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Abstract

In self adapted testing, examinees are allowed to choose the difficulty of each

item to be presented immediately before attempting it Previous research

(Rocklin & O'Donnell, 1987) has demonstrated that self adapted testing leads

to better performance than fixed order tests and is preferred by examinees.

The present study examined the strategies that subjects used in selecting items

during a self adapted tests. Three strategies were identified. Most subjects

adopted a flexible strategy in which they generally selected easier items

following failure and harder items following success. Some subjects adopted

a "fa:.ure intolerant" strategy in which they generally selected easier items

following failure and items of the same difficulty after success. Finally, some

subjects adopted a "failure tolerant" strategy in which they chose items of the

same difficulty after failure, but harder items after success The failure

tolerant strategy was associated with lower estimated ability than the other

two strategies. This may reflect the attributions examinees adopting that

strategy rriP'Ae and the effort they expend following failure.
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Individual Differences in Item Selection in

Computerized Self Adapted Testing

Thomas Rocklin

Test constructors, including classroom instructors, often begin a test

with a few relatively easy items with the intent of minimizing the impact of

examinees' test anxiety on their performance. Indeed, this practice is sug-

gested in a number of text books on measurement (e.g., Kaplan & Sacuzzo,

1982) Specifying the difficulty of the first few items is a very simple approach

to item sequencing' wi'hin a test. More complete specifications might in-
clude item sequences based on monotonically increasing difficulty, monoton-

ically decreasing difficulty, "spiraling" difficulty, or random assignment of

items to positions within the test. The effects of each of these item sequenc-
ing specifications on examinee performance has been investigated, but with
mixed results (Lafitte, 1984).

Nonetheless, it seems likely that item sequencing makes a difference in

examinee performance. When item difficulty is manipulated between tests
instead of within tests, it interacts with examinee test anxiety in influencing
performance on the examination (Rocklin & Thompson, 1985). In particular,

the relationship between performance and test anxiety appears to be negative
for difficult tests, but positive or cervilinear for easier tests. Given that item

difficulty and examinee test anxiety appear to interact, the relation between

item sequencing and performance is likely to be complex.

'Throughout ibis paper, "item sequencing" refers to stquenang in terms of item difficulty,

rather than sequencing based on cumculum, objectives, or other content factors.
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Testing technologies differ in the extent to which the test constructor

has control over the sequence in which items are attempted In traditional

paper and pencil tests, the test constructor can select the order in which items

are presented, and therefore exert modest control over the order in which

they are attempted. Examinee's, however, normally have the ultimate con-

trol over the sequence in which items are attempted because they have the

option to skip items that they find too difficult. Many books on "college sur-

vival" (e g , Kesselman-Turkel & Peterson, 1981, American College Testing

Program, 1989) contain advice to do just this In any situation in which the

examinee does not attempt all items on an examination, this strategy means

that the examinee will actually adjust not only the item sequencing, but the
overall test difficulty as well. Presumably, examinees make decisions about

item sequencing based partly on their ability, and partly on current motiva-

tional and affective states. For example, an examinee who is feeling particu-

larly anxious may seek a very easy item to gain confidence On the other
hand, a very calm examinee may enjoy the challenge of a difficult item

Two kinds of test difficulty can be distinguished. The first is objective,

or psychometric, difficulty. This is simply the average item difficulty, defined
in terms of the proportion of examinees passing the item or in terms of an
item response theory difficulty parameter. The second kind of difficulty, sub-

jective difficulty, is likely to be more important to the examinee's motivation.

Subjective difficulty is based on an examinee's perception of the probability

that he or she has answered the item correctly.

Computerized adaptive testing (CAT) gives the examinee no control

over the sequence in which items are attempted. In general, only one item is
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available at a time and the difficulty of that item is selected algorithmically

based on the examinee's previous responses. In CAT, although the objective

difficulty of the examination will differ from examinee to examinee, the

number of items answered correctly, and therefore the subjective difficulty,

will be relatively constant, depending on the item selection algorithm and the

item format (i e, numbc7 of alternatives in a multiple choice item).

Thus, CAT provides tests that are individually tailored to examinees'

ability levels, but are, in contrast to traditional paper and pencil tests, com-

pletely insensitive to individual examinees' motivational and affective states.

In an attempt to allow examinees to make choices about item sequencing

based on relatively full information, I have explored the potential ofa tech-

nology I call self adapted testing (SAT; Rocklin & O'Donnell, 1987)). In SAT,

examinees take a computer administered test, but instead of attempting items

selected by algorithm, each examinee specifies the difficulty of the items he or

she attempts on an item by item basis.

In making item selections, examinees taking a SAT have access to two

kinds of information that is not generally available t3 examinees taking a pa-

per and pencil test. First, the examinee receives item by item feedback, so that

the subjective estimate of difficulty he or she makes is better informed. Sec-

ond, the examinee is provided with normative information about the objec-

tive difficulty of the ite. Is from which he or she is to choose. Thus, in SAT,

in contrast to paper and pencil testing, the examinee has access to the infor-

mation necessary to make "rational" choices in item sequencing.

The success of SAT depends on examinees' ability to select item diffi-

culties in ways that optimize their performance. In the initial evaluation o'
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SAT (Rocklin & O'Donnell, 1987), examinees randomly assigned to take a

SAT performed better (i.e had higher ability estimates) than subjects taking

either a relatively easy test or a relatively difficult test In addition, there was

no overar loss of precision of measurement associated with SAT, although

there was an interaction between examinee's test anxiety and type of test.

Nearly all subjects in that study (86%) progressed from easier items at

the beginning of the test to more difficult items at the end. Beyond this,

though, little is known about the strategies examinees used for item selection.

The purpose of this study was to examine these strategies ir. detail. In

particular, the study was designed to answer these questions: (1) Can the item

selection strategies of examinees be well-modeled using simple rules? (2)

What are these rules? (3) Are the item selection strategies associated with the

level or variability of examinees' performance or with examinees' test anxi-

ety? In addition, EAT provides an environment for evaluating examinees'

item sequencing preferences that might be relevant to other testing technolo-
gies.

Method

Th 3 study is based upon data collected in a previous study (Rocklin &

O'Donnell, 1987). Subjects (university students) were recruited through cam-

pus wide advertisements offering $5 00 for participation in a one hour exper-

iment and randomly assigned to take a hard, an easy, or a self adapted test

based on the verbal section (analogies, antonymns, and synonymns in a five

alternative multiple choice format) of the Scholastic Aptitude Test (College

Entrance Examination Board, 1980). Only the data from the 29 subjects as-

signed to the self-adapted test are considereci in this study.
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After completing the Test Anxiety Inventory (Spielberger, 1980), sub-

jects took the self adapted test. Forty items were sorted into eight categories of

difficulty based on Rasch model estimates computed from previously col-

lected data. Subjects specified the difficulty of the item they wished to at-

tempt, responded to an item selecteliVom that category, and were informed

whether or not their response was correct. If no new items were available in

the category, the subject was directed to choose another category. The test

ended when 20 items had been answered r r 10 minutes had elapsed,

whichever came first

Results

Three simple models of item selection strategies were evaluated. In
each, item selection was guided by whether the previous items was answered

correctly. No attempt was made to model selection cf the first item. In the
"failure tolerant" model, the examinee was assumed to choose an item of the

same difficulty as the previous item following an incorrect response and an
item of the next higher difficulty following a correct response. In the "failure
intolerant" model, the examinee was assumed to choose an item of the next

lower difficulty as the previous item following an incorrect response and an
item of the same difficulty following a correct response. In the "flexible"

model, the examinee was assumed to choose an item of the next lower diffi-

culty as the previous item following an incorrect response and an item of the

next higher difficulty following a correct responi e. Each model WelS used to

simulate a response vector for each subject. This vector was the same length

as the actual response vector and constrained by the availability of only 5

items in each difficulty category. The goodness of fit of each model was eval-

8
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uated by computing the square root of the mean squared difference between

corresponding elements in the two vectors.

For each subject, the best, second best, and worst fitting model were

identifit.J. For the best fitting model for each subject, goodness of fit ranged

from .8 to 3.1 with a mean of 1.9 (on a scale of 1 to 8, corresponding to the es

difficulty categories available to the subjects) Thus,some subjects behaved

very much as one of the models predicted, while others were somewhat more
idiosyncratic.

The mean goodness of fits and number of subjects best fit by each

model are shown in Table 1. Most, but not all, subjects were best fit by the

flexible model Those subjects who were fit by the failure intolerant model

were worse fit than those fit by othtr models (F[2, 261= 4.25, MSc=296).

The ability cf each subject was estimated from a one parameter model

using item difficulties estimated from previously collected data(Wright, 1977).

The mean ability estimates and mean standard errors of those estimates are

shown in Table 1. The ability estimate means differ significantly (F[2, 26] =

4 96, MS( = 1.16), with subjects best fit by the failure tolerant model receiving

the lowest mean ability estimates. The mean standard errors do not differ

significantly from ane another.

Finary, the test anxiety scores (from the TAI), as shown in Table 1, do

not differ significantly from one another.

Discussion

Given the information available to the examinee and the sole goal of

estimating his or her ability, the most "rational" of the three strategies evalu-

ate here is the flexible strategy. In fact, examinees adopting the flexible strat-

9
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egy are essentially administering themselves a stradaptive test (Weiss, 1973).

This strategy, in which incorrect answers are followed by attempts at easier

items and correct answers are followed by attempts at harder items, was

adopted by 18 (62%) of the subjects in this study. The other 11 subjects were

better fit by a model in which difficulty was adjusted only after an incorrect

answer (14% or 4 subjects) or only after a correct answer (24% or 7 subjects).

These 11 subjects must have (a) had goals different from or in addition to the

goal of estimating ability, (b) attended to information other than item diffi-

culty (e g , their emotional state), or both (a) and (b).

The flexible strategy and the failure intolerant strategies were both as-

sociated with better performance than the failure tolerant strategy. Because

there are so few examinees who selected items using the failure tolerant

strategy, it is difficult to draw firm conclusions about them. They do not

stand out in terms of test anxiety or any of the other attributes assessed in this

study.

It seems plausible that the.: examinees are "failure avoiding" students

(Covington & Omelich, 1985). Failure avoiding students (as opposed to suc-

cess oriented and failure accepting students) have responded to repeated aca-

demic failure by trying to avoid responsibility for their failures. Thus, in this

study, when they failed an item, they selected an equally hard item because

they could then attribute their failure to the difficulty of the item, rather than

their own low ability. When they answered an item correctly, they selected

an item of the greater difficulty, to insure that if failure ensued it could be

attributed to the item difficulty.
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Although further research will be required to understand why exami-

nee's make the item sequencing choices that they make, the results of this

study provide strong evidence that there are indeed individual differences in

item sequencing preferences. Given relatively full information, examinees

differ in the seqeunce in which they want to attempt test items. Further,

there appear to be at least two item sequencing strategies (the flexible and the

failure intolerant) that are associated with equally good performance. Exami-

nees who chose the failure intolerant strategy in this study would presumably

Lind a typical CAT, which more closely resembles the flexible strategy, inhos-

pitable. These examinees appreciate the chance to savor success The present

study does not establish a causal connection bet.veen item sequencing strategy

and performarce, but it seems likely that examinees who prefer the failure

intolerart stratetsi would do more poorly in a CAT than a SAT.

The study reported in this paper provides general support for the value

of continued development of SAT. In particular, the fact that not all exami-

nees taking a SAT choose the same sort of item sequence, combined with the

lack of evidence for superior performance being associated with any particular

sequence, implies that examinees can take advantage of the self-tailoring af-

forded by SAT. It is alst, clear from questionnaire data (Rocklin & O'Donnell,

1987) that they appreciate the opportunity to make item sequencing choices.

What, finally. does the study reported in this paper tell us about the

general issue of item sequencing? It is unlikely that there is a single item se-

quence for conventional tests that is optimal ror all examinees If the goal of

the test constructor is to improve the performance of all examinees, he or she

might be best off making the difficulties of items explicit examinees (e g., by
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grouping items into hard, medium and easy sections on the test form) and al-
Table I

lowing exarlinees to make their own sequendng decisions.
Characteristics of Subjects Best Fit by Each Model
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Failure Intolerant

Goodness of fit

Mean 2.60

SD .61

Estimated Ability

Mean 1.00

SD .75

Failure Tderant

1.62

.50

-.58

103

Flexible

1 86

.55

85

1 14

Std. Error of Ability Estimate

Mean .58 .60 .56

SD .04 .08 .05

Test Anxiety

Mean 39.25 39 86 35 83

SD 15.11 8.03 806

N 4 7 18

f 3
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