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4 Wh ile numerous articles have appeared in the literatur e which describe
th’~ orie-~ arameter logis t ic model and I app li cat ioi in a ta ilore d testing
s e t t i n g ,  l it t le  or no resea rch onducted on the o;ørational
charac tpr )stic~ of the procedure when program pa rameters a id item pool
at t r ibutes are varied . The primary objective of this invest igation was
to determine the effects of varying the program parareterc , steps ize and
acceptance range , as well as the i tem pool attributes , size and shape. on-.~
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~~~~ ~the bias and standard error of the max imum likelihoo d abil ity estimates

obtained from tailored tests. Spec ifica lly , two ma in research questions
were addressed. First , what values of steps i ze and acceptance range
provided the least bias and smallest standard error of ability estimates?~The stepsize program parameter controlled the magnitude of movement thro~~h
t”~ i tem pool durin g the initial i tem selectlo~~phase of~ t~ i1Qred._.t.s~4-4’n’9.
The acceptance range program parane~~r— -epe~e1TFed how deviant the selec tedi tem ’s diff iculty value could be f~~m the requested i tem difficulty and
still be chosen for administration ...~ Secondly, what shape and ~ize ofi tem diffic ulty distribution provided the least bias and standard error
of abil ity estimates across the range of the latent trait ? Two FORTRAN pro-
gr~ ns were used for investigating the effects of program par~ameters and item
pool ottributes. l~~th programs took as input the step~ ize . ~a c e p tance
range , i tem difficulty values for the various sizes arid shapes of i tem
pools , and the true abi l ities for which estimates were to ~~ ma de . The
first progr~ n , T RLf l P , produced the propensity di stiibu tiØi , the probab ility
distribution for observed ability estimates given a tru~/ab il ity , ~‘, and
provided output of the 1( ) and •V~T). T he othe r ~~6gram , SI M 1P , was
developed to overcome the limitation on the sizefi.t’item pool which could
be investigat ed at a reasonable cost using ~~~-~T’RLIlP program . The SIM1P
p-ogram provided outpu t of the X (. ) an~~~.~’tr ( of ab i l i t y  estimates of
a specified nunter o~ si mulated ta~)’~~ed tests assuming a given ~. The
results of the Stud y were drawn f~~m tables wh i ch susTinarized the Output
of the TREE1P and SIM1P programs . ~~ln addition to t~~ recon~nen dat i ons
regarding the research ques tions stated above , an effort was made to discuss
the inte raction of the variables of stepsize , acceptance range , i tem pool
size and the shape of the distribut ion of i tem pool di ff i culties. Results
suggested that each of these variables played a substant ial role in affect-
ing the magn i tude of statistical bias and standard error at various points
along the abil ity continuum , were resented as a guide for
those involved in setting up a tailored testing pro ,) The In ten t
was to provid.~ fiq u rs’s and tat)les to facilitate applications of tailored
test ing procedures such that a m in in~.jm of I’ias and standard error of ability
estimates could be attained .
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..PERAT 1~~AL C}IARACT~R1ST 1CS OF A C~E-PNWETER

A ILOflED TESTING PROCEXR[

‘
i ’ ~~~~~~~ tes ’i,i~;, t~ t’ s.’l s *ct il n and scoring of test i tems adniini s—

r ’ l  I’ : ,j~~
, 

~~~~~~~~~~ ~ ‘i~~’ f a , ’~i~ n to ind ivi d ua l examinee s , has with in the
.p.’irr .’ i~ f ..’r appli cation of latent trait models

.1 ‘~~~‘ * r  .in i~ i l i t y  mpa’tjr*wlent. The ava i labil ity of improved
c~~;’~ t’ ’ ~‘c h r -~ l -;- , ’ ~s c ntr ib uted greatly to the increase in the number

f ~~~~~~~~~~~~ , ‘ s . ’r ~ l y ‘n - pe ratiofl wh ich admin ister tailored or adaptive
te~ t -;. I’ - ‘~~~ ~ noted that tailored testing as presented here is

an -, ot~er assigned names such as adaptive testing,
‘-

~~~~~: ‘s~ c - r ~~ .-- ~s~nt t~’stinq , nr sequent ial testing . Of the many proce—
d ir ’- . ~ .‘ , j ’ 1  j 1. ’ ~‘~r t i il ~ re~ testi ng, one of those used at the University
~f ‘!js A n i~~ ~a~~- ’ c~r ~~ one-parameter logist ic model .

~~~~~~~~~~~ ar’~i c l e c  have appeared in the literature which describe
•‘i.~ ~n . - ;  ‘‘ n-~~~~ ’-r 1 ii; is~ ic no.1.’l and its applica tion in a tailored test-
ing set . ir 1 ( . ~~.. , fr’ r exarpl” , ~ec k ase , 1974; ~‘k~ ss , 1914; Patience , 1977) ,
~,ttle or r~~ li’ ”ratjre h~ s ~een written discussing operational character-
is t i cs of ‘ . ‘  ‘ i i l ’ re,~ ts-’~ting procedure when program parameters and i tem

ol a tt r i: -~t .’ art’ var i~’~ . For this report , operational characteristics
refer to how well the tailored testing procedure estimates a given true
abil it y . Program parameters refer to those program options (such as the
itec~ s e l . c t i n rule ) tha t must be selected before the program can operate .
terr ~~o ’ l ttri: ’ a e s  refer to the size , distribution , and quality of the

- 
‘ l , -  .‘r at~~r’a ’ cha racteristics , i tem pool attributes , and

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ . ~i l1 be described i n deta il shortl y.

A 1 t~ ~~ 
1 iteratur e was found which addressed the effects of vary-

I . . r ~~~;i -~~ :-a* .i~o c r s , a f~w studies have appeared In the literature.,‘-i c h inv es’i ~ a ts’ 1 ,.ffect~ of iten pool attributes on tne operation
~-f ta i lo red ?. “.t ift). )“nse a (1975), for examp le , ~as investi gated the
influenc e f ~~~ Pool ,ize and i tem cha ra cteristics on a Bayesian tailored
t. , t i n c  proceJur’, In ieneral , Jensema found that when i tems are of ade-
;~ate ~u al i t , , it v. not necessary to have very large i tem pools. Reckase
(l~~’~) conc’jrred with Jensema in reconr’ending a rectangular distribution

ite r pool diffi culty values . In this latter study , the tailored testing
procedure was ba’ nd on an empirica l maxiriijn likelihood estimation of the
abil 1 ty parameter of the simple logistic (Rasch) model . Issues worthy
ef furthe r inves tigat ion have surfaced in addition to i tem pool attributes ,
such ~~~ - ?‘~~‘ e f f e c t s  of prograr parameters on the bia s and variance of
a b i l i t y  e~,t i i - a t i on.

severa l articles hav e appeared in the litera ture which use the phrase
‘~ ias of tailored testing ability estimation ” to mean procedural bias
toward subgroups of an examinee population Such as mi norities (see, for

-i
_
i - -



t’tairple , Pine and ~~~~~~~~~~~~~ 1 9 1 8) .  The research reported here did not add-
ress this tv~ s of bias . Paths”- , ab ility estimate bias , as investigated

~ t I  is ;j ~’er , -~.~~s’; ~ C ’’i ~ ‘‘r’~~~-~ ,~ 1 th ~‘.b1 ’ther the s’~ pected val ui’s of the maxi —

ui!~ l i ke l  i iood a b i l i t y  t’~ t1mateS were equal to the known true abi li ty .
:n th i s  sense , the a t t s ’ t Z  ~~~ to id ent i f y values for the program para-
meters and the i t t ~’ poo l c 1I a rac te r i s t i~~ ,

~h i c h  wou ld provide the least
statistical ~i as in ah i 1 it~, t .t iP ~tt ion . ~~~~~~ variance of ability estimates
..as toe squared s tand a rd ~~i r~ r ut t1ie .~tii 1 i ty est ii’.a tt’ s for a known true
abi l i t y .  Th ,’ ~, ‘~ 1’ t - .~ .i’ t. i f l i 1~’’ t ’ lV, St d rldar(1 t ’ r ror . Th ese two
dependent ~‘.s s i  n’ . ~~~~~ t he Cr i ted a fnr .j U~1Oi rig how well the tailored
t s~~ tin j r ’Le 1~ ’- .- ,“-

~~ ii ted kn -,~r a~ i l i t  i c~ when the prograti parameters
.~nd i tel poo l c harac~ s ’ n i s t i cs -,~ e s l- var ied .

Purpose

The pri~ ar~ ~urpe ’, s ’ a’ t ’~s ’ rs ’~.oa rc h ds~~cr i  bed herein was to de ter-
~i- i ne the operat ional  ch i r~~ t ,.ni~,t i - of a ~ne-parameter t a i l o red  test ing
pro ce~ urf’ .~hen rrci -~r ar- ; s r  * r ~~t . ’ r ,  a nd i t i  poo l t t t r i t u t e s  were varied .

r
~’ : rograr~ parameter - - i s . . i q i t . 1 ~~s’r~ t 1i~ steps iz e and acceptance

range . ‘he sti ’p si:v ’ s rar ’ o~ s ’ ’  s~-o c i f ie1 the magnitude of movement of the
a b i l i t y  e -, t ’ - a t e  • i r c  t h , irnt i i l  itpr’ selection phase of tailored
testi ’i~ . Aft~ r ~~‘~~~‘ in i~ ii i  s. c, ma imul : likel i hood abili ty estimation
•~a~ used . ~~~~~.‘ acceptance r ,)nce par~ir .t-ter determined how deviant the
ss~1ected it ~~’r

’ s ~“~~i - u 1 ~ . value cou ll •‘ from the requested item diffi-
cu l t y  jn~: stil l  ‘~e a’c ”~ t~ 1i f r  ~dr lf l is t ra t i of l . In the ta ilored test ,
1 ten S were r , .quc. ted ~~ th .  r rocv ~ u r~ to n,itch the aHli ty est imate computed
~ased on ~)rO~ iOus i~~~I” rPSt)nnS t~5 . The ite~

- pool a t t r i t u t es  var ied were
si r” , .hape , and qua l i t y .  [ar~’ of these va ri abl es w i l l now be described

-~re s p e c i f i c a l l y .

‘~1e ~~~~~~~~~ rif t a i l~~red te~, ti nq is that  when an exar .inec’ answers
- ‘ ‘c ~ 

. , ‘ e • • -‘ 
~ jr r i s t ‘~r’’ 1 s’~ 1 d ~ s.- “-c rc Ii ffi cu 1 t

~~ ‘- ,‘.~~r ’ ’ .- .
~ ~‘-~~~ s - ’ ç  i t - ’- in ~~‘r. ct~~v , t I~c r~- , t  it e r’ should

• 
,
‘ , • ~~

‘ 
- 

‘‘ . steps :° n’ rqr ~~~~ ~~ra~~ tpr 1 
~~‘ ~ a1~ c~ rt ro l led

— ~~~~~ -- ‘ •  i ‘ •
‘. ‘ • ‘ t ,  , ., ~ ‘~~. ‘ * - .  t i ~s ’ r -  adr~,n i stere d The

se c, u’ o ¶.‘r’. o t  , - Y 1 1 ~‘d , ~ b. f i * . . 1  c t i - pc i ze unt , 1 the exarn i nee
naa J rS..~t .re j it e s  • ‘ ‘  - s ’ ~ 7 ,~ n j  i ? irrecti y . Af te r both a correct
~r 1 ~~“ 

Q r r p - t  r’~ .;~~~r~~~~’ ?1~~~~ *‘,‘n ( i t t a’  r i .d it  the response string , a max i -
‘ ur’ l~~ e Ii n o o~1 j :i ~~ i t ,  • -

~~~ ‘ i ’.’ wa ’. obt~~ined u sin g an iterative search for
the lole of t’” liki-lih e r l d i ,tni t iut ,on . Fo r a more complete description
o~ the i tem ~pl .’- t iun and ~ si 1 ity est i -at ion components of this maximum
l’ ke l ihood ta i l o red  te~. ing ~r- Plu r n’ see Patience (1977). In the past ,
a rbitrary salu e~ have generall y ~e,’n chosen for the stepsize . One of
t ’-ie primary goals of t his research wa~, to empiri cally Investigate the
.-~‘f erts of .tepsiz.- v u i o’s on the bias and standard error of ability esti-

te s .  In s Ining , the int ent was to determine the optima l stepsize
~ilue wh ic’ would r~ in iri z” the b ias and standard error of abili ty estimates.

T h* ’  second program p , I r i I i e t i~ r inve stigated was the acceptance range .
Th e acceptance range spec i r i~~i the amount of deviation in difficulty an
admin istered item could have f rom the requested i tem diff iculty and still
be acceptable for administration. The acceptance range parameter mon i tored
the appropriateness of i tems selected throughout the tailored test, I .e.,

_______________
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~Otts during itesi: select ion oased on the fixed steps i ze until both correct
and incorr ect responses had been obtained , and also during ite ’- selec-
tier to maxim ize the information function for a maximum likelihood ability
“st i :ate . If more than one i tem ~ere with i n plus or riinu s the acceptance
r ange L t the desired iteis , the i tem with a difficulty value nearest the
requested ~.a l 4 s ’ w a s chosen . If no i tem were avail abl e from the pool within
~ ?lI’ ‘.pt’ L i l  .‘d acceptance ranqe of the difli cu lt y requested , the tailored
te~ t .~ j .  ~~‘s ‘at rd ~P i . ; r  i ary a i i’i regarding the acceptance range , tnen ,
.~as tc’ d.~t .’rr,n.’  wh at va lue  or range of values y ielded the least bias
an~: stand ar d error of ab i lity estimates. Clearly, a small value for the
acceptance range would have insured that i tems very near the desired i tem
d ’ t t i ~ j l t ,  .‘iUii l h. id- in i stered . On the other hand , too small an accep-
‘
~~~~~~

- ‘  r~~n; ‘lue ,, uld have increased the chance of premature termination
~ the ta~ 1- ~nnd tes t . , w i l n h ..iould have induced bias of the ability est i—
at ’- . I~ .h e u l -~ be ‘;cted that both stepsize and acceptance ranae interac t
•ith i tor poo l at tributes and , therefore , a choice of what values are

.1. not ‘-ad.’ dY.at iin g i ndependence of these controlling factors .

‘
‘~~“ ites pool attributes stud ied in this research included size , shape,

an . qual ity . Si - ulated it ci - ’ onols used in thi s investigation ranged in
si :~ tror nine to 181 it e ”s . Shapes of iter i pool dIstributions were normal ,
rs Lt an quld r , - s  n~~al , and ‘.ke. :ed . I tem poo l quality referred to the con-

‘i— .t tset ..yev ac t ua l  and idealize d pools . Idealized pools consisted of
tt” l i t ?  ‘cu lty ~-Ira,Ikters equally spaced from -3 to +3.

tu al ,~s o l s consisted of i tem diff iculty values (r-inus one time s
each o~ toe i t’:’ easiness values ) obtained from calibration runs using

1t  r.right m d  Pan criapake smn (1969) calibration program based on the Rasch
.odel. In these pools , i ters were not equall y spaced on the difficulty
cale . one of the actual item pools contained 72 i tems while the other

h id 1.’~O items . The 72 ‘ ten pool consisted of item difficulty parameter
esti’°ates t roi s the calibrat ion of three vocabulary tests. Thi s pool was
~ah~ led V i ~~P L.  Tn~ other pool was constructed using i ter’ difficulty para-
eter .“, i r  arc” fror’ the calibration s of tests covering the evaluation

t.’c’insqu es p0’” inn ~f an introductory measurement and evaluation course.
This pool was labeled FT1PL . The distributions of i tem difficulty for
• 1PL and i T I P L we re oraphed and apoea r in Appendix A . It should be noted
tna t i te ,  ; )o 1 attrihut .’s olayed a substantial role in the utility of
t~ ’ ti i 1 rs’~1 - st i rig procedure .

Prog~ar~s

~~o F O PT ’A ’ l  programs were used for investigating effects of program
in d i c t e r - , and iter. pool attributes . The i nput variables for both pro—

irar included : a) acceptance range , b) stepsize , c) i tem pool size ,
~~) i tem difficulty values for the various sizes and shapes of i tem pools,
m d  e) the true abilities for a set of hypothetical exarm i nees. Both pro-
-ira- - s Outpu t the mean and standard deviation of the estimates of each
•r~p ab i lit , pr ovided. These served as dependent measures for detentmina-
~ion of the quali ty of estimation for the specific values of the acceptance
ra r ~~p , stepsize , and i tec pool parameter set.

_ _ _ _  
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Trm ~ fi r st orogra~- , tOe TRIm li , was based on tnc concept of a propensity
u is t ’ - m : j t i o n ,  A ,~ropen- . ity di~~tr i~~jtion in this context was defined as
the ~rot-j~ i ! itj  d is tni~~ii t1on for observed ab i l it y  est ima tes given a t rue
a b i l i t y , P(..~

..) (L ord and .uvick , 1968). The concept of a propensity
. i istr iuuti on was t’~ ten(lt’d free’ its use in true score theory to the context
of la ten t tra i t a~ m l i t ,  e’-.t i mt ion . The TRLI 1P program determined the

i t ,  n i s t r  i ~u t ion r a ‘j i yen true ..tb i Ii t y , •i , a n a l y t ic a l l y from the
~roperties of the tai lored te sting model.

toe TRLL 1P program operated as tol l~~s . In i tia ll y an i tem
of average lit f i cult , ~a - adi in ister ed to the simulated exan i nee with
know n t ’ - .~e ibi l it ,. ~~~~~ on ‘‘se ’ r sst ~ -m: i l i t ,- funct ion for the simple
l s i i s t i c  :~~Jel

1 ; )
p 

+~*~-‘m’r ( 1)

thi’ 1 tt’f ; ‘. . • 1 ~” ~, 0 i 1) , - I s  the s te’ d iffi culty parameter ,
m d  -‘ is the j  i l it y  pa ’art’t ”’ , t o -  p r o h a t i l i t y  ef a correct and the pro—
t ab 1 li t .  of a!; i ri co rt .’ t t - - , ; - r . , ’ ~“r.’ ot tam ed . If the response were
correct , t- - .’ .h - ili t -. e’-- ,ti ate .~as inc reased ~;y the stepsize. If the response
we r . ’ in n c e r ec t , the a b i l i t , - es t i- ate was decreased t -y the steps i ze. ThUS
a f t cr  ‘n.’ i te~ ~~~~ , m ni 

~, t t” t ’ - l , t-w ’ paths or branches were present on
the “t rot ’  - ( T o  i m ; r m n - f r o - - ; r  it a t - i  1 i tv  theory was employed to
represent t’ .’ br ,~~t!nsit .  ~i ct ribu tion in th is study.) based on these
t I rs t  po s c i t l . -  i~ i l i ti t’stl v ates , se closes t i tems to each of the two
esto ates .~a- . selected for a~ rm n ,)tration .~ith the constra int that the
t i t f i c - ~1t , ot ~~~~ ,‘ i t ’ - -

‘ 
-
~~st ‘ .mve been within p lus or m inus the acceptance

range f,’ov t i! :resent a~ il i t y esti’ -ates . If no i tems were available ,
t hat  :- ‘anch ~ m ter in at ,’i at that point. However , assuniinQ i tems were
a.a slab l , tnere t’~~’ s t t ’ ’ fe-u r possible paths after the second i tem had
.
~er ad - sn i st e r e d . A c i- oi u is ill correc t or all incorrect responses

,.er” o’t - -msne t ‘n a g i . .-n k - a t - , tue a~ ili t y estimates continued to be inc reased
je , r , j , p t, ‘-e~~ec tiv p l ,, ‘ y th~ steps i ze . However, when both a correct

j r~ in ~n~,urr.’ t  v - . . p r ~~. ,.ore present on a pa rti cu lar path of the tree ,
a ~a ii - n ur- -l i kelibo o1 m~ ‘m i s t y  , ‘- ,t i i ta t ion procedure obtained an ab ility esti-
mate using an iterativ e ce-irr h for the mode of the likelihood distribution .

- ,‘a ’ ! i  ill, ill 4 5 t ’ - i t ”  how toe propensity di stribution was determined
:,  the T~ I i 1P , Fi~ sj r t ’ 1 - ,br~~s s dia lr a r : representin g the operation of the
~r o ( e t i j r e on a nine i to ’  ‘n ~ tarigula r pool . The stepsize used for this
il lustration wis 1.0 m n i the acceptance range was 0.3. The “ for this
ana l ytica l derivation of t ie propensity d istribution was set at zero.
As was pointed out above , the procedure began by aói’inistering an i tem
of average diff i culty frr,r the pool , i .e., the item with the difficulty
parari.’ter 0.0. The probability of a correct response , as deterwined by
the probab ility funct ion given above for the simple logistic model , was
0.5 and the probability of an incorrect response was 0.5.

After a correct recirnnse the ability estimate was increased by the
~tepsi zr , or d f t o r  an Incorrect response, it was decreased by the step-
size. Thus ifter one item , the ability estimate was either 1.0 wIth 

-
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Figure 1

P, L,’dural Operation of TREL 1P
‘1 .1 ~~in t’  Item Poo l with

J .d and Acceptance Range 0.3

‘ i’s f ’ i e i .P i I 1 s t  m i , m t i ’  l’rol aI 1 i t y I st )iui,,tp
I - c - , m~o, .~~ ‘ It ,~ tloe , ted ) of I-~csp ’i sm’ ( i t em ;; ‘ s ’ lected )

3.00
2 .00

(2 .25)

1.50

o. ;~ 
+ 

-
~~~~~~~~~~~~~~ (‘L75) :

- 

— - - -J .375

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ zz :  

-2 .00
(-2 .~ 5)

-3.0 0

[ ( a )  0 . 0  0 .0

S . 1.0 1 .174

‘mote. ~nf’ 
• 1r~ iCateS that no i t e m was available in the pool within +

t ’  - iCC ”~.j t 3 f l n O  range.

~roLa. - s T i ’ . -- ‘  “). S ~~
‘- -1 .0 .~i t h  prob ab i l i t y  of 0.5 . This procedure was

~l1owed 50 t~~~’ ‘‘r it e a b ility estimate s would be av a ilable after each
itec’ r es ~ - o r - . atoer tran the + value given by the max imum-likelihood
:‘ ro ced , r e- . “hi ’ i’-.ijectecl value of the distribution after one iter~ was0.0 a nd the s t a n d a rd dev iat ion was 1 .0.

- -iced s n the~~ firs t possible ability estimates the closest i tems
were c°lected from the pool wIth the restriction that their di fficulties
r ust have h e n  within plus or mm nu~ 0.3 of the requested difficulties.Th;j~~, as Figur ” 1 illustrates , i tems with parameter estimates of plus
and ‘-‘inus 0.75 were a~ iii nistered to the estimated abilit ies plus and minus
1.00 respective l y. On the upper branch of the tree , a correct response

-,ielded an ability estimate that was again Increased by the stepsize ,
since a maxir”ur’-likel ihoo d estimate could not be determined wi thout both
a correc t and incorrect response. Now, the ability estimate was 2.0.
The prob abi1i t~ of this correc t response to the Item with the 0.75 diff i-
culty parameter was 0.32. The bottom branch of the tree was the same

f except for t tm v’ change in sign of the I tem parameters and ability

I
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v ’s t ‘at e-,. .,h,’n the i to m - -cool Ii s t r m but  ion bol ng considered was synrietric
t s c  resu l ts ot  the anal y e . w e re  th~ caine above the zer point as below
the zero p ’in t e~ ce pt  for the change in sign .

Fol l ey..~ i ng ti~~ i . i  dl le ~‘-anches of the tree , an inco rrect rt’cponse to
the it o  .~i th I i t t i ~~~lt ,  0i5 y ie lded an a bil i ty estii ;ate of 0.375 from
t v , .  j~ ii ti- — 11 k~- 1 i’ i ’ed techn ique - T i e  proh ih i  ii ty of this response was
0.68 1~~ss’d on the n - od& ’ l . ~‘s hv ’! tb. I i i - . t It s ’ was n- i csed and the second
answ c ri - i l  co rroc t l 5 - , V ,~ ; v b ib 11 i t  y ot the second response was also 0.68.

tn’ 1 ‘U 1 i ndt ’pondon ~ e assu - -
~ t ion f the model , the prohahi 1 i ty of

.‘~~ t~~ er a + 
~‘ .0 e - t i ;  a t v - .. m - 0. 5 0 .32 = d . 16 w i le the probabi l i ty  ef

• 0.375 ~‘.as 0.5 X 0. -~ 0. ~4 . ! t’- is ‘-anner the propensity distribution
: - e &~t~~ j  p,- i t t  . r  tw ito ’- ’ ‘ ii bt~ -n a j’iim ni s tered . As noted at

‘he b-:ttori - 1  F ij . r”  1 , t’ v - ~-*p t~ tel value was still 0.0 and the standard
~~ it son (.~ t ii c t

~ wa s ,‘te v -r ine d is the square root of the VAR (~
, ) ) was

1 . I 7.~ -

T - .- tree tt’~,’l~~,-d f u r t ’ ’’’ in t~’ i s  . e - s - c a nne r  whenever i tems within
to ,’  t (~~’~ Tun c’ - ‘ !ii~~V n i - ’ ”  IV d 1  iL - i ’ - . I t all correct sr i ncor rec t  responses

rt ’ ’ ~ c . ’ .“t , t f l s  . e- t  ‘-,t ~
-
~ - I:’ ~as used t i c - a l e  ,mt i li t v  e ”, t i - ~~tes

riCe j  1 l* t , r s ’  of ~ - v r ~ - t ~f lI PlC- r ’ e ( t  ~o nu- ’ ,  ,.~is p ’ -e-  -c ’ t , the “ a ’ i—
u ’ — l  i~ ’’l th ud a i  l i t .  e - t i  i t v ’ H c , ’-~ ur ,-  .~~m - , u~~m -d . ‘,o ts ’  t t st’ ‘ ‘b ra n ches ’

of Fi ~~~~~ 1 n, -’ - .- ~11. i~ j  • 2. 01 
~m i l 1 t - , C 5 t i~’

j t ,- hu t  no item’ , ex i s t ed
in the pool w i t h i n  4 - ) ,~~ ~ t’ - ’- i~- i 1 i t ~ e ’ S t i ~ - a t e + 0 . 3 7 5 ,  Theref ore ,
t~’ ssv b ’ .irs ‘ s ,  • .‘rr~ ~~~~~~ ted .

Th e tre,’ c o t i n i , ’ . t dev i ’ 1o~ t’~ fo l lowing a l l  “ l i ve ” path s .
;- ro; r~~ i , ~~i r i s ’ i . ’ a t t e ’  a l l  bran - -be”, ire t,’ri’- ina t ed  by the c rnd it i o r
t ’~at  no i • ‘ s s -  ‘ ippr~~~’ -it ’- d f :j 1 ty  d v ’s ’ ava l  1 able in t ue :~c~- l , C~ne

a , ‘~“il l ’ a c i n ’  ‘ b it i .  the n ’st v”- pf i tems in the pool q ots  larger ,
T r i e  ~) “ J C ’ t~~’~. ‘5 , ~ra c t s c a 1 i ,  s;s ea~ iny , hounded by the storage capac i ty
0 t’ • - .~Tc’ f i c i l i t y  a~ -1 aqn itjde of one ’ s computer budget. For
T’_ .- . - ‘ L’0/ 1f-~ s . s ’+- - r ~~~~~~~ thi TR [[lP program was run , i t was found
Th at s i  t , - - r~’ ‘ T.’~ , ‘ - i -  ra~~~ i ci l ~;- i - e v - l im i t  on t e number of i tenss
the’ ~- -~~ l - .1 i c~ rt ai r -

‘ in , part i u lar run of the various combinations
of st. psize , ir ;e :tan~o v m n ~~. , and s h -m p e -  of the i tem d i f f i cult y di stri—
jtlon .

ut’ to the l i n i t a t i e r  on -~ize cf the i teci pool whi ch could be investi-
gated n l t r i  the T ’ -’U L l P  proq rmr , the second computer program , SIM1P , was
de v e l - s p e l .  T P - s i ~~ ~-r o rjv - m r - was -idapte t f rom tue tailored testing procedure

- n t oe  R i - c u  ‘“n i.’l wh ich was already operation al . This particular
ta ilo r l testing ~iroc .- iuri’ h i’, been described thoroughly elsewhere (Reckase ,
1974) ,  cn enly the details ~

,.r t s n Q ~,t to th is research have been presented .
The SIMIP ~rnqr-i r fo llowe d ‘s rs 1~ one path for any given - ‘ in contrast to
trie T-EE j r . A parti cula r path was selected using Monte Carlo simul ation
t ec ’ - n i -~~e - . It p ru vi le l for i nve s t i g a t i on  of the properties of bias and
.ariance of ab ilit y e- ’o t i n a t inn wi th ruCh larger i tem pools since the required
,toraqe m d  computation were substantiall y reduced as coi’çared to the
T RE( 1P pr ogra s i.

“be following values served as input to the program: the steps ize,
acceptance range , i tem pool diffi culty values , ‘~~ , and nuister of simulated
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v ’ -  ts :~ o~ a~ mi sm 01 ’ , - 
~~~~~~ t~ tue to i 1 ored ts ’sti ng procedure , The proce—

du i v ’ l i m i t  i ~i i ~idi ’ ‘i  st’ red an i tot of average’ di ffi cu lt v f rom’m the pool
(1 ’ it t O i l - . p i.ov 1 101 . I ~ t sr re’~ t i0’ . ~0flSC we rt’ oh to i ned • the ab iii ty was
i r o i t ’ i - ,t ’d l v  I~~ “tt’p’.l:e . it  an incorr ect response were obtained , the
a. i l i t  .~ is ‘IOU ‘o a- .v - .I - , tot steps i :m’ - The appropri ate i torn for the new
I- i .. t J-~ 5 ’ 1 ’ , ’ ’ ,’ . hi —, f t  • s ’ d  s t 5 ’~ -. :e up and h~~n procedure con—

t ’ ~~~- !  ‘-~~ i-I :- -~tn & r ~r v- . a’s i inc o r r ec t answe r had been obtained in the
- ‘ -  ~~~ - - - ‘ - . ‘ -  S ‘ I !i~~ - n ’ - v p v - ’:’dure swt tched fsi ,r the f 1 ~ed s te~’s i
H J. - c u’ ‘ ‘C) - -  s ’ 1 um— Ii . ‘-I i t s  cd it i ii ty es t i !’at  ion . In both cases , i tems

1 “LT ~ ’ T -- a ~ ii’ 1 ,“ the i t,’m 1 nfor~~ t i  on (R i rnbaum~ 1968 ) . Abili ty
.- -,fl i d t i o n  wa-  icc sir;li - ,bv I a ter each i tem was administered (provided
CO’ ’ . t a ’ ’ i ’ s - ‘ ‘ - t r~- ’ ;- ~~v lst ’ s had prev iously occurred ) by the maximum-
i ~ - l - 0~-Od .-

~~ i r’- a t  1 or r~oce ’durt’ u sin g an iterative sea rch for the mode
‘f t o  i s. -~~ ‘s~~;-J 1 is~ ’ i ~o1t i on . Toe i ten s admp in s stered had to he WI thin

ol o, - I’i’i’~~ - t’~v ’ l c - ’ - : ’ t - i ” c c ’ ranye from the requested item difficulty .
:e so i t em - - -c ’ i~ a i l a :  l v -  w i t ’ i i n  this range of the estimated ab i lity ,
t’ ’- ~r ’ -~ ’d-~s-e st -:qst’l . t~c onb other stopping rule was based on a preset
rr~~.ir~j m nur~

-
~ 0’ i ’ jt e r ’-, t hi t was to be administered .

...‘‘v’ ‘ v i  ‘-re’ct or i ncorrect ~y the SIM1P program ut i l iz —
-; j ’  t ’~~’ - v n j I  v u ’ -  r ‘~ u

- -“i - qeimerator , First , the prot ab il i t y of a
C - ’ ’ -  - - t ‘ v ’ - ~ n. ’ ~ - c - -  ou • 01 us i s q  the forriul a for the pr obability fun c—
• ‘o n ‘ ‘‘ “ c i .  l~- 1 - :  Y ic  - - - oi l s t a t e d  ear lier . The ~‘ for thl S computation

i s  ‘ - o  ‘‘
- 
,- - . t - i ’ •~ - is i’ i:- -s~ into toe prograr., and the d i ffi cu lty para—

-- is - it o ‘ th ’ - :tt ’~~~u~ t adm inistered to the si ulated examinee .
‘‘0’  t o m - , - ‘ c  - ,; i i ,t , ;t m correct response had been deten’iined , the

- 
“ ~- qer”r i ~~ -r  - .el.- ted a n-j nh e ’ v - between zero and one from a

‘“ct ~~’- s - b r  s - , t ’ i : it ius n . If this randort l y selected number was less than
al - ‘ ‘ v ~~~ i i i t ,  of a correct response , the i tem was scored

c ’  re ’ , ‘ t ’ - - ! - s s - l ’r , se l ”i -te ’ v j rit’e’ wv, greater than the probabilit y
a c o ’ r e c t  r- ~‘OflS .’, tri o i tem was scored as incorrect. An ability esti-

‘si t s ’  was tn-’ - -~~ alned i~s t the next item to be admin istered was selected
TQ i~ à ’ P ’ l l7v ’  i’~~i r” - m tio v f 0r  t hi s estimated ability , Thi s procedure continued

“~~“ - , ‘~~ ‘ s t - ~~s:~snr 1 rules was encountered .

The’ i~~~’ L r n t r - . l lm nq progr~ps paramneters for both the TREE 1P and
* “ Y -- p -, let ’ Ifld acceptance range values . The steps i ze para—

-o t~- - - -mt~ 11 .- i bow ~~~~~~ ~be ;)rOCedurE? would n~ ve through the i tem
p00’ ~n sU’ ~~‘ - ~ ~~~~~~~~ r m nqi -’ parameter specified how discrepant i terms

- o.i-I ‘ ‘ ‘ t’- . e  d.’-.i ’ ed and 8 t i l l  be administered . The acceptance
r t n - ~ - - ilsi mdi c’ - - t l- ,- ~,- t e r r i re d  the number of i ters from the pool which
,~,-r . -. 

~a il , i ’-~ ‘- v  i 1 ’ -- i ri st ’ -a t ion . Clea rly, the wide r ~as the acceptance
- -~ r.’~~’.’i -~- m - tue nur-iber of ites ’, that could have been chosen

• ‘ ‘ - i - I r s n i s t i - a c ion ,

T”e P~~iU in - I S~”1P proqranss used in this study for deterwining 
. ina l  • s . i z e , acceptance range , i tem pool size , and i tem pool

‘- s ’ i ~- .t’’-.n were si- - i l a r in t i a t both output the mean and standa rd devia-
• - in it ib ii i t ~ e .  t li- a te fo r Cact i t rue - ‘  i nput. Howeve r, they differed
s r  • “ -  -i rs r~ v ii ~nic’s the ,ean and standard dev iition were deter,nlned .
., -i ~~

‘- t i— ” TPE lP pursue-I - i ll possibl e path~ through the i tem pool , the
5~ -fl P ‘ofl’ss. ; inl y the path that was the result of the simulated inter-
ictio n of jr ~~~r 1np e w ith the tailored testing procedure . The mean and

I_ 
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st andard dov ma t  i - i t  I r~~- . the T RE Il p w e re a~ tu ~ l lv cepected values and square
it s  0? ~ ir lance (. ‘I Ipi~~ t s ’ I  l v i  proi ml i l i t  iCs at  i s inq  t i - iss - - the m o—parameter

I tide I and at -i l i t  . o- .t i it es ii is i 15 1 t m ist - t h y ’  s - j  it Ium — ii k~’ i~ hood o’. t into t ion
to con i qu o - Th e ’ ~ I Y-~ 1 P pi ll v ac provided a niean arid s tand  ard liv i a t  i on of

h ,’ sot ‘ a: - l i ti  e s t i m at e - , d t i 1 n e - ~ fo r  each sf the u ’s S p e C ) t ) t ’d .

~. h i ) v - l q n

i’ !-d ’ -- , i ;a t ”  to t  ~ pt i ’ a T  s t ’ ’ ; . i C t ’ , accept inc ’ rl i ict , to: pool
~i ? v - , ~u- t~~.- ’ ; ‘ol so ~: ‘ v - , ‘s’ j ’- i ~ a ll po~ 5 i t - lv ’ c ui t i nat io n S ~ 1 the fol l ow—
1 ! _

~J .~‘‘‘t i” u t In to t ue  T ° I i  IP and S I M 1 P  ; r o q v a : - - n- true abil i ties —3 ,
— .‘ , — 1 , -1 , 1 , ~~~, a n- :  ~~. T oe  ~tep smz~- v i l u ’ ’- , s too l w e’ re . 3 , . 4 , .5 , .6 ,
.b-4 3 , .8 , , 1, 1 ,0, 1 .5 , ,‘ ,I) , ~in’l 3.0 , ,-~s i l c -  1t _ U t ’ ~~t ’’5cO ranges wO r m ’  . 1 ,

.1 , .3 , .4 , mn- I ,o , I t~ - pu- i s t : . - ’  w e ’ o  ‘
~~~, 13 , .‘5 , 31 , 61 , 1_ ~, 180 ,

i o .1  l~-~l . te ’s ~‘i’oi ~~“ ip v .  - s r ~~ v ’ - t i q a t . ’ d  ,~~‘r. n or”.al , 1- v U t a n g u lar , b i r - odai
i ” l ‘-.‘-t ’w i’ t  , .~ 1 ‘ ‘ It  ‘ ,It ,  ~~~~ co nst ra in ,- : I et , -~e’en pius and r~.i nus
t ’ ’~ ’t ’. : s ~ au :”: i t . - ’ ; i n l s (ii i t h i c u l t v  v i l u  in t n. a bov e  s oa pe ’, w i t h
, j -  in  ~~~~~~~~~~~~~~~~~~~ fl 5’ - i ; - ’ -  ,‘ ,j s i ~’s ’ -~ h i t s - ’ - - 1) ~~. - v - e — - r str ucted and
. 0 1  i ,  i ’ ; j ~ to tn. ; ‘ o — t v -  i , , i’, ,~e l1 a .  l o t u I l  i te r  pc -s - l s  ( tes t  s tems
~ ilr ‘a t ’ ’ l a s I  ‘ 1 5 5 4 - I m t  : ‘ -  - i s  w i t ’ -  n ci ’n - ,tra ,nt on the - - ; - a  :nq alonq

, li’ f s .1~ .

a ’ ’ , - ’ - i’ .~‘ii~~o m tm ’ r ; - ) ~,1 s t : v  t . f f ’ - ~~t~ were in v e - t i ~j a t e - - l usi ng
w i ’ ,  t ‘ ‘0’ p ’ s ’ - ~~ ~li a n t  Si~~1P p r - ; r m s - - - - on tn ’ v ar iou s s ized

,o o ls  k ’ ’s t iO ” ’ .I i5 i v. ’ , - , i I’h th~ ‘- s ’ - -,u l t i n;  iota , pi ts a n t  pro se c t ions
.~~‘‘‘ .‘ i - .’ to ‘ -  - t i - - a t . ’ t o ’  s t . ’ :  pool ‘-.i :e- . nee ded fo’- ,-

~~~~‘ b u s  - iccurac ies
• ab i lit , ‘‘st 1 ‘‘j i ~n , ‘is - ‘e l at i - in- , h m pr, I s ’  tween ‘ v - it em POOl SI i’ s ’

i is , and t ‘-a’ ~ r ~j ri  1.’-,’i a i “n were ii’ s’ ri s no 1

1” c o p ) r s - , -n - ‘I) ~“~~~‘- ‘ ‘  Ins ’  t he i; t i  al co nt s i nat m -n of independent
a ’ i  ,i~ l i ’ -  ,

~~. -‘ “  ; t m - I  -~p- -n ‘ri ’ s ean and ‘.t a r ,t a r I dev ia t i on  of twenty—five
Si ~b m t.’ i ~- j s n i s t ,  i t s - - n - , - f t a m bored t’’ - . t to v’j~ b “ using the 51Mb P

- to ’- t ’ ’ i P :‘ - t ~ a - 
, the w1p ,mri sons  .~s r p  - f the  m’~ ;o c t e c 1 va lue

-i ’ t to.’ .om’ : r -I’~~ s a t i - ’’s of -- , v- ’rr’’). Val u-s c t  these
‘ ..~~.‘r

4 , v t  v i ’ i a I l e s  .~~- em p -j r ’ S m c r o ’ ~s p ron ra n runs u- i rm q var io L’s s ized
i t . ’: .uols, ‘ s - l i P - I s t e ;  ‘,s .’i’ -j u l j ç — sq j f l - p  ‘- ir l,’ i r -fi s ta n t T~: s ,  were also
c - ~ - -,a’- ”-I f t  ~r- r-~n’, t ’ , m n q  v a r io us  sna ps’s of i tet p s o i s , ~ic 1 d i n q  s i z e  cf
t ’ i’r poo l , , s ’ ps i ze . an I acceptance range fixed . Addit i onall y , compari-

n’, ~~. r s’ - j~~.’ -
~~ th e’ 1s - .p en 1v’n~ va n ab le- , • f i rct vary ino s te; s ize w ith

a l l  Ot he .- va n a t - i ” - . f i ‘ “ 1 , i’s I ‘s i n  v i r v i  nq toe value of the acceptance
r i’sq ’-’ .-.u) le hol S i n - i dl ot ! iov  v a r !  mbl i-. , constant. Si nce the TREE 1 p pro—
qr)r w as c o n c i t .~rnd t o  y ie l d  h’ s” n o t  an trate values , i .e. [(“) and

l~~”i .: ‘-r ‘ i ’ - ; v -  ; . - r ’ i C y t i 5 t r i t t t i - ~r~, anoth e r co mpari son was
deem med i -  p i t -t in t, :ei ,.. e i 0. SI’ -’ lV sea ’s - , and s t a r s  a’- - i ls’ ,- i a t i ons we re
sm ~jec to sample v a r i m  ion , t’ iey were validated against values ~f the
TPEEI P fu r v - i r i o s t S  run- on the si~~ty-ono i ten- pool. Also , the number
it esti na s’o of the true at i l i t y , i .e. the number of ta i lcr rrd tests adm in-
istered to ou rs sim ulated •‘c .Ir’; m nee by the SIM1P proqram , was varied, Tn i s
wa’, done to check whethe’ .m” appropriate number of adminis trations had
5v’en used .
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Re~u it~

0 i- . ~.l t - - I f t i - ‘ 
- i,.ls we’ i-  to  -‘ q m i ’ at  extent drab-in front tables

-, 0 ~~~ - , jm. i a’ i ,- ’ . 1 (i i,~ ii - . 1  t - - I t I’  IRE 1P m d  ~MlI’ pi - v or II ’ - . . Ju t ’ i ‘,o um’
t t ’ 1 ’ lii’..’ .t ivJ . it .-  I .~ - m - ( v  t ~ pv- i t  - l i - t i  mI ’mit m u  iv? i t i-i pvv l i i i ?  I ic u l t y
-a~ ,ii i ’ t m - ,  ~, t o t  , i. - I a P t i ’.’ l v - .m ’ ,t 1’ t a o  j u teS  ‘,t~ uidj,d o r ,- o o f  .ibi ii ty

e~ t 1~ jtt’~ a~ ‘ 
- - ~ t ‘ ‘ - v ur i~~t- ci? at’ r l i t  y I roni —3 to + 3, ~no t hi -v i mportant

- ,ut ’s t  ion was h ot’ l i v  ~~ i ’ an 1 t t~ pO~ I w,t ’, necessary to .~ccortpl is~m the goal
‘‘ accurate a b m b i t ~ t’sti ’- a tion . Thi rdl y, a deterr-ination of the preferred

tut ~’ of t u e  s t t ’ i — ” i z ”  parameter was desired . The fourth outcome of
t ’ i s —  ,tud , wa s t ’ dec ide upon the appro ximate value of the acceptance
ange ; — v - c o ’  j  p ar m --

~ ’ti ’ r ,,hi h .-,i ’uld prov ide abi 1 m t ~ estir-ates with the
least I- la ’ ,  and ‘,t a n~lirl  ,- r r s ,  , T’ie— ,e were the pr ic~ ry targets of the

t 41 , -

- ‘~~-j i r - t i ’ ,- ioui~ I 
~ ° v-  Stu di i rm ~ lij d~~ a com parison ~ the perforsiance

,t • ~~~ ‘ “ d  ~- e ,.. • c 1 - , ~notber ,~~~onj ~ r y  objective was to
- * t i .~ ‘v ’~~ f~~~ ’ and \~ MlP pr - l i ars . “ th is rega rd ,

tn  - ‘ , ‘  - , , ‘ - v ’ -  m n , -.’ .t i q a t v ’- 0,’ pertained to how close- the SIM1P
.om-- ~ to- -

-
’ t 5 i, - .‘ i ’ - , ~nd ‘.tandard d e v i a t i o n , of ab i l i t y  were to the

(‘i) .in i ~~~~~~~~ ) I v - t v ’ ’ ~ s ns ’ - I  I v  the ~~t[l P , ~he i rsportance of t his par —
t i c u l a ’ _ 

~~n ’ ~- ’ ’ v - i ~~t m ’ I t~ ‘~ u~ .~e - l l  the t I M 1P anal ys e ’s on large r i tem
1, pr~i, m :~- :  .i ~~~~~ o a ’.v’ tit . m i n  t ’o’ p r i s . a r , 4 ue~tion~ of this study . 

diet  t h at  the ;
~~ t i ..i t iir vs b r  deve lo pmen t of the SIM1 P

;- ‘o~ v ar :  wa. t I ‘ ,i’~~ ~.it” t o . -  research que stions of the study on large r
‘te - poo ls th in ‘ ‘ ‘‘- i MP ;r irar - ~~-~1d realistically accomodate. The
., ‘,~~n .j or5~L~er r-  .~~: -~~r~,’ : ,n t . - ’  ~em’ pa rms on of the T~ L L1 P  and SI~’1P programs
~à5 ti  iCo l :r w h,t i e, ‘ n t  .~~~

— estimates of each ability b y  the SIM1P
• is a” ad” ,~ f ’- ‘s o--I .’’ - ‘ ,“‘ii ar’a 1 ,-ses were run us ing tn.- ~-IM 1P progran-

r vanlo.. o ito’ ,
- - 

~s ‘ ‘ - - .~P ’ ’ -  ‘ ita hiul alr eady t’een obtained ‘ron the
~{L1 P . ~

- - • r Lm r su i  ‘ s ;  p .- .:‘~1 0— • !‘ ,‘ ‘, y -  p- (-lS and n: Id in g all other variables
l t’~ C~~-~°~)t ‘ - ‘ - nLl’t t- ’ oh t i ’ - , ’ -m f’-- s n m s tr a t io n s , data were obtained per-

t i i’s in~ t ’  t o - ’ i”-iua ’ ~t t ’- •- - .:‘-‘ir eSt is- ate’ , of the r~ ans and standard
0 ’ , -  ‘.‘ ‘0.”, j’~~i’r a l  nq t ’ i lS oa r . ’  line was investigated +-i th

- o-s o’ t’-~- ~~~~ ~~~~ . ‘ tn. large r pnv-s l s . T h~~’, was the question
~~~

- ,- t ’- e ’ ‘- u  ~i) ~~~ ‘, . , j  , i~~
- t l s’ ;u- i t e  upper limit on the numl .er of

t-~ S 1 ‘ ‘ ‘ $ t’ ’ ‘ - - I - , th ’- t i  pit test -

; t e ~ ic ’ ’ 
~- a . ’~’

~~
‘ — - ‘ ~~~~~~~ ~~~ : ‘ v~~r i ’  1. r-p. ’r’ i t ,  i ; i- ,t n i t ’  i t i o n  techn ique ) was used to

eva luat e ‘- ‘ .‘ “‘‘‘- - t - . f .-i r ,i n ; ho shape c’~~ the itel - pool d iffi culty
Iist r sp u ?i o n in a- m l i t ,  ‘ ,t m r a f l o n . Four shapes of ite m pools were studied :
rv ’ctangu lar , “or-’ ml , - t r - n d a l  and skewed. Th e rectangular iter pools were
: t a’ ”~• t S I r p i , : ,  .,‘ 1.’ t 1 n ~ equ al ly spaced i tems between e~.0 and -3.0m n c i u s i~e. T - . - rs ’rr~al item’s poo ls were constructed such that tie i tems
were c~ t il l~ 

-,o ,ic i- ’ ri in prcd-at i l i ty , That is , the area between i tem posi—
t i - in S was kCp t r o n c ? a r P in toe range fror .3.0 to -3.0 standard deviation

i ’  trie norisdl d i s tr i p ut m o n , This procedure for producing the normally
i ;t ri ,- utev l pool-. tad the •‘~fect of selecting more i tems around the diffi-
u1 ? , ,imlu ~ 0’ ;er r and fewer ‘ten’s at the extremes. A simil ar procedure

~~~
i-

~ ni’ I in ~m’ l.’ctin ’J the i ten’ parameters for the bimodal pools as was

- -— - - ~--— — — —--

-- - - -  -~~~ - -~~~-‘- -~~~~~~~~ ~ -~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~ ,
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used to’ -~‘i e ’ t  i s q  t I l t ’  rn - r n- a l  pools . Tne nejat 1 ye liii f O~ the peel was
centered around - .693 and th e area under the norma l d i ’ ,tr it uti on ~ is used
to place ‘yter iss around thi s point up to zer° and down to -3 .0 ,  T ’ se same
n35 true b r  the po s it i -..’ half of tIme pool. The reason + .693 were chosen
is the two i- -ode’, ~f the I i re d a l  d is tribution was that , pr ier to the COn—
s t r u it l o n  0’ ~i t v o o d , i  pool , .693 had appeared prom ising as a stepsize
•aiue . Therefore , i ft ~~r the f i r s t  i t,’ir was adrsinistered at 0, t ’it’ step-
~ r :e’ of .6’~3 ,

~,-uld riove th y ’ a t i l  i t - , estim ate out to one of the more dense
‘ i’~~1 UIi - ~ of t h y ’ pool depend i ng upon whether the examinee correctly or incor-
rec t1~ ansoered t nt ’  f m r - t it ,- ; , tnm’ skewed i t e r -  pool d~ ’,t r i Iu t i on  of item ”

t i -  Con st ru cte P ia i s i l T  Mar procedu re t that f o r  the norva l
ani i -  ~-Ja 1 ~-ool  -

~ . I’at  is • ‘ii’ i t est’s -.1 iv ided t’;e - li st r i : - - 2 t  t o o  into equal
a’ i - i - , - Fur ‘se s , I t ’ .-~. ’j  : - oo l  , t at 1.’- , of t im - Pears ri Ty~’e’ :11 ‘ii S t r i t - u t  ion
,,- v y ’ .-~eci - T o, ; v- vo l  iv !’ -~ t e d  ~~~i p o s i t  i ve l , -,~ ewei (s Im ’w res s .

it ,‘..‘~~L t . . rn t . - : t o t !  i ’ s  to .- taM es included in th is  re port , a skewe d
.!‘ N~t ’o r  i ) , ’ , , - ,~~~ i r -~ i c ~t v - - ~ a positive s lew . ~owc ’ve r , the results would

;t’re r Ii iz r ’ P ‘ c y t t i v e l ,  s~~ t ’~~,’ - t pools .

‘i’ -.~~tS 
- ‘- L e rni r~ t’~i - - - ha ;’- - -~~ t h.- item pool d i s t r i I -~ t i c r ’  :‘ay t e

i ’  m .  ~~‘- . ~~ - ‘-  b ç r  t m f ~~’ - v ’ -’nt cuI~~v i n a t i o n o  of v a lu e ’ . -~~ t - s t ’  rt er v a r —
i i ,  ~~

.-  - - ~~
. ,0. 

• ~ ~~‘ -  - 1 a ’s- I ~ p r m t  out t h e  • O r t -  qeneral t ’- v - s d s  of the
1!e !i ’ .!’i -~~!i in - t i l ,  ss a: -1 . -  1 the c1”pario n’- of tnt’ ‘iors al and
‘‘ ‘ - !.ir’,. l - m ’ p ool’. • ) f _~~~, 5 !i’, - , ii~~ ‘,0-~~~v5 b u t  ol , -l~~ t ’ p tar - - c  rat - ;’- - . f 0.1
in! 0.~ 

,q Pi er a i v - ’ - I  .‘,lt ’ s ~.m i.;- i :, .- - ‘ u) ,~ m l  0 7  ri-o pec? i v e l - ,’ . T hm ’ ’—e
.al ui:-. of a o c e p !  inc.’ a ’ - :‘ - ar -I sti’p ’ i Zt’ w Pr o  P ; os f -’n I- ,’ à u ’ C  they appeared
to ,i.1i - ~~‘ sf Ps.’ lea’,! I i, - , m d  least varianc e i - s t i r  it es . S p e c i f i c a l l y ,
P t’ acceptance ‘-j rq , -  of  0.1 ~~m - , cb~ -.er to i h ’ I  whether the riore dense
i t es- - pa ra me ter s  r ,a r  t he m i l l  1, o~ the nur’.,,l d i s tr ib uti o n woul —1 make the
.oo o’ the s - i ll.- ’ aL opt ,mncm’ range - t e -  i rahle

l iMe 1
nov ; ir i s  r -~~~ TR EE1 P ~e c u 1  t ’, fr om

~~~~ !e I , .~ tu rn ; -m la r  and Normal tem ~) i st r i I - u ! i o n s

A b i l i t y  1evel

~~~~~~~~~~~~ J i’ .!’t ti~ ° ~J Ø  0 . ~ 1 .0 2.0 3.0

t ( - ’ )  ~~~, t ( ’~) 
~ ~

(.. ) S , ~
(
~‘ ) s E( ~~ ) S~

-0 .001 0. 9l -~ 0. 470 0.927 0,944 0.943 1.893 0,968 2.764 0.884
-0,009 0.951 ~~~~~ 0.904 0 .980 0. 76? 1 .468 0.426 1.555 0 .251

0.3 0.7 P -0 .0 1 3 0.787 0.430 0.824 0.911 0.893 1.986 0.984 2.933 0.773
-0.000 0.959 0.623 0.922 1 .169 0.821 1 .877 0.491 2.093 0,231

As can be see n from - Tabi .- 1 , the norra l distribu tion appears to be
inf erior to the rectangular i tem distribu tion in almost all cases . Except
f 0r the 0.1 acceptance ranqe data at 0.5 and 1 .0 ability levels , either

- -

— ------ -—-- —-—‘- —-—--- — -- ---~ — --- --
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t. ‘ . v ’ - d  , ~L1’ - : - . i i ’ ’ - s , ; ’ ,  ‘‘ ‘ ‘5 - the true ‘~ or th y ’ standard devi a—
- ‘ -  .‘‘ liv j~- ’ , - ! P u ’ ’ - ~~‘ i t ntert ’st i ng t i note that even the estimates

~~
‘ ,!-i t I ’ , -J .u ~~‘~~~

- ‘ ‘ ‘ :— o s ‘ ‘s the n on - si ll y distributed pool as for
‘0 ‘eCu ’ - l i v  poe 5 , - - .- c  ‘ ; ‘ - - ore i tems are present for estimation
~~~
‘ -,~- ‘ ‘

0~~, • ‘ , ‘ — .  ‘ ‘ - - ‘ ‘ ‘  ‘‘‘~~~ 1 ‘ ‘ee l

‘lil t ’ :‘
‘~~‘s~~~- - - . and 5tandard i5 eviation ~

- - ‘ .:;~~ i~ ~~~ • snmou s Shaped Item Pools

-‘- t i  i i t v  .‘vel

i i i ? 3

~ 
‘) 

, ( v _ i )  S ,~, i ( ’  ) ~~~, [ ( - ~.)  ~- ,,

‘ - ‘  1 ~ O. -j i~ •.267 0.693 2,840 0.543
i ~~‘; 1 - - . - -~~~~e ? n 2 .?13l 0.688 2,852 0.525

- - - ‘‘  .1 -i ’ 00 0 ‘10 1 - .’Ok O.~~i 7 ~
‘ ,13R 0,805 3 , 111 0,566

- 
,. , . ~~, , ~~ ~~~~d 0. --5~- . .-~51 0,670 2.801 0.561

- ‘
~~~ •‘ - - .- - -uo~ . 1 ! ’ )  ‘ 1 items wi th the stepsize and accep-

0 .‘ ‘ 1 ’~~,’ - ‘ , n v  p , ,r i .-  r ’, 5pb at 1 .693 and 0.30 respectivel y.
- ‘ - I - - 7  ‘ ‘~~ ‘ , .~~‘ ‘ ,‘ ;srec,~n tp d Since the resu l t ’ ,  are

— - ‘ ‘ C 1 ’ - - ‘ -
~~~ 

- ,— 
~- - ~ , - ‘ ‘ ‘ i ’ ~ ‘ . - -

~ 
_ _ v ,— 

-

- 
- , - 

~~~~~ ‘s ~~~~~~ - -  - - ‘ “ :  . ,v - - t n - I  s tandard dev ia t ions  fror the
- 
‘ :~~~~~. -  

• 
- 

, - ‘ - :
~ ‘‘ ~~or , and po c i t i v p lv  skewed pools .

‘ - .
~ 

- ‘ ‘ ‘ 
- ‘, , , , - ‘o ’ ~ ’, , The stepsi ze was fixed at 0,693,

~~~~~ ~ ~~~~~ 
h , - ~~~- !  

~t 0.30 for al l  runs . Agai n the rec-
~ ‘y .~~5 

~~~
- p~-~ 

•
~~~~

,, - ‘ -  - i l l than did the other shape s of item
- ~~ - ‘ - ‘ ‘ ‘ ‘ - -“  - r ;o’ 0 il i ti es zero and one , the standard

- ‘ 
- 

‘ - - . i ’ , v ,
~‘ l 1  as the bias of the estimates , was

- , - - p - -‘, i s i s . ;  i r e , rec ta rv qvj lar  pool . At the abil ity levels
o ‘ 

~ ‘ 
‘ -  - , ‘r~ ‘ , ~~~ ; .~ i ’ pool yielded estima tes with less bias

- ‘ - ‘ ‘ , . -
‘ i s -  t~’ ‘- t v-.lard devi ations than the other

‘ m ’s’- - ‘ ‘-~~ s , T” (IIP would have been the same for
v i i ’ , ‘- ‘~~‘su ur when the pools were syn~metr ic .

- - . ‘~~ , ~~~ ‘ , ‘ ‘ o~~’ i .e • a ‘ - - f  abi l ity were run for the non~al
,‘ s lur . . - ~ i ’0 i i ocv~s. “ ,w. ’~ pr , for the skewed pool containing

- ‘ , •,‘  . s . -r s ’, - t~~,- ‘ , ;a: i .i - a ’ ‘ ‘ ~ values of — 1 , —2 , and —3 were run
- ‘ ‘ , ‘ - ‘ - 

~~
- - ° ; - i ’  -. ‘ ‘ ‘ S  a - , were indicated In Table 2. The results

• ~~ -‘ L ’ ~~~. Ps” f ( ’ - )  -1 ,189 and 5-. = 0.836. For -2 , the
- - : • ‘ ~ l ‘~~~~ ‘ -3 , the 1(u)  -2.935 and S0 0 577

- 5 i S ,  ‘1 ‘ ‘ i’~ •‘ .o 0 pno i as bei ng better suited for ability
1 . . , , ~~-., .‘  i ,’  i v-’ ‘ - i’ s no , since it contained more i tems around
t’)’ ‘ ‘ ~~~~

‘ ‘ . ‘ - - 
- - ‘ ni : ‘- tter than the rectangular pool .

.
.-— — 

— -~~~~~~~~~~~~ ,~~~~ . - - - -



~
—- - ‘——

~
---- -- -

~ — - - -- -- --- - —-- - — -  —---- - -
~~~

-12-

I tess Pool Siz e -

‘St ’ ~niter Id for j .~dqiny ‘sow large an i tem pool was needed for good
ab i l it > e. tir at iOfl u si ry the tailored testing procedure were aga in the
b i as n t  -,tandard ,‘ r r t ’ r  f a b i l i t y  estimates . The results of the simu-
l a t i o n - s  us ing :c’t ~s the T P E E 1 P  ,mnd v- - IM 1P progra’r s have been condensed ,
an-I the - :t’r,’ral trend ‘;a’~ “s illu st rated in f igu re  2 . The va lues of
the (‘) a nd S w Pl iL ’s ‘ i ,m w , ’ been pl otted for it.” pools of size 9, 13 ,
25 , 31 , and r’l w ,’ry- ~tj mn ed from the TRUIP . [-‘y h of these pools had
a recta n;ular d m - , t v  ibut lon of i tetr d if fi culty parameters . The means and
standard 1,.~ m at i on s 0b a b il i ty esti r at e ’s ‘~r the SI’AlP runs on VC 1 PI and
LT1°L (d esc r i’ i ’ :  earl te r ) have been included mr the plot s of Figure 2.
[ac’ anal ysis •- v ’prest ’nte l in th is  figure had sv’t equal to 1 .0, the step-
S i Z e ’ t ied at -1 ,693 , m d acceptance ranqe equal to 0 .30 .

The top qrap t s of Fi l ure ’ 2 illustra tes that as i tem pos~1 size reaches
61 ~~~r t his p m r ’,i ,u la r set ~f a nalyses , the [(c- ) is equal to ~, The bias
-~- ? t . ’ a hili t ? estimates is essentiall y zero. The bottom qraph of Figure
2 ‘,‘s c,~’, that as item pool ‘,ize i ncreases , the standard cry -c’- ’- decreases.

Me these clot s should N.’ considered as t~~ iqh approx imat ions of the
‘.‘lat i — ~r’s’s ir e!~~o’ r  iter vu-i size and ability estimate I- i a ’, and stan-
:ar : erro r , the ind i c a t i o n  appears to be that w i t h  a un if orm d s s t r i t  uti on

I f f  c- ti t , , ‘‘ ‘ 1 , ansI t hy ’  p roqr ,’yi-s pa rmr -4 ’te r ’ . equal tc  the- values
s , ”rl Plere , one ~O-j l- I  exp ect very l it t l e  bias and a standard error of about
0- 3 4ith an iter - pool co ns i - ,t ing of ‘y ru; os -~ 200 item’ , . More will he presented
sn ite m-- pool ‘, sze in the lisc -j’,’.ion section of th is report .

T h y ’ r e , j l t s  of t he stu-l ~ nf the ref . ’ r r ed nagnitude of the stepsize
prog rar ’ pa rameter r-~~y I- c seen in lab1e ~ 3 , 4 , 5, and 7 . Tables 3 . 4 , and
fs C;i~~~~t’ the E(- ) and ‘ rot - TREL1P analyses uf ‘i 0 , 1 , 2 , and 3 using
st em pools -~f s iz e  -

~~~, 13 , !5, 31 , and 61 for the rectangular , normal , and
P l o d - Il di st ri t ’u t i jn - , of i’er di f fi cu l t y parameters , respectively. Table

-
. pr .” ,entS the results ~f th~ 

ç
~ tflP anal yses on the ET 1PI item pool for

-3 , - .~~ , -1 , fl , 1 , 2 , tv’ I 3, ‘~eqative “ values are not sh~~n in Tables
~~~, . , jnj 

~‘ s i r - ce  the r~ ’, j l t c , of t he T RE L 1 P on the pools used are the
. i~~~~ a~ ~‘r the po s i t i .e  v -d~~ S exce pt for the change of sign . Thi s
i-a s ‘- ‘cect”d ‘,lr’ e the it °r- ; - c ’o l  di str~hutions of item d i f f i c u l t )  are
‘,~ lT e t r iC  around ze ro . TP ~ -’ acceptan ce range for all analyses for Tables
1, 4 , and S was 0.30, Fo r the SIM1P analyses of the ET1PL , a substantially
larger i tem pool , a cm jller acceptance ranne , 0,25 , was used as is noted
at the bottom of Table 7. fvnotP’yer variable recorded in Table 7 is the
mean nur”6er of i tem s am~riniste red for the 25 tes ts  simulated by the SIM1P
for each a b i l i ty  level . The maxl n~,wi nt,iter of items per simulated test
was 20 for these S!M1P anal yses .

I n general , results presented in Tables 3, 4, and 5 suggest that
stepsizes between 0.5 and 1 .0 gIve fairl y unbiased estimates , and also
have the s-tallest standard errors , larger steps i zes tend to have a posi-
tive bias and larger standard errors. From several graphs like the ones
presented in Figure 3, the stepsize value of 0.693 appears to be the best

-e

— - —
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Figure 2
tv 1_ i t  lo n sh ip ietween Item—s Pool Size

and t P0’ 1 ( ) and S ., 
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Table 3
Ixpected Values and Standa rd Deviations
from TRIE1P on Rectangular I tem Pools

Va ry i ng Poo l S i z e ’ , St e ’ ps i ze  and A b il ity Level

A b i l i t y  Level

Poo l Size Stepsi ze 0 1 2 3

E(~- )  S 1(”) S E(~~) S~ [ C ” )  S,,

0.5 -0 .000 0 .645 0. 4 0 5 0 .6 0 3 o .7o9 0.482 0.877 0.335
9 0.693 -0.00 1 1 .026 0. 756 1 .113 1 .593 1 .217 2.388 1.139

1 ,0 - 1 .001 1 .155 0.o?l 1 .213 1 .685 1 .298 2.548 1.286
1 . 5 -0 .001 1. 152 0 ,934 1 .268 1 .966 1 .439 3.016 1 .423

0,5 -0 ,001 0,76 5 0 .655 0.937 1 ,~ 77 1,21~ 2.599 1. 20 1
13 0 .693 -LOO1 0, 976 0 ,733 1 ,056 1 .567 1.2 17 2. 454 1. 168

1 .0 -0 .00 1 1 . 187 1 .031 1 ,150 1 ,995 1.085 2.822 1 .005
1 ,5 -0.006 l .l,~ 0,699 1 .249 1 .960 1 .463 3 .045 1. 424

0.26 -0 .001 0.54? Q, y
~-~4 0. 809 1.606 1 .200 2. 7~ 3 1 . 1 — ~0

0.5 -0~~)01 0,736 0.857 0,842 1.933 1 .000 2.964 0.809
0.6 0.001 0.744 0.896 0.888 1 .986 1.004 2.955 0.788
0.693 -0.013 0,786 0.910 0.892 1 .984 0.980 2.925 0.765

25 0.8 -0.0H 0.801 0.931 0.934 2
,04 7 1 .042 3.045 0,845

0.9 -0.00 1 0.84’. 0,996 0.895 2. 061 0. 9 72 2.996 0.784
1 ,0 -),00l 0.829 0,990 0.901 2.099 1 .036 3.135 0.867
1 .5 -0.001 0.972 1. 109 1 .086 2.318 1 .221 3.389 1 .040
1 ,7 -‘1,001 1 ,47 3 1 .329 1 .417 2.477 1 ,116 3.143 0.614
2.0 -3 .001 1 .551 1.389 1 .553 2.673 1 .348 3.535 0. 846
3.0 -0.001 1 .555 1 .36 1 1 . 741 2.863 1 .930 4.248 1.750

0.5 0.004 0. 726 0.949 0. 788 2.022 0.902 3.018 0.725
3 1 0 .693 -0,00 3 0.742 0.973 0.826 2.068 0.907 2,997 0.672

1 .0 .1.00 3 0,776 1.009 0,866 2.140 0.995 3.183 0.817
1 ,5 -0 .005 0.926 1. 116 1 .050 2.002 1 .388 3.382 1 .023

0,5 - ‘1,001 0 .598 0.969 0.657 2,116 0.604 1.133 0.593
61 0.693 -~ ,00 1 0.610 1.008 0.677 2.138 0.805 3.111 0.566

1 .0 -0 .000 0.641 1 .039 0.745 2.229 0 .915 3 .239 0.689
1 .5 -0.001 0.734 1 .100 0.894 3.560 0,899 3.560 0.899

~lote , A cceptan ce Ranne 0.30

—

- —--- — - - - - - - - - - -
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Imul e 4
‘-~~‘~- - t ed ~a1 ues and Standard Dev iations

I rons IR EI I P on Normal Item Pools
,~~r, i i~; I ’ stol Size , Stepsize and Ability Level

Ab i lity Level

1 ‘ .‘,- ‘ p s  I 0 1 2 3

( . ‘)  ~ ~~~~~~~~ 5~ ~~~~~~~~~ 

~ 
L(~~) S

0 .~ 

- 

-0, 1 - I 1.015 0.848 0.847 1.318 0.491 1 ,463 0.226
0.693 -0,-oH 1.098 0.960 0.966 1.601 0.655 1 .898 0.382
1 .0 -2.001 1 .269 0.880 1 .084 1.641 0,632 1 .877 0.334
1 , S 0 .000 1.500 0,693 1.330 1.142 0,972 1 .358 0.638

0.5 -0J~)1 1. 328 1 .062 0.866 1 .697 0.514 1 .922 0.237
13 o .h-~ -0.00 1 1 . 101 1 .002 0.942 1 .648 3.628 1 ,932 0.358

1.0 -0 .000 1 .273 1.146 1.020 1 .760 0.548 1 .946 0.231
i s  -0.001 1 .439 1 ,27? 1.282 2,219 1 ,188 3.031 1 .258

0.25 -‘ .OOl 0.847 1. 1 10 0.853 1,969 0.576 2.210 0.408
-3 .00 1 0.891 1 .184 0.83? 2.016 0.572 2.359 0.278

0.6 -0.001 0.980 1 .203 0.847 1 .965 0.528 2.263 0.266
‘1 .~~ 3 -1 .000 0.956 1 .174 0.811 1 .871 0.482 2.079 0.227
0.8 -0.00 1 1 .009 1 .234 0.871 2.004 0.539 2.292 0.253
0.9 -~ .00l 1 .052 1.290 0.964 2.223 0.784 2.818 0.658
.0 -0.001 1 .055 1 .295 0.979 2.263 0,858 2 .949 0,820

1,5 -0,001 1 ,327 1.384 1.186 2.394 1 .070 3.167 1 .114
1 .7 - -1 .001 1 .536 1.521 1 .363 2.549 0.968 3.047 0.628
2.0 -0 .001 1 ,738 1.653 1.600 2.845 1 .248 3 .492 0.884

-0.00 1 1 .792 1 .62 7 1 .749 2.928 1 .814 4 .045 1.883

- .))-1 0.669 1 .218 0.805 2.046 0.557 2.385 0.277
3’ 0.693 -3.001 0.964 1.268 0.880 2,192 0.734 2 .778 0,607

1 .0 -0. 001 1.018 1.323 0.951 2.300 0.823 2.969 0.787
1 , 5 -0.001 1 .301 1 .404 1 .1 55 2.410 1 .043 3.176 1 ,092

0.5 -0.000 0.75.3 1 .201 0.797 2.132 0.541 2.465 0 .254
).69 3 -0.000 0.866 1 .256 0,873 2.267 0.693 2.840 0.54 3
1 .0 -0 .000 0.915 1 .298 0,944 2 .361 0 .774 3,010 0.711
1 ,5 -0.000 1 .232 1.399 1 ,14 1 2.473 1 .004 3 .227 1.044

- - - . “~~ ance Ranee 0.30

I

_  _ _ _ __ _ _  - -- -— —- - - -
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Ta b le S
[xpe~ted Values and Standa rd Deviations

front TREE1P on Bimoda l Item Pools
Vary i ng Pool Size , Stepsize and Abi li ty Level

-‘~Ls i 1 i t y  Level

Pool Size Step size 0 1 3

L(”) S E ( - ’ )  S 1(e ) ~ 
[ , -. )  S

0.s -0.004 1.020 0,231 0.443 1, 312 0,495 1 ,473 0.245
0.69~ - ‘3.004 1 .095 0.951 0.968 1 .601 0.666 1 ,903 0.383
1 .0 -3 .00 1 1,264 1 .036 1 .042 1 ,639 0.628 1 ,876 0.331
1 ,6 -0 .001 1. 442 1 .216 1.326 2.187 1 , 252 3. 027 1 .291

0.5 -0.001 1 .006 1 .009 o, q-i~ 1. 671 0.579 1 .917 0.275
H 0,693 -0,001 1 . 104 1 .001 0,945 1.647 0.630 1 .932 0.358

1 .0 -0 ,000 1 ,267 1 . 143 1 .011 1 . 754 0.551 1 .946 0.238
1 .5 -0.000 1 .436 1 .274 1 .276 2.217 1 .181 3,029 1 .252

0.25 -3 .000 0.920 1 .102 0,855 2.001 0.623 2.264 0.421
(1,5 -‘3 .001 0.870 1 .152 0 .867 2.024 0.594 2.373 0,278
0.6 -0.001 0.951 1 .173 0.875 1 .976 0.536 2.271 0.242
0.693 -0.001 0.964 1 .207 0 .933 2.174 0.76F 2.774 0.612

25 0.8 -0 .001 0.953 1 .183 0.887 2.020 0.589 2.335 0,272
0.9 -0 .002 1 .025 1 .260 0.994 2.246 0.780 2.833 0.63 1
1 .0 -0 .00 1 1 .017 1.257 1 ,002 2.280 0.860 2 ,969 0.791
1 ,5 -0,001 1 .?94 1.350 1.192 2.396 1 .064 3.176 1 .091
1 .7 0.002 1 .491 1 .483 1.362 2.543 0.959 3.047 0.612

-0.000 1 .117 1 .609 1 ,592 2,831 1.235 3.485 0.871
3.0 -0.001 1 .161 1 .601 1 .763 2.953 1 .803 4.070 1 .857

2,5 -0 .000 0.196 1 .145 0.816 2.060 0.621 2.476 0.406
31 0-693 -0.000 0.924 1 .229 0.912 2.218 0.741 2.814 0.585

1 .0 -0.000 0.957 1 .262 0.956 2.298 0.632 3.004 0.758
1 .5 -0,002 0.968 1 .284 1,049 2.446 1 .080 3.338 1. 015

0.5 0 .006 0.126 1. 174 0,800 2.246 0.692 2.903 0.572
61 0,693 -0,000 0.857 1 ,245 0,876 2.281 0.688 2.852 0.525

1 .0 0.033 0.867 1 .221 0.897 2.356 0.820 3.107 0 .714
1 .5 0,185 1 .128 1 .249 1.003 2.497 1.050 3 .407 0.949

lot~ , Acceptance Ranqe (‘~.30 

___________ —

I. -~ •e~. - -  ____ -- -— 
- -  ______
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Table 6
Means and Standard Deviations

t rans SIM1P on a Bimodal and
Skewed Item Pool Vary ing

t~umber of Test Administrations

Shape of Pool

Iur-iber of Tests
Adi si n i s tered bimo dal Skewed

S , S

.5’- .-‘, 207 0.627 2.193 0.622
50 0.242 0.634 2 .225 0.627

2.26? 0.645 2,216 0.603

‘v - t v ’ - ~11 runs “ade’ w Ith 20 iten upper h in t , stepsize
.693 , and acceptance range 0.30. The true

,.is set at 2.0, [otPi the pools had 61
I tm ’ r -s

Table 7
Means and Standard Deviations
from SIM1P on [T1PL. Item Poo l

Var y ing Steps ize

A bil ity Level
~~“: ,ize

-1 -2 - 1 0 1 2 3

~~~~ -.~,145 -0.992 -0,050 1 .135 1.991 3.331
0 . ‘1’~ 1. ~28 0.486 0.534 0.502 0.627 0.788

‘
~~“ i  ‘3 ,Q4 15. -’~6 19.24 20.00 20.00 19.84 18.40

X - .‘, 71’) -~ ..‘30 -1 .132 0.129 0.962 2.009 2.972
Y 0.491 I .te1 0,550 0.461 0.374 0.515 0.857
Mni 12 .24 13 ,95 19 .68 20.00 20.00 19. 76 18.24

1. -3 .157 -2 .139 -1,134 0.064 1.018 2.055 3.213
.~~~ s: 0.652 0 . 645 0.800 0.503 0 .363 0 .5 16 0.844

‘ln t 10.04 14 . 48 18,56 20 .00 19.92 19,56 16.08

-3.168 -2.2 50 -1.052 0.001 1 .070 1 .987 2.910
.4 0.611 0.782 0.547 0 .5 18 0.444 0.531 0.554

Mr ’ 9.56 17 .04 19.24 20.00 20,00 19.48 18. 12

- 2 . 76 ?  -2.096 -1 .122 -0,070 1.136 2.076 3.053
.5 5,, 0.539 0.619 0.700 0 .539 0.56 2 0.548 0.718

Mni ’ 9.20 14 .72 18.1 2 20.00 20.00 19.40 16.28

.ot e. All runs riade wIth 25 adminIstrations per abi li ty level , 20 Item upper
itmi t , and acceptance range .25.
nean ntster of Items administered .

C 

— 
7

-

~

- -

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~- - — - -- - _____________



- - - ----- --—-.--- --. — --.------ ; - -  - - - ----- -- -----— ---— - ---- ---.- - - - ---—.- - - - - - - --

-18-

Table 7 (Cont.)
Means and Standard Deviations
from SIM 1P on ET1PL Item Pool

Var ying Stepsize

Ab i lity leve l
St .’psize _-- _____________ - _______________________________ _____________

-3 -2 -1 0 1 2 3

X~ -3.061 -2 .175 -1 .026 -0.065 1 .029 1 .950 2.913
.1 S.~ 0.561 0.460 0.573 0.469 0.516 0.696 0.533

Hni 7.80 13.12 18.92 20.00 20.00 19.16 15.92

X0 -3 .134 -2.271 -1 .24 1 0.094 0.959 2.029 3.310
.9 S. 0.499 0.790 0 .898 0.419 0.380 0.531 0.799

tht~ 5.92 11.40 16.96 20.00 19.84 19.20 13.28

~ -3.739 -2.501 -1 .389 0.101 1.035 2.437 3.239
1.5 &-. 0.876 0.961 0.910 0.598 0.792 1 .118 1 .010

Mri 5.32 10.80 18.04 20.00 19.32 16.16 12.72

~~., -3.683 -2.972 -1.482 -0.329 1. 100 2.032 3.631
2.0 S~, 0.514 1 .044 1 .194 1 .175 0.450 0.913 1 .345

Mni 4.24 8.76 16.56 18.56 19 .96 18.48 13.36

~~~~ -4 .530 -2.942 -1 .751 -0.042 1 .230 2 .511 4 .47 1
3.0 ~~~, 1 .591 1 .494 1 .916 0.465 1 .117 1.556 1.519

Mn1 5.04 10.68 16.52 20.00 19.28 17 .04 8.60

Note. A l l runs made wIth 25 adm in ist rat ions per abili ty level , 20 item upper
limit , and acceptance range ‘ .25.

Mnl • mean nuater of i tems admini stered

overal l compromise value which achieves less bias while holding the stan-
dard error down . Figure 3 shows the E(e) and S0 for the 31 I tem rectangular ,
norma l and bimo dal pools when ~

‘ 1 .0 and the acceptance range equa ls
0.30 for variou s ;te~ss$z ec .

Table 7 , whIch reports the results of the SIM 1P on the (T’I Pl. pool ,
presen ts Information that suggests a stepsize between 0.4 and 0.7 yields
less bias and a smaller standard error . It should be recalled that the
SIM1 P Is subjec t to sample var iation , but In general , the results seem
to suggest that a stepsize of about 0.7 Is appr opriate . However , a trend
which should be Invest igated further Is that larger i tem pools seem to
do better with smaller steps l zes and conversely.

Acceptance Range

The results of the acceptanc e range study are given in Tables 8,
9, and 10. Table 8 presents the ((e) and Se for stepslzes 0.5, 0.693,
1.0, and 1.5; acceptanc e ranges 0.1 , 0.2, 0.3, and 0.4; and ability levels
0.0, 1,0, 2.0, and 3.0 from TR((1P analyses . All of the results In Table

- - . . - ---- —- -- - ---.--- --

~~
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Figure 3
~elationsh ip Between Stepsize

and the L(..) and S) . 4 4  -~
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8 are based on the 25 it e r’  rectangular pool . Fro4Ji Table 8 it can be seen
that in most cases , as the acceptance range increases , the standard devia-
tion decr~’a’7e-~. This i’~ a reasonable result since more items are available
for adm inistration with a larger acceptance range . I4owever , there is
also a trend ~‘f increased bias in estimate as the acceptance range increases ,
pa rt icL4la r l , at the high er - abil ity levels and for the larqer stepsizes .

table 9 si~~~ s the results of the Sl~I l F~ on the VC 1PL poo1 using 25
test a d m i r t ’,t r at ions  per ab i l i t y  leve l ; 20 i tem uppe r limit; stepsize

.693; and -‘ -3 . -2 . - 1 , 0 , 1 , 2 , and 3. The n~ an nu u~ er of i tems
~~~, a1~ o indicated . Thv sc rt”)U)tS Ind icate that an acceptance range of
0.30 i ’, : d v ,i~ ly th. :v ’- .t compromise valu e for minimizing bias and Stan—
- la rd error of ab i l i t y  t . s t i r - a t ,~’, acr uss the range of 6 . Table 10 shows
the re sults of toe ~i’ -~i~ ii the IT1PI pool using 25 test administ rat ions
:‘e’ .i~’i li t level . 40 i tn i~ pev 1 i t ~~i t ; steps ize .693; and ‘ —3 , — 2 ,
-1 , 0, 1 , 2 , and 3. A j - i in , the mean number of i tems is ind icated. These
r e- )ult c) Un ITIPL ~~ rM- r.v~

v
~at  more ambiguous although the extreme accep-

tance range values are cle arly inferior to the more moderate values of

Tj~-)n ~~-

I~~pv - , ted •alucs and Standard Dev ia t i ns
fror- T~~(lP on 25 Iter Rectan g ulat - Pooh

:-~ - t e ~ Size and Acceptance Ranqe

~- t F’ps ize
-‘,~ i i ~, Ac eptance -

~~~~~~
____________

.n - .~”1 Range 0.5 0.693 1 .0 1 .5

I ( ‘ ‘ )  5, E(~’) S L( ’-) 5, L(’.) ~

.1 -0.00 0.92 -0.00 0.84 -0 .00 1 .04 -0.01 1 .07

.2 -0.00 0 .~~l -0.02 1 .01 -0. 00 0.~ 8 -0.00 1 .06

.3 - , Qi) 0, 74 -0,01 0.79 -0.00 0.83 -0.00 0,97

.4 - - .00 0.76 -0.01 0.78 -0.00 0.81 -0.00 0.93

. 1 0,94 194 o.5’~ O jjO l .OR l ob fl
~~9 1 .23

~~~~~ 0,~4/ l .0() 1 .04 1 .00 0.~4 0.90 1 .22
1 .0 ~3 ) .-* 0.84 0.91 0.89 0. 99 0.90 1 , 11 1.09

.4 0.94 0.81 0.96 0.83 1.00 0.89 1 .10 1.07

.1 1 .89 0.97 0.97 0.66 2.09 1 .03 1 .99 1 .45

.2 1 .92 0.99 1 .88 0.97 2.08 1.04 2.00 1.45
2.0 .3 1 .93 1.00 1 ,9d 0.98 2.10 1 .04 2.32 1 .22

.4 2.01 0.9? 2.03 0.91 2.12 1 .02 2.33 1 .21

.1 2 .16 0.—~R 1 .21 0.46 2.93 0.93 3.09 1 .39
2 .’~9 0.85 2.74 0.89 3.08 0.91 3.10 1 .39

3.0 .3 2.96 0.81 2.92 0.76 3.14 0.87 3.39 1 .04
.4 3.00 0.74 2.97 0.72 3.16 0.84 3.42 1 .01

- C - . 
—

-~~~~~ - —
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~able 9‘~~~~fl 5 and Standard Devia tions
- ‘—

‘ IM1 P ~i VC 1PI I tern Pool
‘b ar y inq A~cepta nce Ranqe

~t -i ii ty I
iF ,,.’

- 3  - .
‘ - I  0 1

- 1 .~ 3~ - 1 . 71 3 -- ) .994 -0.491 1 .101 1 .873 2.913
-~~ S ,, ) ,43 0 0 .794 0 .57 ~ 0. 810 0 .976 0.676 0. 447

“ i 3~~4 , 5t~ 6.-~4 ~ .52 11 .12 9 .72 6. 24

~ ,, -2 .74 ; - . lf l  -l ,l~~ -0 ,15, ’ l .?O8 2 ,268 2.889
,.‘ S ,, i-3 . 79 )  0. 520 0. 779 0 . 544 0 .739 0. 686 0.540

“ - i • t ,*  ~j*~ l2 ,5~ 14 ,44 15 ,44 10 .56 7 .20

-2 .~ ’-~ - .‘0~;5 - 1. 31 1 - -3 .021 1 ,026 . .229 3.109
.3 ~ 

).-~?3 0.5~~- - 0.-~43 0.385 0.578 0.581 0.510
“ -i  ‘.30 ‘() , i) 11 . 4 16.96 17 .24 l .-~6 7 .68

-3. 1 7 1 - , , 4 ’~. -l .~ 4b -0.fl07 0 .869 1 .234 ~,q5O
4 S., i.~- 

~~
) () .53~- - -L~’-- 1 0 . ~44 0 .399 0 . 775 0. 579

“ r~ ,‘.08 .~ .I3-’~ ~~~~ ~ - .44 19 ,72 14 .64 9.64

- i.~~~c ’ 
~~~~~~~ -l. (~51 0.160 0 ,941 2.340 3. 117

. ‘ S.. 3 , t~i~ D. 7 f l  1.11~ 0. 7Y 0 .546 0. 780 0 .497
“-i R . l~ 1~~,4 17 .04 1~~.64 1 9.28 14 .32 9.48

‘ ,~~~~~
.. :- ii r , ,~ - , .a i~- ..i~~’ ?5 ad r ,r i- ,trations per ability level , 20

; ‘ - ‘  hi r ’ ’’ , and ste;~,i:o .693.
• “J” ~ ~‘-~~,sr ~ i ’ ” c, i-j r r r i s t e re d

.4. ~ ca’”’ -
‘ 

‘-  is t ’ i s  ~ns~ should consider a cor1 ination of
o~ t ’ - ~t~’- ~oo1 icrOss the range o~ -‘ and whether a parti-

c ~ a - ,  r~~~ ” s - ”  ~l- -
~ :- r ~~~~~~~~~ 

- ‘ r ’ ~ ‘precisel y than otners , in order
- • ‘ - t r~’~~~~ ”r ~~ r,jn’~o va1~~p . Decisions regardina the

F l  ~~ ‘ a ’ - “ c; ’ a • i’- - i -  ‘ - ~~~ ‘ - ‘ - 
- ca rnnt  ‘ n —  ade independent of cons ider-

- i - : ’ ~~, 
‘- .‘ S i ? i - -  -~~

‘--~~ 
s -  

~ ;~~
- Y toe i teri pool to be used .

- - - 
~~ ~

“:

U’ : - i r ,  ‘“- ‘ - il t~ m c i  ide the comparison of the perfor,nance of actual
- , i 1”-i 1 te’ ~)fl( ls :- ‘- c’ .1 ‘is 1 -

~ discussed . Table 11 sh~~s this compari —

- ri , and - )ve ” ill , t o~ i~~’ai pool did not perforri much better than the
LT1PL ~~~

- 1

•‘r conparlson ,., -) - ~ ôt t ie SIM1P anu TREE1P programs on the same
,ool .. ~~~~~ ‘ ‘ i-’ s m ” c’ :r~ ’p-~i- parame ter values . ~y looking at Table 2
i r l Ti , le E- , one -~ i -

~ ‘,.“ t i - i t the SIM1P did a reasonably good job of

_ _ _  - 

-



~abln 10
Means ~nd Standard De-.- ia t  ions

i i-: S ~‘fl P on IT I PL I tein Pool
V a r y in g Acc eptance Ranqe

m l i t - ,- I. ~‘-i~ I
L ’ . t.I ’ L I’

“~ r’~~ •
-

~~~ -2 - 1 0 1 2 3

~~ , -2.5?~ -2 .200 -1 .174 -0. 11 1 3,Q74 2 .00 1 3.29-3
- - 0 .559 3 .~~t- ’ O. 7~ 0 0.569 0.903 0,471  ~~~~h4 ~.24 17 .1 6 26,60 2~ .R0 16. 44 11 .16

-2. 989 - ‘.15~ - 1. 144 -0.016 ~~~~ 2. 152 3 ,451
.2 5,, 0.491 0.~ 59 0.73 1 0.332 0.362 0.464 0,-’f’S

‘-‘r~~ 1 .20 14 .52 22.40 ~1 ,~-0 33 .6fl :-2 .36 1~~.40

— 3 . 103 —~~.$ 7 s  — l . l f . ’ 0.)) 1 .01’ . -~~~~~~~

.3 i.57e ~~~.
- -

~~~
- OJ- 0 3..’~~ 0 .~ - l  3, 413 0.~~~7

i• ‘ .50 ‘.4 ’  .
‘ ‘

. -
~~~ ~~~

- . 2 3 7 , ‘~~~ ,‘‘ - ~2 1 - . 16

I —Z - ~i6- : - .‘. ~ ‘ - 1 .1:1 — 
-
. i~4 1 , )~ ~.o ’ ’  3 , -:

0 tIS 1 ~~~ J ~f ’  ~) 3 i t  ) f 0
“‘ i• i~ .23 1~ .,’0 11 .42 ~~~~ ~~~ ~1 ,T- . . .1,

•~~.3i~ ~~~~~~ — 1 .i.-~ 3.211 0~~o3 ~~~~ 3. 1- ~5.s ~ 3.71€ 3.715 3 .~ 1-D ~~~. 3~-~ 0. 3~~ 3 .3 b4  o . c 1’-.~
‘ - - ‘  ‘1° . ‘-~ 

~~~~~~~~~~ .03 Oi - R) 3 i - , 4~ ~5 . l 2  ~2 .7’

r .~r.s 
- a ‘ - - , , i t ’ c  25 id- i “1 s t r a t I  ms ;‘e ’ a:- 1 lit. - ln- ~e

1 
,

~r 1 i r ’ I , -irO Ste;’si:e .693.
• a r  ‘- ,- 

- .‘,
- ~ i ~~~~ 

- s i i-  in stered

— r -
~~~ ‘ ( r i -’ ..,~ t it  ‘ 2 t r r  the ~) 1 r oda 1 an ~ ewe-~ :~nc - 1 s

‘. 1 - ~-~, ~r - ~ T i . le 6 , i t  -~ ‘in -n 5”' t hat i” c reas i nq tne nuriber of test’-
ad i r l - ,t e r ed  : - , t ’ie SI~ iP - : i~1 not -lra rat ical i y change t~’e means and stan-:arl dev i ations. T’merpfore , .7~’ al r ’ini s t ra t ions  seeried adequate .

in i i 1~~, comparing cells of Tat~l .-s 7 and 10 , m e  can -~ ‘e that
ri’j ’, i n’~ ~‘i i . i - ’ ~

- - n ~ , - . - r  ~)f it N’S 1 ~r’ ~~ s te red  f r~ r 20 t p 4fl - lop s
- i~ -5ta n t i - iil ~ change t ’ in - 4 ’an-, -jnO standard deviat ion s fr~~’ the I’fl P .

1- ~ I :- - i r 1S ~’n ‘s  not e. i t ~‘(“ auce toe icceptance ranae of 0.25 used
~r an a l y s e ,  in T a :  1’—’ 7 does not ;crec isel y equal the value of 0.2 or 0.3

? o r  iccept in .’ range in ia~’1e 10. ~1either is the steps i ze of 0.7 in Table
-
‘ e’actly “lual to 0.693 j~~ ’d in Ta~ 1e 10, However , the values seemed
close “nnuqri to “ a b - - i - r r c a r l s O f l , and the result of this comparison seemed
t~ 

c r ’ i r a t n  t’ ;it 20 it .’ , is an upper 1i r ~it was adequate . P4ote that the
.‘an ri jrtr’r ‘~~~ i t ~~~~’, recor’led in both tables illustrated that the proce-
~~re approached the upper lii - ; i t in the rciddle range of

C 
- 

- _ -

- — - -~~ — --
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Ta b le 1 1
Means and Standa rd Deviations from

S I M 1P on [T1PL Iten’ Pool and Comparable
Ideal I tem Pool

4 t ii l ity Le vel

-3 - .
‘ - J  0 1 2 3

LT1 PL X -3 .Ool -2 .175 -1 .026 -0.065 1 .029 1 .950 2.913
Poo l t i - : I 5 t ~l 0.461) 0.573 0.469 0.516 0.696 0.533

idea l ~ -3.036 -2 .404 -1 .037 -0.017 1 .148 2,222 3.070
Pool S~ 0.341 0,703 0.652 0,462 (‘.787 0 .718 0.460

‘.o te. ;~1l run’ , ‘ a- It ’ w i t ’  25 adm inistrat ions per ability level , 20
i tem up;” r  l i - i t ,  - .tepsize 0.70, and acceptance range • 0 . 25 .

r)isc ussmo n

si p ul - .l • ‘ re call ” l th at the basic erphasis of th is study was to
1r -.-es tlga te t ’~’- - o - r a t i c r al ~‘ . i r ist ,’ r iS t i c s  - f  a ( r i- - ; ara mete r  ta b red
tes ting p”o~:.’du ’- ” when on i t er  pool a tt r i bu tes  (shape and size) and
the prograr ~a,’ar~.t. rs (step ~ izc and acceptance range) were -varied . r

so doi ng, ~uggestions recarding the most preferred item pool and program
•a ra m e t e r  .a ’ i.’ - w. ’r.’ ‘mnd based j;~nn analyses of the tailored testing
:‘roced uro ’ s a i l i t ,  . ‘c~~ - - a t p  ~‘ i i s  and standa rd error at various points
along the ,i ” ’ lit, c p ri t ln u-i r r, . th is strategy for investig at in g 1i ~ s and
standard .‘rror was c ’tiva ted ~“, the need to dpteri’- m ne these values at
severa l levels of ~ acros’, the continuum , since overall efforts on the
project were Jirected toward developing a criterion-referenced tailored
test. In cri te rion referenced testing , it is  essential to identif y effects
of abil i ty “ s t i- aa ti -’ ~ma s and standard error on decisions made at several
points along the a~’i 1i ,- scale . The research presented here , whi ch was
designed to determin. ’ optima l i tem pool attributes and program parameters
to i rm nim ize b ias  and errors of measurement, provided a necessary foundation
for furti- er resea rco and development of the criterion-re ferenced tailore d
testing strategy .

Item Pon~~Si~ p~
iveril ) conclus ion5 at~out the most preferred i tem distribution were

that the rectangular pool was r~ost apt to yield the least bias and smallest
standard “rror of ability estimates across the ability scale. One Impor-
tant caution was suggested by sone of the results . When setting up an
i tem pool for use with tailored testing procedures (especially those proce-
dure s having a paraiveter comparable to the acceptance range), It is Important
to look carefully at the frequency distribution of the 1te~n difficulties
to be assured that no substantial gaps exist In any area of the continuum .
Otherwise , one may expect poor estimation of ability at that region nfl

- 
—
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-- 
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‘he coo ti ’ i -~~ , In t h i - , ‘-eqard , one should view the estimates of true
li’ , • 3 .0 - t -~ ~n lt ’rstariia :ily 1 ir ’~i ted , in as mu ch as the item pools did

opt ‘ a’.-e any i t t ’ S  ~ieyond d iff i culty +3.0. For ~- ‘st est iriation of ability ,
tO t ’ ;sool so. ~1d Piav ~’ a Jt’nse uniform distribut ion of iter s a round the

i ii t y eve1  t o be ~‘st lts ,ited

It~’~’ r 0 ~ ~~~~~~~

The n~’thod s t r’ploved ‘o r the inv es ti qat lon of the etfects n~ ite m
;—~,- c1 ~,i :~~

- - n t he -‘~ ,‘ra tlo ~- ~~ the one-parameter maxlr’urr li kelihood tailored
t,’st in - 2 ~‘‘~~ce~f u re we’.’ S i  u l a t ~~ons , bu t theoret ical methods have also been

~~~~~~~ Lord (PlO) s~~~&j e- ~ted a formula for the number of i tems required
‘or a f i~~’d step size rosedur . ( se lec t i ng  items more d i ff io j lt by the
S t e c c i ze w ’- s ’n correct  ‘.“,ponsec were q i - .-e n and vice versa). The forriula
1- 5

(1 + F~ ‘d ) (n - ~ Od ) ( 2)

~~~~~~~~~~~ •~ 
, • ‘ . -  

~
‘ ;.- - ‘ i t.o ’- ~~‘ ‘‘ i cu l t i ’ ’s  i. ’ ’ , i ’ . ’i , is t~’t~ Stepsize

tod  ,i ~~~ o l i;)l’ ~~~, a’- : ‘- ‘s t h e  m a s 1 r ~-.Jr- nurlper of ite rs  to be adi-nin—
1 s t ” ? • ’ . - ‘ n ‘an; I,’ , i P w.-r ,’ 1 i’. tb ~~~ to minus three , d were set
it OA , an-i r here tw p nt , , tn.’ formula would qive

11 9 (1 • 3.0/0.5) (20 - 3. 01 (2 X 0 . 5 ) ) .  (3)

.~‘it P ’  th is se of values , 119 i teffls would be required if the exact i tem
re~uested were to be a v a i l a He .

—
“ I s ‘ I) !?’I, I a ~lc’.-’ - “nt I i ~ 

‘ app i, sort’ ta i 1 ored tect i rig proce—
L4 ’ ’- s  ~~ L” ~.s” i ~a ’ ‘ iHe ra the ’  than a i xed stepsize. Also , most
t e s t ~~’- ~~~r’ ,,‘ fjr,’’, ill ~~~ ic:r i istrat ’, on of ~1i gh t 1~ discrepant i tems from
t~ ‘,.‘ r~~’ 4 ~~~,’ , i~ ,’ ’ b~ tn. ~rocedure the acceptance range spec i f ied  how dis-
- ‘-e~ a rt ) .  Procedure s 451 ” -  a ~ar i i:~1e stepsize tend to reauire more i tems

i . ” , a~ t ’~’ , • j ç . ’ - l j r . -  - - o r i , e ’~~ ,’ to an ab ilit y est ima te , the s teps ize
.‘‘‘ .s t .- ~r~ - - - ,r ,jH,-’r iri d s i- a ll e r , Allow ing i tems to be adrinistere d

i- i ’’.’. s ’ i - ; n tl , ‘‘-o ’ top requested item compensates to an extent
c t~~.’~~~~’ r’ ~~~~~ ~~‘ . nj~~~’r - ‘ ite r s caused by the variable stepsize.

‘‘~~t at i of t ’ .- -),T -~j l a is that several tailored testing procedures
‘ I  - ,  • - ‘ ‘ t • ~~

-
~ -u ”~~i ~~~s:—. - ‘ 

~~,‘ ~‘r”~~is ion is reached instead of us ina
i ~~~~~~ -~~

- a.i~ i~r— r - ~ r~ •‘r o ’ it.” ’, as a stopoing rule .

~‘.r - p ’~ ’ç r  n.’o . - ,~~ ic~~I r~~ ’h ~~~ o ’ .‘‘~t lrn at in g how larae an i tem pool should
“ ( C l ’ ’” . Ir s)  is to rleterliiln, ’ t’ie number of i tems required to reach

‘i s~~”~~i ’ i.’j  ; r 4 - f l c ,l,)n of ab i li ty estimation , qi ven that equall y s paced ,
;.‘r ’.’ - t I y di 5c r l r ~ nat inq ‘ter’ - ar~ ava il able. w it h these ideal or optima l
c it ’ j r- s t~ ni~ ’ ,, he ti re . is~ - n -if an ability estimate is equal to the difference
:.‘t,’,.”r adjacent 1 tCr-s . Fo r example , an item pool with seven equally
spaced i tems frnn -3.0 to 3.0 would classif y examinees into categories
1.0 scale unit apart. ihp n~~iber of I tem res ponses required to make the
cl as si f icat ion would he

K log 2n (3 )

C — . - .- ‘• - - — —  —— - ---—-—- -- — — —  —.- -
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ere n 1 -
~ the s i :t ’ 0’ ‘Ii’ i t . ’ i  pu.l , Sin. 1’ is the number of branches

i i  to,’ tree ~ia~Jrar ,i~~to’~ items are administered . By spec i fy i ng the
;-rt ’Li ’,ion d.”ired , .‘ , t oe  ‘ lnlruII’  itecii pool size can be determined by

‘it ’ range of at i 11 ty , • Ii -.‘ ided by e . plus one .

,, ~~_ + ( 4 )

o n i  ~ j i ’~~,-~ of it. ’ i’ ~’ ~~ii- iii ~ t t ’ ’ . - d  to cl as s i f y all abi Ii ty levels
- ‘‘ t ’ - e ii 1 ore-i t ,~, t i n t  -

~ it -~a t i on ‘•

I loq ,~~- + 1 . (5)

,
~ ‘j~- rt ’ -o. l t  , - j ’ ’ - - :  • ‘ .- a ; - ; l i c a t i , i  1 rh.- formulas based on

t ’ .’  thtn r~’t i  c il ~~~‘‘ - ‘ • y at i ’ ot  • “ .- ‘-j ’ i-’’r of i te!’ i• , needed in a
co o l , 7 1 v ’ ’’ ‘‘i. ‘ .-  i - , - n ~~~~~~~~~~~~~ ‘ a . .’ ~.‘.-r in di cated in Tabl - 12. The
‘‘- ; .ir e~~ n t, - r  ~eo1 ‘.i:.- .~~. - ‘ . -  c~~~:’u tei  for the range of a t - ility, —3 .5

• o 3. ~~ , ‘~ 
,~ ‘r t ‘o’ 1,’ - i’  e l  c l  a ‘, if  1 ca t  i on 1 rtrrva l size. As has been

coi “t ”-i oj , t’~”- ,.’ r.’- o l t - ire f o r  a r,’ctirqul ar pool of hypothetica l
‘‘‘- - s  n i t ’  ~~~~~~~ di~ cri ”i” -t ’ 1 o~ J r i i  zero :w s s l n u  probabiliti es. Ai th

~~~~~~~~~ ct ~ 
- ‘ - , ‘ - . -  i ’’ ; - - -

~ si:.’’, show n must be regarded as l ower
, i i  _ ,- _ s i - ~ c ‘

.‘  ~t -  i ’ - j i c atei, the ~~~~~~~ njril’pr of i tems
t ’ ’ a t  • l  ‘- a . .  • ict ~-r ,’ ’ in  o. l,’r to class if y an a t- il i ty level
I tO in tOe 1 • i • - s o ’ t”’ - it  i’ ~ - 1 . ‘a-s. ’ il so are based on hypo—

t h.: : ca l 1 ,- ~‘r ~v. : ~~~‘ 
-, m d  i ti” pools , m d  ,bou l d be considered as l ower

l i” ’ i t~~. Th~ valie’, ~r to . -  colunri l abelled simulated length are the number
of i tems ‘e t ui f- ” to ‘‘ - a - ’ • ‘.t est i r i~ t . ~S lny  the most likely response
pa t t e rn  5 1 ”  -

~ 1 a • 1 ~r , ~“ r,. - -,jl 5 j r 
~~‘ i s  co ’ ,~r- ’ are t ase - 1 on “ 0.0.

‘-ib le 1?

“ in~—~c- :•~~r P~n1 Pe’~u,r~~~nts
~r~r i ~,‘~ taroi~ 1 i r I- Iealize d Pool ~ 1 ven

C l a - ,s , ’1 r i t i t ~.’ Ir~ i-ry a1 inI P ’ t i l i t~ Range

‘I •
- Cl ~~

- - , -, ‘ ‘ i ~
- ;-

~-~ l “inir .u r’ Simulated
Ii’ t.’r~al Si :.- ~- i :e ‘ ess i - n Length Length*

~~~~~ 3.5) -~~~~~ 15 3.9 2
(~ 3,s , 3, 5~l O.i~ ~~~~ 4.9 4

~-
_i . - , 3. c ,’ O.12~ 5.P 8

( - 3 . 5 , 3 .5)  O 0t~~’~ 113 6 .8 8
(_ 3 , c , 3,~-) i’(P12~ 7 ._q 7

~4ote . Number of it ’ -’r’s id r ri ” i ’,tered to closest approximation of
value w it h in clas sificat ion interval .

~~ some cases the simulated session length i~~ less than the minimum;redlcted length becaus e of the choice of ability level . Setting the

a 
- - . -- . 

— — - - - - —- -.-— — — — 
- - - -- - - --- - —--—-
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~



_ _
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

stepsi ze equal to 0.693 tends to keep the process near the middle of the
i tem pool , speeding ti n’ con vergence for abilities near 0.0. If an abi’~~~v

~f 3.0 had been used , the session length for classifi tation interval .5
would nave been 6, we l l  ~~,,‘v ~Il~’ ni ni rnum predicted values . Thus , the mini-
mum session l .’nqth refers to th~ number of items needed acros ’-, the ab ili ty
‘ i r c ~ ’ , and ~~~~~~ spec i f ied ci ‘-

~~ mst inc.’’, fewe r items na, fe ‘-equ l red.

‘ “ l C’ , t’ n’t’- ,~ l t’~ ~sin y si nixjlated tests have been compared to ac tual
a i 1 o~ed tes ti nq conv,’rq,’nc,’ pl ots and found to be fai rl ~ good approx i —

r it iO ns c e .a’,t , 1-1 r - ) .  n.’ ubs’- ’ ,a t i on  of i niportance is  that , from
~n~.’rgenLI ’ Ho ts , i ‘ can : - . - - ..‘. ‘ n that gi ~ i rig too many easy i tems causes

L i  as in 3~- i ii • ,‘- ,t i - - j t ion . -S’~ a’~’ (19 1’) haç i~ scussed t h is  effect
1 ’ - -fe ta l 1

~~~~~~~~

The ir~ ..,t ig at1 nn of tO.- steps i ze program parimeter suggests that
‘~ r tailored testing procedures using a f i xed  stepsize prior to having
correLt and incorrec t responses in the examinee ’s response string , a va lue
i n the range of .5 to 1 .0 is most apt to m inim i ze ab i lity estimate bias
and sta nd arl t’r.-or . T 0 b-te rnllin e the pre cise stepsize value to use when
sett i ng up n tailored testing procedure , one should look carefull y at
to” l1’ ,t r i~- - j t i on of i te r-  c1 i f ’i -j lt~ o~ the particular item’’ pool to be

Th e te- .t i ng ;-roc. ’jjrp should selec t the firs t item from the “iddl e
c ’ t e ~ - -‘l . T h i s ito’- rvj, not coincide with the most informative item
• 0 , s i n ce t~ e ‘ e t i a n  d i f f i c u l t y  for the pool may ri ~ eq~a1 0.

‘- . n”.t st~’: i s  t - ~ tc’rita t~~vc’l y set the stepsi:e equal to 0.7 and deter-_
n” - .-. ‘ •‘y”- - 

~~‘
--- n .  ‘s ’ in t’ ” acceptance ranqe at 1 , +? , ~~~, and4 - -i t ” ;  - i :~~

- ’, 1.~, t .  ~r r  to ’ - 

~‘l iar  f i f f  lcu l  ty i te m  tha t  to.- : nrcedure
a lm i r- i ,t~’ri’ ‘ ~ry - ~~‘ i , -  

~~~~ ‘-
~ -- - ‘-e bore is to avo id  s e t t i no  the ste;size

it  a ~a 1 -
~~~ ‘ .. ‘- 1 c~ 

‘ in ~ o ab 1 lit ~ estim ate s during in i i a l te s t ing
.~- l l  “‘a l l  ‘~‘rnuq’i ” tb.’ i ter pool (i .e. premature termination of

* t”s !i”q .,‘ .- ‘ n- it e ’~-’. ‘- .1s t A i th in ;- l j ’, rr mi nu s the acceptance range of
‘ be  n~- i 1 i  ‘ -  ~ 

- at.’). I” to.~ it.- r- di ff i culty d istribut ion is uniform l y
jon’,.’ nc’- o - s tot’ ranQr’ 

~~~
‘ ‘ l iIf ic ult - i  th is  will not pose much of a problem .

~“-Gt’~.’- c~~r~ idp r at i in when s .-ttinq the stepsize value is  to make
it s r-~i1l e r i~.o~’ to a’ , , - a r e  that i ter’ c .~~ist w ithin an acceptance range of
ê4 ~~~~~~~~~~ i w l y  f r ’r- t~.’ me dian diffi culty i tem in the pool . This will
n,i~ e the lfl 1 ~-- ’jr’ nijrt -~-r 

~ items that would be adm inistered equal to S
‘ -- -r tnrt ’,e •i~- get al l top items r iqot  pr all the items wrong . Depending
-)n tb” abov ’~ con sidera tions , the ~tep 5ize value may be set l ower or higher
than the recormiended 0.7 . A~ ca n be seen , the i tem pool size and diffi-
culty ‘ll’ ,tr l i -ut io n , acceptance range , and ste ps i ze interact in determining
the adequacy of the testing procedure .

The reason for inc ludin’j  0 .693 as a potentially optimal stepsize in
this study was that when the first F~asch procedure , using raw ability , was
set up at to’- river sity of ~Ai ssou r i , a mult ipli cative stepsize equal to
? was used with good results . When the procedure was changed to operate
on log at ’ i llt y,  an additive step size equa l to 1

~ 9e
2 seemed promising.

This study suggests that i ndeed l oge? 0.693 was ju stifiably chosen for
tne step si ze in the one-pa rame ter tailored testing procedure .

— C . -. - .  - .
_ 
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-~ - ‘i~i . Lmo: fl i n.hcated in the discussion of stepsize , setting the
- t l u - ’~ 

- ‘ t’ie p rogram paran~ ters (stepsize and acceptance range) should
- . “t  • -~r~~’ in ac ord tdth the i tem pool attributes of the pool to be

‘ - 1  ‘ r tc ” t m n ’ l . If toe ltt ’r- pool has a uni form density of i tem diffi —
- .1’ I i . , 0’ ,t. sot tb~ acceptance range at a fairl y low value (say 0.2).

- - . . r , 1’ ~,
“ o .i’ ,t a long t ot- d i fficulty continuum , the acceptance

• i’ — “  ~~~~ ~ie ‘ it  large enough to avoid terminating the test due to
1 , ;I ‘? an . i t ” - w i thin an acceptance range of the ability estimate .

• an ~uceptan c~’ range equal to 0.3 appeared to satisfy the con—
fl’ m ‘5 - - ‘ ‘ .- - ‘ li ” q prenature termination of testing and also minimizing

• 
- i - ’ H “ ~- ,- . 1  ini s ’.’rl nq inappropriate i tems ,

-
‘ - ‘ ;r ,tt ’-~~a’ a”~’t,’r 1e~ t.’~i acceptance range is equivalent to

V.1 ’’ : a ‘it ,ni - -~ir1 i tt’” ,‘i formati,’r cutoff . Ta b le 1 3 indicates the
:. ,  jy o 1 i . ’ m rf or pi ôt to n cuto ffs f r  ~~ acceptance ranges investigated

• ‘ t ’ i is  ‘ :-o.-! . ‘~a ’ — , 0’ ~“i’ tailo red testing systems presently in oper-
- ,  

~~
-- :-  , - t ’ i ” i-t ~’r inf o rn~it io n for eaco i tem in the pool gi ven the

- ~: i l i -. ‘- - - t i ’ - <.t” . ~~~r the one-parameter model , the information
~n is si ’ ‘ — - ‘ ,‘pl w h O  tri. ’ - ‘iffi cul ty of the selected i tem equals

• - - .. .: i li’  - -ate. r j t ’ c c u s s i o n  of  in f or~ -at ion  functions see
-

-

‘able 13
Coriparaple information Cutoffs
for Acceptan ce Range Values

~~~ ~~1-t r~~ ~~~~~ 
In fo rmation Cutof f

.1 .249

.2 .248
.244

. 3 .240

.5 .235

3 °

i’ ’ ’  :i l 1 ’- itl - r for too large r standard deviation given by
~ ~~~~ ,

- 
~ - ‘ ,ri or bp ‘a” tangular pool at the more extreme value s of the 

t~~njjr was suqqected by a close look at the development of
‘‘ “ : - :“ i t .  ‘istri b ut ion by the TREE1P for the various shaped i tem

A .-r n, r ’/ ~~‘ t o ’ - IPE.ElP and the manner In which It developed the
, 1 ’ . ! i s~~~~r ~tions wa s t hat  the standard deviation actua lly increase d

j ~~~
-
“ - . a’o ”,’- . -‘r levels resulted from I tems administered to more and

- -,sib l” a b i l i t y  e stinsa tec. Th is Inc rease of the standard deviation
~‘ a ’ 1 ‘c t y estimates s tabilized for the smaller i tem pools as the paths

.ar ~~”es -)f the “tree” terminated . For the larger pools (especially
‘ -“  t- l  it , r poo ls) , the standard deviation initia lly Increased but as

~~~~~~~~~
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branches were terminated the standard deviation came dow n . Figure 4
illustrates th i s  property of the TREE1P when it was run on the 61 i tem
rec tangula r pool wi t h  set equal to zero, ste psize equal to O.69~ , andacceptance range equal to 0.30, ThIs pattern of increas ing standard

~‘ a t i l i t v  estimates during the early formul a ti on of t he pro-
pensity distribu tion was evident for all shapes of the distributions of
i tems in the pools.

Howeve r , the patterns of convergence to the final standard d. li ation s
y ielded by the TREE JP were diffe rent for the various shapes of i tem pools
at different ability l evels . T at les 1 , 2, and 3 show a genera l tendency
for the standard deviations of ability estl”iates of the true abilities
zero and one to be larger for the norma l and bimodal pools than for the
rectangular pools. but for ability levels two and three , the standard
deviations of ability estimates were generally larger for the rectangular
pools than for the norma l and bimo dal pools . This trend was consistent
across most of the TR [E1P analyses . The explanation proposed was that ,
because more items were available for administr ation to the more extreme
levels of ability (i .e. “ 2 and “ 3) when the rectangular pool was
use d , the standard deviation of ability estimates was larger since the
standard error was more accurately estimated . The standard deviat ions
of the estimates f rom the norma l and bimodal pools for these true ability
le vels were small er , since paths or branche , were often terminated because
no i tems were available with i n the acceptance raflqe of the estimated abilities.
In short , when fewer items were in the pool around a particular true ability ,
there were fewer paths allowed to develop in the propensity di str i~iution
due to the stopping rules . Therefore , the -tandard dev iation of abil ity
estimates at that part icular leve l was an underestimate. A logi ca l check
for this phenomenon was the prediction that wtien the acceptance range
was made sma l le r , the drop In standard dcvi ttion s for the more extreme
ability levels would he more pronounced wit ’ i  the norma l pool than for the
rectangular . This did appear to be the cast’. The point is that tie smaller
standard deviations for abil ity levels 2 at- I 3 yielded by the TREE 1P when
normal or Hmnodal pools were used probably - houl d not he weighted too
heavily, as the tendency appears to be some--that of an artif act of the
procedure . The values obtained for the rectangular pools may well he
more realist ic.

SIM 1P

SIM1P was designed to score and admini .ter i tems in the manner pre-
viousl y described based on the ra tionale that this approach was a reasonable
simulat ion of the behavior of an exami nee when interacting with a tailored
test. The pseudo examinee with some speci f ied true ab i l i t y  i-ias presented
an i tem of average diff iculty from the pool , because , given we have no
prior information about h-k abi lity , the best guess of an item appropriate
for the exam inee was one of average difficulty . Scoring of each Item
by determining the probability of a Correct response using the examinee ’s
‘~ in the one-parameter for~ ala and then comparing this prob ability to a
random nunter selected from a rectangular distribu tion between zero and
one was deemed a reasonable simulation , assumi ng the one-parameter model
was correct. Clearly, the larger the probability of a correct response

-
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Figure 4
TRE [1P Convergence to the

Standard Deviation of Theta
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was , the greater the chance was that the random number generated was
less than or equal to the probability specified by the model of a correc t
response . However , there was ample provision for the reality that occasion-
all y an examinee with adequate ability to answe r an Item correctl y w i ll
st i l~ reSpond incorrectly and conversel y. While the pr t abi l i tj ~ f a
Correct response was con~uted using the examinee s true ‘ - , i tem selection
procedures used the fixed stepsize until correct and incorrect responses
were present , and then selected i tems maximizing information for the
estimated ability . This approach constituted the simulat ion of the inter-
action between exami nee and tailored test with respect to the SIM1P .

Surnar~L and Co nclu s io n

It should be kept in mind tnat this report focused primarily on
program parameters and i tem pool attributes as they Interacted with the
one-parameter maximu m likelih oo d tailored testing procedure currently In
operation for this research project. Clearly, the Inferences drawn from
the results should general ize to other tailored testing applications using
simil ar conceptual formulations of operation . In this sense , the results
of this study were intended not as isolated studies of item pool size and
shape , steps i ze magnitude , and value of the acceptance range , bu t rather
In tended to generalize to fairl y concrete statements about the preferred
operation of a one-parameter tailored testing procedure . As was expected ,
i tem pool attributes and program parameters interacted to a great extent
In the determination of the degree of bias and amount of variance in
ab ility estimation . The intention In draw i ng up the numerous tables and
figures of this report was to illu strate trends of interaction among these
var iables . These trends , in large part , were the primary thrust of this
report. They should be helpful in apply ing tailored testing procedures
In which some of the variables , such as i tem pool attributes , have been
fixed by practi cality . An important consideration when using actual i tem
pools is that cal ibration of actual i tems provide s estimates of i tem
parameters . Often these parameters have been obtai~ T~om a l inking
performed on several separate analyses in order to get larger samples and
therefore more stable estimates of the difficulty values . (For a discussion
of li nki ng tec hniques see Rec kase , 1979.) IJhen implementing tailored
testing , it must be assumed that the estimates of i tem difficulties contain
minima l error. If this assumption is not met , obviousl y error w i l l
be Introduced into the ability estimates based on these estimates of i tem
parameters. At least two major concerns influence the error In parameter
estimates , sample size and factorial complexity of the test. For the
vast majority of analyses In this report the Item parameters have een
assumed to be kn~~n.

in conclus ion , this paper was intende d as a guide for those setting
up a tailored testing procedure . The paper does not , by any means , exhaust
all the inferences that could be drawn from this set of data . The numerous
tables have been Inc l uded with the Intention tha t they might serve as
aide s In guiding the deve l opment of one-parameter tailored testing systems .

I!
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