptable solutions ler Probizm I cn manual, analogue and
digital levels.

2.C ANALYSIS.

2.1 CENTRAL PATTERN OPTIMIZATION. Bombs aimed 2t the central
points of the pattem wull provide most of the coverage for the central porticn
of the large hawmnogenous taiget area. Uniformity in this coverage calle for
unifcrmity 10 the geometry of the pattern and in the allocation of bombs to
individwal points. In seeking the optimum characteristics of the central
poruoa of the pattern the 3nalysis will progress from con stderation of a sin-
y.e aiming point to a row of points and finally to two dimensional arrays.

2.1.1 ONE AIMING POINT. Traditionally, the coverage for this case
is determined in terms of the probabilities of hits and overlaps and the ratic
of the bomb's lethal area to the area cf the target. Central symmetry abou:
this one afi. - g point makes coverage a function only of the radial distance
from the center of the bomb burst to the aiming point. Double integrationis
not inherently unavoicdable in empirically determining this functional rela-
tionship. A discrete set of concentric circles is in order, each to serve as
an isonap* curve, that is, as a contour of constant probability. Fig. 1

*in "Handboock of Probability and Statistics with Tables", by Burrington and _3
May, Handbook Publishers, Inc., 1958, on page 98, the expression “equi- f
prchability curve s used. A shorter term such as "isoaleatory™, or better, !
"isohap*, is descirable if this concept should gain wide usage.

Best Available Copy Preceding Page Blank
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"Hhuvsres o for tex bombe. X ide of Gouesiarn devivres wen cvedite
locate the centers of bomb impacts. The lethal radius of the bombs 42 0.5
and the 1sohap circles are spaced 0.50" apart. The resulting arc coverage
on each ischap is accumulated on the centrally pivoted dividers, shown in
the figure in the act of evaluating the coverage bomd number 6 has given

the 2.00" ischap, Totals are read in decimal form on the peripheral scale.
In figure 1 are given the coordinates of impact cmteu and the cpvmqo pro~-
fila,

2.1.2 A POW OF AIMING POINTS, Figure 2 shows several of.l row
of siming points. The row is suificiently long to fully accourt for the hit
prababiliiles of all intermediate. points on this iina. What is needed here
is a simple tndex of the resultant hit probability on a specific point on this
continuous line, in terms of ity distance from contributing aiming points, -
Bombsa have a biviriate distribution about their aiming points. In the case
of circular error probability, the ordinates of a bivariate normal surface ars -
approximately 0.4 times the ordinates of a univartato normal curve at equal
distances from centers of symmetry and for equal standard deviations ¢g° .
Both thurefore hzve thelr inflection points one unit from their maximum
points. As a consequence, ordinates of tha univariate normal curve may be
usad as indlces of hit prebability. Addition of these ordinates, as shown in
Figwe 2, (where curves are spaced to intersect at their inflection points),
results in & near ischap that fluctuates between U.493 and 0.507. Such
near uniformity in hit probabtliity implies ncar uniformity in overlap proba~.
bility. The occurance of overlap on a bomb droup exercises a negative faed~
back on the probability of overlap for subsequent drops, thereby tending to
make coverage expectancy more nearly untform than hit probability,

2.1.3 RECTANGUIAR GRID OF AIMING POINTS. In Figure 3 par:
of a rectanrular grid of alming points is given. Enough points are shown to
account for the total hit probability indtces of a central point X and of two
other centers of symmetry Y and Z. Contributions made by sets of aiming
points symmetrical to each of these three points X, Y and Z are tabula‘ed
in the figure for separations £ from 1.8 t0 2.2, A separaticn of . .9 appears
to be near optimum. In each case X is a maximum, Y a saddle pount, and Z
a minimum. Repetition of these values &t similar positions througtout the
central portion of the. pattern provides a measure of the degree of v.niformily
in expected coverage associated with this particular geometiy witt equal
allocation of boinbs to the aiming points.

2.1.4 HEXAGONAL GRID OF AIMING POINTS, Treatment similar to
that given the rectangular grid is indicated in Figure 4 for the hexagonal
- artay. The seporation is 2.0 units, and again X is a maximum. However,
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Y and. Z have exchanged rales. The degres of unifovmity ts excellent, fadi~
catiiry, that tis Tmesagaoml grid 18 the opftinvom (pattern.

2.2 PATTERN PERIPHEZRY QOPTIMIZATION, The peripheral character-
tstics of the target obvioualy determine the boundary properties of the pattern.
The circle with a six unit radtus in Figure 4 s meant to rapresant 8 homo-
ganous target area that is to be given uniform fractional coverage by a-hexa-
gonal pattern. Assume that the 19-aiming points shown have been glven equal
quotas of bombs. to optimize the specified coverage for the centrel portion of
the target. Obviously, this whols target area can ba given.coverage aa {ndi~
cated by the labulation by enlsrgling the pattern sufficiently. What is needed
here to complete the requirements is a sitatement iimiting wastage, or peri-

" pheral coverage loss. . :

2.2.1 The art of tailoring aiming point patterns for maximum economy
in obtaining a desired coverage must be based on verifiable principles. One
such principle dessrving consideration is &n exigtence theorem such 8ss

. EXISTENGE THEOREM, For every distinct target area with specified
‘fractional coverage by a definite weapon syaten,. an optimum pattern of sim~

" ing.points exists, and a discrete set of isohap curves can be constructed with

sufflclent accuracy to make feasible a Monte Corle method of predicting the
resulting coverage. o o :

~© 2,2.2 A second principle deserving consideration for verification or
rejection has to do with the progressive modification of aiming point patterns
associated with a graduated series of targets. For example, a target that
has outgrown a single aiming point must accept a three point pattern L ¢clrcu=-"
lar symmetry is to be even approximately maintained. ' Thereafter, the next
size can be accomodated by four points, and perhaps by five, But & six
point pattern, either as a pentagon with a center or & centerless hexagon,
may have to give way to seven points. Such center points need not have the
came allocation of bombs as the others, What is needed is more .han lust a
continuity principle, since a formulation of this discrete co.itinuity {J alss
desirable. The principle may be tentatively stated thus:

CONTINUITY THEOREM, Targets that differ slightly In size and snape,
and in specified coverage by a particular weapon system, will have aiming
point patterns differing moderately in configuration and bemb allocaunon, and
ischap curves bearing strong resemblances in all characteristics.

3.0 COMPUTATIONAL SIMPLIFICATION,

o, s, e
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5Q 4 . : _ Design of Experiments

3.1 ARC COVERAGE, Ingmragrapk 2.1.1 the use of dividers in
accumimting arc coversga of an isohap curve was ailown. Such a curve
can ba replaced by a discreta set of pointa, thareby allowing the simple
act of counting to replace continucus arc measvrement, Such points when
hit change only sn atiribute, and when hit a gacond time retein that same
attribute, thus making unnotersary any speciel considomtiion of overlap.
1f o morad reallctic traniment of tho drmaging effects of a hhomb hit are’
deaired, ons muy ageign full %11l to an approprisis clrgulnr ares around
the conter of tinpuet, and dimintahing fraotions to points in surrounding
rings. Tho attributy "hit" would giva way to the accumulation of fractions
at each point on an isohap, with unity representing saturation or full kill,

4, SUMMARY, A Salvo of bombs with constant ‘sthal aress, aimed

at & single point with cireular error probability, give ejual hit probability.

‘to points acuidiatant from the aiming point. Advantuge iz tuken of the re~
sulinnt central symmatry-4n target coverage around this point In bullding
aiming point patterns that provide the . araa within the pattern maximum.
uniformity in coverage., Submittad for clinical connidaratiorn are suggestions

for madilying thauz optimum putterns to 8ccomadate Lrregulas and nonhomo- -

gehous targets, and for simple teachniques in evaluating coveizga,
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: - AN EXPERIMEWNT IN PERSONMNEL MAﬁAG-EMEN’! EVALUATIQON®*
1 v © R.R. Blough - . .
; . fStatiattionl Hesearch Center

University of Chicago

-
L

| PACKGROUND . A peraonne! management: proqram may be lubdlvtdod on
paper into classas with such ntlel as

e - e

- Recrultment .and placement

L - Job classification K , N :

K . ' " Incentives and awards. . R R R
Disciplinary actions. S : - _

ote.

NP e - x -
PP T
LT T . RN
e e i e s

! Each class may be further broken down into & list of duties or actions by
T managemant in connection with employess. Without further defining the
‘slaments conatituting the program, we might nk such questions as,

- .

PRy -t. .

St e
EREpo i s

R , ) - .Does such & program do any qqod, or any ham. and if s0, how "
U S | © much? B
»

. *Which posaible elaments of a progrom should be rnulmd and :
ﬁ , - which discarded In order to achieve maximum benefits?

. . L As used here, *good* might mean an {ncrease in prociuctlvity, or in qual-~
f ' : ity of production, or in employee satisfaction,

Not much is knoawn about answers to these questions. One rsason
may be that few organizations are large enough to have the facilities for
finding anawers expoerimentally. In 1957, however, a project was under-

taken by the Office of the Deputy Chief of Staff for Peraonnel at Hg 5th-
Army, Chicago, to be directed by Arthur Barbour and Baldwin Sears of that
Oftice, to acquire quantitative information. The Statistical Research Cen-
ter was consulted in connection with design and analysis. It seamed
that the experimenters in this instance at least had adequate marpower and

*This paper outlinea an experiment described in mote detail in SRC-600624~
Bg88, a report of the Statistical Research Center dated 24 June 1960,

This work was sponsored by the Army, Navy and Alr Force through the Joint
Services Advisory Group for Research Groups in Applied Mathematics and

* Statistics Ly Contract No. N6ori-02035. Reproduction in whole or in part
is permitted for any purpose of the United States Government,
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faciliting iar'uper'tments and replications: 300,000 civilian employees T
of the Department of the Bowy at nunerous instaliations throughout the

. country.

In their initia] trials, the experimenters decidad to test the best
and most comprehensive personnel managament pregrem they could devise,
under the most favore>le conditions for observing the effects of the pro~ .
gram, If measursble effects indeed resulted, experiments would then be
devisud to investigate the program eléments individually. - '

The maximum opportunity for observing {mprovement might appear o, _
to exist at an installation having no formal personnel management program S,
at 8l] prior to the stoet of the experiment. But such a primitive situation B _
would likely exist only if the local commandant or management ware un = C o
sympathatic towsrd personnel management programs and so prohably toward | o
the proposed experiment. .In any case, such an instzllation would lack
the trained personnel specialiste capable of performing the experiment..
As a compromise it wad necessary to choose an {ngtailation having a repaon=
ably good personnel management program already, expanding this program- .

. to "optimal* for the experiment; , .

The Decatur Signal Depot, Decatur, Illinols, which was chosen R

. for the initial investigations, had a management peraonnel program "level®

rated by the experimenters as 70 per cent of optimal. Thus only the effect’
of ratsing the level from 70 per cent to 100 per cent could result, and this
effect might not be large. However, evena small effect might be well
worth achieving. The experimenters estimated the eguivalent in annusl
wages of a § per cent productivity increase throughout the Department of
the Army to be about §75,000,000. o

The varicble of moat interest at chis time was {n fact productivity,
so the experiment was designed on that basis, Employee satisfaction, -
of which typical ind:cators are assumed to be so-called "employee reac-
tions* --sick leave use, injurles, AVOL, vcluniary separations, suggestionn
--was to be looked a2 incidentally, with interest in possible correlation
with productivity. Quality of produ.' w:. too subjective to be reliably
assessed, and was =ot » ~ariable of much concern in the experiment.

DESIGN, The destgn envisaged a minimum of 15 independent employea
groups already existing in the organization, of size at least 10, and as
alike as possible. {A\ primary objective here was to provide good conditions
for chserving an effect Lf present.) All groups should already have in routina v
operation a procedure for measuring productivity. The groups would be
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assigned randomly to 3 categories cmelponding to what were !amularly
called treatments (Tabls 1).

" Table }

Category - o B , ' I redtment to be applied
- .- {o groups in category

No treatment at all, It
"is assumed that these
groups operate under the

- .ugual conditions and are
ignorant of the experiment.

1., Uninformed controls

These groups are to be

- informed of the experiment
hut otherwise will remain |
under the usual conditiona.

The personnel management
program applied to these
groups {s to be increased
to 100 per cent of optimum.

3. Experimental groups

(The Informed controls were included to pravide against and test for the
so-called Hawthorne effect, the effect on the subjects of merely being
part of an experiment.) Monthly data were to be collected for | year, or
some other suitable lengthy period, before the actual start of the experi~
ment. The treatments would than be started and data collected for a
comparable period during application of the treatments. The analysis
was to be performed on numbers representing, for each group, the ratio

. _JIreatment period performance
pretreatment period performance

IMPLEMENTATION, The actual experimental setup fell somewhat short of
the specifications. 14 employee groups were originally chosen for the
experiment, of which 5 were later dropped, leaving 9 groups (3 per treat-
ment) instead of the recommended minimmum of 15 groups. The asasumption
of independence [or these groups appeared reasonable, but their sizes
ranged from 4 to 19 employees, and they differed in composition ( 2 were
partly made up of women). While most groups worked at storage and

W e —a——
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N

handling of various types of electronric equipment, one did clerical work
- and one manufacturing. Further, productivity standards were applicable
to only about 50 to 75 per cent of the groups’ jobs, so measurements of ;o
productivity. reflected only a fraction of each group's total work. Deta ' :
_wora available for only 4 montha, Nov 'S7' - Peb *58, prior to the siart
of the treatments, and for 16 monthe after start of the treatments, Mar '58°
- Jun '59, During the latter "treatment period* the exparimaenters esti-
. mated that the parsonnel management program level for the "Experimental
groups® rose rathar gradually from 70 per cent, reaching “"very neerly”
i - 190 per cent during the period Oct'58 - Feb *59 and then falling off.
: . Thus the experiment proceeded under a number of hundicapl which had '
: "not been torneen. .

- »
L Kl
B PR
———— mm

DATA, The productivity data were constructed as followe. Suppose for
job U a time study has specified H)y hours per unit of production. -
P If an oemployes actually spends A); hours producing U)) units, the
- product H))U)) is called the “Earmed Hours® and 'A)y the “Actual
Houra® for that amount of woik, and the corresponding productivity is.

! 00 BLW o oo Eamedhouss ,
- Ay . Actual hours o ' S

a measure of the productive use of times. Total productivity for work
done on, say, n jobs, is s - : .

n

n - .
DD_ U-?l HUPV/ v-zx' Au‘. Once .HUU'V andrhru are ob~

tained for each employee's work on each job each day, productivity for
any combination of employees, jobs, and days may be calculated. In
the routine collection of productivity data at Decatur, Esrned and Actual
hours were respectively summed within each group over an entire month,
5o the ratio reported for each group, each month, was a monthly produc-
tivity for the group, applying o. course, only to that part of the group's
work covered by the time study standards,

_ 1 -
Data on the abhove mentioned employee reactions (considered

indications of einployee satisfaction) were reported in terms of index .
numbers apparently intended to express the various "reactions” in com~
parable units, as, say, percentage of a *norm™, whare the norm is usually -

some average of past experience. It is not clear that the index numbers

R - - - e e . . v eeprs -
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; 5 * are always more informative or easier to interpret than the aetml cbesrved
g : B quantities. For example, the index originally adopted by the experimen~

K - ters for use in this study for reporting reactions whose increased frequency
. of occurrence indicates a decrease in employee satisfacuon (l.q., nck

. leave usage) was computcd as

(Norm Oburvgd) + mo - lnd-x.
for example, -~ (98 ~100) + 100 = 8e, -
e - (.5 ~ 2' ) 4+ 100 = 98, |

AR B T DE e et PRI Y

The tndaxu finally adopted for the qxponmcnt wers, icr such ‘
"duinble" employee reactiom as “suggestions™, .

Actual
orm
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.:T-'- : S and for 'unduirable' reactions, . . o . L L,_
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(Thaese latter indexes ate now'ltandard !or ‘reporting shout a

hundred different {tems in routine evaluations of the Army‘s Civilian

¢ , Personnel Program, However, the universal usefulness of the indexes

' is not clear, as tllustrated by an example arising in the present expart~
ment, A Norm for voluntary separations~--matnly, number of employees .
quitting~-was computed as the average percentage of the work force .
being separated voluntarily per month for each month, from data collected
over an earlier 2-year period. There were 2 voluntary separations from

" all 9 groups over the 20 month period of the experiment, one of thess
occurting in a group of size 22, for a rate of 4.545 per cent in the month. S
The norm for that month was ,247 per cent, and resulting index was PINORN
100(2 ~ 4.545/.247) = ~1640~-representing the amallest nonzero separa~ .
tion rate that could have been obtained for this group~-to be compared '
with the index 200 for a 2ero rate.)
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: Because of their rather dublous meaning, the index numbers wers
. not used in the analysis of the experlment. Actually, for the most part,
there were too few occurtences among the *employee reactions® to permit - 4
analysis.
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ANAI.YSIS, In generet, ot -

hts ")rr..r
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i=l, 2, ...,Itroatmontl. Inthlscuo 1w, . . S ..

1=1, 2, ..., ] groups wlthin each treatment. . Hert I- 3. B
k= l 2, tesy ‘p pretreatment monthi. Hers tp - 4.

k'=1, 2, ...y Ky’ treatment months. Here Kp=16, - - C _

. Then, for group J. within trestment 1, and pretraatment month. X,
designete the productivity random variable by k> &nd let Yy 1k be

" the random vanable donving the same group's procductivity {n treatment
month k's Malking the transfermation to log X4k and log Yiyui lin
order to normalize the produntivities, which are ratios) and lweraglng,
for group J within treatment 1, the transformed pretreatment period data .
and treatment period data over desired sets of monthe, form the difference.

A VO

K R o o

. 2 ' 1 X : . v - . w '.':

B mgg o L o9 Yk ik Lolewdye oo :
‘where K; = some number of pretreatment mom:hn, 0s ‘l < ‘P’

xz = some numbur of treatment monthl, 0 4 “2 <K-r

Then

2., = geomettic mean of K9 treatment monthly groductivities )
1 geomeiric mean of K} pretreatment monthly productivities

“the geometric means being a conrequence of the log transformation. The -
operations of forming 2,, may be assumed to have removed the group

effect, and since groups'are {ndependent of each other, to have resuited : L T '
in an observation for each group to which the following simple model AR
applies; ' o !ﬁ_ .:
Zy= L+ Xy +oey L
where | : ‘ s )

= = W wrw w, .y - - -
"i'} IR T ‘.‘ T e, e e, 8 o ¥ e m o - -
e . P - . LTt . . R
. P R ISR I L S voe
- oo, . P St P S N LA AR
. P, et S D e e e i il

M = over-all mean

X = treatment effect, ZC!‘ =0,

.....................
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e, * romdos exvor, normatly. distributed with
- meen O and varience O, the e),'s
being mutually independent.

Antlyses may now be performed on observed values of the zu-... calcu-
lated from the: productivity dota. o N :

The Z,,'8 could be formed from avernges over any montha avail-

able, and in fagt 5 analyses of productivitias were performed using various - .

combinations of monthly cbaervations. The analysis which employed pro-
ductivity comparison ratios for the two pericds Nov 57 ~ Feb '58 and

Nov ‘§8 - Peb '59 appeared to be tlie most appropriate and indeed gave the
lowest estimate of residual veriance. The resuits of this analysls are

. summarized balow in Tables 2 and 3. Table 2 contains point estimétes

133, of j#Cl, convested back. (by taking antilogs) to {treatment
pericd)/(pretreatmont period) productivity ratlo. Table 3 contains antilogs
of differences (M40X,) - { £%TL,); that ia, the entries are ratios of the
ratios in Table 2, and of 95 per cent confidence limits for the true differ-
ences, also converted back to ratios, . _

|  fanles S
iy Category or treatment, ' Antilog SB_-!' g )
1 Uninformed controls - 1,06 .
2 Inforjméd controls ... 02
'3 Experimental groups o .98
Table 3 ‘
: Antilog of
Antilog John Tukey

. ' o~ S~ 95% confid-
_ {/l' Corresponding categories  (K+{)-({+ @) ence limits

3/2 Experimental/Informed .96 .80, 1.4

21 Informed/Uninformed .96 _ .81, 1.4
3/2 Experimental/Uninformed o .82 . “J77, L
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The estimates of Table 2 sey, for exzmple, thut the Uninformed
controls improved § per cent Suwrtag the treatment period as compared to
their performance in the pretresient period, while the Experimental

"groups declined 2 per cent. In Tabls 3 the relative improvement of the

Experimental a8 compared with the Informed groups was .96, which super- .
ficially suggests that optimization of ths personnel management program
is detrimental. However, the confidence linits for the ratios of Table 3
obvicunly indicate such large variability that nothing is, and little could
be, statistically significant. In fact, the powsr of this teat against a

real 5 per cent increase in productivity was estimated as about .1, and
to raise the power to .9 would require an estimated 44 groups per treat=-

. ment, or 132 grcupa in all, a seemingly prohibitive number. .

The sketchy analyses of employue reactions which were poesible
also showed no statistically significant effects which coculd be attributed

- to the treatments. One of the groups did show a statistically. significently

higher rate of sick leave usage than the others. This group was small,
with a high proportion of wemen omployen.

' SOURCES OF ERROR, " Some possible contributors to the large variability

are

1. Differences between groups in composition, size, and typo
of work. ; .

2. Supervisory differences and differences in the personnel
management treatment received by groups within a given category.

3. Differences created by the standards of productivity. For ex-
ample, time study may allot too few hours (say H,) or too many houwrs
(H‘) per unit of production. Then for A hours actually spent prbducing
U units,

H,U . H,U
A A v

That 1s, the apparent productivity depends on the standards, and shifting
from jobs with strict standards (H,) to those with lenient standards (Iy)
will cause an apparent increase in productivity when the actual producti-~-
vity 1s unchanged, Standards for the same job are often revised, but this *
is not believed to have happened during this particular experiment.
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Also, stendards may be set up, {nan installation iike Decatar, to applly
to handling individual {tems. Occasionally, large orders will require
handling of groas lots by 1ift truck with consequent remarkable temporary
rises in reported productivity. : . R

4. Fluctuating workload. For example, during this experiment
the invasion of Lebanon occurred, which caused a great increase in de-
mands made on this installation.

S. Errors in collecting, computing and reporting. The task of

_recording and computing H{Uj and A, for all employee x day xjob

combinations ¢ sntains many opportunities for error. In one case (found
in previous work where raw data were examined in detail) one employee
on one day on one jcb was reported to have produced 1403 units. His
productivity was 1822. The job number turned out to be 1403, and this
apparent error, when eliminated, reduced the group's monthly figure
from 106 to 102. Thus a single error had increased the group's reported
productivity by an amount comparable with that of the effect looked for
in this experiment. . : - <

_ Other basic difficulties may be inferred from the fact that after
close of the experiment the experimenters said that they doubted that
the optimization of the personnel management program sought for the
Experimental groups had been attatned, and that the level which the .

- treatment had actually reached was not very precisely known.

COMMENTS, Improvements in exparimental technique are evidently re- -
quired to obtain useful results from future experiments of practical size.
It 18 likely that variability can be reduced by such means as care in
selecting groups, elimination of clerical errors, and exclusion of data
arising from abnormal circumstances. However, .t appears only prudent
at this stage to utilize as many euployee groups a8 possible to attempt
to overcome the effect of variability still present.

There remain the basic requirements, such as, that the groups
must be and must remain independent, and must receive the treatment -
specified. It would seem that only local management can assure that
even the most general design conditions are met, and so, as essential
participants, local management should have adequate understanding of
the experiment and its objectives.
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A mr}: ON: APPRO)QMNEE CQNPIDBNCE INTERVALS FOR PUNCTIONS

: Benry DeClcco
-‘Ordnance Special Weapons -Ammunition Comma nd
Dovor. New Jursey . .

.1, !ERODUGTT ON, A oyltem ismade upofa number of componontl ln '

arbitrary combinstion, and it 1s required to obtein & confidence interval
for the reliability of the system without testing the whole system itself.

. That 18, we have at our dispoeal only the test data (let us assume in the

form of binomial success ratios) on-the-components of the system.

Spacial cases of this problem have heen treated by Buehler (1) and
Madansky (4). The method presented herein leads to approximate confidence
intervals but {8 general enough to cover arbitrary systems with relative
ease, 1t is also capable of accommodating the case where the components
of tha system are statistically dependent, although this case 18 not devel-~
oped hera. Tho method invoives computing moments of functions of random
vuriables, in partioular those functions of the observed binoralal data des-
eribad by the probability structure of systems of intarést, Although it is
entirely {2asible to compute the first four moments of such functions and

. thereby settle the question of a relevant distributién function, practical

work gencrally raquires no more than the fmt two. The following dlscuulon
{s,accordingly, so limited,

1. N INDEPENDENT COMPONENTS IN SERIES, Tet £ derote the observed

k successes in m binomial tests recorded for the i~th component, and let
p; denote the associated binomial parameter. For a system of n statistically .
independent componenta in scrier we have .

2.1 r(pl.pz. 0B - 1"(5‘ =120
(2.3) var (F) = ]T(p, +Varpl)- T[Pg '

the last two following directly from the definitions of exprcted value and
variance.

A more explicit form of (2.3) for computation is

-
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; (2.3a) Var CP) Z (Tr Pf v“";l 4 - . ' R '
te . _
N : 9 P PS
- tzt ( H ' ”1) Verm, Verpyyt
o . : |
S e ¥ Z (‘n' Py ) Ver f, Varp, ...verp
. t,,1 $ 1, 9,1 1 ) 13 R
F ‘ 2! 3'.'.'11, _.1 2 3'--.,n .
C N :
. + Ttr Yar p‘ ;
. vhere all distinct aubic,rtpu pre summsed from1to n to yisld 2" lterms . o X P’f ) ”.I
and where . R
Var ?’1 = {1 - p)/m, . _ ' | | R :

_ While the last result {s exact, it 1s easily seen that a serviceable
approximation exists in its linezrized version, obtainable directly from the
classlcal propagation of error formula, that s

@2.4) Var (1) = Z (‘3'3-) var 3: | | -

1

where the partials are understood to be evaluated at the point Pyo Pae

» Ppe Applying this to (2.1) gives R Iy

(2.5) Var (F)»> z ( y pz) Piy Q- Piz) ' ' L
‘ m, : i .

2 -

which 15 just the first n terms out of the total 2" -1 in (2. 3a).

Appiication of (2.4) naturally assumes that F has been redefined for con-
tinuity since the ﬁi's take on only fractional values on the unit interval.
Finally, corresponding to (2.2) and (2.3) the relevant unbiased . O
estimates aie easily shown to be Rt
]
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. MORE GENERAL SYSTEMS. The probabmty structure of each system
i3 of course apecilal, and it would be. polntless to attempt a catalogue of
these, Even so, it might bs useful to characterize a fairly general strug-
ture to suggeat the flexibility of the method of linearized estimates. Such

a atructurs might be as follows: assuming statistical independence through--

out, we conaider n assemblies in serles where an assembly is made up of
5 identical components. in parallel and where, further, at lzast LN of the
»; components must function for the assembly to function., We then have

| . .y . .
(3.1) P'TI ): (;1) ’,3;’ (1-6‘1).‘ T1=1,2,...n .

y=8;

and to a first order approximation

- { Rt
0.0 Fm= 7{( Lo (M) 8 een”
- y=8y .

6.9 Var (F) =
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2 Wz \ymey MY { u.?)

o 2
2 4, s ‘ -y-T o
i l'y A A 't y
z)[ 2 (5. -V Y (. 2 J o
yZ_a .(y Y p,2 La- p‘ ) (-,2 y)p12 a p‘z)
1
2
v':r{:“
2

.. ) Lo . ; I . L
- . o e s =Lt - e op - S : -

L il i . ANt ¢ b ¥ Dl L Te .
- - e 22 A e LIS ML - o
: e fa e e e B R - %N P PRGN . By

c. . v B . . h ., . . L
PR .. e . B . ! N o Y

S . . - A * P [

. . 3 “ P . .

11 L LI Vet T et e

¥ R AN BN e
P T e
. . . . BN

-




et

I ' Lo | Destgn of Experiments

where, as befoe, dwh subscripte eve summed ftom (o m. The iomwtny'
are uzually blased in keeping with a general umnutton of linearized esti~

mates. (Refer Concluding Remearks.)

In the case of s!mply redundant wstems where 8 =]we ruduy
ohtain the corresponding expuntom )

(3.18) F= U{x- “'31’ i.}

.20 E(R) o 1]{1 . (1-3,)"*} o | ‘
. . ] ) ) _1 ) .
(3.32) Var () )} [ 1{ a-[r-3,] L) s, 0-py) 2 ] var # -

o 2 1 2 2 d 2

114,y

IV. APPRONIMATE CONFIDENGE INTERVALS, = The limited experience of

the writer to date with sysiems of particular interest to Ordnance has indi-

cated that Var (F) {s generally very small compared to § (F). We now

. quanttfy:theterm*small” to determine a numerical condition under which the

first two moments as discussed ebove are-enough to give reasonably useful

confldence intervals, To do this we examine the ratto E (F) / VVar F in the
context of Tchebycheﬁ'n inequality. We readily obtain

) Pr“ }‘Eé’(ﬂ ¢ }; [ 1var ()

€22
Which has the coinmon sense interpratation that the 'larger the ratio

E(F)/ VVax (F), the smaller la the probability that a particular observation

of our chance quantity P (pl, pz, . pn) will deviate beyond & given dis~
tance € from E (F). .

Figure 1 is a plot of the bound, € of the relative deviation against

the ratio E (F) /\Var (I} with confidence level & as perameter. That is,
the condition

{ E-L ]‘(};1 -§

'''''''
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. implies the relation = ..

-{a. | | _V r .' .-
wa €_-T?’a'l§!-’)'_-

In Figure l 8 1s taken ax .10 for the 90% conﬁdenco 1nterval usually |

- desired in engineering: uppucauonn.

The ratio E(F)/yVar (F) ts commonly referred to as the ":tgnal-to-

noise retio.* Destignating this ratio by R, we tecognize the plot of Figure

1as hyperbonc.,thn is,

. € =k/R, v-l/vz .

‘We see that wher the ratio exceeds 30, xouthy, the relative devia-
tion 13 not likely to cxceed 10%. This {8, of course, 2aying nothing more
than that some 3 standard deviations on either side of the meau valun of

a distribution (unspecified save for having a finite variance) will coverabout -

90% of the range of 'values, However, the real-advantage of such a plot is

_that it shows that after a certain peint, large valuesof p (F)N var (P)

do not influence the Bound € very much, The. fact that the curve in Figure 1
in relatively flat over a whole region is often useful in deciding when esti~
mates of even the first two moments are enough to settle, in a practical
sense, questions.concerning whether a prescribed ievel of reliability for a
complicated system is likely to have been satisfled. Observe further that
this fact also allows for considerable imprecision in the estimates of both
E(F) and Var (F). If, after such a computation {8 made, one requires fuller
information, it would be necessary to calculate higher moments. The work
of Tukey (5) provides expressions for the ilrst fourmoments that go consid-
erably beyond the level of refinement of linearized estimates, However, a
major conclusion of that work isthat, with particular reference to the classi-
cal propagation of error formula (that is, the formula for Var (F)), linearized
estimates are often better than ccmmonly supposed.

It might be well to emphasize that the explicit form exhibited by lin-
earized estimates of Var (F) serves the further useful purpose of exposing
those components and substructures of a system that appear as major contri-
butors to the overall varlability. A rational allocation of additional compo-
nent tests, for the purpose of reducing that variability, is thereby indicated,
{See example below.,)
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Finally, a oomperison of cenzin calculations given by both Buehler
() and Madansky (4) indicates geood agresment with the method of this note.
For example, Madansky (1) gives the following comparison with a8 result of
Buehler for tha upper limit of 8 5% coniidence interval for the probability of
fellure of a two component, parallel system, whera 3 failures in 100 tests
were recerded for one cempenent and 5 fatlures in 100 tests were recorded
for tha other; Buchler {1) obtains, for the upper limit, .004.2. Madansky

(4) obtains .00518. )

Interprating 61 = 3/100, 32 = 5/100 now as failurerates, and using
equations (z.8) and (2.7), we obtain the follcwing unbiased estimates

E (F) = §)p, = .00I50

~ ‘. A2 A2 _ a2 _fa o A N\([a2 [A _'
var ) =B p; (p, Gl{l PP\ Pz o P2l b,)
" m; -3 \mj =1

=102.56 x 10

80 that o '
E{F) +3.162 VVer (F) = .00470.

The corresponding linearized estimate based on (2.4) yields an upper Hmit
of .00491 so that a positive bias in the amount .00021 is thereby {ncurred.

V. E¥AMPLE, The following example indicates a simple application of (3.2a) -
and (3.3z) toa system of a common generic type. In addition to computing

3 lower 90% confidence limit for the reliability of the system, we exhibit

the structure or the associated variability explicitly and also take note of

the signal-to-noise ratio.

The system {s made up of fuur assemblies in sertes (we shall assume
statistical independence throughout). The first assembly consists of a
single component. The second assembly consists of two identical compo-
nents in parallel, at least one of which must function for the assembly -to
furcilon. The third assembly consists of three identical components at
least one of which must function. The fourth assembly consists of a single
component. :

Preceding Page Blank
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The following test Catm lppuu kinarsed success nﬂon)'
b =18 | |
=8 o
zoo '

B' A S -
zon o . B

| B, ~ a8
\ 200 o
' ' Corresponding to (3. 2a) and (3. 3a). rup.euvely. we havo

Eow 1- 05 {o- -9)3}94 .96
“Vor (M= [{1 (1-’62)‘}-{1- u-ﬁf} 64]_ 3,08 .
. L ' 199 o

. . |
[3"1 {l- (l-pz)} - p3 2 “‘J . 330-53) +
. 199

2 L3112 . '
+ [ﬁl {l- - (1-32) }( = (1-p,) }] . Pa(1-Py)
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T 44.5x10 . .
We obtain the desired lower Umit .
T (r) - 3.16 VVar () = .93l
b
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i o 'rhc camponents of the verlability are as iollouh: |
. . | L

! dr | '\)’ars-l m 47.68 x 107

ael ) “ ) . I

Varf, = 954 x 1078

35

0

T e o
" | 3 B ASTLAASIES o SRR
v M r

ap 12 , | .
{ ap"a)o Ter By - - .01262 x 1070

« o : Y Varp, ' = 93,33 x 10 -_ o L o it

We thereby observe that some two-thirda of the total variability comes
from the final assembly alone, the remainder arising almost entirely from
the first, Observe that this conclusion {s far from cbvious, since the
assemblies cited are precisely those with the lowest cbserved failure
rates and, indeed, the lowest individual variances, It is therefore clear
that the most direct approach to reducing the overall variability would be
to increase the number of testd on the fourth and first component types.

Tinally, we observe a signal~to-nolse ratio about 80 which,
according to Figure 1, is within a relatively flat region of the bound €.
Considerable variation in the estimate of E (F) /{/Var (F} 1s therefore
not likely to influence a practical decision bagsed on the estimated reila~
bility of the system.

Vi. CONCLUDING REMARKS, It Is clear that 1f the observed success

ratios on all the components of a8 system are either zero or one, then the
computed variance of F (Bl, ﬁz. e Sn) will vanish and no very usoful
information is obtained. This. case would represent an intrinsic limitation
of the method of moments, but from the standpoint of applications it does

.................
...................................................
......................
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not appear to be one freguently or even omnmny encounterad.

The bias masociated with estimates of E (F) and Var (F) has been
congidered here anly with raepact to serles systems, It ia powssible, in
principle, to azzess nnd ramove the bias implied in Unearized estimates,
computed for more gancral pystems, in terms of exprassions for moments

"of the kind given in refarence (4). The amount of work involved in this
will generally be prohilitive, though for common system types it will be
fuutblo.
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PERFORMANGCE OF PROPELIANTS EVALUATEDD
BY TENSILE AND BALLISTIC TESTS

Boyd Hershbarger - . Niles White
.Virginia Polytechnic Institute Propellant Branch

ARGMA Radstone Arsenal Propulsion laboratory
' ' ' : ARGMA Redstone Arsensl

The objective of this piiper Is to show the functions which dascribe
the relations existing between static test results (avernge motor pressure .
and 50% buming time) and {light test results /burning distance, burnt velo-
city, maximum cartridge case pressure, muzzle velocity, end bum-out
time) of & 5pin stabilized rocket. A second objective is to list coniidence
ltmits in order that the results may be better evaluated. )

The equations found relating flight test.results to static test resulis
are generally linear cr of linear form, except for one logarithmtc term due
to flight temperetures. Equations predicting burning distance, burnt velo-
city and burn-out time cre described. These equations express the flight
test values as functions of various static test results. The equatiens which
express flignt test values are given in terms of (1) six static test values,
(ii) four static test values, (lii) three values found from the six static test
values, and (iv) logarithms of six static test values.  Generally, the equa-
tions which involve all the static values are best for predictive purposes.

All the different type equations mentioned are related to arithmetic means - [ : .

of flight test results and to arithmetic means of static test results.

Some relations similar to those mentioned above were found involving
logarithms of variances rather than means. These equations do not predict
variances with as much accuracy as the ccrresponding eqrations predict
means. Thus, most of this paper will be devoted to a discussion of the best
equations which use means for variables. (

There are a number of flight variables but of the three flight variables,
burning distance, burn-out time, and burnt velocity, the latter can be pre-
dicted with the most accuracy. The best equations predicting burnt velocity
are as follows:

= -5603.6 - 66004X, - .69340X_ + .32 - 589.
5 04X, 0X, +.32081X_ - 589.54X,

+3675.9 log (X, + 623), m

b

.+ 733.30%

-1359.2)(5

6
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gives the relation between burnt velocity, Yy 1n feet per second and the
six static variables and tzmperature, where x, X x, represent average
motor pressures in pounds per square inch at ~400F, 700F, &nd 160°F, re-
rpectively; X, X, X rapresent 50% burning time in seconds at 0%, -

70°F, 160°F, ranpecttvely, and. X7 2 one of the flight tumperaturu -20°P.
70°F, 140°F.

Yb = 1952 +, 07755)(2 + .1536)(3 + 543, ZXS

- 268, 7x6+z .329%, - | C. @

gives burnt velocity in terms of cnly five vadablos. xz x3, Xs, xs, x,,
defined as fer equation (). s _
Yy = = 7831.7 = 16075y, = 97.430\:2
T 386.49\;3 + 3387.7 log (Xz 4+ 578.8) ' (3)

glves bm"nt velocity as 8 function of four variables U, Uy, Mg and x,,
where u, = log xl ~ log X4, w, = log X = log xs, U= log ,‘/(3 - log xs. and
x7 is defined as above. : , '

All three of these aquations aré highly predictive. Just how good
equation (l) ts as a predictor of the actual flight values can be seen by .
jooking at Tables I, II, and III, where it will be observed that the predict=~
ed values are less than 4.5% in error when compared with the actual flight -
veluea. The 99% confidence intervals for predicted values at -209F, 700p,
140°F are respectively,

2464.62 y & 2593.4,
2686.6 4 y € 2815.4,

2840.8 £ y € 2969.6.
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o : Predicted Flight Measurements Using Equation (1)
i ! . . . '
!
! :
i at -20°F
T ' Mix :
) ' Number Actual Predicted Percent
. ! : Value Value Value
D . 1485 2440 . 2486 - L.e8
: _' 157 .| 2588 2529 T -2.27
. : 1174 2580 y 2531 -1.89
'. 187 2628 2513 L 4,37
1248 . 2550 - . 4580 . .39
L 1261 1 2502 x 2529 . : .99
R _ 1280 . 2480 2469 , - .44
y : 1293 2528 _ 2538 . .39
. 1 1308 2482 12525 1.73
g 1342 ] 2497 . 2516 .76
'I : 1351 2500 - 2490 -.40
Lot 1399 2555 . 2523 T =125
: 1361 . 2558 2490 - -2.865
' 1372 2496 . 2534 1.52
1373 2475 . 2541 | . . . - 2.86
1385 2472 2563 3.68
y
! - ] q
)
.




H - ' a6 o B ' Dasfgn aof Exprettmui! '
' - e c TAMIE T | |

Predicted Flight Measurements Using Equation (1)

Mix a_t 70°F

, ; Number ' . - '
o b . * Actual Predicted - Percent
- ' Value - Value E . Value

1495 2737 . . 2708, . - =1,05
1187 2786 2751 T 1 , R
1174 _ 2818 12753 T =2 -2,03 { - Pl
1187 2782 . 2735 . -168 ] - W
1248 - 2775 2782 owesl o e
1261 . 2708 2751 o 1.58 RSO
1280 _ 2708 2691 T = .62 I Y
1203 2737 .. 2760 - .84 | ' :
1308 - 2746 - - D2747 o .03
1342 2737 o 2738 .03
1351 - 2672 2712 ' 1.49 :
+ 1399 2720 Lo 2748 . W9 -
1361 : .| 2745 R 1AY ] . =1:20
1372 . | 2733 _ : 2756 _ .B4
1373 | 2743 2763 .72 )
1385- : ‘2740 . 2785 : 1.45,
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. - j ) .. - . ) .
? - “TABKE TOX
, t Predicted Flight Measurements Using Bquatlbn m
‘5:
Mix at 140°F
Actual " . Predicted * Percent
Number Valua value © . Value
f 1495 2037 . 2862 .88
o 1157 2954 ) : 2905 ~1.65
L 1174 .| 2093 2907 . | - .48
| . 1187 ] 2080 . .. 2889 - . -3.08
. -} 1248 2952 .. 2936 | . =54
. ) 1261 ) 2890 ) 2905 ’ : " .51
. 1280 2878 T 2845 -1.14
1293 2910- . 2914 .13
* 1308 : 2950 2901 =1.66
1342 2932 : 2892 ) - -], 36
- 1351 2764 2866 . . ~3.69
1399 2890 i 2899 .31
1361 2865 ) 2866 .03
1372 2852 2910 1.26
1373 2910 2917 <24
1385 2888 2939 1.76

A study similar to the relationship between static firings and flight
firings have been considered by the Army Rocket and Guided Missile Agency
iavolving physical test data. Propellants designated A, B, C, and D were B
mixed and cast in cylindrical specimens and subsequently guillotine sliced b '
and dog bones stamped out. Propellants A, B, and C specimens had two ST
vertically aligned dots spaced one inch apart, and a photographic technique
was used to measure the longitudinal extension. This technique should
eliminate minor dimensional changes. Propellant D did not utilize the photo-
graphic technique., In all cases, however, the propellant was cbtained from

. a cylindrical carton and no attempt was made to number these propellant
samples to designate them from adjacent samples. All propellants are within
batch data except propellant D which is five batches,

........................................
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The standand .dmmm mmm.sapemm of Ballistic aud plysioal
property data aie summarized below:

. . : Propellant _
A » c

~40 78 143 |} ~401.78 {143 -40 {78 {143

E i Strain at _ g ' :
x Max. Stress 1.1 .3 | S.4§339.5] 7.6 ] 148 31.2] 7.516.8

Std, Dev, %
: l. "~ |Total . ' , '
L ; Yariation - 10.48 qle3p © ] 0.98
e : Impulse=~% N~lg Nw10 _ Nw=l10
t g
.
& | . Propellant D ' oo e
v -25% 78% - 125°F
b Strain at 12.08 8.35 5.30
N Maximum 13,51 ~27.50 9.70
h Stress 15,25 21.92 .. 8,27
P Standard 14.93 30.66 12,58
b Deviation 15.85 31.41 9.46
| AVERAGE 16.85 25.6 9.1
Total Impulse
Variation 0.70 (N-26)

This data i{s considered tentative; however, the wide varlation in
standard deviation for propellants B, C, and D 15 considered signigicant,
and attempts will be made to explain this phenomenon. Certainly with these _ .
wide within batch variations quality control at the mix site does not appear '
to be the answer., Perhaps polymer control and/or better dispension of the

{'
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liquid soitd phase and subsequent polymerization 18 in crder. It may be -
significant that the propeliant designated A is a solution process and the
vériation of total impulse might be even lower if the formulation were out
of the research stage ag {h. propellant D.

tatistically designed experiments on a rather large scale have been

- preposed fer this physical test study. When these experiments involve

stamped out dog bones the analysis should show whether the new techniques
can be used to describe the variable in flight tests for the sevoral types

.of solid propeliants and for environmental effects,
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i ! e " PROBLEMS IN THE ANALYSIS AND INTERMETATION
o OF INFORMATION PROCESSING EXPERIMENTS*

: b, : '

< ot ' : Emil H. Jebe and Willlam'A, Brown®#

s o Operations Research Department

B cd - . Institute of Science and Technology

B ¥ : ' The University of Michigan

Studies in {nformation processing are being conducted by the Infor-
| . ~ mation Procsaning Task TIPT) of Project MICHIGAN {n the Inatitute of
E § Scienge and Technolegy of The University of Michigan. The experiments -
oo C utilize "real world” eiements and simulated elements, -

The "real world” part consists of a proceasing station manned and
operated by & six member crew. On the other hand, the non-real parts
comprise a simulated tactical situation and simulated military sensors
whose purpose {8 to furnish information on enemy task force movemants.
‘A crew is assigned the task of keeping up with the locations of enemy

. elements in the simulated tactical situation. Differences betwaeh the
_ "postulated" locations and the true positions {n a specific problem or -
" run provide a score wiiich is the measurement of the performance of &
' e crew. This score is the response variable which is being analyzed.

- e o

A e | g e+

. ' This general description of what is being done needs to be expanded
in terms of: : :

1. The tactical situtation being studied,
2. The operation of the processing station,
3. The factors which have been studied,

N ; 4. The inputs to the station,

5. The outputs of the atation.
g . *This work was conducted by the Information Processing Task (IPT) of

4 Project MICHIGAN under Department of the Army Contract DA-36-039 | S
SC-78801, administered by the 1. S. Army Signal Corps. B

**Mr. Brown i3 now with the Physi.s Department.
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to receive and process reports on the movements of these Red Task Forces,

A e il s o e o e e h ' -

Understanding of these Hive items will be aided by a flow chart disgram d
the operations, see Figure 1,

The simulated tactical maneuvers take place within a military reserva~
tion in the western United Siates. The area of interest is roughly &8 square
measuring 20 miles on a side. It is assumed that it ts daylight with clear
weather and the 3lue forces have air supericrity. Red forces consist of _
parts of two diviaions which have moved {nto the reservation as an atteck~ -
ing force. Blus forces prevars to repel the attacking Reds. It is expected
that Red Forces will be dispatehed to counter the Slue movements. These:
Red Porces may meve ahout 20-25 miles usually on reads through the re-
servation areu between 1300 and 1700 hours. A normal amount of miscelln-
necus traific in the area {called tactical noise) takes place dus.to Red
movements not directly associated with the moving task forces,

it ix the function of the surveillance information processing station

i.e., to track these concentrations and report where they are at selected
times. “Where they are*, of course, means where they are estimated to
be. Thus, the purpose of thess experiments is to investigate the perform- -
ance of combat surveillance processing syatem concepts as implemented

in a laboratory station. Specifically, measurements are made of the ability
of station personnel to locate military concentrations an a function of sel-
ected sensor characteristics, the given tactical situation and the modes

of operaiion of the station {tself. .

In a number of experiments five crews have been used to operate the
station with each crew repeating the same problem five times. The latter *
effect 1s referred to as "Repetitions.® Other factors that have been varied
are the scan rates for the two sensors used and the detection probabilities
of these sensors. The number of moving Red Task Forces has usually been
held fixed for a single experiment but has varied from one to five among
experiments. In one experiment the number of moving task focrces was
varied with levels 1, 2, 3, 4, or §.

An I1BM 709 computer is used to prepare the inputs to the processing
station. A set of computer programs store the terrain information and the
Red Task Force movements {n the target area. In addition, the computer
programs simulate the output of the sensors and messages and overiays
are prepared for the surveillance station to process. The content and na-~
ture of these inputs to the station are modified from the actual task force
movements by:

U L P P,
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1. Une of sight considerations whlch ar» checked hy the
‘computer program,

2. The particular treatment'combinauons applied for the run .
(experimental unit), which introduce stechastic elements
through the detection probobilities of the sensors simulated.

For a single experimental unit (a run of the statton for ona afternoon)
the information received by the station is based upon these computer simu-
lations and this information Ls used by the statton personnel to track tho _
Red Task Forces. .

The output of the processing station consists of reports on the location
of a Red Task Force. The chief of the station crew is designated as the
Postulator. He 13 expected to give the locations & the task forces when
requested to'do 50 by the control section. These locations are specified
in terms of map coordinates that delineate the perimeters of the terrain
occupled by a task force. Such locations may be sither an area or a route
or a combination of areas and routes, Tha response for any one task force
is Umited to eight map points for each prediction. A scoring program using
Monte Carlo technlques converts the station outputs into error diatlnce
scores,

In designing the first experiments, the latin-Square configurstion
seemed most adaptable to the investigation of effects of interest, Per-
formance or employment variations of the sensors have provided the treat-
ment levels for the experiments. Since it was desirable to investigate
several factors at a number of levels {n one experiment, the § x 5 orthogonal
square was chosen as the basic design. Rows and columns of a8 square have
been designated as “repetitions™ and "crews, * resectively. That is, five
crews have been used with each crew being prese: .ed the same problem five
times but with a different set of treatment combinations imposed for each
time. From some points of view it would be desirable to present a new
tactical situation to cach crew for each repetition or run of a problem.

In wrder to grasp more readily the layout of the experiments, Tables 1
and 2 are presented. For the designation of the treatment levels in the
cells of the orthogonal square, the numbers 1,2,3,4, and 5 are used. For
example, crew 3 on its first repetition was presented with level 2 of Pactor
X, level 5 of Factor Y and Level 4 of Factor Z.

Within cach cell of the orthogonal square, i.e., for a single run, usually
eight reports are made by the crew on the location of task forces. These ra-
ports are spaced in time at 20-minute intervals during the development of the
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I .
SO |
N - N Table 2
i : RANDOMIZATION OF THE DESIGN FOR BLOCK 1*
‘ Crews '
1 1 2 3. 4 5
B . i ) ~ Repititions . -
. ? 1 | 3.3.2 ,4,3 | 2,5.4 4,1,5 | 5,21
5 1 o | |
. : ) 2 | 2,4,5 4,5,1 5,1,1 -2,5,2 | 1,2,3
o '
3 i . %
} L] N . »
: 3 4,2,4 5.3,5 30‘01' 1,5,2 20103 ‘.--'..-
| |
: 4 5,5,3 3.1,4 1,2,5 2,3,1 4,4,2 .
s | 111 2,2,2 4,3,3 5,4,4. | 3.5.5 10
O3 1] d
SR
*Tor Block I the factors varied were X, Y, and Z (refer Table 1 above). Thus, | ;- L
the numbers 3,3, and 2, for Crew 1, Repetition 1 refers to levels 3,3, and 2,
® respectively for X, Y, and Z as described in Table 1. The factors U, V, and
* W were {ixed ot levels 1, 5, and 1, respectively, for each of the 25 cells of
- the Block I experiment (again refer to Table 1).
® o
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asimulated tactical situation. Thus, the structure of an experiment might

ba doscribad ag orthogonal square with split-plot features provided by the
time spacing and the targots. The term aplit-plot 1s used because of the
simliarity with the standard split-plct sxpsriment whether the main plet
structure be a rancdomized compliste bleck or Latin Square. Within each main
plot or cell of the corthogonal aquars, aight observations are obtained (one
for ench tima) for each tagk force. But, of courss, neither time nor tnrgetl
can ba randomized ns requirsd for a split-plot design.

In consldering uni-variate analyses of variange for thau e;:peﬂmentt
these problems may be stated: .

1. The rows of the square, designated as repetitions, donot = .
conform to the usual pattern for rows and columns in a
Latin Square. The rows within each column may be expected
Lo have some unknown dependence or correlation.

This situation could be remedied {f different tactical situations ware pre-
sented to the crews. Admittedly more tactical situations could be developed
for the one reservation being used, but this has not been done to date, We
have even sugygested using different terrain areas for each repetition, f.e.,
one situation might be at Ft, Bragg, another at Camp Folk, another at Camp
McCoy, eté. Clearly, this would remove the memory element for the crew
in reimembering what happened to Task Force Alfa on the last run, and ,

thus, reduce the unknown correlattons in each column. Such an expuximent
would seem to be somewhat unrealistic, however, in that a surveiilance
group would normally function within a limited terrain area for a period o!
time.

2. Degrees of freedom for assessing main plot treatments are
too few. Should we combine four degrees of freedom error
terms from successive experiments?

An alternative suggestion is to try to increase the error degrees of
freedom within a single experiment., This increase may be accomplished
by breaking out the {ndividual degrees of freedora for the quantitative factors
and using the higher order, cubic and quartic, effects to add to the four de-~
grees of freedom for ervor. _

First, Table 3 presents four degrees of freedom error terms from success~-
ive experiments.
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" Table 3

Error Mean Squares from Flve Experiments
Listed by Target (Task Force)

" Number  Menn Eguare for Error*
' | _ Target ' |
0 1 2 3 s
1 2.97 | L
2 - o288 SR
3 - L5 o.82 7.2
4 3.36 213 0.93 :0.79
5 2.1 4.8 2.7 0.62 1.1

These mean squares in Table 3 are obtained from an analysis of transformed
data, {.e., natural logartthms of the original error distance scores expressed
in meters. Selection of an &ppropriate transformation is a prob;om in ftself

which 18 not included in this paper, (2)

On the other hand, combining cubic and quartic effects with the error
sum of squares has beon corried out for some of the experiments and partial
results are displayed in Tabie 4. From the available evidence both of the
approAches suggested appear useful for increasing the sensitivity of the ex-

periments,
3. The split-plot intorpretation for time as a factor is not valid,

4. What interpretations can be made if an overall univariate analysis

“Variable annlyzed {8 the natural logarithm of thn chaerved error acore.
Source: (1),

.........
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- of variance is computed with both dme acd targets as
apparent split-plot factors and there is interest in inter~
actions with main plot treatments?

The questions (3) and (4) may be considersd together. An example of an
analysis of varience for one experiment appears in Tabla 5, below. The real
problem is "Whnat 18 the proper {nterpretation of that part of the analysais in
Table 5 belew the four degree of freedom error term?*  The Model implied by
the analysis seams insceguate for the exparimental situation, (3) The parti-
cular example shown in Table 5 presenty no problems; all the ohservad {nter-
action mean squares are ‘small’ in relation to the residual mesn square,. The
situation is quite different, however, for other experiments of the serles.

5. The preceding questions raise the issue of alternative designs.
Hence, what designs are practicable and desirable for these
experiments ? )

Due to limitations on number of crews smaller squares, e.¢g., 4 x 4,'
and some Youden Squares have been used. Also, some non-orthogonal de-

signs have been used sinte least squares analysis is easy with our computing )

facilities, (4) The Intest design considered 18'an incomplete block design
from the clasg of partially balanced designs with two associate classes. (5)

Actually, factortal arrangements of the treatment combinations should be used

s0 that most of the two-factor interactiens could be measured. The § x §
orthogonal square with treatments assigned in three languages {sinfacta l
in 125 fraction of the total design and does nct permit assessment of any
desired interactions. To date a feasible factorial arrangement has not keen
worked out. The limitation to three crews is severe. An examination of the
National Bureau of Standards publication, AMS 48, for some of the smaller
fractional designs indicates that four or eight crews might be used to block
the experiment in an acceptable manner. (6) This blocking procedure, how-
ever, would affect the assessment of the "crew effect" since crews would
be confounded with any other extraneous effects which the blocks are de~
signed to remove in evaluating the treatments. It is believed that the result-
ant confounding would be no greater, perhaps, tha: the assignment of crews
to columns of the latin Squares. Some extraneous effects, e.g., suchasa
particular crew aiways working on the same day of the week, have been
present in the already completed series of experiments. On the other hand,
introduction of the trick of a pseudo-~factor, {.e., dividing four crews into.
two groups of two crews each would permit direct introduction of crews as a
factor in an experiment. (7)
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. . COMPARISCH! ©F ES®00 2N BOMARTS WITH GUDIC AMD QUARTIC COMPOSTINTS -
‘ OF F/CO8 STTTSTS FOR CELRSIGD RIPEIUINTS

Loxses m._szs _t.ma'

Dopominasd Boonn
N do‘o L ' 2 * '_3

 Brror M8, - - LS ¥ 0.82 ' 1.2
€ & Q Components 6 2.h 2.7% i1.h
 Gonbtnod | 12 21 2.1 10.0

Peror ME. ' 4 S B 2.13 083 . l
CuiqQCoponents = 8 . L 2.3% 6.78 e
Conbiocd 12 2. 2.27 kB0 S

Exvor. M.8, _ . i ' - 2.1 R 2.7 : ' E-.‘
€ & Q Coupooents g™ 045 3.6  hb ey
Cocbloed | 12 1.0 b0 3.8 L

# D,f. » degreon of frooden

##% - Tha composition of thooy corponents 40 not thd sarme for all threo
erperiments. As an example, in Cxporiment hunber 3, tha couponents
are obtalined from: :

1. Roapetitioas
2. Foctor X
¢ 3. Foctox Y

M. Factor 2 :
Source: (1) )
.
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& . | AMALYSTS OF VARIANGE OF EYSTTI PENFOTIANCE TASKD 0N ORIGIRAL SCORSS, -
| ; TLASTOISED 0 HATURAL LOGAURFS VSIS L BICOD MEOD. 0K MO 1
. C . mowsanof Yaxhakden ©  Poxood of Frasden Sda B
o P sl 19 153.9 s
| - ‘ O ¥ 6.10
i Ropotit.ons & : ._2.62 o D‘n .i
| . Factor x. 4 351 : 0.88 :
| : . Factor ¥ ok - 9.01 2.8 r
*, ‘Tuotor 2 ok b3 1.10
;‘ : Error 4 Tone . am
o S Tice 7 19.26 2.7
' » In:_oracuono - ‘ : .
X 28 10.59 0.8
2 L | 3 8 168 - 0.8
- ' 2T 23" 6.90 0.5
cr 20 @Ay o6
=) . | &R 2 847 0.3
"' ' Reoldual 28 15.3 ' 0.55
% Rofer Tablos 1 ond 2,
L
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