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Strategy Guidelines for'-the Construction of Mastery Tastsl

Susan L. PRefictman and Albert C. Oosterhof
s Florida State University

Yarious procedures have been suggested for tﬁ= development and con-

struction of cntenon—referencad tests. The present 1mrest19atmn pro-

ED126103

poses a2 model m‘nch 21iows the user to identify and r'e‘la:te saeciﬁc

. factors which affect the optimal construction and irb!enantation strat-
egies of critenon-referenced tests. This mode] ihcorporates empir-
jcally derived data to establish situational paramﬂters for the pro-
posed model/ and then uses this data to musm the model's adapt-

: \

AS’plw.:e.\t‘im'a of the proposed m:-ﬁel has 1mpHcatwas both to tbe

&fnhty to an applied situation.

areas of instructional des'tgn -2nd mastery testing strategies. Hajor
implications to the insmctional designer include a means wherehy tme
can be meaningfully appropHated within 2 course for instruction and
student assesstent. The model provides the instructiona‘i designer with
‘a proceéure for detemming 2 feasible nmber of pass/no-pass dectsion

. points to, mclude within a course of instruction on the basis of values

estabhshed for the individual components within the model. Finally,
. components which have previously been considered jndependently, with-

\
out attention to interrelationships, are incorporated in such 2 mananer

. mthinfthe model thét\xhen one compohent is altered the user becomes

aware of the ressﬂting implf‘cations to changes in the remaining of the
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= ‘A paper présented at the Annual Heeting of the Aperican
Eshzcaﬁonal Research Association, San Francisco, April, 1976. —_—
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- The Proposed liodel

Althioug the discussed modél ihcorporates binomial expamsions, it
uses pafensters of selected ftems fon establishing basel ine probsbilities
jtead of true scores derived fran an assmed popalation of items. Furthef- - _
rore, whereas parameters asso;:iated with a heterogereous group of subjects »
-~ were incorporated into the curreat investigaticn, procedures arg de-
- seribed which allow applicaticn of the proposed model to different

groups of studeats who vary in the degree to which they cluster arcend
( .

PN,

a critericn score.

-

' The following components are included in the model:

. 1. Amwount of student tiine ‘or average respsnse latency assecia-,
L ted with a specific item format {i«]. * .

2. Total amount’ of student time to be ailocated to teiting 73. - -

3. The nuzber of items seiected for determining pass/no-pass
deci.sions on each decision point {k}. . ’

4. The number of rastery-status decisions made within 2
- - \ -specific interval of instruction {n_].

5, Probability for individuals performing at'a spec®fied

" damain score of being placed in the correct mastery state,
given the minimum passing percentage score and the average
difficulty of items selected for making the pass/no-pass -
decision on a particular decision point . '

P

IP(A)ED(%,FM_‘, ))].
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S The relaticnshir between the nusber of itens assignedl t0 2 decision point,

.

the total amount of time allocated totesting, the average response Je-
. tency per ites, and the nusber of mastery-status decisions made within

a specified interval of instruction is defined as = .. o
e 1 |
- : n_j’,‘ .
’ ! - -~
3 .
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The probability of classifying an ie@iwé:zl into the correct sastery
state is dtermined by sclecting the 'apprcpriate terms from the biromial
(a+(1-a)3%

.o
.

foount of student time associated with a specific itea format
. < ”
; The average ‘response latency time required of the student to-respcnd

-

to various types of item formats has zn inverse relationship to the nux-
ber of items that can be presented to the student within zn allocated
tima. Acmss'tha range of various fccz;t options (such as simple factual
multiple choice, true/false, complex miltiple choice as requiring preb-
¢ Tem solving, or complex matheratics and rezding selections) estimates = |
of response. latency time rang'e from 30 to 300 seconds per ftem. With-
jn a specified zmount of tim® a student can respond to finite nurber:
of items. One should consider this practical limitation when designing
_critericn-referenced tests. ‘ )

If the instructor or.instructional designer fails to take into con-

-

sideration resgonse latency of the .particular type of "item selected var-
- jous pmf:‘lan; cotld arise. Take for example a situation where fifteen -
* : qir;utes were .a‘l‘located t;) testing 2 decision point ard twenty itexs
were required to obtain the desired probabﬂities of misclassification; . -~
the problea -- it’gms 'se‘lected were of the cocp‘{ex'nuitiple choice typ2,
reqziiring rore than €60 seconds a@. Had _the designer taken into account
the type of itenm and its respective response latency tize various deci=
sjons could have been altered: (1) more time cou¥d have been allocated
for testing, keeping the probabilities and mumber of items the same, (2)

* ‘the amount of time and nucber of items could have been held constant,
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reducing the pmﬁébih’ties of ﬁﬁsclassific;tion; cr {3) the amountof
tirz with 2 ébsrter response 1atency ting used. By considering the
response latency tine of selected itexs a‘longj w‘it:h’cthar. comenents in
the model, the most usefm co:rbir.ati_on of components can be sg’tect.ed,

-

Tota‘! amount of stu"ent tire a_‘ifiacaféﬁ totesﬂg; - -

~ The number of - {tems selected for determining rastery status

The amont of student time the instyycter is willing to 2llccate to
testing directly affects the number and typ2 of deciswn points tbat can
reali_sticaﬁ y be incorporated within any given course of instruction.
Yarious authors such as Thorndike and Hagen {1969) and Rovick and Lewis

. (1974) suggest that the percest of tine that the instructer is willing to

allocate to testing is 2 practzca'i factor which limits® test lergth .
Gwen an uppar- limit to the total anount of time 'avaﬂable fcr instruc-
tion and 'assessnant, a finite m.tnber of tests consisting of a specified
nunber and type of items can be given to a stydent. As an increased

[

* nuzber of dec1swon points are incorporatedr into a set course of mstruc-
twn, a student must™be certwffed as having attained nastery over a test
for each respective detision point. As more tests are incorporated into
the course, éﬁjustmants ‘pust be made with regard to other éomponents in

the medel; altering the total amount of student txt:e‘gﬂocated for test-

" ing has an observable affect upon other ca’po'}zents. ’ .

The nuzher of ftens used for determining 2 student's ‘casiery status
within an in&iv%duﬂ docain can be calculated on the basis of values for
the total amount of student time to be allocated to testing, the number
of rastery status decisions made within 2 specified interval of instruétion, ’

5\
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2=d the avarége response latency associated with the _é;«acifiéd jtem
format{s) —siding ary wo of the four verizhles constant, the, jnstruc-
/’@ designer can alter tre tiﬁnﬁ’;:;d. conpuate the required value for the

pomm—n——

. " fourth comonent. "In this rarner valves for thesg four warizbles can, be
.‘
manipulated and aitered zmtﬂ Z sat*asfactery combinaticn is reachesf

',‘ - » .
* - [4
- . .

m'bar of masta:v-status decisicns within 2 soacif:ed mterva]

4

The nuzber of deciswn points domdined vithm a ceurse of instnzc-
tion is iaversely related to thre number f"c’%:n“ﬁe t?eoreticaﬂy
or practically associated with each decisicn point. }’.eldmg the type of
item coW the number of items relating to each decision pmnt is —
increaased mre tme rust be set aside for assessnxent. Si::n]arly, 1f ’tl-e

tioe a%‘fécated for testing is held Eonstant fér a.given course and the
nm:ber of'items for each decision point is increased, the ém:ber'of_
_ / feasible deciswn points decreases. 4 .
) ' The tota} mzmber of decision phints which 1t is feasib!e to include
. within a course of fnstructwn is further affected by the actual type of
decision _pmnt. Hambleton and RNovick (1973) indicate that when total
testing tima ig fixed and there s intersst in measuring many co:::veten- _
cics, the problem arises as to whether one should ot_:tz;inyery precise
information abc}u; a sm1l nuwber of po_mpetenéie;or ‘les:? precise infor-
ration about, cany ror competencies. Cronbach and Gleser (1965) identi-
- . fied this re]ationshm as the bandwidth-ﬁde'lity dilezma; bandwidth ref-
- }ng/to the variety of information obtained from testing and f‘ide‘lity as
. the thoroughness of testing to obtain more cooplete informatien. Depending

upon where on the bandwidth-fidelity continuusa the, instmctiona‘l designer

¥
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elects to test, varying numbers of items will be reguired; thus affecting
the amount ef time to be allocated to testing and the tofal type arsd nuD-
ber of deciii.c:m points that it is practicai to assess. .

~ - s - . ;‘

- " provability s being placed in the correct mstery state
A Th’egro"b"zgi‘lity cff a student being placed in the correct mastery

state is depa’*éant upm the minimm pas(ing percentage score and the

average difficqlty of selected items for individual's performing at 2

) SPeCiﬁed true c}o"aiﬂ score. The desired probabﬁity of being placed in
- the correct nast-erf\state is selecteé on the basis of the jmplications
] ] associated with’ nr.p.king a falseo;aos':tive or fa‘ls‘e-negahve actjon with
,respective deci si:zn points. i
Altering the a,ctuﬂ mininun passing 1evel “or crjtericn ﬂevel.f&n
ba used as 2 means to mke student c‘iassifications more or 1ess deﬁnitive
: (G2gne & Briggs, 1§?#) However, this appreach also has ts traée—offs _
| As the criterion ‘leve'l is noved upnard toward 1002 correct a greater num- \\
ber of mastery people my be classified 1nto the nen-mstery group; false-
negative actions arg more prévalent. As the criterion level is moved down-
ward an increased’ nu:ber of non-mstery peop‘le will be class:fied into
the Eastery group, resu‘ltmg in more fa‘lse—positive actions.
" The average dif‘ficu‘lty of selected items $6r individuzls perfo"énrg
at a specified domain score is the best estimate of the probabﬂi}/that a
one given iten from 2 domain will classify an individual into an/in’p-
k _ propriate mastery or non-mastery state. The observed dffficult;y forza = |
_given iten is dependent upon the observed characteristics of the actual i

' Ftem selected 2nd the domain score under considerat‘_lon. As various jtens -
. . I ¢
4
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are sampled andfor different domain score.e: considered this probebility
changes. - 1f each iten was chosen corpletely at randon froe 2 camain
of alf«‘*poteunal ftems and 1f 2 given individual had an egual pmb-
ability of <o 1y respcnd‘lng to each item in the docain then domin’
scores derivedrrz; an assumed popuiation of items (as in the biqo.-ﬁa'i
model) could be(;useﬁ as the ;:rovabﬂity %Izat one ften would correctly
classify an indilvidual iato rastery or ncn-nastery catagories. Since
these two assumptions are seldor met in the classroo situation _14:
v.rouid be more preferable to use th\e'/actual §ten parameters for estab-
1ishing these baseline probabilities. . - .-

-

. Empirical 0etenrainatign of Probabilities

Collecting empirical data upon which.to,base binomial prob--
sbilities of correctly classifyi‘g? students into mastery or non- '
mastery catagor'ies is necessary*dué directly to assumptions under- -
lying the binomial model. liore specifica‘ﬂy. these assu::ptions are -
that each test jtem is chosen randoaly froa a domain of all potential
1ter:s, and that a gis'en individual ha;.\fn equal pmbab:‘hty of cor- ¢t
rectly responding to each iten thatﬁigbt be sg‘lected fron the
domain. -

In Dost casés, a small nwber of items fm the potgntia‘l doc'.ain

are generated to meet 2 specific purpose in mind. Items are “not ran-

R &sﬂy selected from'a large jten danain. Furzhermre. selected 1taas
w;n tend to vary in difficulty and other characteristics, This is
true of even the best defined dozains (e.g. m‘ltiplication of all
single digit numbers inc]udes such items as 2 x 2, 7% 8s and 5 X 6)

», . »

-
+
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) 70%, 60%, and 50%

Secause these two implicit assumptions ?‘e not easﬂy met, procedures .

based upon an assuned population of 1tems is perhaps not tge mest appro-
griate approach to take for determining mastery test length Therefore:ﬂ )

it was .felt necessaryto ecpirically detemine\in a real sitvation,'
base‘hne pmbabﬂities derived from parameters ‘of selected items rather °
than using pmbq,bﬂittes derived fron an assumed popu‘lation of items.

.

-

Procedure

A corputer ?rogra:a was written to carry out the data analysis proce--
dures ﬂescribeq “bélow. For each sub::ect s test score each test item was_
_scored- dichatazms‘ly and 2 total doe:xain score ca‘lcu'tated " The first
cmtenon Yevel was then set and an subjects cf'ass\ifjed on the basis
of that dos:mn and criterion Tevel into mastery or non-mastery catagories.

Criterion ]eve‘ls ircorperated into the program inc‘luded 100%, 90%, 80%,
NP
S

To calculate the probability; on a single item, of a subject bemg

placed in the correct mastery state,. given the minimum passing score,

- the average difﬁcu‘lty of included itefs was computed for subJects per-

forming at each possib‘le domaim score. . This ‘ana‘lysis provided the base-

tine data for binomial eg(parisions to determine probabilities of subject

s

misclasjification as test Tenghts 1ncreased .. ..

At this point test item sabsets withm ¢he first domain were se-
lected and ana‘lyzed to determine the effects upon probabﬁities of mis- -
classifications as actual test size was reduced.’ Itedis included in each

. ( ..
subset were not randomly.selected, but were selegted using a deliberate

e -

Y

N

L

o)




e - » . v -
K . -9-

L] L.

) . pian.i This was done to more rearly representftﬁé deliberaté generation
E I or seiect1on of items that oceurs when instructors deve]op tests with a

’ specif1c purpose 1n m1nd The size -0f the 1tem subsets was reduced by

W
L

1ntervals of e1rht until the final sabset fof/the oma1n enual}ed ezght

L4

For each‘test subset size the probability of subject misc1assifica-

L 2

tion, given one ftem; was ca1cu1ated Each test subset size was rep- -

licated’ five times with a mean, and standard deviafion calculated from
* \ . the=resu1t1ng five probab111t1es Ihe average probability of.a mxs«
c]ass1f1cat1on was used as the base11ne entry for the binomial expan-

sxons to determ1ne probabilities of subject misclass1fdcat1on as testa

> ¢

lengths are 1ncreased
Once all test s1ze'subsets of: the first domain had been analyzed
under 3all six cr1terion~1eve1s a new domafn was created by randoM]y

el1m1nat1ng eigat test items. A~to»al of seven domains, rana1ng 1n

' . size from f1fty-s1x to eugkt viere 1nvest1gated %1th1n each domain

test subsets were agaih se]ected and probab111t1es of subject mis-

‘e

_* : class1f1cat1on deternnned undereach of the six cr1terion IeveTs

L

" Subjects ’ LT T
¢ ' Probabilities of subJect misc]assifacation vere emp1r1ca11y deter!

m1ned based upon data collected throughout the adm1nistration of a 56

' jtem test to 1281 subjects, 49% femaJes and 51%, males. These subjects ES

were from 57 voTunteer c]assrooms in the fo]]owing seven stateS' ¥

“Arkansas - .16%, California - 12%, Kansas - 33%, Maine - 12%, New York .-
\
16%, Utah - 7%;"ahdfﬂ+scensin,- 4%. Ofothese 57 classrdoms, 29% of the

jnstructors identified their classrooms as‘rural, 36% ‘aé urban, and 35%

: .
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.as suburban. Alb}subaects were participants in fieldtesting materials

" a project funded 6y the National Scierice Foundation, engaged in the

development of discrete.instructional modules in a varigLy'of science

"—WWim, wbile 7% had ISIS last year.

. fourteen years, 43% ' eer ‘years, 28% sixteen. yEars, and 15% seven- .

ﬂto'collegéz

' socio-economic level of their class to he-A17 comparison to the pation,

L
S

»

A

developed by'the Individualized Sc1en¢e Instructional System (ISIS),

-
. A
N YT, DT TRl T T e TR T

topics.‘ 92% of the subJects were taking ISIS in their science class

AN

———_

A —— ——— s

The grade levels of the partlcipants ranged‘from nine to twelve,

- 18% ninth graders, 55% tenth graders, 16% eleventh graders, and 11%

twelveth.graders. n::s/ranged from 1% twelve to thirteen years,_l4% : ;éﬁ@
ft

teen or older,/ 96% of the subjects indicated that they plan to go on

e »
3 l

fn 1ndicat3ng what the.classroom teadher percei -"/hé overall.
/

: 27% of the teachers jdentit ied their ‘classes as. average, 50% below -

Y

-

’h . i
average, adn 22% above average. In rating the socio-economic level

of their classes in comparison to the rest of thefr school 74% iden- o

tified their class as average,. 22% below average, and 4%’above average. .‘ j;\,
- - . . .

. \\\ 44 ";‘
! R

The student test ‘materials. consisted of 56 four reSponse mult1ple _

Development of the test- instrument

choice items coverrng the follOWing defined domain of informat;on. thez S :
w . ;

common and scientific names of 14 maaor‘bones in the body An 1tem

form approach was -used to systematically génerate each of the items,

with distractors and item test positjon,with four main test sections :

S

‘randomly assigned.. The domain,wesfselected,fgpm content,of the ISIS.-

o -
. ! *
[ - - - .
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o rnnicourse eping Fit This domain was seiected because it represents
2 weil defined and finite area of, information which couid be compieteiy

;
- sampTea. Hithin this domain,items, even though generated using an item Ce B
; .

N ’ form approach would be content ifnclude items of varying difficthy R i
_/ ' -levels. Further, the domain was selected because available subjects "}ji? . %
, ’r~*—y~irj—>"* wouithave'various levels of attainment within the domain, ensuring a f

' wide range of scores on the test. In regard -to exposure td the contents
of this minicourse, 32% of the subjects indicated that they had done '

the minicourse this year, 2% had done an ear1ier version including

T

the domain last year, and 65% had never done the minicourse.

"Two major approaches were taken to ensure<the validity of the 56 . :@’
test items. First, an 7tem form apprﬁach was used to generate aii items.
The use of item forms has been identifaed by various authors as Baker
‘ (1974) and Hambieton and Nov:ck (1973) as a systenatic approach to
" e establishing content validity. After the actuai generation of the '
items- content experts were used to determine whether or not the items
* for the domajn did in fact represent that domain._ These content experts

"L ' were evaiuators.and writers from the ISIS project staff ‘ y o

3" - - B

Tett Characteristics . - : T ) Lo
; ' . SubJects taking the test represented a heterogeneous group w1th ) ' B

. -~ “ygépect t0 thei¥ exgosure to the contents of the tested domain, and ‘“

' therefore represented a potentiai of sampiing fairiy well the continuwn o~ o
3 -, ',‘, e ,fnm tota'l nop mrj to conp‘lete nastcry Tae fact that eacu ftem con-

. T structed for use in the test was carefuTiy matched to intended domain, -
' "fﬁ i = the consequently observed range of scoras gives support to the«heter- T
?/ e ogeneous nature of the. Qimﬁiéd*ZEEEEEté,' " g ' N
7 ~ . . - r ' . AR S
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Test Paraneters

.
-~ - * .
-

e
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4

i Iten Difficulty
k4

.

Point Biseriak

1
i
%o.- of Subjects #1281 . i |, Tgenm Discrimination
Ko. of Items = 56 . " I s&sa
- = 4289 ) =, :
Fean = 30.713 4 ) ! 4 .
Stardard Dev. = 11.851 Wedian = .5375  .i iedian = .5650
Reliab. (KR-20) = .9270 Q3 = .6720 i 0y = .6585
i

»

-

-
———

Table 1 sumarizes pertinant data congerning’ test characteristics
associated with the total set of 56 !‘tems The mean score of 30.713

ol ol

COrrespLnds Lo ans «rir: 2pproxiratcly 557 of the ibe:s ccrrecﬂy’. The

> internal consistency of the test was found to be quite high as indicated
" by the reliability coefficient and the iten 'discr‘lmination values. The
d1fficulty levels of a majority of itesas xere contained within a rather

narrow range, however 2 minority ‘of items did range from very easy to ‘

. very difficu‘lt , . X .

The .statistics used to'describe the test often are not appmpriate
for dorain referenced tests. However, if the range of oxamince 2bilfties
is 1arge. vaniarbﬂity of test scores should be expected and reference
procedures for eva‘luating tbe statjstical qya]ities of the test ccnsidered

acceptab‘]e " It {s expected that mth'}n the |constraints of 2 more homoge-

\¢

neous group of studenﬁ; e.g. £ singie clas room, the a?parent Qualities
of the test would be quite differem: This: Tast pofnt is dfscussed later

- . -
. .

in thts paper.




Discussion of Pesuits

Kithin 2 well-defired domin, as used in this investigation, as the actual
test size was reduced the average grobability of misclassifying a student ramajned

P T T T T T P T, T I Sy

fairly consistent, while the stapdard deviaticn increased slightly. Ffor ’exeaz&p'l s
when determining si:oves'using all 56 items, and calculating ’average iten diff
culties using sets of 48 .items and setting the critericn level at 100%, zn
individuzl with a comain score of 14/56 had an average ;;rcba{bi‘lity of mi;c'lassifi-
caticn of .25 with a stardard daviaticn 6f .01. In compariscn, mth a d'cu{ait‘: s_ize '
of 56, 2 %.est size of é, and a critericn le'.'ei{set at 100%, an iféividuél with a
gomain score of 14/56 had an average probability of misclassification of .26 with
a standard deviation of .05. Using another compariscn exampie,*.'n:'i’%h a domain of
24 iters, a test size of 16 items, and setting the critericn level at 702, an
individual with a score of 14/24 had an averagé plmbabﬂity of inisc"lassif:ic'atidvn of
.58 with 2 standard devia-ticn of .01. In ccmygrison, with a dorain size of 24 iie:_gs,
a test gize of 8 items, and setting the criterion level at~7b%, an‘individuair with
a score of 14/221 had an averagﬁe probability of nisclassification of .59 with a
standard-deviation qf .02. Using a we'l'l-defined domain, sampling error did not
app.ar to have much of an effect u?bon the average probability of,‘cisc‘lassification
as the actual test size (i.e. the number of items used_ to dgtemine hie average
item difficulties) was reduced.” . ' Lo

As the -actua‘l do::*.ain‘size was reduced the average ﬁro_babﬂity of misclasst-
fying individuals gerfomfng at specific domain le*.;e'ts .a‘lso recained quite
" consistent. Tgb‘lg 2 illustrates this by. demonstrating that as 'the n:uzber of.'ftaas.
used to detemine'do:,ain scores was redn.:ced from 56 to 1-6’, there were onl} oinor
changes in the average pmbabi.l:ities {and associated 's:.andard dev%aiions) of
ui;c]assifyiné an inﬂivi;:!ual at vafiéms examiner, perfor;,ance'_‘leve‘[s vwithin the 5
domain. This would suggest that for .the"present conter;_t dozain, 56 it_,fe::s prg,-

vided a fairly stable esticate of baseline probabiTit igs for c‘lassif}ing
P T .
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* fable 2

?m.aabﬂit:es of Student #isclassifications
Yarious Domain Sizes .

Using Criterien Levels of 100% and 50'

-

%Z.correct on . averege standard
: domain - probzbility deyiaticn
- e *

Domain Size ; = 56 75 .75 05
Test Size = 8 . . 20 ) .52 04
Criterion Level = 107 25 .26 .05
Domain Size = 24 - “"".;g- o 78 .02
Test Size = 59 .51 4
Criterion Level = 103" V25 26 .01
Domain Size = lg i 75 _“- T .75 B 05
Test Sjge = 3 50 © 50 .05 -
Criterion Level = 1002 25 .25 -5 -,

- e . FesegresooTotenes
Dorain Size =56 75 - .25 05
Test Size = 3 ) g0’ %48 < .08 :
Criterion Leyel = 508 - 25 .2 05 5
domain Size - 24 75 .2 02
Test Size = 8 _ 50 .42 .02
Criterion Level = 50% 25 .26 .01 _
.Domais®ize =16 75 - .25 05
Test Size = 8. . 50 - . .50 . .05 c
Criterion Level = 50% 25 .25 . e
! - - ‘“.

I
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. , p
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individuals 'int:: mastery/ncn-mastery catesgries at varicus domzin performante

4 -

levels.

" Bolding the domain and test size constant, as the critericn level was
decreased to .50, the probability ,‘mﬁsc!assifyinlg ron-mastery individuals into
the mastery category increased. Similarly, usder the szme ccr}diticns: as the
criferisn Jevel was ircreased the prebability of misclassifying mastery irndividuals
into the ncn-mastery category decrzased. For example, with a .dorrain q £6,

.89 probability

that an individual scoring just beloy the criterics level had been misc]assiﬁed

a test size of.24, zrnd the critericn level set at 90UZ, there was 2

. and a .09 probability that an individual scoring above the criterion level had
also been misc'lassified.’\ Urder the same domain and test c'msditicr;s, but with the
criterion level set at 302, thf.;re was 2 .50 probability .that an, individual scoring
just belew the criterion level had been misclassiﬁed.@d a .48 prebability that ’

* zn individual scor.i”r;g just above the critericn level had also been misclassified.

for the criterion levels incorporated in the present study (= .5 to 1.0),

" .._ ipdividuals with domain scores above the criterion level have the }owast pmba-

-

bﬂitﬁv sf msc‘iagszﬁcatwns, the farther to the mght 2 score is from, the

cr;tensn Jevel. ';he wser this probability. Irdividuals scoring just below the

. gg\tem?&sue! have iﬁ%«graatest probability of-being misclassified; this pro-

again reﬁzzgwg as scofes wove. do'nmvard away from the cntemon level.

‘ mgsé i‘ela onships Wers I t gfeéminantas “the criterion level dewated away
del “would suggest that the relationship of

-

- fren and above .;87:, TJke binomial
prebabilities abova aad belon the crftericn level would be reversed for gnteﬁqn
Teee]s below, 50%. For mstance, the probabiTity of misclassifying individuals

h’hOS& docain scores are abpve the criterion level mu]d be higher than for those

*» .
wh:da are telgw the criterion ‘leve‘l._ .
¢ “. Ind . N .". -
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.maﬁcaaon of the liodal ..

\ The mstmctcr cr mstmctio*a] ﬁesigmlymg Mﬂ
;h~.ald est2blish valaes f&l" eath of the variables with the model to best
fit the sermtw'xs of tﬁ?&ssessma'st systen to n'hich the model is to be
applied. 1In implementing the model, a user must take ‘Into censideraticn
the probable range and distributidn pa.ggm of student &a::ain scores in

-

ofder to incorporate the appropriate pm&bi]ities of student misclassi- |

ﬁcaticn; Presented heré is 2n examle of how 2 designer might use

this model to form decis(iens concerning 'the cptimal criterion-referenced
testing strategies. The illustration is limited to using the probabili-
ties which were empiri:.:any derived from the present investigation. .

&n instructor, in allccating time within the total instructional.
effort, decided to aligy no more than eight mnstes for assessing initial
student mastery_over' each decision point. It aas determined that, for’
the particular iten format to be incorporated, allowing one minute per

jten would provice sufficient tili for students to complete the respec-

tive tests. From previous experi , it was estimated that on an

initial test, students® scores would be rather symetrically distributed

between _upper and lower 1imits of answering 95% to 50% of the test ftems -

correctly; more students would be expected to perfara at ‘Ig;e center of
this distribution than at the extranes It was decided to set the

" criterien score level at .80.

ﬂsmg the relationship defined on pagé’ 2 between the nushber of
itz:zs assigned’to a decision point arid other variables included in the
rodel, it is determined that the required response 1a;ency allows eight ’
jtems to be used to assess each decision point. Kithin the 'esti:'z'ated'

‘range of docain scores, given eight items ass1gned to" each deci’sicn

point, the probabilities of c‘lassifying students into the correct

- -

17 -

*

.
3 .
B L R I T P T U YU T T Y P T

¥

el



~ approximately one out of four students would be classified into the

- order to change the anticipated distribution of domain scores. The r

s ’ . S
S | 2 ’

Tastery states renges from .03 to .53. Incorporating thé subset of

3
misclassification probzbilities, additional weights are assigned to
probabilities associated with the center of the domain score di.strib::; /

tion. Incorporating the subset of probabilities-correspording to the use

- of eight iterms administered to individuals with domin scores ranging

fronm 50% to 952, the probabilities of misclassifications listed in
Table 3 would be appropriate. These probabilities are extracted fran the
larger set of pmbabﬂities derived emirically in conjunction with the
present 1mestigat?on (?.epm.;cticn limitations prohibi-t reproducticy “
.10f the complete tables, however, specif:c sections can be pmvtded
individuals upon request.) . :
Eeighti,ng the probabilities to parallel the anticipated distribu=. .. . .. ]

twn of. dm:aw sccres, the average probability of xisclassifying an
exaninee m.u'fd be 26 for the conditions described. In other words,
incorrect mastery state. ’

-~ If this amount of misc}assﬁication was considered unacceptable, the

~

instructor or- mstructional designer could alter values given tp the ’
other vp.riables mcorporated into the medel. The number of tegt q,ens./
used to assess each decision point could be increased. If the mode] -
mdicated that as a consequence, the amount of time reguired for tespe——.
mg was exs:essive. theaverage breadth of content assigned to each
deciswn ’pmnt could be reduced. One cou]d also modify the criterion

level, or alter the effectiveness of instruction preceding testmg in ]

host important contribution to be made by the in_od_e'& js-that it provides
a means of interreYiting the consequences associated with a proposed

]
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Tab‘le 3

g Prcbabﬂi-ties of—“rst‘!/sificaticp - .
Lof Specific Domz2in '
Scores Ranging From 507 to 95'

1 . . Pelatiy, : : ,
- Score Heich . Probability’
26 1 A3
a 1 04
23 i 03
29 . 1 05
30 1 .03
3 : 2 .03 -
TR — ) 2 .10
33 Baas ~ 2 11
34 2 .14
25 "3 . .18
36 3 .18
37 3 .24.
33 4. '25 - t
39 4 29
49 5 .29
4] S 5 .25
42 4 .38 ’
43 4 .41
'S 44 3 . .53
- 45 3 .41
46 . 3 .42
47 2 34
43 2 l .25
' 43 - 2 .23
T 90 2 .18
" 51 1 - 16
52 1 N 12
53 L1 N .07

l

,~.  answered. e

concentrated &t the wnter than at _the extremes. .

35 obabilities 1isted are thosé determined from a damn of W
. using test sizes ofsibf L

.
TR T PN L T N L T T L O T

B 1Domain scores arethemnberof 1temsoutof§6thatmu’ldbecorrecﬂy

Zpsiative neight simply reflects 2 syuetrfcal distribution which is more '
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assessment strategy. Then, on the basisﬁef importance of the decision

. point and potential time allccated, the fnstructor ca;-z consider varicus
.corbinations of test sizes, criterion levels and actual probabilfties of
misclassifications. Onee'varicus corbinations bave'bea'; focked at, the
instructor can analyze present needs and select the bes_t combination ef
values to be assigned the various corponents :ln the model.

. Linitations of the Fodel

Jhree weaknesses in the present model have been identif:ed First,
there is the matter of allocating an appmpriate amount of time within
h a rastery-testing strategy to those students who fail to surpass the
criterion performance on the initial test attempt. .In the sitoation
where initial testing occurs in the classroom and retesting is adainis-
i:ered other than during class time, (such as in a testing center accessi-
b?e:a? the student‘s discretion-and need) time allocation is not a
_ problem. However, consideration must be given te--trlne allocations for
retesting when these re-eva‘luaticns must occur during class time. At
present this allocation of tme js left up to the user of the mode'i
as it is a judgement \vzhfch rust be estimated on the basis of previous
knowledge concerning characteristics and individual differences of the
‘students involved. ) '
] A second limitation of the present model is the establ‘isfment of
. ’i, parameters associated with various item foms and formats. D’ata for the’
present investigation was lfmited to m‘ltip‘le choice jtems wr‘itten for
a well-defined dofain of -information .in 2 sciénce area and aminfstered
.. to high school science ‘students. As the various types of items used
and the domains are changed, the baseline paraeters noujd need.-to be °
reestablished. .. - . - : L
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A third limitation of the present model is the lack of ccnvenient

i . .
procecures for’ determining domain score distribotiens and their associ-

ated probabilities. of misclassification for various demains and -iten

‘test formats. Simﬂar‘ly, accurate and detailed information about student

perfortmce under these various conditions has not been widely co'ﬂected
for use in deter'rining these dma‘in score dxstnbutians and associated

prebabﬂ1t1es. Th1§ type of information is, however, easily obtainable
and computer programs or derived tables could be.made accessible to the

[ 4

instructional desigrer.

Implications of the Hodel ¢

This model #5 unique in its trea%ent o;‘three major areas. First,
pinimal work has been: done;in the area of deten'»:%ning just how many test
1tems are needed to c1as«sify a person nQa mastery/non-astéry categories
with respect to a previously stated area with e gwen fevel of confidence.
tost significant works in the area eventual‘ly rest upon the binomial-
model” in derwing probabﬂ1t1es of student misclassifications. Zﬁmce
the average probability with which 2 student wild correctly answer each -
jten 1s a function of the specific 1tems utﬂized or sampled, it would
be better to apply a binomial .expansion ? the probabilities associated
with the items actually selected rather than to estimates of populaticn )
paraneters based on SUpposed domains of equwa‘lent items |

A second unique charactenstar, of the model is the adaptability _
to specific types of students. Specifica‘l‘ly, as information is collected
on how similar groups perforn on a specific type of test more efficient

L}

decisfons can be made in regard to testing the next group As c‘lasses

-
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’ " domains. The effect of using different types ‘of item famts, other than - _

T Hti@s as dffferent content areas and 1ess ueﬂ-deffned donains Ure used 3
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. differ in ability and actual performance, the test Tength and’criter-
' jon Jevel can be adjusted to accommdate ‘desired probabilities of

.. . | .-
misclassificaticns. - P

The third unique feature of the oodel is that by using this procedure -
the instnzctional developer or. indivfdua‘l instmctcr is provided a 'neani
by which the interrelationships of various test-related facters becme
apparent. Components which previously have peen consxderei 1f;dependent-

S ly, without attention to interrelationships, are incorporated in such
a manner within the model that wh;an one component is altered the user
becomes aware of the resultifg implications to changes in the remaiping
elexents of' tl:ze wodel. The mode] provides the user with a method for
selecting values for some components in the model and determining the
resulting va]ues for the reRining e1e¢nents. iIf not satisfied with the
first resu'itt, the user can repeatedly go through the smodel, changing
. . values until a satisfactory combination is obtamed. in this nanner, the
. ) user is able to concurrentﬂy cons‘ider any individual or group of factors
- that will affect or be affected by any pther decisions made during thej

- ®

developmental penod of instruction and related cri ter‘ion-referenced

- I

tests used for student assessuent. .

Dzrections “for Fz(x;um’&esearch T .
In regarq to 5tabﬁshing probabi‘Htxes of student classiﬁcations, ‘

two major areas require further in}estigation' (1) the effect of varwus

PTINeRL

- types of ‘item fomats, and (2) *the effect qf other content areas or

-

_ . sigple wltip'le choice, for the estabHshment of baseﬁne probabﬂities
DIy ngeds to be deternined. Similarly, tie establishoent of these probabi-

-
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" warrants further imrestigation As to student tit:re reguired to respcmd

mst information about respense 'iatency time foF various iten fomats’is
in the area of estimates. Sp_er:ific data in regard to well-described

types of itess and students should be collected to aid the instructional
designef' or instructor in allocating testing tit;e. Fi.na‘iiy, a peans by

. which the model could be easily manipulated by the instructional designer

or instruct. reguires refioenent.
" As to the actual model, the authors welcame and encourage people to

fake acepﬁ?fto jt. The components selected for inclusion in the model

-and the manner in which they were integrated represent only one of

L . . .
~vaibus possible options. A major advantage to this model is that it

provides g way of integrating components to enceourage and facilitate

the instructional designer or instructor to com:urrent]y conS},der effects ?’

that any decision about one tomponent fias upon the remaining elements.

) The consequence of rfot c::ncurrently considering canponents within
the model has resulted in decisions being x:xade about vamous conponerrts
with no ;ncern for the effect these demszons have on other elements. ’
Of particular S’/ nificance is that the instructor and designer qmte
freely and arbitraril y select the nucber of items pecessary to assess

student competence over an area without questioning the probabz]ity of ~

an individual being placed into the correct or incorrect mastery state.

Further, the instx'-:ctor or designer-is'left at +the 'point where guesses
are bejng ‘made in such critical areas as to how many jtems should be i
inc‘luded on a c£riterion-referenced test, what passing level should be
used and how correct student classifications really are. ‘[he develop-
pent, and application of the present‘ry proposed mode‘l or some other,
comprehensive mode] which a‘l]ows the user to identify and relate specific

23
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ﬁ . co:'ponents which affect the cptfm! constructmn and imp‘lmentatmn
E‘\ stratcgies of criter‘ion-referenced tests 15 esseatia%. L ) T
Su:mag‘ ‘ R 2 .
* ¢ : . . y ’,

-In this iniestigatibri'a cocprehensive modal was propased which
T would facilitate the dnstructional designer or individual instructor in

concurrently considering various components shich affe:ct' ttze‘constructien
of critenon-referenced tests used to ke passlno-pass decisions in |
regard to specified deciston pcints Components within the TocelNg-
clude the average response latency tia-ne asso-ciated with thegspecific
iten format, the total amount of student time to be a‘l‘located to test‘lng, ]

- " the nuzber of ite:zs selected for deter:nining pass/no-pass dec1sions on

each decision point, the nuz:ber of mastery-status decisions made yrithin

the coursé,/and the probabzﬂty for individua’ls Qerfoming at a speci-

5
fied true doamn score of bemg placed in the correct mastery sta

In order to demonstrate the empimcal detemination of pmbabi]il )
ties of co:‘recﬂy Qassifyﬁng indivigua]s into master:z/non-z;xastery ‘
catecories, a 56 itérg test covering a well-defined domain of scienfe
information w'as a&grinis—tered .to‘lil‘high schoot studefits. Baséline

pro.bal?ﬂi'ties vere defemin;d un:en varfous domain and test sizes, using ™
' si;_(‘differeﬁt criterion levels in each case. Binorfial qpansiohg we:%‘ - J

s : then used to determine p'mbabi"ﬁties' as test lengths vere incréased. ]
' : The data collected suggested that whefz a well- defined domain is >

: ‘estabHshed, as the actual domain size was reduced ‘the average probabi- _
1ity of misc‘lassify‘[ng 1ndiv1dua‘ls at speeific domain, leve‘ls remained L *4
- e ? fair]y consistant, Further, as the actual test size* ms reduced the ‘
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lével also remained fairly consistant, T1vz}'rlfi'e the standard deviation
increased 's]ightly.' Increasing the critericn level resulted in'an -
increase in the probability of misclassifying inaividua]s with domain

' scores above the criterion leved, uhﬂe decreasing the crit‘,er}cn level

resulted in an increase ig the mbabﬂity of -misclassifyfng individuals
with domain scores below'that cﬁt.rion 1EVe1. . '
Application of the model c.empnsxrawd hov the désigner or instructor -
co;zjd ranipulate components within the mdel in order to select the oost
efficient cocbination of Tactors to mcet present needs. It u;s 'a'lso
deronstrited how this podel could be used to make testing decisions for
specific types of students based u;caéstfma.tés of student berfon;-ance -,
_with the content domain. “The need for further research in the are2 of '
other domains and various types of jten forrats ms pointed out. host ’
ix:portantly, the peed for further mrk in deve‘loping';ocfprehens‘ive o
- sodels which provide the designer or fn:s‘cru;tor with easy methods for "

concurrent‘ly considering various test related co::ponents has been identi-
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