
.1

ARM EDi5 ERYICES TE70-ICAL JNR •'"1T AEC

AKINON HALL ST'ATION
S~~AJILINGI N .12, IGNA"

JHE -ORIGINAL -PRINTING .OF THIS' DOC'UMENT.-

.CONTAINED. COLOR WHICH ASTIA -CAN- ONLY/

REPRODUICE 'IN BL.ACK AND- WHITE ....

UNCLASSIFI-ED.

This document Contains
blank pages that: were •not filme. Best Available Copy



IIngvrmto te r~gj p

1 . L. -A

5. trmn prcren oprtop h .

Goi'e.rnm1ent theeby incur no ter dx.osibiai, norem-

met, mayD5 0av fotrc atea f16 Q hedp for Iny anyPO~ va .

otpledtersi dravecnga spcfctono a

vise r.s* in any 'uaner licensing the holdaer or any

otbe pesotor orpimt onokconveying say r±iats
or permission to atufsctLrep use or Bell any 55

thereto. .

i t j



ARODR.6-Z
IIW 10l C8NIA I US CLt*U FAWi A= l=* 4 .SItptswc-loss uAnu. I to &A. ct.A0,nwlN ,
ILl NMMAL MAY it SKI -IN AsrT.&A.JMa•P 8 tSm

C-• U. S. ARMY RESEARCH OFFICE-DURHAM

PROCEEDINGS OF, THE S IXTH CONFERENCE

I- ON THE DESIGN OF EXPERIMENTS IN ARMY RESEARCH
- DEVELOPMENTAND TESTING

C-..

I..

1J

U. S.' ARMY RESEARCH OFFICE-DURHAMBOX CM, DUKESTATION

DURHAM, NORTH CAROLiNA A S T I A_

XEROX [I..-

Best Available Copy



INAL CO•AINS COLORAL A

g~¶9DUr~z~sWIL BE IN BLACX AND W12

U. S. ARMY RESEARCH OFFICE-DURHAM

Report No. 61-2
December 1961

PI.OCEEDINGS§ OF THE SDfTH CONFERENCE

ON THE DESIGN OF EXPERIMENTS IN ARMY RESEARCH

DEVELOPMENT AND TTING

Sponsored by the Army Mathemtics Strwlng CoMMitte

conducted at

The Ballistic Resetrch laboratories
Aberdeen ProvinQ Ground, Maryland

19-21 October 1960

U. S. Army Research Office-Durham
pBox CM, Duke Station
Durham, North Carolina

Best Available COPY
This document contains
blank pages that were
not filmed.



REPRODUCTION QUALITY NOTICE

This document is the best quality available. The copy furnished
to DTIC contained pages that may have the following quality
problems:

* Pages smaller or larger than normal.

* Pages with background color or light colored printing.

* Pages with small type or poor printing; and or

* Pages with continuous tone material or color
photographs.

Due to various output media available these conditions may or
may not cause poor legibility in the microfiche or hardcopy output
you receive.

E�If this block is checked, the copy furnished to DTIC
contained pages with color printing, that when reproduced in
Black and White, may change detail of the original copy.



. .mm . .....

4..l

, "i -.I.- --
Pr'ogra3 .. *... ... .. 0. o 0., ........ ... *o** .. .. .- '

Reitability
By Dr. James R, Duffett. . . . . .. 4

E£omrnatlon of Residuals
By Professor F. 1. Anscombe ... . -

* ~~A St-,A~aion Errorý-Mo.del foyi n Airborne 'Target.*' -

LOCS. ton, system*
ByE. iser and JohnB .Bc mn n.

* ~Anatysis of Some± Traj'%ctbrv Measuring IAstrumentmtlon
Systems

By Oliver Lee Kingsley .... . .. . .. , ' * . 21

An Application of the Zxponential Hazard Model to
Aerosol Chamber Trial Data

S.By Theodore W... .. .... H . ,31

Calibration of a Zinc Sulfide Particle Detector

ByJohnE, Malligo . .... ..... 41

",* Effects of Aiming Point Patterns on Bomb Salvo Target
*Coverage

By Ralph D. Doner.. 41;7."4."

-The Tolerance Structure of Complex Systems**
By William S. Agee

*This paper was presented at the Conference. It canles a security
classification of CONFIDENTIAL. It in being published in a class::ed.
appendix- to this report.

"**This paper was presented at the Conference. It dies not appear 1.•i•" ~ ~~these proceedings. ",i,',

::--~.................................--......-...-...........-........ .,. . ..... ..



TABLE OF CONTENTS (Cont'd)
Page

Allocation of Resources and Military Worth*
By Walter E. Cushen

An Experiment in Personnel Management Evaluation
By Richard R. Blough . . . . . . . . . ....... . . . . . . 59

A Note on Approximate Confidence Intervals for
Functions of Knomial Parameters

By Henry DeCicc ........ . . . . . . .. . . . . 69

Performance of Propellants Eveluated by
Tensile and Dmliistio Tests

By NlesWhite and Boyd Harshbarger .

Problems in the Analysis aid Intsiretation. c
Information Prooessiag Zxperivm

By Emil H. Jebe andWlUuA. b ........ .... ... . 91O

Multivar•ate Analysis for Pref.t Migan ts
By Emil H. Jebe. .• 1. . . .

computation of Expected mesolutio Imovgmnt
Factor of an Inveso Fluter •yse

By Chandler Stewart................... ..... 119

Panoramic Viewing Utilizing Hyp)woIUc £L4p"61i'r
Reflecting Optics

By Donald W. Rees . . . . . . . . . . . . . . . . . . . . . . . 139

Some Statistical Problems Related to Misstle Safety
By Paul C. Cox . . . . . . . . . 161

Design for Weighing balibrations**
By Neilson

*This article is being issued in a classified security (=SCREY) appendix

of thts lechnical manual.

-1 rns paper was not presented at the Conference. It is not published
ti•(,,se proceedings.



T~t~. 0! ~Page

'Response Surface Analysis as-Related to Repellant
Re3earch*

By D. G. Boyle and E. A. Perlnmn.

*Ap~plication of Ffctotrial Experimert and Box Technique

By 1). J. Katssnts anidC. L. Tulton .. . . . ........ 18

On the Probiem df Nega~tive Eutimates, of Variance*

By W,. J. Thompzon, Jr. and J. R. Moore

J~R.. F. VWbAth, . . . . . . . . . . . . .e . .. . . . . 229

PNma1 Discus!;on on Commton Pitfalls -1n the Design
and An.~lysiv o! £~nerit1ents

By G.E.-P. BE:x (Chziryman), Cuthbert Ddniel, 1. S. Runter,
W.1. Youde ndarvn Zl~an.i. . e. . . . ......... 243

The Enduring Vamlueu'
* By W. . Youden

Some Tests for Outliers
ByC. P. Qu'ssenbirry and H. A. Dlavid. . 247

Xote on PrecisIio of Graded vs.. All-or-None Response
in Bioasxay

By Francis M. Wadley . . . . .. *. .** ** * .279

A Comparison of laboratory Evaluation tk~id Field
* Wear of Military Fabrics

By VWilliam S. Cowie........... 285

Em-ilmation of Condemnation Limits from limited
Fatigue Runout Data on FUll Scale Components*

ByJ. P. PurtellandC. W. Egan

"*This paper was presented at the Conference. It does not appear in
these jVroceedings.



p, + °,

TkaLE Or CO==PS tM W

Group Sereeuing Designs
By W. G. Connor ................. * * ..-a .. V293

Muluvar!.,te Analsis Illustrated by Mike -Hercules:
I. Separation of Podut and Measurement Variability,
11. Accep~tance Samnpling' -i i;'

By J. ,Edward Jackson .... . .. ....... . ...... -.. .307 i iii'•

A Trial Comparing Ct.rttin Side E.ffects of Two Nerve
Gas Antidotes, Uinrq iHuman Subjects

By C. A. de Candole and B. A. Richardson. . . . . . . . 329.

A VlIul.nce Measure for Minute Organisms*

By S. A. Krane

Design -f an Eyperiment for the Most Efficient Conduct of ,ug
Safety, Reliubility and Performan".e Tests of Fuzes in the '
Disgn and Development Stagies

Ey Gertrude Weintraub 339 " '

b.1i Design of an Expertinerkt to Evaluate the Effects of .
Various Factors Affecting the Acceleration of Unconventional
Fragmernts*

By Gertrude Weintraub

Design of a Laboratory Statistical Reliability Program
for the T46EI Warhead* J

By Alfred Florentiono

Design of a Laboratory Reliability Program for the
XM44 Shillelagh Missile Warhead and the XMS05
Fuzing System* " "

By Lawrence Langwell

Reliability Prediction*
By A. iulfinch

"*This paper presented by' title. It does not appear in these proceedings.

." .. .,



¶ ~ ~~~TABLE OF COQ=~NTS rwamf4Tetfrtedeit

On the Us's of Monotone Ftmncttons in Multi-

Dimrensional1 Environmn'~rtal Testing*-
'2' By Edward W. Chittenden

*Asym~ptotically Locally Most Powerful et o~h dni
of I~egressicns of Variables R~equiring Trdnhtozmations*

* By Jerzy Neyman and Elizabeth L. Scott

V..%

t

*Ti ae rsne ytte tdosntapa1nteepoedns



FORWAMD

The Army Mathematics Steering Committee irtiaited the present series

of conferences in October 1955. It is the intent of this Committee that
these Design Conferences afford an opportunity to statiticaI design upe.-

cialists and Army research, development and testing personnel to get to-

gether and exchange views and experiences in this raptdly growing field.

It is also the Intent that through Invited aeddrsses and special panel dis-

cussions many of the new devbIopments in the theory of Statistical Design

and Analysis of Experiments be brought to the attention of k-r-y scientists;

they can thei make use of these new theories to help solve sorne of their
complicated design problems.

It is of interest to note that the host of fkd Confmonxe, the Nlltstic

Research lAboratories, has for many years recognised the Importance of

mathematical statistics and actively applied the methods in Amy rpearch
and development. In 1926 Dr. L. 8. Dederick derived in an unpublished
manuscript the probability distribution al the sample range. In 1936

General (than Captain L aoh* 3. Simon form" within the Ballistic Research

LAboratories a group essentially ceonsmed with socientific sma .,ng. At
about this same time, he, with Wolonel N. N. Smr4q, publt.hed a ;*per

entitled *The Propsed 1ysm of kreillan of A r bMaerye Ammunition.
Among the many MM mrpsts in th field ed msnets two papers by ft. H.
Kent, one Issued in 1933 an "The Most -- mAoI bNple 81Re and the

other in 1940 on *The Estimation of the Probble Rmn *am &Woessive Dif-
ferenoes" are represetative of early wark and oared to stimulat additiona l
research in this field. Other ealy Otdmenoe oontribmtions tngke the
Ordnance ampling Inspection Tbs. Thme were very mpwmw.nt &wing
World War 1U and were the finorumiers of the tables tnduduAid by the

Departme- f Defnse as MIUiy mandmd 1OSA. Ifth-matiel Statistics
has been, and is, playing an important role in the montinuing rsomah, devel-
opment and testing activities at the Aberdeen Proving Gowvnd, 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 bilemtic Research
Laboratories.

The five invited hour addresses at the Sixth Design Conference were
-,livered by F. J. Anscombe, W. S. Conner, J. R. Duffett, ]. E. Jackson,
aid W. J. Youden. Residuals, experimental designs, reliability, and multi-
- !iate analysis were the topics discussed by the first four of these snr-Mkers
W J. I uden, the banquet speaker, talked on "The Enduring Values'. A
;-,•,n ' ., -ussion on "Common Pitfalls in the Dezcign and Analysi'- ot Ex"rn -

f,;" was nrganized and chairmanned by G. E. P. Box. The member- . .

Best Available Copy
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his panel were C. Daniel, J.S. Hunter, W. J~Yoddaza,*nd M. Zelen.
In addition to these addresses, ton papers were presented inl the Clinioal
Sessions, fifteen in the Technical Sessions, and eight by title. Special-
tsts 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 analysis. In the Technical
Sessions, personnel management, simulat~ion, trajectory analysis, aerosol
chamber data, nerve gas experiments, reliability of w.~epon system is, and
response surface analysis were but a few of the topics that were con-
sidered.

The Sixth Conference was attended by US5 registrants and p.4-Tici-
pants from 58 organisations outside of the ballistic Research Labora -
tories. In addition, 71 staff memabers, and other personnel of the hoAt
organization were present. Speakers and panelists come from Bcoz,
Allen Applied Research, Inc.,* Canadian Arm Opmta~ioal Research
Es tabli shmen~t, Cornel~l Universty, Defsbnae Research Medical La bors
tories (Canada), Eastman Kodak Company, Oemeal Analysis Corporation,
Hercules Powder Company, National Bureau of Standards, Princeton
University, Research mhangle Institute, Space Techniology Lakboratories.
Inc., University of Calffonia, University of Chicao", University of
Georgia, University of Maryland, University of Michigan, University of
Wisconsin, Virginia Polyte-,%nic Institute, and 15 kAry facilities.

The members of the Army MatheMatcs Steering Committee take this
opportunity to express their thanks to the many speakers and other re-
search workers who participated in the Cond&rence tok dier Gonru
John H. Weber, the Commanding General of the Aberdeen Provina Ground,
and Colonel 7. P. Hamill, Directo of the OUistic Resarch Laboratories,
for making such excellent facilities mavaiblo for the C.onjerece &nd
to Dr. Frank E. Grubbs who served as Chairman on Local Arrangements.
Thanks are due many other at the Laboratories for the tiwe and the
help they gave theprarticipants. (X these, Mdr. 0. P. Bruno and Major
Joseph E. Sow* deserve special mentign. They handled many of the
lecal details for Dr. Grubbs and orgnized the interesting tour of the
Local facilities.

Best Available Copy



F~inally, the Cha1rnnt w'ishes to express 'ýis appreciation to the Ad-- ,. ~visory Committee; G. B. P. Box, F. G. Dressel (Secretary), Frank E. .
Gruibbs, Boyd lirsbarý;r. Clifford J. Malonrey, J. S. Hunter, and'

. Marvin, Z1.cn fer thrŽr belp in organizing the pro'ram of the Conference,
and epvc-,11y tc Dr. D-.5sel for coordinbtinT Phe Conferenice pgroqmm,
and steering theseFo cYead1ir.9 through publication.

Professor of Mathematics
Princefon Uni~versity :..



PROGRAM

SIXTH CONFERENCE 011 MV,=3t lSGTZ Or- WY1MENTff n4 ARIw
RESE.ARCH, DEVEWPM &=W ADTESTG

19 -214 October 1960

* Wednesdip. 19 Oc-tober

REgIST1ATTON: 0845 - 0945 (Ea~stern- Daylight Saving TflmeY

Theater No.. 1, Aberdeen Proving Ground

GENtERAL -SESSION 1: 0945 -.1215 -Theater, No. I-

'Cai~ing of Conference to order:

Dr. r. z. crubbg, Local Cbairnian

2: - We lcome:

Brigadier General 1. IH. Weber, Commanding General, Aberdeen
Proving Ground

Introduction:

*fColonel 1.P. Hamill, Director-of the Ballistic Research laboratories

Chairman:

Professor S. S. Wilks, Princeton University

Invited Papers:

Relia bilitty

Dr. James R. Duffett, Space Technology 'Laborutorles, Ina.

Examination of Reosiduals ~
Professor IN I. Anscombe, Princeton University

At 1215 buses leave Theater No. I for the Chesapeake



A vfLedrtesday Afernoon ~ ~

There will be three Technical Sessions and one Clinical Seu~uion con-
ducted Wednesday afternoon. Technical Sessions Iland ll will hie hold
concurrently from 1400 to 1500. From 1515 to 16.4S Tevhntcal Sessiton III and
Clinical Se.ssion A will, be running concurrently. The security classification
of the first paper in Technical Session III is SECRET.- No clearances are
requir.~d for the other papers given on Wednesday.

TECHNICAL SESSION b: 1400 - 1500.,7 Chesapeake - Room A

Chairman: Joseph Weinstein, U, ff. Army Signal'Research and.
~ Development laboratory

A Simulation Error-Model for an Airborne Target Location Systema -
E. Biser andi John Beckmann, U. 8. Army Signal Research and
Dev~elopment Laboratory

Analysis of Some Trajectory Measuring Instrumentation Systems -

0. L.. Kingsley, Range Instrumentation Division,' White Sands
Missile Range

TECHNICAL SESSION 1i; 1400 - 1500 - Chesapeake - Room

Chairman: Clifford J. Maloney, U3. S. Army Biological Warfar

Laboratories
A TriAlI Comparing Certain Side Ef fects of 7Twou Nerve Ga s Antidotes,
Using Human Subjects - C. A. de Candole, Defence Research
Medical Laboratories, Downsview, Ontario, and B. A. Richardson,
Canadian Army Opbrattonal Research Establishment, Ottawa, Canada¶

An Application of the Exponential Hazard Model to Aerosol Chamber
Trial Data - Theodore W. Homner, Booz, Allen Applied Research, Inc~.

COFFEE: 1500 - 1515 - Chesapeake



* *..nr,-.C¶?,I-.n SEg A- ISIS' - 164Z5 -.fheyapeal.ih-*eW - • *.A,.

Chairmen: Ralph E. Brown. Frankford Ar l

Panelists:. G.E.P. Box, The University of Wis'consin

A. C. Cohen,. Jr.. The University of GeorgAa

W, S. Connor, The Research Triangle Institute

B ~H. A. David, Virginia Polytechnic: Institute

J. R...Duffett, Space Technology Laboratories, Inc

Callibration of- a Zinc -Sulfide Particle Detector - John 9. Malligo.
Methods Research Section, MR & AE Branch, Technical Evaluati 04

"Division, Chemical Corps Biological Laboratories . :

Effects of Aiming Point Patterns on Bomb Salvo Target Coverage -
D. D. Donor4 Systems Analysis Laboratory, OML Division, A•''

".1 .4 Rocket end Guided Missile Agency, Redstone Arsenal

The Tolerance Structure of Complex Systems - William S. Age.,
Flight Simulation Laboratory, White Sands Missile Range

TECHN1IA1, SESSION 111: 1515 - 1645

The first paper in this session carries, a security classificetion o4
SECRET and will be held in Room 259, BRL Bldg. 328. Transportation '...
the Chesapeake to BRL Bldg. 328 will be provided at 1505 hours.

The second paper will be given in Room B, the Chesapeake, beginm•it.
at 1610 hours. Transportation from BRL Bldg. 328 back to the Chesapea'
will be provided at 1600 hours. k --- A

Chairman: F. Howard Forsyth. Office, Chief of Ordnance. Depertn•-
of the Army

A Bide. 3281

Allocation of Resources end Military Worth - Walter E. CusbeM.,
Operations Resiearch Office. The Johns Hopkins University

.... 2.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. 2-:



--- - ---f--- -t-

TECHNICAL SESSION III (Cont'd)

Room B, Cheso2D2ke

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

Wednesday Evening- The cocktail lounges at the Chesapeake and th'
Main Club Lre open from 1630 to 2300 hours. The dining room at th,Ž MaLn
Club is open from 1800 to 2000 hours.

Buses will take conferees to motels or Main Club.

Thursde.y 20 October

Clinical Sessioi B carries a security classification of SECRET. It and
Technical Sessiar rV will run from 0900 to 1015. Clinical Session C and
Technical Session V scheduled from 103') to 1230 complete the morning phase
of the program. In the aiternoon Technical Sessions VI and VII run concur-
rently from 1400 to 1440. General Session 11 will be a pinel discnsiton
and is timed from 1500 to 1645.

TECHNICAL SESSION IV: 0900 - 1015 - Chesapeake - Room A

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

Reliebility of Weapon Systems Estimated from Component Test Data
Alone - Henry DeCicco, U. S. Army Odrdlnoe Special Weapons-
Ammunition Command

Performance of Propellants Evalumted by Tensile and Bllistic Tests -
Niles White, Propellant Branch, Propellant LAboitcry, ARGMA, and
Boyd Harshberger, Virginia Polytechnic Institute

JLINICAL SESSION B: 0900 - 1015 - 13RL Bldg. 328, Room 259

?u,,•ty Classification - SECRET

Ž:'',Portation froren the Chesapeake to BRL Bldg. 328,,•i1 e avwabl:n
",1 h Bus frem BRL Bldg. 328 to Chesapceak st •.8 hu")

Best Available Copy



Q1ý,ICAL SESSION B.-[ (OontA

Chairman: Edward W. Chitterriden. D~iamond Ordnance ruze Laborcatories

panelists: R. -M. Eistner, Balliastic Research lAborstories

Wmlter Foster, U. S. Army Biological War-fare Labor-r.

* astories

J. R. 7ohnson, Ballistic Research Laboiratorloe.

Cllford 1. I4alorey, U3. S. Army Biological Warfare

Laboratories

WilwRnjbrtre.Operations Research Department

WiliamA. Robertn Emi H.chhobe, Th:el University o ihgn

Willo H. Run Daoavoies, Vperationi s Relytech Depatment

Jerzy Neymain, University of Cal~iwnga. Berkeley



Xp

CLIN1=1I 9ESSION C: Cont'd)-

Comptaton o Execte Reolution Improve ent Factor Chandler
Stewart, Mine Detection Branch, Engineering Research and
Development Laboratories-p

Panoramic Viewing Utilizing Hyperbolic Ellipsoidal Reflecting Optics-

* Donald W. Rees, Physical Sciences-Laboratory, U. S. Ordnance

Tank - Automotivo Comirbnd, Detroit Arsenal.

Some Statistical Problems Reluityd 'to M~issile Safety - Paul C. Cox,
Reliability and Staetistics Oftice, Ordnance Mission, White Bands
Missile Range

1ZTECNLCNL SFESSION V:1030 - 1230 - Chresapeake -Room B

Chairman: Lawrence Langweil, Warhead and Special Pro~jects -Laborator.
* Picatinny Arsenal

Dosign for Weighing Calibrations -Neilson, Hercules Poywder'
Company, M4agna, Utah

Response Surface Analysit as Related to Repellent Research -

D. G. Boyle end E. A. Perlman, Hercules Power Company, Mvagna,
Utah

Application of Factorial Experiment and Box Technique to Ballistic
Devices - D. J. Ketsanis and 0. 1., rulton, rrankford Arsenal

* LUNCH: 1230 - 1400 - Chesapeake

TECHNICAL SESSION MI: 1400 - 1440 - Chesatrake - Room A

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

On the Problem of Negative Estimates of Variance - W. S. Thompson,
Jr. , University of Delaware, and J. R. Moore, Surveillence Branch, I

Weapon Systems Laboratory, Ballistic Research. Laboratories

.7 .7.
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- -TECIINICCA. SESISON VII! 1400 - 1440 -Chaempeake - Room B

Chairman: S. A. Krane, General Analysis CorpewaUon. Dugway Proving
Ground Office

.'1iild-Up" of Single Point Source Data - . P. WIklte, General .
Aralysis Corporation, Dugway, Utah

gOF'EE 1440 - 1500. - Cl-itepeake

GZNEAI. SESSION n: 1500 - 1645 - Chesapeake - Room A

Panel Discussion an Common Pitfalls In the Desigun end Analysis of
Experiments..

Chairman: G.E.P. Box, The Vniverslty of Wis consin

-: Panel Members: Cuthbert Daniel, Private Consuliant

SS. Huntir, Mathematics Research Center,
The University of Wisconsin

W. J. Youden. National Bureau of Standards

Marvin Zelen, The University of Maryland-

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

SQQIATliOUR:I 1730 - 1830 - Main Club, Officers' Open Mass

DINNLR:_ 1830 - Main Club

Chairman: Frank E. Grubbs, Ballistic Resaarch labortories

Speaker. W. J. )[buden, National Bureau of Standards - "The Enduring
Values.

day. 21 October-

Techo Ical Session VIII and Clinical Session D are scheduled for 0900 -
1015. General Session II is called for 1030 and will run until 1230. After
lunch there will be conducted tours of the Ballistic Research Laboratories.

,•.;•.,,.,. /.. .... ,....-,-...,.,:,.....~~~~~..,,....,...,.....,.... . .-. .,......,.,...... .. -.-... . -.. -...-.-...-.. .. ,-....
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I - 11TEC__HNIAL §ESSCON V 0900 - 1015 - Chesapeake - Roo ,.A

Ch. itman 96drig M. 3wkjian, Dian Crdnance FLuze laboratories .'-'-

Scue Tsts frorOW.Uurs- C. P. Quesenbeffy and V. A. David.

SVI Note on Precision of Graded vs. All-or-None Response in Blosmsay -
Francis M. Wadley, U. R. JArm Chemical Corps Biological
laboratories

-N_.A, •ISSION D: 0900 - 1015 - Chesapeake - Room ,

Chairman: ?.N.E. Grenville, R~esearch and Erlineerinq Ditvision.,.
Departmert of the Army, Office of the Quartermaster General

Pareliss: R. E. Bechhofer, Cornell Uni'ersity "

0. P. uno, Ballistic Research Laboratories

r .A.C. Cohen, Jr.. The University of Georgia

.boyd Harshbarger, Virginia Polytechnic Institute

J. S. Hunter, Methematics Research Center t

Comparison of Field Wear and Laboratory Testing of Fabrics for
Military Garments - William S.. Cowie, Textile Clothing and -

Footwear Division, QM R & E Center Laboratories, Quartermasteo'
Research and Engineering Command

Estimation of Condemnation Limits from Limited Fatigue Runout
Date on Full Scale Components - 1. P. Purtell and C. W,. Cgan,
Research Branch, Watervliet Arsenal

COFFEE 1015 - 1030 - Chesapeake

Q ERAL SESSION M-: 1030 - 1230 - Cbesspeake - Room A

Chairman Boyd H a .rger Virgnl Polytechnic nstitute.

Development in the Dusign of Expwtments -W. S. Conno, r,, The''.".
Research Triangle Institui,

• .. .V*. *0 ......... . .. . . .. . .. . . .. . .- *.**., *

•• -'.'t;.._.._.-.•',_... ........ ................... ....... .......- ' .-... •.. •",



GENERAL SESSION III: (Cont'd)

Multivariate Analysis Illustrated by Nike-Hercules
I. Separation of Product aA Measurement Variability
II. Acceptance Sampling - J. Edward Jackson, Eastman Kodak
Company

LUNCH: 1230 - 1400 Chesapeake

T 1330 - Conducted tour will be initiated at the Chesapeake

SUPPUNINT•n 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 Qrqnisms - S. A. Krane, General
Analysis Corporation, Dugwoy Proving Ground Office

Design of an Experiment for the Most Efficient Conduct of Safety, Re-
liability and Performance Tests of Fuses in the Design and Development
Stages - Gertrude Weintraub, Missile Warhead and Special Projects
Laboratory, 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 T46EI
Warhead - Alfred Fiorentiono, Warhead end Special Projects Laboratory,
Picatinny Arsenal

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

U a Tomes R. lDuffeZ

Spc,9Jcr~ Ahmatd.tw

A. PCGO..Toepersonnel who have been involved in the flight
tesingofccmlex uidid mtesiles are, in general, aware of the phenomenon
th~ta muh hlgberiztemrellubility (R).Is obtained for an essentially series

arrangernent of the components than would prevail If estimates of the compo-
nent redlabtllties (r~lso I 1# 2, o. . n) were substituted into the mathemati-
Cal rntdel

Thi ~ *R~r a hnmnnhsbe lbquently exposed, adelucidated uoby
Fratk A. Flock of United Electro Dynamics. -The model

Rr

Is usually referred to ma' the mseries* model; it lb alsoknownes the tmcascade r
or "tindam" model. -By contra-at, those personnel who have been concerned
with the u~ie of redundancy (i.e.,* the paralleling of compbnients) in order to
lower th'.- prorbability of a dud (iethe unreliability of the payload) have
obzervedI a phenom,.n-on which to opposite in effect to that which has been

*obsorved in the series case. Namely, a syitem of components arranged inL
pcirnllel evidenmes, in general, a lower reliability (R) than would be obtained P
if the estimrates of the cornponient reliabilities (r 1'., 1 1, 2, ... m wore
substituted into the mathematical model

R I-C u- i.. 0rm

* This last model Is usually referred to as the "redundant" Or*pavallel" model.

A plausible explanation for these two phenomena, which have op-
posite effect~s for the series and redundant systems, Is that the variation of
the environmental stresses from component to component within the same
flight is small relative to the variation of the environmental stresses from
flight to flight. It is believed that, In many redundant systems,. the stresses
associate.A with the m parallel c~omponents 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 stresses In essentially the

*This Is an abstract. The paper itself Is being submitted for publication in
* TECHNOMETRICS.



M ths W=G"M utilt to, fll b .'oUN belief Is at: -butod to the fco~lowlinq tea:.;;•.•';

(1) The m parallel components are usually itmoUttd in close

physical proximity to each other and hence tend to have
the same quantitative values of the straxes.

(2) The a parallel components are usully of the some typer
and thus are subject to the same mode of fa~lutm and hence .,,..
wre susceptible tohe same kind of stresses.

(3) Many kinds of stresses vary considerably from flight
to flight.

These sarm facts can prevail In the can* of some seieso systems, e:g., the
3ucce1sive amipUfier stages in an equipment, the electron tubes in a guid-
Pance end control package, and the relays in a black box.

W. 1. Haward(l) has considered the series situation for a specific num-
erical value.of the component reliability r and for Gaussian distributions .of
strengths and flight-to-flight stresses, whereas 1. R..DuffettC2) has considerAd
the parallel situation for a large ra'nge of values of the component reliablt-.".
r and rectangular di'stributions. of strengths and flight-to-flight stresses plu~s
zertain generalizations of these ahssumptions.

An interesting pathological example of the complete breakdown of reoan- "

dancy Is afforded by the following example which it presented in (2)-'

The m parallel components incorporated in the same missile
flight (I.e.. the same end item) are subjected to exactly the same
stress; the probability distribution of the stresses from flight-to-"1
flight consists of two isolated portions; and the probability dist-l-
button of strength s is andwiched in between the two isolated
portions of the stream distribution.

It is clear that the reliability R of the system is only r, t.e.,
R , r, and thus no gain In reliability Is achieved by using redundancy.

(1) W. J. Howard, "Chain Reliability, A Simple Failure Model for Complex
Mechanisms," The Rand Corporation, tM-lOS8, 27 WMe. A153.

(2) 1. R. Duffett, "Some Mathematical Considerations of Rsdundanr.,.
Radioplane Company, Operations Analysis Memorain•dm Report Num .
12, 25 October 1956. L/ .--'
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r•r. such-! stiatlistr-as that descrthed •n. the fareqofnq exoampe. the
va~abltfty HT Owas~pu wouldtbe r, Co.,, R-ur, regacdl~aX af tb
design aram;Mnift CA tfti e,=mP a whfta compooe the system.

An extremely pathological example which illustretes a vituition in
which the opposite effect (as that discussed above) Is obtained has been
given by C. R. Gates and is stated as follows:

A system is composed of 2 componenrs.. One component .
falls if and only if the temperature Is greater than or equal 00
F, whereas the other component falls if and only.if the tempera-
ture Is less than 00 F. If the components are arranged in series,
the reliability of the system will be zero. However, if the corn-
ponents are arranged In parallel, the reliability Gf the systemwill be one.. ' '::

In order to simultaneously control, at acceptable. levels, both the

probability of a dud (or a late detonation) and the probability -of a 0 pro-
mature", some technical personneohlbae proffered, as a desirable solu-
tioe, the use of a "matrix" of components, arranged both in parallel and
in series; I. e., the system is to consist of m pamrllel circuits (or branches), ....

where each circuit has n components arranged in series( 3 ,4). Such a
O system will be referred to as a parallel-series system. (Apparently for

analytical simplification, m and n eae, In general, set equal to each
other so that the design matrix is square.) A special case of a parallel-
series system Is the quad. The quad is of considerable engineering interest *.

and consistL of 2 parallel circuits, each possessing 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-
lel 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 simple parallel system, 2M
a simple series system, (3) a parallel-series system, and (4) a series- :
paraliel system-are derived under the following assumptions.

(3) Burton, L. B., The Martin Company. Unpublished paper on redundancy,
quads, and crossing circuitry.

(4) Crcveling, C. J.. "Increasing the Reliability of Electionic Equipment
by Use of Redundant Circuits," NRL Report 4631, 5 December. 1955,
Naval Research Laboratory, Washington, D. C.

e, m
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ts vft'ch thew arm timv.wcrated, are tndoPeientlMY selected
,omn a iShd rectamls diftibution. .

,(b) All com-prnents which are incorporated in the same flight
experience exactly the same stress. -

"(c) The common stress, which is applied to ell of the compo-
nents within the same flight, Is Independently selected from
a fixed rectangular distribution.

(d) Failure of a componint.occurs if, and only if, the stress.

imposed on it exceedA its strength. '

(e) Failure of a simple series arranqement of the components

occurs if, and only if, at least one of the components fells.

* -. (f) Failure of a simple parallel errangement of the components .,
occurs if, and only if, all of the components fail. ".

(g) Failure of a parallel-series systen occurs if, and only if,
all of the parallel branches (circuits) fail.,'

(hi Failure of a series-parallel system Occurs if, and only if, '

at least one of the links (circuitbi, in series, falls.

I. CONCLUSIONS.,

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

R I - (- - r)(I -,r) ...r r-

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

(2) It is conciuded that the reliability of a system composed oe n series
components can approach, as a lower limit, the value given by the -i
independence model, viz.. .,,

* R-rr... •

I1.2 -. n



D~es Icgn oiT1Apartrnents

am the vartatton f tha atrs-ses mtween flights deteM m
to eW f th e compoment str-,gths.

It.. is further con=luded that, for a given level of component reliability,
the reliability of a series system can be increased by decreasingthe
copy-to-copy variation of the strengths of the components.

(3) It is concluded Ahat the reliability of a system conmposed of. im part-

.lel components can approach, as an upper limit, the value given by
the independence model, vi.a*

Rl -1- 1- rl)(l - T 2)* 1 ~rmJ

as the variation of the stresses between flights decreases relative to
. the variation of the stresses within flights.

(4) It is concluded that the reliability of a system composed of n series

qomponents can approach, as a lower limit, the value given by the
independence model, viz.,

It =rlr2., rn, ."2 : :

as the-variation of the stresses between-flights decteases relativeto
the variation of the sWresseo within flight@, .

(5) It is concluded that one may obtain unwarranted optimistic e-stimates ." ;.
of the reliability of a system composed of parallel components if the
Independence model is assumed, but not satisfied.

(6) It is concluded that one may obtain unwairanted pes st•istic estimates
of the reliability of a system composed of series componen~t~i if the
independence model is assumed, but not satisfied.

M. .RECOMMENDATIONS,

(1) It is recommended that systems Integration studies be made for the

purpose of determining the effect of component failures on syst,.n
effectiveness and consequently to classify the system. incorporated
In the end item according to such categories as series, parallel,
series-parallel, and parallel-series.

(2) If parallel components are to be used, then It is recommended that
consideration be given to the following:

.*. . . .. . . . . . . -. .. ,.- . . . '- ,

-4..--.-4** ** . . . . . .o ., 4-
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()It* solo~tttae of components "whose 'mofts qdf Ia6Iw a,. I)UmuL,.,P

,,. Ib) The Incorporation of the components in such a wey that the stresses
associated with the components are Independently selected from. .a ,'
fixed probability distrtibution regardless of the end item in which

t~he component is irtcoPorated..
It may be possible to implement (b) by physically separating the
parallel components by sufficiently large distances, or otherwise
isolating the parallel components hrom one another.

Cc) The isolatidn of Oe parallel components from their environments.,

(.3.) I series components are to be used, then it is recommended that con-
sideration be given to the following:

(6) The selection of components with (approximately) the same modes
k . of failure.

. (b) The assembly of the components in such a manner that they will
experience (approxidmtely) the sAme environmental regime. .

4 C�.one method with which to'implement (b) is to package the series
components as a compact unit.

(4) It is recommended that the 6isting relevant transportation and in-flight
envirqnments which have been measured be evaluated., It is further
recommended that consideratlbn be given to the instrumentation of
misdiles for the purpose of obtaining additional information on the en-
vironmental conditions which awe encountered by missile systems both
(I) within flights and CU) from flight to flight.

(5) It is recommended that the probability distributions of component
strengths b- determined, primarily by medns of laboratory tests. It is
further recommended that consideration be given to decreasing the
variability o. the strengths of components which are to be used in .
series systems and subsequently to maintaining (through Statistical
Quality Control) the variation of component strengths at a satisfactory
level.

(6) It is recommended that the formulas given in this paper be employed

to serve as a guide in the calculation of system reliability.

... .. ... .. .. ... .. .. = ... ..



r. j. Anscoe .*.

Princeton University

During the last few years there has been a growing Interest In exam-il ..... ~ inlng the residuals after tome parameters have been fitted byq the method of "; I

leas sorei.. The author first become interested in the subject In 1954
'through soe suggestions made by Iohn Tukey 13; and he has recently.

benconcerned in several studies relating to residuals [2. 3,4J. The pur-
pose of this paper is to make a brief introductory sketch of some of theme
developments. The presentation will be tr terms of a particular example.
In Section 1 anand the conventional type of statis-
tical analysis is outlined. In Section 2 comments are made on the validity of

teanalysis. In Section 3 the restluals associated with the conventional
analysis are examined, and suggestions are made for modifying the analysis.

1. ATIN-SQUARB EXPERIMENT AND ITS SThNDA;tD ANALYSISR In Table '

are shown a set of observations of depth of penetration of a bleat driven
earth rod.' Ten different propelling charge lots (denoted by the letters A,D,

I , ... 3) v;ere compared on ten different sites or "plots" (shown as colv.nns
.n the tabley, firings being made on ten different dates spread over a period

f so months (the dates are termed "blockb and shown as rows in the table),
*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-
rigs In all. (These data have been kindly supplied by Dr. Frank E. Grubin.)

"For such a set of readings, arranged in a Latin square design, there
is a standard method of statistical analysis, which a statistician is likely
to follow almost without thinking. The sam and the difference of the pair of
entries in every cell of the Latin square are calculated. The sum of squamr.
of the differences is found, to obtain a within-cell estimate of error variance;, .:•i••'the Individual differences are then forgotten about. From the sums of pairs

of cell entries, row, column and letter means are calculated. If we denc"e
the sum of the two readings in the cell in the Lth row and Jih column by Yij.
then the various means to be calculated are the row means Vi , the column mean
y.j. the qverall mean j, andthe letter means, which may be denoted by .
These row, column and letter means show, respectively, the effects of blocks

*Prepared in connection with research supported by the Office of Navel ,,-.-.
Research.

,~ . a ,
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(dates). plots~ lrcp ne btsk and can be set otftn bM$D
such as Table 2, relatingtr npallaMn lots. The entries i-n thMs table wra'en
fact the letter means divided by 2, so that we have average penetratioms 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 means of rows or of columns or of letters,

,". I one would take the residual mean square in the analysi* of sums of cell peairs,
namely 63.6, as the estimated residual vatiance. The estimated standarderror shown in Table 2 Is equal. to one-half (because the letter means were

divided by 2) of a 6S.6/10 Itwill be seen that there is no evidence that
the propelling charge lots have any differential effect on depth of penetration."There is a marked seasonal effect, and there seems to be a plot effect also.

II. COMMENTS ON THE STANDARD INALYSIS. The customary analysis of
* experimental data goes along the lines briefly Indicated above. Is it satls-

factory? The orthodox treatment of the data would be perfectly appropriate
and valid if certain ideal condttibr.a were satisfied. We have no reason t,
.uppose that these conditions are ,ver satisfied exactly, but it may well be

that they are often nearly enough satisfied for practical purposes.. The ideal
conditions are sometimes referred ,o as the assum~tions underrytnA the ana.
sis of variance. For the prevent 7at.tn square design, they are as follows: V..t,

IDEAL CONDITIONS. The observations are realizations of
independent chaunce variables all normally distributed with "'
the same varian'ce and with means consisting of a -row con-
stant plus a column constant plus a letter constant.,

Was it reasonable to analyze the observations as though these con-
ditions were satisfied? One may question the standard statistical analysis.
of any body of data under the three main headings:

(1) Are the observations tr.st•vorthy? Should they be taken at face

If the answer is yes,

"(2) Are the ideal conditions nearly enough satisfied to make the
standard analysis acceptable?

If the answer is no, or doubiM.

mB I
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(3) •lw should -the ltendard anmlylis be modifiedor replaced?

i• In reqjrd to (1), no observations. are absolutely trustworthy. if the .4,-,,-., ,.
results are sufficiently at varianoe with expectation, a mistake. in the ob- •_ ,, .,
servations wilt be strongly suspected. Sometimes it will'be possible to
verify directly that a mistake has occurred, and perhaps to rectify it. But
even if it ip not possible to repeat or check the observations, a verdict of

* . "presumed mistake" ma-y still seem the most reasonable, and that Implies

that observations will be discarded. In some cases the whole of the ob- A.
servation may be discarded, in other cases Just one or two aberrant read-
ings may be picked out as presumably spurious, the rest being accepted as
reliable,

In regard to (2)-, the divers ways in which the Ideal conditions could
fail to be satisfied are unlimited in number. The means may fallto have the
specified simple linear structure, and the deviations of the observations from
the means could In principle have any stochastic character whatever. There '"

are, however, a few types of departure from the ideal conditions that seema
to be worth looking for explicityly, as being, easily lIntllibible and possibly
important. .....

(OM the subject of how far various kinds of departure from the ideal
conditions invalidate the standard nmethod of analysis, not as. much is known
as one might wish. (This topic is reviewed in the last chapter of W and
in chapter 5 of- [61 .) if the. ideal conditions vre exactly satisfied, the . .4 "
standard analysis would be the most convenient and intelligible and efficient 4 -"
possible. In so far as the ideal 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 possibly leos easily intelligible results.

Examination of residuals is a valuabia method (though not the only
pos-sihie one) of detecting isol ated aberrant readings and of measuring sev-
eral sorts of systematic departures from the ideal conditions. Moat is wbat
this paper ts about--obtaining informatiion concerning conformity with Urn
ideal conditions, which is a necessary step before criticling and poisl.M,
improving the original analysis.

M f. REMsDUALS AND FIflD VALYM Correspondi to any abemti '.
the "fitted value" is the leaIst-squares estiuste of the ia va o• t,
hypotheticl cbance distribution from v,*.ch the observatim Vam dra
according to the ideal conditimm. The redual4o ts the dLlhfence betm -:
the observation and the fittwd igse.

.4 .,4 .o, .4 4 4

S'|
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ar: ur example of :the penetration data has the peculiarity that there
!:.. ~~~are two observations in every cell of the Latin square..-One might examim e:.,.::

"the residuals corresponding to these 200 Individual readings. However, "
for the putpose of compmring rows or columns or letters, it Uw the 100 cell
sums y i that are relevant, and which we should hope would. satisfy the
S ideal cclditio's fairly closely. So we now consider these as-the effective
obsrv:attoil's and form the corresponding 100 fitted values (yU) and residuals '.

(zij). Each fitted value consists of the sum of the relevant row mean, col-
* umn mean and letter man, minus twice the overall mean. For example.

* corresponditg to yll1 .( 136.875) we have

,. .Y 123.69, YI 1 2 8 .7 3 ., 129.36, 125j3Q,

* " and hence the fitted value is

SYn r + Y)÷ l 3l.l$

and the residual to

Z.'.5.69.

When the fitted values and the residuals correspqnding to the one-
hundred cell sums yij have been caloulated,thescat.terdiagramshowninFtgtre
l. can be plotted. Each point. corresponds to one of'the cells of the Latin
square, and has the fitted value as abscissa and the residual as ordinate.

Provided that no error has been made in the calculatlon, the scatter
diagram must have the properties

that is, the average of the ordinates must be zero, and the coefficient of
linear regression of the residuals on the fitted values must also be zero.
If tbe ideal conditions are exactly satisfied, the diagram should have t0
further properties, that the residuals appear in aggregate. to be ncrm1.
distributed, and that they show no dependerce of any sort cc tIh Ote'
valiue.

In the present case ohe peculiarity in immediately noticeable. that
the residuals have a 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 th left
side of the diagram than on the right. Thus the three largest positive

' '

. . . . . .. . . . .. . . . .
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residuals and the six largest negative residuals are all associated with
fitted values that are smaller than j C= 125.3). These features of the

scatter diagram suggest, respecdvely, that if the observations are thought
bf as having a chance dtitribution, than the distribution must be negatively
skew rather than normal, and that the variance, Instead of being constant,
is smaller when the cell mea~n is greater.

It In not the case here that a~ny one residual ioso5 much larger In
magnitude than the others as to suggest a gross error or blunder in the.
corresponding y. That is, there is no clear. outlier, and we are not tempted

*i to reject any observation as spurious.

S. Another effect which may sometimes be seenr in such a scatter dia-
* gram, but is not seen here, is a quadratic or curvilinear regression ol the

residuals on the fitted values.- We remarked abdve that there is necessarily
no Ltnr:s regression of residuals on fitted values, but a nonlinear regr.essim.
is not precluded. Such a regression can arise if the effects of rows,. colurqnsk,"'-
and letters are not additive, in the way stated in the ideal conditions. In fact ,
here, only the rows have a substantial effect. Columns seem to have a rather 0
slight effect, and letters no effect at all. There is therefore not much scope
for nonadditivity, and it is not surprising that no curvilinear regression Is s,-,
noticable. j..

To supplement the visual. inspection of the scatter diagram, one may

calculate ,•ariouz measures of departure from the ideal conditions, and make
significance tests and other assessmenr. Reletant formulas are given in
313 . For ex!Dple, in the present case, one may estimate a measure of

skewness ( 4#1 in Karl Pearson's notation, Y, in R. A. Fisher's) of the
.piesumed common distribution of deviations of 1he y's from the linear call
means. Thet estirate comes out at -0.96. with standard error under the
full ideal conditions roughly 0.39.

To sum up, inspection of the residuals and their relation with te
fitted values suggests that the deviations of the yit from the cell means hvo.
a skew distribution with nonconstant variarice. The physiral cause for this
is no doubt that occasionally, perhaps because of stones, the ground.1* so -.

hard that the per)etration is considefably short of the mean. On the other
hand, there is no reason why penetrations muach in excess of the mean shoq"ld
be observed, and in fact because the rocket motor is: broader than the r.d
below it there is an effective upper limit to the depth of earth penetration. .. I

achievable - though there is no definite evidence In these observations df 4W
piling up of frequency at such a limit.

7'i
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little personal effort-, It Is worth while to try transforming the obuuv~ations
in some way to improve their conformity with the ideal conditions., Raising

* ~the readings to a power greater than. I is s~uggested. This-would be parti-
cularly natukral If there were theoetatcal. or experimental -evidence that the
propelling charge required to achieve a given average penbtratlon was pro-
portional to some power of the penetration; it would then be natural to. use
that power here. There are too few observatiorns to fix an appropriate power
closely, from examination of 'the observations only - a rather high power,
sixth or seventh, I-s suggested.

Let us consider, conservatively, raising the observations to the .

fourth power.. That is, all 200 original reaidinqs are raised to the fourth
p powier and divided (for convenience) -by 106: and then the previous analysis

Is repeated. We find. that the skwes-mauncalculated from th et
dual isnowabot hlve (-. 5), nd ostof he egression effect of

variance on cell means has disappeared. 1n place of Table 3 wectays Table
* S 4. The variance ratios are not vakstly different from those of Table-3. The

block and plot effects have emerged a little more distinctly, and there is
still no Indication of real difference between. the propellmnt lots. Table 4
*may be judgecl to be a fairer summary of the effects'present then Table 3,

~:', but evidently our conclusions will not be much different whichever we ox-
amine. It would be desirable to investigate penetration records ftom a
number, of other trials before venturing on a general recomzmendation for the *

statistical analysils of such data.

I am Indebted to Mr. lohnJI. Simon and MAr. Carl 2. jukkole For
carrying out the computations.
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ANA-n 01 SOF OE TrRPEJTOK!
INSTRUMENTATION SYSTEMS

Oliver Lee Kingsley
Range Instrumentation Development Division,

White Sands Missile Range

I. _1NTR •_UGTI_•_. The purpose of the analysis was to isolate the random
and bias errors inherent in the trajectory instrumentation systems currently
in use at WSMR. The preliminary analysis presented here is but the first to
be made on a series of missile flights.

Data from the first flight is still undergoing further study.

The second flight of the current series was made September 1960 and
the analy~sis will commence as the data becomes available.

The user is constantly requiring more and better data. These require-
ments must be, met as the missile systems become more refined. It is expected
that these tests can lead to- improved instrumentation systems at. WSMRand "
other ranges.

The instrumentation systems used for th] initial launching were:

Ballistic Camera, Askania Cine-Tkeoddlite, DOVAP (Doppler Velocity arnd
Position), and FPS-16 Radars. Later it is planned to include the Integrated
Trajectory System (ITS) in the series of tests. The ITS is a system capable
of simultaneous multiple object trackr'ng by combining range end angle in-
formation. The range and angle measurement 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.

TI.- 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
become 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
illustrating this technique. This may be illustrated brtefly by the assumed

Preceding Page Blank
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mathematical models of simultaneous i-th paired measurements ytl and Y,2
from instruments #1 and #2 respectively:

(1) yt U i bt11 +0 e1

(2) Yi 2  U x bi 2 ei 2

where: (a) X1 a x12 and represents the variability of the L-th quantity or
characteristic being measured.

(b) b and bN, represent the measurement bias of instruments #1
and #2 respectively while measuring the i-th quantity.

(c) ea! and eL2 represent the random error of the i-th measurement
with respect to instruments 1 and 2.

Now if we have On" of these paired measurements we may form 'n"
differences of the corresponding pairs. Typloally:

(3) (el -e 1 2 ) + (0 il - bi2)

If the bias is constant for any' 3 "n0 paired measurements, we can
estimate the variance of Yil and y12 as:

2 2 2
(4) 'j= 2x .* sall and

Y2 sinx a2

The estimate for the set of difference is:

'6 = 2.2 *2
"d el e2

It is now possible to estimate the instrumentation variability from the
equations (4), (5) and (6). This method has a few shortcomings. Many times
one achieves negative variance estimates which require some interpretation
!)r. 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
r-eeting.

The two instrument problem, in general, cannot be applied to trajectoty
data !,..-use the characteristic measured is extremely large and variable
Complarfd with the Instrumentation system errors. The variance of the espy.
md4-eJ1 nStenatao*, VarianC4e contains the cstimatcd variance of the,

4h..1Q tIC'C .9 . 3"- for est. (" 2  ) we have,
s 01
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(7) 2 4 1 2 2 + 2 2 2 2
n-l el n-1 x el x e2 eI )e2

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 wer4 obtained for the
four instrumentation systems: aUlaitic Osamera, 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 Stae rd Deviation Estimate,*
Component ineMtMM 8ystem
Zstimated bill sttc¢ DOIX• Aaienia Radar
x (feet) 2 0 11 IS
y (feet) 6 4 II 21
z(feet) 10 8 8 I2* I Basd on 28 consfecutive trallctga' data saints,

Other imsttmtes can be obtained from the analysis of variance tables

where the Ballistic Camera is considered as a standard for comparison.

3. .erision istimates by the Wariste Differerne Method.

The variate difference method was applied to data from theDOVAP
and FPS-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 a 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
.em The estimates are based or second difference.

Best Available Cop,
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Table 3: Standard Deviation stti Mates by Yatifte ?iff od.=.

DOVAP
Nominal time alpng trajectory Standard DeviationEstimate* V

segment based on-misstle. Coordinate for Components
lfoff. .x.(ft.-)�(t.1 z (ift.)
40-50 second$ 0.17 0.31 0.24 -,
50-55 seconds 0.17 0.36 0.26
60-6.5 scconds 0.23 0 040 _0.31

'*Each is based up-on 50 consecUtive tralectorY data cian..

These estimates filter out linear noise from the-data and hence ar.
much srnaller than the Simon-Grubbs estimates of the previous' secttion.
which do not filter the linear noise..,

The variate difference technique was a lo applied to trajectory
data available from the FPS-16 radars.' Ea-ch'radar Was analyzed separately
and in its natural coore'.nate system: range, azimuth, and elevation.. The.
radars, for the most part, exhibit estimates close to the design intent:*
range.+ 4 yards, azirhuth +t 0..l mile, and elevatt-on ±0.1 mils (these ate.,
rms. values) when evaluated by this method. Data from the three FPS-16
radars that tracked -most of the trajectory are shown in table 4. These
data cover essentially the same trajectory segment as data in the priced-
Ing section.

Table 4: Precision Estimates by Variate Difference Method.

Tracking Nominal gtandard Oevitlon Estimate"
FrrS-1 Tirnd in Aag Azimuth . Eevation4
.Radar Seconds OYds) (Mil) (Mils-

112 40-50 1.62 0.33 0,16
112 55-70 2.90 0.32 0.25

11440-55 180.4 0.12
114 55-70 2.34 0.15 0.15
S40-55 0.75 0.22 0.18
122 55-70 0.59 0..Z9 0.15

__________________'*Traj,ectory sample of IS0 points

Table. 5 shows the same set of radars but with sampling interval
five times ae long. Most of the estimates were based on the third set d(
differences, and they include almost the entire missile trajectory.

• •'o • o
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G.Sse Estimates of the Sias Error.

Two disjoint trajectory segmrents were expetted for the Ballistic
camera coverage. Each of theme segments were to be divided Into a first

-portion and a last portion. Actual misslem trajectory segmnent was covered
In one continuoius segment from approximately 39 seconds of flight to 66
seconds of flight from missile 'lift-off. Thus, four sets of seven trajeciry
date points each were formed.

At simultaneous times, the reduced t~rajectory data from Askanifs,
4 DOVAP and radars were each differenced with respect to the Bhllisticcsmers

data. The set of error difference data wore used in the analysis of variance.
The Ballistic Camera data were considered as the reference standard..

The a na ly sis of 'Variance of the D6VAP difference'data Indicated a'
significant shift in the bias for the X and *Z component segment means. The
Y component of DOVAP data Indicated no shift In the means for segentad..
However, a significant bias is indicated in each of the overall means coor-
dinates when compared with the expectation of zero. Table 6 shows the
estimated means for each trajectory segment and coordinate. To compe
directly with the Ballistic Camera data, these data need a nominal adjust-
merits in each coordinate: the largest adjustment is approximately 8 feet fcr
the X component. These adjustments do not change any of the above conclu-
sions.

?able 6: DOVAP Mean Bias Error Eutimnates.

*Component __Tralector Seament vra.
Coordinate 1 2 3 4 yenBa

X ft 54 J-49 44 42 4IY (f t) -17 424 -0 -16
(ift) -64 -81 -8 -92 0

__________*X needs a nogminal 8 foot adjustment

-Z- ý2
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- The analysis of variance fr' the Askan. a errors shows a significant
shift in the bias between the trajectory segments for each coordinate stud .':
In addition, there is a significant bias in the overall mean for each of the
coordinates. These biases are undergoing further study at the present time. ,
The estimated mean error for each segment is shown in Table 7.

Table 7: Askar'", Mean BDis Error Estimates.

S.. .... ='. , o'* , ."
C omponenit __Trale Sea rn t .. Over-all

S (f -22 -35 -18 -44 -29.4 -'

The FPS-16 tadars exhibit-a significant shifting mean along the ira-
jectory in the Z coordinate. However, the overall mean error for the Z
coordinate is not significantly different " from zero. For the "X" and OY..
coordinate, the overall means exhibit a significant bias. 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 8 below exhibits the mean data. .,ý.

Tbe8: Radar Mean Bias Error Estimates.

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

X (ft) -10 -16. -17 -3 -145 - 1.S 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.

7 " - I

",. "\. -..

'•* " " '-'-'%•.•7• ,•°.•.•":•._ ., .**** . ".l~ ~ '. ".* ., ' ." . , ...J. . .....-" ,, ' '* a . M' - 9" ". " .



Sourceeof Variance- "d.' lo

-TreIa ectorX Seq ent 3 389--- 129E vrror '24 A0, 4'1: 7
•otals 27 79

"'K f -Trajectoru Segment 3 284 9 3.16 x

_ _ _ _ _ _ _ _ _ __2 72 -9 972 7" "_. ...

-Trolect Segmntm 3 '2691 8978.Erro -2.e 4 7 49 .31 t.•.
oteo-I.s ... 7 , 34a93 1-:

r'able 10: Askanta Analysis- of Variance Tables .for Trajectory Segmen~ts..'""

Sour~cs of Variation d. f. ese_. Mo
-Trajectory Segment 3 . .4. 471.3 70 0
-Error 24 1614 67.2

otals 27. 3028 ,.,0._ _

- Trajectory Sedcrnent 3 ,201 -82J 7,2 1

- Error 24 2275 94.7
otals 27 ' 4323 "_-____2_

-Trajectory Segment 3 3035 1Ol1. 7 10.* 10
___- Error _ . 24 2406 100,2
otels27 5441 " _'_.

able 11: Radars Analysis of Variance Tables for Trajectory SegmOnta.

•ources of Valriation . d.-fe BOB. . m.81, F....

-Trajectory Segment 3 8O 0 293 1. " l.71_.-'-
-Error 24 4093 171 .. ."_" " "•otals 27 4973
-Trajectoly Segment .3 1149 383 ____

- Error r" .24_ 11980114_ 499lota I a 2 7 13129_":" ":'

-Trajectory Segment 3 3212 1071 8.74
-Error 24_2957 123

'tals 27 6159 1
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MI. CINE-THEMODOIT FILMU A.,DING PRZUCIEM. An example of sub-
system study is given by this tracking correction digression. Each emns-
theodolite record was read by three different reading personnel. " set,
of readings with the lowest reader variaice was used lp the data reduotuo,
process. Table 12 %Ives the precision estimates of the tracking cef-ection ,.-
readings. .

Table 12: Precision Estimates for ZEiht Cinetheodol~te Records.

Film Standard Deviatiorns bi Facking Corrections 1
C Coordinate Ciietheodolite.evstom .l , 3 ,4 .1 5 ,. 6 0 ,i•

LAO_____ 0 0.49. 1 Q38 S

(,%r anr, .9.. J -24 "4: J ,1211 .

The estimate s were -deriVed by the three -instrument method (Simon-
Grubbs). The sarm ple sizes ranged from a low of 34 X-Y pairs'to'the matdmum

* of 99 X-Y pairs. There is a trend indicated for low estimates in X to be
paired with low estimates in Y. This is to be expected because a good film
record could be read well In either coordinate.

IV. §tMMARY AVD CONL.S!P

A. The DOVAP aend Ballistic Camera are among the most precise systems in ,,'',
ase at WSMR. The DOVAP has the shortcoming that, in general, the tra-
jectory data are biased from the true trajectory.

3. The shift in bias along the trajectory was significant In all coordinates ~ "

for Askania data; significant in the X and Z coordinate for DOVAP data; and
iignificant in the Z coordinate for Radars...

C. There was a significant overall bias in all coordinatons except for the
Radars in the Z coordinate. ... _

D. The significant biases in the DOVAP and Askania Instrumentation
=;ystems should be studied and matheematical or physical methods developed
to remove them.

RJ.

".. . , . .. . . ., . . ..
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MODEL TO AEROSOL CHBAE, ,R.&EDAu.

Theodwor W. 7lsnisr
"Booz, Allen Applied Research, Ina".

In an aerosol cloud release,, a bacterium may be ineffective because
of death before some critical time. This bacterial decay, as it is celled,
has boon studied by means of chambet.. trials by releasing a cilaud Itbto the
chantber and then sampling the chamber at periodic intervalIs. One of the
unique sets of data in this regard, from the standpoint of precision and
amount of replication, is that supplied by •r. T. L. layder and Hugh Lee,
oif ort Detrick.

In these trWalse an aerosol cloud of particles. containing. bacteria

and tracermaterial was en:rated iniea ::am~w..Ton pairs of sampleswet* withdrawn from the chamber at haif-miniate intervals starting at the" .... "
•first half minute. A bacteria. count .wa a obtained on ooe sample of each,,•"-,.,".,'

pair and a tracer measurement on the other. Estimates of Initial tracer and
bacteria counts werea obtained using a knowledge of the composition of
the spray material, spray rate and duration. Traoer material was included

"* in the cloud release because the particles on which the bacteria were loca- ...

ted were continually felling to the bottom of the chamber and the tracer dat.-
were used to correct for this fallout lose. The corrected data, which are
desudrbd an biological recogery ogerentaeuls were computed for each
half-minute interval as, .

B T '-

where

B is the sampre bacteria count'

is the initial bacteria .couns' ,

T ito the sample tracer measuremert.

T! is the initial tracer measurement.

Chamber trials were run at relative humidities of 12. 36, 62, and 87% with
a medium 1, and at 12, 19, 36, 49. 65, and'86% with a medium 2. About
twelve trials were conducted at each relative humidity, medium combination; .:.

One of the unique features of the Snyder-Lee data is shown in Blde
1. which shows plots of viable recovery percentages versus time on log-log

*, .--. ,-....-
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lower tcrresonding to a chamber relative humidity of 36% and the upper to
a chamber relative humidity of 12%. The plotted points are average blologi-
cal recovery ptrceritages t3kefl over all similar trials. The upper curve to
concave downward and to typical of the type of cuvwa that is observed for
a11 .of the rieat ive humidity, medium combinations except the' one .associated--m,, /o
with the lcowr' curve, which iR concave %upward.,. .,.,

Several model# have been proposedA by Dr. $nder and others- for,.,.:.
then* biolgical recovery curies. The Welbull model was found to give an ".'-

I. excellent fit ,n all cases except the data for medium 1, relatiVe humidity
36%. The Welull model will not give concave upward curvee in log-log

A model which did give a good fit to tihe data for all of the medium,
relative, humidity combinations was the exponential hazard model. This'

m.I model is defined as,

R exp [a + b exp(-ct..

where R is biological recovery percentage at time t, and a, b, -and a
are constants. Hazard rate H(t) is defined as the chance that a bcotertum
will die in the interval dt giveti that it-has-lived to time t. The hazard
rate for the exponential hazard model in

(t) =-(I - boexp C-ct)

which will plot an a straight line on semi-log paper. The model was, in
fact, suggested by observing the computed point-by-potnt 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 percentages and a
hazard rate of , -

HWt - ( . =

for the W4bull model.

When the exponential hazard model is plotted on log-log paper, the
biological recovery percentage curve is concave downward for t d Va and
concave upward for t >l/c. The initial recovery percentage at t u 0 is '1
exp (a + b) and the recovery percentage at t o00is exp (a). This model
was fitted to the Snyder-Lee data by computing the regression of Y - 1n',
on X - exp (-ct), choosing c so as to minimize the sum of squares of the
deviations from regression.

SA

................... , ... ......
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, .over wnmilar tials of the viable recovery percevtagst rer shown In Slide

A 2. The model was not fitted to the data of medium I at the relative huid-
dittes of 62 and 87%, beca4use there was no evidence of bacterial decayL *,,-%,,...t

•. ~~~within the time., span.covered by, the data aort from an initial decay of 5 ,' ,-,

ndfto 10%. In the right-hand column of the. slide are the percentages of %he Y
sum of squares qccounted for by linear regression of Y on X. Theme per- ,

*: centages, with two exceptions, ate above 99%. The exceptions occur at
the high relni ve humidities for medium 2 and are due to the fact that the

' * slope of theregraseton line at these higl)er relative humidities to so gradual V -".
that the revreo*ion sum of squazoe becomes small relative to the noise. :"-'1
which in present. This fact is pointed up perhaps better by Slide 3, which .

* shows the plote of Y - in R versus X - exp (-ct) ,for the different relative
humidities and mediums. Looking- at the upper line for medium 2, relative
"humidity 86%, the noise did not appear greater here than at other relative
humidities, but the shallow slope of the line materially reduced the sum of '. i,

Ssquares accounted for by regression,

*" . Slide 4 shcw. other cas•s. He~re again, the exponential hazard .
model did not appear to contradict the data.

,The variation of pagmeterh uf the 'model with relative humddity' o
shown in Slid. S. The horzontfl axis is associated with relative humidity ,
and the vertical axis with par dietor value. In the case of the a and bparameters, a discontinuity a~ppears to-occur in the neighborhood of a rela- """""

ttTahe o aph b ,rver perto abe almost t * 0
Images of each other. This is probably because the sum of a and b is "..,.

associated with initial recovery and hence is a more fundamental parameter.
ror a particular relative humidity, the sum of a .and b can be read off
the gr'aph and us 'ed an an entry In the lower right table in the graph to find . :

the initial recovery percentage. Thus, the sum far a relative humidity ofi
I ~ ~~21% is 3.6, which to associated with an Initial biological recovery of 37%. •.,,:,::t

' ~~~~The variati~on. of the initial biological recovery percentage with rela- •.....
tive humidity to-not too surprising. However, the nonzero recovery percent-'
ages at time equal Infinity are somewhat more suspect. Thus, when the '""

relative humidity to 58%, the predicted value for the 'a paraee I2 and '.....
using the lower left table on the graph, recovery percentage at t "- 00 is' •...
estimated at 7.39%. This nonzero final recovery percentage is a matter'.""'
which is subject to experimental verification, 'although such verification to |' ...

not possible with present sets of data, because of the linited time span and .-
" relative humidity levels covered by the data.

•, ',.

*... •*... . ..*. . .. * . . .
•:' ': ": :'" ::': :" '., • .. -. .::':: :: .. ** 'i :: , - "'*'" - :.: ' "'. . , . .. . . *, .' . .'.,' .: :- , : .:. :,:-,:: : .:: :.: : : .-.- ..
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.LDI3vh Et ts. vixt 'tin idea An~inla I., c declinee 0 rom a vaatw of R
aboir, (D. WB a~t W%~ relative humidity to about 0. 20 at 65% relative hurnldLty.
The odd vaIlue of -c -' 0.* 80 for the relative humidity level of 96% was npob7
ably a poor estimate due to the noise occurring at this bumidity level. In
this case, the sum of squarbs would not be substantiully changed ret*Mar1sa

'Usingv~ trialra.hshehtrials are thorv for mediuea'2 relative humidity
level Fnr the exponetial.~ tarica, moc.a c, int wspij~ib to~r odelu expained
relsantingth pcrtioqunt of th vrilabivehrity. h manner pon whcen restiated andt
tiecvrmecn~o aid from thtegasnek reiation ttlul coulhobe in he coournflabele

Slidtae o6 Indiate the prcetag~u vryfrm lof fitigh exoetoial hazah mofd3el
Patof thdivisi triatio. mh'rays aere thomreie fontrl oeiu t2e relative humidity

36% For rhen* arid the eotrialstee~~jta hazard model, teeaeauberxofarned
subthant rqire frther o thevart~oionamely.:h anri hc si.td nta
reovr 1.rceValgiyftes varied fro tra otili h- ntec~ aee

2.l fh chameor. cliplctosoftemdl

3. Application of the model am a research tool..
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Slide 1

Graph. of Average flhcovvery Percentafes On
Log-Log paper for Orgahinzi1 I M~ediuml 1
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Remults of Pitting the Exponential Hazard Model• .-. ',..to Snyde-Lee. Data. on A,,erage Recoveryi~:!:i
• • ~Percentages Over Similar Trials ii.:i'.

Recovery Percentage of Y Sum

Averag~e Blolugical of Squares Accounted for'

Ralative R1e covue rya tl Final by Linear Regressioni
Humidity 112 Miute t - 0. t of Y an X

Medium I .

12 2% 3%% '00% 99.91
36 2.5 19 .06 o 96.89 ..

62 8T82•90 . " '"\,""

Medium 2

12 20 46. .33 90.41
18 19 44 .19 99.81
36 a '24 .02 .99.68

34 32 69 .1 99.75
65 71 71 30.6 97.09
86 83 87 75.2 79.12

.',*. . .

. . . - . . .
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4 54.6 G'3. 24.5
-5 3 20.1 3.4 - 30.0

2 7.39 3636.6
1 2.72 3.8 44.7

1.00 4.0 54.6
-1 .368 4.fl 66.7
-2 .135 4.4 81.5
.3 .050 4.6 90.5

Slide s

Relationship of Parameters to Relative. Humidity
Level for Snyder-Lee Data for

Organism 1. Medium 2
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Slide 6

Results-Lof Fitting the Exponenltila Hazard Model to
the Trials of MQedium 2. Relative Humidity. 16%

ofrcentogery Percentage of Y Sum

initial .Final by idnear Regression
twO t~rnof YonX'

75 15.58 .029 .0

76 14.56 .0331 8859

77 17.35 .030 99.61.

.786. 30.51. .022 9-9.0
79 2 1.17 .. 034 991

.80 25.08 .022 99.53

811051.009 9w. 20

82 26.00 .060 98.,39

83 8.9.012 .99.19.

84 ~23. 23 .016 07

85 24.24 .005 87.20

V . K
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*,."John E. Malligo
S. Army Chemieal Corps Biologicli ,bomtor--"

j Fort Detrick, Frederick, Maryland

In the study of atmospheric currents and the behavlor of partculates
in aerosol, a variety of finely divided materials is used as tracers. An Ia-
portent cla ss of tracer is the fluorescent particulates, Among the fluorescing
"mineral compounds, the sulfides of zinc-andcadmtum are particularlyuseful.
Capable of being produced ID extremely well controlled ranges of particle
size and detectable In'minute quantities,. these sulfides have been used
widely in aerosol studies.

A typical test using these tracers Involves their a.rbsol~zeion in m.

atmospheric system of Interest and subsequent sampling at a time and place
dictated by the test objectives. Sampling is achieved by filtering a metered,
quantity of the aerosol through a membrane filter which retains virtually &ll
of the patticles contained therein. After suitable preparation, the filters are
assayed visually with a low power light microscope using ultra-Violet Illum- "

* 1 * nation to induce fluorescence In the particle.. This process. of course., on-
tails counting all or a sample of the particles on the"filter, which Is at best ,. ,,..

* a tedious job. On heavily laden filters. the errqrs due to distribution of the
particles are further augmented by thpse from human fatigue and confusion .o•.,. " ~the point light souroes.'-'n filters with relatively I'w particedniis thfi

*. ~ *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, "K.......:.,,
"each.of which contains only a few particles. In a large scale test, with pos-
sibly hundreds of filter samples, the labor involved becomes. excessive. Yar
"this reason, much thought has been given to development of an automatic
fluorescent particle counter.

No machine has been developed to count these particles, as such,
but the General Electric Company at Hanford Atomic Works, Richl;and, Wash-
ington has developed a device* which, by 'detecting scintillation induced in
zinc and dadmium sulfides by an alpha emitting source, can give a quanti-
tative estimate of the mass of the material present. This device gives data

" Iin scaler readings of the number of nuclear disintegrations per minute.

S• ~0.

.' *Discussed by M. 0. Rankin at the Meeting of the-American Meteorological
Society, San Diego, California., June 15-19, 1959.

'• '• ')•' •",.



*The problem to be pra-ý etod'iboer concerns fte M1ttemp to Calibrete
this device in terms of portir~lcee far kilter. A series of Liter. was pre-.

pare wit grade p oa zngofrticles to oe 7rng cosdre f

* ~response was reached. It is bookground radiation, In the torm of cosmico*
TOyM eto.., Which eusentially determines the threshtold of machine serimi-

Blida No. 2- presents a typical set of data in which visuaal counts
are plotted against machine response. on logarithmic paper. (Conuider
points of machine I only.)

Our app~roach has been to fit a linear regressalon to the data betweoen
* the limits of 1000 to one'million particles '.per filter. This equation is given
* in the next slide. (Slide 3.).

The question to be asked here is, do the d~ata warrant fitting a'.
curvilinear regression starting at the 100 particles per filter level? A

*corollary quistlon Is what would be the -tstaistical validity of such a
curvilinear regression, 'considering that the visual cotunting is- exremely
precise and accurate at low counting levels while the machine respqnlse Is
just the opposite.

k7.7
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M'QS ,AE.-itM2 P=INT PATTERNS ON BOM2 SA•LV TARGET COVERAGE

Ralph D. Donor

Systems Ana!7lys Laboratory, Requirements and Plans Division.
Rese-rch and Development Operbtions, Army Rocket and Guided

MItssile Agency. Redstone Arsenal, Alabema

1.0 PRO5UM STMW NT.

1.I PCBL,-M I. To A'ain, on a given confidence level, the most
nearly uniform specified fra ct-oria, coverage of a Large homogenous target
area by varying the geometry and bomrballocation of multiple atmrng points for

sallvo od bo ibh having a fixed .'ei.ial radius and circularerrorprobability.

1.2 PTO.LEM U. To flndthe simplest computational techniques
for .bta.inlng acceptable solutions let ,robaem I on rnanual, analogue and
digltal levels.

2.0 ANALYSIS.

2.1 CET..ALPATIJN OPTIMrIZATION. Bombs aimed at the central
points of the patihra wall provide most of the ccvorage for the central portion
of the large honoqenou% taiget area. Uniformity in this coverage callz for
uniform'ty lo the geometry of the pattern and in the allocation of bombs to
individ"ul po!nts. In seeking the optimum characteristics of the central
portion of the pattern the analysis will progress from con sideration of a sin-
i.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 cktermined in terms of the probabilities of hits and overlaps and the ratil
of the bomb's lethal area to the area cf the target. Central symmetry abou:
this one aim. - g point makes coverage a function only of the-radial distanrxe
from the center of the bomb burst to the aiming point. Double integration is
not inherently unavoidable In empirically determining this functional rela-
tionship. A discrete set of concentric circles is in order, each to serve as
an isohap* curve, that is, as a contour of constant probability. Fig. I

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

Best Available Copy preceding Page Blank
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locate the centers of bomb impacts. The lethal radius of the bormbs Is O.'5V
and the Isohap circles are spaced O. 50' apart. The revul~tira. arc coverage
on each isabap i~s ac~.gmulated on the centrally pivoted d~vid ' owl show. ft
the figwre 1-tz the acat -of evaluating the coverage bomb number 6 has. given
the 2.G00 isohap. Totals are read Indecinal form on the. peripheral scale,

2.1.2 A_____O_ AIMIN POINIS. rigure 2 shows several of -a row 1
of aimlng points. The row is sufficiently long to fully. accourt for the hit
probab~ilities of all intermediate. points on this line. What to nveeded here
Is a simple Index of the resultant hit probablitty or, a specific point on this
.continuou~s lUne, in terms of Its distance from contributing. aiirning points.
Bomb', have a blvirft distribution about. their aiming points. In the cave
of circ'uleir error probability, the ordinates of a bivariato normal surface are
approximately 0.4 times the' ordinated of a univariato no~rmal curve at equal
distances from centers of symmetry and for equal standard deviation~s 0"'
Both therefore hrve their inflection points one unit from their maximuni
points. As a consequence, ordinates -of the univariate normal curve may be.
asod as indices of hit prcbpbility. Addition of these ordinates, as shown in
Figure 2, (where curves are spaced to intersect at their inflection points).
results in a near isohap that fluctuates betw~epn J. 493 and 6. 507. Such
near uniformity in hit probability implies near uniformity in overlap probe-
bility. The occurance of overlap on a- bomb drop exercises a negative feed-
back on the probability of overlap for subsequent drops, thereby tmnding to
make coverage expectancy more nearly uniform than~ hit probability.

2.1.3 RECTANGUIAR GRID OF AIMING POINTS.. In Figure 3 parz
of a rectantlular grid of aiming points is given. Enough pointis are shown to
account for thu total hit probability indidces of a central point X ani oif two
other centers of symmetry Y and Z. Contributions made by sets of aiming
paints symmetrical to each of these three points X, Y and Z are tibulated
in the figure for separations S from 1. 8 to 2.2. A separation of. .9 appears
to be near optimum. In each case X is a maximum, Y a saddle poc&nt, and 2
a minimum. Repetition of these values at similar positions througt~oat the
central portion of the. pattern provides a measure of the degree of u~niformity
in expected coverage associated with this particular geometty witt %Mej
allocation of botmbs to the aiming points.

2.1.4 HEXAgONAL GRID Q? hIMING POINTS, Treatment similar to
that given the rectangular grid is indicated in Figure.4 for the hexagonal
array. The separation is 2.0 units, andi again X is a maximum. Hcwever.

71
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agnd. Zhave exchanq6CE OL". TU dgSS`O t lncmity- Isa xeI~ 1±. d-
cann, that tho Ttft~~f (9nd1 Is t~hO W~iwdua ja'ftwzm.

2.2 PAT'TERN PERlPlF1M!!2PTIMIZATION. The peripheral character'-
titics of the target obviously daterm'ine the boundary properties of the pattern.

* The circle with a six unit radius iFgue4imantorpesent a horio-
Venous target area' that is to be given uniform fractional coverage by orxa

gonal pattern. Azsume¶Othat the 19 aiming points shown have been given~ equ.al

quotats of brn~bs-to optimize the specified coverage for the central portion of
the target. Owbviusly, this whol& target area can be givenl coverage an mndt-
cated 1ýy the tabulation by enlarging the pattern sufficiently. What ts needed

here to complete the requirements Is a statement limiting wa~stage, or peri-
pheral coverage loss.

2.2.1 The art of tailoring aiming point patterrn. for maximum economy

in obtaining a desired coverage must be based on verifiable principles. One
such principle desbrvinig consideration Is an existence theorem such got

* *fr.EioOREM For every distinct target area with specified

2.. second principle deserving consideration -for- verification or
reJctonhas to do with the progressive modification of aiming poitht Pa~tterne

a ssocimted with a graduated series of targets. 'For example, a target that

has outgrown a single'aiming point miust accept a, three point pattern If. circu-
lar symmetry is to be even approximately maintained. 'Thereafter, the next
size canl be accomodatod by four points, and. perhaps. by five. But a stic
point pattern, either as a pentagon with a center or a c~erterless hexagon,
may have to give way to seven points. Such center points need not have the
same allocation of bombs as the others. Whet is needed is mrore han lust it
continuity principle, since a formulation of this discrete co.iltinuily ti also~
desirable. The principle may be tentatively stated thus.-

COTNIYTERM Targets that differ slightly in size and 'sha&Pe

and in sp~ecified coverage by- a particular weapon system, will have aiming V
point patterns differing moderately in configuration and bomib allocation, and

*isohap curves bearing strong resemblances in all~characteristlcs.

3.0 COMPUTATION!AL SllAPUi'CATION,
* EV



SO Design of Experiments

3.1 An GOVERAcE. 1h m gr&9av1 2.1.1 the use of dividers to
OCCUIMTam; 6Tc COVetM..g Of Oen irohsp cu*s was as-.%7xv. Such a curve

K. ~can b4 replaced by a disceeutofpit.hrbyalin e simple
act of counfl-,hg to replace continuouv arc measurement. Such points when
hit cb~inge Only an attribu.te, and whe~n hit a second time retain that same
attributso, thus miiking u nniyspcllýrL.nofosra

Ifamerenliotio tr~i"ttnfmt oftedýigivefc$o obhit are' ~:~ :

rig.Tho attrlbut*.u"hitH wouild oive way to theo accumulation of fractiono
aeahpoint on an isohnp, with unity representing oaturation or full kill.

4. UNIIA, A Sivo of bombs with constant lcthal areas, aimed
atasingle point with circular errponllt. ieeulhtpoaiiy

topoints orcuidhatanrt from the aiming point. Aertntu~ge im; taken of the re-
sultant central sytw~ietry-tn tertjet coverarte arourld this pýIrnt In building
el minj point pttterns that provide the3.arua within the pattorn maximnum.
u -nifo-mity in. coverzage. Submitted for clinical conni1deratior, are suggestions
' for mo~difying th?ý!i optimum ptsttern~a to accomadAte irregula-r and honhorno-
gehous targets, and for simple techniques. in evaluating covei-a e.

7,.-
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AX ZXERPIU7A1 47 INPRSONNEL MANAGE1Y.D4T ~VALUATlGO t

,. Ri, Elough

PGA& .r'Pq •. A personnel nvna~ementprogram may be subdivided on!. ~~~paper into cleuseis with such titles as.•: .,,

I,•" i " ~~~Recruitment ,end Placement +,+'.,:

"job classificatio."
Incentives and awards.
Disciplpinary actions,

etc.

Each class may be further broken-down into a list of duties or actions by
"management in connection with employees. Without further defining the
elements ccnstituting the program, we might ask such questions as,

much?

_" Which possible elements, of a program should be retained and %
i- which discarded In order to achieve wmaxmum benefits.?

As used here, "good" might mean an increase in productivity, or in qual-
ity of production, or in employee sattsfaction,.

"Not much it known about answers to these questions. One reason
"may be that few organizationS are large enough to have the facilities for
finding answers experimentally. In 1957, however, a project was under-
taken by the Office of the Deputy Chief of Staff for Personnel at Hq 5th
Army, Chicago, to be directed by Arthur ,rbour and Baldwin Sears of that
Office, to acquire quantitative Information. The Statistical Research Cea-
ter was consulted in connection with design and analysis. It seamed
that the experimenters In this instance at least had adequate manpower and

*This paper outlines an experiment described in more 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 Air Force through the joint |•..":
Servicos Advisory Group for Research Groups in Applied Mathematics and

Statistics by Contract No. N6ori-02035. Reproduction in whole or In part
is permitted for any purpose of the United States Government.

Zt'-
. . . . . . . . . . . . . . .. . . . . . . . .
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60 Doesign of Experiments

fhesut~teB W.'r.*ertmentir and roplitcattons: 30G.G00 civilian e.rnpoeces
of thr. Depoaftmeft CA the kUV at Mnumeros inustMAlttostroaht tm
country.

g In theIu initial trials, the experimenters decided to test the belt
andi most comnprehensive ptrisonnel m~nagerment program they could deVi~eb

* under the most frzvom!:blie con'~itions for observing the effee'-to of the pro-
gram. If zasur~abe e~farats nr resulted, eprmnswouldthnb

devised to irnvoutigate the prolram elements individually.

'The mm'mmopkuniy for observin iprveen m,~igtapr
to exist at en installatlc'n having no formal -personnel trianagement progra m
at all prior to the xtrtt of the eipariment. But such a primitive situationl
wvould likely ex~lst only I! the local commandant or m'inflgemnet wore 1rn -

syrnpsthetic toward personnel management programs -and so probably toward
the proposed experiment. In any cabe, much an ins tellatiora would lack ' >

* the trained personnel specialists capable of perforrnfing the experiment..
As a compromise It weaz necessary to chc~s& an installation having a reason-
aibly good personnel manAgement program already, exp~nding this program:
to "opttim V for the experimeAnt.

frteThe Decatu~r SIgnal D~pot, Decatur, Illinois, which was chosenJ.
frteinitial iovestivntions, hadea magnagement persornnelprogram 16level"

rated by the experimenters as 70 pear cent of optimal. Thus only the effect'
of raising the level from 70 per cent to 100 per cent could result, and this
effect might not be large. However, even a small effect might be well

worth achieving. The experimenters estimated the equilvalent in annual '

wages of a 5 per cent productivity increase throughout the Department of
the Army to be about $75, 000, 000.

The varilable of most interest at this time was In fact productivity,
so the experiment was designed on that basis. Employee satisfaction,
of which typical Ind~cators are assumei to be so-called "employee reac-
tions*--sick leave use, injuries, AWOL, voluntary separationsl, suggestions
--was to be looked at incidentally, with interest In possible correlation
with productivity. Quality of produ.'1 wý-ý too subjective to be reliably
assessed. and was -ot -eriable of much concern in the experiment.

* ~DESIGN The de~sign envisaged a minimum of 15 independent employee
groups already exisUng in the organization. of size at least 10, and an 4

alike wi possible. C'% primary objective here was to provide good conditions
for observiung an effect i&' present.) All groups should already have in routine
operation a procedure for measuring productivity. The groups would be



Design of Ecpeimenzu

assigned randomly to 3 categories corresponding to what were familiarly
called treatmets (Thbls 1. 1 a).l

Cateo ,e*tment t be pplied.,

"to crouLps in cetecori

-" 1. U~ninformed controls No treatment at all. It

Is assumed that these
groups operate under the
usual conditions and are
ignorant of the experiment.sv. .i "- eO',I'o ' i lied

, 2. Informed controls These groups are to be
Informed of the experiment
but otherwise will remain

u . Eprmrtllnder the usual conditions.. %.

S3. Experimental goups The -personnel management,,
* program applied to these

Sgroups in to be increased
to 100 per cent of optimum.

"(The Informed controls were included to provide 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 1 year, or
anono other suitable, lengthy period, before the actual start of the exparl-",:.....

ment. The treatments would then be started and datn collected for y

was to be performed on numbers representing, for each group, the ratio

treatment period performance
pretreatment period performance K.......

IMPLEM.ENTATION 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 minimum of 15 groups. The assumption
of independence Era these groups appeared reasonable, but their sizes
ranged from 4 to 19 employees, and they differed in composition ( 2 wets
partly made up of women). While most groups worked at storage and

., ,.• ,-,,,

...................................................... ................ '.....
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62. . Design of Experiments

handling of various types of electronic 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
productivity. reflected only a fraction of each gToup's total work. Date
wore available for only 4 months, Nov '57- -Peb 158, prior to the start
of the treatments, end for 16 months after start of the treatments, Mar '58'

'lun 59. During the latter "tre4tment period" the. experimenters esti-,, .'o.
mated that the personnel management program level, for the "Experimental
100 per cent during the period Oct'58 - Feb '59 and then falling off.

Thus the experiment proceeded under a number of handicaps Whi c) had
not been foreseen..

LATA. The productivity data were constructed as follows. Suppose for
Job 1) a time study has specified H)) hours per unit of production.
If an employee actually upends Aji hours producing U) units, the

. product fl Uv is called the "Earned Hours" and "Au the "Actua I
Hours" for that amount of worik, and the corresponding productivity .is.

10 ,10 0 . ,:.-:.::...
A Actual hors

a measure of the productive use of time. Total productivity for work
done on, say, n jobs, it

"n n
N00 7V~ Aj, Once H,/ U and Aare 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, Earned and Actual
hours were respectively summed within each group over an entire month,
so 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, .

Data on the above mentioned employee reactions (considered
Indications ot employee satisfaction) were reported .in terms of index L
numbers apparently intended to express the various "reactionsa in cam-
parable units, as, say, percentage. of a "norm", where the norm is usually
some average of past experienc;e. It is not clear that the index numbers

- - - U . - U- - .. . S -. A b . A.... ,.U
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a

are, always more informative or easier to interpret tham the *"Ia obserd
* ; quantities. For example, the index originally adopted by the experivmn-

V• tern for use in this study for reporting reactions whose increased frequency
of occurrence indiceates a decrease In employee natisfeat•dn (e.g., sick
"leave usage) was computed as d 0 ..Notm, - Ob'eervd) *100 Inzdex. ut

.for e.mple. (s8-100)+100-49.

rS (.s- 2.5) 100. . .9..

"The indexoe finally adopted for the experiment were, for buck
""deuirable, employee reactions as "suggestiont

:, 10 l- • -110
Nom,.

and for "undehimabl0% reactions,.. . . ,I.

, ', ~(These latter indexes atea now' standard for'reporting about a .,.
hundred different items in routine evaluations ofNthe Ar s Civilian..

,... •,is not Cl1ear, as illustrated by an example arising in the present e•perl-.
""'•ment A Norm for voluntary separations--matnly, number of employs
quitting--was computed as ohe average percentage of the wAy k fCila

,..'...'. ~~being separated voluntarily per month for each month, from data collected ..,-..
','? ~~over an earlier 2-year period. There were 2 voluntary seperations from,.",

all 9 groups over the 20 month period of the experiment, one of these
occurring in a group of size 22, for a rate of 4.545 per cent In the month.
The norm for that month was .247 per cent, and resulting index was
100(2 - 4.545/. 247) a -1640--representing the smallest nonzero separm- - .
tion rate that could have been obtained for this group-- to be compared
with the index 200 for a zero rate.)

S Because of their rather dubious meaning, the Index numbers were
not. used in the analysis of the experiment. Actually, for the most part,
there were too few occurrences among the *employee reactions* to permit
analysis. '-

p. . . . . ... E.,.,.,.,

-...-. , .r .. .

S........ ............. ...... ......... .... ..... :
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4ALYSTS. In general, lot .7z

1 1~, 2. , 1 treatments. In this came *1-.3....

j 1, 2,..., groups within each triatent.. Here * "3. -. '30.

k -1. , ... , r, pretreatment months. Here iCp--4. " -......

k' -1, 2, .... , treatment months. Here , , .,

Then, for group .within treatment 1, and pretrE atment month. k,.
designcte the productivity random variable by X 1.k) and let Yjjk* be
the random v,•nnble don'o.ing th, same group's productivity In treatment
mor~th k'. itking the tz;nsfcrmation to l0 Xijk and log Yijjs (in T,
order to nor .rellze tho productivities', which are ratioo) and averaging,
for group j within treotment 1, the transformeud pretreatment period data.
and tre.atment period -data over desired sets of mornths, form the difference..'

2 E2 log log .

k' KI

wbere X, - some number of pretreatment months, 0 1; 1C ' 4 Kp,

K2  some number of tre a'tme"nt month,. 0 A 2 4 KT:

Then ~~cef~

veomet.fic mean of K, treetment monthfly roductivites_ .
(geometric mean of Kl pretreatment monthly productivities j

the geometric means being a consequence of the log transformation* The
operations of forming Z,, may be assumed to have removed the group
effect, and since groups are independent of each other, to have resulted
in an observation for each group to which the following simple model

applies:

N.i"n + J. i + at)

where * • .
-1 = over-all mean

(X= treatment effect, 0 .

.... ... ... .... ... ... . * . I * ** . * : . ... iI

~~~~~~. ... .... o . .... ............ . ... . ..
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* wA u tmeoi, -normally. d!~btrlued with
men 5 andvadmoiuea i. 0t ski!$

being mutually Independenl.

*Analyzes may now be performed on observed values of the !S 1 a lcu-
* lated from the- productivity data.

The Zjscould be formed from averages Over any month avail-

able, and in Miat 5 analyvses of productivitles were performed u singvarious '~-
combina tions- of monthly observations. The antl Vsin which employed pro-
ductivity cornjoarison ratios for the two periods Nov 157 - Feb 158l and

U Nov '58 - Feb 139 appeared to be the most appropriate and Indeed gave the
loweut estimate of residual variance. The results of this analy~ips are

of 144 Cf I converted back. (by taking antilogs) to a amn
pert clniuil b(rtetelow peidintiyrto Tables 23n . a) contains pontntiltel

of Uifferrced W-+(%'ols th06 is h nre r aiso h

raio inTbe2nfomd of 9tprols ofdec iis o h ru ifr

3nes alo oneritedbalkt gratos..8

Table 3

Antilog of
Antiloo John Tukey

.#. -,~. 95% confid-

ILt _1 Corresponding categories ((t)(/+V 1  enca limits

3/2 Expert me ntal/Informed .96 .80. 1. 14

2/1 informed/Uninformed .96 .81, 1.14

3/2 Experi me ntalI/Uninformed .92 .77, 1.10

Z.I

7 ~ * .~ *. .. .
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The estimates of Uble 7 say, for e mznft, 42mithOe Urglularm"e
controls improved 6 per Ceng awt ftsu treatment period as compared to *~ ~
t3hoir performance in the pretrwedfet peiriod, while the Experimental
groups declined 2 per ceam. In Table 3 the relative impmoement of theO

f1i~oally suqg~sto that optimnization of the personnel management Progrmm

is totetriamental. Honever, the ronfiene didtsho ao sthratistosl olnf Tabtle
obiously ind f icateae sucharge thrablthe otheas. nthinis, guand littleold
wi, thatisicah l sig1nioficwntmen eacpl'oyees.. fthststaais

rea S5RE per centR Inceae i prosutiibty con etrimatedt toe arget . #andbt

m lfeentor12g oeup inetwaeemngl ro pr n ohibiotivenumber.,ndtp

als Suow ervotaisoicll diff gnifcsarnd deffereces winche pol ersotibued
tonaheet treatments rneceifedhe groups dit.hiw a gtaiseticatlgoy.sinfctl

3. DifS f eUrene cr~epate sby the standards tof pouthevitye .ar ox-li
am .e tiffrne s std beyalttween hrours (syn 8 cop or tioo sieany type

(H)pruiCo rdcin Then for A hours actually spent prbducing
U units,

A A

That Is, the apparent productivity depends on-the standards, and shifting
from Jobs with strict standards (H.) to those with lenient standardbas
will cause an apparent increase in productivity when the actual producti-
vity is unchanged. Standards for the same job are often revised, but this
io not believed to have happened during this particular experim'112.

IN



p "Also, utarklards may be Vti up, in n tuIStUlation like Me~mtf, to 4pVIy

to handling individual items. Occasionally,. large orders will require

* handling of gross lots by lift truck with consequent remarkable temporary

rises in reported productivity.

4. Fluctuating workload. For example, during this .experiment

the invasion of Lebanon occurred, which caused a great Increase In do-

mends made on this installation. .0

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

recording and computing HMtU end Ai for all employee x day x Job

combinations c jntains 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 Job 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 attained, and that the level which the

- treatment had actually reached was not very precisely known.

COMMENTS Improvements in experimental technique are evidently re-

quiredto obtain useful results from future experiments of practical size.

It is likely that variability can be reduced by such means as care in Lr A

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 ewployee groups as possible to attempt

to overcome the effect of variability still present.

There remain the basic requirements such as, that the groups "

must be end 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. --

..6 .,4"-i-&

-. .:4;.

a' '



A.5 ONXPRIMAfTE~ CJONFTDLNCE rNTRVAtS POIL FUN=~ONS

Heorsy DeCioco I

-Ordnance Special Weapons -Ammunition. Command
DovwT* Now larsey

2. L.0D7aCrTTQW A system Is-made up -9f a number of components Ina
arbitrary comblivation, and it is required to obtain a confidence intlerval
for the reliability of the system without testing the whole system itself.
That Is, w6 have at our disposal only the test data (let us auaume in the
larm of~binomila success ratios) on. the.-components of the system.

Special cases of this problem have Ieen treated by- Buehler (1) and
Madarasky (4). The method presented herlein leads toapproxiniete confidence
intervals but is general enought to cover arbitrary systems with relative
ease, It Is alseo capable of a~ccommodating the casewheare t~he components

* ~of the system are statistically depehdent, altough th~is case is not devel-
*oped here. Tho method invoives computing montents of functions of random L Ai

variables, in particular those functions of the observed binomial date des-
cribed by the probability structure of systems of lnter~st. Although it io
entirely teaslble to compute the first four moments of such functiong and

* thereby se~ttler the question of a relevant distributibn fundtiori, practical
worke genorally requires no more than3 the first two-. The followingj discussion
Is'accordingly, so limited.

II. F NETgMQ~a MIZRIS. Let Pi denote the observed
k successes in m binomial tests recorded for the i-th component, and let
p1 denote the associated binomial parameter. For a. system of n statistically >.-
independent components in se~ries we have

*(2.2) Z(F) 7p,
(2.3) Var MF Vr 1 2 TfP2

the last two follow'ing directly from the definitions of expected value and
variance.

UA more explicit form of (2.3) for computation is

M..



(2.3a) Var ) Var 4
2 2

Var2 Var 3 ;-,."'

2, 3 ('i2 12 ,i3. p32

t Ver PAL Vr A .. AtP

2 .. . 3 ...n

V.p

whi.re all d13dtinct subscripts ere sur,-ad from I to n to yzied 2n -1 torme .
and where

Var P,(l - pi)/mi

While the last result is exct, it Is easily seen that a serviceable *
appro:dmation extols in its linerrized verf'ion, obtainable directly from. the
classical propagation of error formula, that is

(2.4) Var () Z ( Var ""

0

where the partials are understood to be evaluated at the point P1. p2 .
Pn. Applying this to (2.1) given

(2.5) Var (F)2) ,P1 2 (1 -PIP

121 ni12

which Is Just the first n terms out of the total 2n - I In (2.3a).
Appiication of (2.4) naturally assumes tŽiat F has been redefined for con-
tinuity since the $i's take on only fractional values on the unit interval.

Finally, corresponding to (2.2) ,nd (2.3) the relevant unbiased
estimates are easily shown to be
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12.6) Z m - ...
iM

,., Var ) -1. 1t :

M-. MORE GMINERAL SYSTEMS. The probability structure of each system Iis Of Co•r.e apeoal, °nd'i woud be. ponless. to att~empt a catalogue° of i:i:i:
these. Even so, It might be useful to ch•racterize a fairly general struc- I. -

ture to sugge3t the flexibility bf the method of linearized estlmates. Such
a structure might be as foll-ows: assuming statistical independence through-
out, we constder n ausernbliek In seriers where an assembly .1, made up of
as identical components, in parallel and where, further, at least a, of the •
51 components must function for the assembl, to function. We then have

S (I . .
(3.) F. "1 (,-1,2,

and to k first order approximation

13.2) E() • PY (I "•-'' "':""..'''

(3.3) Var (F) -%

K...

~I .1 ).

Var y 
" "i

p2

8, '. LA

.(y• [y ., •~ -p

• "•_ ." -.. 0 -.. 2" pill 2." t2 2 . . ... • ~ *." . . .. •" ".
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vfirem, asa belcm, both &4=11pts mae uwoe ftom U, tom. ?be koft~n
are usually biased in keeptng with a general lUmitation of linearized esti-
rmates.. (Refer Qoncludinq Remoarks.)

In the case of simply redundant sys~tems where rni I we readily
obtain the corresponding expresaions

*(3. la) 0 I'(r(~)i

(3. 3a) Vat F~ I 7[' 1 -[I--'P'' s12 0-^ 2 ) Va 1

* IV. A", ROMMATE CONFIDENCE INTERVALSI The lirhited experience of
the -Riter to date with systemns of particular interest to Ordnance has indi-
cated that VJar (F) Is generailly very small-comp.~red to E (F). We now
quaitily~the -term* smaill" to dettermine a numerical conditl on under which the

* first two moments as discussed above are-nough to give reasonably useful

confidence intervals. To do this we examine the rottloE (F /fiarF in the
context of Tchebycheff's inequality. We readily obtain ::.

(4.1) -() 1-r E 2(F) 2

Which has the commron sense, interpretation that the larger the ratio

E (F) iy F).m the smaller is the probability that a particular observation
of our chance quantity F W1j. P2, P.. ) will deviate beyond a given dis-
tance~from Em

Figure 1 io a plot of the bound, E of the relative deviation against
* ~~tle ratio E (r) /-Var (I')with confidence level .~as ierinmetet. That is*,*

the condition

*p, .- ~r E rIiV I3~



Dles[gn of Expr•mant 73 -

Implies the relation . -

(4.2) yac)

In Figure 1, is taken ai x10 for the 90% confidence Interval usuallydesired In engineering -applications. ''•'"

The ratio E(F)/f'ar) its commonly referred to as the "8tgnal-to-.
noise ratio." Pesigvating this ratio by R, we recognize the plot of Figure I
l a a hyperbolici, that is,

S(-k/R, k1-V"-"-

"We see that wherl the ratio exceeds 30,. toughly, the relative dwvii-
tion is not likely to exceed 10%. This is, of course, saying nothing more
than that some 3 standard deviations on either side of the meau value 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 n "
that it shows that after a certain pi/nt, large values of E ("-/VVar MF)
"do not influence the bound e very much. The. faqt that the curve in Figure 1
is 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 level of reliability for a
complicated system is likely to have, been satisfied. Observe further that
this fact also allows for considerable imprecision in the estimates of both
EM?) and Var (F). If, after such a computation is made, one requires fuller
Information, it would be necessary to calculate higher moments. The work
of Tukey (5) provides expressions for the lirst fourmoments that go consid-
erably beyond the level of refinement of linearized estimates. However, a
major conclusion of that work is that, with particular reference to the classi- .'

cal propagation of error formula (that is, the formula for Var (F)), linearized
estimates are often better than commonly supposed.

It might be well to emphasize that the explicit form exhibited by Un-
earized estimates of Var (F) serves the further useful purpose of exposingthose components and substructures of a system that appear as major contrl-

butoes to the overall variability. A rational allocation of additional compo-
nent tests, for the purpose of reducing that variability, Is thereby Ilicatd. '.
(.See example below.)

I -'" ,

ti-•i~•
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}bma11,. a otimpeson 0! cerUlr calcuoatLtns given by both Diehler
(1) and Madsnsky (4) indicates good agreement With the method of this note.

Tor example, Madansky (4) gives the following comparison with a result of
Buehler for the upper limit of a 90% coniidence interval for the probability of
failure of a two component, parallel system, where 3 failures in 100 tests
were recerded for one ccromnent and 5 fbi-lures in 100 tests were recorded
for the other;, B'_&ehler (1) obtains, for t~he upper limit, .004.2. Madanzky
(4) obtains .00518.

Interpreting p, - 3/100, ý2 - 5/100 now as fail urerates, and using
equations (2..6) and (2.7), we obtain the followIng unblas~d estimates

E(F) P p=2) - .00150
A2 A2 '*2 (: A A2 A2

"Var (F). p i 2" l 1- 2 '- P2 (1"42

1 2n p P1
-8

-102ý56 x 10

so that

E•CF) 4 3. 162 V-r -F) .00470.

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

V. En-,;,.,•, The following example indicates a simple application of (3.2a)
and (3.3a) to a system of a common generic type. In addition to computing
a 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 is made up of four assemblies in series (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 leatt one of which must function for the assembly -to
fun.c:ion. 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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I ~The following test dant. applies (IPUWed lucCuSS =Aoa):

t 21
*" 2 0 0

in* ie I:'i<i "i.
S•' " 2001 

' ,";.,. .

200,.•'":°

Corresponding to (3.2a) and (3.3m), respectiveli, we have

,£(F ) D i l - (I - ) .i . 3 ) 3 P 4 , .9 6 9

, i 1f l.

.a () ,P3 1- +

P2"3 4 ]10'•

199

S+ 3Pp P 19 -- 3" z.-?

('.wP2'.' (1-.3"41

P2 -6 3P4

Z 144.5xlO .

We obtein the desired lower lUut

S(F) - 3.16VQr .') .931.

* q

.. . . . .. . . . .. . . . .. +.. o"...... .... . ,..•.......:....:..• ..-... .,.- .. : . ,.. . . ..



Si. T cmp•oents of the variability sav as lolo .. .

a2 A-6
Var Pi - 47.68 1 10

-0
0 6-6' ~~~cf 0 a .2 44 x.....

1~P 0. .. ,3''•r

^0A
4. P

We thereby observe that some two-thirds of the total variability comes
from the final assembly alone, the remainder arising almost entirely from
the first. Observe that this conclusion is far from obvious, since the
assemblies cited are precisely those with the lowest observed failure
rates and, indeed, the lowest individual variances, It is therefore clear
that the most direct approach -to reducing the overall variability would be 4

to increase the number of tests on the fourth and first component types.

rinally, we observe a signal-to-noise ratio about 80. which,
according to Figure 1, io within a relatively fla't region of the bound C

Conaiderable variation in the estimate qf E (F) /V/-'V'F1 is therefore
not likely to influence is practical decision based on the estimated relia-
bility of the sjatem.

VI. CONCLUDING REMARKS. It is clear that If the observed success
ratios on all the components of a system are either zero or one, then the
computed variance of F (All 02, 0.) will vanish and no very useful ~
information is obtained. Thi%. case would repreaent an intrinsic limitation
of the method of moments, but from the standpoint of applications it does

* q%

.:j ;- _• .-._,..•._ _,.•.,•. • , ,........................................................................................................
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teBoyd Hershbaage.Niles White

The objective of this pa!pfer Is to show the functions which descrUbe
tereIntions existing betw'oen static test results (average mot-or pressure

and 50%111 burninq timae) and flight test results (burning distabnce, burnt v~elo-
cilty, mrn:;.imu.rn cartridge case pres-sure, muzzle velocity, and burn-out
time) of a spin stabilized rocket., A second objective i's to list confidence
limits in order 'that the results may be- better evaluated.

The~ equations found relating flight test.results to static test results

are generally linear or of linear form, except for one logarithmic term due
to flight t~emperatures. Equntions predicting burning distance, burnt velo-
city and burn-out time are described. These equations express the flight
test, values as functions of various static test result~s. The equations which
exp-ress flight test values are given in Lerms, of *i) six static -test values,
(I1) four static test values, (iii) three values found from th 'e six static test
values, and (Iv) logarithms of six static test values. -Generally, the equa-'
tions which Involve all the static values are bes-t for predictive purposes.
All the different typ-e equations mentioned are related to arithmetic means'
of flight test results and to arithmetic means of static test results.

Some relations si~milar 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 corresponding eq,,ations predict
means. Thus, most of this paper will be devoted to a discussion of the best
equations which use means fibr variables..

There are a number of flight variables but of the three flight variables,
burning dirtance, 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:

y-= -5603.6 - 66004X - '.69340X + .32081X - 589.54X
b1 2 3 4

-1359. 2X 54 733. 30X 6+ 3675.9 log (X 7 + 623), 1

Preceding Page Blank
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gives the relation between burnt velocity., Yb' In feet per second and the
six static variables and teiuperature, where X1, X2 , X3 represent average
motor pres1uree In pounds per square inch at -400f, 70o7, and 1600F, re-
spectively; X4., X5 ) X6 rvpreuent 50% burning time in *scondo at "O4D,.

"* 700F, 1600F, respecttvely; and. X.7 t. one of the flight temperatures -204oT,
-7-o,, 1400F.

Yb L95 + .O776SX 2 + ."536X3 + 543.2Xs
-2 6. 7X6 -2. 3 29X7 2

, gives burnt velocity in terms of only five variables, .X2 . X3 . XS, X6 , X?,

dtfined as for equation (1).

7831.7 - 1.6075u, - 97.430u 2

+ 386.49u.3 3387.7 log . 7 +4578.8-) (3)

gives burnt velocity an a function of four variables ul uZ, u 3u and XT,
whereu Ilog XI -logX 4 , 4 =' log'X2  logX5 , u5 lo3 X 3 -lcgX 6 , end
X le defined as above.

All three of these equations are highly predictive. Just how good .
equation (1) is as a predictor of the actual flight values ca.n be seen by
looking at Tables I, 11. 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
values. The 99% confidence intervals for predicted values at -20 0 F, 7.00F,
140-F are respectively,

2464.6! y y 2593.4.

2686.6 ! y C 2815.4, _ q

2840.8 yy • 2969.6.

. °



* Predicted Flight MeA..QrsenDftB 'UA1ng Equation M1

at -01

Nmixr Actoaa1 Predicted Percent........

* IValue 
Value value

1495 2440 2.486 -2.27

1157 . 2588 2529-27

1174 2580 2531 -1.59

1187 2628 2513 -.4.37

1248 2550 2560 .3. 99

1261 2502 25299

1280 ~.2480 2469 -4

1293, 2528 .2538 
.39

*1308 2482 252S 1.73

1342 . 2497 2516 .76

1351 2500 2490 .40

1399 2555 2523 -1.25

1361 . 2558 2490 -2.65

-1372 2496 . 2534 1.52

0373 247~5 2541 .2;66

182422563 3.68
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Predicted Flight Meusurements Usming Equmticw'(1

1487 2737 2705 -1.

1248 2775 27.82 .25

1261 2708 2751 1.58

OL1280 2708 2691 -. 62

1293 2737 2760 .84
130827462747.03

1342 2737 2738 .03

1392720 .2745 .. 91. 7
1352785 1.49.
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Predicted Flight Measurements Using Equation (1)

at140O~F
Mix _ _ _ _ _ _ _,__

Actual Predicted Percent
Value Value value

1495 2837 2862 .80 1 ...

1157 2954 2905 -1.65

.1174 2893 2907 . .48

1187 2980. 2889 -3.05

1248 2952 2936 , 5•".

1261 2890 2905 .51

1280 2878 2845" -1.141293 2910 - 29 14 .13 ••.''•

1308 2950 2901 -1.66

1342 2932 2892 -1.36

9 1351 2764 2866 3.69

1399 2890 2899 .31

1361 2865 2866 .03

1372 2952 2910 1.96

1373 29!0 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

involving physical test data. Propellants designated A, B. C, and D were

mixed and cast in cylindrical specimens and subsequently guillotine sliced

and dog bones stamped out. Propellants A, B, and C specimens had two

vertically aligned dots spaced one inch apart, and a photographic technique

was used to rpeasure 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 obtained 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 sta'nae 40f eft s tpsdas a e* a 1w1I antd suE p•byd.
* property data ai- surnmarzed beow.

Pro'pellma.

-40 78 143 -40 7B 143 -40 78 143

Strain at
MWx. Stress 4.1 6.3 2.4 39.5 7.6 14.6 31.2 7.S 6.8 •O
Std. Dev. %

Total .309
Variation 0.48 1.03 0.96

;- Impulse-% NK-NSO l0 -0

Propellant D

-250° 780? 1250F

FStrain at 12.08 8.35 5.30
,Maximum 13.51 27.50 9.70
Stress 15.25 21.92 8.27
Standard 14.93 30.66 12.58
Deviation 15.85 31.41 9.46

AVERAGE 16.85 25.6 9.1

Total Impulse
Variation .0.70 (N-26)

This data it considered tentative; however, the wide variation in
standard deviation for propellants B, C, and D is considered signigicant,
and attempts will be made to explain this phenomenon. Certainly with these. . . I
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

. . .,. .,.

S.-.,, . -
.. .•. ... ,.
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liquid sdid phase and subsequaent polymerization to In order. It may be
significant that the propellant designated A is a solution process and the
vdriatlori of total Impulse might.. be even lower if the formulation wore out *,

of the regearch stage asu'hL propellant D.

Statistically designed experiments on a rother large scale have been
*prpcpsad flor this physical test study. When these experiments involve

8tramped out dog bones the an~alysis should shoty whether the new techniques
c.5n be used to describe the variable in flight tests for the several types
*of solid propellants and for environmental effects.



* PROBULEMS WN THE AN4ALYSIS AND iNTIRMLT1IOU"
OF INFORMATION PROCESSING EXPERIMENTSW

•ai Emil H. Jabe and William A. Drown**

SOperation$ Research Department

Institute of Science and Technology
The Univerit of Michigan

Studios in information processing are being conducted by the Infor- I

mation Procesming Task lIPT) of Project MICHIGAN in the Institute oi
Science and Technology of The University of Michigan. The experiments
utilize "real world" elements and simulated elements.

The "real world" part consists of a processing station manned and
operated by a six member crew. On the other hand, the non-real parts
comprise a simulated tactinal situation and simulated military sensors
whos-e purpose is to furnish information on enemy task force movements*
-A crew is assigned the task of keeping up with the locations of enemy
elemenms in the simulated tactical situation. Differences betweeth the
"postulated" locations and the true positions in a specific problem or
run provide a score which is the measurement of the performance of a

* 4 crew. This score Is the response variable which is being analyzed.

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,

4. The inputs to the station,

S. The outputs of the statio."

•*This work was conducted by the Information Processing Task (IPT) of

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

"" *Mr. Brown is now with the Phybi..s Dcpartment.

.. .. .. J



'". ' Understanding of these five items will be aided by a flow chart diagram cd -
the operations, see Figure L

"n tfThe simulated tactical maneuver s take place within a military reserve.
tion in the western of-ted States. The area of interest po roughly a squaret-. ~~measuring 20 miles on a side. It is assumed that It to daylight with clear -i-

weather and the Blue fortes have air svperiority e Red ores consist of ,
iarts of two dck tiors which have moved into the rtser. ation ara an attack-
in fore. Blue e porces frese to repel the attaoking Reds. It is epertf d"m
tha at ued forces will be d pspatehad to counter the Blue movements. These

nRed Forces may mave about 20-25 miles usually on ward through the re-bili
fservation arero between 1300 and 1700 hours. A notinl amount of mteoella-

ec-ed sneous traffic in the gea vcalle n tactical noise) takes place due mto Red" 1 ~~movements not directly associated with the moving task forces. ":"

,It is the funttion of tsellance inoratio proessing station

i.e.,s to tra'ck ttiese cchcentrations and report where they are at selected:5
jtimes. OV~here they areg, of course, means where they are estimated to-,'.',.

.ance of combat surveillance processing system concepts as Implemented "2'''i'l

of station personnel to locate military concentrations an a function of eel-
acted sensor characteristics, the given tactical situation and the modes'"''i.

of operation of the station itself.:

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 is 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 forces was
varied with levels 1. 2. 3, 4, or 5. b

An IBM 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 m•nements In the target area. In addition, the computer
programs simulate the output ofthe sensors and messages and overlays
are prepared for the surveillance station to process. The content and na- I g
ture of these inputs to the station are modified from the actual task force
movements by:

A

.-:,.... .
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1 i 1. ine of sight considerations which art checked by the ¶
computer program,

2. The particular treatrnent comblnaUons applied for the run
(experimental unit), which introduce stc(hastic elements
through the detection probcbilities of the sensors simulated.

For a single experimental unit (a run of the station for one afternoon)
the information received by the station is based upon these computer sirhu-
letions and this information Is used by the st.ation personnel to track the
Red Task Forces.

~fit
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. lie is expected to give the locations d the task forces when
requested todo so by the control section. These locations are specified
in terms of map coordinates that delineate the perimeters of the terrain
"occupied by a task force. Such locations may be either an area or a route
or a combination of areas and routes. The response for any one task forceK
is limited to eight map points for each predictiont. A scoring progrhm using
Monte Carlo techniques converts the station outputs into error distance
scores.

In designing the first experiments, the Latin-Square configuration
seemed most adaptable to the investigation of effects of interest. Per-
formance or employment variations of the sensors have provided the treat- r
ment levels for the experiments. Since it was desirable to investigate
several factors at a number of levels In one experiment, the 5 x 5 orthogonal "
square was chosen as the basic design. Rows and columns of a square have
been designated as "repetitions" and "crews,," res ,ectively. 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 each crew for each repetition or run of a problem.

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

"Within each cell of the orthogonal square, i.e. , for a single run, usually
eihjht reports are made by the crew on the location of task forces. Theiie re-
ports are spaced In time at 20-minute Intervals during the development of the

i

S•- . :: ,: : : -:: :: . . .: : '-. . . .., -. ! ' :'', :: : ":: .. :" .: -, . ". . : : '- . : - -. .. • . . " - - .: :: - .. . ..:.,,..: . :. , :.i- , Ii
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Design of' Experialas S. -

Table 2 ." "'

RANDOMIZATION Ot TH~E DESIGN FOR 31,001 P

Crows

S1 2 3 4

Repititions

1 3,3,2 1,4,3 2,5,4 4,1,5' .5,2,1 1-

2 2,4;S 4,5,1 5111 2, 1,2 1,2,3

3 4,2,4 5,3,5 3,4,1' 1,5,2 2,1,3

5,5,3 3,1,4 1,2,5 2,3,1 4,4,2

5 1,1,1 2,2,2 4,3,3 5,4,4. 3,5.5

*•or Block I the factors varied were X, Y, and Z (refer Table I above). Thus,

the numbers 3,3, and 2, for urew 1, Repetition 1 refers to levels 3,3, and 2,
respectivoly for X, Y, and Z as described in Table 1. The factors U, V, and
W were fixed at levels 1, 5, and 1, respectively, for eaoch of the 25 cells of
the Block I experiment (again refer to Table 1).

- !... . ...
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simulated tactical situation. Thus, the structure of an experiment might
be duscribad an orthogonal square with split-plot features provided by the
time spacing and the targets. The term split-plot is used because of the
similarity with the standard s-lUt-plot ea:p'riment whether the main plot
structure be a randorrlzd conpliste block or Latin Square. Within each main
plot or call of the orthogonal square,. eight observations are obtained (one
for each timo) for each tisk force. But, of courss, neither time nor targets
can ba randosnized as required for a split-plot design.

In considering uni-variate analyses of variance for theme e~xperimnents,
these problems may be stated:

1. The rows of the square, designated as repetitions, do not li'' -

conform to the usual pattern for rows and columns in a
Latin Squý,re. The rows within each column may be expected" '
to have some unknown dependence or correlation.

This situation could be remedied if different tactical situations were pro-
sented to the crews. Admittedly mote Lactical situatl4fns could be developed
for the one reservation bding used, but this has not been done to date, We
have even suggested using different terrain areas for each repetition, i.e.,
one situation might be at Ft. Bragg, another at Camp Vol k, another at Camp .
McCoy, etc. Clearly, this would remove the memory element for the crew
in remembering what happened to Task Foice Alif on the last run, and
thus, reduce the unknown correlations in each column. Such an experiment
would seem to be somewhat unrealistic, however, in that a surveillance
group would normally function within a limited terrain area for a period of
time.

2. Degrees ot 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 individual degrees of freedorm for the quantitative factors
and using the higher order, cubic and quartic, effects to add to the four de-
grees of freedom for error.

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

* .*~I . ...... . . .
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* Table 3- -.- '-,

Error Mean Squares from Five xperiments .. ,
,Lited by Target (Task Force)

• • N~~~~ean e~aeret{otr_ rori- .... ,.

Target

0 1 .2 3 4 5.

S1 2.97

2 2.69

3 1.5 0.82 -7.2.

4 3.36 2.13 0.83 0.79

5 2. 1 4.8 2,7 0.62 1.1

These mean squres In Table 3 are obtained from an analysis of transformed .;< '
data, i.e., natural logartthms of the original error distance scores expressed
in meters. Selection of an appropriate transformation Is a problem in Itself
which is not included In this paper, (2)

On the other hand., combining cubic and quartic effects with the error .*',

sum of squares has been curried out for some of the experiments and partial !...

[O results are displayed in Table 4. From the available evidence both of the
approaches suggested appear useful for Increasing the sensitivity of the ex-
periments.

3. The split-plot interpretation for time as a factor is not valid.

.O 4. What interpretations can be made if an overall univarlate analysis

*Vartable analyzed Is the natural logarithm of th'i observed error score.
* Source: (1).

_,.' •.. 9
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of variance is computed with both Uiwe anrd -targets as
apparent split-plot. factors and there is interest in inter-
aCtibns with main plot treatments?

i The questions (3) and (4) may be considered together. An example of an
analysis of variance for one experiment appears in Table 5, below. The real
problem is "Wneit is the proper interpretation of that part of the analysis in
Table 5 below the four de-gree of freedom error term?* The Motdel implied by
the analytsL seems incdequate for the experimental situation. (3) The parti-
culAr a.xniple shown In Table 6 present~a no problems; all the observed inter-

haction mean squares are 'small' in relation to the r#,sidual meen square.. -The
situation IS quite different, however, for other experiments of the series.

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

L ~experiments ?

Due to limitations on number of crews smaller squares, e.g. , 4 x 4,
and so-me Youdt-n Squares have been u~sed. Also, some non-orthogonal do-
signs have been used since least squares analysis is easy with our computing
facilities. (4) The istest design considered le~an incomplete bloc~k desion

* from the clasj of partially halanced deligns with two associate classes-. (5)
Actually;* factorial arrangements of the treatment com~binations should be used
so that most of the two-factor interactions could be measured. The 5 x 5

* ~orthogtonal square with treatments assigned in three languages Is in facta 1
in 12 5 fra-ction of the total design and does not permit assessment of any
desired interactions. To date a feasible factorial arrangement has not been
worked out. The limitation to three crews is severe. An examination of the I
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 procotdure, how-
ever, would affect the assessment of the Ocrew effect" since crews would

* be confounded with any other extraneous effects. which the block. are do-
signed to remove in evaluating the treatments. It is believed that the result-
ant confounding would be no greater, perhaps, thai the assignment of crews
to columns of the Latin Squares. Some extraneous effects, e.g. , such as a
particular crew always working on the same day of the week, have been
present In the already completed series of experiments. On the other hand,

a * ~introduction of the trick of a pseudo-factor, i.e., dividing four crews into. E
two groups of two crews each would permit direct introduction of crews as a
factor in an experiment. (7)

S
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£nofl.. -Ii .5 .82 7.2

8 opoot 2.11 2.74e 11.2,
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2to L.4 3.36 2.13 0. 83

c&C onpcaonts 82 .89 2.34I 6.18
*Combicad 322.30 2.27 i,.80
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* 1. repetitions

2. Factor X

3. Factor x
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