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ADAPTIVE TESTING AS A SIGNIFICANT PROCESS IN AIM
by '
Duncan N. lansen

1.0 Introduction L -

¥

Generic to any adaptive instructional system {AIS) is the testing-- -

evaluation process. Given the goﬁl of adapting the overall instruc-

tional learning process, it seems only natural to ask, to what degree-

can testing become adaptive? For the pux;poses of this paper, this_
question can be considered in three ways. First, from a formal methodo-

logical perspecuve, second from a human process, stab111ty perspec-

. tive; and third, from a sub-system or comjonent view w1th1n an adaptwe

mtructmnal system.

In reference to the formal psychometric models it has long\b'een

" known that many test items (too hard or too easy) provide little or no

informa_a‘tion’ concerning the outcome decision to be made about the

studerif. If this is the case, then it seems only natural to find some
approi)riate way for, re;noving these test items without detracting from
eithe1; the rel-iability or validity of the assessment instrument. The
vast nI;jority of adaptive testing models formally address only this
problem. From a systems‘point of view, these models have received

little or no empirical investigation. With the advent of large computer-
based training systens the opportunity to broadly implement adapuve
testmg models and contrast them in tems of their adaptive nature has

o

came to its moment of truth. It, therefore, seems appropriate to

describe various computer paradigms which are representative of one or
AN -~ -




more,nodelg. This will complete. the first third of this paper. |
- As a student is presented with test items via either pencil and !
paper or some €lectronic dev1ce such ds a CRT termmal he is mvolved
o in a conplex behavioral process . The testing itself presents certam
. . kinds of .characteristics. . It has long been considered adaptive 1f we
can mal;e a situation easier or more relaxing for a student. As this
,paper will tﬁ to iiltminatel it is perhaps more important te increase
‘the challenging aspects of the test adaptation, evon tofstressing
— charactenstlcs in order to improve both reliability and validity. . ‘ 2
Thus, the very nature of adaptation as a behavmral process interacting .,
with a dynamc testmg algorithm may change our thoughts and views of
the envirommental conditions for optimality. Fortunately, the indices
of reliébility and validity directly answer these issues.
) Fmally., adaptive test1ng cax\ be considered within the context of
a total AIS framework. To what degree does it provide for time savings.
and for‘ enhanced systems improvement? It is in this last area that we
have so l‘ittle experience and data. What 11tt1e data and conjecture

that can be accumulated at this time will be presented to conplete the

overview ow testing.

2.0 Adapting Testing Models for Instructional ,Systems

Adapting testing models (ATM), while interesting from a theoretical
point of view are, in fact, only as impor{ant as the overall ndaptive .
instructional system (AIS) .into which they are embedded. 'Recognizing -

that adaptive instruction is to be contrasted with more conventional

“ or individualized approaches, each AIM approach tends to stress charac-

“teristics of (1) being adapted to the specific characteristics of each




student from both a class and state variable viewpoint; (2) to provide
indtruction in some systematically contingent fashion; (3) to mediate
the information flow so as to optimize the learning rate and outcemes,

and (4) to provide empirical feedback, most importantly, to the system

so as’ to allow it to approximate its ultimate state of optimality. As °

a framework for understanding the role of adaptive testing, Figure 1 .

presents a flow of how an adaptive-i‘nstfuctional system would work.

For our testmg purposes the critical areas are found in Step 1, Step
8 and most importantly in Step 10. Allow me to elaborate:
First, the initial steps indicate how all of the a priori #hfor-

mation on a given student is considered and then is matched within the

" consideration of tasks, instructional alltematives and the students’

data profile. From this, an instructional decision rule, sometimes
referred to as adaptive instructional-model, is selected and applied.
This is scheduled and the instruction is prescribed. After it has

been impIemented it receives an ihnediate evaluation. This evaluation

both prov1des feedback to the student's 1earn1ng prof11e as well as

to the overall system as represented in the parameters found in the
adaptive mstmct}onal models. Thus, Step 1, the student's learning
profile, is an update of his immediate prior performance, his learning
time, and other associated learning indices, as well as associated
behavioral patterns, be they adapttve or personality in- hature.

The composition of an instructional prescription is critical in

that this represents the point of closure by which_the-objectives and

e

criterion level are formulated for a student. In Step 10, this infor-

mation is utilized as entry information into the testing process. The

i
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testing process then consists of the presentation under some appropriate
algorithn of a series of items which.are scored in real time, and a
decision is made. Outcomes of the actual tést perfoz;mnce are then
utilized to update both the individual student 're;c:}d and the system.

We tuin now to the details of this adaptive testing process.

21 Test Entry Processes.

The testing process (Step 10) can be characterized by t}}r\e:e sub-
processes:,  (a) appropridté test seiection and student entry, @5
tailored presentations of the “test i'tems and (c) sensitive scoring.and
diagnosis, interpretatiox; and reporting. For the entry process, it is
intuitively and empirically obvious that the test or composited test

items should be selected to maximize the accuracy and meaningfulness

of the outcame decision. . In addition, a student should be entered into )

the test s as to minimize both-trivial items and highly difficult or
impossible items while‘ focusi'ng on the presentation of thc;se items
that best reflect the student's current learning competencies and
provide for appropriat’e discrimination among the alternatives to be
considered within the testing decisions. Therefore, any adaptive test
selection and entry process would have to be based on the student's
characteristics to be valid.

The research area of computer selected and/or composed testsv is
practically nonexistent., Wood (1971) reviewed the fechﬁiques for
camputer-composed tests. The Naval QfI project (1973) at Memphis
illustrates how students can be routed to specific tests. Adaptive

selection of tests remains a highly promising topic for future

~




research. Rasch (1969) provides a model that yields equivalent ‘ir;di-
vidual measurement (scores) from sets of items varying in difficulty.
ilasang (1972) proposed a procedure for item we1ghting to achieve
invariance of test scores under varying test difficulty levels. Obvi-
ously, a large 'storage capacity, general purpose .computer allows for
the composition of tests in real time, a near infinitive solution to
the problem. | | | ’
. In turn, adapti(re entry of a student into a test arranged in a.
difficulty hierarchy remain's‘mexplore'd. Owen (1969) has developed a
precedure for applying 3ayesian concepts to either the appropriate
determinatmn of a test or for.the tailoring of teSt items to each
student, the methodology bemg appropriate for each problem. The -
Bayesian models offer a nunber of d1stmct-advantages

'1. The step size of d.1ff1cu1ty between tests can be of the ,
examiner's choice. : ‘ ' S

<

2. ,The choice of entry is dependent upon previously ?éllected
data on each student.

3. 'The choice of a scoring method is less important and is
primarily governed by the choice of a loss function selected by the

. examiner.

L 4. All of the test item parameters are permitted to.vary.
Unfortunately there has been no empirical findings to support these
views. - - \

The adaptive entry of a student into a test arranged from a shel'ﬁ
hierarchy remains-to be i_nv_estigated.' ‘In a mere integrated instruc- \".‘

tional and testing paradigm, Suppes (1968) has'providegl for individualized

1
1




entry for welln over 50,000 stud_ents in a mathematics CAI 'dtill and
practice program. The results indicate that students can be given
appropriate entry bascd on the single var1al>1e of grade level and
find an appropriate performance level mt.un a mmmum of one hour
of instruction.

It should be observed thaf each of these programs 'utiltized only
one variable (grade level) forl the predictegl entry placement., If \
nultivaria%e regression techniques were utilized, it wouid. mdoubtedlx

be true that a much more precise placement could be detenm.ned It

“ should be observed, though, that the evaluatlon of placement for

adaptlve testmg will have to be determmed in terms of the criterion
of minimum numbcr of test item presentations, since ‘the behavioral
evaluation us elusivée at best, and perhaps impossible to answer in

terms of student sqlf-ratings. N

2.2 Tailored Presentation of Test Items

After the student has been placed in a test, the test item presen-

tations should be designed or tailored so as to match items to the
current performance or ability level of 'students. Simply stated, the
student should always be presented with those items that best match
his competencies as well as providing the greatest discriminations.

" As he begins to fail, the test should be terminated as quickly as
possible. As an overall point of \view, testing should be m_inir_nized to
that degree .wixidl minimizes the risk of ‘error to an ‘acceptable degree

within the instructional system. In considering the number of tech-

niques offcred for tailoring the tests, reference will be made to a




number oé reviews by different groups: Weiss (Weiss and Betz, 1973)
at Minnesota, lansen (1973) at Memphis State University, etc.

While Weiss argtles acti'vely for a two-stage testing model, 'serious
cohsiderations of a number of factors led our growp to consider the
flenlevel model-developed by Lord (1971) The fiexilevel model starts
a stlilent with a nuddle d1ff1cu1ty item and proceeds by presenting the
next easier item after each wrong response and tlxe next harder item
after each correct response. Testmg is’ stopped after n items where
n is defined.as (N + 1 andN1sthe total nutrberof1ta|softhetest.
, Lord found through amputer smulatmn studies that the fie:ulevel

. model yields highly sat1sfactory results if the difﬁculty step size

is in the range .033 to .

?. Tlus model is quite. advantageous for
two reasons: first, the ction in test items is clearly specifiable
and poi:ential paper and ncil applications are also feasible, More-
over, the test item pool Can be directly implemented f_ran an existing
conventional test, a hi \ghly important developmental factor.

The vanous pmblems raised by tailored testing d1scussed above
are sumarized by Lord as follows: "Until now, even some very primi-
tive questions about how to carry out tailor‘ed testing did not have
even vague answers.' If these problems are confxsmg even to the
'psychometric:lans how can the educational sector have confidence in
ta11(J ‘r‘estmg” A mature summary of problems and advantages

mdlcatesfthe ‘wisdom‘of further research and development.
‘ In some of the studleﬁs reported (e.g., Angoff and luddleston,
1958; Gleary, Lmn, and Rock, 1968), as many as 20% of the students

were misclassified by the routing test. In the case of mMntioml

‘%’ -

.




testing, misclassification of students is similarly unavoidable, since

-~ no training test of today is perfectly valid and reliable. Given
.equivalent weakness for each approach, the use of improved test
developnant methodology is the best course of action.

Another serious weakness of tailored testing is that although it
is better for the extreme ability groups, it provides less accurate
measurement for the average individual than that of a ''standard" test.
Lord {;ave tailored testing an apparent ''fatal blow' in this comment:

If, for example, 500 items were available for tailored .
testing, better measurement will often be obtained by

selecting, for example, the n = 60 most discriminating items

(highest a) and admmstenng these as a conventional test,

- rather than by using all 500 in a tailored- -testing procedure.

This, may actually prove to be a fatal ob Jectmn to any general
use of tallored testmg

This remark would hold 1f tailored testing is apphcable only to nor-

mative ‘ability measurement, such as the GRE, or the SAT. tlowever, in

reaction to this restricted viewpoint _df‘ tailored testing, Green (1970)

arg\'Jed that "the computer's failure to improve on conventional testing ' L
. in this sifuation‘dogs not foreclosc the possibility of computer

advantages in other cases."" Very similar opinion was also shared by

Crick (1972) v;ho reacted: ‘'Lord' s restricted view of testmg » while

certainly a legitimate one, does not exhaust the possible gpphcatmns

- L)

of computer-assisted testing.'

e

In discussing the prospects of tailored testing, it seems that

the following points are pertinent: : .

i
|
1. (ne reason for Lord's negatlve comment on tailored testmg is D
. ‘ 1
the strategy of compansm with a standanl test’ (1 e., a conventional |

peaked test). llowever, in companng the tailored te§tmg witha ~




:
H

f

'fublishcd" (Lord's definition oE a conveutmml unpeaked test) test,
his fmdmgs 1nd1cated that "the ta:.lored procedure gives more accurate
masurementat}mn the unpeaked conventmnal test for all students~
regardless of level." Thus, in most‘“tnstructmnal contexts, tailored

testing is apparently the most effectJ.ve approach..

2. It has also been shown that tailored testing permits a;dras‘tig

reductmn of test 1tems w1thout much loss in the reproducibility of

the total test scores. . -

&

N\

3. One novel application \w\as made by Ferg-l;son (1969) who used

”

tallored testmg in a lnerarchlcal criterion-referenced measuranent
§1tuat1on Concemmg the potentml usefulnes; of tailored testmg !
'for this purpoSe Cnck commented : "Intm,t1ve1y, tailored testing
makes much more sens_e for a cntenon-;‘eferenced measure than for a
norm-referenced measure since the ggéi of tailored testing is to .
adjust the test to the individual."

4. 1In individualized approaches to instruction, it seems that

Lord's flexilevel testing may have wide applicability. In the r;retest,

_every subject would take the easy ;et of the items; but, in the post- -

test, the subjects would take the difficult set instead, Thus, the

use of thehparallel forms of the tes;t\\tan be avoided. Furthermore,

since the subjects would not have been\ sed to many of the harder
items, the carryover effects of\testing c\ be minimized. K Although

Lord developed the flexilevel t;sting, he has not emphasized the use
of it in this conte‘xt. ‘ ‘

5. Tailored testing is appropriate also in the affective domain

of measurement. Tam (1973, a study to be prescnted later) found that




to the total conventlonal test, and an enplrlcally observed stop
criterion reduced the test length s1gruf1cant1y beyond the‘ 50% l,eve1.~ .
The prospects of -tailor:ed testing depend on ..willinhéness to/exp'lor:e
its various uses, a'nd‘,the above list is by no means exhaustive, It is
hoperi that mote rigorous explorations of tailored testing will lead to
Green's predlctron of the "mev1tab1e computer conquest of testmg. -

2.3 Sconng_and Reporti iprocedures N ¥ ) .

s

. . 0 -
a flex11evel model y1e1ded re11ab111ty and vahdlty indices equlvalent '
The scormg procedures (r1ght/wrong, average d1ff1culty md1ces,
an -average of correct item difficulty .1nd1ces, etc.) the d1agnost1c :
interpretation, and the report (quantitative and/or verbal) should be
sensitive to all ini"ormaiion obtained from the test completed by the . '
" student. For"exanple, a bright student who is having a bad day should e
be differentially'treated from the marginal student who is all but - ‘ o
failing in the course. Each factor in this \\tlyxree-process representa-
tion of adaptive testing should reflect botl’l‘ individual student oata
and the requirements of the ‘training system so as to maximize tne o
student 's ‘learning rates *and mastery performance as well as the
eff1c1ency of the training system. . v
For this highly important third process of adaptlve testing,
4. 11m1ted research findings (theoretical, smulated or empirical) have
been reported The reviews above subsumed the preponderance of work
to date. Therefore, this section will focus on pr,ony;slng topics of

" further study. . ) ’ . ’ e

Most scoring procedures utili zed the d1chotomous right-wrong

summed score. Three pronusmggaltemanves appear to be fea31b1e.

L
|
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I1rst one- could d1ffercnt1a11y wclg,ht items so that the most mscrml

|

nating items relative to the criterion decision zone rather ‘than. the \
1

4

— -

total score have the most decisive influence. Studies of 1tem welght

indicate weig);ting can improve decision;malgiﬂg as vell as test *hsycho-

metric \dlaracteris\t,ice_-. Thus altemative ‘weighted scoring procedures

are pramising' and f"easib}e given a computer's calculation capacity. ‘
In turn, the ?reéating or sunmation process for total score

should be stur.hed Green (1970) p051ts that ‘a mean of d1ff1cu1ty

mastery levels shoulci be investigated.

Finally, there is important information in the error responses

elicited from’students. Bock (1972) proposes an item estimation

procedure that yields differential information from error alternatives.”

| Intui{tively, "nearly comct" response is more adaptwe than a .
“idum-dum!* response. In turn, these error patterns may yield hlghly
important differentf_al categories of students who have partial know-
ledge. For one group, the remedial altemative of test item review
would be sufficient to achieve mastery while the other extreme group‘ '
may achieve mstery only through totally new training strategy. !Large
. student flow and a computer are required to implement the Bock model .-
. In terms of diagnostic requirements, total test scores and item
pas;s/-fail indices are far too summarized for instri:ctior;al inference

makmg. ..Measurement within/ instruction should yield an individual

. /rérfomnnce prof11e that J.Ldlcates the structure and 'valley' of weak-

ness. Profile technlques could yield insights like ''the verbal :mdlces

!

r are so low that only a high nultlmedza with audio tram:mg approach

-
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‘95-1}; insure mastery,' or the "unifom pattern of indices’ il}dicates
that‘ incentives to enhance métivaition will insure fast mastery.'"
While speculative in nature, the individual performance profiles |
'-interface directly into an adaptive ‘instructional model at this
3’/ . ope;'.ational juncture. o . . >,
Tnterprébs&iop of adaptive tests can be .viewed as an'actuarial
S , to clini‘ca;_i\’"d\allé;x\ge\ As sufficigant tes:c";lata ase; are collected,
VR _ refined classifi‘cation te ﬁliqws (discriminant analysis) and °
- .statistical decision models can be constructed so as to improve the

predictive aspects of the interpretation. While a futuristic form of

research, the ultimate requirement should be in\}estigated so as to
have the full potential .g.f adaptive training (instruction and tes:cing) :

e e e ’ . ' /"/‘
T achieved. -

- o

Y ' ‘ N e
In regard to reports, the recurrent problem of understanding

_nmnerii:qi or- stétisticaI' outputs By instructors, supervisor;s, etc.,
ar;e stili present. Gfaphical and verbal r;:ports should be c.onsidere&
and studied.- The sufficiency of information for instructional deci:«;ion
making and monitoring ‘is critical. As cited in the lansen, Hedl, and
0'Neil (1971) review, automation of the repox;t process is both féasible
and desirable in téms of cost-and resource utilization. A‘consumer

l su;'vey methodology could be pmfi'fg:ibly emplo'yed at this stage.
Obviously, adaptive tests will only be uscful to the degree that their
résults are utilized in a sound, rational n*;amer—.

From a modeling viewpoint, the need for ‘empirical research far

outdistances our ability to generate ideas or psychometric models. ._ We

turn now to a computer based paradigm for implementing this approach.
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2.5 Flexilevel Mdstery Test

L2 . . . %

. “ Using the concept of at—thre’e-lpl.xased \é&aptive testing process, an
approach to adaptive mastery testing has been developed m both Tutor .
language for the Plato system at the University of Illinois as well as ‘
the Signa 9 systep at Memphis State University. From a student point
of view, the procedure runs as follows: the student (a) sigrls on the
cmputer termmal (b) enters control processing, (c) the system
' selects the test and entry 1evel for him, and (d) executes the adJusted
" flexilevel item presentation w}uch' will assess his perfomance. After

.« he has completed the adaptive portion of the test, all remaining items

.
. %

arexpresmned If he has demonstrated an acceptable level ,Of perfor-
‘ mw, the syste_m then decides whether to (a) assign the next flexilevel ‘
.test, reenter the student in control px.‘ocessingeand\\once again begin
‘ the flexilevel sequence, or (b) sign lﬁm off, an option avaiiable\to
= the instructor for acceleration. Figure 2 presents a flowchart of -a )

* stident moving through each of these answers. A more detailed

desci'ipti'en -follows. “
In signing on, the student enters his name and the computer

: executes a security check designed to limit system accessibjlity and -
assure test security. Once he has cqmpleted‘ the required sign-qm
act1v1t1es, the computer system checks his perfomance record and
aptitude pmf11e to detérmme which of the tests he is reidy for. The
system also determmes hls entry level in the chosen ztes?. Thus, the
student is provided- the most timely entry test point in terms of his

. < g
recorded performance, aptitudes, and current in-course $tatus.




Begin control Begin approgriate
Sign on processing o test at predicted
entry level

. Answer adaptive’

‘_*' test item'

Answer all ]
- ‘ remaining {tems -t

: : ) Receive
- remedfation -
(off-line)

. . Complete next

— lesson
. (on-line)

.Figure 2, Flowchart of student,progres§ through flexilevel test-
\ ) ing program. .

%

o
. ' R
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Student teadiness indices would include previous instructional ,

activities, courses completed, formal education, and other objective

,leéming indices. His aptitude profile might include his test scores

on the standardized college entrance tests. llis current instructional
status identifies how far along he has come in the. course. _'l'ogether.
these data enable control processing to almost instaﬂtamously compute
a predictor. equation based on these variables.
Once the predictor equation is determined, the computer system
translates it into an app‘r;priate flexilevel }est whose difficulty and
scope are adjusted to the student's predit:teq performance. He is
therefore prov1ded an evaluation experience individually tailored to *
his current status. lle executes this test on the computer termmal
a usé¢ful medium not only because of its rapid response but also because
of 1ts tran51tory display, wluch augments ‘test security. -
The student enters the test at the d1ff1culty 1eve1 that has been
predicted appropriate. If he mlsses an 1tem, he contmues down the
d1ff1cu1ty scale until he gets one correct. This establish’es his,
-test performance base, from wh1ch subsequent flex11eve1 items
ongmatc. _ _
When he has completed the adjusted flexilevel test, the rema;nmg
test items are prese‘nted and the student responses are evaluated (see

Figure 1). Green's scoring pmcedure will be used toxevaluate the

flexilevel portion of the test while the entire test will be evaluated

‘using perfomam:e criterion scoring procedures. Thus, for each student

a tailored test score and a conventional test score will be available,

If full mastery, based on the entire test score, .is achieved, the

-




15

student ’is' provided thc opportunity to take the next lesson. If he
~‘elects to, he then reenters control processing and begins the same
sequence in the next assigr\td' flexilevel test.
J/ In the case of test failure, the student goes offline for course
remedial activities keyed ta his learning deficiencies. Following
i;'emediation,.all students reenter control processing amd restart the
flexilevel testing cycle. o
After the student attains performance mastery, as a result of
exther the initial or postremedial test score, the system then dec1des
if he should continue to the next test. If time permits, he most 11ke1y .
will be Mted to control processlng for a performance prediction
update a.Lnd subsequent testing. If further testing is not pretk\bed,
he is '§i,gned off. ' . |
Othex naradigrns have been implemented. Weiss (1974) and his
. colleagues have a two stage fot'tran based program. Ferguson (1969)
and 18U have elaborate 1nerarch:.ca1 skills test paradigms.- ‘The Bock
procedure fof cr1t1ca1 zone analy51s has been implemented at MSU. We
tuin now to same empirical results that substantlate these models and

- computer!: paradlgms

A

-
s

3.0 Adgptxve Processes and Validation

lr

ction, A'I’M's should allow not only

As was '’ presented 1n the 1nt
for systems adaptmn but also for si ni ficant behavioral adaptation
. for the student. ‘As indicated befqre the amount of emplncal work to

' | assess this adaptatmn eSpecmHy from a reliability and vahchty

point.has been exceedingly limited. There is now sufficient starts - -

oo g B

, g
SR 3
- i

j




" . 3.1 liedl Study of Intelligence Testing !

made in this endeavor to indicate what some of the likely trends appear
to be, namely, ATl's provide equivalent or siightly’i, improved reliability
&y ‘ .

and validity measures. -This tentative finding appears to hold for -

asymmetrical score distribution as found in ériterign or mastery
Nt

testing.

The first study which examined a computer bas | adaptive test was
performed by Hedl.(1971). The Slasson Intelligence Test (CB-SIT) was
des;igned to operate with an IBM 1500 computer instmctioﬁil system. )

The test items were presented individually as commonly found in all
individualized intelligence testing via a CRT terminal. Students enter
their answers for immediate computer evalbation which was based on
various key word answer algonthms For the reliability and va11d1ty
study, 43 undergraduate students were individually tested with the

WAIC, SIT, and the CB-SIT. As can be seen in Table 1, the modified
s;)lit half reliability correlations for the computer based’inte‘lligence
tc/sts were lower but essentially eq‘ui(ralent to that of the human
administered tests. Table 2 presents indices concerning the concurrent
va11d1ty which. y1e1d moderately strong concurrent relationships. Per-
haps most mpresswely, Table 3 presents the multiple regressmn analysis
on grade pomt average; and surprisingly, the computer based test.proved
to be the superior predicator. As indicated in Tab;é 4 computer based
testing led to significantly l\eigi\tened anxiety as wt‘ell as a decrease .

m the positive attitude toward the testing. Thus ,/one can interpret

.this fmdmg as mhdatmg that ccmputer based adapuve testing may

. . o
- . §

2\
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Table 1 B
' "Modified Split-Half Reliability Coefficients (Hedl Study)
CB-SIT . CB-SIT* SIT SIT
.Total Group (N = 48) .66 .79 .79 . .88
* Adjusted for test length
’ - " Table 2
i Coefficients o£XCOrre1ation (Concurrent Validity) Hedl Study
. | WAIS :
CB-SIT SIT VIQ PI1Q ' FS-1Q-
075 055 T .32 ¢54
| Table 3 '
E " Multiple gegreasion Analyses (Hedl Study) with GPA
'\ A r
‘\‘ <
\\ R RZ
\ "GPA = -.57 -.66 (Sex) + .03 (CB-SIT) .66 ' b
1
\
\ T
\
AL Table 4
\ .
\ Means For STAI A-State Scores and Attitude Scores
| CB-SIT SIT WAIS
N Pre Post Pre Post Pre Post
‘Anxiety Means 10.7 12,1 9.5 9,2 9.1 9.8
Attitude n‘.inar 73.2 66.9 70.0 71.5. 70.9 75.5
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increase the stress and, consequently, anxiéty reactions toward the

. , assessment situation. There is a reasonably. consistent pattern for /
improved validity and acceptable levels of reliability.

3

3.2 MSU Study of Adapt“ive’ Mastery Testing 1 ‘ !
- .

Our group at Memphis State University has implemented the computer
paradign of adaptive testing described in Section 2.5; . As a follow up
to this, a quasi-individualized modularly adipted course in beginning ] )
graduate level statistics and research mef.hodolc;gy was utilized as the
context for assessing the reliability and validity of computer baseci'
adaptive testing as opposed to conventional paper and pencil testing.
Utilizing two different groups, the students were. ‘presented with a - /
paper and pencil version of the test and a computer version presented . /
over either a,CKI' or teletype terminal. Vary;ing preciictor variables |
were used for the entry ted’miques_; the students' grade point average '
and their running aver;;ge scores on modules were the main determiners. *

SR " As presented in Tgble 5, the mean performance on either version of the

test tended-to be.asymmetrical in nature with this being more pronomc@éi

for the module test which can be thought of as complex multi-lesson |

test. In turn, the reliability coefficients were within'the accepta-
bility Tange. In passing, it should be noted that a modified odd-even
technique was ‘utilized; this is similar to that'employed in the Heqi
study. mfonmtely, this estifiation technique tends to mderest/’émate
the reliability but is the only available one for assessing a‘dapt’éve

/

testing sequences, given that they vary as to' length and precise item

equivalence. Simply, there is a.need for new reliability estimation -

¥
¥

procedures for the adaptive testing 51tuat10n.




Table_S

) Means, Reliability and Validity
(Convention with Adaptive) Coefficients For MSU Study

-

Mean Percent ’i Rel rtt ) Validity
" Final Exam
(N = 28) 36 - .84
Paper and Pencil ' | - .
N ‘ :

Adaptive Test 82 .87 - .91
Module Tests : —
(R = 33) 92 ‘ , 7 _
Paper and Pentil ; .87

. Adaptive Test 90 - 71

. 3

Table 6
: Reliability and Validity For Affective Adaptive Tests

(Tam Study) of Three Levels of Perceived Teaching

TH TA TL Tpool TH TA TL Tpool
Flexilevel .89 | .97 | .95 .97 91 | .99 | .96 .98
Branched 57 | .88 | .85 .92 .60 | .88 | .85 .92
Twosstage  .90: =93 |.79 | .% 91 | .87 | .65 | o1 L
. . Flexiblock “r ) -

Reliability . Validity ¢
1
I
;
4
i
1




:I'rxe tdtal scores..were. then” correlated -to yield the validity
ooefficient. As can be seen in Table 5, ﬂxnse are not only sign.ificant
but quite substant'ial. Thus , one finds a fairly reasonable outcome for
adsptive testing, that is, it tends to yield reliability and validity
. coefficients equivalent to that found for conventional testing. This
study is continuing and ultimately shall reveal validity measure
relatmg to pro;ects and instructor rnti.ngs Additionally, the Air
. Force Ifuman Resource Laboratory is contracfmg to further replicate
and extend these paradigms and findings. o :

3.3 Adsptive Testing On Affective Behaviors ‘ .

Tam (1973) , while at Florida State University, performed an
- assessment of tne —reliallaility and validity for adaptive testing of an
affect:we domain, namely, a Thurstone scale of students' attitudes
toward teachmg effecnvéness Utilizing a wzthin subjéct design, Tam
_presented items which varied from very negatxve to very posxtive. A
student was a.llowed to move among the flenlevel adjustments accordmy
to the prescribed Lord al'goritlun. lie was terminated once he had agreed .

three -consecutive times, be this at a positive or negative point in

suggested by Lord. For the pses of canpanson, Tam compared three -
independent gmxp?,"oié under flexilevel algorithm; a second under a
‘ branchmg algonthm ,83'9_3_911_ mder a two stage flemblock algorithm

As can be seen in Table q, ﬂenlevel adaptive test yielded
substantially the best reliabnn:y and validlty coefficients. ° The . /

three groups oons1dered /were those teachers who were rated high, average

-

the scale. All entries were made/at the midpoint in the scale as ‘ 1
|
|
4
|
4
|
|
J
i
|
1
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and low, these being pooled over a number of teachers. As can be seen
by the magnitude of the coefficients, one can 'ju;lge affective adaptive
testing to be a highly reliable and .valid activity.
Perliaps more inte‘restingly,"ram assessed in a posteriori fashion
the actual test length required, if a lstuieﬁt had been appropriately
placed at fh_e positive or negati;re end of the .continuum based on the
~ prior known means for the teacher. Under these conditions.it was
"found that ‘threc or less 4items had to be'ﬁresenged in order to start
the Thurstonc match required by the design. Suc}i efficient-identifi- oo

cation of the affective state of the student is quite impressive.

3.4 Summary of Behavioral Studies )

=4 * \

_While limited in number and scope, thesc studies:indicate a trend,

[}

namely, adaptive testing yields equivalent or slightly superior
reliabilities and validities given a significant reduction in test
items. There is some indication that more stress, anxiety, and perhaps,

. . Teality is found in adaptive testing. While no one likes styess, it

.

L

o SArf

may be a precursor to improved validity. Given the range of test

- content, the findings appear to have robust genéralizavility.

. e e =
. «

4.0 System Factors and Adaptive Testing ~ ° e .

* . . v .
As presented in Figure 1, the adaptive testing process not only

. provides feedback to the pass:fail decision process’ for the ‘student N
but ought to gs'sist in the cybernetic growth of the system; a wonderful
concept but yet to be realized. This section shall review {the, time

R !
saving in adaptive testing and move on to the proposed paradigms for

ERIC . 25




rﬁv—'——'—!—\—*— ' - M . - -
.
? o, . .

systems feedback. N \

) As is to be expected there 19 a 51gni\f1cant saving under ﬂen- ‘
level item presentatlon. The MSU groups, indicated that only 31% of the .-
items are utilized given individualized test entry, This yields a 153% -
saving in testing time. The Tam study indicated that 6.3 items as
opposed to 16 items yield reliable and valid results. The Hedl study
did not have an adaptive entry or termination but post hoc analysis * -
indicates a 10% time savmgs Given that most mdividualized AIM -
: systuns commit up to 20% of student time to testmg. these 0% or ©
greater values are hlghly s1gn1f1cant in a systems eff1c10ncy sense,
' Further rephcatlons over systems and test types arg obviously requ_iiled._

ue

4.1 Systems Cybernetic Lffects

Surpris}nﬁ‘ly, there are few suggestive conject(ires relating to
systems feecfback. While mentioned frequently since Stolurow's use o*f
the concept, the operationalization of feedback tends to be a null set
for AIM. Let us consider some concretel possibilities. |

First, the flow logistics and management of the system is para-
mount. Overload is the most frequent cause of AIl failure, ~Test
pass-fail rates and time cBrmunptions are highly idealized indices of
the system. These can be used to monitor the system and seek quasi-
optimal states, Most impor-tantly, modeling of these may be a first
s;tep to optimizing the system in a rigorous qua;ntitative m,ame%.

Concurrently, the opportunity to'reduce testing time should

provide time for the class-state measurement. Class is a concept that

relates via cluster analysis common student characteristics to optimal




!

instructional treatments. | To know how many group treatment relation-
¥ chips are necessary represents the rank of the system. In tum, indi~ .
vidual state to state variations is at the 'heart of AIM. ‘Tlpref/gre,,
these class-state indices ‘are the core for forming profiles and
prescriptive algorithms. ' B

. Finally, adaptive test’ing allows for system a@apjtatim in that
shifts m criterion levels by manpower loads or test-remediation
subprocesses by p1pe11ne flow are at the heart of systan readjustments.
The conce)t of readJusunents are hardly new but rarely approached in

a dynamc process mamier.
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