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ABSTRACT k
A computer program named Program STANDAD is

pres,ente4 and demonstrated. thisrTiogram calculates the sta-tistical
igpificance of the), overall agreement of the categorical assignments.
T e program iebased on Light's statistic, G, for describing the
conjoint agreement of(many observers with coriecm or starOard set' of
classi4ications os, nomina...1. scalds. The present documentation'includes
.a description of the progam's pprposes, input, output, langUagle and
processing, limitations and computational formula9. Also provided are
instructions for preparing the jot deck, a listing-of the FORTRAN
sourcb deck, order ofl-the rd deck for computer processing, 'and a
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SUMMARY

A compUter program named ProgTai STANDARD is presentedand d'monstrated..
This program calcplatesthe statistical significance of the overall agree-
ment'of the categorical assignments of twq or more observers, witti a set of,
true,or correct 4tegorical assignMente.:- Ihe present documentation inclusdes
'a description of the program's purppses, mput, output,, language -and process-
ing, .limitations and computational formulae,- Also provided are instructions
for preparing'the job deck,..a listing orthe FORTRAN source deck, orderibf
the card deck for computer, processing, and a ccemplete set of sample inpilt .
and output data.'
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Description and Features

Tneroduction. Several measures of response agreement foo observers'
or raters' classifications on 'nominal 'scales appear to 'be finding increased'
popularity and,a_variety of-applications Among researchers and,practitioners.
Cohen's (1960) development:of the statistic k ;provided a means to determine
the level and significance of the agreement between two observers in their.

. assignments of objects or subjects,to nominaliScale'categbries. -Later,

.)Li.ght (1971) refined' and extended Pr for -uselIn the situation where multiple
(i. e.,Allore than two) observers would be making,such aesignments and further
provided a method for testing the agteement among such multiple observers
upon_each specifit.nominal,category considered. This multiple observer
agreement'statisic, known as g m, 4as further extended by Fleiss (1971)'
to the case in which the sets of Matiple observers would not remain7identi-

.

cal from one case to another.

4 The several noted response agFeement'measures share two principalay-roper-

\ ties in common: first, they make no assumption that any true,'correct or
standard set of nominal scale-classifications might exist against:which the
ciassificaticins offered by the varidus observers might be evaluated, and
second, in cases where versions of Km-are applied, aere being more than
two observers,involved,-,th:oeMssifications of all observers are weighted .
iequally thus rendering a ieasure of the overall conjoint agreement of the
observers with one another and not with-any existing c6rrect-or-standard
set ofclassifications.

4

However, When Considering-response agreement among,Observers in applied
',and research settings, it is frequently desireable to test the:conjoint

'tf

agreement among observers relative to a standard set of classif cations.
This.is true, for example, whenever it is necessary-to assess e categorizing
ability of trainee observers in the light of an expert's categorizations or
when the classification accuracy of a categorical rating device must be sized
up against the conjoint ratings of inddpendentexpert observers. For thls
purpose Light (1971) has defined the-statistic G to test the Significance of

the conjoint agreement of many obseri.rers with a correct or standard set'of
classifications on nominal scales.

. 0 is based upon a special variation of a multiple contingency table
routine which first compares the Obtained agreement of each of the observers'

categorical choites with the standard,categorical choice and thereafter com-
pares this Obtained level of agreement with what would be expected under the

null hypothesis of andom assignMent of cases to categories. For purposes

of testing.statistiFal significance, G is.distributed approximately according
to the unit normal deviate.

The computer program presented And demonstrated in this paper, known as,
program STANDARD, tests the statistical significance of ehe conjoint agree-
ment of two or more observers' with a standard set of classifications based

upon Light's (1971) computational formulae for the statistic C.

'[3]
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Input. 'Each analysis requires four control cards and a data card deck'

as follows: (1) a title tard; (2) a problem card to specify the nuMber of

cases eing- classified, number of categories'and nUmber ot observers; (3) a

pair oY standard Cards.indicating the standard category choices for each

case considered; and (4) a sdt of observer caras, one or pm per each
observer,:speciBying observers' category thoices for each 'case.

Putput,.. Tge,informarlori praylded for each analysis includes: (1) an

alphanumeric iob title; (?) 'number of cases, categories and obserVers;

(3) standard category choices tor each case;, (4) observers' categdfychoices.:
for eath case; and (5) value of the'q statistic (see Equation 1 ff., lip. 5-6)

and level of staeistical signiticance'associated with the unit normal deviate.

Language and Proce ing. Written in FORTRAN IV, Program STANDARD isl

compatible with machine4 in the IBM 360:series. Variables are in mnemonic,

form accOrdIngto Light (1971) computational formulae. :Input editing ana
:toutput specifications-are provided for user's syntactical errqrS.

:Limitations. Currently.Program STANDARD will permit up,to 160 cases
to be assigned by 100 or fewer observers to'a maximum of 10 noidna1-categories.

Ad,
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and

Computational Formulae

The Proiram STANDARD algorithms are as follows:
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Instructions for Preparing Job Deck

#-.

The following/cards must be prepared:
Card It/

'T#le Card--A job title may be punched in columns 1-80

Card 2i
Problem CardSpecifications defined below. Ail numbers must be

N
.right-adjusted,

_Columns Punch
1-3 ' Numbdr of cases (maximum 16

1 4-5 NuMper of categories.(maximum = 10)

I NuAer of observeri (maximum 100)

Carde 3 & 4:
Standard card6--A standard-or "correct category choice must be

indirated for each Category specified In columns
'4-5 of the Problem Card.. If the standard category.

choice for the ist case,is category- 1, then punch,1

,in column 1. If"the,stapdard.category choice for:
the 1st case is category 2, than punch 2 in column

the standard category choice for the 1st
case is category 9,,then punch 9 in column 1. If

the standard category.cholte for the ist case is
category 10, .then punch .0 in. column 1. Repeat
standard category,speafications with each column
corresponding to each case specified in columns 1-3
3f.the Problem Card. Two standaid 4rds must be'

provtded. If the number of cases is less than 81
the second card must be'a blink card.

Observer Cards--One or tWo observer cards miust be punched for each

. case. If the,problem calls for.more than 80 cases,
then'two observer cards must be punchoed for each

case. If the'obseryer category choice for the fiest

For example:

#

case is 1, then punch lip column 1. Continue as

outlined in directions for Standard Car4as.

5 observers classified 10 cases irito 3 categories=-

(Title) EXAMPE19.6.12m
(Problem) 01003005

(Standard 1) 343332113,
(Standard 2) blank card'
(Observer 1) , 1233222123
(Observer 2) . 3223311112

(Observer 5) 1233211133
I
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DIMENSION MATRIX( 1000110), SUPROW(.10) tst.)MCLM( 0) ,RATC.-LM (100 eta)
XSUBS IX (100 '1.0 ), SEVEN1( 10)1 A( 10),'SEVEN2( 10),B (10) ,NRA W(100,160)1
i(KE*Y (160 )trITLE( 20 )

INTEGER TM, RATCLM, NRAWOIATR IX, T ITLE
DOUBI-E l'RECI ION PART 11 ETMONE., TWO, THREE, FOUR VE /SIX

XS EV EN1 S EV EN2, Z ETA.; S EVE43, SEVEN( ETATM t A
DATA T M/10/ ROW/0 AO/ICU-W.11N /0.00/, PART1/0:00/7E TM/0. 00/ tONE10.00/*

XTWO/0.00/ t THREE/0 .00/1Z ETA/0.00)f FOUR /0.00/-1 Fl VE /O. 00/1,5.1 X/07.00/ t
XS EVEN3/1).00t, S EVEN/b .00/1 ETAT$10.-00/,G/0.00/ iSEVE N1 /10-41). oor,
xsumR6ino*o:.00y,sumumn.p*o.00r,Affoiko.00i,Ertioso.ow,
XRATC 1000*0/ t SUBS IX/ 1000*0.00 MATR I X /1.000b*O/
READ (5,1)TITLE
FORMAT( 2t)A4 )
READ *A 5,4 )NCAS EiNCAL NR AT E

4 FORMAT ( I,,s12113)
READ ( 5,6)KEY

6 FORMAT(B'OII,it 8011)
C T IS READS THE liArA

DO 9 I=1,NRATE
READ (5,8) (NRAW( )

.8 F.ORMAT (80 II)
9 CONT INUE

WRIT E46,800) . .
800 F ORMATI 1* 55X ,,IPROGRAM STANIDARD //, 32X

XI STATISTIC OF CONJOINT MULTIPL OBSERVE'R ASREEMEiT ilTI1 A STANDAAD
X' t /////,40X, 'MARLEY W.. WATKPIS't9X, *AND I t9X., 'PAUL, A. MCDERMOTT' ,*
Xt/ ,33X, .
X° UNI VERS IT Y OF NEBRASKAL INCOLN9t.10X I trsiI VER'SI, TY OF P NOSYLVANI
X1./////////
WRITE (6,900 )TITLE

900 FORMAT ( '0' 2044 )
WRIT E( 6,901 )NCASE,NCATORATE

901 FORMAT (*0* 5X, W ITHI., 4X,-14, 2X; ICASES*14X, 13 X ir
X° CAT EGOR I ES° ,4X, I4,2Xt 'OBSERVERS' ).

lF ( NCAS E. GT .160 )G0 T.0 500
IF ( NCAT .GT .10 )G0 TO 503
I F ( NR AT E .Gr .100 ) GO TO 505
WR ITtQ)1902

902 FORMAT /////, 9X, 'THE STAAD.ARD CARD WAS READ *A .1
WRITE(6,903) (KEY(J),J--zi.;MCASE)'

903. FORMAT ( " ?BD' 1)
WRITE(6,904) .

904 ,FORMAT ( th//t9X, *THE F PSI -DATA CAR,) WAS RE D AS')
=I

WRITE(6,905) (VRAW( ),J=1.9NZASE
905 FORMAT ( ' 98011 )

11 CONT INJE
DO '20- 1=1, NRAT E
DO 20 J=1 ,NCAS E

E9)
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I F,( NRAW( It'J).EQA)NRAW( I; J )=10
IFI:KEY( ).E0.0)KEY(..) )410
'CDNT I N1E4*
No=ritAr * NR E* -

C T,HIS .S.ER TES OF CARPS( N=1 THR,U 60) CALCULATES THE' CELLS OF
(4, AGREEME'NT AND DISAGREEMENT AND PLACES 'THEM 1N MAITRI X

N=1
1=1

-`14-= 1

30 IF (J.GT.NCASE) GO TO 40
J=KEY( 1)
K=NRAW (N,I)

(N.GT41) J=4CAT * )
MATRIX(i;K)=MATRIX(*K.) + 1

+ F
G01.0.30

40 N=N + 1
M= M

I= 1
I F (N.GTNRATE )G0 TO-.60
GO TO 30

Q. CONT INUE
j=1?
J=1

70 IF ( I .GT.NCAT ) 1=1
TM=T M + MAT RIi( J., 1) 4,

C THIS ,CALCULAT ES THE 'SUM ,OF DIAGJNAL S( AGREEMENT CELCS)
171 + 1
U=4 -+ I
IF (J.GT.NP)G0 TO 73
GO TO 70

73 CONT INUE
CALCULAT ES THE SUM OF ROW AND TOTAL ROW VALUE
DO 100 1=1, NCAT
DO 100 J=1, NCAT
SLIMOVI(I)= SUIROWI + MATRIX( ItJ)
ROW= ROW + MATR IX( 1,..1)

00 CONTINUE
DO 120 J=1 MCAT
00.120 1=1010
SUMCLM(J)= SUM:CLM( J ) + 'MATRIX( 1.11

COLUMN:-' COLUMN + )'
ZO CONT INUE

* 140 I71,Nc41-
t P(RT1 = PART-1 + sumRpv4( ) *. sum9im( ))

140 CONTTNUE

S.

*ET M.= (1./100 ft.) * PART14
ONEr- (1.0 NCASE-'1.) ) PAial
*TW 0=1 ./ (NCAS E**2 * (NCASE-1.) )
FOUR=1./.( NOSE .-* NCASE 1. ) )
DO 260 T=14 NCAT N

* FIVE= FIVE + I UMROW( I )**2 * SUMCLM( 1 )
C C L CU L AT-ES Z
200 CONT INUE

110).



,41,11t SPX= FOUR 4. FIVE
Dps 24a J=1-1, NCAT
N=1
1=1
Mr- 1

- 'y

10 IF IN. .GT. -41CAT..)-M=?1. + 1
(44 .N CAT ) N =1

IF (1 ;GT: 9) GO TO 240.
. RAT 61.:MIN 9J ATCL +

a AT CLM (M;J )4(42,
f,7=1

N*N '4.- 1
'0'TO 210.

24.0 CONTINUE
1=1

.1=1
,J= 1
K=2

160 I F (L .GT .*NCAT ) GO* TM 180,
A( J)= ( RAT CLM( ) * RAMA( I L ) + R&TCLJ't(K,J)

XRAT CCM( L) ) * SUMROW(1.*)
BIM= 8(..1)1+' 4(J)
L=:-L + 1-
GO TO 1.60

4 180 L=1.
_J= ..J. + 1
I F. (J .GT . 'MCAT ) GO TO 140
GO TO 160

190 CONT1NUE
DO 1.95 NCAT

'ZETA= -ZETA + SUMROW( I ) * .8( I ))
195 'CONT INUE
C 'FINAL CAOLATIONS OF G

THREE= TWO * Z ETA
00 260 ...)=J,NCAT
DO 260 I=11 NRATE
SEY.EN14,1 SE4 EN Y(J ) SU8SIX(11J )

260 CONT INUE
DO 270 I=1.14CAT
SEVEN2 11= SEV...1(1 ) * SUMR3W( I )
CONT INUE
DO 280 1=1) 4CAT
SEVEN3= S EV EN-3 + 'S EV ENZ.( I

280 CONTINUE
.

SEVEN= FOUR *. SEVEN3
ET AT Mt= ONE +. THREE ( FOUR * F I - SE VEN
G.= (TMs- qTM)/ETATM**.5
GO TO 599

500 ,WR ITEt6, 501 )'
501 FORMAT (*0 14NJfireER Of CASES Sfo'kc IF 1E6 04 PROBLEM CARD

*)ilS TOO LARGE° )
-GO TO 99

503 .WRITE(6/504)
504 FORMAT( '0' I 1 NU MB ER Of CATEGOR IES SPEC: F LED 'ON, PROBLEM .

-



e

XCARD IS TOO *AkGE4-1
. GOTT() 99

:50t5 .4RIT Ef6,506)-
506 FORMAf ; 8-N,(mrAii 'OF 08SER.VERS- SPEC IF IED PROI3LEM CARD

XIS "TOO LARGE') .

GO sT0 99
5 9.9 CONT NUE'

IF-b( ABS( G)T..GE.3 :21 )G0 13 740-
'IF CABS (-6 )..GE.2.81.11G0k-TO 420

.,rF (tte5iGi.GE.-2,58)G0 T.9 700 .

.-,IF ( ABSIGE:.1.96.)G6 T3 680
1 F ( 'ABS ( G)..,GE. 1 ;76) GO TO 6,60
I,F ( An( G,$) ...q.t.' 65)GQ- TO 640 ..

..
fP 7(ABs(s),Ct.i.:§5)60, TO 6D0 .

6 0 "-WRITE( 6,130 ')G
. 80 FORMAT ( .0.! . :9K t°G OF. .F9.4, "--,-7--. NON-SI('N,I Fl CANT' )

4..GO Tp 9.9 .*,_ ..i-.
"640 WRITE (6.84)G
4.84 FORMAL(' 0 ' , 9X, I G .0F1 9,P?.49 9""''''''r '0 LESS 'THAN .10,°)

GO T.0 99 ,
660 WRITE (6,881)6 . .

12(6-: FORMAT( '9' 9, §)c:1 'G OF0,f97.4, '.-7----.- P LESS THAN .08')
.., 4. .

GO TO -99
680 WRITE (by tiff) G .

88 FORMAT(!0" ,' 9(OG OF', F9.4 e - -- -...- P LESS 'TEIN *.051.') ,

. : GO TO 99
700 WRITE( 6

7.90)6 .
90 FORMAT.(10* a 9X , 'G .OF ' f9.41*----7- p LESS , THAN. 01 t.) :

. G04-TO, 99
.720. WRITE (6,92)G . * .,..

92.,,F'ORMAT.("01 U.," G OF', F9.4, '------- P I. ES,. THA -.005')
4 GO. TO 99 .

.
. ,--

740* WRITE (6,94)G
94 FORMAT 013.1' 9X-0G OFc, F9.4, *------ p LESS THAN 001')

99 STOP .

-ENO

[12]
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;

Processing

:the job.'deck for eatbanalysis is .arvinged'S quentially as-
;ye-,

Computer Ostepa...-job-4aisificatibn:_cards.
4.0.444 na.

' r

Prbgram-

Computer

.' l'fbgram

Pi:ogrim

Pr.ogram

G. Program

E. :Program-

STANDARD-source deck,

syitems end 9f source deck carl
,

STANDARD title card.

STANIARD'problem tard

I. -.Computer

4

,

-;

STANDARD standard card 1.

STANDARD Standard card 2.

STANDARD observer card deck.

,systems .end'of job card.

0.

4
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. SAMPLE flIPUT 'AND OUTPUT _DATA

'

4



* ,

nput for EX,mple, Prb1em

s

TEST RUN WITH 'LIGHT'S (1971) DATA ..
10003002

,

1111111111111111111222222222222222222222222222233133333333333333333333333333333
4 ..3 3 3 3 3 3 33 3 3 3 3 3 3 3 3 31 2 3-

11111111111122222231111222222222233,333333333333311111111111111111111111122223333-
33333333333333333333

i

*

111111111133333332211111111111111222222222222222111111222/2222222222222222223333
33333333333333333233

..

4
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0

:PROGRAM STANDARD

T.

(STATISTIC OF CONJOINT MULTIPLE OBSERyER AdIEEMENT WIMlik STANDARD),

l'EST RUN WITH (1971) DATA: .

WITH . 100 CASES
4 2

r

CATEGORIES

ME STANDARD CARD WAS READ AS'
111.1111111111111111222222222222M2222222222222233333333333333333333 3333333333
33333333333333333123

0IiSERVERS

ME FIRST DATA CARD WAS READ AS I

111111111111222;223111122222222223333333333333331111111111141111111111122223 3

33333333333333333333
ir

G OF 3. 7640------ P LESS THAN 001



*

fficient of, agreement 'fop nouldnal scales. Educational
cal 'Measurement , 1960 20, 37-46.

Fleiss ng. nomina l' 4ca1e agreemeqt aMone many -raters. Psycllo7

etin 1971,. 76 378.7-3,02.1

Light ; Measures .01' resi4onse 1agreement for qualitative data: .Sone

g eralizations and alternatives.. Pkychdlogical Bulletin, 1971, 76

6 --377.

"

*

6


