S . Lo

DOCUMENT RESUME

ED 111 861 ° : \ " 7 o4 004 828 v
AUTHOR ' Betz, Nancy £.; Weiss, David J.
TITLE Empirical and Simulation Studies of Flexilevel
Ability Testing. Research Report No. 75-3.
INSTITUTION Minnesota Univ., Minneapolis. Dept. of Psychology.
* . SPONS AGENCY -~ Office of Naval Research, Washington, D.C. Personnel .
; and Training Research Programs Office.
REPORT NO RR-75-3 . L
PUB DATE Jul 7% . -
*NOTE 56p.

AVAILABLE FROM Psychometric Methods Proéram, Dept. of Pszphology,‘-
. . ~.University of Hinnesota, Minneapolis, Minresota 55455

N -

s * (while supplies last)
EDRS PRICE- MF-$0.76 HC-$3.32 Plus Poskage : (
* DESCRIBTORS *Ability; College Students; Comparative Analysis;

*Computer Oriented Programs; Feedback; Individygal
Diffeéerences; Item Banks; Measuremént Techniqqu;
" Memory; *Response'Style (Tests); *Similation:’ Test
o / Construction; #*Testing; Test Reliability . \
IDENTIFIERS *Flexilevel Test -
ABSTRACT : ‘ ' -
: A 40-item flexilevel test and a 40-item conventional
test .were compared using data obtaimed through (1)
computer-administration of the two tests to three groups of college
students, and (2) monte carlo simulation of test response patterns.
" Results indicated the flexilevel score distribution better reflected
- the underlying normal- distribution of gbility, and that the \\J/ -

‘* flexilevel test had a higher paralleled-forms reliability and a
higher relationship to underlying ability levél than did the
conventional. test. The overall test-retest stability of the two tests
was equivalent, but there was evidence indicating that memory effects
inflated the stability of the flexilevel test scores less than that
of copnveéntiondl test scoges. The flexilevel provided more accurate ..
measurement at almost all ability levels, although its information T,

" function was similar in shdpe to that of the conventional test. .
However, the interpretation of differences in the level of ) -
information provided were confounded by differences in the average ~
discriminating power of the items in the two tests. The Flexilevel
test also appeared to reduce -random guessing behavior in comparison
to the conventional test. (Author) . , ,

-

o

¥% oA A K AR R ok o ok ek e A R R ok o o ok ekl o ok K Al e R Rk R R e
I . Documents acquired by ERIC include many informal unpublished #
aterials not available from other sources. ERIC makes every effort *

to obtain the best copy available.- nevertheless, items of marginal *
reproducibility are often encountered and this affects the quality *
of the ,microfiche and hardcopy reproductions ERIC makes available *
via the ERIC Document Reproduction Service (EDRS). EDRS is not T X
responsible for the quality of the original document. Reproductions :
*

supplied by EDRS are the best that can be made from the original. .
o e ok o o ok Sk sttt ook ok o ko ek o R R R ot e ok o e el o ok ot ok okl sk ok ke ks ok S ook ok ok e KR o

*

R T RS




i
O
aQ t
i
i
—i K ) EMPIRICAL AND SIMULATION STUDIES OF
w i : FLEXILEVEL ABILITY TESTING
, ' a

Nancy E. Betz
*and

. David J. Weiss -
1 - ~,
A ‘/ N \

.
4 4

Research Report 75-3

U.5. DEPARTMENT OF HEALTH, .
EOUCATION 8 WELFARE
AT IO o " Psychometric Methods Program = g
DOCUMENT HAS BEEN REPRO
BucED EXACTLY :‘sknscsnysoo FROM Department of Psychology
THE PERSON OR ORGANIZATION ORIGIN : . . .
ATING IT POINTS OF VIEW OR OPINIONS University of M;:,nn esota
STATED DO NOT NECESSARILY REPRE Mirmeapolis R MN «551‘55 )

SENT NFFICIAL NA‘I’IONAL INSTITUTE OF
EDUC%‘NON POSI‘HON\OR POLICY
. ‘ N ’ . . . .
July 1975

Prepgred under contract No. NOOO14-67-4-0113-0029~"
! NR No. 150-343, with the Personnel and
Training;Research Programs, Psychological Sciences D}vision
‘ ' ~ '0ffice of Naval Research - R

! !
7

Approved for.public release; distribution unlimited. -
. Reproduction in whole or in part is permitted for
any purpose of, the United States Government.

¢ Y

o)
G\
e.0]
= . o : |
S 3
)




Unclassified

SECURITY CL ASSIFICATION OF THIS PAGE (fhen Data Entered) . . .
DO NGT T L SN SHAD Ty RUCHONS .
. REPO:\ H D v c ML!‘ Il\l ‘{Jl‘l PI\GE l‘f:P"(\)(Q?‘:l)C'()’:;’;\l‘.'ﬁ\“‘; roues
T. RLPORT NUWGER 7 GOUT ACCLSSION NG| 3. RLCIPIENT'S CATALOL HULR
- . . - I »
Researchk Report 75-3 -
) & TITLE (and Subtltle)  * | 5. YYPE OF REPORT 8:PCRIOD COVERED |
. Empirical and Simulation Studies of Flexilevel a1 R
. e SDOTt .
Ability Testing‘, ) : € PERFORMING ORG. REPORT HUMDER'
- 7. AUTHOR(s) 8, CONTRACT OR GRANT NUMBER(e)
. - . : -4
Nancy E. Betz and David J. Weiss i ”N00014—67—0113—0029
} - ‘e . . A X
9. PERFORKING ORGANIZATION NAMC AND ADORESS |o.iﬂqcafwaLLnLunnuang,rAm
Depar;ment Of Psychology ) . . REA ORK UNIT NUMUERS
University of Minnesota ’ ‘g'i'fgﬁgzggézggi':RRO42“04
Minneapolis, Minnesota 5545 ik —04- . -
polis, 435 . W.U. :NR150=343
11. CONTROLLING OFFICE NAMC AND ADDRESS : 12. REPORT DATE
{ Personnel and Training Research Programs July 1975 !
Office of Naval Research ‘ ) 13. NUMKBER OF PAGES
" Arlington, Virginia 22217 5 46 " - C .
T4, "HONITORING AGENCY NAME & ADDRESS(H different from Coatrolling Otlice) 15. SCLCURITY CLASS. (o thle roporl)
, . Unclassified *
- L] TSa. DECLASSIFICATION/DOWNGRADING
SCHEDULE - . N
. |76 OISTRIDUTION STATEMENT (of fhle Reporl) }
App;oved for public release; distribution unlimited. Réproduqtion in whole N
or in part is permitted for any. purpose of the United States Government. N\
¥ . AN . - .
\ ) , . : .

*

s - .
s

1 17. DISTRIBUTION STATEMENT (of the abetrect entersd In Slock 20, I dliferent from Repozl)

' 18. SUPPLEMENTARY NOTES

. > S
b /\ .
~ ’ L e > ' S . r—r
. 19. KEY WORDS (Continug on revoree elde I necessesry and Identily by block number) ~
| testing sequential testing programmed testing
,abilit:y testing * , > branched testing ) response-contingent testing
computerized testihg individualized testing automatea testing
adaptive testing. ? tailored testing - ¢

L 3
- 20. ABSTRACT (Continus on revs se elde If necessary snd tdentlly Lty block nuniber)

© A 40-item flexilevel test and a 40-item conventional test were compared ' .
using data obtained through 1) computer-administration of the two tests to ’
* three.groups of college students, and 2) -monte carlo simulation of test

v | response patterns. ‘ Results indicated the flexilevel score distribution
better reflected the underlying normal distribution of ability, and that the
flexilevel test had™a higher parallel-forms reliability and a higher v
relatidnship to undﬁ\rlying ability level than did the conventional test.
O DD ,FOMM, 1473  coiTion of KOV €8IS oSsoLETE ' o . -
EMC 1A T S/H 0102- 014+ 661 | 3 . Unclagsified .
. [ SCCURITY CLASUFICATION OF TNISVPI\OC (Fhen licle Latared) , .

. ¢
- . .
- ) -

s
y
- -




ERIC

[AFuiTex provided by ERIC
¥,

'
Unc1aqqified v D .

SECURITY CLASSIFICATION OF THIS PAGL(L‘hm Dall Ratered) - !

)-

The oveggli\gest-retest stabifity of the two tests was equivalent, but
there was evidence indicating that memory effects inflated the stability
of the flexilevel test scores less than that of conventional test scores.
The flexilevel test provided more accurate measurement at almostjall ability
levels, although its information function was similar in shape to that of

" the conventional test. However, the interpretation of differencés in the
level of information proviYled were confounded by différences in the average
discriminating power of the items in the two tests. The flexilevel test also
appeared to reduce random guessing behavior in comparison to the conventional
test.

L

‘ ‘ Unclassified -
4 SECURITY CLA3SIFICATION OF THIS PAGY (When Dela Ontered)

s . . . . e 4
.

' v ~o




. Contents

Introduyction ,...........3......:......:..,.........:..?.;..:..a.....u.

. Research on Flexilevel TestS, coesssoesrooeeBosiocsassssssosssssnnss

/ . Theoretical Btudy ..;..Ef.....f;...y.."......f.............“

‘ Real-data Simulation study e e e e easeseseneanesnabenesten s

" Live~tesSting StUdY seieeeveesrsisonrorsorscossssnnanasssssss

DERET TESCATCR +vevovoesonsersassssonsesensossssssssssnssnnns

SUMMATY + v vevasnnsonssssoassosssssssssssnssssssssssssssssnss 10

S T - R P R R TR TR
- :

MEEROA oo vovnsooeionsssasasanosnssnceessossssssssnsgosssdomssswsssss L1

- Design ..........,............................u....a....g.........‘11

TeSt CONSETUCELION susveseenstossacesssumsososassssssssvssssssossss 12

O 00~ BB

o’

) , B TtEm POOL +vuvvenetrosnsonssssosassnsogssssoonsossssasssssssss 12
' Flex;levelxtest'....:..1......a..L....................:...... 12
R "Item structure ;....:.;,,......;.....‘......f.......u... 12
eSCOTING vvesiserennsboriniiietiTiiiieiniteeaiiarenans 13 <
7 Conventional test .................u......C?n...,............ 3 7y,
. EMPITICal SEUAY sroveovsovsroiossnsnnesnosnionesstonesnnssaseonnes b o
) . Administration and BUBJECES ...@eseencrsrsersansssensnosionss 14

Order REFECES vvvversemursnnss Duweossiorsansnsosnrasnaosnssns 15
! ' Simulation Study\................"..:}..;.........3..»..a:ﬂ...,...'15 N

The simulation model ......cceveigercncecrcccaccnnn
PrOCRAUTE *vvvsvessennrmsirssotostsooseinsenosssossn

, .Data Analysis .eeesevececerisosnssssssrssrosrsastosaseens

i 15
tessssess 16
so e o‘o\llo 16“ *

N » Characteristics of ability and test score distributions ..... 17 3
ReliaBIlAtY vheveoooosnorssrnsnnsborsosssessssninnennsnsnases 17
N ) . Test-retest stability N ¥
- Parallel forms reliability ;..:....ﬂ........:,.......... 18
Relationships.Between Flexilevel dnd Conventional Test Scores 19 -
ReYationships Between Test Scores and Underlying.Ability. ceey 19
Information Functions ,.....2..3....,...T.....%..;TT?v}...... 19

| RESULES *v s ducuonnsnsensnsennessssssivdesionssesoosessssnssasnsonenesns 21 ,

’ - : Order Effects .ovoeiiensercnoeonessinenesfucinonncensnnnnncsnnees 21
. ‘ Ability and Test Score Distribution P/

o ) . Empirical study B L L L R R R R T TR R TR E PR R TR 22

' ’ Simulation study e eeeeeeiereaaeeraresaiisniiineneieensaassss 24
ReL1AbI1itY cvvvverermesosnsoreoenororssossssosnonneronnnaseog o 26

Test-retest stabllity ..u.........,....z................Fg5§§\26

. .Parallel forms reliability s S WP T e
|
|
\

Relatiqnshipg between Flexilevelfand Conyentional Test Scores/.... 28°

3 o Relaticnships between Test Scores and AbLLity e..eevevenevesun.. 29
' o Information FUNCEIONS eevesovssrsrnrsononenoigenssleiosioniiiias, 30
Equal-frequency distribution R . (I
e Norial distribution ..veeveenereinenivmieseririiioisnenses KV
. , . i > . . - +

Discugsion t e e reaesersessesesernrenssstas

SUMMATY +geeoseosssssovonassosssssssssssboseestosrrrersnssnncesees 37
. 3 . v

. - s ;o e
- N . N - - N
REEETEICES T+ v ossoeosonnsssosspeiosnsosssnsssssssss’ssossssossssssossnses 39 -

» ~ R




"Appendix: Supplementary Tables ' .
Table A-1. Item reference numbers and normal ogive item parameters
, . for the flexilevel teSt ..vveiveeecenencnnsnssesonooess 42
’ Table A~2. Item reference numbers and no¥mal ogive item parameters
for the conventional teSt .vvevevvivesecesvcescenenese 43
Table A-3. Information values from Time 1 and Time 2 administra-
. ] tions, and averages, for flexilevél and conventional
: tests (equal-frequency distribution) creesesieciesnens U4
: : Table A-4. Smoothed values of the information function for flexi-
- level -ahd conventional tests within intervals of the
continuum of underlying ability ‘(normal distribution).. 45

Table A-5. Information values from Time 1 égd Time 2 aaminisgra—
" - . - tion, and averages, for flexilevel and conventional
' \ , tests (normal distribution.of ability) .....eeeveee... 46

¢

/




¥

-

* while the odd-num

. EMPIRICAL AND SIMULATION STUDIES OF i
. FLEXILEVEL ABILITY TESTING . '

N N
*

., One result of the growing soph tication and availability of time-
shared computer facilities has been increased interest in new modes of
testing and instruction. In ‘thetarea of ability measurement, much research
has been directed ‘at investigating various strategies of tailored (Lord,
1970) or adaptive .(Weiss & Betz, 1973) ability testing. The general aim of
adaptive testing procedures is to "adapt" or "tailor" the difficulty level
of the items presented to .the ability level of an individual as estimated
from item response patterns. Consequently, as testing proceeds, the items
administered will be increasingly appropriate for the accurate measurement
of that individual's ability. . -

’ Adaptive testing strategies are differentiated by the set of rules used
to select items during the testing procedure (Weiss, 1974). The most,
extensively iesearcheq/édaptive strategy is the’ pyramidal or
model. This approach{uses a vranchiing {or item selection) rule in which,
following a correct rpsponse to an item, the examinee receives a slightly
more difficult itemt, and following an incorrect response, the examinee
receives a slightly less difficult item. Research, to date, summarized by
Weiss & Betz (1973) and Larkin &{Weiss (1974), has shown that pyramidal
strategies can yield equaljor better reliability and validity than conven-
tionally~administered tests while requiring substantially fewer items to
be administered. The flexilevel test (Lord, 1971b) is a modification of
the pyramidal strategy which would permit paper, and pencil administration
and which would require a smaller initial item pool than is reqUired by
;pyramidal strategies.

7 b ) ‘
3 . '

; Figure 1 illustrates the item structure for a flexilevel test. As

. Figure 1 shows, the flexilevel testt consists of one iéemfﬁﬁ\each of a number
of equally-spaced difficulty levelss Item 1 in Figure 1 is an item of

v - Figure 1
ITEM STROCTURE FOR A TEN STAGE FLEXILEVEL TEST
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In the fLexilevel test illustrated, ten items would be administered to
each individual. The total item strdcture’requires 19 items or, in general,
2N-1 items, where N is the number of items to be administered to each
individual. The first item administered to all individuals is the median
difficulty item §1tem 1) for the group taking-the test. Following adminis-~
tration of the first item, a differential branching rule determines item
selection: following a correct response to an item, the examinee receives
the next more difficult item previously unanswered; following an incorrect
response, the examinee receives the next less difficult item previously
unanswered.

v

How the flexilevel test adapts item difficulties to individual differ-

. ences in ability level can be seen by an examination of the examples shown

N g e

in Figure 2. Figure 2a illustrates the path thrdﬁgh a flexilevel test for
an examiriee of relatively high ability. All testees begin with item 1, an
item of median difficulty. Each cotrect-answer leads to an ‘item of higher
difficulty; thus, coxrect answers to items 1, 3, 5 7,-9 and 11 1led to the
administration of progressively more difficult items, moving from an item
at p=.50 to one ‘at p=.20. Item 13 was answered incorrectly, and the next
less difficult item not already administered was item 2, with difficulty
p=.55. Item 2 -was answered correctly, and the next more difficult item not
already administered was item 15, with difficulty 'p=.15. Following an

". incorrect response to this item, item 4, with difficulty p=.60, was adminis-

tered. Thug, this examinee received ten items in the difficulty range of
p=.60 to p=.15. .

Figure 2b shows how an examinee of average ability might move through
the item structure, alternating between successively more difficult and
successively less difficult items. Since this examinee is of average ability,
the odd-numbered items (except for item 1) are too difficult for him, and
he answers them incorrectly; the even-numbered items are too easy for him,
and he Znswefs them correctly. Thus, an examinee of average ability might
be administered ten -iteéms in the difficulty range of p=.70 to p=.25.

r 3" .

Finally, Figure 2c¢ illustrates the path that might be taken by an examinee
of relatively low ability. TIncorrect answers to items 1, 2, 4, 6, 8 and 10™
lead to the administration of progressively less difficult items, culminating
in the administration of item 12, hith~difficulty p=.80. Then, alternating
correct and incqrrect answers lead to,th‘ administration of items at diffi-
culties p=.45,‘$=.85 and p=.40. Thus, this examinee received ten items

‘in the'difficulty range of p=.85 to p=;ﬁ0,

The flexilével test can be scored by counting the number of correct
responses: Lord (1971b) shows that the greater the number correct, the more
difficult was the subset of items answered and, therefore, the higher is the
abildty Tevel :6f that.examinee. "However, Lord also shows that examinees -
with the same total number correct may be further differentiated according
to whethgr the 1ast’item was answered correctly or ‘incgrrectly; those who
answered the last item incorrectly have answered a more difficult subset of
items dnd\havé pigher ability than those with the same total number correct
who -rgsponded gorrectly to the last item administered. Accordingly, Lord
proposes that-an additional half-point be added to the number-correct scores
of examinees responding incorrectly to the last item administered.

' 14
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In summary, ‘the flexilevel test adapts item difficulties to the ability ) ‘
level of the examinee being tested using a branching prpcedure which selects
from the 2N-1 items available a subset of N items to. be administered to
that examinee. The'N items administered are those whose difficulties are .
nearest to the examinee's ability level. Bécause of this adaptive property,
the flexilevel test should have several advantages in comparison to convention-
al dbility testing procedures. ;
First, since examinees will receive fewer items that are much too diffi-
cult or much too easy for them, and thus fewer items that are inappropriate
for the accurate measurement of thedir abilities, it is possible that the. '
flexilevel test will yield ability estimates as reiiasble and valid as. thgse N
of conventional tests utilizing considerably more items. Stanley (1971) .
suggests that the effective length of a conventionally-administered test ,
is considerably less than the total numbef of items administered; it is the
purpose of' an adaptive test tc select for administration those,items that
are effective for measuring the ability of a given examinee. .

Second, the flexilevel test should provide ability estimates whose
reliability and validity are more nearly equivalent for examinees of
different ability levels. Several reports (Baker', 1964; Levine & Lord, ,
1959; Lord, 1957, 1959) have concluded that the precision or reliability of
measurement for a given individpal is partly dependent on his/her "true
score." Thorndike (1951) and Davis (1952), among others, have shown that
the standard error of meagurement will be minimuﬁ for examinees whose -
ability levels correspond ‘to that point on the ability/item difficulty scale
where the item difficultiés in the test are concentrated. On the conven-—
tional "peaked" ability test, with item difficulties concentrated around
p=.50, the error of measurement should be minimum for examinees of average
ability and will increase’ for individuals whose ability levels deviate from
the average. Thus, ability estimates for high and low ability examinees
will be less reliable than those for average ability examinees. Further :
differential error in test scores is contributed by differences in the
amount of guessiﬁg on. multiple-choice tests. While guessing reduces the
reliability and validity of measurement for all subjects (é.g., Ebel, 1969;
Frary & Zimmerman, 1970; Lord, 1957) the increase in error is greatest for ’
low ability subjects. According to Nunnally (1967), on a conventional :
test where all items are attempted, low ability subjects will guess, the
most because they know the least. Thus, the flexilevel test, where item
difficulties are concentrated arqund the ability level of each examinee,
should yield ability estimates which will tend to be équally reliable across

. the ability continuum. . )

Résearch on Flexilevel Tegzs

Research to date on flexilevel testing includes one theoretical study
(Lord, 1971d), one real~data simulation study (Kocher, 1974) and one live-
testing study (Olivier, 1974). ! ( ,

. ! .
Theoretical study. Lord's (1971d) study comparing the measurement )
effectiveness of flexilevel and ctonventional tests was based on the assumptions
and mathematics of iteq‘characteristic curve theory (Lord & Novick, 1968).

The flexilevel tests studied were composedapf 60 items (thus requiring a total \
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item structure of 119 items), all having the same discriminating power
(normal ogive parameter a equal to .50) and having difficulties distributed
along the ability continuum such that the distance between successivevitem
difficulties was a constant, d. The tests were scored using number-correct
plus an additional half-point for item response patterns having thé last
item incorrect. The conventional or "standard" tests used for comparative
purposes. were composed of 60 equally-discriminating items (a=.50). 1In one

: of these tests, all items were of median (normal ogive parameter b=0.0)
difficulty. The 'other two conventional tests were intended "to measure most

~ effectively or be most highly discriminating at two points on the ability

continuum. For maximally effective or discriminating measurement at 0=+2,
one conventional test had 30 items at b=+2 ind 30 at b=-2. For maximally
effective measuremefit at ©=+3, the other comentional test had 30 items at
b=+2.8 and 30-at b=-2.8. - '

Flexilevel and conventional tests were compared in terms of information
functions, which indicate the relative accuracy of measurement across the
ability continuum.- The value of the information function at a given level
of ability indicates how well the test scores obtained by individuals of
that ability accurately reflect their "true" ability. The greater the value
of information at a given level of ability, the more accurate is the
measurement or, in other words, the smaller is the confidence interval for
estimating.true ability from test scores. ’

Information values are not meaningful in any absolute sense because
« they are dependent on the scale used to measure ability (@), but information
\values calculated from two or more testing strategies assuming the same
0 scale can be directly compared, with larger values indicating more
accurate measurement. Further, the ratio between the two tests' information
values at a given level of ability can be interpreted in terms of the
relative numbers of items required to provide equal accuracy of measurement
for individuals at that ability level. For example, if, for a given @
level, the information value of one test is twice that of a second test, the
first test provides as much information as the second test while requiring
half the number of items.

Lord (1971d) found that the flexilevel tests piovide§ more information
throughout the ability range than did the .conventional tests designed to
discriminate at- two points '8=+2 or ©6=+3) on the ability continuum. The
conventional test,peaked at the median ability level (b=0.0) provided
more information than did the flexilevel tests at ability levels around the
median, but as ability level deviated from the average, the flexilevel
tests provided increasingly more information than did the conventional test.
For example, the 60-item flexilevel test in which d, the distance between
successive item difficulties, was equal to ..033/2a (equal to .033 since 7
was equal to .50) measuréd as accurately as a 58-item conventional test at
0=0, a 60-item conventional test at 8=+l, a 69-item conventional test at
0=+2, and an 86-item conventional test at 6=+3. Thus, for any examinee with
ad_abilicy level outside the range of ©=+1, the flexilevel test provided more
accurate measurement. These results were obtained under the assumption of

no guessing. .

b

The results obtained when the guessing parameter "e" was set at .2

were similar to those obtained when no guessing was assumed, except that
the superiority of the flexilevel test outside of the range 8=+1 was more
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pronounced for the ‘low ability levels. For example, the flexilevel test
measured as accurately as an 83-itém conventional test at 8=+3, but as
accurately as a ll4-item conventional test at §=-3. Thus, these data indi-
cate that the advantage of flexilevel tests at low ability levels is
sigrnificantly greater when cprrect responses are likely as the result of
guessing., , T

Lord's finding that the peaked conventional test provided more informa-
tion for individuals of near-average ability, while the flexllevel tests
provided more information for individuals vhose avility levels deviated
appreciably from the mean, is in agreezment with his other theoretical
studies comparing adaptive and conventional tests (Lord, 1970, 1971a,e)

In general, the comparative efficiency or precision of measurement of
adaptive versus conventional testing strategies as stegied theoretically
is . summarized graphically in Figure 3. Figure 3 illuStrates that while the

‘ Figure 3 S
A HYPOTHETICAI, ILLUSTRATION OF THE
COMPARATIVE MEASUREMENT EFFICIENCY
3 (PRECISION OR INFORMATION) OF
CONVENTIONAL PEAKED AND ADAPTIVE TESTS
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conventional peaked test does provide superior measurement around the mean
ability level, the accuracy of measurement of the adaptive tests is more
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. findings is that they indic¢ate that an individual will be more accurately
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constant across all levels of ability and exceeds that of peaked tes ‘s beygnd
a point above and below the mean ability level. The importance of these

measured as the items administered to him/her are more appropriate (i.e., *
nearer in difficulty level) tq his/her level of abillty. '

v

- However, Lord's results concerning the comparative accuracy of measure-
ment of flenilevel (and other adaptive) tests and conventional tests are
limited by the assumption of items with equal discriminating power, and
having difficulty levels equal to theoreiical specifications. It is : .
uncertain whether such results can be generalized to situations in which ’
tests must be constructed using item pools containing finite numbers of,

.items having parameters that can only be estimated and which do not_ necessarily
correspond to ideal specifications. For example, in a simulation study of
two-stage adaptive testing procedures usin% real item parametegrs g%etz &
Weiss, 1974), it was found that one two-stage test provided more information
than did a conventional test at all ability levels, including the mean. ’
Although in that study the average discriminating, power of the items in the
two~stage test was slightly greater than that of the conventional test

items, they do suggest some skepticism regarding the generalizability of
resulte obtained under the assumption of theoretically ideal items. ’

Real-data simulation study. In the study by Kocher (1974), responses

to conventional test items were scored as if the tests had been administered
using the structure and branching rules of the flexilevel stritegy.

The study used data from five previously administered conventional tests..
Three of these tests, consisting of 42, 36, and 36 items respectively, were

classroom examinations administered to 180 college students enrolled in a
junior-level tourse in dntroductory educational. measurements. Pearson
product-moment correlation coefficients were calculated between scores on
“the 21, 18 and 18-item flexilevel tests and sco~ed on the appropriate parent
tests. . In addition, the correlation between the sum of the standard scores
on all three flexilevel tests and the sum of the standard scores on all three
parent tests was computed.

’

The last two conventional tests were semester final examinations in a
high school geometry course. The first group, consisting of 412 students, ,
had been administered a 100-item examination. The second group, consisting
of 485 students, had been administered a 70-item examination. Again, cor-
relations between the .simulated flexilevel scores and scores on the appro-
priate parent test were calculated.

Results indicated that the correlations between simulated flexilevel
scores and scores on the parent tests ranged from .90 to .96; the correlation
between the two sets of summated scores obtained in the college group was .96.
The size of these correlatinns, which Kocher interpreted as parallel-forms
reliability coefficients, was taken to indicate that flexilevel scores could
be validly substituted for conventional test scores and have the advantage
of using fewer items.

.4‘"

.

However, interpreting these correlations as parallel-forms reliability
coefficients is not valid because the flexilevel items were a subset of the

13




items in each parent test. The item overlap hetween the two tests would
suggest that the obtained correlation coefficients are artifactually high,

In addition, the results of the study are limited by the fact that the flexi-
. level tests were not actually administered to the examinees. Thus, there

was no allowance for, the possible psychological effects on aa examinee of
taking a“test in which item difficulty is at least somewhat adapted to
his/her ability 1evel -

\ “u

Live~testing study. A study which employed paper and pencil administra-
tion of a flexilevel test was reported by Olivier (19/4). In this study, |,
eighth—grade students were first administered the Florida Eighth Grade-Test
Battery. Approximately one month later, they were administered zither a
40~item conventfonal test or a 20-item flexilevel test. The 39 items needed
for the total flexilevel structure were the same items as were used in the
40-item conventiongl test; these items were tmken from the reading vocabulary

\subtest administered initlally as part of the Eighth Grade Test Battery.
In order to compare thd flexilevel test to a conventional test with the same
number of items, three 20-item conventional subtests- were extracted from
the total 40-item conventional test. The three 20-item tests were constructed
by 1) randomly selecting 20 of the 40 items; 2) selecting the even-numbered .
items; and 3) selecting the 20 items with difficulty values closest td p=.67 ’
(considered the optimal level of difficulty for the group when items were
four-alternative multiple choice). )

L3 -

Results showed, first, that the flexilevel test was less internally
consistent and, therefore, had a larger standard error of measurement than
any of the conventional tests. Second, the flexilevel test showed a lower
correlation with an external criterion than did the conventional tests.,
Third, and the only result favorable to the flexilevel strategy, it was
found that item difficulties calculated from the flexilevel administration
were closer to p=.67 and had a smaller standard deviation than the itém
difficulties as calculated on :ne normative sample. This result indicates
that item diffjiculties were more appropriate for the individuals to whom
the items were administered.

However, this study contained severalsmethodological errors which
severely limit the fairness of the comparison between flexilevel and con-
" ventional testing procedures. First, a one-~factor random effects analysis
of variance model (Stanley, 1971, pp. 425-428) was uséd to estimate the
internal consistency reliability of the flekilevel test. However, nearly
all of the assumptions of this model were violated in the study--an infinitely
large item pool from which items are randomly selected for administration
to each subject, random assignment of subjects to treatments, and a probability
approaching zero that two examinees will attempt the same item. Olivier
justifies the violations on the basis of a lack of an alternative method for
computing internal consistency reliabilities.

Olivier claimed that the adequacy of the method of reliability
estimation was indirectly supported by the fact that the correlation between
the flexilevel test and the criterion was lower than that between the con-
ventional tests and the criterion; presumably the lower correlation was due
to the attenuation caused by the lower reliability rather than to a lesser
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proportion of shared variance. However, the criterion itself was questionable
on two bases. It consisted of the combined score from six other subtests

in the test battery: 1) reading comprehension; 2) reading essential skills;

3) study skills; 4) occupational information; 5) mathematics problem solwving;
and 6) mathematics essential skills. Only thHe two reading tests would !
appear to have any relevance as criteria £07 _the adequacy of 'a vocabulary
test. And regardless of the content of the criterion test, it is questionable
whether another conventionally-administered test should be the only
standard- for evaluating the relativeefficiency of conventional versus adaptive
testing procedures, since the higher correlation between ‘the two conventional
tests could be due to method variance. 2

Finally, .paper and pencil administration’of the flexilevel test was
found to present several serious difficultigs which reduced the accuracy of
the test data collected. ‘First, over 10% of the flexilevel protocols had’
to be discarded because the examinees made errors in following the branching
instructions." Second, another 10% of the answer sheets were found to have
faulty ink, thus causing many examinees to misroute themselves even
though they were following the directions properly. These latter protocdls
were retained in the analysis with unknown effects on the results. Third,
in order to follow the branching rules, examinees knew whether they had
‘answered eich item correctly or' incorrectly; it is possible that such im-
mediate feedback may have aroused anxiety in examinees given the flexilevel
test that was not aroused in exg?inees administered the conventional test.

, \ .

The lower reliability of the flexilevel test found in Olivier's study
may be related to one potentially disadvantageous characteristic of the test;
while the flexilevel test does identify a regien of the item pool of approxi-
mately appropriate difficulty for each examinee, after the maximally appro-
priate difficulty level is reached the remaining items administered tend to
be increasingly divergent from the examinee's ability level. Reference to
Figuré 2 provides.an illustration of this characteristic. For the high -
ability examinee in Figure 2a, the most appropriate level of item difficulty
probably lies between p=.25 and p=.20. The first seven items administered
converge on this level of difficufty, but the items administered following
an incorrect response to item 13 are increasingly divergent; having diffi-
culties of p=.55, p=.15 and p=.60. For the average ability examinee in
Figure 2b, for whom the median difficulty level is most appropriate, the
jtems administered become progressively less appropriate to his/her ability
level. )

The ret eéffect of this divergence characteristic is that as_.the
flexilevel test proceeds through successive stages, the testee 1is administered
a series of items which tend to alternate between items that are much too
easy and items that are much too difficylt. °~ Reliability may be reduced by
increased amounts of guessing toward the end of the test and by the possibility

_ that such divergence, if perceived by the examinee, may have adverse

psychological effects (see Weiss, 1974, p. 43).

Other research. A final study of flexilevel testing is currently in
its preliminary stages. The objective of this study, as reported by Hansen,
Johnson, Fagan, Tam and Dick (19/4), is to explore .the utility of adaptive

_testing procedures within the context of a computer-managed instructional

¢
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system in an Air Force technical training environment. After extensive
review of the'literature on adaptive testing strategies it was decided that
the flexilevel model offered excellent potentidl for a 40-50% reduction in
testing time along with either an increase in medsurement accuracy or no
decrease. In Phase I of this study (Hansen et al., 1974), a computer-
administered flexilevel testing system was implemented. This flexilevel
strategy differed from those used in previous studies in that examinees
were individuglly entered into the flexilevel item structure based on
estimates of their predicted performance derived from prior ability and
performance data. After the administration of the flexilevel test, the re-
. maining items in the structure were administered, yielding a total "con-
ventional tést" score. Thus, both flexilevel and conventional test scores
were available for each individual. .Although empirical data from this study
have not yet been reported, Hahsen et al. state that preliminary results
support the feasibility and ease of implementing the flexilevel procedure
and the capacity of the flexilevel testing strategy to offer considerable
savings in testing time. However, firm conclusipns regarding the results-
of this study must await the appearance of the results of empirical data
apalysis.
. i

Summary. The studies to date of flexilevel testing have indicated
that it can provide more accurate measurement than conveﬂtional ts for
examinees whose ability levels differ from the average ability Zevel of the
group being tested, that scores on simulated flexilevel tests correlate
highly with scores on the parent tests from which the former scores derive,
‘and that the flexilevel test does increase the appropriateness of item
difficulties for examiuees' ability levels. On the other hand, results
also indicate that the flexilevel test had lower internal consistency
reliability and lower criterion-related validity than did conventional tests
uced for comparative purposes.

This conflicting series of results may be explained in part by the
nature of the studies done. First, each study used a different research
method; theoretical, real-data simulation, and actual test administration
studies provide different kinds of information, and each type of study is
subject to unique limitations. Second, the studies were all limited in the

" range of evaluative criteria used; only Olivier's (1974) study used more
than one criterion of evaluation. Thus, there is little opportunity to
compare results pertaining to one criterion of evaluation across two or
more studies. .

Objectives

Flexilevel testing strategies have not yet been evaluated in terms of
such psychometric properties as the characteristics of the score distributions
they yield, test-retest stability, parallel-forms reliability, correlations
with direct criteria of ability, or precision of measurement when real ‘item
pools are used. The present series of studies was designed both to intrease
the extent and variety of infbrmation relevant to the comparison of flexi-
level and conventional testing procedures and to attempt to clarify the
interpretive difficulties raised by the results of the previous three studies.

16
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To achieve these purposes, two related types of studies were done.
First, flexilevel and conventional tests were computer-administered to
college students. In view of the difficulties of paper and pencil admini-
stration found by Olivier (1974), computer-administration was feIt to be
better able to provide examinee response records containing no errors in
branching and to eliminate the loss of records through such errors.
Furthermore, since the computer can select the next item to begadministered
without the testee's knowledge of whether each item was answered correctly
or incorrectly, computer administration might reduce somewhat the possible
adverse psychological effects. The second study involved Monte Carlo-
simulation of examinee response records for the same flexilevel and con-
ventional tests used in the computerized administration.

s
b

METHOD

Design .
J‘.' "‘ s

The empirical study, involving the actual computer-administration of
flexilevel and conventional tests, was designed to permit the investigation
of 1) the characteristics of the score distributions yielded by flexilevel
and conventional tests; 2) the relationship between ability estimates
yielded by the flexilevel and conveéntional tests; and 3) the test-retest
stability of flexilevel and conventional test scores.
Because the generalizability of results yielded by an empirical study
is frequently limited by the sample size and by the characteristics of the
subjects tested, the procedures followed in the-empirical study were also
followed in a Monte Carlo simulation study. Monte Carlo simulation involves.
the generation of hypothetical groups of subjects and the use of either :
hypothetical or real item pbols. The ability levels of the subjects and the
item parameters are specified in advance. Then, using item characteristic
curve theory and computer-generated random numbers, vectors of item response3?
are generated for,a specified number of subjects. A study of this type
provides no information on the psychological effects of testing on examinees
and is limited by the assumptions used in generating response records for
hypothetical testees, but it does provide large sample sizes and precise
control of the characteristics of the population studied. -

Thus, the Monte Carlo simulation study was designed to replicate the
procedure followed in the empirical study and also to provide evaluative
information beyond that provided by the empirical study. Paralleling the
live-testing study, the simulation study provided information concerning.
score distributions and the relationship between scores on the flexilevel
and conventional tests. Simulated re-administration of the same test, which
under the conditions of empirical test administration provided test-ietest
stability data, provided data concerning the parallel-forms reliability of
flexilevel and conventional tests. The availability-of an ability criterion
(i.e., knowledge of "true'" scores) permitted the investigation of the
relationships between ability estimates and underlying ability. Finally,
since the items used in the simulation study were specified to have parameter<
identical to those items used in the empirical study, it was possible to
replicate Lor 's (1971d) study of the amount of information or precision
of measurement .of edch testing strategy using real, "non-ideal" items.

3
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In-summary, comparison of results of thé two studies was condidered : / ’
to permit greater generality of conclusions than would be possible using
only one method. Further, it was hoped’that by following similar procedures
in two different kinds of studies, sources of method variance leading to «
different conclusions could be identified.

. Test Construction

Item Pool . . ,: .

The item pool used to construct the flexilevel and cqnventidnal tests
consisted of five-alternative multiple choice vocabulary itelis. The items
were normed on college students, and normal ogive difficulty (b) and discrimi-
nation (a) parameters were available for each item. Details concerning the
development and norming of the item pool are reported by McBride and Welss
(1974) " One characteristic of this item pool relevant to the evaluation of :
the flexilevel test was that there were many highly discriminating items of
below average difficulty but considerably fewer highly discriminating and
difficult itéms. Thus, in the item selection process, the more difficult
items selected tended to be less discriminating than the less difficult
items gelected. L

" Flexilevel Test ,

‘

Item structure. The flexilevel test cBnstructed was one in which each -
examinee would .attempt 40 items; thus, the total item structure required 79 ‘.
items. , These items were selected to be distributed along the difficulty con-
tinuum in the range of b=-3.0 to b=+3.0. Following Lord's (1971d) procedure,
it was desired that the distance, d, between successive item difficulties
be equal to a constant. Thus, the total range of difficulties divided by
the number of intervals between 79 items (78) led to a desired value of d
equal t6 ,075, °Of the available pool of items, only those with discrimination
value$ greater than a=.30 were considered for inclusion in the flexilevel N
structure. The criterion for a constant distance between successive item
difficulties was followed as closely as possible given the constraints of
a real item pool and the minimum discrimination value required.

The mean difficulty of the 79 items in thelflexilevel item struttiyre
was b=-,01; the mean discrimination value was a=.65, substanftially gredter
than the minimum acceptable level. Table A-1 in the Appendix contains item .
reference numbers, item serial numbers, and difficulty and discrimination
values for each item in the flexilevel structure. The item serial numbers, . »
from 1 to 79, foliow the rank order of item difficulties, from the’least
difficult, b—-S 11, to the most difficult, D=2, 95, and are useful in deter-
mining the ordér in which itemg would be administered. Thus, the first
item administered was always number 40 (b=0.0); under the flexilevel
branching rule a correct response would lead,to the item whose serial number
was the next larger one not previously administered, and an incorrect response
would lead to the item whose serial number was the next smaller one not
previously administered.

It may be noted that iné%easing item serial numbers do not always
correspond to increases in b values, (e.g., serial number 10 and 11).

[y
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This flexilevel test was constructed before the conclusion of the item

norning stqﬁ}es which led to the publication of the characteristics of

,the final item pool (McBride & Weiss, 1974). Some of the item parametex

estimates used in constructingthe test were based on smaller samplg sizes

ol than those which characterized the final pool. Further norming studies led

- to some small changes in the "b" and "a" values characterizing certain.

items, and these changes did in some cases reverse the rank order of item
difficulties. Fortunately, the changes were slight, and should not appreci-

A ably affect the adaptive property of the flexilevel test. The item parameters

presented in Table A-1 are the final parameters, as reported in McBride & v

Weiss (1974).% "

Although 'the mean discrimination value of all 79 flexilevel test
items was .65, the megn discrimination of the 40 items taken by any given ,
examinee was a function of that examinee's ability, because of the relation-
ship between item difficulty and item discriminating power. For example,
an examinee who obtained 0 correct would have bekn administered items with
mean a=.75, whereas an examinee obtaining 40 correct, would ha@e encountered
items having a mean "a” value of .54. The mean "a" values corrésponding - .
;to 10, 20, .and 30 correct would be %74, .69 and ..62, respectively. Thus,
high ability examinees would be administered a less discriminating series -,
of itéms than would low ability examinees. 5
- ’ & ~ = “
Scofing. In the empirical study, the flexilevel test was scored using
. 1) simple number correct, and 2) Lord's (1971b) suggested modification in ,
T which an extra half-point is added tocthe score of each examinee’responding
incorrectly to the last item administered. Thié lattef sé¢ore was doubled,
following Lord's suggestion, to eliminate the fractional ‘values. Thus, the
» number-correct sgore, which will be referred to as Score 1, could range
) from 0 to 40. The half-point score, which will be referred to. as Score 2,
could range from 1 (the -individual receiving % point, multiplied by 2,
for an incorrect response to the final item) to 80 (all 40 items answered
correctly). ' .

+ In the simulation study, only Score 2 was calculated; this score uses °
more information than simple number correct and was also the scoring method
used by Lord (1971d) in his theoretical studies. In addition, preliminary
results from the empirical study suggested that the two scoring methods

“yielded essentially equivalent results. . ,

1
. Conventional Test

The conventional test, also consisting of 40 items, was the same test
that was compared to two-stage testing procedures in studies by Betz & Weiss
(1973, 1974). Item difficulties were concentrated around a "p! value of
~.33 (somewhat easier than the median ability level of the group since
‘guessing was a possibility). Again, a minimum a value of .30 was required;
the resulting 40 items had a mean g of .54.  Table A-2 in the Appendix
provides the b and g values corresponding to ®ach of the 40 items in the
conventional test as reported by McBride & Weiss (1974). The test was

scored using number correct,which ranged from 0 to 40. . -

~
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Empirical Study : ) P

Administration and Subjects 2
L 10!

“

Tests were administered to undergraduate and graduate students taking
introductory psychology, introduction to statistics, and theory of measure-
ment courses at the University of Minnesotd in the fall of 1972. Students
were tested at individual cathode-ray terminals (CRT's) connected by
acoustical couplers to the-sUniversity"s CDC 6400 time-shared computer
-system (see DeWitt & Weigé, 1974, for details of the computer software )
system). Items were presented on the CRT screen, and testees indicated .
their response by typirg.in the number of the chosen alternative for each
multiple-choice item. .Following their response, the next item appeared on .
the gcreen. Instructional screens explaining the operation of the CRT's
were‘provided prior to testing, and a proctor was present in the testing
room to provide assistance to any testee having difficulty with the équipment.

-

Testees were permitted as much time as necessary to complete the

tests and were so informed before test administration was begun. Testees = =

received no feedback during the course of testing; at the end of the test-

ing session they were told how many items they answered correctly.

. ' .
Several subject groups were utilized in this study; these groups are

TS~ summarized in Table 1. Subjects were administered two tests on each of

_two occasions. Refereﬁée to Table 1 shoys that 477 subjects were tested

- M ) - N r

Table 1
Summary.of Data Collection in the Empirigal Study of i .
’ Flexilevel Testing
o Time 1 . : Time 2 ) .
Group ) Tests Administered N Tests Adninistered N
1 (Introductory Flexilevel and .
Psychology) Conventional 107 s
2a (Introductory Flexilevel and Flexilevel and . \
Statistics). ' - Two-stage 107 Two-stage 94
e 2b (Introductory Two-stﬁée and ) Two-stage and .
Statistics) Qpnventional 110 Conventional .85
3 (Theory of Flexilevel and Flexilevel and
Measurement) Vocabulary norming 153 Numeric norming 131
Total 477 , 310%*
*Resulted in 74 usable conventional test-retest records ‘ . . .

: #4Included 196 usable flexilevel test-retest records
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on the Time 1 administration. Group 1 consisted of 107 students from the

. introductory psychology course; these students were administered the flexi-
level and conventional tests. Group 2a consisted of 107 students from the
introduction to statistics course; these students received a flexilevel test
and a two-stage (see Weiss, 1974, pp. 3-11) test. Group 2b consisted of 110
students, also from the introduction to statistics course, who received the
conventional and the:two-stage test. Group 3 consisted of 153 graduate and
ugdergradyate students from the th&ory of measurement course; these students
réceived the flexilevél test and a series of di#fficult vocabulary items for
use in continued norming of the vocabulary item pool. )

Students from Group 2a were retested on the flexilevel and two-stage
tests after an average interval of about five and one-half weeks. The
students in Groyp 2b were retested on the conventional and two-stage tests,
,and those in Group 3 received a flexilevel retest and a series of number
series items as part of the norming of an item pool to measure numeric
problem-solving abilities. Students in Group 1 were not retested.

As Table 1 shows, the Group 1 data permitted the analysis of the
relationship between scores obtaided from flexilevel and conventional
“tests. Datd ‘from Groups 2a and 3 .permitted the analysis of the test-—
retest stability of flexilevel test scores, and data from Group 2b permitted
analvsis of the stability of conventional test’ scores.

"Table 1 indicates that retest records were not available for all of
the. students tested on the first occasion. Also, of the 225 students re-
tested on the flexilevel test, only 196 of the test-retest records were
usable, and of the 85 students retested on the conventional test, only 74
test-retest records were usable. ,This loss of examinee records was largely
due to the failure of subjects to.report for the retest. Computer failures
during testing also contributed to incomplete and therefore dnusable test
records from both the Time 1 and Time 2 aninistrations.

Order effects Since each student ‘was administered two tests on each |
occasion, the possible zffect of order of administration of the tests on
obtained stores was a variable of interest, as it was in previous studies
(e.g., Betz & Weiss, 1973; Larkin & Weiss, 1974; Larkin & Weiss, 1975).

To study this variable, the order of administration in groups 1 and 2 was
randomized so that approximately half of each group would receive the

flexilevel test first (order 1), and .the other half of the group would

receive the flexilevel test second (order 2). The differences between mean

scores from order 1 and order 2 were examined using t-tests for the

significance of the difference between independent means. ’

Simulation Study

The Simulation Model

The Monte Carlo simulation procedure was initially developed for use
in simuwlation studies of two-stage ability testing (Betz & Weiss, 1974); the
procedure is describqg in detail in that report. The procedure was based
on the assumptions and mathematics of item characteristic: curve theory
(Lord & Novick, 1968). The Basic assumption made was that the probability

&
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of a correct response to an item is a generalized normal ogive function of
an examinee's ability To determine the probability of a correct response
to an item given a specified ability level, the abillty.level and the normal
oglve difficulty, discrimination, and guessing parameters corresponding
to that item were entered . into the equation suggested by Birnbaum (1968,
Equation 17.3) and used-by Lord (1971d,e) in his thedretical studies of
flexilevel and two-stage testing. .
The use of this simulation procedure in’ the study of two-stage testing
(Betz & Weiss, 1973) yielded results which did not contradict and in most
cases supported results obtained from a parallel empirical study (Betz &
Weiss, 1973). ;lhus, it was considered to have utility for use-in the
present study. K .

'(

. Procedure ‘ . P

The tomputer program which "administered" the tests and calculated-
test scores in this study was a modification of the program used in the
two-stage simulation study (see Betz & Weiss, 1974). The modification
involved replacing the subroutine designed to administer a two-stage test
with one that administered a flexilevel test. Following the desigg of -the
two-stage study, two administrations of the flexilevel test and. two admin-
istrations of the ‘conventional test were simulated for two samples of hypo-¢
thetical testees. A -

One sample consisted of 10,000 testees sampled from a normally distributed
population; ability levels were assigned to testees using a pseudo-random
number generator which yielded a normally distributed set of numbers with
mean 0 and variance 1. The second Sample consisted of 1,600 testees, 100
at each of 16 ability levels between 8=-3,2 and 6=3.2. The 16 ability
levels used are shown in Table 10. This latter distribution of abllity
levels, the equal-frequency distribution, was generated to allow
calculation of values of the information function that were based on equal
sample sizes 4t each selected point on the ability continuum.

Once ability level had been specified, item "administration" was begun.
The parameters of tle particular item to be administered were entered, along
with the abili{y level, into the equation used to calculate the '‘probability

. of a cortlect response to that item. Since the items were in five~

alternative multiple~choice format, the guessing parameter assigned to all
items was .2, the probability of obtaining a correct response through random
guessing, Following the calculation of the probability of a correct
response, a random number was sampled from a rectangular distribution of
real numbers between 0 an -1. If the rahdom number was less than the former
probability, the item was*Scored "1" (correct); if the random number was
greater than the probability, the item was scored "0" (incorrect). , The

item response, 1 or 0, was then used in scoring .the. test and, in .the flexi-
level test, was used to determine the next item to be administered through
the branching rules describedfpreviously.

A - Data Analysis

The_follo&ing data were available from the empirical studyE 1) con-
ventional and flexilevel scores from Group 1; 2) test and retest score

)
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distributions for the flexilevel test from Group 2a and for the conventional
test from Group 2b; and 3) flexilevel test d4nd retest score 'distributions

from Group 3. . .

One set of data from the simulation study consisted of ability level,
scores from the two administrations of the flexilevel test, and scores from
the two administratdons of the conventivnal test for each of 10,000 "testees™
whose ability levels were sampled from a normally distributed population.

The second sét of simulation data consisted of ability level and the Y
scores obtained from the two administrations of the flexilevel and conven-
tional tests for 1600 "testees," 100 at each of 16 ability levels. .These
data were used only in the calculation of values of test ‘information functions

' at each of the 16 ability levels. ,

Characteristics of Ability aad Test Score Distributions

While it was assumed fhat the 10,000 ability levels sampled from a
normally distribuced population would be normally distributed, several
characteristics of the resulting distribution of ability levels were
exdmined to- determihe whether‘or not this assumption was reasonable. The
mean, variance, skewness, and kurtosis for the 10,000 ability levels were -
calculated. These four statistics were then tested for the significance
of their departure from expectation under the normality assumption (McNemar,

Analyses of the characteristics of the empirical and simulated test
score distributions were done separately for each administration (test or
retest) of the test. In theempirical study, analyses weré also done
separately for each sufject group since the three groups were expected to
differ in mean ability level. )

Again, the mean, variance, skewness and kurtosis were calculated for
each test score distributién;,the indices of skewness and kurtosis were ‘tested
for the significance of their departure from normality. The flexilevel
and conventional test score means within each group were compared using
t-tests for the significance of the difference between the means of dependent
groups (e.g., Glass & Stanley, 1970, Pp. 297-300) .

4 .

Test-retest stability. Stability data for the flexilevel test were
available from Groups 2a and 3 and for the conventional test from Group 2b.

[

Pearson product-moment correlations were calculated for the test-
retest score distributions. To examine the effect of interval length on
stability, the total groups were divided into three subgroups according to
the length of the interval between test and retest. The three subgroups
were: 1) shért interval (13-30 days); 2) moderate interval (31-46 days);
and 3) lorg interval (47-62 days).

These intervals, determined so that the 'three subgroups would be of
approximately equal size, were the same intervals used in the study of

-
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« pyramidal adaptive testigg proce&dres (Larkin & ‘Weiss, 1974). Product-

moment correlations were calculated between test and retest scores within
each subgroup. 8

~ - 7

f:’addition to the possibility that test-retest stability might be
affected by interval length was the possibility that_the stability of
flexilevel and conventional tests might be differentially affected by memory
of particular items and of the previous résponses to them. To the extent
that memory leads the examinee to repeat the same respoﬁses he/she made
before, the similarity of results on two test administratjions tends to be * .
increased. This inflation of the stability coefficient can logically be
assumed to be directly related to the number of items repeated on the retest.

In re-administering the conventional test; all 40 items were repeated.
However, the number of items repeated in an adagtive retest varies with
thé adaptive strategy and with the particular individual's response patterns.
The number of items repeated in a 40-item flexilevel test can range from 1
to 40. In order to assess the magnitude of memory effects on the stabilities
of the flexilevel and conventional tests, a distributibn of the number of
items repeated on the flexilevel retest was obtained. The number of items
repeated in a flexilevel.test is equal to the number of items in the test
minus the difference between the number-correct scores obtained by an
examinee on test and retest. The relationship between the number of
repeated items and the size of the stability coefficient was examined.
Parallel forms reliability. In the two simulated administrations of
each test, examinee ability level and the parameters assigned to each item
were constant, thus yielding the same probability of a correct response
for any given item-individual interaction. However, the random number
determining the scoring of the given item varies so that simulated
re-administration of the same test may yield a.ifferent pattern of right
and wrong answers and, in the case of the flexilevel test, differences in
the branching pattern. Thus, simulated re-administration of the same test
can be used to evaluate parallel-forms reliability; while the item parameters
are identical between the two forms, there is no specific item content
overlap since only item parameters determine response patterns in a simulation
study.

The operation of the simulation computer program was such that each
"run" of the program provided ability levels "and test scores for 100
"examinees." For each group of 100, Pearson product-moment correlation
coefficients were calculated to exﬁress the degree of relationship between
scores obtained from the two simulated administrations of each test. Thus,
there were 100 reliability coefficients for each test obtained from 100
samples from a hypothetd€al population with a normal distribution of under-
lying ability. The mean an.i standard deviation of the obtained sampling
distributions were used to construct, confidence intervals indicating the
effective range of reliability coefficients obtained in replications of the
study using samples of 100. The 95% coniddence intervals were obtained by
adding to and subtracting from the mean the value of two standard deviations
of the obtained sampling distribution. In addition, taking the mean of each
sampling distribution as an estimate of the population reliability (p),
the standard errors of the mean were calculated and used to test the
significance of the difference between the expected reliability values fo:
the conventional and flexilevel tests in the population.

<4
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In a previous study (Betz.& Weiss, 1974) the product-moment coefficientd
were transformed to Fisher's Z, values So thatrthe effects of possible
non-normality in tEe original distribution of"r coefficients on the length
and symmetry of the confidence intervals around the expected value could be
evaluated. However, the expected values and confidence intervals obtained
using the normalized r. values were- found to be identical to those obtained
from the original /distribution, and it was concluded that skewness in the
latter distributibn was not a factor influencing the obtained confidence
intervals. Sincf the parallel-forms correlations in the present study were
expected to be gimilar in magnitude to those of the previous study, on}y the
original distripution of r values was used.to derive expected values and
confidence intervals.

Relationships Batween Flexilevel and Conventional Test Scores

The examinees in Group 1 were administered both the flexilevel and
conventional tests. To analyze the relationship between the flexilevel
and conventional test scores, product-moment correlations and eta coefficients
for each total score distribution regressed on the other one were computed.
Tests of curvilinearity were made to determine if there were non-linear
relationships between the two score distributions., Similar analyses were
completed for the simulated distributions of 10,000 flexilevel and con-~
ventional test scores.

Relationships Between Test Scores and Underlying Abilitvy

Product-moment and eta coefficients were calculated to determine the
nature and degree of relationship between each set of 10,000 scdres and
the distribution of underlying abilitv., 1In addition, the characteristics
of the sampling distribution of 100 r values obtained from the 100 samples
of 100 "subjects" were evaluated; confidence intervals indicating the
effective range of values were constructed and tests were made of the
significance of the differencc between the means of the obtained sampling
distributions.

Information Functions .-

The information function is used to compare two or more strategies of
testing in terms of the amount of information (or relative degree of accuracy
of .measurement) provided at different levels on the ability continuum. The
value of information at each level of underlying ability was calculated using
the formula suggested by Birnbaum (1968):

) 2
1(0) = a@_e(&l_@_)_ [1]

oxl@ . ‘
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where I(8) indicates the amount of information provided by a given test,
scored in a specific way, at a given level of underlying ability 8. The
numerator in Equation 1 is the slope of the regression of observed test
scores on underlying ability (calculated by evaluating the first derivative
of the regression function at that value of 8), and the denominator is the
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standard deviation of test scores obtained by testees with ability 8. This
ratio is then squared to obtagn I(8). ;

A

According to Lord (1970), the numerqtor of Equation 1 repﬁesente the
capability of test scores to di¥ferentiate among examinees with ability
levels ig, the-immediate vicinity of 8., For example, given examinees at

two levels 'of ability, 91 and 92, and expectied test score values xl and x2

the magnitude of the~glope v -

2 1 [2]

indicates the degree to which the test discriminatés these two ability levels.

The denominator of Equation 1 is the conditional standard error of
measuf¥ement at 'a particular level of ability. The square root of I(8) is
inversely related to the confldence interval for estimating observed score
from ynderlying ability (Green, 1970). Thus, a low value of I(8) indicates
a larger standard error of measurement at a particular level of ability,
and the higher the value of I(6), the smaller the error of measuremént.

The procedures used to calculate the relative amount of information
provided by the flexilevel and conventional tests for both the normal and
"equal-frequency" distributions of ability were identical to those used in
the earlier simulation study of two-stage testing (Betz & Weiss, 1974).

The regression equation relating test score (the dependent varizble) to
generated ability (the independent variable) was calculated from the norma.
distribution data using a least squares curve-fitting program. The third
degree polynomial equation generated was used since higher degree polynomial
equations did not significantly reduce the starldard error of estimate of

the dependent variable (i.e., test score). The first dc=ivative of the
third degree polynomial was then derived so that the slope of the regression
function could be calculated at the desired 8 levels.

The normal ability distribution was divided into 33 intervals between
=-3,3 to 6=+3.3. Each interval had'a width of .2, and the midpoint of the
interval was used to calculate the slope of the funcrion at that level of
ability. Thus, the lowest ability interval was 6=-3.3 to 6=-3.1, and
8=-3.2 was taken as its midpoint. For each interval, the variance of the
test scores of individuals whose generated ability level fell into that
interval was calculated.

When th normal distribution of ability was used, however, the number

of indizéguéi; within each interval differed at all points along the ability
contin . That is, since interval length was constant,‘large numbers of
indiyfduals fell into the intervals in the middle of the continuum, while
tZ;/Zﬁility intervals at or near the extremes had considerably fewer individ-
vals. Thus, information values for extreme ability levels were less stable
than those nearer the middle because the score variance was more influenced
by chance cimilarities or differences among scores determined for individuals

<6
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of approximately the same ability.

In order to obtain information values with more equivalert stability
across the ability continuum, the "equal-frequency" distribution with 100
"examinees" at each of the 16 ability levels shown in Table 10 was used.

-While the numerator of Equation 1 used slope values based on the first

derivative of the regression equation derived from the ~ormally distributed
population (thus yielding slope values based on different sample sizes),

the °x|e values in the denominator of Equation 1 were all calculated using
samples of 100. Thus, in the "equal-frequency" distribution of ability,
the numerator of the information equation was the slope at one of the 16
ability levels, and the denominator was the standard deviation of the 100

scores generated at that level.

RESULTS

Order Effects

Table 2 presents the results of the analysis of the effects of order
of administration on the means of the obtained test scores. Results are
indicated for both methods of scoring the flexilevel test (Lord, 1971b).
As the table indicates, there were no significant differences in mean scores
as a function of order of administration for either of the groups. These
results correspond to previous findings that order of administration does
not affect scores on conventional tests (Betz & Weiss, 1973; Larkin & Weiss,
1974), two-stage tests (Betz & Weiss, 1973), pyramidal tests ‘(Larkin &
Weiss, 1974), or two adaptive tests taken in combination (Larkin & Weiss,

1975) .

Table 2

Flexilevel Test Score Means and Standard
Deviations for Subgroups-Completing the

Flexilevel Test in Different Orders

Group Order 1: Order 2: “Test of
and Flexilevel First Flexilevel Second Significance
Score N Mean S.D. N Mean S.D. t df p
Group 1
Score 1 54 19.37 6.09 53 19.34 4,99 .03 105 .97
Score 2 54 39,17 12.00 53 39.17 10.00 .00 105 .99
Group 2a - d .
Score 1 57 22.35 4.75 50 21.92 0.22 41 105 .68
Score 2 57 45,19 9.43 50 44,20 12.36 47 105 .63

27
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Ability and Test Score Distributjons K " N

Eupirical study. Table 3 contains data describing, the flexilevel and
conventional test score distributions; results are presented separately »
for each subject group since the groups were expected to differ in mean
" ability level.

. A7 : 7
Table 3 shows that the mean Score I on the first testing with the

«lexilevel test was lowest for Group 1 (19.36), next highér for Group 2a

(22.15), and highest For Group3 (27.08). The differences between each of -

these group means were statistically significant (p<.01). These results

indicate significant differénces in ability level in the three groups and

were expected since Group 1 consisted of beginning undergraduate students, . *

Group 2a consisted of somewhat more advanced undergraduates, most of them »

psychology majors, and Group 3 consisted of honors undergraduate and graduate

students. The standard deviations of scores in the three groups indicated -

essentially equivalent within~group variability among the groups. .

Differences among the three groups«were also keflected by the skewness
of the score distributions. The group 1 scores were significantly positively
skewed, indicating a concentration of lower scores, while those of Group 3
were significantly negatively skewed,, indicating a predominance of higher
scores. , The scores of Group 2a were not skewed. The Group 2a score .
distribution was somewhat platykurtic,, indicating a more even spread of .
scorgs than ‘was the case in Group 1, where scores were normally peaked, or -
Group 3, in which the scores tended to be more peaked than is typical of a

. normal distribution, 3

Group differences were also reflecte by mean scores on the conventional
test. The mean score obtained by Group 1 (18.58) was significantly (p<.01)
less than the mean score obtained by Group 2b (24.19). The variability of
the scores in the two groups was almost identical (8.22 and 8.28). Further,
the Group 1 conventional test scores were again significantly positively
skewed,. while those of Group 2b were not skewed. The Group 2b scores were
also significantly platykurtic on Time¢~Ij\indicating that the distribution
of scores was flatter than a normal distribution of scores.

The shape of the score distributions indicates that the difficulty -
levels of both the flexilevel and conventignal tests were most appropriate
for the individudls sampled from the Group 2 population. However, an
analysis of the mean number-correct scores in relation to cxpected means
offers further information concerning the appropriateness of t* tests for
measuring groups of individuals differing in ability level. o

The mean difficulty of the conventional.test items was b=-, 33, correspond-
ing to ap (proportion correct) value of .57 in the norming sample. This
p value should result in a mean number correct of 23 of the 40 items
administered in samples of examinees similar in ability to the norming
group. In Group 2b, the mean number correct on the conventional test was
24,19, close to that expected, while the mean number correct in Group 1,
18.58, indicates that the conventional test items were somewhat toc diffi-
cult for the group as a whole.
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For the flexilevel- test, the mean item difficulty was b=-.01, yielding
ap value of .50 or an expectation of 20 correct of the 40 itéms administered.
" However, the flexilevel test is also designed so at the items administered
to a given examinee are more appropriate to his/her ability level, or in
other words, closer to p=.50 difficulty for the examinee. Thus, while mean
score differences on a flexilevel test should to some extent reflect group
differences in ability, they should also tend to be closer to 50% correct

in different subject groups than should mean scores on a conventional test.

Comparing the flexilevel and conveantional test score means within
groups indicates that for Group 1, the mean number correct (flexilevel
mean Score 1 equal to 19.36 and conventional score mean equal to 18.58)

was not significantly different for the two groups; however, the flexilevel
mean was closer to the expectation of 50% or 20 items correct) than was the
conventional test to the expectation of 57% or 23 items correct, 1In

Grotp 2, the mean conventional test score (24.19) was significantly (p<.01)
greater than the mean flexilevel Score 1 (22.15). The conventional test
mean was close to its expectation, but the flexilevel mean was again closer
to 50% correct. If item difficulty were the only factor influencing the
mean scores, a higher conventionial test mean would be expected in both
groups since these items were somewhat easier, on the average, than the
items in the flexilevel test. Thus, it appears that the flexilevel test
does adapt item difficulties to theé ability levels of individuals within
groups and across groups differing in ability. The fact that the flexilevel
-test score means were close{ to\ .50 also implies less guessing on the
flexilevel test. .

Further comparison of flexilevel and conventional test score distribu-
tions indicates that for Group 1, conventional test scores were significantly
more variable (p<.0l) than were the flexilevel scores. Both distributions
were significantly positively skewed, reflecting the lower a2bility level of
Group 1 as a whole. The conventional score distribution showed a non-
significant tendency toward flatness (platykurtosis) not shown by the
flexilevel scores.

In Group'2, the conventional test scores were again significantly more
variable. Neither distribution of scores was skewed, although both tended

to be flatter than a normal distribution; the latter tendency was statistically
significant only for the conventional test.

Simulation study. The assumption that 10,000 ability levels sampled-
from a normally distributed population would themselves be normally dis-
tributed was accepted. The mean ability level was 0.0, the variance was 1.0,
and the degrees of skewness. and kurtosis of the ability distribution did
not show significant ;departures frpm normality.

Table 4 presents data describing the distributions of 10:000 scores
generated in the simulation study. The data for the flexilevel test may
be compared to that of Score 2 in the empirical study, as shown in Table 3.
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Table 4

Descriptive Data for Flexilevel and Conventional Test
Score Distributions Generatéd by Monte Carlo
Simulation with an Underlying Normal

) Distribution of Ability .
Test _ N Mean S.D. Skew Kurtosis

Flexilevel (Score 2)

-, Time 1 - 10,000 46.6 10.06 -.23% ~,29%

‘Time 2 . 10,000 ;46.6 10.08 -, 24% -.31%

Cbnventipnal
Time 1 10,000 25.9 6.48 -.25% - 46%
* Time 2 10,000 25.9 6.43 -.23% -.53%

¥Statistically significant at p<.01

The flexilevel. Score 2 mean was 46.6, corresponding closei& to that
obtained by group 2a in the empirical study (44.73). This Score 2 mean
indicates that the mean number correct (Score 1 in the empirical study)
for the simulated examinees was about 23. The conventional test score mean
(25.9) was most similar tp that obtained by Group 2b in the empirical study
(24.19). The agreement of the simulated,data with that of ‘Group 2 id the
empirical study was expected; other samples from the Group 2 population
(introductory statistics students) comprised a large proportion of the
original item norming samples, and the average ability level of this group
was at about the mean of the norming population as a whole.

The mean number correct on the wonventional test (25.9) was significantly
greater (p<.0l) than the mean numbérh}orrect on the flexilevel test ’
(assuming it to be 23); this result s again in agreemeyt with that found

for Group 2 in the empirical study. The standard deviation of the flexilevel
number correct scores was about 5.0 (since the variability of Score 1 was
shown in the empirical study to be roughly half that of Score 2) as compared
to a standard deviation of about 6.5 for the conventional test scores.

While the conventional scores were again more variable than the flexilevel
scores, score variability for both tests in the simulation study was

uniformly lower than that shown in the empirical study. \

Both the flexilevel and conventional test score distributions wefé\\
significantly negatively skewed and significantly platykurtic. Howgyer, ,
the flexilevel scores were less platykurtic than were the conventional ‘\?1
scores, indicating that the former more closely reflect the known underlyirdg,
normal distribution of ability. The direction of skewness for the flexi-
level scores paralleled the negative skew found for Group 3 in the empirical
study, although the absolute degree of skewness was less in the simulation
study. The skewness of the conventional test scores was closest in degree
to that found in the Time 2 administration in Group 2b in the empirical
study. The platykurtosis characterizing both simulated score distributions
is in agreement with that shown by Group 2 in the empirical study, -although
YOt Groups 1 and 3. - ) C

N | 31
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Test-retest stability. Table 5 contains the test-retest stability
correlations for the flexilevel and conventional tests, as obtained from .
the empiriaal study. The first set of colums indicates the stability e
of each test for the total group of examinees; the last three sets of
columns show stability as a function of the length of the interval between
test and retest. ’

Table 5 r
Test-retest Stability Correlationg as a Function
of Interval Length, and for Total Group
(empirical data)

N ' Retest Interval (in days) ¢

- 3

Total Group 13-30 31-46 47-67
Test - N "r N r N T N r
Flexilevel-- . T '“ "_
Score 1 194 .89 53 92 o 91 .86 50 .88
Score 2 194 .89 53 93 ¥ 9 .86 50 .87
.89 25 .89 28 .91 21 .87 .

Conventional 74

The overall stability of scores on the two tests was comparable; both
had test-retest correlations of .89, ¢ Stability was not clearly related
to interval length for either testing strategy. Scores on the flexilevel v
test wera most stable over the shortest interval (r=.92 or .93), but
stability over the two longer intervals was about the same. In contrast,
scores on the conventional tests were most stable over the moderate interval ,.
(r=.91), and least stable over the longest interval (r=.87). The flexilevel
test scores were more stable over a short time interval than were scores
on the conventional test; conventional test gcores were more stable in the
moderate time interval; and scores on the two testing strategies showed
equal stability in the long time interval.

* Table 6 indicates éhe~number of examinees repeating 40, 39, 38 or 37 ,
or fewer items on the retest, the mean and standard deviation of the number

. correct (Score 1) obtained by each group of examinees, and the stability

of scores within each group.
Table 6

-

’

Stability of Flexilevel Test Scores (Score 1) as a {
Function of the Number of Items Repeated

Number of Standargd
Items Mean Deviation -
Repeated N Time 1 Time 2 Time 1 Time 2 r
40 39 27.13  .27.13 5.13 5.13 1.00 -
.39 63 5.03 25.33 6.55 6.33 ..99 .
38 40 6.42 26.82 5.82 5.98 .94
37 or less 52 22.87 25.24 6.60 6.28 .64

3z
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v As shqwn in Table 6, almost three-fourths of the total group repeated 38
’ or more items; only 52 of the 194 examinees repeated 37 or less.

K}

3

Examinees who repedted 40 items obtained the same, test score on both
administrations of the test; thus,. there must of necessity be no change in
the mean score from Time 1 to Time 2 and a correlation of 1.0 between the
two sets of scores. For examinees who repeated 38 or 39 items, mean scores
.showed an insignificant increase from Time 1 to Time 2. The stability
of scores within these groups, r=.99 and r=.94, while probably partly an

“artifact of the only 1 or 2 point score changes shown from Time 1 to Time 2,
also indicates high consistency in the direction of score changes in terms
of maintaining at Time 2 the rank order established on the Time 1 administra=~
tion. -~ N g

i

3 The performance of examinees repeating fewer than 38 items was markedly
sdifferent from that of the other examinees in several respects. The mean
score on Time 1 for this group was lower than that for the other three
and was significantly (p<.01) poorer than was the performance of examinees
repeating 38 or 40 items. However, this groyp of examinees showed a
significant (p<.01) increase in the mean score obtained on the Time 2
administration; this increase (from 22.87 to 25.24) ,brought the performance
of the group repeating fewer thzn 38 items to a level comparable to that

of the .groups repeating 38 or more. Finally, test~retest stability dropped
markedly in this group, from r=.94 in the' "38" group to r=.64 in the "37 or
‘less" group.

From these results it would appear that the overall stability of the '

flexilevel test (r=.89) reflects the combined effects of 1) a majority of s
- examinees whose performance from Time 1 to Time 2 was highly stable in

terps of both rank order and overall level of performance, and 2) a small

group of examinees whose overall performance was initially at a signifi-

cantly lower level than that of the larger group, whose mean score increased;

significantly on the Time 2 testing, but who showed far less consistency

in rank crdering from Time 1 to Time 2. . v ®

Parallel forms reliability. Table 7 presents the characteristics of
the sampling distributicns of parallel forms reliability coefficients
. obtained from the simulation study. These data show that the flexilevel
test was more reliable than the conventional test, having a mean reliability
of .84 as contrasted with that of .80 for 'the conventional test. This
difference was statistically significant at p<.001.

Table 7

Characteristics of Sampling Distributions of
Parallel Forms Reliability Coefficients

Using 100 Random Samples of 100 "Testees" -
T o 957% Confidence Interval
Range (2 5.D.'s)
Mean S.D. Maximum Minimum Upper Lower l
. . Flexilevel ) .84 .029 .90 .74 .90 .78 1
Conventional ~ .80 .038 .88 .65 .87 .72

ERIC -
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The standard deviation and range of coefficients obtained for the

flexilevel test was also emaller than the values for the conventional

test, Indicating more consistency in the reliability estimates obtained |
from the 100 samples. The obtained 95% confidence intedvals indicate that
the effective range of reliability coefficients based on sample sizes of
100 for the flexilevel.test was between .78 and .90, while that for the

conventional test was between .72 and .87.

h )

Relationships between Fléexilevel and Conventional Testggcores

i

Table 8 presents the product-moment correlations and'eta coefficients
deseribing the relationship between flexilevel and conventional test scores
for both the empirical and simulation data. .All of the obtained coefficients

were significantly different from zero (p<.001), and noéne of the eta

coefficients indicated a signjficant degree of non-linearity in the relation:

ship between the two distributions of scores.
Table 8
5 ) Relationships between Flexilevel

Scores (Score 2) and Conventional
Test Scores

Time 1

Empirical Study (Group 1, N=103)2
Produét-moment correlation

Regression ©f flexilevel scores
* on conventional scores (eta)

Regression ofi conventional scores
on flexilevel scores (eta)

Simulation Study (Time 1, N=10,000)°

Product-moment correlation

Regregssion of flexilevel scores
on conventional scores (eta)

b3
Regression of conventional scores
on flexilevel scores (eta) =~

I

.89
.90

.91

.82
.82

.82

€ Four subjects were eliminated from this analysis because of
incomplete response records.on either the flexilevel or

conventional test

b Data for Time 2 are not shown since the results were identical

to the time 1 data

The relationship between scores was higher in the empirical study
than in the simulation study; in the former, r=.89 with eta coafficients

34
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of .90 and .91, and in the latter both r and eta coefficients were equal

to .82. “Thus, flexilevel test scofes accounted for about 81% of the vari-
ance in conventional test scores in the empirical study, but for only about
in the simulation study. . v g

Relationships between Test Scores and Ability -

D 1

The product-moment r and eta coefficients summarizing the extent of
relationship between flexilevél tést scores and generated underlying ability
("validity") in the simulation data were equal to .91 for both flexilevel
"administrations," s calculated using all 10,000 scores. The coefficiepts
for the conventional test and ability were both equ@l to .89. Both sets
of coefficients indicated a high lineer relationship between test scores
and ability, although the flexilevel test showed a significantly (p<.001)
hjgher relationship. Thus, underlying ability level accounted for
approximately 83% of the variance in flexilevel test scoxes and for
approxi@ately#79% of the variance in conventional test scores.

Table 9

J . : .
. Characterist{cs of Sampling Distributions of

Product-moment Correlations between Test
Scores and Simulated Ability Calculated on
100 Samples of 100 Subjects

67%

v

—

95% Confidence Interval

Range (+2 S.D.'s)
, % Variables Mean S.D. Maximum Minimum Upper Lower
Flexilevel--Ability
Time 1 .91 .015 .95 .87 .94 .88
Time 2 .91 .015 . .95 .87 ‘ .94 .88
Conventional~-Ability -
Time 1 .89 .020 .93 .81 .93 .85

Time 2 .89 .019 .93 85 | .93 .85

Table 9 presents the characteristics of the sampling distribution of
product-moment coefficients calculated on 100 groups of 100 testees. A
comparison of the mean values shown ip Table 9 with those calculated for
the total distribution of 10,000 sets of scores (.915for flexilevel, .89
for conventional) shows that the two methods gave identical results: the
mean r for flexilevél was .91, and the mean » for the conventional was .89.

Examination of the confidence intervals shows that, for flexilevel,
the effective range of correlations with ability over 100 samples was
betweer .88 and .94, while that for the conventional test was between
.85 and .93. The difference between the means of the obtained sampling
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. distributions was statistically significant at p<.001.

H

Information Functions .

-

Equal-frequency distribution. Table 10 presents estimated values of
the information functidn (I(8)) for the flexilevel and conventional tests
at each of sixteen qﬁility levels. The values at each level were obtained
through application of the method of "moving averages" (McNemar, 1969, p. 8)
to the average of the values obtained from the two administrations of :
each test. Thus, the values im Table 10 represent "best! average estimates
of the value of the informatiop at each ability level. Table A-3 in the

-

Table 10

Values of the information function (I(8)) for flexilevel and conventional
tests at points along the continuum of underlying ability (equal-frequency
distribution)

[ 4

Level 6f

Ability (8) - Flexilevel Conventional
3.2 .18 .32
3.0 .66 .82
2.5 1.71 - 1.71
2.0 3.20 c 2.84
1.5 4,72 . 3.93
1.0, 5.76 4.53
.5 6438 4.76
.1 6.62 4.65

-.1 6.70 ) 4.41

-.5 6.38 4,04
-1.0 5.80 3.59

-1.5 , 4.81 ‘ 2.99
=2.0 3.88 2.25
=2.5 2.90 1.44
-3.0 2.10 . .74
-3.2 ) 1.13 .27
Megn 3.86 2.68
S.D. - 2.23 1.62

Note. Values obtained using method of "moving averages" (McNemar, 1969, p. 8)

Appendix indicates the information values averaged over the two administra-
tions (but before application of the method of "moving averages"), separate
values for the first and second administrations of each test, and the mean
and standard deviation of information values over the 16 ability levels used.

The data contained in Table 10 are summarized in graphic form in Figure 4.
The shape of the information curve faor the conventional test, as shown
in Figure 4, is very similar to that found in’'Lord's (1971d) theoretical

study; that is, the information values are highest near the center of the
ability distribution and drop off sharply at the extremes. Lord's results,
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using "ideal" items, and the results indicated here, using a set of items

‘with parameters that are typical of those occurring in empirical test

construction and which did not permit the construction of a perfectly peaked
conventional test, both show that a conventional test offers greatest preci-
sion of measuremént for individuals near the median ability level of the
group and decreasing precision with divergence of an individual's ability
from the median level.

{

Figure/4
INFORMATION FUNCTIONS FOR FLEXILEVEL AND

; CONVENTIONAL TESTS USING "EQUAL-FREQUENCY"
DISTRIBUTION OF ABILITY

1.0 . 7.0

6.0 6.0

5.0

5.0

4.0 4.0

Conventional

3.0 3.0

2.6

1.0 1.0

Ability (o)

Figure 4 also shows that the flexilevel test, while providing more
information than the conventiohal test for ability levels between 8=-3.2
and 6=2.0, did not provide more constant accuracy of measurement across
all ability levels. Contrary to Lord's results, in which the flexilevel
test showed a more nearly horizontal information function, the shapes of
the two information functions shown in Figure 4 are achally quite similar;
both testsshowedgreétest accuracy near the ability level corresponding to
the mean difficulty of the test items, and a substantial drop in accuracy

at more extreme ability levels.

G
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- The overall level and shape of the information functions shown in .
Figure 4 are also reflected by the means and variances of the information
values for each test, as shown in Table 10. The mean value for flexilevel
(3.86) was higher than that for the conventional test (2.68), but the standard
deviation of information values for the flexilevel test (2.23) was greater
than that for the conventional test (1.62). The larger standard deviation
for the flexilevel test reflected a greater degree of variation in information
values across the sixteen levels of ability.

. ~¥he data in Table 10, representing '"best" estimates of .the value of
informatioh at each ability level may be compared with that in Appendix
Table A-3, in which the Time 1 and Time 2 resulte are presented separately.
The data in Table A-3 indicate that while the means and standard deviations

cof information values were similar for the two test administrations, there
Cfere substantial differences in the information values at a given ability

level. For example, at 8=2.0, the Time 1 administration resulted in a
flexilevel information value of 3.47, while the Time 2 value for flexilevel
was 2.33. For the Time 1 administration, the flexilevel tes: provided
most information (7.18) at 6=-1.0, while the greatest amount of information
in the Time 2 administration was provided at @=-.1, _Similar differences
due to sampling error wergﬂfound for the conventional test.

Normal distribution."Appendix Table A-4 presents the estimated values ar
of I(8) provided by the flexilevel and conventional tests when calculated
using subjects with an underlying normal distribution of ability; again,
these values were obtained by application of themethod of "moving averages"
to the averages of the Time 1 and Time 2 administrations. Table A-5 in
the Appendix contains the initial average information values, the separate
values for the first and second test administrations, the mean and standard
deviation of the 33 values for gach test and the number of "testees" assigned
ability levels within each interval of ability.

The results indicated in Table A-4 are summarized graphically in
Figure 5. ‘ ©

‘ Figure 5
INFORMATION FUNCTIONS OF FLEXILEVEL AND CONVENTIONAL TESTS USING
NORMAL DISTRIBUTION OF ABILITY

i 1.0 1.0

[ $.0

3.0

I

3.0
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4.0 4.0

Conventional

3.0 3.0

1.0 .0
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3.0 2.5 2.0 1.3 1.0 L] L 3 1.0 13 3.0 1.3 3.0

Ability.(
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information values corresponding to g&ch ability level.
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As shown in Figure 5, both the flexilevel and conventional tests again
show greatest accuracy of measurement at the ability level corresponding
to the mean difficulty of the items, and losses of accuracy at the extremes.
Again, flexilevel provides more information between 6=-3.2 and about 6=1.5,
but at ability levels greater than 6=1.5, the two tests yield essentially
equal information values.

The means and standard deviations of the information values, as shown
in Table A-4, indicate that the flexilevel test provided a higher overall
level of information (3.81) than did the conventional test (2.85) but that
its information values were also slightly more variable (1.70 to 1.53).
Again, the results obtained from the separate administrations of each test
{as shown in Appendix Table A~5) indicate substantial variability in the

o

*  DISCUSSION
Comparison of the score distributions obtained from three groups of
subjects in the live testing indicated that both the flexilevel and con-
ventional tests reflected differénces in the mean ability levels of the
three subject groups in terms of both the mean number-correct obtained by
each group and the skewness of the group score distributions. In terms
of these two characteristics, it appeared that the average difficulty level
of the test items was most appropriate for Group 2. In this group, both
score distributions tended to be platykurtic, although the degree of platy-
kurtosis was greatér for the conventional test and was statistically
significant on the Time 1 administration. These findings are in agreement
with previous findingy (Betz & Weiss, 1973; Larkin & Weiss, 1974Y showing
that conventional tests yielded score distributions that were more
platykurtic than the adaptive (two-stage and pyramidal) tests with which
they were compared. In the present study, conventional test scores were
more variable than the flexilevel scores.

While the flexilevel test did reflect differences in the ability levels
of the groups, it was also found to adapt item difficulties to differences
in the ability levels of examinees within groups; this was inferred from
the fact that in Groups 1 and 2, the mean number~-correct for the flexilevel
test.was closer to 50% correct than it was for the conventional test even
though the mean difficulty level of the items in the two tests would have-
implied otherwise. This finding is similar to that found by Larkin & Weiss
(1974) for pyramidal adaptive tests, in which the mean number of items answered
correctly was slightly more than half of the 15 items administered. These
results suggest that adaptive tests reduce random guessing, since the mean
number correct was close to that expected from free-response items, although
the test used multiple-choice items.

The score distributions yielded in the simulation study were most

similar to those yielded by Group 2 im thé empirical study in terms of the

mean number-correct and the tendency toward platykurtosis. The simulated

score distributions for both tests were significantly negatively skewed and

significantly platykurtic, but the flexilevel test better reflected the

underlying normal distribution of ability. Again, conventional scores

were more variable than flexilevel scores, but both sets of scores were
|
|
I
|
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uniformly less variable than those in the empirical study. 1In the simula-
tion study of Betz & Weiss (1974), two-stage tests were also found to better
reflect the underlying normal distribution of ability than did the conven-
tional test, but, again, all score distributions were significantly
platykurtic, and the score distributions of the conventional test and one
of the two-stage tests were significantly negatively skewed.

Comparing the empirical and simulation studies indicated that, as ip
Betz & Weiss (1974), real testees obtain scores that are uniformly morc
variable than are scores generated in the simulation studies . In contrast
to simulated examinees, actual testees differ from each other on variables
in c4dition to ability level. Differences in motivation to do well, anxiety
level,' and tendency to guess may contribute to additional variance ia test
scores obtained from live test administrationm.

The test-retest stability of scores fromboth tests was identical; both
had stability coefficients of r=.89. No consistent relationship between
stability and the length of the interval between test“.and retest was found
for either test, although the fiexilevel test was more reliable in the short
time interval. The stability of flexilevel test scores (x=.89) was identical
to that found for scores from a 40-item twowstage test (Betz & Weiss,

1973). The stability of scores on a 15-item pyramidal test was found to
range between r=.79 and r=.89 for different methods of scoring the test;

the modal correlation was r=.86 (Larkin & Weiss, 1974). These data suggest
that the pyramidal testing strategy, which with 15 items achieved stabilities
as high as the 40~i‘em flexilevel test, is a more efficient method of
adaptive testing. .

The analysis of the possible effects of memory of items repeated on
the size of stability coefficients calculated in the live-subject group .
showed that on the flexilevel test, three-fourths of the total group repeated
38 or more of the 40 items administered. Since the number of items repeated
in the flexilevel test could vary between 1 {(the first item administered
to all examinees) and 40, .the fact thatmost people repeated 38 to 40 items
indicates substantial consistency in the responses of examinees over the two
test administrations. This in turn would appear to imply that the flexi-
level tailors item difficulties to be appropriate to each examinee's ability,
for example, low ability examinees receiving many items that are too diffi-
cult for them would be likely to perform inconsistently over two test
administrations because of the possible effects of random guessing.

Further, the stability of scores for examinees who repeated 38 to 40
items on the flexilevel test was higher (r=,94 to r=1.Q0) than the stability
of conventional test scores, on which examinee§'repeated all 40 items (r=,89%).
Thus, when the two tests were roughly equated for the effects of memory, the
flexilevel test yielded more stable scores. This finding is in agreement
with the findings of Betz & Weiss (1973) in which scores from a two-stage
test were more stable than those from a conventional test when the effects
of memory were equated, and the findings of Larkin & Weiss (1974) which
" showed that memory was operating to inflate the stability of conventional

test scores.
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The flexilevel test had significantly highei parallel forms reliability
(r=.84) than did the conventional test (r=.80), as determined from the
simulation study. The reliability of the flexilevel test compares favorably
to parallel forms reliability coefficients of r=.76 and r=.83 for two two-
stage tests as found in the simulation study of Betz & Weiss (1974); in that
study, the reliability of the conventional test was also r=.80.

In both the present simulation study and that of Betz & Weiss (1974),
however, there was substantial variability among the reliability coefficients
calculated across 100 samples of size 100. In the present study, the
effective range of coefficients (..e., 95% of those obtained) was between
.78 and .90 for the flexilevel test and between .72 and .87 for the con-
ventional test. This finding has implications for the interpretation of
results of simulation studies based on single samples of 100 or fewer
Ysubjects" (e.g., Jensema, 1972; Urry, 1970); in such cases, obtained
reliability or validity coefficients may not be representative of results
that would be obtained over a larger number of samples or using a single
large sample.

Parallel forms reliability as determined from the simulation study
was expected to be lower than the test-retest stability because it includes
as systematic score variance fewer kinds of specific or error variance
‘Stanley, 1971). A test-retest stability coefficient includes as systematic
variance two sources of variance which are treated as error in a parallel-
forms design: 1) variance specific to the centent of particular items, and
2) actual memory of particular items and of the previous responses to them.
Thus, when the factors of item content sampling and memory are significant
sources of variance, test-retest stability coefficients will be higher than
parallel~forms coefficients. It may be noted that there was a larger
difference between stability and parallel-forms reliability for the
conventional test (r=.89 versus r=.80) than there was for the flexilevel
test (r=.89 versus r=.84). Since there is no reason to suspect differences
bertzen the two tests in content-specific variance, the greater difference
for the conventional test supports a hypothesis that the stability for the
coaventional test is inflated more by memory factors. °

The correlation between flexilevel and conventional test scores
obtained from the same sample of examinees ir the empirical study was .89,
indicating that the two sets of test scores share about 80% common variance.
In contrast, the correlation found in the simulation study was only .82,
indicating about 67% shared variance. Thi? difference between empirical -
and simulated data was not found in the stddies of Betz & Weiss (1973, 1974),
in which the correlations between conventional and two-stage tests ranged
between ;79 and .84 in both the empirical and simulation studies. Further,
in other empirical studies, correlations averaging .84 were found between
conventional and pyramidal tests (Larkin & Weiss, 1974), and correlations
between .79 and .84 were found between two-stage and pyramidal tests
(Larkin & Weiss, 1975). Thus, the correlation of .89 between flexilevel
and conventional test scores found in the present empirical study is higher
than those found in the parallel simulation study or in other studies com-—

paring two or more testing strategies.

The flexilevel test had a significantly higher relationship to under-
lying ability (r=.91) than did the conventional test (r=.89). Both
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correlations were bigh and indicated a primarily 1linear relationship
between test scores and ability. Again, there was substantial variability
in the test-ability correlations yielded from the 100’ samples, indicating
caution in the interpretation of results of small-sample (i,e., N=100)
simulation studies.

Both the flexilevel and conventional test information functions
indicated greatest precision of measurement for "examinees" of near average
ability level and decreasing precision with divergence of, an examinee's
ability from the mean ability level. These findings are in general agree-
ment with those of Lord (1970, 1971d). However, Lord (1971d) also found
that the conventional test provided slightly better measurément for ability
levels between 41 standard deviations from the mean, but that the flexilevel
test provided better measurement beyond those points, and increased
substantially with increasing divergence from the mean. Thus, in Lord's
study, the flexilevel test provided more constant precision of measurement
across the abili“y continuum.

In contrast, the results of the present study indicated that the
flexilevel test provided more information than did the conventional test at
all ability Jevels between 6=-3.2 and 6=+1.5. Surprisingly, the superiority
of the flexilevel test was most apparent for ability levels between 8=-1.0
and 8=0. These results, in combination with the larger standard deviation
of flexilevel information values across ability levels, indicate that the
flexilevel test provided less constant precision of measurement than did
the conventional test. These results are contrary to those of Lord's (1971d)
theoretical study of flexilevel testing.

In a simulation study of the two-stage adaptive testing strategy,
Betz & Weiss (1974) found that, in agreement with Lord's (1971e) study of
two-stage testing, one two-stage test provided relatively constant precision
of measurement across the ability continuum; the information function'
approximated a horizontal line. However, a second two-stage test did not
provide constant precision of measurement but rather yielded an information
function similar in shape to that of the conventional test although at a
higher overall level.

1he differences in information values for the conventional and flexi-
level tests must also be interpreted in light of differences in the average
discriminating power of the test items, since higher item discriminations
will generally lead to higher values of information. As was discussed
in the section on test construction, the flexilevel test items had_a higher
mean discrimination (g=.65) than did the conventional test items (ag=.54),
but examinees of relatively low ability would take a more discriminating
set of items on this flexilevel test than would examinees of relatively high
ability. Thus, where the information provided by the flexilevel and
conventional tests was equivalent (about 9=+2.0), the average item Adis-
crimination was also equivalent (a=.54). In the center of the ability
distribution, where the flexilevel test showed the greatest advantage over
the conventional test, the mean item discrimination for flexilevel was
about a=.69 (again compared to .54 for conventional). At abflity levels
below #=-1.5, the flexilevel test still provided more information, but
somewhat less than_would be expected considering that the mean item discrim-
ination was about a=.74 or .75.
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If item discrimination were the only factor influencing information
values, the flexilevel test should have the highest values at the lowest
ability levels. Thus, while other factors can be assumed to be operating,
it does seem.that some of the difference between flexilevel and cenventional
test information values may.be attributable to differences in mean item
discriminations. Further research using flexilevel tests in which mean
item discriminations are equivalent for examinees 8f all ability levels
and are equal to _those of conventional tests will be.necessary to separate
the effects of item discrimination from those of the chagécteristics of the |
testing strategies in influencing the.overall level and shape of test
information functions. X ,

e
» .

FinalI%, the flexilevel test“provided higher levels of information at
lower ability levels than at higher "ability ;ev@ls, While this difference
may be due to differences in item discrimination, -t contradicts previous
findings by Lord regarding the effects of guessing on measurement effective-
ness. Lord (1971c) found that guessing had most adverse effects on the
measurement effectivgness of hoth conventional and adaptive tests when
examinee ability was low. In a conventional test, low ability examinees
receive items which are, for the most part, too difficult for them; thus,
their only chance to answer coigectly is through guessing. 1In the flexilevgi
test, however, fewer items should be too difficult for the low ability
examinee, so guessing should be reducéd, leading to less measurement error.
This hypothesis is supported by the higher information values for the low
ability testees, and by the data on proportion correct in the flexilevel
test. Again, further research controlling the factor of discrimination
will be necessary to determine whether or not flexilevel and other adaptive
testing strategies yield scores which contain less error due to guessing,
particularly for low ability examinees.

The failure of the results of the simulation study to agree in all
respects with those of Lord's (1971d) theoretical study may also be due to
the fact that the latter sfudy assumed hypothetical, ideal items, all
having the same discriminating power and having difficulties corresponding
to exact desired specifications. The present results, however), were
obtained using item parameters obtained from a real item pool; the
limitations of the pool permitted only approximations to the item
characteristics desired for constructing the flexilevel and conventjional
tests. Further studies using other real or hypothetical but imperfect item
pools would be useful in clarifying the advantages and disadvantages of
various testing strategies for use ir actual applied assessment situations.

+

Summary -

The results of the studies of flexilevel testing showed that a
flexilevel test had significantly greater parallel-forms reliability and a
significantly higher relationship to underlying ability than did a con-
ventional test. The test-retest stability of the two tests was equivalent
for the total group of examinees, but there was some evidence, both from
an analysis of the number of items repeated in the flexilevel test and
from a comparison of stability and parallel forms reliability coefficients,
that memory effects may be more influential in the stability of conventional
test scores than in that of flexilevel test scores. The relationship
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between flexilevel and conventional test scores (r=.89) in the empirical .

study was as high as the test-retest stability of either test; the
retationship shown in the simulation study (r=.82) was less than the parallel-
forms reliability of the flexilevel test (r=.84) but greatef than.that of
the conventional test (r=.80). The flexilevel test provided a thigher
level of information, i.e., greater precision of measurement, than did the
conventional test, but it also yielded less constant precision of measure-~
ment for examinees of varying ability levels than did the conventional
test. However, the interpretation of differences in information values

for the two tests was confounded by differences in item discriminating
power. Flexilevel test scores better reflected the underlying normal
distribution of ability than did conventional test scores, and there was
evidence that the flexilevel test was adapting item difficulties to differ-
ences in the ability levels of groups and of individuals. The flexilevel
test also appeared to reduce guessing. Further research will be necessary
to clarify the relative utility of flexilevel and conventional testing
strategies in terms qf other psychometric and practical criteria.
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APPENDIX
Téble A-1

Item Reference Numbers and Normal Ogive.
Item Pargmeters for the Flexilevel Test

Item Iten Diffi- Discrim- Item Item Diffi- Discri£—<
Reference Serial culty ination Reference Serial culty inatio
Number®  Number ()  (a) Number®  Number (b) (a)
121 1 -3.11 .70 655 41 .08 .39
131 2 -2.98 .56 . 386 42 .14 .70
89 3 -2.82 .67 266 43 .16 .86
198 4 -2.81 74 264 44 .21 .86
82 5 -2.77 .50 340 45 .30 .78
ﬁl: 80 6 -2:55 .79 ’ 296 46 .34 .91
184 7 =-2.54 .67 111 47 .46 48
31 8 -2.50 +66 v 213 48 - .65 .29
66 9 -2,32 .80 + 164 49 .62 41
95 10 -2,20 .50 656 S0 71 b4
262 11 -2.29 .70 294 51 .79 .70
214 12 -2.08 42 32} 52 .79 .63
34 13 -1.93 74 216 53 .92 .37
83 14 -1.80 .77 299 54 98 .52
186 15 < =1.,65 .92 120 55 1.07 .72
88 16 -1.74 .63 147 56 1.15 .38
199 17 =-1.42 .92 217 57 1,25 .43
103 18 -1.34 .89 668 58 1.26 .39
173 19 -1.43 .76 " 652 59 1.33 .60
47 20 -1.31 .87 152 60 1.40 .55
43 21 ~-1.21 .90 400 61 1.62 .34
87 22 ~1.10 .99 359 62 1.54 .58
109 23 -1.06 .89 319 63 . 1.49 .62
204 - 24 -1.15 .73 253 64 1.65 .39
85 25 ~1.07 .76 383 65 1.82 .36
123 26 ~-1.00 .67 K 273 66 1.79 .49
349 27 - .9 74 379 67 1.94 - .64
130 - 28 - .85 .75 166 68 2.03 .64
128 29 - .75 .82 672 . 69 1.89 .85
37 30 - .69 .66 297 70 2.31 .40
91 31 - .59 .83 336 71 ~2.05 .49
270 32 - .52 .86 309 72 2.47 .48
188 33 - 47 .71 245 73 2.32 .38
145 34 - .41 .59 398 A 2,34 .61
209 35 - .40 .64 385 75 ¢ 2,35 .42
56 36 - .28 .75 298 76 2.62 +43
329 37 - .21 .86 364 .77 3.11 .32
272 38 - .13 .98 388 78 2.86 .43
630 39 ~ .05 1.31 664 79 2,95 .84
258 40 .00 41 ’
Mean -.01 .65
$.D. » 1.68 .%0'

aRefers to item numbers used in McBride & Weiss (1974) Appendix A,
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B o Table A=2

Item Reference Numbers and Normal Ogive
Item Parameters for the Conventiocnal Test

Item
R . Reference
s Numbers? Difficulty (b) Discrimination (a)
58° -.96 . .48
) 221 -.74 .65
307 - ~.84 .56
393 -.95 .49
211 -.72 . .61
224 =79 .54
390 ] -.73 .63
667 -.73 ] .57
. 156 - T =63 , .65
208 ~.68 .58
‘ 234 -.69 .51
- 52 -.28 . .61
137 -.74 .40
. 176 . -.90 .34
207 ) -.53 .60
218 -.93 .33
205 -.62 47 L
382, -.48 .64
391 -.53 .48
626 -.29 .65
645 -.32 .50
661 -.30 ‘ .58
670 -.28 .62
327 -.25 .57
50 -.23 . .50
144 -.18 .63
369 -.22 .56
- 233 -.17 47
636 -.15 .54
633 , 7 -.08 .50
146 ‘ .00 . .61
.- 295 : -.04" W47
113 .25 . .61
267 : .19 Wbt
59 .17 .64
271 N .33 { .53
302 .37 [:so
] 375 .46 1,49
666 .42 .55
651 .49 .56
Mean -.33 .54
S.D. .43 .08

3pefers 'td item numbers used in McBride & Weiss (1974)
Appendix A.




~ Table A—3\\\ s

Information values from Timé\i and Time'2
administrations, and average y for flexi-
level and conventional tests \(equal-
frequency distributioné\\

Level of - . Flexilevel ) *\  C8nventional

Time 1 Time 2 Average

Ability (8) Time 1 Time 2 Average

3.2 11 .01 .05 1.06 .65

3.0 .33 .11 .22 .03 .01

2.5, 1.12 1.03  1.08 1.07 _1.18

P 2.0 347 2.33  2.90 3.37 3.22
1.5 6.56 4.63  5.60 3.86  4+90

1.0 6,88 5.06  5.96 4.81 4.03

.5 > 6.53  5.60  6.07 6.07 4.53

.1 6.53 6.93  6.73 3.96  4.96

- -.1 6.48 7.61 7.05 4.31 4.45
\ - .5 6.02 5.97  5.99 4.88  3.62
-1.0 , 7.8 5.77  6.47 3.71 3.34

-1.5 4.07 4.92 4.50 3.51 2,51

-2.0 3.89 3.75 3.82 2.33  2.66

' -2.5 2.22 2.66 2.44 1.38 1.25
{ -3.0 2.21 2.52 . 2.36 .28 .51

-3.2 1.38 1.42 \i;ao .08 .22

Mean 4.06 3977 3.92 2.79 2.63

S.D. 2.56 2.39 2.4% 1.92 1.76

.85
.02

Note. N=100 per ability level
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Table A-4 ,

Smoothed values of the information function for
filexilevel and conventional tests within

intervals of the continuum of underlying

ability (normal distribution of ability levels) .

Interval of

Ability (8) N Flexilevel Conventional
3.1 to 3.3 4 .18 .19
2.9 to 3.1 14 41 .27
2.7 to 2.9 30 74 41
2.5 to 2.7 52 1.08 .76
2.3 to 2.5 100 1.48 1.47
2.1 to 2.3 168 2.05 2.25
1.9 to 2.1 192 2.69 3.00
1.7 to 1.9 318 3.40 3.50
1.5 to 1.7 452 3.88 3.81
1.3 to 1.5 596 4.31 4.09
1.1 to 1.3 742 4.60 4.28
.9 to 1.1 1042 4,97 4.4
.7 to .9 1088 5.26 4,50
S5 to .7 1334 5.56 4,56 Y,
.3 to .5 1496 5.77 4,63
.1to .3 1442 5.93 4.64 ’
.1 to 1 1690 5.99 4.60
.3 to -.1 1548 5.90 4.43
.5 to ~.3 1550 5.72 4.24
.7 'to =.5 1264 "5.45 3.99
.9 to =-.7 1156 5.26 3.78 2
.1 to ~.9 948 5.05 3.61
.3 to -1.1 652 4.87 3.47
.5 to ~1.3 660 4.55 3.29
.7 to =1.5 470 4.18 3.07
.9 to -~1.7 350 3.89 2.76
.1 to -1.9 208 3.74 2.40 ¢
.3 to =2.1 144 3.66 2.08
.5 to =-2.3 82 3.34 1.75
.7 to ~2.5 56 2.92 1.49
.9 to =2.7 40 3.07 1.08
.1 to -2.9 16 3.24 72
.3 to -3.1 12 2.43 .31
Mean 3.81 2.85
S.D. 1.70 1.53

Note. Values obtained using method of "moving averages"
(McNemar, 1969, p. 8).
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Table A~5

Informatioq;values from” Time 1 and Time 2 administrations,
and averages, for flexilevel and conventional tests
(normal distribution of ability)

i

(N=10,000)

Interval of
Ability (8)

N

Flexilevel {Score 2)

Coriventional

Time 1 Time 2 Average

to
to
to
to
to
to
to
to
to
to
to
to
to
to
+to
to
to
te
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

L]

ot = NN NN D W
® e e ¢ e e e e e e
H WUV KE WYL~

!

[
. ] . . : ] L * e > . . . ]
WH\D\IMNI—J\D\IUIU)}—‘\D\IUIU)HHMM\IND

Mean
S.D.

.

o b = DN WW
* e o *® e o * ° e

L] Ll . . . .
* e e e e e o PRy .
~ouLwie o L:L1L:;a‘° NUVWE WUV WO WU~ WY WU LOKH W

4
14
30
52

100
168
192
318
452
596
742
1042
1088
1334
1496
1442
1690
1548
1550
1264
1156
948
652
660
470
350
208
144
82
56
40
16
12

Time 1 Time 2 Average

e

.25

.24
1.17
.13
.61
135
.42
.13
.24
199
.14
.08
.22
.74
.57
.84
.51
74
.82
.26
4k
.83
.93
.52
14
.72
.06
.10
.69
.50
.89
.22
.52

NI—‘}—‘Nb\nwwbb&-bmumkﬂc\\ﬂmkﬂmkﬂbwbbk’N}-‘}-‘
L)

&

.09
.34

N

.01
.06

-

.

NN oW ; |
I e f‘?’?’f‘f‘?‘f‘?‘?‘?‘?‘°‘“‘“‘“‘”‘U‘“‘“‘“’h’h’h’k‘

e

" 3.
1,

,13
.15
.05
.90
.28
.16
.30
.87
.95
.30
47
.21
.05
.72
.84
.90
.13

wWws N

.58
.04
.12
.43
.93
.02
.23
.48
.46

#0h

436

2.
1.

HWHENMNNMNNWWWWWES S DSOS

*

42
.01
.41
1.40

1.85
2.73
3.99
3.64
4.54
4.35
5.19
4.45
4.29
4.96
4.53
4.39
4.51
4.24
3.63
3.70
3.33
. 3.33
2.87
2.80
2.50
2.11
1.40
1.50
.94
.33
.98
.01

2.79
1.63

.58

.23

.06

.42
1.66
1.93
3.48
3.73
3.55
4.26
4.20
4.77
4.36
4.42
4.87
4.55
4.78 .
4.44
4.25
3.96
3.78
3.48
3.56
3.36
3.10
2.74
2.54
1.98
1.48
2.02

.80
.84

.15

o2

*Value was infinite because there was no variance (the
falling in this interval were equal).

two scores
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