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THE DANGER OF RELYING SOLELY ON DIAGNOSTIC ADAPT IVE TESTING

WHEN PR IOR AND SUB SEQUENT INS TRUC TIONAL METHODS AR E DIFFERENT

Kikutni Tatsuoka

and

Menucha Birenbaum

ABSTRAC T

A computerized diagnostic adaptive test for a series of pre—

algebra signed—number lessons (which are also on the computer system) was

programmed along with a computer—managed routing system by which each

examinee was sent to the instructional unit corresponding to the level

of skill at which she/he stopped in the initial test. Upon completion

of the course a computerized conventional posttest was given to the

examinees. The post—test scores were far from being ~nidimensional, 
while

the pretest and post—test data obtained from a previous study, in which

the pretest was a computerized conventional test and students were

forced to go through all instructional units regardless of their

achievement in the pretest, indicated a strong tendency to be

unidimensional. The response patterns of the post—test in the present

study shoved a high error rate for the skills prior to stopping levels

f or one subgroup of examinees.

A cluster analysis was performed on the response patterns of

the skills and four different groups were found. A discriminant

analysis indicated significant differences among the four groups in

— —~---- -~--—-~
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response patterns of the skills in signed number operations. After

interviewing the teachers and several children, we came to the

conclusion that it was the difference between prior and current

instructional methods that confused students and caused a mess in the

post—test data. In other words, there was a proactive inhibition effect.

The scoring procedure of the adaptive testing did not consider

individual differences in information processing skills which were

affected by the instructional method used in previous teaching. Thus,

the students who were taught to perform the beginning part of a set of

h ierarch ically ordered skills by instructional method A would very

likely get confused in a lesson in which a different instructional

method B was adopted. Consequently, quite a few peculiar

response patterns were seen in the performance on the post—test. This

f act cautions us that one should be careful not to rely solely on test

results determined by performance scores on a diagnostic pretest when a

computer—managed instructional system is to route each examinee to their

initial level of instruction. It was suggested that we must somehow unravel

what information processing strategy was used and consider this

knowledge siSsiltaneously.
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INTROD UCTION

Th e computer—based education system (PLATO ) at the University

of I llinos has been widely utilized in teaching many d i f fe ren t  subject

a reas . The mathematics program at Urbana Junior High School (UJHS ) is

one of many that are currently on the PLATO system. Four terminals have

been installed in the Mathematics Laboratory at UJHS so that they would

be used by students from different  classes as a part of their

mathematics curriculum, and they had about an 80% rate of uti l ization

du r ing the time in operation. An increasing number of teachers have

shown their interest in being involved with the PLATO mathematics

program each semester. A great majority of the students, ranging from

the best to the worst seemed to enjoy working with the PLATO lessons,

especially with the game—lessons (Weaver , 1978).

About 70 lessons that teach a wide variety of subject areas

from fundamental arithmetic such as decimal numbers to algebra and

geometry have been presented by the system router, which allows a

student or a teacher to choose a lesson from the index of available

materials. This freedom of choice could be a troublesome task for a

teacher because she has to determine which lesson would be the most

appropriate instructional material for students who need remedial study

of some topics. Moreover, without a larger number of terminals

available no greater amount of time could be available for a student.

Thus, adaptive diagnostic testing and computerized routing systems based

on the results of the initial test become essential.

An adaptive test of signed numbers consisting of 12 groups of
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items which represent 12 di f ferent  skills was implemented along with a

compute r managed routing system. About 120 students took the initial

test of adaptive testing although only 92 students completed the com-

puterized conventional post—test given at the end of tht~ instruction. It

seemed that the chi ldren liked this “st range” fo rmat of testing . Some of

them even volunteered to try the test for fun.  However , the response

pat te rns of the post—test revealed that the error—rate of the skills

pr ior to the examinee ’s stopp ing level at the Initial test was

disturbing ly high fo r some students. This fact  contradicted our

expectation that the scores on the post—test would sat isfy a suff ic ient

condition of the assumption of local independence——I.e. , unidimen—

sionality.

A close investigation of the behavior of the response patterns

led us to consider a new aspect of the scoring procedure in adaptive

testing which has been traditionally neglected .

A cluster analysis was performed on the 92 examinees’ response

p at te rns on the basis of Euclidian distances between pai rs of response

vectors, and fou r different  groups were found. A discriminant analysis

indicated significant differences among the four groups in terms of

total scores on the 12 sktlls. After Interviewing the teachers and

several children, we came to the conclusion that it was the difference

between prior and current Instructional methods that confused the

students and caused a mess in the post—test data. The two conflicting

instructional methods created difficulty in following the instructions

in the PLATO lesson for those students who operated addition of signed

numbers by the method taught by one of the teachers. As will be

- --- ---
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discus sed later , the procedures of information processing associated

with these two inst ructional methods of performing arithmetic upon

signed numbers are greatly d i f fe ren t . The t radit ional  scoring procedure

of the latent trait theory would not be capable of detecting these

disc repancies based on the dif ferent  information processes for arriving

at the answe rs to a given item.

METHOD AND PROCEDURES

Pretest: A computerized conventional pre—test consistir~g of 64 items

among which 4 or 6 items represented each of 14 d i f ferent  skills of

integer (or signed number) operations was given to the pre—algebra

classes at UJU S during the Spring semester of 1978. These items were

displayed on the PLATO screen one at a time and were kept there until

the student typed in his/her answer. No feedback , including a simp le

judging of either OK or NO to the answer, was given during the testing.

After the pretest was taken, the classes began studying signed number

operations, and at the same time the PLATO lessons started. The

students eventually completed all instructional units In the lessons In

which 14 skills were taught. Since the contents of these lessons

adopted different teaching methods which became a crucial theme of this

study , a brief description of the methods will be given below.

The Number Line Method: In the lesson “signuin” written by Tamer Weaver,

the concept of negative integers was taught by means of moving a pointer

to the left on the number line starting from the origin zero. Addition
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of numbers was associated wi th  moving a pointer to the right by the

number of units equivalent to the addend , while subtraction was taught

by moving the poi nter to the lef t  by the number of units  corresponding

to the subtrahend . This geometric method did not seem to be successful

in teaching problems involving double signs. (Problems such as: (—1 )— (—7)

as Weaver [19781 poInted out in his paper.) Students seemed to

have trouble In understanding how double signs work In a geometric way,

with a negative sign In front of a negative number causing a pointer to

be reflected through the origin on the number line. Students who were

successful in problems with double signs showed a different way of

approaching the problem.

Madison Mathematics Project (Davis, 1964): A new approach was

presented by this project. Positive and negative integers were

associated with checks and bills, respectively. Addition was

represented by a mailman’s bringing something (a check or a bill), while

subtraction corresponded to the mailman’s taking something from the

house. Also this method didn ’t use parentheses such as 1+(—3) which

appears in the Number Line method. Instead , signs were written at the

upper left of a number , like 1+ ~3 and it was clearly distinguished from

an operational sign of addition + • With this approach students were

very successful at working problems involving double signs but many

failed to see the problem as a signed number subtraction problem in

general. Weaver stated that when the students using this method were

asked to work the problem as a subtraction problem directly, they

failed.

:4 
_ _  

_~~~~~~~~~~.



L
’ W -

7

Lhe teachers’ method: A teacher who is the head of the mathemat ics

depar tment at UJHS followed the Madison project method but he has

changed the pr esen ta t ion of problems substantially. }~e has used a

sequential method: that is, starting with a problem that children

already know, say 5 — 3 = 2 he subsequen tly presented 5 — 4 = 1, 5 — 5 — 0.

Nex t, he asked what 5 — 6 will be, assuming children know that —1

lies immediately to the left of zero on the number line.

In contrast to the above, another teacher taught signed number

opera t ions mainly by showing examples of various skills and emphasized

memorizing the rules of operations.

Treatment and Post-test: The class of Spr ing 1978 studied two types of

lessons: one in which one method was used to teach signed—number

opera tions , and the other , the other method. A computerized conven—

tional 64—item test was administered upon completion of the PLATO

course. This post—test will be referred to as post—testi hereafter in

the paper.

Diagnostic Adaptive Test~j:~~ An unconventional test was constructed

on the bases of item characteristic information obtained from the

pretest Item scores.

First, the computer program that estimates item discriminating

powers (a ’s) and Item dif f iculties (b’s) of the two parameter logistic

model , by the maximum likelihood method , was written on the PLATO system

by Robert Baillie. The iterations in the program (called “getab”) start

__________________________________________________________ 
____________________________ _________ -
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with a special set of initial parameter values (given by Lord & Novick,

1968, Chapter 16) and continues until the estimated parameter values

converge to the constant. This program successfully provided the

convergent estimated values of a’s and b’s for most of the 64 items in

the pre—test and ~ values for 83 students. Since the pretest was

a computerized free—response test, it was c”nsidered that guessing would

be a negligible factor. Moreover, the coefflciento( of the pretest was as

high as .974.

The adaptive test of signed numbers consisted of 12 groups of

items representing 12 different skills. The pretest contained 14 different

skills but two skills were dropped in the diagnostic adaptive test, due

to the shortage of PLATO terminals available at UJHS. Besides that,

the lessons that dealt with those skills, multiplication and division

of signed numbers, would have added another 50—60 minutes to the program .

In the pretest, one item from each skill of the total of 14

skills was given first , then the second item from all 14 skills was given

in the same order of skills as in the first 14 itema. Thus, each skill

was examined by either four or six parallel items in the test. A close

examination of the items testing the same skill revealed that the item

parameters of these parallel items did not show much noticeable

difference . Therefore, the averages of a’s and b’s in a skill were taken

to designate the characteristics of each of the 14 skills. Table 1

presents examples of items from each of the 12 skills that were used in

the adaptive test and their average indices of item difficulties,

means and standard deviations. 

- - — - -
/ — 
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Table J

Means and Item Di f f icu l t ies of the Twelve Skills in
the Pretest of Signed Numb ers in Spr ing 1978

Skill Type Mean and SD Difficulty
1 2>—5 2.66 1.69 —1.67
2 6 right of —2 1.87 1.76 —1.51
3 (—2 )+(—5 ) 3.15 1.28 —1.37
4 —8+7 3.00 1.51 —1.06
5 2+ (—6 ) 3.21 1.19 — .86
6 (—3 ) — (—2 ) 1.51 1.74 — .76
7 5—6 1.71 1.84 —.49
8 —(—7) 1.79 1.73 — .01
9 (—4)—(—6) 2.61 1.55 .10
10 —1—5 3.65 2.32 .15
11 2— (—7 ) 3.50 2.25 .22
12 (—6 ) — ( +5 ) 5.22 1.31 .36

Procedure of Adaptive Testing: The newly developed adaptive test

and routing system were tried during the Fall semester of 1979.

Administering the test to the classes of 8th graders began a week after

the regular classroom instruction started teaching the signed—number

ope rations . All students were expected to know the number line and what

negative integers are. Moreover, most students had learned more or

less how to add any two integers. Thus , th e star ting item of the

diagnostic adaptive test was selected from Skill No. 6, (— 3 ) — ( — 2 ) type .

According to the result of his /her answer , a ski ll either one step

harder or one step easier was next tested. This procedure was repeated

until  the “stopp ing criterion” was satisfied. Each examinee was routed

to the J-structional unit corresponding to the level of skill at which

he/she stopped In the initial test. The instructional units of the PLATO

lesson that teach the same 12 skills by the Number Line method also

were rearranged into the same order as the skills in the adaptive test ,

so that If an examinee stopped at the 7th skill level he was sent to the

‘—_;•_.——- -- -. — F — —
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7th instructional unit .  Af te r  he went through the 7th to 12th

instructional units, the student completed the lesson and a 52—item

conventional computerized post—test (post—test2) was administered to

him. Performat~ce score and response latency of each item as well as the

performance records and mastery time of each instructional unit were

collected for all students.

Stopping Criterion of Testing: The 9 values estimated by the maximum

likelihood method were not used in routing students into the lesson

because this estimation method did not converge for all response

patterns. Nonconverging cases will halt the routing system thus forcing

us to forgo using the 9 values to decide on the stopping levels of the

skills. If the estimated 9 values are always obtainable, then it is

commendable to choose a subsequent item from the remaining items so as

to maximize the amount of information at a subject’s true ability level

9 (Samejima, 1978). Tatsuoka (1979) derIved the least—squares estimation

method of the 9 values by a Hilbert space approach. The beta weights

for earlier terms in the multiple regression equation remain unaltered

when subsequent terms are added in a stepwise manner. With this method,

the 9 values are always obtainable even for unusual response patterns

or extreme values of 9s as well. This method will be applied to the

future use of adaptive testing on the PLATO system. Our current

stopping criterion is similar to the one of stradaptive testing which

was discussed by Weiss (1973), Dewitt and Weiss (1974), and Waters (1978).
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ANALY SES AND CLASSIFICATION OF RESPONSE PATTERNS

Dimensionality of Post—test2: We assumed first that the post—test2 data

would not have obvi:~usly more than two dimensions, inferring from the

fact that both the pretest and post—testl data had a strong tendency

toward unidimenslonality. -Therefore, we arranged the skills into a

linearly related hierarchical structure and applied the latent trait

model to determine item characteristic parameters. Figure 1 presents a

scree—test of the eigenvalues ob tained by a pr incipal component analysis

fo r the pretest , post—test i  and post—t est2 data . As can be seen in the

figure , the pre and post—testi  data share an almost identical pat tern ,

which consists of one substantial eigenvalue that accounts for about

hal f of the var iance (Table 2 presents the amoun t of variance accounted

f or by each eigenvalue). The second eigenvalue , the magnitud e of which

exceeds a unity, accounts for only 13% of the variance. The pattern of

the post—test2 data is different. Four eigenvalues in this case exceed

Table 2

The Percent of Variance Accounted for by the Corresponding Eigenvalues
in a Principal Component Analysis of Pre and Post Data of the Classes of
Spring 1978 and the Posttest of Adaptive Test Study in Fall of 1978

Spring— 1978 Fall—1978 -

Percen t of Variances Percent of Variances
Pretest Posttest Posttest

1 53. 1 49. 8 27. 6
2 13.6 13.0 14.9
3 6.3 7.7 12.9
4 5.7 6.1 9.2
5 4.2 5.2 7.0
6 3.9 3.9 6.2
7 3.0 3.3 5.7
8 2.8 2.5 5.3
9 2.3 2.3 3.8

10 1.3 2.0 3.3
11 1.3 1.5 2.6
12 1.1 1.4 1.6
13 .7 .7
14 .6 .6

-_
J.&I_.,___._ -- -: - —
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unity but the differences in magnitude among these four eigenvalues are

relatively smallet. The amount of variance accounted for by all four

elgenvalues is 65%. We can therefore conclude that while the post—testi

data shows a certain tendency toward unidlmensionatity , the structure of

the post—test2 data departs from unidlmensionality to a much greater

extent.

The Increasing dimenslonality of the post—test data as compared

with those of the previous group may indicate that other factors were

Interacting with the basic ,abilIty of manipulation with signed numbers.

As was mentioned before, in the adaptive testing program students were

taught the basic levels of signed numbers by means of the ordinary

classroom teaching methods which in many cases happened to differ from

the method presented by the computerized instruction. These differences

referred not only to the medium of presentation, the style and the

notation used, but more importantly they differed also with respect to the

conceptualization of the material. We can therefore assume that for some

students in this group, the adaptive instruction——to which they were

routed according to their performance in the pretest——was a different

experience from what they were previously taught. This situation in

which the teaching method wasn’t consistent with their former background

not only caused their lack of understanding for the new material, but may

also have confused them as to materials they had previously mastered.

This, of course is one poss ible explanation.

An alternative explanation may question the reliability of the

routing procedure, claiming an invalid hierarchy or violation of the

- F -
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local independence assumption underlied the logistic model, upon which

the routing process was based. Although the pretest data showed a

tendency toward unidimensionality which is a prerequisite for

hierarchical structure as well as for the latent trait model, there were

still other sources of systematic variation in the data. This may have

caused less reliable estimates regarding the starting point in the

instructional unit.

Although the first explanation seems more plausible, it is

impossible at this stage to exclude the second one entirely. In order to

do so, an experimental design should have been carried out including a

third group which should have taken the adaptive test and the entire

instructional unit, and a fourth group which should have been taught the

previous material in a method similar to the one offered by the

computerized instructional unit. A comparison of the groups’ results In

the post—test may have lent support to one of the above mentioned

tentative explanations.

Identifyin& a Typology of Response Patterns on Post—test2: The

multidimensionality that emerged in the post—test2 data of the

adaptive testing group indicated the existence of different patterns of

responses to the 12 skills measured by that test. In order to classify

the different patterns Into a more meaningful typology, a cluster

analysis was applied (i.e., students were clustered according to the

similarity of their responses on the post—test items). The method of

clustering the cases was based on the hierarchical model (Hubert &

Baker, 1976). The computer program used was the BMDP2M (1977). This

‘p
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procedure performs an hierarchical cluster analysis based on the average

linkage algori thm. Initially the program considers each object to be in

a cluster of its own. At each step the two clusters with the shortest

distance (which is defined by Euclidian distance between two response

vectors) between them are combined and treated as one cluster. This

process of combining clusters continues until all the objects are

combined into one cluster. The final result obtained on letting the

computer program run its full course is obviously a trivial one, for it

constitutes no parti t ioning of the original total group . A pa r t i t ioning

at some intermediate stage must be chosen on the basis of some criterion

involving “ a t rade—off between the loss of information as the partition

level increases (i.e., as larger groups are formed) and the greater ease

with which substantive interpretations made by the research when the -

number of groups in the partition is small” (Hubert & Baker , 1976) . In

the present case, a careful examination of the tree diagram printed by

the computer program led to a partition with four subgroups of students,

defined by their response pattern to the 52 post—test items. In order to

validate this classification and to identify the differences among the

four response—pattern types in terms of the 12 skills, a discriminant

analysis was carried out. Tables 3 and 4 present the results of this

analysis. As can be seen in the tables, two functions yield highly

significant discrimination among the groups. The discriminant analysis

enables us to identify the nature of these response types.

I
_____________________________________ ________________________
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Table 3

Centroid & Coefficient of Determination for the 12 Skills on
the 3 Discriml 1iant Functions (N 91)

Group N I II III
1 34 —.571 .280 —.280
2 27 .951 —.132 —.160
3 20 —.005 .427 .590
4 10 — .614 —1.448 .203

A .775 .446 .135
.661 .555 .345

(1— f\.)100 66% 39% 12%

.0001 .001 .230

Table 4

Standardized Coefficient for the 12 Skills
on 3 Discrininapt Functions

Discriminant Functions
Skill I II III

1 .397 .186 —.627
2 .479 —.038 .601
3 .175 .534 —.196
5 .185 —.209 .350
6 —.1O~ .773 —.055
7 .2R9 .180 —.243
8 —.244 .313 —.260
9 —.214 —.468 .670
10 —.150 .401 .725
11 —.517 .082 —.622

One dimension along which the greatest differences occur

involves skills 1,2,7 vs. 8,9,11. This dimension best discriminates
4’

Group 2 from the rest. As can be seen in Figure 2, the profile of this

group when considered for each skill separately reflects an extreme

prof lie. While this group compared with the other three shoved the best

performance on the lower level skills, its performance on the higher

I
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level skills is almost the poorest. According to the information

supp lied by the classroom teachers regarding the students ’ baekgrounds,

most of the students in this group were taught previously by the

sequential method closeJ 1 associated with the Madison Program. As was

mentioned before, this instructional method differs from that of the

number line with respect to the conceptualization of the Integer

operations.

The second function discriminates Group 4 from the rest of the

groups. As can be seen in Figure 2 this group shows a poor performance

along the entire test. The information supplied by the classroom

teachers confirmed that most of the students that have been clustered to

this group are of low math ability as can be judged from their math

grades during the previous year.

Reliability of the Classifications: Table 5 presents the actual and

predicted group affiliations. As can be seen in the table, the overall

rate of correct classification is 65%. For Group 2 the prediction was

most accurate, resulting in the highest rate of 89% of the oases in

this group being correctly classified on the basis of the discriminant

function scores.

Based on this experience it seems that a cluster analysis of

the response patterns followed by a discriminant analysis has the potential

of providing valuable information that may help to identify problems in

the teaching—learning process.

‘p
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Table 5

Actual and Predicted Group Afiliation of
the Four Response Pattern Types (in percent)

Predicted Groups
Actual
Groups N 1 2 3 4 %total

1 34 55.9 0.0 26.5 17.6 37.4
2 27 3.7 88.9 7.4 0.0 29.6
3 20 20.0 30.0 45.0 5.0 22.0
4 10 0.0 30.0 0.0 70.0 11.0

Predicted % 26.4 36.3 22.0 15.3 100.0

64.8% of the cases were correctly classified.

DISCUSSION AZ4D CONCLUSIONS

The results of this study raised two important , albeit closely

related , issues concerning adaptive testing and computer managed routing

by which each examinee was sent to his/her most appropriate

instructional level, i.e., his/her adaptive instructional unit ,

diagnosed by the initial adaptive test.

The first issue Is how one could improve the scoring procedure

of adaptive testing by taking into account individual differences in

information processing skIll8 that were usually affected by instructional

method used In previous teaching. Many psychological studies pertinent

to an information processing view of mental abilities have been done

recently by cognitive psychologists. (See for example: Anderson et al.,

1978; Carroll, 1978; Frederiksen, C., 1969; Frederiksen, J., 1978; Groen &

Perkum , 1972 ; Heller & Greeno , 1978; Hunt et al. , 1973; Rose, 1977; Sternberg,

1978a , 1978b; Sternberg & Rifkin , 1978.) The results of these

-• • -—- - 
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studies have indicated the exsistence of a series of cognitive processes

which differed among individuals. However , the stability and the

generality of these traits have not been definitel y conf irmed yet.

A cluster analysis performed on the similarity of response

patterns on the test separated a group whose members seemed to use

alternative processes in doing some test items. They did very

well on the items of the skills prior to the stopping level on the

diagnostir adaptive test , but did not learn much In their adaptive

instructional units. When the list of names in this group was presented

to the teachers , it caused surprise because the menbers of this group

were considered fairly good students and the teachers expected them to

be able to perform much better on the test. The two conflicting

ins tructional methods , a pr ior instructional me thod taugh t by a teacher

and a subseque nt one presen ted by the adaptive instructional unit caused

confusion in learning non—mastered skills for those students. It

therefore seems that in order to improve the adaptive procedure , the

stud ents’ strategy of information processing , due to their previous

learning experience should be taken into consideration as well.

The second Issue van the dimensionality of the performance

scores on the test administered at the end of adaptive instructions.

Since the items in post—testi and post—test2 are identical, we

expected that the dimensionality of post—test2 would be almost the same

as that of post—testi. Pb~t—test1 data obtained from a previous study

showed a strong tendency toward unidimenslonality, but post—test2 data

did not show it. In orde r to speculate about the reason why the

di mensional It ies of the two post—tests  are d i f f e r e n t , we must examine
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the differences between the amounts of treatment given In the previous

stud y (Spring of 1978), and the current study (Fall of 1978). In the

previous stud y, the students studied both PLATO lessons : One In which

the Madison Project approach was used , and the other , the Number Line

approach to teach signed—number operations. Moreover, the students

represented in post—test  1 data studied a whole segment of the lesson by

the Number Line Method , while those in post—test2 data studied only a

part of this lesson——starting from the unit to which they wer~ routed.

Naturally, the means of all skills in post—testi were higher than those

in post—te st 2 , and 7 out of 12 skills were s igni f icant ly hi gh. This

discrepancy ~~~ imply that If a given topic is considerably well

mastered by a majority of students, the post—test will show a strong

tendency toward unidimensionality no matter what kinds of Information—

processing strategies were used by individuals. As was seen in this

stud y,  on the othe r hand , when learning Is st i l l  far  from the stage of

mastery , and different instructional methods create confusion among

students , the dimensions of a test given at this point will be chaotic.

Solutions to the f i rst Issue have not been fully explored .

Howeve r , It seems that multivariate assessment of perfo rmance scores and

response latency , or more precisely, the notion of condit ional  response

rate (Tatsuoka & Tatsuoka, 1978), might be an appropriate solution .

Exp loration of t ime data indicated that  th~ cu rves of conditional

response rate function (or hazard rate function (Mann et al., 1974]) of a

given item in Group 1 and 2 found in the cluster ana lysis results were

obviously d i f f e r en t  from one another. That is, the curve obtained from

Group 2 strong ly suggested a Poisson process for the problems of

— — —— — ——__________________
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additions , while that from Group 1 had a mono tonically increasing

conditional response rate function for the same Items. This matter will

be further discussed in Technical Report No. 3.

A second poss ible solution to the f irs t issue is to

J nvestigate closely the behavior of response patterns on the test. As

mentioned earlier, each instructional method had a unique streng th and

weakness in teaching a given skill. It was easier to teach problems of

double si~,ued numbers with the Madison Project method than with the

Number Line method. Application of S—P curves (Sato, 1977; K. Tatsuoka,

1978; M. Tatsuoka, 1978) or Cliff’s consistency index (1977) seem to have

the po ten tial of prov iding a solution to the above mentioned issue of

improving the scoring procedure for adaptive testing.
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