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A practical exam nation of the use of free-response questions
in conputerized adaptive testing

Conmputeri zed adaptive testing has been shown to be a
valuable alternative to traditional paper-and-pencil testing
(Weiss, 1983). Through its use of item response theory (Lord
and Novi ck, 1968; Lord, 1980), adaptive testing adjusts test
difficulty to the trait level estimate of the test taker,
resulting in reliable trait level estinmates with shorter test
| engt hs t han paper-and-pencil testing.

To date, alnost all adaptive testing has been done using

mul ti ple choice questions. While nultiple choice questions
provide an excellent estimate of a test taker's ability to
recogni ze a correct answer to a question, it nmay be that a

test taker's ability to generate a correct answer to a
guestion represents a different and equally inportant trait to
measure. To neasure this trait, it would be necessary to use
guestions adnministered in a free-response node.

Several questions arise in any situation in which one is
contenplating a change from one response node to another, or
the use of a conbination of response nodes. Primary anpbng
these are questions concerning the dinmensionality of item
responses and the fit of an item response nodel to the item
responses.

In addition to these theoretical questions, there are
many practical considerations concerning the use of free-
response itens in an adaptive test. Among these are 1)
whet her a free-response adaptive testing system could sel ect,
present, and score itens relatively quickly, 2) whether the
test takers could learn to enter there responses from the
keyboard accurately, and 3) whether the test takers can
respond to free-response questions quickly enough to justify
their use.

The present study inplenments a sinplified version of a
procedure for free-response adaptive testing proposed by
Ki ngsbury and Houser (1990), and investigates the inpact of
the use of free-response itenms along with nultiple-choice
items in a hybrid (FRMC) adaptive test. The three areas of
investigation are 1) whether the use of free-response items in



adaptive testing is practical with the procedures we are
usi ng, 2) whether the dinensionality of the student responses
changes between free-response and nultiple-choice questions,
and 3) whether the fit of the item response nodel differs
bet ween free-response and mnul tipl e-choice adm nistration.

Free- Response Adaptive Testing

The procedur e for free-response adaptive testing
suggested by Kingsbury and Houser (1990) consisted of twelve
steps which included procedures for the growth and refinement
of a free-response testing system \Wiile these procedures are
quite desirable in an ongoing testing program it was decided
to sinplify the process used in this research study. The
nodi fi ed procedure for constructed-response adaptive testing
used here consists of six steps, as follows:

1) Select a set of items that have been previously
calibrated in multiple-choice node that may be used as
free-response itemns by removi ng t he response
alternatives. These itenms should require only short
answers of one or two nunbers or words.

2) Have content area experts exanmne the items to

identify potential answers that wll go into a correct
list and an incorrect |[ist. The correct list would
consist of all possible correct answers that the experts
can generate, and the incorrect |ist would consist of all
of the probable but incorrect answers that the experts
can generat e. For certain items |ike conputation itens,
the incorrect list may contain a code indicating that all
answers not in the correct list are incorrect.

3) Run each list through a dictionary program (several
dictionaries are available in the public domain) to
identify synonyns. Create lists of the unique synonyns
that were not included in the original lists, and add
these synonyns to the correct or incorrect list, as

appropri at e.

4) Feed the itens and the expanded scoring lists into the
testing system and prepare to test.

5) As a student takes the test, s/he enters an answer
The answer is scored using the correct and incorrect
lists and a soundex routine to identify m sspellings. |If
t he answer appears on either list, the question is scored
appropriately and the test continues as any other
adaptive test.



6) If the answer does not appear on either list, it is
added to a list of potential answers to be categorized at
the end of sonme regular tine period. The item is not
scored, and the student then receives another question of
the same difficulty, and continues the test. (Once the
unknown responses are reviewed, the correct and incorrect
response lists would be updated. This procedure shoul d
result in fewer and fewer wunknown answers as testing
progresses, and inprove the efficiency of the testing
procedure as a consequence.)

Met hod

I tem Pool s

Content area experts identified 60 mathematics itens from
a larger pool of nultiple-choice items which had been
previously calibrated to the one-paraneter, Jlogistic item
response nodel (1PL; Rasch, 1960). Items were chosen which
covered the entire range of difficulty in the large item pool,
and which could be used as constructed-response itens by
sinply renoving the response alternatives.

These 60 itens were used to create two item pools. I n
the first item pool, the first 30 items were kept as nultiple-
choice items, while the second 30 items were converted to
construct ed-response itemns. In the second item pool, the
first 30 items were converted to constructed response itens,
while the next 30 items were left as nultiple-choice itens.
This created two 60-item pools which had exactly the sanme

items in the two different response nodes. VWile a 60-item
pool is a very small item pool fromwhich to draw an efficient
adaptive test, it is quite appropriate for the purposes of

this study, which are to study the conparability of neasures,
not the measurenment efficiency of adaptive testing.

Since the difficulty estimates for the items in free
response nmode were not known, an arbitrary constant of .8
theta units was added to the previously calibrated, nultiple-
choice difficulty of the itens. This was designed to allow
the itens to appear in approximately the correct position in
the adaptive test, to enhance the simlarity of our test to a
normal adaptive test.

Adaptive Tests
Each student was adm nistered a 30-item adaptive test in
mat hematics. The entry point for the student was based on the

student's grade level, or on a regression etinmate based on
prior test performance, when avail able. Items were chosen
using Owmen's Bayesian item selection procedure (1975).

Student's final achievenent |evel estimtes were conputed



usi ng maxi mum | i kel i hood scoring. Duri ng t he t est,
adm nistration alternated between free-response itens and
mul tiple choice itens, so that each test consisted of 15 itens
in each response node.

Test Takers

Participants in this study were 384 students enrolled in
grades four through twelve in a large, netropolitan school
district. These students were enrolled in nine schools in the
district which volunteered to participate in this study, and
were tested as part of an ongoing adaptive testing program
This programis currently in use in all of the schools in the
district for testing purposes determ ned by each school. Any
student who was scheduled to receive a mathematics test in one
of these schools received the FRMC test instead of the nornal
adaptive test.

Anal yses

Practical considerations. To identify whether the FRMC
was a practical alternative to traditional adaptive testing,
two indirect indicators of system perfornmance were collected
along with a non-systematic sanpling of user reactions. The
indirect nmeasures were the tinme that the student took to
respond to each item and the nunber of free-response itens for
whi ch the answer had to be added to the undecided I|ist. The
non-systematic reaction sanpling process consisted of asking
the test proctors whether the students had any difficulties
taking the test, and whether these difficulties were related
to conputer problens (ie, slow item presentation) or response
factors (ie, difficulty in trying to type in a response).

Di nensionality. To investigate the differences in
di mensionality between the two response formts, t wo
approaches were used. First, confirmatory factor analysis

using LISREL (Joreskog & Sorbom 1984) was applied to the
sparse data matrix for each item pool to conpare the fit of a
one-factor nodel to the fit of a nodel with one general factor
and two factors specific to the response node of the item
The three factor solution was conpared to a nodel wth one
general factor and two factors specific to a random half of
the itens.

Second, a sinple scatterplot of two trait |evel estinmates
calculated from the items adm nistered in different response
nodes to the same person (follow ng recalibration) would be
created to indicate the strength of the relationship of the
trait(s) neasured by the two response nodalities. The sanple
size of 384 allows the recalibration of some of the itenms in

t he pool in both response npdes. G ven the sanple size, the
average nunmber of responses to any one item in any one
response node was approximately 100. To allow calibration



with the 1PL nodel, only those itens with nmore than 100
responses in each response node were sel ected.

Calibration was acconplished wusing a fixed-paraneter
calibration procedure which used the final achievenment |evel
estimate from only the nmultiple-choice items as the fixed-
par amet er. Since we are only attenpting to identify
differences in this study, this scale will serve as well as
any other and the use of the fixed-parameter calibration
approach would assure that the final calibrations would be on
the same scale, to the extent possible.

| f t here wer e no subst anti al i ndi cation of
mul ti di mensionality in the data sets, then the |ast analysis
would try to determ ne whether the 1PL nodel woul d be adequate
to describe the performance of students on the two different
types of itens. The nmean square fit of the recalibrated item
parameters would be calculated for each item in its two

response nodalities. To the extent that the nean square fit
statistic is consistently higher in one of the response
nodalities, it would indicate that the response nodel is

i nadequate to descri be performance in both response nodes.

Resul ts
Practi cal consi derati ons

Table 1 shows the nean nunmber of seconds that students
took to respond to each question, for both test forms and
response nodes. Fromthis table, it can be seen that students
take slightly longer to respond to free-response questions
than to multiple-choice questions (4% |longer for Form A, and
17% | onger for Form B). To make the results of this analysis
nore practical, it indicates that we would expect a 50-item
exam nation to be about 5 to 6 mnutes longer with free-
response than with multiple-choice, if it were simlar to Form
B.

This relatively small difference 1in response tines
bet ween the two response nodes nmy surprise sone readers. It
should be kept in mnd that the type of free-responses
considered here are very short (only one or two nunbers or
words). It should be expected that |onger free-responses will
i ncrease response time proportionately.

Table 1
Mean, Standard Deviation (SD), and nunber of



observations for student response tinmes to each
itemon each test form for free-response (FR) and
mul ti pl e-choice (MC) itens

Test Form Mean SD N
Form A
FR 44. 42 40. 08 2787
MC 42. 70 39. 63 2776
Form B
FR 44, 94 43. 62 3079
MC 38.10 34. 45 3164

Qur ongoing conversations with test proctors confirned
the results from Table 1. They suggest that, for the nopst
part, students take slightly longer to answer the free-
response itemns. They also suggest that a student would
occasionally read a question quickly and skip it. The data
t hat we analyzed indicated that the skip rate was
approximately 1 percent of the total sanple of itemresponses.

The nunmber of answers that had to be added to the unknown

list was also quite small in this study. Less than .3% of the
answers had to be added to the |ist. VWile we would like to
attribute this to the brilliance of our content area experts,

it is more likely that we should attribute it to the fact that
over half of the questions in the item pools had nuneric

answers. For these itenms, we were able to delineate all of
the correct responses, and consider all ot her answers
incorrect. Visual inspection of the responses given to these

items reveal ed no errors caused by this procedure.
Di mensi onal ity

Correl ations. In order to perform the confirmatory
factor analysis (CFA), we first created an inter-item
correlation matri x. Bef ore discussing the CFA results, it is
worthwhile to nention the characteristics of the correlation
mat ri X. Table 2 shows the nmean correlation in each of three
portions of the correlation matrix for each test form The
t hree portions were correl ations between nultiple-choice itens
(MCMC), correlations between free-response itenms (FRFR), and
correlations between nultiple-choice and free-response itens
(FRMC), respectively. It should be noted that this and all
subsequent dinensionality analyses used only the 26 itens
which were identified as having at |east 100 valid responses
in each response node.



Table 2

Mean, Standard Deviation (SD), and nunber of
correlations (N) in three portions of the
correlation matrix for each test form

Matri x Portion Mean SD N
Form A
MCMC . 118 . 085 91
FRFR . 091 . 119 66
FRMC . 112 .108 168
Form B
MCMC . 112 . 119 66
FRFR 117 . 094 91
FRMC . 102 .105 168

Several trends are evident from Table 2. First, all of
the correlations were fairly | ow This is normal for inter-
itemcorrelations, and is even nore likely in an adaptive test

setting. Second, differences anpbng the nean correlation in
the different portions of the correlation matrix were fairly
smal | and inconsistent. If this were a nmulti-trait-nulti-

met hod matrix, we would say that there was sone evidence of
convergent validity between the response nethods used here.

Confirmatory Factor Analysis. In the CFA of Form A, the
Chi -squared value for the fit of the npbdel with one genera
factor loading on all itenms was 580.1, with 299 degrees of

freedom The addition of two, response-nopdel -specific factors
to create a three-factor nodel resulted in a Chi-squared val ue
of 471.9, with 273 degrees of freedom This reduction in the
Chi - squared value was significant, but may not be neani ngful
When two random y-designed factors are added to the one-
factor nodel, the resultant nodel had a Chi-squared val ue of
466. 37, with 273 degrees of freedom

Very simlar results occurred in the CFA of Form B. The
one-factor nodel resulted in a Chi-squared value of 592.09.
This was reduced significantly to 512.3 with the addition of
the two response-node specific factors, but was reduced to
513.0 by the addition of two random factors, instead of the
response- node factors.

ltem Recali bration. The recalibration of the itens
within the alternative response nodes was acconplished wth



the 26 itens which had over 100 responses in each response
node. The mean difficulty estimate from the free-response
adm nistration was 2.00 on the theta scale, while the nmean
from the nmultiple-choice adnmnistration was 1.42. The
correlation between the calibrations in nultiple-choice and
free-response nodes was .81. The correlation between
calibrations is relatively low for the one-paranmeter, logistic
nodel , but this could be due to the restriction of range in
the calibration sanple due to the adaptive testing paradi gm
or due to itemspecific variation in the inpact of the choices
in multiple-choice node.

Figure 1 shows the relationship between the free-response

and nultiple-choice calibrations. It is evident from this
figure that there was a strong relationship between the
calibrations from the two response nodes. This strong
rel ati onship does not support t he t heory t hat a

mul ti di mensional relationship exists between itens in the two
response nodes.



Figure 1

Free- Response and Multi pl e-Choice Calibrations
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The mean-squared fit indices for the items in the two
response nodes were quite simlar. The nean-square differed
by an average of |ess than 15% between the two response nodes.

For 15 of the 26 items, the nodel fit statistic was better

for the free-response version of the item There was no
indication that the nultiple-choice response node allowed
better nmodel fit than the free-response nopde. I f anyt hing,

there was a tendency for the free-response node to allow
slightly better nodel fit to the data.

Di scussi on and Concl usi ons

It appears to be practical to adm nister adaptive tests
to students in FRMC node, to the extent that this study was
able to answer the question. The cost in testing tine of the
addition of free-response items was no nore than 17% in our
sanpl es. If this cost is considered acceptable for the
additional flexibility in item styles, it should expand the
power of our current adaptive tests.

The two response nmodes in these tests did not seem to
nmeasure different traits involved in student |earning, but in
anot her content area or testing context, they may. I n that
i nstance, questions concerning the meaning of the different

-10-



traits arise, and research wll be necessary to determ ne
under which circunstances we w sh to neasure the individual
different traits, or whether a single nultidinmensional
measurenent is nore desirable.

The items in our tests seem to neasure the sane
achi evenent trait, regardless of response node. This is in
keeping with sone past research (Bennett, Rock, & Wang, 1990).

If this turns out to be generally true, future adaptive tests
could I eave the choice of the response node to the test giver
or even the test taker, if desired, or could consist of any
desi red bl end of questions.

It is possible that a response nodel nore conplex than
the sinple 1PL nodel my be provide a better fit for the
different types of itens, even if they both nmeasure the sane
trait. Past research (Vale & Wiss, 1977) has indicated that
free-response and nultiple-choice items differ in their
information characteristics, even if they neasure the sane
trait. Qur study has indicated a tendency for itens in free-
response nmode to have slightly better nodel fit than the sane
items in multiple-choice node. While it wasn't investigated
here, it mght be possible to add a fixed |ower asynptote to
the itens in multiple-choice nmode to inprove the nodel fit,
while still not estimating any nore paraneters.

Finally, the scoring procedure used in this study is a
sinple correct-incorrect-unknown procedure, but there is
nothing preventing the use of a nuch nore sophisticated
scoring algorithm incorporating degrees of partial credit,
for differing answers. Beyond this, it should be possible to
devel op an expert system for scoring nore conplex responses,
eventually freeing us from list keeping and reducing the
nunber of unknown responses to a nm ni mum

As a result of the addition of free-response questions to
adaptive testing technol ogy, we should be able to make the use
of adaptive tests even nore desirable to test devel opers, and
we may be able to inprove the validity and acceptability of
the scores obtained fromthese tests.
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