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LI 'lesson test.'-' They -’.iséa .the. p’erfo’n’fance resu’lt of each ,crlt:e_mp,,n— ;', R T

. 9 .
. r . . . v, . . . Q N g‘

referenced ‘test (CR*) in two d1fferent Wavs: (1) fo 'assessing the .

i. - Lo

Chanute s context, lesson evalnatlon.

°y s

R

i x,, o The adoption’bf a crlterron—referenced testing approach t
1

ra1ses two measurement 1ssues that haﬁk reiat:veiy iéss importance in nornr C

referenced testino.“ The 1ssue5 are (12 deflnitxon of mastery, and (2) a' 'f‘f ;
prxori stan&ards. These issue% Stlll remain unsolved but are recervxng
. i r ! . R . \

1ncreas1ng attentlon. A 1arge %umber of articles relatinp to this subJect

5

h

have been publlshed but the many definitlons of mastery are by no means; o

eduiyalent. Tne concérns‘of thesefarticles are timited to the use of

crxterxon-referen%ed test1ng for 1nd1v1duaL asseSSment i;é;§ jﬁdEiné

whether or not a given student has- mastered a glven instruction to be

3 > >
1earned to Some suitable ievei of mastery (Block 1971' Emrlck 1971;
» / B o .l N "

Hiilman; I973;,Bese1,'1971; Novick & Eewrs; 1974; Roudabush, 1974 “Huynh,

i / 1976; Lina,1977)s. . R

One purpose of this paper is to examipe the appropriateness of the use

v . i

’ . ) I

of CETs'as_a mean of controlliné an individual- student s advancement to
o oy L (U >
the next levei of instruction or retainm:Lt in the current unit of
. » .t\ . I .
instruction in“thé'PLATO AFB CBE Program (or prOJect) at Chanute.

. .

0ur other purpose in this paper is to turn the focus from the aspect

Aruitoxt provided by Eic:
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'therend of the lesson was less than the criteriOn,

":Tﬁlesson would be considered validated if the percentage of failure rate at -

Although there is a mathematical duality in both aspects of crxterion—l'

»'l

e

ﬁk;received all the at entlon that it deserves.

“r

K

it‘ 1s true tﬁat the program ewaluatiOn aSpect has not-

One reas0n for this is that -

.\*

AY

”,provides an ideal situation for program evaluatxon because revision of

o

’

s

) lessons can be done w1th relatlveLy little trouble ‘and expense.

”(materiafs; at'least in trad t onal teaching settings. However, PLATO

Therefore, it is 1mportant and necessary to explore reliable methods

al

[ . K

>~

( oo
that w1ll help to improve the quality of ca I le

)
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CRITERION-REFERENCED TEST AS ASSE‘SMENT OF PROGRAM EVAEHAT&GN '? S

: methods such as in regular

Y

the effectiveness of this strategy of instructié}: Howé&er, these reﬁglts

; dﬁgf

S i |
glven to the students in order to exanlue the degree of wastery achxeved in .

_settings s1nce Bloom (1968) advocated them in the late 1960 5._

'by Carroll (1963),

§ T T - - N
31 : | AR _‘

Mastery Learning' Stratepv -

‘ oo ’ . SN T P

- lhstery learning

WA L R
strategies have been used in many educationaf‘;
injiﬁisfﬁeﬁ

fapproach_to instructlon, a;mastery level 1s set. for the mater1al to be

-
Yall
N -

learned so that'a ﬁéjarityfbf the studéﬁts;must attaiﬁlthe'critérioﬁ_léveli,'

') A
Intenesttng fIndxnos about mastery learnlng strategies were reported

°

.tkinson (1968) Block (1970), Kim, Hogan, et al..lf

(1970 Ié?ii-aﬁd dany others.
S R o
learnlng allowed 75-90/ of" students ‘to achlave the .sarie levél as the top

te

class-roomsa ) o T .

- ©

A s1mllar study by Klm et al- (1970 1971) showed that 72& of

-

‘approxlnately 5800 students~1n fore1gn language classes achieved a mastery

cr1terlon of 80» correct on f1na1 tests under the mastery conditLon while .-

onily 28/ of the tradltxonai co’dxtlon achieved this: level%; lhe ‘high

2

percentage of studentﬁ?ach1ev1n criterron,rn;the masterywcouditxon shoﬁs

‘e

P
ns glven to the students"

'i°é aué partiy to the quaiity of 1les
} L

the eXperxnpnt, or may even. be du_

_w

’

thé'iﬁstructioﬁal uﬁitfto be“learﬁed; He ﬁay be able to say that the high~

-
.l_ .

to the klnds of*tests that ‘wefre fa

.

e



;‘ B .. ' “J‘LI‘ 3
) ¢ ;'lo'.‘ . l'v ' - -
g : R ' -
I S o ' - :
. anothdr. .- : e . :
[ e S IR SR e _ R _ -
The,éztijéri'-éiictéd_i'rist'ru"c:tlonal deswner rught say that the 'q'iiéllty of :
. . o . . . . . ,
1nstruct10n may be deternlned by the approprlateness of 1nstruct10nal cues 7
—a_ ! ~ ~ . t ‘ B B
an_d, the 'quaia‘;ty and typesof reinforcement g:'tven each student;vas .weil 'aa T -
B . o PL
' 'Coi.iplﬁi'cci'téd taske It is Vé‘t.'
X
. . R S ‘“ b '
: © The PLATO ’_IV_éoiﬁp'ijter—b'ased ediieatio'r%ysteni,»rn d"evelopment for over '
- _— ’ L : z -
a .decade at}}he“b’h:’rversity of I1li o:rs, was used_xn the traInIng prooram of
‘ Sﬁeéiai and: Generai Purpose VehIcie Réf)aIrnen at Chanute AIr Forcea Base* :
(Dallnan, 1977) "'he 37 CAI lessons in the program, comprlslng almost 30
- . N . . R V \@;“
hours of 1nstructlon and 37 testo, are molenented on tha PLATO systen. o :
l .
. . . . o Z . . R iy
’albn’g‘ with é roiiting ;Ei.li:'.ogréﬁi"thét-pro,\?i&és .‘in'di\'ii'd'"
.,-.Hanaﬁétie‘nt. The 37 lessons pre honOpeneous in s ' '
tutom’al in sty1e>fbr the nost part. They are’ arranged 1n nastery“‘ :
. . .- e " ; | . -
'~1ear~'11np fashlon, 50" that students nust achleve the nastery level of the
] test wh1ch was gr1ven at: the end of each lesson m order to be advanced , 2
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out ample
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: 65

e oax

Success N
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TV
e L
ouz

91%.
BT
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e
e
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ez
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. 8w

f;7§2’ l
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P
el

aM 1s the sample size used for estabilshxng vaiidatxon

% bf .
Failure -

/935
1440

1%

8%

147

12%
187
- 10%p
28%
8%

21%,

18%

A
e
'-, 37% . PR

Total
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to nhe ﬂeXt 1esson-,”;l;ﬁ;"

ERIC

:_*actuslly used cutofJ

‘1‘ahswered correctly.

SR
N .

PAruitext provided by ernic (RS

.
D

[

-—

l

i,multiple—choice items'

o, ‘ - : :

oLt . N 3 - = .-

‘ -sqmewhere between 75% aR d 907 of- the 1tems ;
A L i L A -

Ly v 3 ~ > __ ”, . -J.. _". -"- . ‘\« v 3 . R .

-

.6n the-first ;fy 6f'éaeh itéﬂfaré”summéait6~yiéld thé fdtalf566ré of .. -

s
5 s -

‘“each test, The tests are called HVE f@ Iaster Valxdation Exams.k»F6r.

;example, thé test at the end ‘of Iesson lﬂl *srcalled HVEIOI. The .~,;

PR < AN . S :
s P i - R S ‘e N

.ifThe lessons avaxlable for the analysis was reduced ;f:-

St

. descrlptlon of the1r lessons is given 1n Apg‘ndixZ. : :, '_ _
\. . oL - Y . -1; = . ) B

A les on.1s sa1d to be valldated when 90 *nf the students have

. e N : . _
,,, . .
N "' <My

achieved the glven cr1ter10n leyel of 75/ - 96 of the xtems answered
.,./' N i

: . : - R U PR
consisted’ of about 30 students from succe591ve cls -be'majbr»-

' " - | !

modifications of lesspﬁs weré_médé ﬁntil.all students in the sample

finished;thé-léssbﬁs.f All lessons were val*dated according to this
e

cr1ter10n between April and. September 6f 1975.- The exact valxdatxon dateq

.

7 of»the lésséns are. shown in Table i« -In order, to. validate thef
validation criteribn; the;lessons thattwére'éaid to be’validated were.
left‘u?ehan ed durlng the evaluat1on perlod and wéré'tésted.bn more
- - - 5'. . *’ . L]

studentsg who Eamejin after thé Qalidatiﬁn dates were establlshed.

9 : o .

. Bt s fncerest ing to _-ﬁatjj_j t.hat only 15" out of 34*1&5@55&5&&1&&' the

;crlterlon level of SOZﬂsuccess rate at the end of the evaluatlon perlod

LT
B . .
i Y

tjough all 1esson§ are labeled va11dated.i !ndeed thlS result Can be

,eibeéted.aﬁd isxnntkveri_éﬁb%iS§ng. Theﬁneit seétiéﬁs ﬁill_be déﬁﬁtednfbr

-

corrECtly in the first attempt un, each master valldatxon exams \Thefsamplé, .




o
.

.

Byrapplylng a samble b1nom1al model to,the flrst 30 subJects W1th

whon the valldatlon dates were establlshed we obta1n the resuit that

_fj, tne prohabiiity of faiiure to meet the vaiIdatlon cr1ter10n dbon follow- B

. ‘up testing'is‘36;3 Z ; Therefore, 12 out of - Bﬁ lessons are predicted to
: ' isé'faiiures. blm}larly,~the posterlor dlstrlbution of Bayes1an bin1m1al
| hnodel where beta functlon was taken as a prlor dlstrlbutlon pred1cts

'.159 1 fa11ure to’ meet the va11dat10n cr1ter10n (this caicuiatlon was

. .
. :

;'.7 - done by the PEATO ver51on of GABA developed by Mel- NDVlck)- Iﬁ other

words, 20 out of Sﬁ lessons are pred1cted to n1ss the valldat1on ;“'”_'5'

"'c'ritér'i'o'n'; ,'Tabl-é 1 shaws t-hat 19 lessons havea faili.iré ratév'g'réatér__

.

R"%fsian b1nomlai nodei. <This fact,lnd;oates‘that 1t is necessary to. ;
~fntroduce a more-accurate valldatlon cr1ter1on for lessons. The reader"

- ,?“”.“I“f#\‘.... L

-mloht wander how the prlor d1str1but10n Was chosen here.' It was based o

“t; T on the be11ef of the peogﬁefwho part1c1pated the PLATO AFB CBE prOJeqt.

AU Produclng a lesson-to be uscj on the PLATO systen is: not a s1mple

ﬁﬁgl; , -task. Ihny steps are'invoived in-the compietlon of a 1esson, iﬁéiﬁaiﬁg
Efyaﬁi with ééﬁ&éﬁéé éﬁa‘éééﬁéfiﬁ' emplrlcal EV1dence which. might 1ndicate

/ ., . R . . . .

L
g )
< ] lesson-reV1s10n opcration, based on- the tneor1es of educatlonal psycholo?y
hY 2
Ty amd?educatlonal neasurenent has been developed for use on the PLATO -
L (O
o 4*'\ v R A T ) L
A e Bystem., As signais porntlnb fo the need for revision; some_authorsAchoose-‘
- w";to‘look at»"Area Data’" which iswcollected by the computer; and consists of

o ST : . : ) . . : Y
& - N . ' .
<

[o>]

"
(b}
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ekapsed time in the area ( a segment of 1nstruction), number  of o
- questions answered correctiy om the first try (Okf s), number of

,-incorrect reSponses to questions (no?’ s), nunbet of correct responses to

s

¢ questions. (Ok's), and number of helas requested. Others design and

iﬁpieneﬁt their :own data collection rout1nes.. These data ﬁéueiiy give

E ”garly finished product. The degree of hlS confidence mIght deggnd on hIs
v . .

A knowleﬁge of teaching strategles or hlS past experience. If he_uses :

.teaehiﬁg étretegiée éueh as meeteryrleerniﬁg~ which has been'examinea by

'many researchers a9£ is known to be highly effective, then it is natural to
' assune that he wouid be highly confident of the quality of h1s lesson. If

lan author has'substantial experience;producing lessons on’the Ptﬁfo systena

e

.@I

_igher success rate in"a-futuré

.«

confidence are more likely to produce

use of his lessors- Suppose p is the true probability of success

as §0c1ated with a. given lesson; in other words, P / of - students achieve

fﬁdrcates a state of beixef about a paremeter, such as p here,
1ntermed1ate between the estlmate "L k””w nothing about p" and "I know

.'thé exact value of p:" R - R . -

N
SRy,




2

.7— ____/_ .
'If the author has some’ informatlon about the lesson, such as that since the~_.'

" leS¥on i8 dealing with a simple introductory task; the value of 8 is

3

. I N o . . L
» Two types of densities are used, one being ,fe prior density,

réprésentiﬁg/Béliefs abott thé,paramétér;béfo} observatlong.are Obtalned
{

and the~othé'

: , < :
from an obsgrvation x. It is clear that p obta1ned 1n thlS way cannot be

<

v .

somevhat® lower than it should be; then we would be more inclined to think

that the true probability ofﬁsuccess associated with the lesson is higher

than 8. If the 'aut'h'o:r' has- sub'stantiai eiperience in p‘rodu’cing h‘igh

though the-observed success rate.1s .8 in the sample. Therefore, our

estImate of the true probab111ty p. depends not only on the‘observed value )

The previous knowledge ean be expressed by a prlor den51ty functlon
Ve .

f(p) (or also called a prlor probab111ty dens1ty function). ;The:product.‘

of f(o).and the likelihoodﬁfunction f(ilﬁ) (i.e., the conditional'¥'

L

probabiilty of x on glven p) ”IVES a quantity proportIonai to. the posterIor

10

Cen
%

?make p”iround 8 nore likely for the lesson than p around 3 so we shouldv o

:"estijate p as .8 1f nothlng else 1s known about the quality of the lessons.gri

Ry

t
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. _ ’ . o .;" /
. f(P[X) = f('xlip)f(p) R , LR // B
. " . . o " ' ‘ . /// . . F
! ‘whére E(x|p) is called the model demsity function instead of likelihood, as
N . o -7 S
. o LI ; . AN
& in Bayesian statistics. 7 : 1 S h / - o .
§§S o The model dens1ty is used for inference in traditional stat1st1cs, or
%sampling theory. It 1§ clear that Bayesian statistics uses more
\\, : / i
. i.e.,the prior den31ty
- o a
i{. illéﬁrov&de us, with more
=3 , 7 PR R
T ccurate information, at least mathematicail 'than traditional statistIcs
. ‘ \ o ‘ , .
w1ll if a choice of our . prior densit¢/1s dée right one-: Indeed it is,w

- Y ) R
poss1ble to - demonstrate such an . examgle /especlally if the number of
b 65@&56551655 1s‘fa1rly small.: But/it 1 true that the model dens1ty,

conditignal probability of x given P ?&li have most influence on_the

,posterior dens1ty when the number of 7bservations is laréea R

v L

A detailed discussion of Bayes1a' binomial" mpdel can be found

. elsewhere (Nov1ck and Jackson 1975,, erguson, T., 1971) We will show

,only the.Bayesran dens1ties in this paper. If e assume the prior ‘belif "

©of p follows a betéﬁaiééfispeién; then the priotsdensity £(p) is given

. . ) o . !
" . {

Cetambtlo T
f(p) = — » .| Ospgl, a>0, b>0 = ™ : :
o Bta;b) = ... P L AU S

the model density £(x|p) is T S |
px=1(1=p)Nx L A

E(xIp). =
| BebeeD. S

2 I4
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the posterior densitv . £( plx ) is aiven by ; WL

B . L N - [}
. . : » ,' _
M »

. i,';_ix-j-;\&.;{a;fb)g.;..f;'_jg/w
E(plx) =% -

e,

s
12
[y
4
.

B(at:; h4+N-x)

: , S . ; . R
where Bfa;b) = ——m88 » I is the number .0f subjects. o
RN 5 v . . . ?
, [T(as+ b) - -, _ L : G .
*a ,' ' . .. o . . - o . - o ‘ B . o
' Application -of the ‘Bayeésian binoriial wodel to.34 Chanute ‘lessons will
be demonstrated irn .the next section:
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2:4 Appropriateness of the Percentage of

/ : N L
. ? . * N L .
4 -, oL LTl o

L ‘The rule’ for establishing validation of a iesson was that 27 ofg30
—- \ 3 T . . ) . . .
o . o ‘ o I o e '
stiidént’s'éntéring the lesson successihely must pass the mast’ery test‘ -

» . R -’

- . . .
o . . ‘| . 7 .

'g\revision of the Iesson was carried out . If we consider the 34: 1essons i V*'_;,,_
¢ 1 { . . . EEE [

i N ¢ . ’ ;

a omogeneous, as Pailman (1977) stadhd in his paper, the moﬁei 3 t

»

J, ‘l
d fxoT a sample of size 30 with 27 successfui "f3_,, 2

-~ r 1

attemptSvpredicts a}éi ZZ chance of §uccess for each lessonwiﬁ future at - ;}g'

o F I LI ) RETRES ;' A
theédfme when the va f at iaa date was established. .1 _?’j;;§T AR

Army (B'anson et- al.,l 75) 27 of 30 achieving criterion/level. It was,;l
o . \

‘~
pA ,l, - "; T —, .

1 \N\‘\~ .
terminating the process of lesson modification and beginning to gather-a %

data f?r evaluating the PLATO AFB CBE prOJect at Chanute. The;belief

1 -
l 3 ,' -,w.,

that aJ9OZ raté of success in tj}rty successivq subjects is an adequate

. criterion for validating lessons, can be thought of ‘as the prior

i condition. Therefore, the same- beta—binomial distribution function asrﬁ
|r e } )
the model density fdnction is taken as a priof density distribution in St

' \ ' . S .
, ; o

o . \ P

:;:-this cases

\\1‘-’—4“"
.
-
\

H i :
- Applyin }5

’

R ,

density function is . given by beta—binomial funotion B(53 2 6 8) with a

h © . '

izawwﬂnmewﬂis

given by [ 871‘*’ »'92‘*41» in which Bode 19 andmeas 187

", ,._:79'“.‘ ‘ 13 i!’) ) LT

. . PR . ¢

. » o R S N . o ! ' .
ERIC -~ - . A R
. RN o o T . - o . . - -

JAFuitext provid: ic . - .
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~validation dates were established. Let us extend our discussion furthers .

. = for edch lesson based on the exparded éémblé'éﬁ&ﬂﬁ%6i§'665éf§é&4éﬁééééé

4t N

. drastically ;reater.”

In Bayesian statistics, the interval [.8714,.9244) is called a 50%

I

credibitity interval for the |ability (or Success rate) because the 50% i§ -

i

our belief; ctaking into account our prior -

"knowlddse and our observatign that the student’s (or lesson’s) ability lies
fese ! : nos) a ;

'in that interval. In particjlar (.87, :923 is a 50% interval between' the

-

25th and 75th percentiles ahd is called the highest=density region in the

belief; a 50% TID2." The length of the interval .92 - .87 is called an

‘ o Nl Al .
interquartile raunge- and- is usEd as 'a measure of variability of =~ - - .

k3 .
. 1

di§tribution2 - . " \ . - e T .v‘_-fllzal-'\_'. o

Lo - Nono g e
‘As seen in Table 1, we have furthef observations mdde after the

4,

. “Tabie 2 submarizes the results of 'the Payesidn.beta-binomial analysis. =
o .. r \ N -

i o c S ' ST :

v

1 a N -

.rata. * The-model density functions of the lessons given in Table 2 were
S i o S : LT B }
Aerived fror the new sample of size jiven inm column 8 and number of

succefses -in column 9 of Table 2. The: paraneters of prior density,; 50% HDR

And 5robabilities of =r larder than or equal to «9 (Prob(w2:9), are given in
probabilities of m - tha al . a

able 2. Fron the last colunn of Table 2.we may select the lessons whose

Sl : <ot o L
probabilities of Lkeing validated lessons are greater than .50. Since all

G o
. f
[

standard deviations and interquatile ranges are small; i:e:; mostly less

than .05, the srobability that w is greater than or equal to :85 will be

Tor éxariple; tesson 105 has Prob( .35 )=.86 while Prob( w2.9) = .25.
N e e I L
Therefore, it -is reconnuended that the validatiot} criterion of 907% be

' ! . - . . ' ;

. - I ) oL N _ R _ - I L . .o . o _ . _o____
replaced by a slizhtly higher’ value 927 of ¥q: If we defineﬁ the validaton

K N L e

criteridn by a -slightly higher Success rate, say, 28 out of 30 students

G
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 Mean Mode
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Table 2

by Bg;gi;g Binomiai

S.D.

L
oo
&
L3

o
(¥, ]1

T 063

Model
a

109:2

b

»1§;8‘

L8467,

8665,

.+9340,

Validation Exais

50% CI

A

-8744; 9120

9157, 9444

.9052, .942
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(Table 2 cont'd) . - : - : - o
N . Observed ' - . I e emi o E
Lessons Score  Mean Mode  S.D. a b~ . 504 CI. "P(r>.90)

.o~ =

-

S 206 -%% = .939 .9 .93 - ° .02  138.2 9.8 .9255, .9521 .9
: - \ : ) . . : - . - 3 . . . )
1905 .90 .89 . .03 83:2 9.8 .88l1; .9228 .47

207 . 2L

301 e ='; ;813 ’ ;’83 : ‘: 58'2—- "-‘.— _.O3~ . . ) 139;2~ 29;8 : _; 8073; 58466 .- 560: '
. Lo , - . } T - o
304 " .8331, 8758 .04 ' -
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o
N
L
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03 106.2 18.8

305w Tk =980 L9494 02 56,2 10,8 | L0283, 19528, .96 .

o

©.307° 2= .826 .84 . 15827 31.8 38175, :8538.1.300" s
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w
.
(=]
w

. N
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BRI T
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' - 405a 86.2 6.8 .9174, .9522 .84
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_estimation of t}ue‘prjbability of succéss Wouid ‘be much im;iroved’;--

: - Rl L
of Table 2 for lesson‘?DLQ is .43 which is larger than Probtnz 9) R

1 . .
: . | . _

‘. O o - -

dates given Im coiumn 4 of.Tabie 2;ptn>-99 wouid'be_iater'dates but the

. M

. 2!

Lesson 201a has a 90% . sdccess rate in an observation of 99 students who ~.;

r . _ N

enteréd thé,lésson after‘the Vélidation date; May 28th. This ohserwed o :~ L2

-

success rate is the same as the validatIon crIterion. it is Interestlng -

.to note that the 50% 'HDR [ 88;:916 ] of the new prior dens1ty based on Wf

the sample size of 129 is slightly narrower than that of size 30 [ 8714 ,_”5,'

.. ' L4

.9244] In general 'when the number of st ents increases‘, the 504 HDR o .

gets narrower; Also you wiii notIce that the 'value in the last column' ' k~,

.;

.509 when the sample s1ze is 30.; Thereﬁgie, our crédiblity‘of §éying.-f' C "i .

‘ -

that lesson 201a w1ll have a success rate of 90% 1n'the booulation from

.

&

* which this'sampie was drawn‘wiii increase.if'the sampie size on which = - : .

1
i’

the model d nsity was based mcféaség; - .

B

'd'ﬁends on two factors: success rate and sample size. The discussion of

. - -
" , - w# «

these two factors will he carried mathematically parallel in other words B fii:

’

mathematically dualj’ taking the sampie size as the*number of items or the

s s "

test 1ength, thefsuccess;rate as‘the proportionmof“getting a correct answer»

%or a5 items In the next chapter; we will sw1tch the focus from the former .

“that is oriented;toward ‘the success rate of a lés s”n,to'thé Iattér‘that is;_

for the success rate of an individual in a test. . & .

A
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_ CRITERION 'REFERENCED TEST AS' ASSESSMENT OF STUDENTS: PERFORMANCE s
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3.1  Problems in Criterion-Reférenced Tests. . D U T O
' Q‘? - . . : cn ' P . 7 ™ .. .'“ ) ' v
) Y . L. .. s ‘ MRS . ,"-\.’ R ) + .. ) - ;
- N : . * 'e‘ . " . t‘- e . N
L Criterlon~referenced testlng has galned much éttentlon from R .
. . : A N S B

educational measurement and tEstlng speciallsts 4n . recent years. The e
7 - E oo e

object of criteriOn—referenced testlng is not‘to d1stinguishifinely

o ‘-among subjects, but to clas51fy subJects into nastery and nonrmasterﬂ/ R '
ro"@ Ro bert Gleser (1963) stated that,the measures of 6RTs de endian "r3';_ D
. . an; absolute standard of quallty whlle those of NRTs depend on a relative~ o Eﬁ';; o
. PO . b - -

B 'standard; ,CRTsnare‘pftenJUSed in’ congunctlon w1t§ 1nstrUctlonal ﬁé?ii.” oA
JURC 'prograns that maximize the number-of students attainlng a glven nastery PR
S ’ R ST . T Po. Tt

S ;Jlevel and m1n1nlze the var1abllity of ‘test scopes while-norm—geferenced S N
L Lo . . S .o f* i R TR
v tests (ﬂRTs) are: used 1n'se1ect10n or screening a subgroup of‘examxneés, ot 24
LI "' e A K ~ - . p‘ .. - 7_ N
f.ﬁredidming students" future perfor ancés, and evaluatioﬁ of e LA
- - : ‘ - B > Lo oo i B PR e \ - o :J“,V_l . ‘ S . ;_ i ;‘: ‘
instru&tionai 5?5255&5} BPREFEAE T R ~“'-,'- N
R . o I';;' s ' T ST
. . The concepts of crlterxon—réfefenced test1ng are qu1te dlfferent o s 4-;)'k”
o o A S N S T st
: . from those of norn—referenced Eestgﬁé., Strxctiy speaking, the tesu ! E
. o, - . M ' oo RSN
;:';;i ,scores of NKT.are.assumed tb be distrlbuqed normaiiy whiie those of a SR !
CR"are hlghly skewed. The vérlablllty in‘scores of a NRT Is,iarée r‘?'; e
.t ' L D . .
3 - — - - JIURNPR. SR . -
B whlle that of a CRT is small. ,Altﬁough th;se dif,,ferences are’_gén‘er‘ally .
;u'r._ . . . . . 7 :- 7 ) . 6 ] . ., o .'a‘
L expected but need‘not be observed in; practlce. stitistical,measures in . .i L;i o
T . . . A ¢ L
) ' . 5 . . ~ - N
. the class1ca1 test theory modei, such as reiiablIlty and valldlty, arexi; LT :
TEew deflneg on the bas1s of assumlng that the standard devzafISn of . any NRT o i%:r;jvj
ST i . < . s o BT R

. H N N oo -

a is always pos1t1vg and adequately large- Therefore, the definltlon of .M
. e N - .
g , rellablllty a§'the ratio of true score vE?ianCé it . TS
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i{ (number of it:ems) inc

-

AR :l;ncrease as t:he t:est: 1er{gt:

_ ;;variablit:y of \tesc’ Scores‘ increases. The test leng*h of 1 CRT is . # Lo
' all students Who ta’ke EBe t:es‘t:- 'Therefor-e-.'t:he
; S "”..” N W ,
T can t: be sax:isfacto;ily large. Ks far'as thié : :
B . K .-',"-.,'7 N B . ‘
e st:s have ad21 reliaBilit:y of only_ about"’O 5 or *.* -,
AT e S
TR R N
- S Since it: is a comdx?an nse of “';it:ericn«-teferemed t:est:ing Ehai aijf
YR . ‘. N . v B " 8 .
L] N - 5 3 s i
K 7 v 52 90% correct:, t:he i
R A : '"'- , - 3 e e T
BN '_—' > are siibjecté with trus -
'é'cb'rélv ,nea:r t:"hev' ,c‘eiling, icr t:he "f]:ooir", :tt: ;pecomes impiausibie to assume, N

N

el - 4%.% “\7( 5. )

v.. 3 :

for t:hose near t.:he bouﬂdéry NB.TS don t: ijéiially have ceiling or floor

- ' . e LA -

£ : Their scdres are'dist:ribut:ed around che mean score and are S
e ) : tééi:, it,ie ;easonable t:o assume
[ that.el;grorr seofes ace due to' son/leot’:ﬁing independent: of EW EE] e t:’é true .

L | _uy o A

f" *abi‘lities, such as fat:igue, anxiet:y, etcs

RS
Ser o of observed CRT écdi‘es and t:rue scq 'es in 'Chapt:er 23 of t:heir book
1;:’:.—' A q,\ . _‘AN“ ’1

.3

3 - and adop(;, sthe_\,panmial error madei for CRT cores. k ‘The bm‘omiaf[; error
‘."‘. : modefl, assume‘swtﬁh’ ] ?f each;"’MVE est is almez at measuring_iihé ieafning s
. LA ‘ )

d |

1eve1 of,,u \toii ic ‘tau ’ﬁt 'in t:he Vehicle Trainiiig C’o’ii'rée, t:hen all 1t:ems m

1 ) t:he t:estgmnst: measure t:he same t:ask.

.r v

In ot:her wqrds ajl.l. items :Ln a t:est

hé1ve one and only one common factor w:tt:h 0- J; écéfﬁg. 'Suppbse there is a .

- b . . L v . :i - -

' @ . ~ RN S ° },
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* that- t:he' erro.fs“of mega,surement: are’dié’t‘fibut:ed indepenﬂent:ly of true’ scores

We will follow)’éeir steps.




%,01 of items measuring the same task, and taking\an item out of the pool

"is an independent event, that is, answerrng

R .

N _-jwe'éan formulate the d1stribution of raw

R d1stribution with parameter 9 i which 9

n N

R f1xed true score and e is an erfon of measurement, then the

- . v

;:l “ "-be expressed by the sum of the two,.

R
) «

- .diptribution of x
.. Lo v, [ . .'.

di
L h(x]8)=(]

c#

Ve

- .iitém'différncés;

o L Lo

C the bxnomial error model-

.o

t

’

. .:¢ ;;;Es and Lord (1962) investigated the relationship between the
?';lh distrbution offtest scores, obserwed anditrue scores.' The test score§
couid be adequately represented by the hyper geometric distibution h(x) with .
A; ‘a negative ﬁaféaéEéf and the cfué‘;ébfés d1str1bution could be represented
: - 20 - S
y A R g
EKTC o : o 5
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0= i/n'"

I3

"tribution h(xIO) can be given by
Jor(LByx

where n {s the numbér of items i

It i8 interesting to noté

.- S estimate an exam1nee s pass or: fail status with respect to a given_}

.does not affect the ability of a;student

»

~

BT S

to

écbres”

isjthé

e

T student wouid answer correctiy over the entire pool of items.

1

T + €5 ‘and 9 1s. given by
wh"’éfn‘is‘the_number 6f?i¢éms in the test.
X = 0 1,;;;,n.

the test.

that th1s modei does not pay attention to -

V'mastery is a main corncern of the model.--

‘..
-

iybyfe bihomial -

-The,traditional measurement indices-such-as-item‘

the.earlier items on the test

answer iater items correctly, then'

prbpbrtibn bffi;éms<tha; a
If T is 2

raw SCOI'e X can -

iét'h(iiéihbé thézbinamiai.”

B
*
difficulty or 1tems d1scr1m1nating 1ndex are not the major concern in -

'Rather, finding 'out how accurately a test can .7

-

[

Ky

6

X
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by the. two parameter beta distribu

SV S R
80) = 88 L(1-0)b=0/ B(a,B-mbly: L LT LT
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3 - £

7 wHere >0 and bsn=l. And also . . i .o S S I

- s s e . . . X I [T ~ .

'f'.E(iigj';jii‘;fféj;fiai_ y

- . .
N K

. where § 'is .the ‘reliability of
. . ., . B o o " !’ .

scorgs;:

ot

e ratio .of

variafce to observed-

@ N

NS

' Table 3 is thé summary of information £rom: the Mast
at Ehanute.' . . . o 0 Te oo Temoro
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‘The Summary of Simple Statistics of Mastery Validation Exams -

R

~test - mean - <SD—, —items ——— a2t N

S . mvelos3 - 7.388 -

. mvelOha . - .11.892. .
Coavetosh  10.120

1
o:442 0 12 . 0.4910° - 83
| 1728 11 .. 0.8018 - 83
Yo :,:'wffﬁvéi§5f 73?66-j;_ jb;737" 8. 0.5470 85
’ a.e, o S B
1
2

Lo T Segota YT L GhaT4
L : ' "::a‘; e201b R 8‘907
. weZ0ZE . . 16186

Joon o wbe202b . - 9:720 ©0.63k .10 . 0.3573 . 82

wve204 - 8.557  1.681 .10 . 0.6253 88 .

. mve205a .. 6.767. 1.558 - .9 -0.3470 90 .7

_oomwe20sb o &:ife. . L7310 0.5457 82
.+ mve206a . 12.038 1.574 . 13 0.6942 78 .
" mve206b-  15.250  1:619 17 © - 0.4259 | 80

. . . - L +“- == - u

}*fméeibsc A 9:257 - 1.151 20 .. - 0.4841 70
‘mve207 3.7l . 1.124 . 5 ., 0.3287 88
me30l . . 8727~ 1.50f - 100 0.5635 .77
Cwves0s . 17.380 - 2.257 20 *  0.5824 71
Lmve3os - +9.209  1.366 10 . 0:6771 67

- mye305 ;' 7.458 . 0:93% 8 . 0.4806 72
mve307 ., ' 142683 1.522 © "°16 - 0.5101 - 63 :°

.. mve308 i ©9.037 © - 1.170 10, - 0:.4045° . 82
S e e e Bposce >
Lo ez geass 2335 70 0.9 %

| mve403 - “gB095. - 2.487 310 0:8340 84

‘wyekh . 4,254 . 0.876 -5 . 0.2166 67
mveosa - . 9.169 ;. - ,1.069 - .10 - 0.3701 - 71
ST nvedOsh 8:320 . 1.991 - 10 0.7208 © 70
ST mvesose 9.087°  1.222 10 . 0.493%& . 69
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In classical test theory,& 21 (Kuder-Richardson)) is always smaller o

or. equal ‘to the other reliabilty approximations ,su¢;7fh aﬁ( 20 and

- - -~,7,{

ach's coefficientD( Bothd 20 andd 21 become equalZonly when a11

tomous, and note that &20 would be’ used in place of"t 1 with a
!

und binomial model)., Coefficientcl becomes equal to& 2@ if a11 4
in a test are parallel, that is, ali items have the same mean .,
s ‘and variances in classical test theory. - As we previousiy noted ‘

is chapter, the binomial error model assumes a single common factor

odel does not require any information about the item -

ctersitics in a test, such as difficuity and discriminating index, i

-
c

t does require know].edge of the number of items on a test. it is

RN ',4,

esting to note that the mathematically derived ratio of ‘thé true

_L? >

bserved score variances in the model becomes equal to the -

y loses an ﬁmteresting feature in terms of a traditional sense

se in the binomial error model, the valie of the reliability i‘ndex

- - [

duced to that of» the 1owest approximation .to the ratio of the true -

>served score variances in classical test theory. srnqeo( sl is a

al’ case ‘of reliability approximations when item differences are
— .

ed it .is. exactly what we can expect oit of the binomial model-

fhe c'onCeptualization of reliability is no longer importan‘t in the

’

: N ~ .
¢ Instead, the accuracy of judgin'g non-mastery and mastery status

v

aminees -becomes a main concern: Mill;nan statés this purpose of CRT

[
. .




'4lpwciaariy in his paper (1975), and discusses how many items must be

.. L oo
¢ .. . ; N <

Ner

rability 9. SR S R R oo T N

PR . S o . ot : SN -

. .iSetting of Mastery Lévels :

The mastery level of Master Validation Exams (MVE) of the 37

e

1essons in. the Chanute PLATO AFB CBE Program was set at'a level of 80%,

although it iy-impossibie to prove that 80? is the most appropiate level

for their program.g Block (1972) showad In his experimentai study that

attainment of a. 95% mastery level maximized &tudent learning of

cognitive tasks in his matrix algebra course, while an 85%: level

[N

4maximized 1earning as characterized by affective;criteriaaﬁﬂ-ru

 Since Chanute’s 37 lessons are aééigﬁéa-"'ta..-bé 5iﬁaaagéﬁao.u§“ ,witﬁ

] .
reSpect to content and teaching style, all iessoés are written under the,

"same principle with - the same tutorial logic, although the subject matter in

r

each 1és§6n is different. Therefore Chanute-s-lessons are-not linearly

'laﬁguages:' If the-lessons are linearly reiated; setting-a mastery level

might be 90%, or Some other level higher than 852- Since there is no_.

. analytical t:echn-ique_ ,':"5 prov ide the_ optimal 1evej; of mastery 1earning y -

e . ‘ X '

N



be made at t:his t:ime. Linn (1978) provides an excei:i:ent: discussion RS
L "of phe topic ofaﬂsgﬁting standgrdslg;l_,_;r;rl;rﬂrlﬁ;;rﬁr', o Lo

) Lutoffs

. Mast:ery level are usually set by inst:ruct:ors or the author of a

iéééaﬁ, but: t:he decision of mastery and non—mast:ery is based on examinees

,;‘.

observed’ t:est: scores. The score that is used as‘t:odecide_mast:ery and jnion=

0

' ,mast:ery is called the “eut:off.",' Mastery and fﬁﬁ-ﬁ&é{éfy sf:af:iis oiighi:' tR be

defined on- t:he basis of true abilit:y 9 not: observed t:est: scores x t:hat: are

subj ect to'me‘asurement: ,errors. . If true abil-it:y were known;, there would be

8 3 .4ﬁ61iﬁéaffééEhéigséifiéaiiaﬁs. -Uﬁf@ttﬁhatély, ftaéiseorés aré;inpossibie'l
ko obtain dn practics, so we have to find  way to mintmlze
m1sclassifi.cat:ion- | o | )
There are foiir kinds of classificat.'ions. 1. an examinee s Erne
.abﬂ;it:y 9 and observed 's'éai—”e x are both higher t:han a given mastery level
ﬁ, and eut:off séoré‘c, tha:f: is A"S £ x2c and 9290 }, 2. is lower: than G
and x- 1s also lower t:han e, t:hat: is B = { x<c and 9<9 }3 3, g is lower t:han '
3 .90 but x is larger t:han c, ’F+ = xz.c and 9<90 }; é e is higher t:han 95,
but x 1is lower than c, F—'=-{ x<c and 9290 } The following figure shows -
g Ehésé. four condi’.t:ions. - - o : ’ | . L
1‘ p - . - , . » ‘“.
) B ,,,415—,' ) ) e = t:rue ability, x = observed score:’
/‘ s “F=]0a {7 8= Erue mastery levet ’1'
— o 8o - '"uijl L c's observed éutoff.
8 ?‘47 A'Frobability of bhé%é'événts.wiii-bé{dénoted
B Figure 1 | 2 s - by ftﬁ);f(?lifiFiijéndiiif_j fégﬁéégi;éi§"'
| \‘T.. - ﬁ_*s | B 9 ,h*' - o R

O : S ’ o




students expected to. be misclas;i fied f"f a given c,toff with variousi;p‘-

-

fm~~w7—numbe£s—ef testnitems.suuillmanfused theshinomiaii

', mod,ei';,,bm,,,NQviEk: I

",ana~Léw1§ uééd'the-Bayesién beta' binomial error model’

*H,—-:'; .

advangement;' If_later instructional units_require the knqwledge and skill

acquired in éarlier units, false advancement will be a problem.

/".\ -

. Since F- stands far.the event in ehich @ student has realiy mastered \
. "the. given 1nscruccio:;1 unit but hisihei—' observed score happens é‘? Be
15;;6;— than the éiitéff; retaining such a gtuééﬁt'i;; the s;atn'e unit-i's"nbt ,;'
-effiéieﬁéa‘ If the instructional nnits'aéé fairiv'inaépéndéﬁt ifan,bpé
tb another; as areglessonsriu the Vehicle Tféiﬁinglfiégiaéfat Channte.
Ai'rl ﬁb'r’ce Basmien an.ap‘pi:t;priai:e iéég"fééié\ Géii;id be 1; or at ':"‘?le”asi:‘ .

0 o -7

"the occurence of misclassifications for a given loss ratio. With his
CUthf scefe; thevibss ratio 5&&6&&&5&&'6&&& the probability of having
'the false positive to that of false negative stays the same, say 10;

the loss ratio (the average lossl is minimized. wé will discuss in more

detail Huynh s method in conjunction with 34 Chanute lessons and their

MVE test scores. T L ’ T

PRI . - .~
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' 3)2 - Evaluation o optimal cL
REPIESLER A A W
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of false po i ive and false negative and is— given by . ’ g
. R()|= PR + @ P(F). . o A
v s | S y .’

co 1s tHe small st integer such that the incomplete beta function of

: “ : ‘ v . ) 7 . L . . R ) - .

iéb(a+cbgﬁfPécb is smaller than or equal to Q/(1+Q) ; where o e

/ S . 9‘ ga+c°—1(1_g)n+b-co—1 . ' ‘

p(co)f Ig(a+c°, n+b-c°) : — - &9_”‘ -

—i- . ‘ . ’.3 B(atcg, n+bfc5)4 “1.

- ,?,;W,””; oo S T S L ,:7.?J1” o
In order qo apply Huynh®s result to evaluate,co, we need.the help_df a

+

" fuﬁd@ion Ig (i) at each point i—l 2,... iy where a,b are - calculated from

c=0 1 2,...n and plot them on paper. ihe PLATO s_stem eases these steps qnd

LA .
> - ¥

we,can dbtain the answer through the program cutoff" vritten by the

present author and T. Weaver. Figure 2 illustrates the procedure to‘

- determine the optimal cutoff Co' The paramétérs a and.b are obtained.

fro% the mean ; standard deviation of the test and the number of items in

-

) thettest (denoted by n) Table 4 shows the values of incomolete beta

: . .

AT S - K
. test iscores of MVE201a by the formula, ’
: . . /\ B f )
IS i;_ 2 -
ks f) ;
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= NEXT for- ts g.85 OR type ts ;§ e
T 'HELP fo caIculate P by k and te o
. Dete«m:l;ning the optimi cutoff '-I_’;g as to m:tnimize m:tsciassification;‘
R ~]:enon - XVEZOla_ o aubjec&a = 76‘ g g =10 |
o " “mean = 9.4737 . _“if - SBY= 0,9726 21 f ~0_53
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: N . T S . - . R .
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“,=]“fﬁ<-”% i _,(_1+1, 21¥/ux o SRS }.‘. R
8 b= ‘3—&+57 21: .'." Lo k 'isﬁéi. :dffef_f*
- | mable 4 o~
.- Ten ;oints ih‘Figure 2 ._ . if-i.‘ul-;ﬁqﬁfi

el . ., .

ngure 2 help to ev;luate the optimal citoff which minimizes the average _" -
' SR

M.Chanute PLATO AFB CBE Program deal with independenf topics across the

'vilessons»and the.lessons aré not: linearly or hierarchically'felatéﬁf a

.19¥ =’ .80, Test-mveZUla,iW

o Item f;§¥i"" ‘b— *i Ig (a+i,n¥b-i) i
) 5556 9:47% . 0.998 T
105556 - - 8:475 .~ ,_.e.eai S T
11556 75475 0 939 ';_» S R e
12,556 6475 S

“I3.5567  5.475 .

14.556 - 4.475
. °15.556 . 3.475 .
o 6,556 2,475
. 173556 1 1.475
;18:556  0:475

OO0 G U O i LN |

The- curve in Figure 2 is obtained by Rlotting the points in Table 4..

I. T.

JThe horizontal 1ines which are marked by losses 0 5,; s 5, 2 ;;;;20

.‘_

filoss R(c) at” co for the parfially known loss ratio Q and a given mastery

. v
.

“trie. level GO, Since the contents of all lessons discussed in the

,i: .’

o
,,,,,,
e v

loss rstio of 1 will be easonable. Thus, in Figure 2 the sﬁalléstl:'

!

'.inteéérwwalue of i for which the curve P(i) goes under thefline.of loss;

Mi,ratio 1 is 7. Therefore co=7 is the ideal cutoff score of-the - E fg

tést, MVEZDla. . { o S B L

.

:~ft is interesting to note that the cutoff score, c-8, actually used

SR LT 2 el T&i : o “,'. h’_"V-jj "
34 e
29- 7 - -
L e .
g ' v -

for MVEZOla in, the Chanute train g program gives a slightly arger valuef:ﬁ

-



o of the probabiiity of misciassification of (R(c)—P(F+)+P(F—)) than the

positive, or P(F—), probability of false negative separately.

' theoretically derived c0 does, but not for P(F+), probability of false

o c-l n ; : >
. P(FF) ¥ (a b) (178(5; b)) = ( )B(a+i b-l-n-i)Ig (aft B+i-i)
R 1m0\

s

’

' Ce=lmy - L
. P(F = (1/B(a,b)) z ( )B(a+i,n+-b—i)(I#Igo(a¥i,b+n-,i)) ¥’
SR ood=ol\dl - -

AT o . : .

v

.

The probabiiities of P(A)—Prob{92@o,x2c} and P(B)-Prob{9<9o x<c}

-are given respectively;by the following formulas: )

. . EE )
IR RS
. . : )

- . (s . ) -
g . . . A a.

N . . N

: e=1/n, .
P(A) = l-Ig (a,b)+(1/B(a b)) S’( )B(a+i n+b—i)(Ig (a+i b+n-i) IS

»

. 1=03

BN .

; el : L 2
P(B) = (1/B(a,b)) & ( )B(a+i b-l-n-i)Ie (a+i b+n-i)
i=O i ) , .

The probability of each misglassification for all available MVEs

. were calculated and summerized in Table 5.

e
o

- Since the sum of- the probabilities x; B, F+, and F- is 1,

the sum of

the probabilities of A and B must have a maximum value at cg where

.

P(F+)+P(F-) reaches the minimum as showu in Figure 3. N

I Y

-In Figure 3— the curve of'P1F+)+ P(F-)(the lower curve arawﬁ * isi

- o
&

decreases siowiy until it reaches the bottom at Cos then increases as .
IR

-the number of items increases while the curve of P(A)+ P(B)(the upper

- =~

curve draWn with Q\:s) reaches the maximum point at cge

- . o
v . s

G'J’ '“ ) L | 30 L 7'
D T35

-
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SR b STk
e Tabie 5 * s
i Estlmated Probability o£~Mchlassifications
e | | augggss—
“cutoff” - P(FL) ‘P(F ) P(F or F ) P(A or F. ) rate
Ty 6 50621 0.0162 0 5753 . 9247_, 89;‘
_______ ¢ 7 0.0314  0.0639 0.0953  0.8462
€ 7 0.0026 0.0001 0.0026 - 0.9997 95
¢ 10 - 0:00i 0. 0057 0. ooeaé;__gfsgzz__ -
590 9 0.0348 0.0259 .0. 0696' '0.8705 _ ;86,
—C——Q——————010348. - 0.0259 0.0606 0 8705 .
Co &6 -0.0235- +.0.0094- 0. 0329 0.9739 - .88 . .
S e 7 Q,0123—~;Q;9399440;9522 B 9323 -
mve20la €57 0.0357  0.0064 0.0431 70,9788 .90
- ¢ _8  "0.0238__0.0262_ 0. _0:9472_ "
‘mve201b - 67 0.t078 0.0146 0.1223  0.9375 .72
e c 8  0.0710 _0.0556 70.12667=w¥9;85984iggff,f'
- mvez0za - S, 16 0,1163 0.0624 C. 1788 - . 0.6495 . ;82
| v &% 10,1163 0.0624 0.1788 0.6495
“,ymVEZOZb | T 5 0.0055 0.0001 0.0056  0.9998 98
3 _c 8 - 0.0031. _@Tg;zz__o+ﬁi53m . 0.9853 e
- mve204 <, 8 0.0996 . 0.0503 0.1499  0.7803 . .94
=’ g 0,0996 ; 0.0503 0.1499° °_0.7803 '
f nve205a €y B8 0.1428 i 0.1341 0.2769  0.36l2.: .79
— c 8  0.1428 .6;1341 0.2769 __ -0.3612 S
mve26§5' ‘CH'S" 0.1507 | 0.0634 0.2141 0.6913 .82
c 8 01150144~910634, 0 2141 0.6913 -~
| mvezosa' S 10+ 0.0478  0.0184 0. 0.9207 82
- — ¢ 11 ‘“0 0266 0. .
.-mve206b 'S 12 0.0606 ' (
rcu—l4L—4ggﬂ,0365' 0.
mve206c - €y 13 0.0057 0.
R T S L § < -—LAJAﬂﬁuL__ﬁ;0116
| CO ‘5 0.0965 . . 1070
: .C” 4 .0.2878 L0541——QT3425 © 0:639
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100668
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0.0326.
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the theoretxcaily &erived cutoff to. mlnlmlze
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: 5?(? ) + é(F ) e is the cutoff actuallv used ln the PLATO SerV1ce;,j“7
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) Table 5. indicates that the actually used cutdff scores c, produce LT fi B

- higher probabilities of P(F+ or F—) than the theoretically determined ' - 52 :
' cutoff cos except in a few cases. Since the theoretical cutoffs are '.;',?'

deterﬁined so as to minimize the average loss &(c), in oufwéééé’cﬁZTEGE‘*?‘*77*Tf“**

L]

:';; of probabilities'of false negative F- and’ faIse postive F+ all véluesvf,”
inﬁcoiumn 5 of Table 5 P(F*)+ P(F*Q\have smaller values for,cb than forizf L

,;é; The sum of the probabiiity of A and F+ is the expected success rate
: 7 T - “ - '

s so this sum matches the observed success rate given in the last column
fairly well. v,~i e '” ﬁx ) S ", ot -

o o . : 3

) The probability of each misclassification for all avaiiable MVEs

e el

| ‘were calEhtéted and summerized in Table 5.-1.1‘, e _

Since the ‘sum of the probabillties A B,_F+* and F= is l;}the:sumiof.;“

’ the probabilities of A and B must have a maximum.value at’ co where

-

'P(7+) P(F—) reaches the minimum -as shown in Figure 3.

e . .
P .-
» i e

. In Figure 3, the curve of P(F+)+ P(F—)(the 1oWer curve drawn * is)
s /.,- B g:;& .

decreases slowly until it reaches the bottom at cps then increases as '

-

the number of items increases while the curve of P(A)¥ P(B)(the upper i o .

- curve drawn with + is) reaches the maximum point at co

/ . ‘. . el - . -‘.»ﬂ.f'- . .-
LA e i

1f .cy were used as cutoffs for'MVE test scores,'oniy 12 lessons would’ “ae

. o
. N

not have a probability of observed success less than 30 Which was used

S
.

as the lesson validation criterion in the PLATO AFB CBE program, while :;i;-

18 lessons have values in P(A)+P(F+)(i e. p(xzc)) when e s are used.
L - - L
Since the probability of false negative, P(F-) stands for thé'case

that an examinee really mastered the ooal of instructional unit but his/her

.

3.4 haVe to repeax the instruction. If efficiency of S;aining in terms of

) ’\ .
¥ - - } .
. - . n'
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A '

i students 'vmiscl,aSS 1f1ed m "4aSter Validatlon Exams. Siné'e:" th'e"' obs'e'rv;ed, S

v L .

"fé_f" aii IVEs But ‘WE 207 are. larger than or equal tn thé < _'; g

e : S

. "forl using fo than c, and errors in the type':l‘r"‘ tnfn ‘to - be. .‘3:.' R
) ﬁBut the total mi ia ’7ficatlons are u;lnimlzed by 11sing - }"‘_
. . ; it is a problem of the tradeoff how the c‘utoff be selected. ‘ P ‘ 5§ '
."":’ Sinc‘e the,“l‘oss ratlofof l was;selecte‘d m‘onr study, we concilude b e |
R ":that'iﬁb"st-r't:i.itbffs of Master ‘Valldation Exatns used at- Ghanute were not T
" | \ the hest ch01ee.' .ﬁ.y_::adb'p'tln}g the theoretlcally derived cutotf c:\()s thé ' o
,‘ @babxilty of 1:11sclass1f1,c‘ations/could have been mlnlmlzed.u‘ - . ;‘
) ' 4 The ;)robablllties of success rate’ by observatlon, proh(ch), or o
'l P’be(A or F+), sUx_v-’,gest that l;he vaiIdatIon criter:on of * lessolr:s in the-v R
' € ut, 4"3:essons have”a l" -
.90 evern .if the thé’o’r:etlcal cutoff Co
L0 e h "'hosa '
| 1esSOns ﬁlch haye falled apparentiy need more//t tent;.on fron bhe ,
iy
tés‘t. The investloation along éhls 11ne w:.ll be t;aken in tlie next sect:lon- '
SiTE a . ; ""’-, K v
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‘slowly for the smaller K,values (No.'of items in a test) but starts

‘dropping rapidry until K reaches K—9 and again slows down.. The shape of

‘i at around K-7 or 8 for: 80% true mastery level._ Thus, the loss ratios;of

- \

leuel. ThlS i3 due to that the beta binomial modei deals with
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4.1 Predicting the Percentage of Success Rate for theetesson

VALIDATION OF LESSONS AND CRITERION REFERENCED TESTS

¥ "
: A

- : AR e : . . LT . B

i

- Table 7 shows the estimated'probabiiity of succesé i terms of

the proportions of true score to the number of test items, or trua ability

[

. 8o it is more reiiabie compared to the values obtained in Table 2.,

-~

'where values were calCulated from thé observed scores.

.
/. -

. mas e'y as based on the observed success rate and sampie size; their

P U

o . ‘...

215 mean and standard deviation of a test.

[y
[

b -

'However; the:probability P(F+-or Ay is derivéd from unique iﬁfarnatian

R
obta ined from each test hence we can consider it more accurate than

o I

Pﬁn 2 9) ' The lessons which have values - larger than .90 for . ¢

. -

hf“P(A or F. ) and p(A or F+) might not require any further ' ' /

I revision bug others mightrn eed it. Lessons 105 and 308 probably _///

ﬁgn t require any further revision, but 20&,207 303 30& ﬁOZ, and 405b g

mi ht need revision lesson or. tests dn- spite of not being recommended'
8

e

i VN,

program. The probability of PASS based .on the observed scores tends to”

prov1de larger Values, so that the vaiidation criterion based on the

probability of ‘true ab11ity level P(A or F -)(ise: p(GEGS))Yﬁill be"more =~

.plaufible standards. o ( h

5

It is importann to mote! that these lessons may not- reaify need "

. ] f . N . . .
e c 5 o 38 . . e . . -
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4.2 Validation of Mastery Validatién Exams

will be given here, - -

La
.
Sy
.

- '
it . . -

. far, the oniy avai1ab1e technique to measure the quality of lessons~is

to examine the resuit oﬁ a CRT given at the end of the lesson. Ifrthe

_test: is constructed very. poorly (e.g..MVE 207, with P(F+ or F ) §>.2992

21*23287), then the measure wiii be unfair to qd!Etion the guality of

the 1esson; The measure does not distinguish between the tést and the

~

lesson. Thus, the faulty part maz;be the test and/or any ther part or

[ -

parts of the lesson. This argument/can also be applied tegthe reverse
I ‘

|

situationa Therefore, construction of a. good test will be a key poipt

EE Z

this test. -, e .

1

©

In the previous chapter, we discussed theﬂoptimai cutoff co of a CRT.

N f )

with respect to Mastery Validation Exams in the PLATO AFB CBE Program at

a

-

Chanute Mt Force Baséi_v‘ .l' - - ; \ :

Program Agency, measured some - criterion variables which would be

helpful in conducting a vaiidation study of MVEs- The evaluation study

iﬁrevealed that a substantiai number of examinees were miclassified(Table

6): Since det:ailed ijnformation on the de‘s’_i-gn used inwthe--‘evalua-tion
s i A IR G o e
study can be found in Dallman et ale: (1977), just a brie f description.-

b5 A’Sﬁeitem MRT Eas given at the beglnning and end of ‘the eight-Week '

PLATO -AFB CBE Program, which’ included 37 on-line lessons. ~The 37 lessons~

vere divided into four subsets;called.Blockl Block2 BlocR3, and Blockﬁ.gk

40

(OE]

P —

> -

2
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.0

g '
3 : After a student studied and mastered aii 1essons in a'bioqk he took the

'btock test; the biock test score was couﬁted in his final grade for the O

. course:" fHe had to take all four block teSts, and then a posttest was given L
t iﬁ'ordér to méas're the effectiveness of the program. Each block test had :&i;

S

. “twenty items which were either multiple choice or' matching. The

coeefidient alpha reliabilities wefe not calculated because the tests

) . . L. s
- 'L were writtten on the PLATO system and the item information was not ' ‘

collected. ‘ButC*21 was available in the following chart. Figunejk_ ;;;

In order to: vaiidate the effectiVeness of lessons four kinds of

- .
4

e . correlations were calculated., These correlatiohs are'described in the

8
. a

following paragraphs. AT, | @

%47 Each Block’s test scores were matched with the corresponding Master
'-’vé;iiaafiaﬁ Exam scores and the time needed to master the lesson (mastery
o v : : - . : N
time), ‘and théir correlat ions wéré caicuiafé& _over - the subjecfs; These

two correlation values of 27 lessons were denoted by r(B MVEs) and

;r(B time) respectively. Their,values=are;shuWn in Table 8.
The true gain scores of posttest, xz, from pretest, x were'

-

_estimated by multiple regression procedure, the true score difference i'

~ °

\.
I - I

”tz—tl of the observed score difference xz-xl was regressed on the post-v
. S .
_and,pretest scoress It is known that the regression of t2-t1 ‘onto the - o L/ .

.‘} two vériables x1 and x2 are the same as regressi t2-t1 on the scores
/ . PR jﬁ&
xz-ﬁirand.the res1dua1'séore;_c2’ of‘x2 on x2—x1 (Tatsuoka 1975),

S K .

because Ehe covariance of X2-X] and c3 equais Zero and both xz-xl

and ey aré iiﬁéé; combinat ions’of x1 and X K .

"‘w- Therefore, the multiple regression R(tg-tllxg—xl) w1ll be given
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as thé sui ‘of ' the regression of R(AEQ-EIIi§£4§i) and ﬁﬁtjitiicﬁj.__ - I
‘B(tx-tylxo; x1) = R<c2>?1|x2-xl)+ R(tp-t]leco)-

t e .
. . ¢ T . -

reliabilitv of gain scores and that of the second term is the increment

-

';éf multiﬁle R2. The multlple R is .86l, hence thelreliabllity of the = .

* l

difference score has the reilabiilty of .1047 ; the second term'1s_5“

.6358.

This estimated gain‘éaaré‘nas a,higher reiiabiiity than those af
+ 7 . pretest and posttest separately. This score was correlated with MVE
L Vi .

N . . o ) R . e

scores and mastery time. Tahielg'shoﬁs the result.
", ' b

A

The optimal cutoffs that were evaiuated in the previous chapter .'3 ; .
£ ' t
Y

»Weré_gﬁvided-By nutber of items iﬁ the corresponding Master Validatibn (RS S

- Cxam. The same operatlon was used for the difference of the mean from

[ '
0
- o

‘the observed cutoff Cg In .each MVE.~ Th1s valie expresses the distance

U o co fr'm the_mean in each. test.  The summary,descrlptlonkof these .

L O o B --,' ."" .'

) ,var1ab1es and the correiatxon matrlx are given in Table 9. R Ve
.":. (RS '1; T - ' ﬁ
éﬁ_ v The probabillty of false positive (or advancement), P( F+) has

N ’ .z

'a

; o correlation values of —.562 —.659 <638 with nafter ; (mean—co)/n, and¢4~

I

} P(F-') (fa se negatlve‘or atta1nment), Hespect;velyu; Thrs means.that, 5
b ' o Vol
§
o '~'éavaﬁéés the studentsxto the next lesson riore - frequéntly by mlstake i
B ' o © ~. 7
_tends to retainithe'stuigﬁts whose true scores are. real&y above the - L _
i ‘,' B . - \ :
s ’ s

[ERJ!: B . L., Lo ,.~V:',ﬁﬁi{; gg' _’?"
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o .g' ' table 8 e

The correlations of Block tests to MVE scores and mastery time

' iessen i - .t(B, MVES) £ (B, Eiméj U r(@yMVES))  £(@; timey. . -

..f'f 103 s 22 a3 | et
T R
Cotesb. .36 DN
105 .22

20la. - .'-';:32‘§;-
2016 - qy
2022 . 17
T Y
205a-  ..28%"

207 <28* ]
301 "os*
363 - .34

v 304 - .38 . -

4osa T S wor
soss o f

0sc o a37*

w7 i *igaificant at p <'.05.




_ S T T e
' ;/ o , B fable 9 . .o - ,{: B
' e o . oL fﬁ”*: N
. A Correlatiod Matrix with Summary bescription of Vatiabléé
- - I . v S
: Variable = =~ - 2/7. 9$§§££Egg§£ : ' R
S e ‘ = o
. L , A T AURTER .
- 1. P(F) “false posztive ' & -
oo T L I
‘ 2. Cd/n U theoretxcal cutoff dibidedi{y number of 1tems
T3 adt. o - the ratio of true variance tc cbseried variance N
4 i(§+§,+f§(§_j probability of - mIsciassification ; "_“"' é.f{"‘“ i
Sr'ﬁafter o numberigfisubjects us1ng a lesson #fter it was: ;
o7 o o deciared to be va11dated : - ;
-6 ZEéii T observed percentage of failure in MVE o _
7 Ptr > .9) S Baysian estimate of Success rate in the population
i 8 range . -_ ) maximum mastery time minus minimum mastery time '
9 r(G, MVEs). - correlation of gain €6 MVE~ 3cores '
. 16 r(G; t1me) ' correlatidﬁ bf mastery time to gain o Y
f ii’~r(B MVEs) correlation of biocktest to MVE scores Lo
s‘, . "_ 12 r(B; Time)‘- correlation of blocktest to mastery time
‘ . % 13 ‘items " number of items in a test S :i 1 s
14 mean = cg .- relative distance bf'cé from the‘mean;'céibﬁserveaf ;
n ' e , : ;
15 B(F) - . false negative - — o
“v" y i ] _02 : 3 ;. 2‘4’ . 5 .~ , é ) ? '-,8, é .‘ ,'.10, . ii ‘_
1.000 '
.358 '1:000

1°7 393 =020 10000 = . " oL S
1,373 0,037 -:617 .00 . - .. S |
111~ .167 -, .384 165 .335 1.000 . . . -
1 =.156 :=.367 -:226 =265 -:903 1.000
.621-  .213 345 "-.304 .206 -.113 1.000
CS.264 - ,0909%5.264 .271 - .032 .053_.-;574.,1;666
3 -.233 =.259 { (054 -.009 -.460 .386' —.4l4 5.377. 1. :000 -
051 324 1: 102 .- .125 .286, -.368 -:192° .403 -:775 1:000
1053 -:316 - -:056 --.133 -.320.. .355 -.120v,

4

L235° .520 -.468 .. -
190" =:034 i«

-.271 .079¢|-.211. .426 . 385 -.339 .070 " 231 =:I9
L510 L 244 ;8551?%5989“; .408° =.396 *© .415 -.119  ~.193 .14l
‘.3&2>v 079 ;869: -:544 . ;293-_~.281 .ﬁ17 -.196 =-.171 .099

- Note. All correlation Vvalues. were t{ansformed by Frsher s zftfaﬁsforﬁatidn;
Probabiiities were transformed by sin (/) - s

X . N Féﬁifgéyf;'?




‘.13 --.159 1,000 . o :
14 - +,228 <119 -1,000 I

Cw e e

15 =176 =264 .956 1.000
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R o ,7\ : U
_ mastery lev el. Thé'cor:elarr

N

iover 90* of students paSs the mastery level of a MVE, then the 1esson,-

ﬁas’séid to be vaiidated ) indicates that the. probability P( F+) will be

Ay

' small if the lessons whose validqtion date were estabiished at an

. earlier date during the period of evaluation study at PEAEO program.i

This re1ation is true for the. variables P( F+ or F.) and P(F-) because ’

Lo @

'the torrelations of variabie nafter with them are —.617-and —.544

t

‘respectively. Moreover, P( ) P(F= ) and P( or F ) correlate highly with ,

variable (mean—cqz/n with the: values of -.659’ -.855, and -3 95 6
: respectively.; But :he correlations between nafter and (mean—co)/n is

‘.'quicklyuvalidated will produce 1ess chance of misclassification. Since

lcorresponding MVE exams - respectively., This fact raises a. ques ion about

“the properness of the vaiidation criterion ‘that. has been used ianLATD;":?‘- g

Service Program at Chanute. o - D T

P Lt

Fift een variables, and three predictors were. selected'to predict the ~f:v ffi

l N ta.
£ B

'vgfiaiié P(Fyor F:); Tabie 10 gives a summary of the analysis..ﬂ

2

A stepwise multiple regression procedure was performed on the ‘.Vi? iy

{1

oy



TSR Table 10

‘Estimation of P(Fg),+ P(F=) by, S_tep"v'ii'se Multiple Regressipn . - *

 yariable - _ coefficient  §sDs error . £ .+
Kot ~o-el93 7 . 088 T 2.193.% A
.+ nafter- = =205 3098 e 2:092:% o T 0N
T (G, time) 144 - . <089 oo 10618 .
: (mean"co) ]n 0829 ‘. ;102 o 8;127 ko '
] Miltiple R = .9101 constant = .60, F3 23 = 30.305%% .
o *significant»at,p<;65___ kat p<.01 C o
. . ; . . R R .l I‘,:/ "

" The. first predictor (mean—co)ln for ‘the criterion P(F+ o?’F Y s

~lvariable 4 has a'bE'a coefficient of 0-792 and sighificance test - of - t-'

T prédictor in.the anaiysis is surprising-

Kad
~ . e
. y o

value 7.9. ;This result 1s‘e§pected but entering 3(;\ as the second L

le| is high enough, then

\

‘the probability of P(F+ or F ), occurrence of

‘-1.

- minimized. Most Master Validation Exams have reiiabiiities of R

4 .

around e to .5 wh1ch is quite low, so it is natural to expect that

o < R '-:

The variableo(zl does not correiate significantly with variable 13

' number of items in the tests, it correlates with variable 6, percentage

‘.\

of failure at the 5% significance level- This relationship may be

-

,Tinteresting to‘investigate further o eSpecially when the test lengths f.

criterion:referenced ;estsiﬁl. o o ': : ' ~;h._. ’ "* :f;
—_ - - .f.'The following picture might help f6§7 ‘,;f
; quick, intuitive grasp of the relationshrp‘§
. between E+’.F-ﬁ? yariables c o, niand u;!;
. . The ari’a'; of marked FF and F= depend on ;
o . iow T

' are short and- about the‘same containing 10( 15 items as isxcustomary in_ ..

»cations will have occgrred quite frequently in. the program-'f"i

sciassification, will be

L ]

5

-2




! } = 5 < :5. ; D /, ,1
T s - . S - .
N S Table 11 5 : ) I

Relationship betneen the optimai cutoff co/n ‘and other variableS.f uﬁy Ju T
variable R coeffieientAAAS+D+4errorm,ft5V~ .ﬁfi.flf',f,' 'f;,‘ v Kﬁl"’
.»o<21 T L2980 <142 - 2:085 % Tt
. range \/7; .. ,.583 ;. e ".; ;141 . -.N - . a 135 **‘ - ; “._",'l . ‘.‘ ‘
e , pmo: of.items -.362, . .139 SRR ,Z 2.604 * . - e
Multiple R = _.752§b‘; éaﬁéiénc ;7.55” 3.23 = 10i027** ;
*significant at p<.05 1< ﬁ;at_p<;0l. ‘
a Table 11 gives the results of a stepwise multiple regression tf e
AP o
E _anaiysﬁs where the crlterion is the optimal cutoff co‘divided by n. o
Entered predictors are variables 8 13, and 3. t-tests of- significance T @ﬁ;'
. oo Qﬂ “w- .- “7 .‘. :
f;for the beta coefficients indicate that all three vaniables are . :i T
significant at p<.05. Since variable § is the range of time(the ",.' ‘j,i B ;_fii
. di fffrénce between the maximum time needed and the minimum time), the ot ,_; t,:f
y lOnger the time span néeded by students to master a lesson, the lar§§r ’ ;‘ ;

Pl -f;the ratio of the optimum tutoff to the number of items will bg.. Ite

._should‘be-noted that the procedure of evaluating the optimai cutoff c

b

t

does not depend on the time needed to complete or*master~a lessons But,
o

o

”;if c/n is*relaziveiy higher, then there is more failure, both F— and N _.‘ ﬁ} ‘,;

o correct failur ,‘B in Figure 5,’resu1tingn

. time of g lesson-Ci gi is again among the predictors and if"§21 is_

R ' larger, then c/n becomes mor' affeeted by-'_ . -
R G
) 'more refined since a better‘way to interpret the results should be s : ;L'E'Rf
t ; L ‘ S ey v . ] : ) "-.‘u',', o
o -founda' . A
: .’ - . 4 B 4 '; p.”\
+ ’ 5 ; : : : .i’:i
£ .. ;;: K ,‘.. . .
- ) : B o
R ‘ _ ”-. "/ .
; 84 '
. 49
i e .
A '.m
- ) ; -~-.l.> e




a;was non-negligxbly affected by the Mastery Validaioniikams, which tave

Thave signifipanf$values of correlation. This analysis revealed that

' significan’5y in predicting variable 9. Since mastery time of a. lesson

variable beta coZ?ficient SpD. error

L Tedm - =336 8L, . 1.8%6 x
D v pEpe9) 2207 © s190 , 0 ¢ o 15089 BT
S0 x(G MVEs)  -i535 JRRS LY 2 RS -

'Multiple R =.-..5i3'36 . -cbﬁstantfa 0;27’ : F3 23= 3. 206 *

4 Tabie 12 shows the resuits of a simiiar anaiysis, ﬁéiﬁg thé )

correlation of gain scores and Méstery Validation ﬁxam scores ‘as the ]

-criterion. A larger value of this variable means that the gain score ¥
5 65

V]

scores of iessons 104b 201a, 201b 206c, 364 395 307, 401, ‘and 402

. .

correlation :T mastery time to gain scores contributes the moyt,

M

i L

correlates hivﬁiy with aptitude scores as shown in Tabie A of the o '};f

R S

Apppendix thi! kesult is expected. i _;] g 3.5Q 7: lﬁ:*' . 'j ”“,';v;;r?.

_smaiier the vaiues \of coin, the Iarger the contribution to - the gain will'

: e :
be, thus mediocre students have a greater chance of repeating the ‘ S ' C

lessons sfnce»the observed cutoff © was set to 80% across all HVEs,J ) . -
,.. . . . . ..‘ N ) ‘ 5 o . g . . "

77777 : * B
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oS T T i Table 1y == : _
T : Réiationship Between pcﬁ>;§5 and other varigbles: - . X
i “variabie f beta coefficient S D:ierror" - 'tt,‘ o { .
P2l =a152 - Soa178 e84 . e,
©r(Cy mMvEs) w224 . i85 .21k . 0 an
L. . r(65 time)'. - 2305 . s190 . 1.605 T
E LS ov T “nperof items_"J;Séé S o e195 o 1:966. X
L O Y A

“Multiple R = .6503 ; constant ='1.09," Fs,

71‘:: 3.077* [y

e
/

S E

*significant at p<.es'— * “k“significant at p.10

Table 13 shows the results of analys{s when the criterion is

- ﬁfié‘;ﬂié':‘;"? probability P(2¥9). that 90% or more of ‘the students in' the |

Vaekt page AT e

o

v S e

A ”” popuiation frOm which our sample was drawn will achieve,the 807 mastery

- - P B -

level on . the end of lesson test. Five predictors amoug variabies 1, 2,

R

'3;:§; 8, 9, 10, 11, ii; 13, lﬁ, andflS were selected-' The variabies.

;~5Qrf-‘ - T e R 1
g naftér and'% fail were omltted because P6u>.9) was derived from these

" two values in the samplé. None of the beta coefficients was,f;';,;,. ERE ﬁiteﬁi;

Vsignificaﬁt but we . mlght be ab?e to say that P6n> 9) depends to some . f“ .
extent on. the test length (beta=-.34&, t—l 97) Also, the distance of - ';?
-the ‘méan- from the observed cutoff co'affects the valuegof p&n> 9) such v
}p K ;éﬁéﬁi;f f”e.observed cutoff co is considerably smalier than the mean,
T 9the'Success rate of the lesson becomes f;:é;;t This meqns that thefﬂilﬁg,;:_:

t was probably too easy in comparison with other tests. This AR,

-

AFB GBE program at Chanute Air Force Base depended excess1ve1y on the

;n,.f': teé% the characteristics of MVE hence the method that was used to ...

'

‘ assess the quality of lessons qas inadequate:. There iS»a great need for
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SUMMARY AND DISCUSSION S |

' The problem of settino a vaiidation criterion for a given lesson is* : = - -
inportant in 'practicé, but it has never become a focus for educationa;l ‘

B Iy

test has been one of the nost popular research targets in tha past few

:

’ years:. Both the sample binomial """ del and the Bayesian binomiai modei

(beta binomial model) are adopted to set a better validation criterion

better than did the former. Therefore; the prediction-of thé futuré

success rate of the lesson using the Bayesian binom1al model is

recomnended for setting a validation criterion, when (a) the information
. . ,
i§ 1imited to the percentage of failure (or success) rateion the ‘end of
; ‘the lesson test and (b) an "au'tﬁ'ér (or instruc’cor) of the lesson has a o '
i : S ¢, e ' S

v

successful: . If the scores of a test given at the end of a lesson are - = h-bj

‘.~4

available, then it is recpnnended to use the 1nformation that one can

Tl - r-'- . . C e

“M%_, validation criterlon of the lesson. Applylnv the beta binimlal model of
- - Y

- criterion-referenced;testing, the.estimated probability of thewobserved;;g;,

'} score f‘b““é laroer th

probability of mastery, pass1ng the cr1terion score g&yill serve as .a 'l,;,.-ﬁ

~m vaiidation criterIon of the lesson...

o -

Of course, the decision of mastery or non—mastery must
- '_',theoretically be based on.a stuaeﬁt swtrueiperformanCe 1eye1 and'hae;aa; B

S . - Lo : L

]ERJ!:jv '~4¥ f.{:f:‘,.4fw."f[i'. .1j‘f;;

JAFunText provided by enic . . A . N . R . : RO T
) : - C . o PN . . otes
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“"h”ﬂ the observed scores but the true score will never be available in ’

praetiee: But it is possible to estimate the probability of the trie

7,;_5; .gﬁi. Unfortunauely, we . don t have any analytical method to determine .

the best;’mOSt suitabie‘true-mastery level for-a,program;

o

misclassification of students, was used The results 1ndicate that even
if co'were used;in ?he,decision prbcessg'some tesvi¥§:jll'3h°w

sote, teqts showed as much as about 20" A of
P . . - ;’
: le'other-tests<showed very little; three stepwise_- (R
. ' m””',,,””””,ﬁ' S o
P(F#), P(F:)i aﬁd P(Fﬁ or Fﬁ) separately- Ihe“éoﬁmon-strongest o . '
- predictoriwas the drstance of co from the mean o? a,test, which was what
o ) i !
we expecteds . The second common predde or was 21, the internal
S : .. - T
consistency of a criterion referenced test. :As 21 incmeaseS'to 1 all
I cnree criterion variables get smaller, hence less misclassifications
s occur. Tﬁat means the . internal consis”ency of the items in a Oiven test _i’ - ce.
* : E e RV Y ' S
, _is 1nportant tS c0ntrol,faise posxtxve and false'neoative errors. B
. : . g 2
o .. The optinum cutoff Co s for Hastery Validation Exams are smaller '
c . e ES R .
'than or equal to the actually used observed cutoff ¢’s in almost all :
N ’aées in the PLATO AFB CBE project. ;”herefore the probabilities'of" B
’ ,,".3”. S ) -
) . . ¢ . 54 ' 1594 p i
Fo o R S P T IR S Lo TR
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false negative associated with cy are smaller thag or equal to those of . ..
false 'n‘égati\'ié associét:éd’ with the 'ob'served cutoff Ce &it the

probabilities of false positive associated with co tend to ‘be larger

f:( than those assocIated with c.f Since we set the loss rafio to 1 in;fhis a \"

'case, the total probabillty of misclassrfication is always minimized by

eight times as 1arge

Setting the most appropriate loss ratio wiii be a problem when Huynh s .

9umetﬁod to evaluate the optimum cutoff is adopted. Aiso, his method is‘

l" b

more §Ensitive forAthe smaller loss ratios than larger ones, say Q-lO- ' . ;

I

Do 20:> ourvaata showed that many Master Validation Examiﬁations of . the

end—of-leﬁson tests: had the same optimal cutoff co for lOSS ratios :;'

'between 8 and 20. ., If his intention was to controlﬂthe false positive s
: : R ST VA

] ; A

" errors. upon the decIsion of mastéry-non mastery for a iineariy reiated i

'Tcurriculum such as mathematics, then;the applicability of the method in»

A edq;ational settings will be a problem.«

) . G
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