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L '\Rellablllty of tests used to nake'
* pass/fail decisions: ,Answering

o <. the right questlons

- the relia-

As the title'imblies,hthis paper”is about’ reliabili

s . [ p i

- pility<pf,a particular type‘of test. The tests I am conceyned about ' R

i
»

areétestsfthaf have the follnwiqg three chhracte;istfts: First, the test
- is made up of items scored as right or wrong:\ Second, the tgst score

o p o : -

will be used as the basis for a pass/fail decision. Thirq,'t e variable . .
) ' 3 - .

° > -

~

. :‘L H S 3 - - N
measured by the test is continuous; a person's true score can be anywhere

’ N ) N M . . ? .cy. ¢ N f N e . ) S
on the cohtinuumi. Notice that :I am nof talkifig about a situatilon'in . .
. e Lo, - . - :
. > 4 >
wﬁich the test ‘scores are supposedetd reflect a true dichotomy.
. \7
‘kind of testing I am concerned about,,the terms masterz and "§m

D) ~t —a

° are somewhat misleading; it makes more sense to talk about "mini

. Lo, - ’ P . -
acceptable performance".. It is easy to thé;k of examples_ of tesﬁi of . 4

this type: A final exam for a course, 3 licensing exam for a profession, -

a screening test for a remedial program, and so on.

- o / "
‘ coefflclent and the standard error of meaSurement. What do these tradi- )

- . o
~ .V 4

', tional measures really tell us? The reliability coeff1c1ent answers the

> ,
. . . L% e o .
.

The traditional meabures of tesﬁfreilabllltg are the re11ab111ty -
)

- R — (- - N
question: "What is the estimated correlation between two equlvalent forms

4 Lo« : , ‘. Lt e T N ©

. of the+test, i%_the,gfoup of, persons takimg the' test?" The standard \

*a s ~ . . . P ] :

Yy N i ] - ot . A 4

. _ . : . \
.& error Yf measurement answérs the question: "What is the average size of
N . e, -~ L . N - -

. . \

- e Ny . M e \
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» . . Bl =




these are not the important questions. What ne1ther the reliability

-

N coeff1c1ent nor the overall standard error of measurement tells us is how

°

_ much conﬁidence we can have im=the pass/fail aecisions we are making on the

©

v ’

. . ’ v 3
basis of the test. - - .

What ‘kind of’questioﬂs-should we be asking? “The important questions
- -_— [} 5\ . ‘

of;reliability have to do with the pass/fail decfsioqs and the relation-

.
-

S ., v . R
ship of these decisions to the true scores of the persons taking the test.
\ - .

(By "true score", I mean the person's average.score ove? the universe of

—

all possi—le tests.) Some of the questions.we should be. asking are thi

e:

I3
.

Of those persons sho passed the test, how many would have -

passed if the test had been perfectly reliable?. 0f those who

S * ' s g . ¥,
failed, how many would have failed if the“test had been perfectly
reliable? v

: ’ : - .

What is the distribution of true scores in the grgup of persons

' .o A

What is the d1str1but1on of true scores .

:"‘ =
0 . ‘

in the group of persons who fa11ed the teSt’

[

who passed the test?

4 '“.“ .
What is the dec1s1on—mak1ng efficiency of the test, £sitdmpared-
with that of a perfectly reliable test?

To answer questions like these, we need to estimaté the ioinf ’
A
d1str1butlon of true scores®and observed scores. Thists not j samp;e

.
. .

Problem. Fred Lord worked on it for several years, and he developed

vy v . °
1
several methods of estimating this 301nt dlstrlbutlon. The mosc advanted

. of these was published in 1969. It is called s:mply "Method‘zo" xqThe

Toet e
purpose of this paper is to describe br1ef1y some oﬁ the characﬂerlstlcs oy

°

of this procedure and to show how it can be used to ansWer the k1nds ‘of

B

reliability questions we should be ask1ng.

.
. M.,M e, W N,
e ¥y AR o
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. ' o . . ) .7 * .
 Method 20 assumes that the conditiénal distfibution of observed. )
scores, for persons with®a given true score, is-a "compound binomial .

distribution"f this assuﬁption is less restrictive thah the €ssumption
. of a binomial distribution. Strictly séeaking, the binomialiassumption . .
‘would be appropriate only if all test items were equally drfficult or Bf
. each person taking the test received a separate random s pLe‘of items. .

(Actually, Method 20 can also be used with the binomial ssumption, and \l
* .\‘ h . . - N

- " Method 20 is somewhat unusual in that -the mathematical model for

i

. the true-score distribution does not have a fixed number of parameters., - jk ) A

- ‘Lh\ﬁact, the nvhber-of parameters in the model 1s limited only by the'

number of 1tems ofi' the test. This feature makes the ‘model very flexrb}e. .
L L .2

‘. o T~

‘ Even.if the distribution of true scores happens- to h ave some unusual B

T — F e
- .

. shape,*Method 20 can estimate it. Other methods\r for example those — f\\;J

-

3 N T

based on the beta distribution - cannot estimate a bimodal distribdtion -
- N .. -
of true scores. ' : ' . ) - -

-

Method 20 does have some limitations. The tést must be unspeeded, - -

. and there must bé no correction for guessing. Ideaily}_eﬁery person

should have a chance to answer every item, and the person's scogikmust-be ) .

' .
b ’

simply the\numher of items answered correctly., The only limit on the N\

-«
- . x
[ .

length of the test is a practical one; the existing combuter\prdgram will’ .
R .- - s i ' .

z not accept a test of more than 100 items. Also, a very short test\limits ] .

. the compléxity of the estimated(irue-scdre distribution. B&t e& n as few

./, as six items will allow for a bimodal distribution with unequal mo es. “oL .
1 . , .

, The required input.‘pr Method 20 cqnsists of- the observed score ) T

- 13

o distribution and the variance of item dificulty'values. The catch is ' B

. . K
’ » Al

¥ tHat this information has to come from a large sample - p%eferably 1000 Co

- v By

.{'ﬁg - r ’ oo 2 !
. or more persons. HoweVer, the- input does not have to come from a fest'! .. s

T s ¢ L - s
—
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of the same length as the one for which we want the‘estimates.‘,Ihat
) . - N . N \
iq,.we,can‘use dagta- from a 20—1tem test to\get an est1mated dlstr;butlon
i .
A ‘
for a 50-item fest, or a 10 -item test, or a test of any length we want'

%

»

to specify.

test needs‘te be.

Since I am neither a mathematician nor a-computer programmer,
oo . .

", wonjt attempt to ek lain éither the mathematical solutioh.or the ¢
' P - = C

" o~

PO

‘i, programmimg of Method 20. Both were published'fn 1969. The mathem tical
solution is in\aJ article b§ Lord in §§§chometrika° the computer pr gram
v ;o
is in an artiel

e [

[
« Measurement.

NS I P L 5 '
What' is new {is the coliection of output. formats we at. ETS have
/:"'y - ¢ { b a “ . * -
recently/developed, and.the computer program that produces them.. These
o~ . R N ’ ' ‘-_ * ' ) ¥ ;
. ;‘{' e T A -.\‘ )
to a readable; usable form, so that the director of
L. I v )
! . a’'testing program c3n use the informatiotw as an aid in deciding how‘l ng
. » . . . . i

s N Ll . ./ . ) i
r, 1f need be,-in.d%gending;the test ggainst a . ﬂ

s
handout. The f1rst -

~ A,

tla reliable basis for maﬁ%zjypass/fail decisiepe.

b g
, '.'3~ w0, P
- . q 2
cutoff for true scores) Ihe }krce&fages ;n eac% éell are est1mated
¥ o st o’ -'.‘3 .

percentages of the pop 1 tion-of eanm1nees. for;example, an estlmated

M . - - f" v L4 [
11% of the examlnees w1 ss gpe exam1nat1on even though the1r/true

M g
- ': . f‘ ) {.‘: - "’“ e,
‘jscores are below the cut f. Tl ST ,
- . B . « ¢ ' i -

. e
" " ‘ Z B l

N
A At the bottom of th f1rst.page is an. 1ndex labeled "decls}on-maklng

i @fflc;enhx,. This 1nQex}1
. . 0 . x F;
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o

hat"if Jones

Linear Q\tility means

cutoff:, and Smith has

failing_jones is twice a

\

. . . .
has’a true score ten points gbove the

v, N

-~ . ' . N .:\ Pl
true ‘score five points above the cutoff, fﬁe;

i . \
\
\
. \

- .
-

2

P

1nde§ is s1mp1y jehe utl11Qy of select1ng on observed-scores, divided by

" the utxlrty of selecting, o& trye 'scores.

estimate such an' index.

The second, page of the haLdout\

.true scores .in the passing group and

s -

’»

two groups.
[

.

8

If the tes

-
‘.

\
\

B -
)

were perfectly

in the failing group.

’
T

dverlap between the;t ue-score distributidqns of the two groups.

T ) [

7

Method 20 makes it possible

eliable there would be;no

-

»

shows the estgpated distribution of

A J
This table

If the

(o]

test‘were“comp}etely unreliable, the two t
. :

be identical.

-

more re11ab1e the test, the 135$ the spread in thi

‘

Rt \e
".The f0ur h page of the ﬁ%ndout shows a ser1es of pr d1eted observed-,

»

he <
-
X - -

s

.

’!"' . r

e-score, distfibutions would
A ] . N
, N .

r

. The

d1str1but1on. .

e

)3

4

. v

B3

', ..‘

user does not spec1fy the levels, the program will. print the d1str1but1ons

" score d1str1butxons for. exan;nees haV1ng specified true scores. 1f the

-V .

[N

for true'scores of 10, :30 *.5 , .70' a

only leghtly d1fferent from the b1nom1a1’d1str1but10ns form =

Vo

L]

number of items on the test). ot

~

The next f;lr pages of the handout are: the same as the flrst .

»

»

N

L

nd 0900

S

«

g
A - ;

‘i

.

o

FS

-

o

These distributions are

30 (the

,/.

four, except that the data from the th1rty-1tem test has been used to

est1mate d18tr1butLons for a 31xty~1tem-test.

,a
4 - .;.

By cbmpar1ng thie corre-

-~

v

.

s

.u

-

spondzng tables, you can ‘see how‘ﬁuch 1mprovement would result fromp

"

- -

.

making the test twice.as long.
. 4 [

“The last two pagés oa he hanﬁout are -

-9

o N
RIC -*
P e

o~

>

» -~ -

i
1
!
1
4
i

\

serious an error as failing Smith. .The efficiency

w
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‘Handout. The graphs enable the use

of the program to see the overlap in

the true—sCoreiﬂistributibns for,

5 o 7 3

‘

he pa331ng and fa111ng grouﬁ% and the &&

\
spread in the true-gcore dlstrlﬁitlon for examinees w1th a g1ven observed ‘\

,

-

score., (Thefnumb rs on the vertical scale in these graphs do not\corré%Fond
. AN . ;

. to those’ in the tkbles, because the true-score, scale_has been divided

\

- into intervals of .0l instead of .05.) , . L,
N : .
' What are the implications of this type of reliability estimation? T’

\ L. .
believe that these applications of Lord's work will change.the Ways that

. 4 .

] . . . - . ’a .
. we'ln the testing profession think about reliability, at least for
. P N M !
° . - ) : vu \ a " e a
. ) » tests that are intended to be the basis fpr pass/fail deC131ons. For (
N ~ these ‘types of tests,“l think”’ we would be JustlfLed in say1ng that the
2 .
1 .
e trad1t1ona1 measures of re11ab111ty ~ the relrab111ty ceeff1c1ent¢and ' .
o - ' . - . <
the §tand£rd error of m%asurement - are now or.wibl soon be obsolete.
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PASS~FAJL CINTINRENCY TASLF - . 4 : - '
. . =T ‘ ' _//' - [Vl .
NAME OF TEST & | - . — . -
ORIGINAL-DATA 3'. ADMINISTRATION DATE = 07 /71_,,/ﬂ&;en OF EXAMINEES =° 3274 NUMBER OF ITEMS 30
T
THIS TABLE 1S FOR A TEST OF 30/»1&‘,// -, ” s !
. - ) o N
'TRUE-SCORE CUT-UFF : © D,6667 - - - - ‘ . < -
N ’ » » o .9 )
MINIMUM PASSING $ IS 20 QUT UF 30 ITEMS { 67 PERCENT) v - 7 ;
© - SHOULD  SHOULD A\ . =
F PASS FAIL - . -
- . -—— A - -
. I | I o . i T
WILL PASS | 55.93 | 1l.0% (- ¢ -~ 7 .
L- o | . ,/// . v . : 3, -
T -, . - .
¢ 1e 2 | = - 2 _ - e
WILL FAIL | 82 | 26032 J/ -, ) : ) . o -
. ! e ~V | BTN
EA A . . ' 3 \
., . /// ] . o, \ s
R e i [‘/ ~ . . - - o -
y ) . o s -
DECISINN-MAKING EFFICIENCY':  0:81 . ) . .
.- . . ' EXPLLTATION((Z=2%)\ SIGR(X~X%)) o ‘"-
OFCISION~HAKING EFFICI1ENCY IS OEFINED AS —msmecimmn. -
. - . N EXPECTATION( (2-24) SIGN{Z-2%)) . -
i ‘s ’ WHERE it 1S TRUE-SCORE CUT-OFF OF 0.67 -~ LT
\ ) " X«71S 'OBSERVED-SCURE CYT-OFF UF/ 20 Cr
“ . ¢ ) tHINIHUM PASSIN(‘y SCORE' MINUS ONE-HALF ITEM) N .
) . , ' N o i\ °
. o \ = - e o
» N . N
’ [ Sad ! ‘ = /\\ - ~ —~— € -
) . A - - e
v . '/ . : . ! L !' — - — . -
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CONDITIONAL TRUE-SCUKE DISTRIBUTIONS FUR RASSI&G fNO FAILING GROUPS.

'NAME OF 1EST 3

‘\.'\\?\
NRIG INACTFTA

JHESE DISTRIAUTIPNS ARE FOR A TEST UF

.
K

NUMBER

. ARUE~SCURE . PASSING  FALLING
{PROPORT 1ON-CURRECT) * GROUP Gkoup
0.95- 1.00 . 0. 0.
0.90- Q.95 20. 0.
€.85- 0.90 115¢ ' 0.
0.80- 0.85 .309. 24
0.75- 0-‘80 521- M 27-:
0.70- 0.75 570. . 113,
0.65- 0.70° 405 . 236.

0.60- 065 1862 2RS, .
(‘.55' <bo°(l 55. 223:
20.50- 0.55 10.- < 123.
Got%5= 0.5C 1. ° 50.
0.e0~ V.45 0. 15.
0.35- 0.40 " Oes 4o
,030- 0.35" G. lo
0(.25-0.30 Ce. l.
0.20""09‘25 Oe ’ l.
‘0,15~ 0.20 ) . 0. l.
0}10- 0.," M L4 0. [ l.
05,05~ 0.10 .0, 1.

- , (4
..0.0 ‘ 1-0) . . ) . Ce A*l:o
-
1Rue-skune
- MEAN . - s \;‘0 0.62
Y U . 0,

ADMINISTFRATINN DATE, -

071/01/777

30 ITEMS, WITH A MINIMUM PASSING SCNRE OF

.

NUMBER OF EXAMINEES

PERCENT"® .
PASSING  FAILING
"GROUP GROUP

0.0 0.0
0.9 0.0
562 0.0
14.1 . 0.2
23.8 2.5
26.0 10.4
©18.5 21.8
8.5 26.3
205 20.6
0.5 11.3
0.1 4.6
0.0 1.4
0.0 0.3
0.0 T 0.1
0.0 0.1
0.0 0.1
0.0 0.1
0.0 . Oul
0.0 0.1
AG.O OQl

3274

PASS IRG
* GROUP
100.0 °
100.0 .
99,1
93.8
79.8
56.0
30.0
11.5
3.0’
0.5
0.1
0.0
0.0
0.0
0.0
' 0.0
0.0 °
0.0
0.0
0.0

Handout:

~/ CUMULATIVE PERCENT
FAILING

GROUP

100.0-

100.0,
100.0
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0.75- 0.80 - 53y, 9. 25.0 0.8 c L T19.3 100.0
. 0.70- 0,75 603, 80. . +28.0 7.2 ' 54.4 > 99,2
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0.30- 0.35 ®o. 1. 0.0 ' 0.1 0.0 _ 0.5 ’ :
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'0.10= 0.15 C. 1. ° 0.0 0.1 " 0.0 0.2 .
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