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One of the 1ssues which dlstlngulshes crlterlon-referenced

Ll

(CRr) measurement fron nprm-referenced. ( ) measurement is that .,

of setting a "cutoff" or "mastery" score denoting the level of
minimum acceptable performance on the segment of instruction
covered by the test. -.This 1ssue seldom arises in NR measure -

ment, because NR interpretatlons ordinarily are made on a

~relative rather than an absolute basis, However,_tne cutof??

score issue is one of the key points.of controversy among the

various conceptualizations of CR measurement. There are two

major asbects ¥® the cutoff score issue: whether.a cutoff . |

score is,. in feqa,‘hctually needed, and the method’whioh

should be used tow@stabllsh a cutoff score if one is to be used.
N

lThere 1s ‘one position in the llterature on CR measure-

~

men§ wnigh holds ‘that a cutoff score is not considered neces-
p ¥

bid v, STV
sary oOr relevant; in thls view, CR measurement does not neces-

N

' 1. [
sarily imply makine/absolute Judgments. This pos1t;on is well

expressed by Nltko, who takes the follow1ng v1ew:
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1Presen,ted at the annual meetxng of the Amerlcan Educatlonal
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Research Ass001at10n, San Fran01soo, Abrll 23, 19?6 . \\‘;

2*l‘hls paper was written by the author in his prlvate Ccqu;tyo
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absolute 1nterpreta+10ns can be estremely dangerous
« « « Nothing iR the nature of CR testing implies
that anyone hecessarily meet a given standard of

. competence, only that such levels of competency be
defined in terms of performance {Nitko, 1970, p. 39).

wnile he does not.r&le out the usefulness of a cutoff score

in some situations, Nitko contends that the'concept of CR

testing does not neeessarily require making a value judgment
about whether flawless performance is possibfe. ) )
Nitko prefers an empirical, decision~oriented approach,
o where a cutoff score is not set on an a{priori basis buf only
. on an empirical basis in answer to a question such as, What
~level of perfdrmance is required at one point in the instruc-
tional sequence in order‘to maximize success at the next | o
point in'the sequence?" There is no inherent reason'yhy this
point could not differ among individuals and in different
circumstances.' . .

This point of view-as expressed by Nitko is umusual. The

"more typical view in the CR literature is that the setting of

o a cutoff score is an inherent requirenent of CR measurement
which is often reflected even in the definition of a CR test.
Depending on the writer, the requirement for a cutoff score

, (& may be considered as fundamental to the development of the CR

h ,test (eeg., Ivens, 1970 Jackson, 19?0) or it may be considered
<

-~ as éssential in making an interpretation of the score (evgv,.__
iy R . \
‘Fremer, 1972). } ' ‘ '

T , Usually, the task of a CR test is to place an examinee in -

4 A

one of two categories—-master or nonmaster--with a -minimum

number of cla551flcat10n errors. Mos? of the ‘methods :o’be s

AN . wdescrlbed are concerned w1th this kind c¢f dlchotomous

\‘1‘ < ."> 3
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~decision., However, it also would be very reasonable to con-

sider models which divide examinees into three’ or more

categories (Harris, 1974}. . .
The establishment of a cutoff (or mastery) scorz involves
some difficult methodological problems. HoweJér, it also in-
"volves resolving some basic conceptual issues as well. Skager
{Note 1) notes that "How to define the nature of any perform-
anse that would indicate mastery of a somain of.éontent remains

a major conceptual problem (p. 14)." At a practical level, the

fact that item difficulties for CR tests, as for other tests,
' . -
can be easily influenced presents a danger of making incorrect

assumptions that any given score on a CR test represents an
? N N

accurate judgmént as to mastery or nonmastery of %b\objective
(Klein & Kosecoff, 1973). Stanley and Hopkins (1572) have

demonstrated .that, as mignht be éxpected, items of ‘widely dif-
. i Moo,
ferent difficulty can be written to fit the same instructional

]

objective. Therefore,.criteria sueh.as 90 percent are arbi~

~—_trary and nearly meaningless. in the absehce of a definitive

external=rs£grence p01nt. Furthermore, an arbitfafy cutoff -
level, such as 80%,\‘mpllg\tly assumes that all items are of

equal lmportanqe (Kifer & Bramble, 1974), a quite ‘unreasonable
\\ ‘w > IS ) . . . .
.assumption. N . o ' , -

Setting a minimum performance level prior to instruction

is particularly appropriate when mastery is.essential to the

subsequent attalnment of other 1mportant .jectives (Sulllvan,

‘r."

h 1969%*~,In other words. the settlng of a,cutoff level for an

—

s \
attainmgnt of the objective has 1ns ional 31gn1fﬂcance. T
\ ¢ !
‘ 4 : COTNCN Ta - N\
- S~ !

on a dete*mlnatlon fhct the ' o

S




B .
. p M

The Standards for Educational and Paychologlcal Tests (American

Psychqlogical A55001at10n, et al.. 1973) also require that a
rationale be provided for the selection of a cutoff score used
in test interpretation. To acgqp% thls goal however, does not
determine how it can be achieved - What is desired is to
minimize the number of incorrect classiflcation d90151ons, but
neither classical (NR) procedures nor item sagpling approaches
are very effective in individuaIJdecisionmaking (Halady;;2\$975).
Like many issues in“CR measurement, the issue of setting

a mastery standard has a long history. Monroe (1917), for

example, discussed the issue at some length and concluded that

a standard must meet two conditions: that it be reasonable and ‘X

that it be "efficient." A reasonable standard was deflned by
/

Monroe as one which realistically can be attained by students,

-

and an "efflclen‘“ standard was defined as one which represgénts

a level of performance which equips students for meeting/present

. and future demands. ) ) ,/

\

The level at whlch a cutoff score should be set/w1ll vary

RPN

}
depehdlng-upon the cruc1a11ty of the objective; for very impor-

tant obgectlves, the approprlate cutoff level may be quite high.
Two other important factors should be con51depgd in es»abllshlng

performance standards: the difficulty level/éé the instructional

4

' content (insofar as this can be determin%Q/independently of

actual~Iearner performance), and the amgﬁnt of instructional\

"time available relative to the 1nstr/¢t1qnal material to be

covered., . ‘ /
Mini um,performance standards may te established .n onza'

of two ways: y\setﬁing a cutoff 'score which must be attained
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_masters. That is, the distribution of actual proficiency is

©

| 5
by each:individual learner, or by specifying a group standard
iﬁ terms of the percentage of students in the class'oraotﬁer
target group whg will pe expected to attain the fndividual
cutoff score if the instruction is succeséful. The latter
approach is much less common.

An important point in the setting of the criterion level
was made by Kriew%il and Hirsch (1969), who pointed out that
"setting a higher error criterion does not of itself ;mprove'ﬁv
the proficienty found in those examinees classified as

masters (p.” 8)." Similarly, poorer-performing individuals do

not become even less proficient by being designated as hon-

1ndependent of the, 1mp051t10n of proficiency standards
(Gardner, 1962). Slmply by mov1ng €\§~standard the proportion
of masters or nonmasters can be changed without having any
effect upon the distribution of actual performance. Mastery .
standards cannot be set independent of the performance of the
individuals involved; the level of performancé which may be
required for mastery must be reglistic in terms of the pre--
vailing levels of competence (Garvin, 1971) . f
There rarely is a clear basis upon whlch to establish a
cutoff score in educational situations. In the absence of
other e;idence, the cutoff score is most commonly set on some
subjéctive basis relying on informed judgment. Gronlund (1973),
for example, has offered a step—bf—step, trial-and-errér pro-
céducgﬁ1é§whlch an initial arbitrary standard is then adjusted
upward or dthward‘on the basis of experlence and Judghgﬂt.'

Gronlund proceeds from the suggestlon "of Block (1971) that, . , |
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although 100 percent mastery migh& seem~to be[the idead, 80
to 85 percent correct is a more realistic standard.

Gronlund's procedure is workgzée, byt it 1s only a°

*

general guide to exercising 1nfcrmed judgment. :The procedure
does not unequivocably determine the size of the ad justments
or\the level o&sthe final standard. Like Nitko, Gronlund
(1973) concluded that the ultimate question is, "What level

of mastery is necessary in order to learn effectlvely at the

next stage of instruction (p. 13)9"
A?

*Such subjectivity in setting cutoff levels represents a
serious shortcoming of CR measurement to some writers such as
"Ebel (1973). Ebel has also pointed out that relative standJ'

ards, as in NR measurement, which are derived from the ayenaga
» / ﬁ'
-performanceseof grdups of exam1neés are more stable than ,

»

absolute standards based on'the judgments .of ihdividdéﬂ A~
N “ . N . »

structors. - : . P . e

A
s

,Millman 1973) iy-among those crltlcal of: routlnely us1ng

a, single percentage standard 1n all content domains arig for

- v
(S

all individuals. He suggests ﬁlve approaches whlch mlvht be

used to standardize and reflne the appblcatlon of Judgment 1n

4

establishlnv standards of achlevement.
3 L . ’
1. Standardc establlshed on the basis of the actual past

\

performance of typ;cal peqsons, S0 that some predetermlned per-

2,

i

centage of perscns will pass. This approach is appllcabie
yhen only a ¢1xed number or proportlon can be permitted to‘
?"pass," and it probably resembles typlcal NR practlce more
than it doee crlterlon referenclnb. Block (1971) and ikein

(1972) 11kew1se suvgest transferrlnv existing grading standards’

, .
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. v
set. under non-mastery condltlons to the mastery 51tuat10n.
f'~ 2 Standards establlshed on the ba51s of informed Judgment

.. on an 1tem -by- ;tem basas* as to how 1mportant 1t 1s that each
T g 1tem oh a’ test be - answered correctly. ThlS fvould preferably ’
- ’ v . I g
be,done »by.a panel’of informed judges working under standardlzed

;: procedures. Nedelsky s (195&) procedure for a551gnlng grades,

descrlbed*below may be- con51dered as one Varlatlon of this
A 1

y
appnoach and Aulls and Pearson's (Note 2) method of "quanti-
\j_ ' ) fying Lntu%taons" is another. = Still another varlatnon of thls
“‘“‘ 'approach, for'the test as a whole, has been suggesteéd by

Krieva®l (1973). :
o, ;“/ ‘ 3;}Standards'estahlished on the basis'ofjeducational
. .27 consequenees’in terms of future learning. Higher cutoff scores - ]

; . . M - . s

.*ﬁﬂ' ‘hmay'be required fer fundamental or prerequisite learnings.

We1 ghted regre551on equatlons or expectancy t®bles may be use-~ S

S .

. ful in this approaoh.

v

' ff_ Lk, Standards estaBllshed on- the ba31s of psychologlcal
A t T
.~ ' or financial éostsy so'far as these can be determlned. A hlgh-

cutoff may be Justlfled When the cost of false advances is hlgh. ‘;9
",#‘ j:f . 5 Standards establlshed w1th allowance made for meas- ' V '
TN ,uerent fggpr dué to pure guess;ng,,or for the effects of nbn- )

- reproqsgtatlveness,of the item sample. This latter appreoaéh 1s

&

X ‘ ) actually a suggestloﬁ fon\frnal reflnement of whatever cutoff : <
T"’, ¢ ~score may*be derdved by one of the*éther approaches.‘ . - "
: : : H Whlle any of the appnoaches dlscussed by Mlllman would ’ ) ;
ot help to 1mprove the process of settlng cutoff scores,-lt must‘ a '
;. ‘ﬁ- lbe r;co«nléfd that most of them are relatlvely crude and de— ;ij.” |
X \ p

LN - pendent upon unsubstantiated judgment ‘and knowledge of actual |
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: performancePﬁXOtheﬂﬂmore system%trc ?ppr@a he§ ho the-problem‘-
%ave bogn propoSed‘vn atte&ots to ob;ectlfy the process of AR

e FR - ': > "1?\ - "'
L settlng a cutoff vel..,“ these mdre systematlc ap- S ¢
. i R = - &
T — proachas are sta&l entlrely Judgmental a ~oftherstare sta- - ’
e % . g t am ¢ . - . i'.? , N . ' 2 o\' {.’:
et 1n natur o ~ o : o3 w&.ﬁ L, e
ff Qa*\ & . L e
N s Nedelsky”(195u§ addgessed the probkem~of determln;ng then
. \ ~
v - cutoff'IEVel 1nd1rectly, throu the as51gnment-of grades. “In
N ‘. \l’l . ‘ \ s ~
-~ 7 Nedelskxy s appr%ach‘ the " }M;nl&xm Passmg\ Sco\re" from whlch
y »

_ - other grades &re scaled 1§hderxyed solely oh’the baSlS of )
poolbd Judvment w;thout reference to the dlstrlbutlon of actual

. « obtar;ed scoreS’ ,The system'ls exact and unamblguous 1n‘1ts \‘.'

apgalcatlon, but it is not intuitiveyy appeallng. Nedelsky s '

procedure has not come into slgnlflcant use . . ~j=.§ Ca
*3 ? ‘ Another more systematic, but st;ll soméwhatxsubaectlve,% ; )

’

- view of" establlshlng a cutoff score Ase offered by, ﬁp\nEr (1972)
, ' s'.
Fremer SUﬁgested five methods by wh1ch a measure can Be glven
EX
CR meanlng,_urglng that mQre than one of the methods should be

applled in any partlcular 51tuatr Most of Frem@r s methqu ‘?;:

3 - “ b

g are 1ndependent ‘of Fnowledge of observed scores.! Eremer's e 5
n“', ”" ’ fq‘

suggested methods have ﬁot been deveIOped 1n great depth and \

D' <

- *-.\ . s ,j: .jk“ . N

they are noﬁ uneaulvoca& in thelr results. They are; ! vy

1 3 . Y - ”
. " tq-x

S 1. “The use,. of nohtest 1nformatlon t&\s\t a mlnrmal pet:; ot
o~

A formanoe standard sUch.as by determlnlng, a piqorl, that‘onlyh“ﬂa
~, ‘. '] -‘A

.. ’\\' ., . ) ) ) 3: d" . P&
the top LD% w1ll passg ~ -~ T L m’
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: \\ 2, Teacher Judgments of 1nd1v1dual %est ifems to e%trmate '
b’ . -~ (\‘@.
- : he proportlon of a group of “barely pas31ng"*students¢who~; ,,u' o

N . would answer. the 1tem correot]y. The Judgments of a nlmberrof A
‘1\ - ‘@t u’.:q; .'~-"

k owledgeable raters are then aVeraged to qptaln the mtnlmu@n S AP
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criteriof cutoff score for the total 1nstrument. This approach
h ) was followed by the Educational Testing Service to develop 1n7

N _“. struments for the statewide Michigan Assessment Program, wltn‘

' AN

_appare‘ntl'j satisfactory results., e S ) \
N . . \ T o
v ) R 3. Teacher Judgments regarding which students are perform-

J,nf’ at mlnlmum competency levels, either through global Ji:dg—

ﬁnents or a detalled analysis of stude_ntﬁerformance« ' ‘-’f ¢

> R -7 <

1T .
4 DevelOpment of supplemental work sample tests 'as L
\ et "*-:‘“‘.

crl\erla against Whlch to valldate the CR measure. .Th}.s; metf‘md

’ -

g ' .» . closely resembles the tradltlonal predlctlve Valldlty apgroach.

AN
o Ward (Not\e 3) used‘an approach of thls so}t to "valldate" CR

h "" tests used in teagher training. ) ke ‘, S~ g
R o \ ed cher training.’ . PSS ’;‘ \
~ ;5 Development ~of \Xhat Fre?ner. calls "stand alone“" ‘work T
l( ~ - .
. \
~ “*samp,'l_e testsg. ,These are ;mstruments constructed to serve-/as '
> w POSN }

~

\ \dg_fect measares of performance on ob,)ectlves whlch are, consldered‘\

1 -

i, :' sg 1mpo}\tant that théy should be nreagxred dlrectly eVen thougﬁ

.

;’ ‘-R‘ -~
A e'fflCJ:B‘nt 1ndLrect measurement,.mlghtﬁ be, poss\;ble. N - LT
. SR . ~, (:‘ PV \‘ . s ! "\(
> S k The precedlng approaohes mostly represent' dlf,fEI‘Q’Iét ways

N'."» L

. tﬁ\~arr1ve“at a r"emrred \mdgment ,,as to the cutbff’ §coré" o
g "‘\ »."‘”\ "“" R . .

V ff ~"‘2g ;}?&.\mber of quséntitat;we approaches o the cug:off sCo,re problem. M

\~
hvvl« l‘.

‘-

3 & N le Xwa:rymé, %iegreéé OwapphlSth%’blon haye aiso %eeh proposed., ‘

0. 4 A
3 S ri ey oF ., . -

b Sa N, N .
b ngef‘er‘,rémem ‘the, swﬁposedly otf”ec,tlv%@pproaches to be desc:glbed A

ey "“,‘*Efl’ e i T "» o ooth N :
" o ;} S‘Eﬁlﬁ'reg)}’lre Jyagment at some keyz gomts and often .mv\olve o .
B A Sk ST A . ) . d

"~A,‘:'“'£“\J' ;p’on‘matrvné%gm{)paniéicms (hessu&;k, Note'*‘&@). Sy ‘
’ . ;:»n»-*}-::“ BRI -w.{ )) \ o~ .

¥ &“gi,ko,f e mo:r‘t stralghtfprward of these is that of Mlll o

e
I '> 5 ~.‘

lr} \\\~

:"1 ;D ¢§€’ 9} mo hses the M'homlahl model 'to derive tablés represent- [
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particular proficiency level. The establishment of a profi-

ciency level to which the procedure would apply is still left

~

as basically a subjective process. This approach is appropriate

to the degree to which the items which comprise th test can be
assumed to be a ramdom sample of a defined universe of items.
An unknown devree of error would be introduced by using the’

Millman approach for CR tests 1n whloh the itéms cannot be

L

assumed to represent a defined universe. Nlllman S taoles can
-~

be used to answer elther of two types of mathematlcally parallel,

reciprocal questlons (a) for individual. assessment how many

L8

_items are needed on a tpst? and (b) for program evaluation, how /
7 .mdny students should:be Lested? The tables provide a means to !\

. : hod - ’ . > 3 - 3 \ M * N
-determine the proportlon of mlsclassrflcatlons.to be expected

v ¥ . [ ‘ N
D pass1ng score. An elaboratlon of ¥illman's'binomial procedure

‘

‘“when a- test of i glven length is admlnlstered with a given /
' /
J

-

- - has been pr0posed by Nov1ck and LerS (19?4) in whlch prior-

‘probabllltles are used in a Bayeslan model to relate observed

-

test scores to tru\ level of functlonlng. |

L4

A second quantltatlve approach 1s proposed by Block (1972)

>

",,Hié approach is based on tl}IZIHg students’ ’future learning

 @as a criterion for detgrmining the level of proficiency

(mastery standard) which students must have attained at iriter-

o .medﬁate'stages of instruction: It is, in effect, an operatlonal

»" " answer to the type of questlon posed by Gronlund, Mlllman, and

N ,
(‘ «*

)thko: "What level of mastery is needed 1n order ‘to succeed

e . N ' . r
S at the next level of 1nstruct10n°"‘.Any of several sta+1st1cal§

_ technique m1y be used for this purpose. That level o] 1nter1?
+ L ’

performance which ylelds the. greatest estlmated future learnlng ,:

A ' - h.
. v . . 3 . .- O ’ ‘.* - ' - :
ERIC - \ P L e
« . '
S, [TE—— s . ” . ’. '
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is selected the mastery standard.

to be sufficiehg comprenensive to
an instructional s egy. However,
still remains in his system.

A third-statistical\ap oach is,
(1972) who suggests us1ng an

exact probability that“a@Cﬁxxest‘wrl

b 7‘%@?' =
or false pos1t1ve\reSth. Krlewall'
7! «’1’
requlre an assumptlon,of~equal 1tem
/‘ »,w

tlon of a true dlchotomyubetween mas

status LMlllman, 1973) but test stat

¢ Ny

‘ ‘level %0 be used, but 1t proV1des a’

-
y 3

outcome of any partlcular cutoff sco

Pl »

ﬂ prom1§1ng, relatively slmple

; 11
Block's system appears
form a basis for designing .

considerable subjectivity':
. * - N

suggested by Kriewall

tem §ampllng model to derlve an

1 prov1de a false negative
S procedure does not
dlfflculty or an assump-
tery vs. nonma§tery

\

istics are affected by

,\

ésp lenvth. The procedure does not determine the maste;y

basis for evaluating
1 N

L,

re chosen.

but comprehensive statis- P

tlcal approach to the. cutoff score problem is offered by

.t

Emrick (1971) Enrick’'s "Sklll -mastery test model" seeks to l

establish mastery (cutoff) scores which are opt1m1zed in terms

)

, of relatlfe ‘decision egror costs and relatlve item error ° v

probabilities. It combines item and student information to

\

—~—

produce=probab111ty statements regardlng skill-mastery status.

-~

Sklll mastery 1s treated as-an all-pr-none varlable. Emrlck S

model has<cons1derable statlstlcal elegance. However, some of

’

the asSUmptlon underlylng t@e model such as homogenelty,

equal 1tem difficu

ties, and equal item bntercorrelatloﬁ

frequently are hot tena~le in practlce (Mlllman, 1973), ahnd

the cons equences of v1olat

g these
The Emrlck ‘mddel aTSO remalns
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but heveftheless appears to offer two advaritages: (a) by care- .
fully isolating and defining the subjective judgments,‘it per-
mitgxthem to be mad; more accurately: and (b) for a given set.
of input values, thé formula yields the sinéle'optimum cutoff
score.
. 1' An approach somewhat s&milar to Emrick's, but which
attempts to avoid somé of these difficulties, is offered by
Besel£(1973). Besel's "mastery learning test ‘model” also
differs from Emrick's in another important respect, by using
an independent estimate of the proportion of students in a
comparison group which have achieved an ohjective (which may
be looked %t as normative data) as a éheck upon the accuracy
' of{{gdividual prediction. This use of group estimates of prior
prgbabilities resulted in sigﬂificantly improved stabilify of '
mastery learning parameters and improvedlindividual predictions.
-Although Besgl's ﬁodel overcomes some of the limiting assumptions‘

. oy
of Emrick's approach, it is mathematically complex and seems

~

doubtful that Besel's approach offers a worthwhlle advantage
S < . .
over Emrick's 51mpler model.

A still more complex approach to the cutoff score issue
is the "decision-theoretic" approach (Hambleton & Nov1ck 1973

Swaminathan, Hambleton, & Algina, Note 6). Thls is a Bayesian

<

procedure which allows the use of prior and collateral in-

~ 1

formation, and also incorporates the cost of misclassifications.
The . procedure deliberately introduces the decision-maker’'s
values into the decision process. The decision-theoretic

approach will accomodate a three-category decision sysi.cn.

However, like some other approaches which have been discussed,

13 .




S

- ‘t .
134

‘. *

( £ , S
the decision-theoretic approach does not actually ‘establish .-

L]

a cutoff score. Rather, it starts with an arbitrarily-set“
» . ) \ ‘
cutoff score and then analyzes the conseguences of using that

~ 4

T

cutoff.
' . . :
»  Among all of these many techniques fqr establishing cutoff
scores on CR tests which have been discussed, and still others,
which have been suggested in the literature, one can be found
to meet almost any situation in which a cutoff score must be
established. Nearly any of the methods will be an improvement

over the too-common practice of arbitrarily sétting*a cutaff\',
R

score.‘.Although little research has been conducted to'conirm

the value of the various methods, several appear very p?omising.‘

~3
§

For classroom use by teachers not highly skilled in mé%surement,l

several of the commonsense methods suggested by Millman or

4

Fremer should be useful, and, for larger applications, Emrick's
"skill-mastery test model” particularily appears to warrant

wider' use, ‘
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