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57 - / The purpose of th1s papex is to lay a basis for and discuss the com—". '5;.; -
_ A ' y / . .- o . g »:» “ ’
/ponents of a system, called COMET designeds\\¢objectively measure and e

Y a ¢ ,., '

evaluata the competency of trainees in military training enterprises.

'/ COMET is ‘an acronym for "Computerized Objective Measurement and Evalr "
-/ L ‘ ‘ ' : R . / A
N /?‘ uation of Trainees. B L o T ; S '.4,/< DL /

l °
y =

P

f ‘ / ' /These.goals will be accomplishéd hy ! Lot fi
¢ '/ _ v /~ a) describing what the author meansvby the~terms/"measurement,ﬁ .
./&\QA . ‘obJectivity,Awand evaluation," by 1nd1cat£%g systems anfgcedent

‘ .»// T to COMET ; and descrlbing the oﬁjective Binary Measuremé/; Model y -
- 3 / ‘o . .y ".q/ :

. Ll (BMM) used in the COMET system, /- i' T, ,Mi ,

b) deriv1ng and illustrating a new procedure for estlmating ogg of '

Y S - i y o
/o N the. parameters” arld fit of the BMM model called the Frequency . RS D

: /- N _ \-: Ratio Method (FRM), and » //. | ‘h’ - i’, o - U

e

oy ;.< o :'~ "as well - as’ its goal ob{ectives and pradtical problems associated

‘e (\"a !

4 - ‘ o ) sc,
to.facilitate understanding f o g

\ﬁ./'_ Sl thh its 1mplementation.
. . o . /
A detail%d numerical_example is provid

g ‘ﬁ v . .ot ' / . . 4 R . (O
of COMET's mathematicalr and statistical a pects. . - "
] 4 ) ’ v

2. "Bdckground R q‘ e "/ | . ; - L

. ) . . . . .: ‘. 'V’ \ ! oy K . ‘\ - " . ‘ , v'. . "

- By the ternk"measurement"vthe auth%r refers to the process by which

Lo ' v ‘ ot o o @
g : . ¢ .. X

_) . numbe;s are assignedpto a property ot/an entity. "In training enter- R

. : o N ' . ' o o f‘ - :

E N S : . - : v o .

‘prises; the entities jre personnel of trainees whereas the property: LT
N . ! . .

. {

¢ - /.: . . { - )J/‘ (f ’.._, 4"
.//~ S e)- spec1fy1ng the component su systems,,and their functions, of COMET a N '\
!
|

8

“

. . . ~ ' C e, . . ‘ .
. being measured we. refer to as "ecdmp tency" 1n the training‘fleId/ P S
e - 7 e RN

By the term'"évaluation" the- zfthoé refers to, the process by which , = = S

. . \,/

o - \‘ -

/ o :
modsurements or their func;zans are used to charaéterize features or,.. = A T

. . '
- e B

: / ‘ . ¢

é - i . '

. .. ~ / .t . N o

© 7 aspects oﬁ'thﬁievaluated "situation" or the entities included thegeiﬁl o
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For example, we may evaluate a tralnee (entity) during training

.
[y

(31tuatlon) by the process of taking the difference ??unctlon) of his

. a - v 4 .
f*.competency (measurement) as' determlned at two dlfferent stages&of tra1n-

v

o

. o f*;i g
;g result in this definltion.

?

to an evaluatlon result is not unlqde.

the dec1slon maker and t
&

\ utllized for dec1s1on purposes,kt
7-_§' By the term‘"obJectlve

- pon what is referred to./

- .

“4’. term 1s%used 1n 1 this paper.

-

R

. v

| S . Lo

‘They are

, f a) Tralnlng program obgect1v1ty,,

A

hey need no

T

No@ace that éb other value Judgment is placed on th
Th1s ‘was omitted ‘bécauke the ‘value - applled
It is'dlfferent depend1ng upon
he dec1s1on problem whereln the evaluatlons are
to be utlllzed ior dec1s1on purposes.” If the results are- not to be
| value ]udgment component._’v
" the author means diﬁferent th1ngs depend1ng

/There are three different senses 1n=wh1ch the

e evaluation

-

l'e

J

°

) L'
¢.

Tra1n1ng Program 0b3ect1vi_y_refers to the process whereﬁy training

7
féssly sta;ed goals,

programs are obJectlvely establlshed by mean of -exp
» Lo -
functlons and obJectives and are designed and managed by ac

1

systems approach such as that de

arefully Lo
.thought“out eloped ,by Rundqulsﬁ (1967)

'Measurement Instrument ObJectiv1ty refers to process whereby a mea—

v
o

surement instrument (test
€

) is des1gned to be free of amblgulty and sub—

Jectivny in its adm1n1stratlon o

r-in respEndl g to or scor1ng 1ts 1tems.

a “

-
. Measurement Model Parameter 0b3ect1V1gy_re ers to two, prope

. [

a2

!

_c_c_ra measurement model, vlz.

’
. .

~ 1

.
-

way £ at no ot
' v

%
and

' two teéstees,

%

Pl

v

{

B

) the comparlson of -any two testees may be carr

-

1ed out ‘in such a-

her measurement parameters are in olved than those of

rtles of . /

v

* o
i
@

£
-

" ;
et
Lo




b) any two items may, be comparéd 1ndependently of all others';'\

.
@ Ly
. ay g

Y o parameners (1nclud1ng ‘those of the testees) than those of the ‘two items. - ;j

- “
._ .‘,

W emphas1;e the de51rab111ty of requlrxng an evaluatlon system,
ST T e automated or/not, to pos%ess the three aspects of obJect1v1ty, otherw1se -

£ / s
‘

_ f ' < 1t is llkely not.to meet 1ts goal and obJectlveSQas well as not provid- e
% = . - / .. LA i . N
. Y M . ,/ . . . . ' . .
in§¢g§eful measure&entS'and evaluations." : ’ . o
_ S . : . : .
; o S AS far .as 1s known, there is only one class of measurement model
/ . . g

N v v . -
.-

- - (those developed by Rasch (l960) whlch possess uhe propert1es of mea-

[ - . ‘

‘3'1. B . surement model:obJect1v1ty That these propertles actually ex1st for

o /

"0

"some of the Rasch models, has been- shown by Rasch hlmself (l969) erght

(1969), Chopp1n (l968), and Schmldt (l969) Later in this paper we w1ll

/ prov1de yeg anothe: demonstratlon.‘ A most startlrng and readable‘

< s ’ ’ .

: ﬂ. account of the Rasch EMM?S ob3ect1ve features has ‘been prov1ded by . “

o ) 3 .

v
A ergnﬂ?(l968) My own accaunt Moonan (1972),-may be of" use and con—- -

. .ﬁ N . e

-
*/ venlently avallable to you. ' g - L ). " . o

5 We are aware of at least ewo antecedent, automated tralnee evalua—

o K 5 e hd

¢ e 1on systems. <’There are probably oﬁhers, but'our attentlon has not been

(S -
. - 3

. . dlrected to them. The des1gners deserve our applause for the1r ploneer-

. % . v “on .

Vim .

1ng wor& and we can, only W1sh that the COMET system we propose could be

v

K - :.1mplemented as efﬁectlvely and suCcessfully as each of ‘these were. 'The

f1rst system, 1 nefer to'as "GLAKES . was developefi by CDR W. H.. Wheeler

whlle statloneduat the Vavy Electronlc Technlclan s School at the Naval

e o Training Center, Great Lakes,,Illln01Sv My documentatlon, Wheeler: (1966)
S T . A o e »

L ., 1is meager, But- I did see it'in operation. I was partlcularly 1mpressed- o
L) 2 . : . o .

. . )

L by 1ts test neproduct;on ‘subsystem where1n examlnatlons were qulckly and

« - Xi. o, .
convenlently assembled from’ the 1tem‘f11es. Its evaluatlon subsystem. .
/ . . ' L. e o : o . P
was also excellently des1gned. ) . e ) -
o : R

Loy, ie

-, . . . . e . B . ’

PN . - s s s o ’ . - . .

' | I o CI S . ¢ . - . oL
- T e L . A B

T e L% ! . s ) o
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Al

'.requ1rements, overcome constra1nts and meet lpcal des1res. It is

A,l‘The‘second.system,was developed for thefMarine.Corps Communlcatéons

Flectronlcs School at ‘the Mar1ne ‘Corps Recrult'Depot San Diego by'Dr.:’

R1chard S Hatch (Dec1s1ons Systems Assoc1ates, Inc., Rockv1lle MD) : A

Thls system is known by the acronym ATAC,.Automatlc Testlng and Attrltlon K

Control'and ‘as its name 1mp11es, conta1ned a subsystem for controlling

how many,»whlch and when tra1nees should be attr1ted from. the tra1n1ng

.

. .
. a

program.’ Thls-system had other excellent features as well. Most partl—;'~

i o

cular were 1ts report1ng subsystem and- the evaluatlon subsystem.
. . /a: e
Both systems were ahead of their tlme, the BMM. was not well known

N . -

~ e

nor computatlonally effective at the t1me of the1r de31gn.A The1r develop- '

,c.

ment shows that’ only "bare bones" des1gn features can, .at, flrst be imple-=§

mented. but must ult1mately be augmented by features wh1ch fulflll local

o , S R i . 1

t . . o .
belleved that the bas1c COMET system, descrlbed hereln, supplles the . =
" v ~.‘ . A [ -
essent1al Pgare bones" for many 1mplemen atlon s1tuat;ons. ;f' S

It should be mentloned here, most flttlngly, that my own partlcular

\ . A}

. interest in this research area was substant1ally motlvated by seelng ..

. __J »*
GLAKES@ln operatlon, worklng w1th Dr.'ﬁhtch on. ATAC and be1ng encouraged

0«

) by CAPT 0. L. Dawson, -USCG, to’ develop n effectlve COMET—like system for ° .-

f

the U.S. Coast Guard Tra1n1ng Fac111ty i New York. y-”

® J

My personal documentatlon on ATA is llmlted Bldkely (1969), aﬁd

Iatch (1967) but, perhaps Dr. Hatch could Supply addltlonal 1nformac10n

if it.1s needed._ o s
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TV;Similarly,‘the probabilityiof an incorrect response is'given by

-

d1scuss further at thlS t1me._

3. Thé Binary Measurement Model

Rasch (1960) developed essentlally, three sub-classes of a general

class of obJectlve measurement models. I refer tc/these models as Cp,

AD and SP models as descr1bed 1n Exhiblt l Actually the AD model is

suff1c1ently general to encompass fhe CD model wh1ch in turn can be T

h shown to mathematlcally encompass SP‘modeIs. The BMM is the AD model

“ “
. . \

“and is the one d1scussed prevlously (Moonan, l972) The mathematlcal
. A ) A g

statement of the model is expressed in probablllty terms.L'Thé.proba—,'

b » . o . x o

'blllty of a response, X(l,J) be1ng correct, X( 1) = l when'made to the
’ .

ith 1tém, with eas1ness, 5(1) by the nth tralnee who has competency

° . , »

Y(n) is glven by the express1on, where J—n 2 B

.

<DI e IR $1 l ey SCNIE ey —pl .

L+e(d) - y)

P
oA Lt
b

R N N
T e - .- . . A
. L) B
* l

::vi;‘.‘.”‘ ,.' . o . » - - . ’ ) 1 “ ' . .
" (2) P[)'{(I,J) = 0 l 8Q(j:)s Y(ﬁn)‘] T 1+ E(l) Y(n) PO —\{ - PI. .

- . i . @ X . Q
v . .. Y o .

[

The model is’ called "Blnary" because responses to 1tems~are only -

allowed to be b1nary or d1chotomous. °Responses-to Affective Domain

“a i

A ‘_;*l
1tems are usually n-ary so that the Rasch polychotomous model is more
. Stk . _— : ;
--,approkrlate for measurement under.such}condltions. /éhls case, WhEH\

4n?2i ‘the CD BMM model is equevalent to. the AD sub—model which we w1ll not s

PE The ‘model produces measurements because 1ts use permlts the as31gn—

o4 . P ¢

~ment of numbers fo the "competency of trainees.v It alsov"measures" the

c. . ~ " R i
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- oAy

e

surement. Thus, the model w1th 1ts obJectlve propert1es prov1des a

s 1 . T

The- BMM has two pagsmeters, Y(J) and e(1)

» “ . .

' - petency rather than the more usual

R term for tralnlng situations and have av01ded the confusion sometlmes

resultlng from the word "ablllty
_ N N
~ : ,indicates how '"easy’ _br-"dlfflcult

) . . \ ] . -~
- discern for a testee,»,-

."‘ KRR Model ObJectl\Vll S

. S
LN

The scale of competency has a zero p01nt and an est1mable unit of meaff

su1table measurement bas1s for, the COMET system. e s

anvitem s correct responserls to

-
.

»

»

The flrst-we call 'com— .

"ablilty " We prefer the ﬁormer

a
e v .\ a

\

The eas1ness parameter estlmated

) . S .
/\ . . . . ‘o
' AN . ) -
° N o L . ’

v T . -

As’ was p01nted out 1n ear11er sectlons, ObJect1v1ty plays an- 1mpor~”

-
“,... . — ’
L . ,

u
-

-t

e ° Vo

.1np11catlons of measurement model ob3ect1v1ty.

In/thls sect;on we: shall examlne the S,

tant role 1n the COMET systém\\\&

, © model obJéct1v1ty .of the BMM by. c0ns1der1ng the dua11st1c ‘concepts: and

. e,

“These'duals are llsted'

1
\

. . .. .Be“]‘ow.: \ ) . ‘ . . . :" ) | . . . ) "‘ “ . . ‘>‘ : - ) ‘O‘. )

L . . 3 - ) . L . ) .
v Concept No. 1. The fitem parameters, e(1), can. be estlmated 1nde—f
o pendently and w1thout knowledge of°the competency*parameters, v{n),

»

. T " the persons respondlng to the 1tem$.- ' R Y

- . Impllcatlon ‘No. 1. The eas1ness.scale cdan bée' calibrated and an
v ) o A . -~ ’ : B . Ty . m )
,eas1ness can be est1mated 1ndependently-of the persons,:and their com— « ’

'Apetencies respondlng to the 1tems., This 1mp11cat§on is very 1mp0ftant R
, . N .

‘for the COMET system for 1t means we can "collect 1tem,responses data

K

Items can be adm1n1stered’1n c T

,

from_whomever it is convenient to do s0.,
' 5 . s N e : . :
small setg of items_to persons of quite divergent competencles. GrOups_

. . : . . . ) . « o . [

of similar persong are nog'requiredgto-respond to the same items. ‘ .
o o @ o : ‘

S (I

A : ’ B ~
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independently and w1thout knowledge of the 1tem parameters, 3Ki). r
l,(‘ L . N .
s . : ,
Implication No. 2»2 The competency scale can be calibrated and a‘& s
- N : o - T S es !
competency can be measured 1ndependent%¥30f the items used for méasure—
NS . Y . . e
ment.' Simply stated this means that if des1red 1nd1v1dualized tests oo o
: - A - -._'-‘ (.- . . - . ‘% .
for ‘éach trainee could be used but in doing so, each trainee is mea- .
- sdred on the same competency scale. o I N o

LW Rim= 0 ST Tl
zj\ ( ). '- 4 (‘1_,1'1)" ] = l + E(l) (n) ' . : oL . ’ e o l
Consider next the probabilities associated'with the four pdss%ble : : 'mg', i
o . - ' . - “\ N Y B ‘»ﬁ.‘
events which can occur if thejﬁaﬁéiperson, 1, responds to two items, -, * - !
4 e B LI D . ‘- - . i
. . - S . . ’ * . .-:._,[
:\'- aﬁd J"' TO thls end 1et, . "_‘1_; ‘_' ;. . . ({{ ;ﬁr’ ;%’
t ) - ‘u, o . . . g . . o L. "j . s e ' \\ .o . J ‘ . . : .
(5) D(i) =»lv+ e(i) y(n). and ;D(J) =1 + t(J)%f,y(n) (be the %
rﬁenominator*terms of our probability expre$s1ons, then = el
) (assuming responge 1ndependence) ‘ R ;o ‘} O
M R S S '

— o v'i Co i, ) .[ - R o . L
. S . = (i . # )
A7) P[X(l n) 1: 'X(J an) = 0] = » v
T oo 'Vk;”l- ..,," i Q e .' C E . ry

'~Concept No. Z.V The competencyfparameters, y(n);?canrbe»estimated : IR

" We. shall mathematically prove the two concept statemi&ts for the

BMM below: = , - o N -L- - S L e e

According”to'tne;mode% we have the single item probabilities‘ ’

o (35.‘:'P[X(i,n)f 1] _ 5J§>JA Yy(n) ..!f» > - ’ o "

1+e@ -y, .24 7

.

«(6)  PIX(i,m) = 0, X(j,n) = 0]'=

- @?‘* P[K(l n) = 0, X(J,ﬁ)\\lL D(l) ._ﬁgi ,'ail‘l'df.last'ly R
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. . e . s . '

. . s
: oo . S : e

k3 . ‘,- 7 L & o . . Co kS

4 . + .o 7 A L. ! . . , B
' . . . . : . - . . [

n ~A S . . . -
. .. . ’ ) . - L . . o “i\m
A . ¢
o N 5 ¢ ;

- X ’ \ a . -
» . “ . . ) v T ~. -
—— ) : - - P
' ° i N B
- . B
- - [
: s | ¥
. . o) !
. . : . . \‘(

L
E
S»



7 e . . - - . .- o . ©
- - 1S . b « - =~ X < . » q\ . - P ' ! - <
-Q’ o - “p..rj- * i \ ’ . - c a B ' ' L
e ,\. . . - ‘u ) . REER ) .. . . ,‘,
R A T . N . .. * Lo R ¥ ":.-‘, , .
' ) - Px(iny. = 1, X(G.n) = 1] & £ y@ S e() t y(m) T
- f,  -E i = 1, ST ) N
* - >. . - ' . B - N ’ ‘ '
M RS v- i ) ’ » . " : ' \ ! B
The condltldnai probab111ty~ that the nth person gets the ith 1tem \
: correct glven that he scored a total of l en both 1tem i and J 1svg:,wen C ~ e
o ' : Y ' & S
" by the aquatlon rat‘lo (ll) (8)/(10) where (fO) is g1ven by the equa— c \ e
! t:Lon sum (10) - (7)) + (8) , Thus. IR Ty \ j
oW ‘: Qo » P . \:_ v M ‘ . - . ‘- . , 'v . ] v R v l\
> ] . . . N A o . EE " ‘4 e + er (j) }: . Y(n) -" ‘v .
L a®  PIX(E,m) + X(m) = 1],. =, EEE . ., and. .
RERE I o+ 1l - 11 = R -
] » . V R _" v ) .‘ ) ’ .o .. u ‘ ‘ ’ J - o .
N Gy (8) _ . efi) ORI . o T
- Lol WY a7 e@ @ AR which ye note the ¥(n) cancels,
v ) = 'and wh1ch 1nd1.cates the truth of Concept No. 1, for suppose we have c‘ol—’ )
7“ lcected responses made bY a set of persons to :Ltenis i and 3, and suIE;)se o T 3
T ! ¢ [ P : i vt ¢ v k
that ' ‘g L : U , e
R (12_) f(l,j_) of them got 1tem.i correct ‘and item j incorrect; an”d;{?.,‘“ »
S S g Sy € " . E ﬁ;: TR . G o i Lo
RN < - - s
. (13) f(J,k) é))f them got 1tem JJ correct and 1t’em i mcorrect we note»
§ .‘“ .0, v, : . - ¢ . " ° . N -
. i 1 by » - ’. ~ ‘ . h
‘ / - (14) g(l,J) _.f(1,3) + f(J,l) the ﬂumber\ﬁ‘f 'these persons who - " ’
. rece:Lve a t:otal score of\l on both of the. items.: -
. n g ~ . Av
a . ' e, . s g l ," ; p [ “s‘ ” A‘>
S ‘We noté,r‘add;itionally,'"thaty : e : .
\ - ‘f(l ) A ‘e(‘:'t) €
' 15 —’—1—'- estimates w77y A v
.' . (.. ) g'( ) s imate =@ + eQ) - Ty ) . .
- . ) o/ 3 . . : : R : .
| (16) r\/J/,l)‘ est1mates —JJ-L—E(I) + eG) and | . : '
LY . ' . . f : . ¢
i f( ) ’ ‘\(i)" ' 5 - [4 R a .'
. (17) ——Ll— estimates v ', fufthe‘ﬂ: substantiating Concept No. 1.
¢ f( .y ) ’ | : E(J) e w c . ¥ . ) ‘,. :
3 vo ’ * ; ‘.' . y ” .
/ s ' ’ = | ‘ : . L
' 2 - . 403 7% . A 4
' - :.v e ¢ i i ' ’ . :L v' ‘ -~ ;
Ca ‘ ‘ o o o
y g . oLt s T . <




0 matlon method based on the frequency ratios.

'Frequeney Ratlo Methodr

‘bution"’to"bbjectiVe*measnr

but none, to my knoWledge, have used th1s faet to develop an g(l) esti :

Thrs process kdbwn as the

"RM) represents the author's. modest contrl—ﬁf@
q -

ent’and forms a computatlonal bas1s‘for the

1 . TR ;
- COMET system Exhlblt 2 shows some ava11able item eas1n2ss computational ;
. methods e r , -7 ' A
. Ty - -

-

' To continue- our derlvatlons consider an- 1tem, 1, responded to»by two '\

‘Qpersons w1th dlfferent-competen01es, Y(m) and Y(n) Agaln there are 4 S
, ~ ENR Y . : . ) v‘ "
e, l odtcomes and the1r probabilltles are listed belqy o '
= L 1"..'; .'. . o - ‘I'.‘ . ‘_ RO ‘ ‘
R (18) ‘},et D(m) 1 +, a(~1) © Y@ 'a‘nd‘n‘(ﬁ)‘é 1'..45 "éx(-'i) Y(n)”be the T
f L , ;7v“ denomlnator terms in. the probability express1ons ’
“1r.:i o o ._..v ;;‘;;' N Lo
BN (19) . P[X(m’,i) 03‘(“)0] --D<m) D<n) e
'**»:-(553«“p[x‘(m*is:,=- 1, X)) = 0] = ‘*rr___u_em ) 2T
) Loy ) St ? ,b E 9 . _"‘. . T, v,» K Q(m) . D(n) o :
U on N Drwe 1Y = O Yla 4y = 11 = (&1 ° y(@) :
} * ;fKZ;?a Efxfmf}) 0, X‘p’xgg al]; e D(m).’:D(@)'f
4 : S (22) P'[X(m,i) = 1’ X(n,i) = 1] €l ( 1))‘(.m)Y.(ml))(n)'Y('ﬂ) LT
. . T g s o
. % e SO e
v' o ‘The . €ond1tlonal probablllty that the ith 1tem was correctly responded ) L
. \;5 S0 by the mth person given that the total score made by the mth. and nth
- | o persons‘to that 1tem was equal to 1 is” glven by “the equatlon ratio U
S \ .
(24) = (20)/(23) where (23) 1s given by the equatlon sum (23) (20)+(21),',
e ¥ -
‘ . \
'thus : . ,
o Pixlm i) e Xy o1 o EW L@ +ym)
@) o +xed 0 - S LOTIE
L 2 - R N *x
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| E "y '404f[ o
. . G o
= | | 8-
5 '
: . jL(} .




C e ’
' ‘usually much smaller than the number of testees. Consequently'we will B

c g

-
s
-
-
[y
LY

respoﬁées made to a set of items by pérsons m and n and suppose ;_'\f

K . . - W Ty Tk,
. -~ . . B
A v. * ! h oy

>(25) F(m,n) of the Ltem§ were correctly responded to by person m

-

.> » 'and were: incorrectly responded to by‘person n, and N

(26)

_ﬁl ,:;(27f 9G(m;n) F(m n) + F(n,m) be the number of items which werE'

. . \i"‘A
1responded to. cprrectly‘by pers0nsqm

&

’fhe¥can see immediately éhat . ‘
CoRany R iy s L
28y EWB) . otimatess . —X®_ ang ‘
28). .G(q.n).;\v estimatest Y@ vy L

% : ,
T . LA

Eing)"ggz Eg ,;eSCimégéslvd;d'#?5§£%z§zﬁy l, Whereas

a- . : s L

(30) %%El%%ﬂ _estimates I %%E%ﬂ -; further substan-

tiating Coneept;No; 2.
' o - o . . - . - .

Ragch (1970) indicates that (30) cannot be practically used to esti-
. 3¢ .

mate" Y(n) since™the numher of 1téms used in an assessment program 1is.

'use another approach to estimate Y(n) in the FRM or the measurement

1

: modol nalysis subnsystem oF COMET although it seems clear, that:ﬂ%

Ty E . )

- R

/yxfﬁ‘\ﬁore assgssment situations, the number of items }s sufficient if the’

,'p'

3 N L ! PR 3 . , -
- . . e ST e . . . k

R s e
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' - number of y(n) ‘to be estimated‘correspondé to the number of poé%ible raw. .

. scores. . _i. o _ . o - o | .
. . - ‘l' ) . . e, o

. 5. The Freguen y Ratio Method (FRM) . ' _ IR / .

—— s ) . , - a

' .The FRM is a‘mathematlcal—computatlonal procedure des1gned to provide

»

M

a simple est1matlon and goodneﬁs of fit test for the ‘BMM parametgrs and

responses. It is 1ntendegfto be an analytlcal component of «the ;COMET

t
e

ST ' : system. To 1llustrate FRM we- assume we have collected from tra1nee=

;‘-

kggrsons their responses to the avallable 1tems of an 1tem bank ?onstruomed

B V o from the learnlng (tralnlng) obJec;;ves of the tralnlng course and = & ° v
‘ I ) 3 . ., - + .
§ ’ assumed t6 indicate train'ing»‘competency if the items™ are correctly ' - . :
f responded,to by the trainees. Our avallable data ean be portrayed As the -«
b ) ! : [ .
v frequen01es of equatlons (12) and (13) and arrayed in.a square matrix
?g; ) ‘ R(l,J) whose main dlagonal is left blank T S
é ) " . . - B Coe 3
! -”After portraying_the mathematics»and statistics of the FRM we will h
2 ‘ I , LT e '
L ‘formulate the &omputations in two stepwise phases. : o
«+ °" . Phase” I: Item easiness estimation computations. *
. _Phase II: Goodness'of Fit computationsr..' ,.rj' »-h:f RN
In R(1,Jg we form ratlos of symmetrlcal elements and form the squére
matrlx S(l,J) Thus £ ISR vi;‘f‘ o o ' - o ,
Sy e ey o £(3) i, dmf=l. ..e I, . g
L (3.1) R<1,:.J)‘ f(j;,i)‘ fo{r 12], 1 ‘J’-'-:l, :!-- ’ I’V’ o .
- (32)  R@G,1) = =& for j>i, j=i=l, ..., I, and .
S LT EGT) 3= nd
§ . . o ! . . . RS 4
633)» “R(i,j) = blank for i=l, ..., I. o
: . _ AR N . . : - -
: We 'know from (l?) that (31) estimates a(i)/e(J) and (32) estimates ¢
- a(J)/a(l) so that the natural logarlthm of (31) is : .
- ! . ; - .
- . 406 '
¥ ) . o
* . ‘ . N :;v' ] ‘ ) <
) 15 - e ' :
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e AP

“to provide a goodness of f1t test of the response data to the BMM.-

\ | n' ‘ . .
(34) . 1In S(i,j) = 1n e(1) - 1n €(j) . “whereas for (32) we have.
(35) 1n §¢§,i) = In e(;) - 1 e(i) = -1n S(i,3) C /"
1{ ve sum the Jt“ row of:1n S(l,J) we get, after addlné and subtr&ctlng (i),
: ) I ) . ..
& P P .
., (36) T(J) . Tln” € ) -1 ln e(j) and let , S -
- L L . . l=l ) _‘ . N o "}
‘ I . . - ) R . . ;4,. . »
(37) = Iln e(i) = 0 for definiteness; and _ R
‘ 'L l . . e ‘ Ty ‘ oL . ‘
Ce L N, s
n E("']) = —Ij—d]—" = t(j)’, and. j =1, ..‘f,' ‘L, SO- that »1' -
' ) ’ “ . N “ / : ) 1
. n . . t R Y
e(3) = e () . ot . . X ‘
] 4 N % v - ’ ) .. B I \r
{
A stepwlse computatlonal proced is ;ndlcated in Exhlblt 3. This

L

- ' a .

_s1mple estlmatlon procedurecrequlres Only the development and,malnten—

¢ g g . o : ;

N

ence of. a square matrix oﬁ—frequencles whose elements are the numbers of

- * - )

thhose persons tested on some of“the 1tems and who responded correctly to

. . .
oné, and only one, of each pair of items presented to them. A list of
ot ) , \ :
1tem ea51ness estlmatlon procedures are shown in Exhlblt 2. . o
Eqn (39) is the culmination of the 1tem eas1ness estlmatlon phase|of

L

‘the FRM:! “We now procee& to develop the second phase which is 1ntended

-~

v

u..m? B
T __. ;\.*’

Wlth (39)'we are . prov1ded with estlmates, a(i), of the eas1ness para;_ﬁ

v ,n . BN

) meterS3 e(i) We 1ntend to use the x2 d1str1butlbn (Flsher (l948), as

oo - . +

, the basis of our. goodness of fit test. The hypothes1s tested is’ that

O

.EMC ‘

BA 70 provided by ERic:

SN : . v o
the 1tems ﬂsed for assessment of competency evoke responses in. accordance
‘ P A ”a‘
w1th the BMM The,chl—square fo we. use is e ST,
\ . . . N . . [ N v ..
D‘ » .
\ ' .-
' , 407 : ‘
) - ‘ . . r
. N
, - . . b



S o A = T - eI

‘ r . 4

u51ng (12) and (13) “for* the fculb observed ﬁ;equencxestand Substantlat—j/

J : 4
ing (39) in (lS) we deflne the expected frequem&des a?/
» .
N @ (1-> R R S
) . R el j) = g(d,d) « ALy Ars » 1>j, and «
s . . E\1 + [} )
SRR o AP
. (42) °Usi) = 8013 n —“l)—- T
, . a s L R i l»€(i) :*' E(J) : ‘.
¥ N . M
\ 7 o we can e&mpute x2 contrlbutlons to the upper and lower parts with
~the follow1ng formalae ,‘ L. ' ;
. (43) v X2 ‘i’j) = [f<i’j’) :_'e(j_,j‘)]Z,/e(j_.’j), iﬁj, 'and 0 ,.' o
T o | ' . .h B S . R
R (44).  x*G,1) = [£(,10) ~"e(G,D]1%/e(,1), j>x . .

Y - o ‘.0 -

oo We next add these values symmetrically into a single trmangular

}
\

array by the ﬂormula .

(U o

.

v . .
. . Y
oy - D N B . B

= o <45) g CUbd) = W3 38, ;o
. ) - . s——\ . ) ' » . - - " -

_ considered‘assan arrayrwith a total of>I(I—2) degrees‘of’freedom; so

* have 142 degrgés of freedom. We compute. xz(k) from C(l,J) by summlng )

“7elements in an "L—shaped" faﬂﬁgon accordlng ‘to. the following formula |

v -.‘ .' " “ | kl o I" . .
o (46) \/x-?-;(,k) =5 e, k) + 1 c(k,J) k—% .
& o -1 |, i=leHl_ e

/

A L

o . / . ) ) ’ _. - ":~
. *7 , 'vlfndny// (kﬁ txtttda /he taﬁled x’ for é(ﬁ/&crruvu ol lrﬁedom at. the. ;‘2
- S R / A
S selected u level the hypotheqis that the T sponses” Lo the - lLLm ilt LhL .
~ R e BMM is regected and the/;tem shOuld be reToved from the LOMIT'&/et(m

D . o ™ J.&{k s . :
’ - ‘,:7 g & R ¥
i ) v

T S

that Were we to coﬁpute a xz(k) for each 1tem from thls table, it would:..’




/
», ) ot '>E:.chibit'4 ghows the stepwise /é’oniputations for these FRM fphas'e II}

3 . . B . . . . . ﬁ\ L
[ . . ’ N - N

. . . ! o ' o ) ., ﬁJ . R ’ -
goodness of fit calculations. - e Tt ’ .o / b
. 6. A Numerical Example (Phase 1) _ : ‘ ' " O
- T Ste | / . : / ‘ “ .
s 0 Thls 1la1ustratlon i 1ntended to show the numerlcal aspe ts.result- ‘
o
; ) ing, from applymg the FRM to a- set df response data. The ata orlgl— e hl
¥
nated from the responses of Nayal recrults to- the f1rst/I 7 items of & 5
'the/Electronlc Technlcian Selectlon Test (ETST) Orlgrhally 9 items
- . - were used b\ut t*.’he 8th and 9"th 1tem respénses were found not to fit the s
‘ L '] ] . /
- BMM model so they were Omltted from the analys:ls AiLl recrults responde/fl
i a . / P o
‘ . to the same /’7 items so the data does not ‘result frog_x)athe "eatch as catck‘l
J’ s __.<'/ . scan! response sampllng procedure mentloned ear],,J.eZ . This difference (" M
S causes no/. problem in our’ analys1sS S / o R o
o U ! ' ' ' b A
, R 1 The/é(l,:]) matrl}d of frequencles '/' o/ g RN o ‘ ( e
o o 6 . o / S VT
L . ‘,J\ . ‘. v - ’;’J "; . = /- . . ‘ }, ] J
S " E ;/ ‘/ o A ITEM INCORRECT / _ . S I
' e '/ 11 2, 8 4 s e 1 " SR
o ,2ka;;; [ ] 1| - 220 210 . 97 203 1202 2697, v o
L ‘ é‘ 24118 = 157 87. 163. 148. 198, f
. -+ ® 3 |111, 1600 - ..T62 ‘164’ 147 1205 ¢ .
‘ S 2k 4183 275 248N - 277 247 330 .
J B . Bos [ss 147 145w 730 - 130 2020 .7
6°.|.164 212 . 208 \;23 210 - 245 AT
) R 7 %g}13' 144 * 148 88 - 164 127 . -
J{ 2 Coinpute Frequency Ratios. R(1,J) ‘ —
- ' N B , .
' . I | 2'' 3 6 5. 6 . 7 .
' 1| - - 1.864 1.892 .530 2.388 '1.232 2.381 - B
. 2 | .53 - 981 .316 1,109 ,:698 1.375 - .Y
; 3 | .s29 1.019 - .250 ' 1.131, 707 1.385 | .
4 | ,887 3.161 4.000 =~  3.795 2.008 3.750 R
. ‘ 5 | .419  .902 ..884 +.264 ° - - .619 1.232
B | 6 | .812 1.432 1:415 .498 1.615 - 1.929
@ - . 71 420 .727 .722 .267 | ,812 .,518 -
o . . . 409 ' K
N - 2 48 | j




. = N >~ S - :' . ’ . AN Lo " ) .
In R(L3) o0t N N f7 s
1 ’ 2/7 e /3 ‘-. v 4 “< 5 o i 6‘ ! 7 . T °

. o o ‘ : N i : ] . v ’ Fl\/
/; 622 .638 - 635 :'87§j;_.208~, .867 ' ‘ . _
[ 622 - -.019 1151 '.103 2359 .318 o |

. -.638  .019 - . 1.386 1123 -0347 326
Lt;ass 1-1?1 1.386‘ - L33 - 697 1.321° _
£:870°-.103 -.123 1.331 - -.480 .208 | e
/-.zos 359 .347. -.697 _.480’ - 657 o
. 1/-.867 " -.318 ~.326 -1.321 -.208 -.657 - - o

..,..,,.v.wn,,,.w_\,,,,_,:

el

N ou AW N R

- the S(ij) matrix, containing f(i,J) anﬂ f(J,i) is giv in - o

;\\ | . ’ . . . . : ..} e
. Compute T(J), t(1) ‘and e(j) . N
BN U&J)T. @) - ‘ N

. 2.570 693 . - ‘ .
21,730, / Z -~ I.280 T
~1.903 ~ 272 1.313 SR
| 6.521 “,;'932 394 e,
2, 699° " .386  1.471 - '
438 -.134. 874 M

1—34657 528 19696 7 T
R . : A T
\‘R .~ ‘This completes Phase l?ﬁ&.a' i .
B " Phase_2{- Goodness of Fit Test - ' - Ea
DT AN ; - :
ythe.é(i) values ‘are givgn above in Step 6 of Phase. 1l ,' !

o ° -

1 of Phase (1).° The g(i j) matrix is given below ' o ,
1 -2 3 4 "5 6 7 - L
== 338. 321 280 288 366 782 ‘ )
- ==. . 317 362 310 =360 342 o R
- - 3100 309 355 3% @ - :
. c -~ 350 370 418 - - | L
(Syimetrical) - == 340 366 : e
' . S == 372 = > . s B

r ———
i L7

Y

NV W N
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Expected Frequencies

/ -
o

1 2 . 3 4 5. 6™ 7
219.29 $10.09° 101;50a-195:7§f,204.15 271.18

118.71, — 160.53  85.21- 165.76° 146.09 194.91 .

© 410,91 156.47 - . 71.55 163,28 141.86° 198.95.
178.50 276.79 238.45 -~ 276.05 255.04 339.21
9gig§ j143.31',145;72.‘ 73.94 ' — 5‘_, 2¢ f 195.99
TI6L.85 213.91° 213.14 114.95 2i3/28 - | 245.48
'110.82 147.09 154.05 78.79 170.01 126.52 —-

-

'vaonﬁribuﬁidnsh

3 & 6
| 4000 .200 ~ .266 - .023
L004 ©.078  .038  .046 - 025
.000. .080 > 1.275  .003 186
| .113 0382 == .003 _+ .253
2565 . 004 ' o.012 - .085.
19089 .017 * V124 . .562 - %.050
L043, (065 . 238 .I.077 -.212

- - 'AQ‘
. ot » 4 o oa

e

(. '/%"' ”Acdumula;ed;x25vaiués Y

:' ;T'-v'. é_ 3 "f»' 4
.- .bos 000 313 g
Lot . L1588 .050  .099 042 .
SR - 1.6s7 .007 .03 - .422
' Lol ';,;éiﬁ- 1.327
- .02 1.077 -
- 2,322

.05, dfe= I-2 = 5 - %(,95, 5) = 11.07Q = X3
. \% ’ o 7\1 '. ) . .
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: 2.031 g " :
o 2.019 - - e '
AR AL ':,,' : B .o . o h a
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i R . . .. . \ : o . .
\ 7 (2 (k) exceeds or equil-s ‘xo,-ii:herefore'ﬁo is accepted
’ ' o.,'. m.'“ - ' ! . ' W o . . . s
: Cjtems. .. L ' ,

. L . . I
8 .+ -~ Ag no items are removed, it is not necessary‘ to ‘re-. < A

5 . >
é v

Lk
.- -

. estimate the\ e(k). .. RE o | T . -
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. . EXHIBIT 1
R ‘ ) Tgpes of Measurement Models Developed by Rasch (1960)? A
v i,. | ‘: . "‘_. . -‘ . Q‘ '?' L% W -
o v | Type |'  Name Applicatn,on Fields- \
~ T R e ‘ : 8
o : Measurement of Intelllgence, Apt:L-
: G CD ) Cognitive Doma%n tudes, Competencies and Abilities
’ -l—d' ) . *:‘ ' .‘ ) R
AT AU Measirement of Attitudes, Values - .
. - Ay Affective Donain Motivatjon and Interests .
i ) - B Wb., 'ﬂ ) - . a ' .
o . ' Ve . Measurement involving stoghastic - |\ .~
PR | se Stochastic Process ' progess observatiofis such.as’
N - : ' ‘ .reading errors =,
o - ' :
. L ' . . " ’ -sz . 4
L . . - v'b . ‘ »
f ) g -~ - » v C
a . o - . i ' ?{.
. P | EXHIBIT 2 - X
B L % g ‘" Item Eagdiness Estimation Procedures
. . . .o L . - wE . '._:‘ ~
) N Method Name ' Oggginator )
‘ = , " ~ Least Squaresy’ . Bramble (1969) :
. . g v "
o "~ | Graphic "Rasch (1960) ‘
* r ’ < ' . o »- ' . “- R N .
- Maximum ‘Likelihood Wright and Panchapakesan (1969)
. _' 7 Logarithmic  Blommers (19'65):~ v .
F_‘requeney Ratio - . "Moonan (1974)
: ) L s . i
! ¥ . , I ' -
v :’ e '- N . o ~
o~ . . . . /
7 ' N \ < ‘”
° ’ ° ' e
° 413 !
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.,'EXHIBITB I VI B PR

Stepwise Procedure for FRM (Phase I)
Item Eas1ness Estimstion Computations e
8 T

-

35 'V«Collect responses ti the items in the item competency bank

“éd -Organize the responses into-a. square matrix S(i,j) whose’ Q

RN ~‘el'ements’ are defined by (12), (13) and - (14). ° j:" :-? |
. S : ‘ |
R 72 Compute the frequency ratios as: 1ndicated by (31) and (32) . }
T Call the matrix’ of ratios R(i j) : o ] )\ -
5 < 3  Take the natural logafithms of the R(laJ) elements calledg. T
A T(i53). A : ’ o T )
) o - S A s ‘ ‘ : e o .
4~ Sum each row of. the_matrix of logarlthms and store in a ’ o

vector TG g ‘5 | P o /‘

7

( » : . ’ - ) '
‘Determine the easiness es_tf\»imate‘s by the relation .?: = L(J)

-'Compute £@) ='—T(j)/(I-l) e . \ TR 'f' . J -

| EXHIBT4
Stepw1se Plocedure for FRM (Phase II) _
Goodness of Fit Computatlon . o .
; , : o ‘ \
N Given the easiness estimates E(i) of the items whose response

Y fit is?desired to- be tested. S R
1 Specify the f£(4, j)ﬂ%bserved frequencies as defined by eqns (12)
_ and (13) for those items as well as’ g(l,j) of eqn: (14).

.2 ‘Gompute thedexpEcted_frequencies as given by (41) and (42).
[ o » ‘

o : 3 Compute the xzfcontribution as definef by (43) and‘(44)..»

? A v’"‘4 Calculate the ac umulated contributions of (45)

»

5 = Select anlp level r the significance test: and find ¥ (l-a I—2) x 5

. . !
6 _Computew%he test statistics, x2(k), according to (46)
. .
7 Lf g (k)),(2 ‘for any k, reject Hy for those items and remove them
from the analysis a

° i

, '8 iIf any item is remoI , re—estimate, ‘with FRM (Phase I), the f(i)
. ‘ \  of thesremaining item and*repeat steps 1-8 unt1l no items aré;- )
' removed. . L

Lo o
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7. Estimation of Competency ;
R ¢ M :;‘ 3
'We do not cons1der the estimatlon of the competency parameter of the
L 4
BMM to be  part of the FRM althougH%it;is a‘part of'COMET3 Th1s arises

-~ T v

+

because~it is usually\desired to estimate competenCy_on'examinationd ",

1y .
. l ~ (A. ] [y : .

. . responses resu1t1ng from adminlsterlng ‘tests composed of only a feWw,

N : ,
~mot all, of the avallable ivems. Since, at the t1me FRM is utlllzed .

Ay .
. . . A Vo

N \e;f . these subsets have- not. been selgcted% tﬁe Y(n) est1mat10n process 1s

P

Followlng erght and Panchapakesan (1969), Moonan and Covher (1973) ?u,

. . . -
e
. B
. . . ; N Rad / Iy
5 : .
.

g L have progfammed a computer subrout1ne calleé "Maxco" to est1mate v{n)

oY from knowledge of totalgscores and the éafineos of items on an éxamlna—'

b N 4
e . . ..
- ,.tlon. Thls process uses the Newton—Raphson 1terat10n method to est1— :

R » i

- L:uv,f ”'mate Y(n) corresponding to. raw score ranging from l to k—l 1n a test

.
v

L S composed of k 1tems. Y(n) for raw scores 63 nﬁ K are non—est1mable,

'\x - Ehe test being eqther too d1ffféult of too ea%y for the examlnee. sWe do :

know, however, that the competenc1es are either 1ess than the competency

. \ . -
g‘.‘ s} \ . ! . . j ‘
oo assoc1ated w1th a raw score of'l or greater than the competency asso—

’ K .
. RS K . s
\\ * @ L

. . .

c1ated with a raw score of k. The formula 1terated 1n-Maxco is = oo

' : } : ) i N o .

S Voot .k ' .
\ e T \ Celvlny) = y(@) - &(k) ' <% - ”
a\\ . L 47). | f(Y(W})_ k£1‘1-+.Y(n) - e{k) -r Q<r.k | o

\ ! .‘ JRRN i ’ * ) ' . o - s

\ _'» .wnere'r is a raw score on a test compgsed: of k items whose easiness are ’ :

\ . [

“L \ o 3'.est1mated by e(k) and Y(n) is the comptency of person o wh\\obtalned a

. " . \ '
\\ , 4 raw score of r.on the’k items. S

N . »

'.\ ' - We havevused Makco on the I = K = 7 items of thevfhﬁ numerical

example giving the results in Exhibit 5. \ oL

ERIC ‘' <. - 7 S \ S o
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8. The COMET System 2y - a/p T
, - ' ‘ . L .
‘ The goal of Gomet s to prov1de ‘an integrated systematic and obJec—‘
. . s &,
4 - tive procedure for the asseSsment of trainees 1n,military programs whlch
S - is based upkn the Rasch- Blnary Measurement Model. k- V{' .
" - v The ent1re system 1S composed of 12 1nter;e1ated’sub— ystems ‘and

This paper s content 1s-not intended to accdmpllsh all of-that but

{.T\\ s . ‘ . e

. is 1ntended as’ the flrsy step, viz.; the prOJect deflnltlon and concep— .

53

e tual de81gn phase. Actually it has done more,than that since the l
development of the FRM, shown\here, was a necessary s6b~system w1thout

w?}ch the whole system w0uld not be efflcient or even feaslhle.
r 'nex' to specify the essential sub—systeméQOf CQMET’anﬁ to de5cribe the1r

Qfgunctions{ The following sub—systems have been.identified

o Ai_pb—System For
a. - tra1ning needs assessment' Needs_ﬁfl‘;' .
.',b.,'transforming tra1n1ng needs Objectlves 3 g
L into’ learning obJectlves
ic;-atralning course des1gn f ’ v ;é;ﬂdnrse_vfi< ‘ v
O d{' devéloping test items from , '; "fjiééms . 'ﬂil ‘5
. learnlng obgectives IR o
B e; it:em response sampllng o " @ '..Sampl,e. ' i (,' h' -’
£, data collectlon M\ . _ - o ';:hata_‘ - 'p-f
- 3g. data. anarys1s. Z:Agiv* ‘ R FRM S
h. exaanatlon de81gn }hlll‘f"- < | Test :
-.ﬁi.;.test reproduction ’\‘i'" © " Repro; y :
' j.iﬁcompetency est;mation“ fcxﬁeas*_ -
_ k. eValgaEion ' Eval: = ~';‘ oot
| 1. ,controlir. . 1”‘”,; o Cont $7;;.:L'i
’ L « )
: 417 i \
. . N \ Ky i .
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We 1ntend
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Description ‘of Sub-System Functions - . A ' oo

A

) \\~ mllrtang behav1ora1 obJectlve and test item ELé%éS

'COurse

r

Needs o Co T . - o .

" [

Plannlng the COMET system should start w1th the 1dent1f1cat10n
of tra1n1ng needs.' A training need is def1ned as the d1screpency

-

between deslred and requ1red Outcomes. The“important notlon is

that to have a need" we must. 1dent1fj and document’that there 1is

a gap between two outcomes,‘that wh1ch is currently resultlng and

.that wh1ch should be reSultlng.‘ A trainlng spec1a11st is ooably '

required to des1gn'and operate th;s‘subvsystem.

LI
»

0b3ect1Ves

[N
- ’ ©

It is conven1ent and perhaps neceSsary to transform 1denL1f1ed

s
8

needs into learning objective statements. There are several current

e
¢ .

means for d01ng this but none which the author cares to recommend._

D

The tra1n1ng specialist should also be helpful in th1s sub—system.

"As was prev1ously suggested a tra1n1ng course - design procedure i

neéﬁsﬂto be followed to 1mpleﬂent th1s sub—system Probably no

o

bettb% source for this effort has been prepared other than that

of" Rundquzst (1967) _ : K L ,;
: Items Z

HaV1ng des1gned the tra1n1ng course and spec1f1ed learnlng

.-
K

obJectlves we need to prepare items: whlch, if answ°red correctly,

wils reflect;tralnee competency._ Th1s process may be s1gn1f1cantly

. sho tened by utlllzlng 1tems made avallable Prom d1fferenf”serv1ces

suggésted by Wood (1968) Moonan (1972) prov1des a table Qf non—

418 (' |
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~ Sample

. order to estimafe the item easiness and to test the goodness of fit

-
.

Hawving conactucted the items for measuring competency we are
1

:required next to administer these items, perhaps in small $aCches,

B SY

to individuals of vamying trainins.compqtency. As indicatpd earlier
no formal sampling plan is requﬁred but ééponses ma&’bs acquired

on a so-called “eatch as catch can" basis.

.Data
.\.,'
. These response data,may be recbrded 1n various wsys such as
[ ) "".
. \
port—a—punch or mark sense cards or.by an optical scannerpformn An

-

hoptical scanner system together with,its mini-canputsr appears to
 be: the optimal data collection and processing sVstem for COMET The

xcosq effectiveness of this Suggestion needs to‘be examined in any

M [4

partitular application.. : ' S <

.
. .-. -9 ' ‘ w . ’ bx.

>

Having collected the response data, it needs to be orgunized in

S(i,J) form and‘analyzed with\the frequency ratio method, PR in '

of the response data to the. BMM.' Items not fitting the model should

!

be eéxamined and purged from the item bank.

Test and Repro = T - . /fy—\),

A suh\gzstem which can“design automaticaily, ‘preparz anc uUDll’
, e ,
~cate. competency examinations from the availaole item posi is required

This may be done via the computer or with tne clerrcal system used by

- GLAXZES. This process is sometimes referred to as CAIC: compuccr
R ‘ o

Assisted Test Construction.

. v.'.v;" : | 419' . I sa;ﬂﬁ’f”/i )
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C . . “ [

-

- Having specifx;d the" examination and the items therein we "~ LY J{
require the development of competency tables assoclated with pos- '7 hi S
pﬁ)ﬁé{w;'slbiz rawuscores on)th se tests. Thiscis accomplished by.us1ng
the Maxco snhtou ine developed b7 Moonan and Covher (1973) - T '
o : w . N
: j ‘:Havingvmede the meesurements of traininé'competency we can4 ‘
_use'thisvinformationiin a veriety of,mays to make evaluations 4
among whichlare’tﬁe fellowiné: ’ o - e 7: N

: used in evaluation is given in Hiscox (1974). - e
Cont . \f/ E
The COMET system needs to be controlled as a system il;an_ _ o

. . d. Training-facility effectiveness

a.. Trainee competency - .
. . ’ . .

b. Change in tra%nee competency . .

¢. Instructor capabilities

. f ' e N

~ i
e. Training program effectiveness . 4
S ‘ I /S . L e
f. Program objectives © S
. . . S - ’ N}

A good discussion of these and other ways that-the BMMican be

» .
N ©

effectlve manager-who must constantly carry out ‘the s1x lunctions
of a manager: planaiﬁg, d1recting, organizing, starrlng, evaldat-
ing and controlling. S

. ‘ - " P a

7 H

T e

s
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! 9. Expected Implementatlon Problems ' T : . Lo )
! : - ' . .

. g It is expected that the most dlfflcult problem ‘to be encountered in - #

¢ v

, 1mplement1ng COMET would be to flnd and utlllze a systems' analyst to

(4

— o design the System for lOcal'condltlons and constralnts as well as to

»

appoint a competent manager to monitor and“manage the gperational’ sys-
v L
_tem. This person must possess many skilks and have knowledge in the

'areas‘of'meaSurement, computers; edbcation, training,,systems,;etc.vas' e
well as the ablllty to work w1th speclallsts in those fields and with ‘
‘ P E ] RS &
A e -milltary personnel and systems. Such competent persons are difficult to
locace! oL T . ._' C . C. |

'cﬁb e Developlng or flndlng items for the competency pool may be on&rous but

. - noc too dlfflcult." Tnterservice cooperation should be sought here and’ N

. he MTA could.play a s1gn1f cant and helpful role 1n*these matte1s. iﬁp~ | v
prototype COMET system mlght be des1gned and deweloé?d within one ser-

.:ydce and developmental ‘costs shared.~ ThlS system mﬁght then be used by SR

. other interested parties. - . - _ ;. L

‘ _+ . " Standard’ errors ofve's'timates of y(n) and s(l) are: needed but not pro-
. s - v . 5

.rded 1n this report. Their specificatlon is under development but was
Lot completed in tlme for 1nclus1on in th1s paper. The science ox‘k

examlndtlon de81gn needs better formulatlon §0 that'the test sub-syster

: may'make use of it. There appears to be only crude rules of thumb anc
theory available in psychometrics\to ass1st us in thlS area.. - N

All in all the practical problems dovnot_appear,too limiting,lwhat _ _,’

M ! ! ‘ ’ . ) .
- ' 'is most needed is the appearance of a dynamic, rasourceful, and persua-

» . . -
+ N

:.ve leader to step forth from among our ranks and pursue the development

] N .. E O | ) | 421 . . o - | | R
Qo T - . R . Y
ERIC - = : | | Lo e ' :




e

-and implementation of a COMET-like system within a tfaining facility of

o . . ‘ . . ' . 4 o

’ \
R . ' \
his own service. . . - v . N

Yy L : ' o L .
TheZpajor conceptual design york has been shown here, but there are

manf details yet to be worked out. ,
10. ,Summary D o . s | V i

. * -

This report:proposéd; definéd the:scope"and{outlined the 12 sub-

systems'ofla‘general system calleéd COMET whose general purpose is to
. ST ) ) R

objectively assess the competencies attained by trainees during the

course of training dn the military serviceé. The measurement and evalua- !

tion featurés of COMET are based on-a binary meqﬁgrement model created’

by Georze Rasch. A new analysis procedure was developed to estimate-a
: . R TR . . v e

»

parameger of the model-and to test ‘the goodness of fit of resﬁonseg of
: € ) e . § )
9

. . N ) » B : ' .
test items to the model. A numerigal example of computations was sro-
- g . .. -

-

',vided and practical probdéms expected to . be encountered during impliemer~

tation are mentioned.’ ._ ‘ o
) R . e T < . .
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