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SUMBMARY

This memerandum exploite some daia collecied in the course of a
cancslled project. K is princiielly exploraiory.,

V’ﬂm anslysis presented in this memorandum illugtrates some of the
manifold errors in militery intelligoncs. The data are deown from the
aciions of V US Corps in Normandy, France, betwsen 6 znd 18 June and on
30 June 1944. Rellable seatistical inferences cannct be druwa bocause of the
paucliy of material collected in the sllotted time.

The {nvestigation consisied of an historicsl reconstruction of the actual
German situstion in Normendy, oollection of avnilable data from ¥ Corps G2
records concerning the enomy, and statistical anelyeis of the meiched dsta.
Tho annlysis is based on 2 four-dimonsiooal mtﬁlligence model ihat congiders
each intelligencs target possssses size, type, location, znd name, and
emphesiving thet name is useful caly for the light it throws cn the structure
of tho anemy force and ths changes in that force.

The etatictical analyasis indicates that there is a é'igzﬁfim:a djﬂez"c-hce'
between $he frequoncy of exrxor {rom one day to the nm.> Time available
for data collecticn, lmv;ever.(_ prohibited tho time-zories eaalysis which
this result indicates deairable;\&ﬂ‘he implicstions of the daia ssem fo
reinforce common sence and military experisnce; that Ls, if a retronting
enemy breaks contact, it is difficult ¢o know what action he ig taking, The
data of this study indicats that the frequency with which cloments of mits
are identified as entire unlis and the frequency with which units are thought

to be other units riges ebarply when contact is broken or relsxed, @oe
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The distribution of hita and missee for the different dimensions of
intelligence can bo prosented in tabular form ae {n Table 12. This takie
repurosents only Infantyy units in & defensive attitude. A ect of guch tables

based on adequate data might provide a useiul origin for extrapciation into

fulure operaticns by wor gnmors and designers of command-pogi ezercisss.




SOME TYRES AND DISTRIBUTIONS
OF INTELLIGENCE ERBORS
I. PROBLEM
The problem is to define and measure the diziribution of soms €ypes of
intelligence exzora.
E. PURPCOSE
The purpoze of this study is fo provide guautitative guidance to war gamers
in infroducing "reslistically" some types of intclligence errors into war games
end to ingelligence analysts in ectimating the reliability of collected battioficld
intelligence.
I, DISCUSIION
Two zeis of gywbols appear in this soemorandum. The firet set of symbols
1o used in the definiticn of tha problom and the dein anelysis (See Saction IV.).
Tho secoad sat of symbols {See Seciion VEL, ) was developed by Baymoand Burros
for kig analypis of ths World War I data which will be pulilished as a CORG
Report.
A, Definiticns
B s fnventory of Blre units = Bl' Bz, Bas s ars .Bn
B « inventory of Red wnits = R, By, Rgy . . . .R
By, = Blus feedback from B By, <—-Pos-B); that s, By, te 2o Blus
Q8 pietare of the Blue situntiocn.
| By * Red foodbaok from B (Byer—E BY; that is, By, 15 the Riad
l | G2 picture of the Blus gitustien.
‘ Ry = Red foodkeck from B (Rye—-Bw By; that 1s, R 15 the Red
@3 picture of tho Red gitustion.
Ry, = Blus feedback from R (R <—-2—R); thet 15, B, 18 the Blue

@32 picturs of the Red siguetion. 1




M N
R = 2 B B = z B
m= Q - ne QO =2

Each Bh} and RM is cheractarized by dimensiocns ¢, 8, 1, and W

whare 8= sige, t=type, 1 =locsticn, and w= psme or numarical dasigastion:

Bgu.t,l,w) and R(a.t,l,w)

2

For the purpose of meking combai decisicas the Blue commander is
interosted in the size, type, end gecgraphicel distribution of the cpposing trocps.
This means 8 definition of the intelligenco inventory interma of 5 and ¢ is

sufficient where the limiting values of dimengien 1 are definad as being within

an area L.

M
et m

In treating World Wer I data, R dosigrates Gorman units end R
dozignates US intelligence.
B, Assumpiions
1. Qiven & knowan order of baitle {laventery of names of enewmy uniis)
ard gome knowledge of enemy organization practices, the type of & unit can be
inferred from 128 name,

2. W w is conzidared me e dopondent variableof 8 end ¢, then w

oza be uged (o estimate 3 and &.

v




Let B, Q2 estimate of the average strength of an enemy unit

of type t.

R_.. sgirength of thet subsst of R which confning all wmits
B e B v

C. Pogsnnlate
Eeoms in ths inventorics of B and R,

they are af idemtical locaiions on either £ < w. The gintemem

ig true if £3)

D. Burres' Definitions

In Reymond Burres' analysis of Werld War I data only those Rm were
treated which were located in an area L in dimension 1 coasisting of s, the US
Coups zoae of interest which is an area bounded on its four sides by (1) the "front
line", (8) a line parallel to the front line at g distance of 30 km to the German rear
and (2) and (4) the produced lateral operational boundaries of the US corps. Part
of Burros' analysis (German West Wall) uses RR 25 ap estimate of R. Tae re-
mainder (Normandy) of Burrces' analysis and this memorandum iz based oz a com-

parison of RB with an spproximation of R reconstructed by historical methods.
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Buarros’ anzlysis (s illusizeted by the Vemn diagrem, Figure 1, in

German units presat bt not identified
German units presant and ocorrectly and completely ideniified
CGarman units not present end irgorrectly bud complatetly
{spuricusly) identified

D QGermen uniis incomplataly idextified whether present or not
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Figwes 1. Venn &agrem.

If German units are dezigoated as Red units,
then
R=Aand
B

=B+ C+D
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IV. CATEGORIES OF MTELLIIENCE ERRORS |
‘
A, Naming Errors, Errors In w. bR

BEquetions 2 snd 3 indicate that - given the nanes of oppesing units -
estimatss can be made of the 2ige and type of the opposing force. The Burros'
analysis contalns deductions gbout the freguency with which such information
was available to certain US commanders during some World War 1 actions.
The following analysis looks at errors in @ and t implied by errore in w.

1. Error Types !

Dimengion w can be expanded futo three dimenszions. Cowmponenis
of w are number (hame), series, and echelon.
Number fpame) ideuiifies which member of the indicsted cories
i3 meapni. The zame number apporys in difforent series. Lxsct identificatior
roquirves lmowledge of both, Wkers punber is Imown but series is incorrect or
vnknown, matching must be dene in dimension 1. (Ss2 par. c.)
Series implies t {ype). QGlven number, the series may err
in afp ~ 1) ways. (See par. a.)
Echelon implies s {sizae). GQGiven a number, the echelon may
elso ery in nfn - 1) ways. (8s2 pavs. a. and b.)
a. Series Errors
The n gseries for ihe German ariny were avrmay regimental

infantry batinlions, army eeparatse infouiry bettalions, sirforce fleld wegimental

fantry Latialione, airforce fiold pepaxsic infontey hatizlions, SS regimental
infentry battelions, S8 sepaxato infantry battalions, army engineer betialions, |

. . .army regimentel sxtillery batiglions, . . . .army regimental tank !
battelione, etc. The numbaer of the sevies excoeds 30, arnd nén ~ 1) = 80 (29) = 870

possible sexies errors. . ’
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Siuce culy the type 1s important, if theao geries ere aggregated
into four ¢ypes in dimension t - infaniry {including reconnaissance and enginoeers),
ariillery {inciuding thin-gkinned direct fire weapoos and all indirect firve weapons),
armor (including all thick-gkinned vehicles mounting cannon), and noa-—-combat
unita - then nfn - 1) = 4 {3) = 12 possibis errors in type.

Empiricel Data

The only cazen ef such migidentification odsarved in Normandy
in the V Corps G2 periedic reporis were ‘large coacentration of infantry, armor,
ard artitlery® in the Foréi de Cerisy on 8 and 9 June {actuslly occupled by an
artillery baitaiion {lowed) and a divicionzal signel batialion) sod some false reports
of tanks, The data were scattered and oo ill-defined to parmit sny roliskle
quantitative snalysis.

b. Echslon Errors

Pers Pro Toio Confusions

The n echelons congideved in the siudy zre {1) company, (2)
batialion, and {3) regiment, Then nfn ~ 1) = 3 (2) = 6. Actuslly, the cnly two
errore obeerved in the data were (a) companies pracent and thought to be batislions
and () baitalions present and thought o be regiments. These weore aciually
{dentified units. Thke G2 made e ‘‘conservative, " “cautious, " or “pessimisiic”
estimate. Paged on the data availebie, G2 oovld not be sure that the eniive parest
unit was not present. This type of exror is desiguated o pars pro foto confusion.

Empirical Data

The mmber of such confusicas $8 shown fn Teble 1.
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ble 1.
[ DAYS TN JUNE T&] ‘vj‘s 610 11| 12 {137 307 Tokal
iCmpmyxu.n‘medE'sEaﬂzdlm 1lojoj{olasl21]| 8 8| of 36
it e | 0|3 o]0| 3] 2| 0| 0| o) o
Lwro?e,lwwm '15__;." ojolicjas| 8| 3} of 42

L 14

Ths number of compenias and batinlions in V Corps zone of interest is given in

Tabis 2.

Table 2
zifA"‘"?T»} JUNE ] 6| 7 i ef g1 10] 111 12] 131 s0 ?.“otalE
b o e 4 -;
| Compantes 36 | 27 ! 51 % 43! 60 | 6% | g6 | 102 | 60 | 543 E
{ { i i i
| Baitalions TR RY ! 16 f 20 21| 32! s} 20| 188 J

&

Tho percesutage of casea which exhibifed the {wo types of confusion on the different

days 1o enterved in Teble 3.

DAYS N JUNB 6 718f91 20 | 11 | 22 | 18 |20

CO*"\yﬂny idontified as Bettellon 12.78101010721.67 17.67§8.3312.84; 0

e

‘Bamliua identifled as Regiment| 0 [0]0(0115,00f 9.52% 0O 0 0

"

By exelysis of variance, it can be estimated st the 5-percent
confidence lavel (het there are diffcrenses between the frequency of confusion
types which are not due o chence and furtber estimated at the 1-percent confi~
donce level (hai the differencos betwesn the freguency of such confusions from

one day o another (e nd duo to chance alme, 7The resulis of the analyais are
tabloted in Table 4.




| Table 4.
Source of ] Sum of | Dagrees of loa » F 05 F o
variation | squares 5 frasdom squars | c .
'5 Deys ! 7432184 | 8 92.2023 | 26.61 | S.44 | 6.03 ;
| | i { !
Typeof | aoan | 18 - <
: oa:lfuﬁlon ; 40. 5230 | 1 45.5230 7.16 6. 32 11.26 !
L : | ‘f
Ervor }f 80.8508 | 8 6.3676 | §
. ST =15 it e ML Ot
§ i i i
|  Total ; 899.6022 | 17 | |

.

Since by nature a compleie uait designation is given in cach case of a paps pro
toto confuzion, and cince thess censtituic a class of extor, they belong in Eurros'
Category €.
¢, HNumber Ervora
@) Type 1

The errors in number are difficulf %o clageify. There are
thezo which fall into the class of typegraphisal errors. Eizny permit interpreta«
tion to the extent that the original infent can be discorned with a high degree of
raliahility. There are cthers In which the erreneous numbors fit into the logicel
form of the numbering sexies but which gre not repreasnted by units actusily in
the aren of itention. Those are osmmined bere.

Empirical Data, I
Nanber errors made by V Corpe G2 are samuerised in Teble 6.

Table 6.
| | DAYE B JUME 6 |7 819 1021212 13/ 30 [ Total
Sspormte Bettalions | 0 | 0, 1 {0 4| ¢ | 2] 0] o i1
Regliments ojojojof 1 1fjojoj o 2
Tetal 0 {o s{ol st sl sl sl nl'm
A |




| Since the data are meager, the analysis of variance has
not been performed. It appears, however, by insgpsction that the results would

tond to reinforcs the confusion resulting from echelon ervors.

) Type ll
i_ There i8 yet 2 third type of numbering error in which G2
b recognizes the correct series, echelon, and location, bui confusss the unit with
a different unit in the corps zono of interest. These have been catslogusd in
tarms of the resulting effect on the Q2 picture of enemy iocations and order of
bhatilo: The orrors are incorrect spotilngs of units precens.
V Battalions thought to be a different battalions of the same
regiment (or ancther GHQ baitalion in the same series)
W Bettelions thought ¢o be e different battalion of a different
regincent in the same diviaion
X Batialions thought to be o different battalion of a different
divigion
Y Regiment thought to be 2 difforert regiment of the samse
division
| %Z Regiment thought to be a differsnt regiment of a different
division
' C.B =V+W+X Confusions reﬁulting from misidentifications of battalions
CR =V +Z Confusions resultlng from misideniifications of ragimonts
WeXr¥YeZ Confueions resulting in misplacement of regiments
! XeZ Confusion‘u resulting in misplacement of divisicns

Ewmopirical Date,
The confusions are presanted in tebular form in Table 6.




Table G.

b dme | 6 [ 7] 8] o ]10] 1]z [1s]s0 Tcanl_ff
| § ‘ i !
[ 9 1 11) o o o | 2 ozoko ¢ |
w 2 {1¢{ 0l 1| 1E 1 0%1503 7
{ { ! !
i i f, 14 !
X o%oto o 1} 1 0 | o0 0 2 |
{ | i {
Y et o]l ni® 0 0 0 0 0 o |
| ‘ |
Z o;o!olo o e 0 0 0 2 ]
! 15 |
{ 15 |
' | i é
“SOJJ,TQQB ‘ f f : {
\ 1 ! 1 § !
i u i | !
Cp 3;2}:»!1; 2 | 4 ¢ | 12 o 13 1]
, * 1 !
| Cg o lo| o] o] 2 1 0 0 ¢ 3
b ] | { is |
: A L A A o i ik

The pumbex of batinlions and regiments present in the V Corps zons of intorest

iz given in Teble 7.

Tahie 7.
| June | 67| a| 910 11j12]13] 30 | Total |
| Battalions 12 0 9117116 2| 203 32! 36} 20} 183
i
Regiments 18l s 5 | 10 91 8| 10 8 62 |

To examine the ricks inherent in poollug this defa an anslysis of variaace io

included in Tabie 8 which indicates no significant effscis sither f days ov typesz

of confugion.
L Table 8. iiler

Scuroa of Sum of Dogroes of i Kean ®
variation squares freedom square
Days 39,2308 8 4.8080 < 1.0

Type of “
Contosion 18,1401 4 4.8375 1.0 l
Error 1302, 0488 32 &0, 6889
Totel 1389. 4337 44




With this ascuraace, all types of battalion misidentifications and all reglmental
1 misidentifications are pooled together in Table 9, The analysis of variance in

Tasle 10 shows no aignificant difference between types of confusicn or between

. days.
b | T:ble @
r | g,..,_u,_.-‘.. STESRESEN .1,..~ L e (e —?man':l*——.—v»q-——-«w-‘- ' u..;‘{...k_..--
1 [Gwe [ & [ 7 Ja| 5] 1 1 | 12| 13 [ 30|
B e R e T e e e it et EES?
iCB/}?.ﬂ.s ; 26.0 | 22.0 |o}es] 00 j100]| 0f 28] 0
| i i !
{Co/Rogts | ¢ o Jo} o | 10.0 | o] o ,E, 0 |
TN ST LIS RN D i s (R R
. TE‘.I?J.'% 10. Do B
iaouvo: o Sum of Dogrcees of BMoun - F o |
i variation SyuATSes fresdom square : Ji
' Daya 607. 1990 8 75. 8880 1.58 3.44
ol b 229. 1376 1 220.187¢ | 4.76 5.%2
| confusicn
il Exror 385. 8063 8 48, 1632
ENTRAIER Bl
| Tokal 1221. 6429 17

2. Satisticsl Anslysis, Difference Betwesa Days

The date progariad in éhis section indicaie that ervors in recogni-

tion of ensry wmits vary on differcod days. In the coae of pars pre toto coufusions,

a significant fference was noted in the frequency between days. Anelysis of the
data tn Teble 4 indiostes en indracless correlaticn cosificlent of 0. 62 with 95-
percont confidence lmits 0.17 t0 0.77, dizcussed in detal] in Apperdiz A by Dr.
Springer. This aralysie indiceles ut » lerge part of tho varience in the totsl

frequency of such confuslons i duo to the differesnce betweea the frequency m
different days.

11




The data represented in Tebles 9 and 10 do not gupport a statistical
hypothesis that such sigatficant diiferences exist. Howaver, the data as pre-
senfed in Figure 2, while meager, do not refute the suspicion that errors in
identification of Qerman units occurred most frequently during periods whon
contact between V Corps and the Germans was being established or had been

brolten. Such periods are June 6-7 snd Juae 10-11,

B 2
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Caleadar days (Juze 1944)
~——————-- Cp,/Bns (Tzble 8)

e e mee v Co~wBn (Teble 7)

~——-— ———-— Bn-=Regt (Table 2)
. L me——— s R/E@Ets {Table 8)
v Figure 2. Froguency of ervexs pletted sgeiast calendar days,

The tendency tovard amoothh curves suggests that there miglk be
interactions bufween days. The difficulty, of courae, lies In defining the days
in such a way that they can he groupad. This would require that ihs entire froat
of the corps be in the samo state 2t the sane time. The chances, however, of

this bagpenlng are slight unless the corpe 1 taking part in an over-all army push,

12
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is boing atiacked all along its froat by an opposing arimy, or the eatire front ia
‘ guicscent. These conditions exe nearly satisfled in this instance. K porticns ,
of the {vont are ecilve aud other portions are inacilve, there are an infinlie
rumber of pepulations of days which must be sarpled.
In this paxticvlar cose, the same atete prevailed along the entire
V Corps front on the night of 5/6 June (the day of the landing). The dats arc as

of the close of the {iret day's fighting, With the withdrawal of 3524 Infaniry

Diviglon from defensive positions along the Aure River to the Elle during the

night of 9/10 June, virtunily the same state prevailed along the front; namely,

<

L

V Corps troops ware out of contact with the Cermana. The resumption of the

V¥ Corpe puzh southward fook place on 1i June and crested essentiaily the same
situation thai preveiled on € June.

i the data vwere to ko cubjected to a timns~serics analysis, ths zero
time would f2ll on § and 10 June.

i the entire iIntelligence problem were to be attackod on the hasis
of & time-geries analysls, it would become quite aostly. Every echsloz and

type of unit (R for evexry stais of comhel {atteck, defense, end quicscent)

e, t)
constitutes a separato serios to the warious Jegrees of ideniification. The snslya's
wouid buve to be based on & beei estimate of B and would be posslile cily where
complete it records are available for the intelligence targets. Such a project

. i3 eccnomically feasible only whare additional pay-efls can be obtained from tha

detailed reconstrucilon of R.1

I7hig ehould not be interpreied s implying that the time-series snalydis
is unfeasible. Suck reconsiructions of R in ceriain actions havo been made p

and nead exploitation through reconstruciion of RB Recanstruction of R and

B In real time ie useful for & multiiude of purpeses.

13
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B. Location Ervors, Errors in'
Two types of lccation exrroxn are poseible. They are measurable in the

fivst caee betwaea R ) snd RB

v} rnd in the second cees between Ry
| _

and the nearest that is, tho distance between the identified unit (whether

R R
{age )
tho nare s known or not) and the nearest actual unit of the same class. The

~ o 2 ~ ] . G8en 1« Fuenamrs s2om bl 8.7 A entB €2 a8 men T Fom my mvnn Ao A v T .
gocond cace is Intorgsiing only whers unis fidentification ie f_.,{':uuzplﬁ'hu &8 WO NUILoAr.

—
It
g
i
o
o
-
[

42 commend post days {all types and echelons) only 1 command post
vwas located without koowledge of its pame 0. 29 percent per day). Ina tofal of
133 batizlion days, only 5 battalions {2.7 percent per day) and ne regirents or
higher units were located by type, slze, and lecation withoud mention of name.
The given point was on the main line of resistance and was cccuplied by Germans
but not by an entire battzlion. Since identification witbout knowledge of name i
20 rexve, it seems advisable to restriot aticntion only to meapuromenis of error
of the first case. These are treatod In Burrog' study as radiel misgs distance.
Another type of location problemn ig releted to the degreo of precigion of
the location giatemsnt tn dimension 1. Since vnits oocupy areas, thelr loocation
can be indicated by & peint, a line, or an ares, represeniing increasing amounis
of {nformation and increxsing pracisien of location. For ihe purpose of colleciing
dats on V Corps intelligence in Normandy, use was mede of the fullewing categor-
{es.
1. Poasition Asssrtione
s, Sstements Indspendent of Line of Comtact
A Position of enamy mit given relative to other enemy

units (“batween, ? “belind”). Thers wers no examples

in the period selocted.
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B Position of enomy unit given relative to US unit
Eﬂg cpooaite an army group {Lr < Bag}
Ba opposits an avmy {2 € Ba< Bag}
Bc oppesiie a corps {sa,g_':pz'ozinmialy eguivalent to nrea Zj 1
Bd opposits a élvicton {BdZ Z € Ba} ; 4
. i
Br opposiis a regiment {Br& Bd& 2} (‘

esite a batizlicn {Bbe Bre Bde& )
]

P
&
3

b. Statoments abowt Units in Contact
C Point within erea of unit (tvicinity, ' “heohind’).
D Front line and boundaries gpecified.
¢c. Staterrents about Unitz Not in Contact
E Lecation near & poini (Mvicinify'')
F Boundary of avea occupied

BErvor Messurements

oo

f. Percet of Uniis Identified |
Ths identifications fractlon represents the ratio bafween tha sum
over daye of units ideantified and the sum over days of the uniis pregsent. The 1 b
percest identified i3 besed on this fraction. This percent is further subxlivided
into the percent of totel vails present, identified accoxrding to eack of the location
statement categories.
. b. Reliability
Each category of location statement was scored for raliubility
! ' in terms of corrsctness or incorreciness with a measure of tho magnitude of

errors. The question whetber Categories A, B, D, and ' correctly repressnted 4

the unit locstion can be answered “yes” or “no%. The snswers ave evaluated

respociively as 1. 0 and 0. The relisbility is the mean value of these answora.




o

Scoring for Catogories € and E is somowhat more complicated,
since thoy represent psiszts within arens. In the cazo of front lins unite, V corpe
G2 normelly designated & point not ca the froat line but closo fo it. The actuel
location waa taken to bo the nearcst point cu the frout line. H the projoction
fell within the wnit Bounderios it wes scowed 2 Mt if culegids, o miss, & the
case of units nod in contact, the locatlion was geored & hit if ¢the pofnt identified
lay within iho onit boundaries.

c. Dietapcs Errvors

The measurement of exvors was the distence from the actual
but errcaeous location giatement to the nenrest point on the mup which would
have recaived & correct score.

The significance of this erroy is as follows.

Lot this distanco be desigzatad o
and
d dizmeler cf the unit
r radiua of effects
then by necessity
r=sd+e
3. Empirical Data
TABLE 1 ghows the V Corps intelligence product In formns of location
statomente, All data ere poeled Dy typs over days because thave erg ingufficiend
date {or more refined (rontmment. To stisin o degres of generalily, data from
several cospe would hnvs bosn nececsary. Comclueions czn ho only tertative sad
errived at by inspection of the table,
8. V Corps (2 tended £0 uze Catagory C for units in contact and
Catogory B fos wnita pot in confast. 'These eintoments mewely idoutify a polnt

16
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iin the sree cocupnied by & unit. Thoy contnin Hitlo informetion.

. Categoery D implica

rot used st ali in the csse of batialicns ¢

ments. This category implies more inf

LR SRES 4

of batialion boundarics fmplies mone Information than knowledge of regimenial

boumndaries.

- Prad Ters omed svee Y
<, 1306 ‘.‘21' S nJ ' W
Corpo (02 did pe® meke location divi-

ns end coves.
V. CONCLUZIONS

A. The model and the method of enslysis both are workeble, end might

provics @ mesns of

o

ETCEe GTTora
102 CGRAGXS

in war games

B. Though the deiz oz which this memorandwn was baged were teo meagesr

-Au..«\
to permit estimates of errew requencles by type, the dota did rovenl statistically
significawy difievences belwesn the frequency of errors on difiercnt dayas. This

variation poeme to vary syctemeaficelly with the taciiosl situation as a function
of ibe clozeneas of contect. Therefore, a modification of the model to dstermine

erzor frequencies per day with days classified by provailing tacticel nctivity

might zopresont & significant mprovement.
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Footaotes to toble on preceding page
g 1eg

e A " Sura of un § identifes
8 Lientiflcation fraction = Sil.of unite x daye identifier)

Sum of units x days present

b The lineax errcys fall info threce clagses:

Sn)

40 lam. An ervor in placing e buattallen Decause of miginicrpre=
tation of the numbering aystem. 7The Sth Co., belonging to the
3rd Battalion of a Regiment was identified as belonging %o the 2d
Battalion. The compony was correctly identified. Tke Order of
Baitle ieam made the error.

Errors arising from loss of contact. The 352d Divisio with-

drew on the evening of 8/10 June to positions on the [iile River.

V Corps did not maintain contact. V Corps identifiod stragglers

as representing the division and was deceived by the active re~

gistance of 17th SS Reconaissence Battalion into thinking it was

opposed in force, _

Error: f{mean deviaetlon from the mean) 18.4 2 1.7 (8 cases)
fanedian) 18

18 kv represents approzimately the divigicn front.

Normal errors: {mesn deviation from the taeen)
2.7 21,2 (12 cases)

fmedian) 2.8

B is worthy of note that the mean deviation from the mean in B is sbout
twice that of C. This secems rengonable in view of the fact that the divi-

sion w

ithdrew in formation and merely rearranged the battalions eome-

what wiilin the reglments but did not rearrange the order of the regiments
in the front.
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Footnotea to table on preceding peges
v =

& The symbols glven in square brackets refer to the terminology adopted
and explained in the discussion which follows. The numbers in paren-
theses under s are the nuwber of cases on which the irequency per-
centage is baged.

The distribution of location errors ig not treated in this memorandum

aince the data ig covered on a broader basis in Raymond Burres' CORG
Report. The location errors renged from 9 to about 25 km. The dis-
tinction between correct and incorrect location fs discuassed on p. 15.




APPENDIX A
THE INTRACLASS CORRELATION COEFFICIENT

by
Dr. Melvin A. Springes

R. A. Figher has introduced the notion of intraclines corrsistion as o measure
of the variation of the mean values from claes o clags wien N veriastes {fiems)
are grouped into k classes of n vaeriates each. In order to defins the intraclasa
correlation cosfficient, we must regard the model for the analysia of thie cne-wey
classificaiion a8 a Linear Eypothesis Model rathsr then a Components of Varience
Mode!l. If 2 Components of Varisnce Model 18 used, it ig necessary {o assume {bat
for any class the variaie {8 normslly distributed with some mean and with a vari-
arce 0_2 wkich does not change from class to class. In order to employ the Linear
Hypothesia Model, we raust meke a further assumption; this assumption is aleo
necogsary in order to defins the imtracless corvelation cosfficient. In the Compon~
enis of Variance Model, the mean values for different classes have boen considersd
as fixed, unknown constants. We now consider an infinite population of differeat
classes suckh thet with esoh class is 2ssocleted & normal distribution with & mean
velue p and standard devisilon o expressing the distribution of the observations
within that class. Again, it is s3sumed that ¢ is the same for all classes, bl g
itgelf 8 & random varisble normaelly distributed with a certain mean # and standard
deviation © . The k classes obgorved constitute a random sample of size k from
ihe populaticn of classes, and the corresponding mean values p 1B e o By
are z random sample from a normal distribution with a mesn value v and stsndard
deviation al. In $his formulation, the null hypothesis p 1"Bg™ ..o =y, can

be sxpressed aa al-o. gince olwo means that the variable u  {a really a

consiang.




3t this one-way clascification is avalyzed by a Linear Hypothesis Bodel, the

| ‘
; Intracless correlation coefficient in the population frox which the k clasaes =
were darawn may be defined as
012
| o
E L g 40 | 1
: 80 that testing the hypothoeis Hy ‘
By®Ho™ oo ®Hy F 1
is equivalent to testing the hypothesis EIU] : ' A
=0
A pignificant ¥ implies it py is @ ignificantly different {rom zero.
An unbiagsed sample estimate of the population intraclaes correlation coefiic!s “
p?: is
52 - & |
B *
4 ] g ?.g2 ’
i ; : 0
where {
k,
] z:!(i, - i)iz 1
‘ .2 Tt
) - i k -1
. k n ‘
% = (iu i f |
o AR
j k‘n - 2
: i
i
Readucing Fraciion 2 to ita lowest tsrms end dividing the numerator and deaomin- | 1
P
»‘ ator of the roduced fraction by §° |
|
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8.2 - g ) -1
Iy = -4.—*-5..,-;*.,,.,..‘-.\ L S ... A— (3;1
[ 2 2 .
S&; +@~-1)8 &-‘

Ty ;e (4}

We ave usually intercested elther in tosting (e hypothesis p = P O¥ in egtsb~
Righing e 100{i~p)percent conﬁé;nce intervel for Py

- z ¢ &b & .
Consider the ratio A™ = E?-. py Tay he writien in the form

a
p, = ol e
I 1422
Tae verialde
~
L
/S \
i cz & no‘ \ S;'iz (ﬁ :
¥ ac‘«uw e L i ts;

has (ko ¥ digu(agicn with K~ § and &kom - 1) degrees of fresdom, Dividing

numernior and denominnior of Bguation € by aa, we kave

s ? 1
F = 'Az'x”!-v‘s = % ! 3 ‘7)
) 1+ mh 1&pA '

Thet 1s, we ere 0w concerned with 2 new F verisbls which cansists of the original
¥ wertehle idanotad by P9 muliplied by ths facter -3 —;. To test the hypothests
tht Py~ 0.8 for days, we nule irom Snsdecos’s rlt:t:i that the §-percant critt-

cal valus for & and 9 degreos of freedan 1a '2' 3.23. while {or § and 8 degrees

of freedom # 1s rll = 2,40, The two ovitical values we are interesiad In are

27




Fy=-13=0.20 and ¥, =35.28. Wo rejoct the hypothesis p; =0.60 if end cnly
F
1

if ths inequalily

Fft
F] B - g < Fz - {8)
S 1+DnA
i
ia not soiisfied; that is, if and only if *&2 doea not satisly the condition
1+ nAd
0.2 = Fi..rz < 3.23 &
14 BA
Sinece o % - -—9'.05"’" 0.62 tha inecualit Eaguation 9) 1 atigfied and we
o0 =y = i g~ 082 the insquality (Equation 9) te satistied and wo

do not reject the hypothezis oy~ 0.6¢

A 100{i-p)percent confideace intervel for £y is

i 4
5""‘£‘2 .M..'.kz...,ﬁ [‘ (10}
‘%1 & Al 1+ ;\2 /}
where
2 1jFe )
A - - Hocose = 1\
1 ni[‘z ,’7

2 _ afre_\
Ay = n\F, 1}'

end whore l‘l and E‘z ere the lower and upper 180p-percent critical valuss of F.

Thus, in tho case of the intraciass corredaiion ccefficient {or days, we have

2 1/9.05 _ 2
Mot 505 ) = 0.2
2 1/8.08 .\
Aot GomcYy - 3
2 2
Al 7‘2
50 that g, 0.17 and == ;-2 = 0.77. Therafore, the D8-percert confidence
1¢A 1¢
1 2

indervel for pI is {0.17, 0.77).
R should be pointed cut thet a significant F in the above cmmple indicates
betd) thet "Day .2-,’ 0 and that the essocistod indraclass ocorralation coofficient is

- -




significently different from zexce. H that is all we are inforestod in, we may sicp
at this poing, If, however, we desire o 8b6~percent confidence interval for Py

we must proceed as indicated above. R is fmportent io noto that we cannct oblaln
gald confideace inserval by merely substlinting Fl and 3:“2, respectively, in tho
formula

o ALk

E°® Sy en-1

-
~
-

Such & substitution ‘n the days classiilcatlon gives the interval {-0.03, 0.20), whic
clearly differs from the correct intsrval (0,17, 0.77).
in the case of the days clagsification, the significan? Iy means that “Days

fthe variance between day means) constitules a lazge part of the tolal variation

2 2 2
oba.ys * %Confusion ' “Error ° 2
R sbould be mentioned that the lower endpofnt == e of the confidence inter-
1% N
vel, Equation 10, will be negative 17 %< 1. This would scom to indicaie that

2 ¥ b3

¢ Equstion 1 may be negriive, whick is clearly impossible. Such a pesult iz
due to the fact that some control has mwads the sawpling pen~randomn. Either the

chservations within the columns bave been spread arxtificially or ihe eoluma masans

have boen compressod info a rauge smeller than that ordinarily found In sampling.
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