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~~~~~~~_ pwere scored by maximum likelihood estimation using the three—parameter logis-
tic model. A nomological net was specified describing the relationships of
the achievement tests to the achievement constructs and their relationships
with the vocabulary construct and the vocabulary tests. The parameters of th~
ne t were es t ima ted by fitting the observed intercorrelations among the test
scores to the nomological ne t , using the methodology of linear structural
equat ions. Maximum likelihood estimates of the parameters of the nomological
net indicated essentially equal validities for the classroom and adaptive
tests in four comparisons. However, the validity of the adaptive tests was
e f f e c t ively higher than that of the classroom tests , since equal validities
were achieved with from 25% to 31% fewer items. The data also permitted an
analysis of the effec ts of verbal ability on achievement test performance ,
separately for the conventional and adaptive tests. The results from a con—
firmatory maximum likelihood factor analysis showed a larger influence of
verbal abili ty on achievement test performance at the first administration of
the adaptive test. This result was attributed to a necessity to learn how to
use the computer equipment with verbal instructions , which may have further
reduced tlte validity of the adaptive tests. Combined with the facts that the
adaptive tests were obtained under volunteer conditions while the classroom
tests were obtained under “motIvated” grad in g cond it ions ,~~the resul ts of this
st udy indicate that computer—administered adaptive tests can provide more
valid measurement of achievement than conventional paper—and—pencil tests.
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A CONSTRUCT VALIDAT I ON OF ADAPTIVE ACHIEVEMENT TESTING

In the last decade there has been an increasing amount of research on
adaptive or tailored abili ty tes t ing (W eiss , 19Th). In general , this research
has shown that adapting ability tests to t he individual is beneficial in terms
of (1) reducing test anxiety and increasing test—taking motivation (Betz &
Weiss, 1976) and (2) providing measurement of higher precision (McBride &
Weiss , 1976; Vale, 1975). More recently , interest has extended to achievement
testing as well (Bejar , Weis s, & Gialluca , 1977; B ejar , Weiss , & Kingsbury,
1977; Brown & Weiss , 1977; Reck ase , 1977). The question of the validity of
adaptive testing has not yet been investigated , however , either in the
ability testing domain or in the adaptive measurement of achievement.

A few studies have examined the “fidelity ” of adap t ive tes t ing stra tegies ,
where fidelity is defined as the correlation between true ability level and
ability level es t imated by an adaptive testing procedure (e.g., McBride &
Weiss , 1976; Urry, 1976; Vale & Weiss , 1975). Of necessity, however , these
studies were computer simulation studies in which “true” ability was known and
testees were simulated hy a mathematicalmodel. Other studies which have examined
the validity of adaptive tests (e.g., Linn , Rock , & Cleary , 1969) were real—
data simulation studies ir. which responses to adaptive tests were simulated
from the responses of students to conventional paper—and—pencil tests. Thus ,
no live—testing studies have been reported in which tests were administered
adaptively and in which the comparative validity of conventional paper—and-
pencil tes t ing and adapt ive strategies was examined.

Narrowly defined , valid ity consists of ascertaining how well an individual’ s
performance on a cr iterion of interest can he forecasted from knowled ge of
his/her test performance on the test being validated (e.g., Cr onhach , 1971).
The usual procedure for this kind of validation consists of assessing the
relationship, or correlat ion , of the scores on the criterion with the scores on
the test being validated.

When the interest is in comparing the validities of two or more testing
procedures, this approach to validation could give mi sleading results , since
a test consists of several components , each of which can determine to some
extent a testee ’s performance on the test. As i result, the correlation between
scores on tests administered in different ways may be partiall y de term ined by
the components shared by the t e s t i n g  procedure  be ing  v a l i d a t e d  and the  c r i t e r i o n
(Bejar , 1977). Thus , if the correlation between score’s from Testing Procedure
A and Criterion C is higher than the correlation between scores from Testing
Procedure B and Criterion C, this may not necessarily he evidence that Testing
Procedure A is more valid than Testing Procedure B. The apparent difference
in val idity could be due simp ly to the fact that Test A and Criterion C
were measured under similar conditions and thus had more method variance
in common. For example , both the test and the criterion performance might be
measured under cond itions which were arbitrarily h” ih speeded , and the resulting
corre lation would reflect this common spcededrtess.
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A broader and more appealing view of the validation process is construct
validation (Campbell & Fiske, 1959; Cronbach & Meehi , 1955). In this context
the question is not how well some criterion is predicted ; rather , the goal is
identificationof the constructs that account for test performance. This is
done by postulating a nomological net—-a theory describing the laws and hypo-
theses that relate observables to observables , observables to constructs, and
constructs to constructs. The validation process then consists of ascertaining
whether the data support the theoretical hypotheses in the nomological net. If
the data are in accord with the hypothesis , the problem becomes one of estima-
ting the strength of the relationship between the different components of the
net. The practical problem of assessing the relative validity of two testing
procedures becomes one of determining how well each measures the construct it
is supposed to measure. This can be approached by assessing the relationship
between the observed scores derived from each of the testing procedures and the
constructs that the testing procedures are designed to measure.

Purpose

The purpose of this stud y was to assess the relative construct validities
of two testing procedures for measuring achievement——a conventional paper—and—
pencil test and a computer—administered adaptive test. A nomological net
was specified and fitted to the intercorrelations among four measures of
achievement and to measures of verbal ability. A secondary purpose of the
study was to estimate the relationships of verbal ability to achievement test
performance.

Method

Data for this study were obtained from students enrolled in a large —

introductory biology course at the University of Minnesota during the fall and
winter quarters of the 1976—1977 school year. The analysis was based on
volunteers for which the following six scores were available:

1. Classroom biology achievement test , first mid quarter (MQ1C)
2. Classroom biology achievement test , second midquarter (MQ2C)
3. Adaptive biology achievement test , first midquarter (MQ1A)
4. Adaptive biology achievement test , second midquarter (MQ2A)
5. Adaptive vocabulary test at first midquarter (VOC1)
6. Adaptive vocabulary test at second midquarter (VOC2)

The classroom midquarter tests, MQ1C and MQ2C, were the tests normally given
in the course for grading purposes. Data on both the adaptive achievement
and vocabulary tests were collected from students who volunteered to participate
in the research in exchange for extra points toward their final course grade.

Subjects

Data were available on students from two academic quarters . During the
fall quarter , 394 students had volunteered to take an adaptive midquarter test
based on the material from the first classroom biology mid quarter test and 386
volunteered for the adaptive midquarter test based on the t~aterial from the
second classroom biology midquarter test. However , only 269 s tudents

hIrlh~~ 
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participated at both occasions ; data analysis for fall quarter data was based on
this group. For winter quarter , 317 students volunteered to participate in the
first adaptive midquarter test administration and 349 volunteered to participate
in the second ; data analysis for winter quarter data was based on the 230
students who participated in both adaptive midquarter tests.

Procedure

At both the f i rs t  and second adaptive tes t  administrat ions , the volunteer
students were f i r s t  given the adaptive mul t ip le-choice  verbal ab i l ity  test
(VOC1, VOC2) followed by the adapt ive  mu l t i p le—choice  biology test (MQ1A ,
MQ2A) based on the content covered in the classroom biology m idquarter tests.
The adaptive tests were administered by means of cathode ray terminals (CRTs)
connected to a Hewlett—Packard real—time computer system . Instructional
screens explaining the operation of the equ ipment were presented prior to
testing (DeWitt & Weiss, 1974). A proctor was present in the testiug room at
all times to assist students with the equipment. Each test item was presented - 

-separately at the rate of 960 characters per second on the CRT screen.
Students responded by pressing the key corresponding to the chosen alternative.
During the fall quarter administration , feedback was provided after each
response (i.e., each student was informed whether or not he/she had answered
each test item correctly); if an incorrect answer was given , the student was
told which answer was correct. During the winter quarter administration ,
immediate feedback was not provided . There were no time limits imposed on the
tests. At the completion of testing, students received a printed report which
lis ted questions answered incorrec tly and provided the correct answers.

The classroom biology achievement tes t  da ta  (NQ1C , MQ2C) were obtained
from course instructors.

Achievement Tests

I tem coo l. The development of the item pools used in this  s tudy has been
descr ibed by Bej ar , Weiss , and Kingsbury (1977). Briefly, the answer sheets for
two classroom biology midquarter tests from two previous academic quarters
were used as raw data for obtaining the i tem paramete r s——disc r iminat ion  ( a ) ,
difficulty (1,), and guessing (c)——of the logistic item characteristic curve
(Birnbaum , 1968) for each item. For the fall quarter administrat ion , 114 items
covering the content of the f i r s t  midquarter  were available; the pool
covering the content of the second m idquar ter con tained 112 items . For the
winter administration , 44 i tems were added to the f i r s t  midquar te r  pooi and
49 were added to the second midquarter pool ; thus , there were a total of 158
items in the first midquarter item pool and a total of 161 in the second
midquarter pool. Both the adaptive and classroom achievement tests were
constructed from the same item pool.

Adaptive achievement tests. The adaptive achievement tests were admin-
istered by the stradaptive strategy (Weiss, 1973). The entry po int was selected
based on student—reported CPA. At the beginning of the adaptive testing session ,
students were asked to state their grade point average (CPA) by selecting one
of nine equally spaced intervals from 2.00 to 4.00 (DeWitt & Weiss , 1974, p.
49). For example , students reporting GPAs in the lowest interval began testing
in the least difficult stratum , whereas students choosing the highest CPA
interval began in the most difficult stratum.
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The branching strategy used in the stradaptive test was the standard
“up—one/down—one” procedure. That is, if an item was answered incorrectly or
with a “? ,“ the next unadministered item from the next easier stratum was
administered ; if an item was answered correctly, the next unadministered item
from the next more difficult stratum was administered.

A variable criterion was used to terminate testing on the stradaptive
test. After a student answered five items in a stratum , if he/she
answered 20% or fewer correctly, testing was terminated . If testing was not
terminated by this criterion after 50 items had been administered , no further
items were administered.

To construct item poois which could be used for administration of stradap—
tive tests, each of the two pools (Midquarters 1 and 2) was structured by
forming nine strata of increasing difficulty. Mean stratum difficulties were
chosen so that there would be approximately the same number of items per
stratum. Within each stratum the items were ordered in terms of their
discriminations unless this resulted in items cover ing the same content area
appearing consecutively. Appendix Tables A and B show the item difficulties
and discriminations for items in the nine strata into which the first and second
midquarter item pools were structured . Table 1 summarizes that information by
showing the mean and standard deviations of the discrimination (a), difficulty
(b) , and guessing (c) parameter estimates for the fall and winter item pools.
For both the first and second midquarter tests , the mean discriminations ,
difficulties , and “guessing” parameters were essentially identical for the two
quarters.

Table 1
Mean and Standard Deviation of Item Parameter Estimater of the
Fall and Winter Item Pools for the First and Second Adaptive

Achievement Midguarter Tests (MQ1A and MQ2A)

Number a b c
of Discrimination DifficultL “Guessing”

Test Items Mean S.D. Mean S.D. Mean S.D.
MQ1A

Fall 114 1.21 .46 .19 1.21 .27 .08
Winter 158 1.20 .44 .16 1.19 .27 .08

MQ2A
Fall 112 1.20 .41 .16 1.16 .28 .09
Winter 161 1.20 .39 .11 1.16 .28 .08

Classroom achiever~ent tes~e. The classroom biology mid quarter test each
quarter included 55 items which the course staff selected by a combination of
pedagogical criteria and procedures from classical test theory. Their aim in
constructing these tests was to produce a “good” test for purposes of course
grading. Students were instructed to answer 50 items of their choice. For
purposes of this research , however , the classroom achievement tests were
shorter than 50 items , since item parameter estimates were not available for
some of the items. The item parameter estimates for the items in MQ1C and
MQ2C for the fall administration are in Appendix Table C; those for the winter
administration are in Appendix Table D.
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Table 2 shows the means and standard deviations of estimates of the three
item parameters for MQ1C and MQ2C for the fall and winter administrations.
Constrasting these figures to those in Table 1, it is evident that the items
for MQ1C were, on the average , less discriminating than those in the adaptive
test pool; the items in MQ1C were also less discriminating than those in the
adaptive test pool , but the differences between the two pools were smaller.

Table 2
Mean and Standard Deviation of Item Parameter Estimates for
the First and Second Classroom Achievement Midquarter Tests

I (MQ1C and MQ2C) in the Fall and l’inter Administration

Number a h c
of Discrimination Difficulty “Guessing”

Test Items Mean S.D. _Mean S.D. Mean S.D.

MQ1C
Fall 39 1.09 .27 .11 1.14 .29 .06
Winter 45 1.09 .31 .08 1.33 .25 .09

- f  MQ2C
Fall 41 1.17 .44 .07 1.20 .28 .07
Winter 44 1.14 .40 — .06 1.29 .25 .08

Adaptit’e Vocabulary Tests

The adaptive vocabulary test was also administered by the stradaptive
strategy. The same entry point and termination rule used in the biology
achievement test were used for the vocabulary test , except that the maximum
number of items in the vocabulary test was set at 40.

The development of the vocabulary item pool has been described by McBride
and Weiss (1974); the procedures for estimating the item parameters used for
the vocabulary tests are described in Prestwood and Weiss (1977). For the fall
administration , the same pool consisting of 321 items was used for the first and
second midquarters. During winter quarter , however , the pooi was split into
two comparable halves consisting of 160 and 161 items each , used for the first
and second midquarter administrations, respectivel y. Appendix Table E provides
the item parameters for the stradaptive vocabulary tests.

Scoring

All tests were scored by maximum l ikelihood est imation , specif ying
Birnbaum ’s (1968) three—parameter logistic model as the response model. The
item parameter estimates were edited by the scoring program so that the
maximum value of the discrimination parameter (a) was set to 2.5, the maximum
absolute value of the difficulty parameter (b) was set to 3.00, and the
maximum value of the guessing parameter (c) was set to .35. In estimating
achievement scores, omitted items were ignored in the computations . The
convergence criterion was set to .0001, and a maximum of 50 iterations was
allowed in the maximum likelihood scoring. 
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Nomo logical Net

The nomological net investigated consisted of three constructs , each
measured twice (see Figure l)——achievement at the first midquarter (ACH1),
achievement at the second midquarter (ACH2) , and verbal ability (VER). ACH1
and ACH2 were each measured once by the classroom biology achievement midquar—
ter tests (MQ1C MQ2C) and once by the adaptive biology achievement midquarter
tests (MQ1A , MQ2A). VER was also measured twice——once during the administration
of MQ1A and once during the administration of MQ2A. The arrows connecting
the constructs and the constructs with their observable measures symbolize
the parameters of the nomological net to be estimated . Thus, Figure 1 postu-
lates that verbal ability (VER) influenced achievement at the first midquarter
(ACH1) and achievement at the second midquarter (ACH2). Achievement at
the second midquarter (ACH2) in turn was hypothesized to be influenced both by
achievement at the first midquarter (ACH1) and by verbal ability (VER).

Figure 1
Nomological Net for Construct Validation

of Classroom and Adaptive Achievement Tests

CLASSROOM BIOLOGY ADAPTIVE BIOLOc-Y CLASSROOM BIOLOGY ADAPTIVE BIOLOGY

ACH IEVEMENT TEST, ACHIE VEMENT TEST, ACHIEVEIIENT TEST, ACHIEVEMENT TEST,

FIRST MIDQUARTER - FIRST ~IDOUA RTER SECOND M IDQUART ER SECOND MIDQUARTER

(MQ1C) (MO1A) (MQ2C) (MQ2A)

ACHIEVEMENT , ACHIEVEMENT ,
FI RST B SECOND

MIDQUARTER MID DUART ER

(ACH1) (ACH2)

Y1

VERBAL
ABILITY
(VER) A ,

ADAPT I VE VOCABULARY TEST, ADAPTIVE VOCABULARY TEST,
AT FIRST MIDQUARTER (VOC1) AT SECOND (~IDQUARTER (VOC 2)

For construct validation comparisons of the n’~aptive and conventional paper—
and—pencil achievement tests , the parameters of interest were those that estimated
the relationships between the observables and their corresponding constructs

- , - , .
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(A 1 through A
4
). These parameters may be referred to as the validities of the

observable achievemen t scores. Thus, in the context of Figure 1 the major
pur~ose of this study was to compare the validities for the adaptive achievement
tests (A

3 
and A

4
) wi th the validities for the conventional classroom paper—and—

pencil achievement tests (A
1 

and -2
~ 

in two independent sets of data.

The nomological net in Figure 1 also focuses on the effects of verbal
ability on biology achievement at both midquarters 

~~~
‘L 
and 

~~~ 
and on the

dependence of achievement at the second m idquarter on achievement at the first
midquarter (8). This part of the model is relevant from a substantive point
of view because it indicates the degree to which assimilation of instruction
is dependent on verbal ability. From a psychometric point of view , however ,
the effects of verbal ability on achievement test performance are equally
importan t , since individual d ifference s in verbal abil ity could possibly
affect the validity of the achievement scores , particularly when the method of
administration was different in the two testing procedures (i.e., the adap tive
test was computer administered and the classroom test was paper—and—pencil).
Thus, a second objective of this investigation was to assess the influence of
verbal ab ility on test performance under the two modes of administration .

Data Anal ’is is .~ethodoio~- ’1

Est imating the ~ar ~~eters of the ne~ o1o~ ica ~ net. Traditionally,
construct validation hypo theses have been partially investigated by factor
analytic techniques. However , in recent years the methodology of linear
structural equations (Goldberger & Duncan , 1973) has been applied to these
kinds of questions ( e . g . ,  Schmit t , 1978) as a resul t  of computa t ional
developments due primarily to J~ reskog (e.g., J~reskog & van Thillo, 1972).
Structural equations methodology is a more general analytic technique than
factor analysis , but it is very much related to it. In general , a structural
equations model consists of three parts. One of Lhese parts models the
interrelationships among the endogenous or dependent variables. The second
part models the interrelationships among the exogenous or independent variables.
The mode ling of both sets of variables is by means of factor analytic models ;
that is, it is assumed that the interrelationships within the dependent and
independen t variable sets can be accounted for by a factor analytic model.
Finally, the third part of the structural equations model connects the
constructs or factors derived separately from the dependent and independent
variables.

The appl ication of this methodology to a nomological net such as that
shown in Figure 1 has been d iscussed by J~ reskog and S~ rbom (1976); tb~
following discussion utilizes their notation . To construct the model he
nomo logical net can be separated into the three parts indicated above .
The first par t , the factor model for the dependent variables in the nomological
net of Figure 1, is seen in Eq uat ion 1 :

MQ1C 0I 1 J l \

( MQ2C = 
A 0 (AcH1\ + ( ~2 [1]

\ MQ1A / 0 )
3 \AcH2 J 

\ 

C
3 
/

0 •
~~
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This is simply an orthogonal two—factor model for the four biology achievement
scores (MQ1C , MQ2C , MQ1A , MQ2A) . The two f ac to r s  postulated were achievement
in biology at the first midquarter (ACH1) and at the second midquarter (ACH2).
The Li

’s are the unique components associated with each observable measure.

For estimat ion purposes A 1 
and A 3 were set in the estimation program to

1.0, while A2 
and A

4 
were free to take on any values. The loadings of MQ1C

and MQ1A (A
1 

and A
3

) were fixed at 1.0 in order to make the model ident i f ied ,

that is , to insure the uniqueness of each parameter est imate.  The uniqueness
variances , a2~ . , were also estimated by the program.

1-

The second part of the model describing the structures of the independent
variables is given by Equation 2:

(~
g
~) = (~) vER + (~) . [2]

Equation 2 indicates that performance on the vocabulary tes ts  is accounted f or
by the single construct , verbal ab i l i ty  (VER) . For purposes of est imation, A 5was set to 1.0 in order to make the model ident i f ied. Thus , the parameters
to be estimated were A 6 and 

~ 
and o2~~~.

Finally,  the third part of the model relates the two achievement con-
s t ruc ts  of biology (ACH1 , ACH2 ) and verbal abi l i ty  (VER) . This relat ionship
was postulated to be[

~ ~
] 
~ 

= (
~
) (VER) + 

(
~~i) 

. [3]

The parameters to be estimated in this part of the model were 8, which indicates
the strength of the relationship between achievement at two points in time ;
and y2, which indicate the s t reng th  of the re la t ionship  of verbal ab i l i ty  wi th

achievement at the f i r s t  midquarter  and at the second mid quar te r ;  and f ina l ly,
the variances of the residuals , 

~i 
and

Expanding on Equat ion 3 , ACH1 and ACH2 can he expressed as

ACH1 = ‘1
1 
VER + 

~l 
[4]

ACH2 = 

~~~ 
- 8’y’~

) VER + 
~~2 

- 8
~
;
~

) . [5]

ACH1 is the sum of two effects , verbal ability (VER) and 
~~~~~

, a residual

component. AC}12 , on the o the r  hand , is a func t i on  of verbal a b i l i t y ,  achieve-
ment at the f i r s t  mid quarter , and a residual (?~~ — 8c1). Note that if 8=0——that

is , ACH 1 has no e f f e c t  on ACH2 ——Equa t io n  5 reduces to
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ACH2 = Y
2

VER + . [6]

It was assumed that  the expected value of ACH1 , ACH2 , and VER was zero .
The expected value of the Ci ’s was also ze ro. The Li ’s were assumed to be
uncorr elated and independent among and between themselves and uncorr elated with
ACH1, ACH2 , and VER. The residuals (i.e., 

~l’ ~~~ 
were also assumed to be

uncorrelated and to have a mean of zero. In addition to these assumptions , it
was assumed that the joint distribution of the observed variables was multi—
variate normal and that the sample size was large; therefore , max imum likelihood
estimates of the parameters in Equations 1 through 3 could be obtained by
using the program LISRE L (J~ireskog & van Thillo, 1972) .

Estimating the influence of verbal abilit1j on test performance. The
nomological net descr ibed in Figure 1, which was postulated to accoun t for
achievement in biology , did not allow the estimation of the effect of verbal
ability on achievement test performance . The role of this type of method
variance analysis in the validation process has been recognized since Campbell
and Fiske ’ s fo rmalization of the mul t i t ra i t—mult imethod matrix (1959) .
However , precise methods for  est imating the proportion of method variance did
not become available unti l  the development of maximum likelihood factor

V analysis (Boruch & Wolins , 1970; J~ reskog, 1974) .  This methodology
was used to est imate the effects of verbal ability on achievement test
performance.

An orthogonal factor model was postulated to account for the interrelation-
ships among the six observed scores. The pattern matr ix  associated with the
proposed model is shown in Table 3. An “X” indicates that the variable was
permitted to load on the fac tor .  A “0” indicates that a variable was not
permitted to load on the factor. Setting certain loadings to zero permits t’~e
definition of “clean” factors, while at the same time it introduces restric-
tions in the estimation procedure which are necessary to insure that  the
model as a whole is identif ied .

Tabl e 3
Factor Model Postulated to Account

for Variation Among Six Obse rved Scores

Factor
Variable I II III IV

MQ1A X X X 0
MQ2A X X 0 X
MQ 1C X X X 0
MQ 2C X X 0 X
‘JOC1 X 0 0 0
VOC2 X 0 0 0

Note.  An “X” means the corresponding
parame ter is ‘ f r e e” to take any
value.  A “0” ind ica te s  the
parameter  is “ f i x e d ”  to take
the value 0.
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The model in Table 3 allows the i den t i f i ca t ion  of four influences on the
observed scores or sources of variance. The f i r s t  source of variance may be
called a verbal ab ility fac tor , since it was the onl y fac to r on which the
verbal, scores (vOci and VOC2) were allowed to load . The loadings of the four
achievement scores on this factor indicate the effect of verbal ability on
achievement test performance. The second fac tor  may be called an achievement
factor because only the fou r achievement scores (MQ1A , MQ 2 A , MQ1C , MQ2C) were
allowed to load on it. The third and fou r th  fac tors  are “occasions” facto rs
because they capture the unique variability associated with the first and
second tnldquarter tests , respectively, MQ1A , MQ1C and MQ2A , MQ2C.

Models such as that shown in Table 3 can only be estimated with factor
analysis programs which permit restricted solutions. A number of such programs
exist. The program ACOVS (J~ reskog, Cruvaeus , & van Thillo, 1970) was used in
these analyses. This program obtains maximum likelihood estimates of each of
the loadings under the usual stochastic assump tions of factor  analysis. If the
sample size is large and the data are mult ivar ia te ly  dis t r ibuted, the measure of
f i t  computed by the programs is distributed as a x 2 variable with known degrees
of freedom.

Data Analysis

Subject pool. During the fall and winter administrations, 269 and 213
student s , respectively , had completed all six tests.  However , data fo r some
students were eliminated from all analyses for one of two reasons : (1) If the
scoring procedure failed to converge on any one of the six sceres , that student
was eliminated from the analyses; (2) If a student ’s maximum likelihood score
on the adaptive test was too “disc repant ” f rom the classroom test maximum
likelihood score , the student was eliminated from the analyses. Specifically,
the difference in each student ’s maximum likelihood scores——MQ1C—MQ1A and MQ2C—
MQ2A——was computed. If the absolute value of either score difference was
2.00 or larger , the student was excluded. Invariably , the difference was
positive for the students eliminated , which indica ted tha t the studen t performed
on the adaptive achievement test two units below his/her classroom achievement
test performance. The rationale for excluding such students was that they
probably were not “doing their best” taking the adaptive achievemen t test ,
since it was a volunteer situation. After exclud ing students for either of
these two reasons , there were 213 and 187 students , respectively , who had taken
all six tests during fall and winter administrations. The analyses and results
t hat follow are based on these students  onl y.

Distributional analJjsis. An assumption needed to obtain maximum likelihood
estimates of the pa ramete rs by f i t t ing the structural model to a correlation
matrix is that the d i s t r ibu t ion  of the scores be multivariate normal. Although
some procedures for  testing multivariate normality exist (e.g., Andrews ,
Gnanadesikian , & Warner , 1973) , they are not easily implemented . For that
reason, the univariate normality of each score was investigated instead . If
t he mul t ivar ia te  d is t r ibut ion of a set of ~.o res is normal , it would follow that
the component scores are each also normally distributed . However , demonstrating
that each score is normally distr ibuted does not guarantee that the jo in t
dis t r ibut ion of all scores w i l l  be mul t iva r i a t e  normal .

The univariate norma l i ty  of each of the scores was tested by means of the
V Kolmogorov—Smirnov stat i s t i c  (see, e.g. , Lindgren , 1968). According to this
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test , if the observed cumulative frequency exceeds the theoretically expected
frequency by a cer tain amount , the hypothesis that the distribution is normally V

distributed is rejected. The statistic is

D = MAX F0(x) — 

~~~~ 
[7 ]

whe re

D is the absolute value of the maximum discrepancy ,
is the observed cumulative frequency of .~r, and

FE
(s) is the expected cumulative frequency of

The null hypothesis was tested at the .05 level for each variable in each
quarter.

.~‘es:-~ 1 to

Distributional Analtjsis

The results of app lication of the Kol gomorov—S mirnov test to the maximum
likelihood scores on each of the six tests is shown for  the fa l l , win te r , and
combined data in Table 4. All six scores were judged normally dis tribu ted in
each quarter and in the combined data. As can be seen , the probability of the
null hypo thes is was high in every instance , wi th a min imum value of ~~ .l7

V 
for the VOC2 data in the fall and combined groups. Thus, the results lend
support to the assumption that the joint distribution of observable scores may
be mul tivaria tely normally distributed.

Table 4
Results of the Kolgomorov—Smirnov Test of Normality

for Fall, Winter, and Combined Groups

__________ 
Tes t

Group and Statistic MQ1C MQ2C MQ1A MQ2A VOC1 VOC2

Fall (N 213)
Maximum Discrepancy — .04 — .03 .05 — .04 — .05 — .07
Probability .94 .99 .74 .81. .62 .17

Winte r (1/= 187)
Maximum Discrepancy - .06 .04 .05 — .04 — .05 — .07
Probability .56 .98 .63 .83 .71 .30

Combined Groups (11=400)
Maximum Discrepancy — .04 — .03 — .04 -.04 — .04 — .06
Probab ility .63 .92 .59 .55 .59 .17

Test Score interco~’re lations

Estimates of the parameters  in Figure 1 were obtained by fitting the model
to a correlation matrix. Thus , the first step toward that goal was the computa-
tion of the intercorrelations among the six maximum likelihood scores. These
intercorrelations , along with the means and standard deviations of each score ,

- —~~
-
~~~ —V.-- , — - . ,
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are shown in Table 5 for the fall and winter data separately and combined. In
general, the variabilities of the classroom achievement test scores (MQ1C and
MQ2C)werehigher than the variabilities of the corresponding adaptive achievement
test scores (MQ1A , MQ2A). This suggests that the volunteers were more homogeneous
with respect to achievement than was the class as a whole. Another contrast
seen in Table 5 is that the mean achievement scores on the classroom tests were
higher than the corresponding means for thc adaptive tests. Since the adaptive
achievement test was taken anywhere between one day and three weeks after the
classroom achievement test, this may indicate that some forgetting took place.
An alternative explanation for the lower means on the adaptive achievement tests
is that the students were less motivated to perform to their full capabilities
on the adaptive test; scores on the adaptive achievement test did not count
toward their course grades , while their grades were based on scores from the
classroom tests.

Table 5
Means and Standard Deviations and Intercorrelation Matrices of

Six Scores for Fall, Winter , and Combined Data

Group
and — -  

Test
Test Mean S.D. MQ1C MQ2C MQ 1A MQ2A VOC1

Fall (N=213)
MQ1C .551 1.028
MQ2C .434 .898 .699
MQ1A .024 .883 .741 .665
MQ2A — .048 .874 .665 .748 .692
VOC1 — .454 . 966 .230 .239 .335 .246
VOC2 — .329 .967 .274 .277 .375 .278 .890

Winter (N l87)
MQ1C .529 .975
MQ2C .438 .904 .619
MQ1A — .120 .915 .782 .586
MQ2A .014 .815 .619 .768 .629
VOC1 — .473 .983 .387 .408 .376 .378
VOC2 — .418 1.052 .371 . 349 .346 .331 .851

Combined (N=400)
MQ1C .541 1.000
MQ2C .~~36 .900 .662
MQ1A — .043 .900 .758 . ‘-2 5
MQ2A — .019 .847 .644 .756 .657
VOC1 — .463 .973 .302 .319 .354 .305
VOC2 — .371 1.001 .320 .311 .362 .300 .870

As expected , the intercorrelation matrices show that the achievement test
scores were more highly correlated among themselves than they were with the
vocabulary scores. Within the achievement data , the highest correlations in
all three matrices were between tests taki n on the same m ater li l ( i . e . ,  MQ 1A and
MQ1C, and MQ2A and l-IQ2C).

- . - V V. - - —~~ - — —
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Validity of cZassroop .~ end Ii tive j chi~- a ,’ement tes ts. The results of
fitting the validity model to the fall data are shown in Table 6. The X

2

reported at the bottom is a measure of the overall fit of the model to the data.

Table 6
Standardized Maximum Likelihood Parameter Estimates of Achievement

Model Fitted to Fall Data (11=213) and Winter Data (11=187)

Estimate
Parameter Description Fall Winter

V A
1 

Validity of classroom biology achievemen t test ,
first midquarter (MQ1C) .853 .893

X
2 

Validity of classroom biology achievement test ,
second midquarter (MQ2C) .866 .868

A
3 

Validity of adaptive biology achievemen t test ,
first midquarter (MQ1A) .869 .876

Validity of adaptive biology achievement test ,
second midquarter (MQ2A) .864 .884

A 5 
Val id i ty  of adaptive vocabula ry test at f i r s t

mid quarter (VOC 1) .890 .972

A
6 

Validi ty of adap tive vocabulary test at second
mid quar ter (VOC2) .999 .876

Regression of achievement at second xnidquarter (ACH2)
on achievement at first rnidquarter (ACH1) .925 .734

Regression of achievement at first midquarter (ACH1)
on verbal ability (VER) .380 .447

Regression of achievement at second midquarter (ACH2)
on verbal ability (VER) — .031 .123

‘1 
Variance of residuals for achievement , first

midquarter (ACH1) .855 .800

C2 
Variance of residuals for achievemcnt , second

midquarter (ACI{2) .165 .361

Variance of verbal ability (VER) 1.000 1.000

Error variance for MQIC .521 .451

Error variance for MQ2C .496 .482

Error variance for MQIA .500 .496

Error variance for MQ2A .504 .467

Error variance for VOC1 .456 .236

Error variance f o r  V0C2 . 000 .483

8.39 4.04
6 6

.21 .67

__________

— 
-—V  

V V. -~~ - -~~~~~~
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A better fit of the model to the data is indicated by higher values of p, the
probability of the observed X

2 value . In this particular case, the probability
was .21 , indicating an adequate fit of the model to the fall data. This may be
considered evidence in favor of the validity of the notnological net postulated
earlier. However, to determine whether the adaptive or classroom tests were
more valid measures of achievement requires examination of the values of the
parameter estimates.

The first four lines of Table 6 show the standardized loadings (validities)
of the four achievement measures on their respective constructs. For the first
midquarter in the fall group, the coefficient (~~j) was .853 for the classroom

achievement test (MQ1C); for the adaptive achievement test (MQ1A), the coeffi—
cleat (A

3
) was .869. The corresponding data for the second midquarter in the

fall group (A
2 
and A

4
) were .866 for MQ2C and .861, for MQ2A .

The last column of Table 6 shows the results for winter data. Again , the
fit statistic at the bottom of the table indicated that the nomological net
postulated for these data was a reasonable summary of the intercorrelations
among the six scores. Moreover , for  the wi n t e r  data  the f i t  was be t te r  than
for the fal l  data (p= .67 vs. .21) .

The validity coefficients for the fou r biology achievement tests (A
1

through A
4) indicated that for the winter data the first classroom midquarter

test (MQ 1C) was slightly more valid than the corresponding adaptive mid qua rter
test ( A 1 .893 vs. A 3= .876) . This was a reversal o f the findings with fa l l  data

where the adaptive midquarter test was found to be more valid (A
1
.853 vs.

X
3
.869). However , for winter data , the second adaptive midquarter test was

more valid than the classroom counterpart (A 4=.884 vs. A2
=.868), whereas for

fall both testing procedures were found to be about equally valid (A 4 .864 vs.
A
2
=.866).

Table 7 summarizes the construct validity correlations in Table 6 and
provides information on the average numbers of items in the classroom and
adapt ive biology achievement tests. As Table 7 shows, both testing procedures
achieved essentially equal validities in both quarters. However , in both cases
the adaptive achievement tests ach ieved essentially the same level of validity
with considerably fewer items , on the average. For the fall data , the average
length of the first adaptive ach ievement midquarter test was 24.1 items, while
that of the first classroom achievement mid quarter test was 35 items ; the
difference of 11 items represents a reduction of 31% in the length relat ive to
the classroom achievement test with a slight increase in validity. For the
other three tests , reductions due to adaptive achievement testing were 27%
and 25% for both winter tests , again with essen tial ly no d i f f e r ences  in
validities.

Thus, the adaptive achievemen t test was effectively more valid , since
it required fewer items to yield scores as valid as the classroom achievemen t
test. However , it may be noted that the adaptive achievement tests were drawn
from item pools with a higher mean discrimination than the items in the

— —  ~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~
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Table 7
Construct Validity Correlations (r) for

Classroom and Ad~~~
ive Bio1

~~L
Achievernent Tests

Classroom Adaptive
Group Average Average
and Test No. Items r No. Items r

Fall Quarter ([‘=213)
First Midquarter 35.0 .853 24.1 .869
Second Midquarter 37.0 .866 27.2 .864

Winter Quarter (i=187)
First Midquarter 40.4 .893 30.4 .876
Second Midquarter 40.2 .868 30.0 .884

classroom achievement tests. This , however , seems to be an inherent advantage
of the adaptive achievement testing procedure and not an unfair one. Additional
research comparing ad aptive and conven tional paper—and—pencil achievement tests
will be necessary to determine whether the effectively higher validity of
adaptive tests was due to the higher average item discrimina tions or to the
process of adapting the test to each student.

Other parcu~ieters of the norioloj [cai net. Table 6 also shows the est ima ted
regression (

~
) of achievement at the second midquarter (ACH2) on achievement

at the first midquarter (ACH1), for both the fall and winter data. For the
fall data this coefficient was very high (.925), suggesting that subsequent
achievement was largely determined by previous achievement. For the winter
data the regression coefficient was F= .734 , wh ich suggested a decrease in the

- influence of ACH1 on ACH2 ; but since these are standardized estimates , that
conclusion may no t be comp letely justified because of possibly d i f f e r en t
variabilities in achievement between the two quarters.

The regression coefficients 
~~l

’ 
~~~ 

of the achievement constructs (ACH1

and ACH2) on verbal ability for  both f a l l  and w in ter da ta are also shown in
Table 6. For the fall data , achievemen t at the first mid quarter (ACH1) seemed
to be more influenced by verbal ability (y

1
=.380) than achievement at the second

midquarter (y
2
=— .03l). Since the regression of \CH2 on VER is a partial

regression weigh t , the fact that it was close to zero indicates that verbal
abili ty did not influence achievement at the second midquar ter beyond the
influence that it exerted through ACH1. The amount of achievement variance
that remained unexplained after taking into consideration verbal ability is

- indicated by the residual variances of ACH 1 and ACH2 , and 
~~ 2

. Since the

solution was standardized , these data can he interpreted directly as propor-
tions of variance. Thus , for ACH1 most of the variance (857.) remained
unexplained in this model. The other 157 was explained , in th is case , by
verbal ability. By contrast , f or ACII 2 , the proportion left unexplained was
only 17% , i.e., verbal ability and achievement at the first midquarter
accounted for 83% of the variance.

As was true of the fall data , in thr winter data verbal ability had a
V modera te , but somewhat larger , influence on achievement at the first mid quarter.

V V 

- -~~ ~~~— - ---- — - -



rip.-.—- VV VV.V~V ~~~~~~~~~~~~~~~ ,_~~~ __ VV VV V V V ~~~ V ~~_ V•_ V V 
~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—1 6—

This was reflected in the residual variance of ACH] (C 1
),which was 80% as

compared with 85% for the fall data. Thus, verbal ability accounted for 5%
more variance of ACH1 in the winter data than in the fall data. There was,
on the other hand , an increase in the winter data in the proportion of the
unexplained variance of ACH2 

~~~~ 
In the fall data that proportion was 17%;

in the winter data it was 36%.

~fi1ect of Verbal Abili ty on Achievement Test Performance

Table 8 shows the maximum likelihood estimates of the factor pattern
matrix associated with the four—factor model postulated to account for the
intercorrelations among the six tests for the fall and winter data combined .
The x2 statistic of 6.15 with 1 degree of freedom (p=.Ol 3) suggests that the
fit was statistically not very good. However , the residual correlation
matrix (i.e., the difference between the observed correlation matrix and the
reproduced correlation matrix computed using the solution in Table 8) was
nearly zero with the largest residual correlation being — .014, which suggests
an adequate fit of the data to the model.

Table 8
Maximum Likelihood Solution for Four—Factor Model

for Fall and Winter Data Combined (‘1=400)

Factor
I II III IV

Achieve- Occasion Occasion
Test Ability ment 1 2

MQ1C .334 .750 .329 .0
MQ2C .337 .726  .0 .334
MQ1A .384 .703 .334 .0
MQ2A .324 .739 .0 .331
VOC1 .928 .0 .0 .0
VOC 2 .937 .0 .0 .0

Note. x2=6.15; df=l; 1- = .Ol3

The variance component estimates derived from the solution in Table 8 are
shown in Table 9. These were obtained b y squaring the correspond ing loadings.
The f i r s t  row of Table 9 shows the proport ion of performance variance in each
test accounted for by verbal ability. For the two classroom achievement mid—
quarter tests (MQ1C and MQ2C), the proportion was .11. For the  f i r s t  adaptive
achievement midquarter (MQ1A), that  proportion was .15; and fo r  the second
adaptive achievement tnidquarter (MQ2A), it was .10.

The second row of Table 9 shows the proportion of variance due to achieve-
ment in biology . For the first and second classroom achievement midquarter
tests (MQ1C and MQ2C) and the second adaptive achievement midquarter (MQ2A),
between 53% and 55% of the var iance  was due to  b io logy  achievement.  For the
first adaptive achievement midquarter , the corresponding percentage was 49%.
The next two rows show the proportion of occasion—specific variance associated
with the four achievement tests. In all cases , that proportion was .11.
Finally , the last row shows the pr ’portion of variance unaccounted for in each
test, which was essentially constant for each of the achievement tests.

V -V--V.
. 
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Table 9
Variance Components for  Fall and Win te r  Data Combined (N=400)

Test
Source of Variance MQ1C MQ2C MQ1A MQ2A VOC1 VOC2

Verbal Ability .11 .11 .15 .10 .86 .88
Achievement .55 .53 .49 .55 .00 .00
‘ ccasion 1 .11 .00 .11 .00 .00 .00
Occasion 2 .00 .11 .00 .11 .00 .00
Residual .23 .25 .25 .24 .14 .12
Total 1.00 1.00 1.00 1.00 1.00 1.00

Discuss ion an [ Conclusions

- The focus of the stud y was to assess the val idi t ies  of two test ing pro-
cedures——conventional paper—and—pencil and adaptive——in the context of a
meaningful nomological net or model of the achievement process. This model
was i l lustrated in Figure 1 and found to f i t  data from two academic quarters
very well. In the context of this model , validity was indexed by the loading
of observed performance on the corresponding achievement construct . It was
found that out of four comparisons , the adaptive procedure was somewhat more
valid in two cases, equally valid in one, and somewhat less valid in another.
However, in all instances , the adaptive procedure was at least 25% shorter on
the average than the conventional paper—and—pencil testing procedure. Thus,
in a practical sense , the adaptive testing procedure was considerably more
valid in all instances.

While these results demonstrate the increased efficiency of adaptive
testing in practical situations, the results also raise questions of a
theoretical nature. Previous results reported by Bejar , Weiss , and
Gialluca (1977) indicated that the adaptive test provided higher levels of
information than did the conventional paper—and—pencil test , even though
the adaptive test was shorter on the average. The substantial differences in
information in favor of the adaptive tes t ing  procedure would lead to the
expectation that the scores from the adaptive testing procedure would
likewise be substantially more valid while at the same time reducing test
length. However , this expectation was not totally fulfilled. This might have
resulted from the presence of s i tuat ional  fac tors during the admin istra tion of
the adaptive test which were not present during the classroom paper—and—penci l
administration.

One such factor was identified in the present study——namely, the larger
influence of verbal ability in the first adaptive test administration . The
results from the confirmatory factor analysis helped in understand ing the
findings from the nomological net analysis with respect to the validity of
adaptive and conventional paper—and—pencil achievement testing scores by corro-
borating the differential influence of verbal ability on test performance.
The data showed that performance on the first adaptive achievement midquarter
test (MQ1A) was more dependent on verbal ability than was performance on the
other achievement tests. This may have been due to the fact that learning
to properly operate the testing equipment was dependent to some extent on
verbal ability. By contrast , the occasion—specific influence on each of the
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achievement tests was the same. This suggests tha t  the increased influence of
verbal ability on the first adaptive achievement tnidquarter test reduced the
role that achievement could otherwise have played. As a result , the validity
of the fir-t adaptive achievement midquarter test reported earlier was
probably underestimated.

The net ...~sult of this  s i tuat ional  d i f f e r ence  between the adaptive and
conventional classroom paper—and—pencil test administrations may have been to
introduce a bias into the achievement estimates and corresponding information.
That is, the item characteristic curves (ICC) derived from conventional class— -

room paper—and—pencil administration of a test (which was used to parameterize
the items used in the adaptive admin i s t r a t i on )  may not have been an accurate
portrayal of the re la t ionship between per formance  on a test item and achieve-
ment the f i r s t  t ime the item was adminis tered by computer.

This s i tuat ional  vu lnerab i l i ty  of the 11CC model may be surprising in view
of the “ invariant” nature of ICC models.  However , the invariance proper ty  of
ICC models pertains to populat ions  responding to a test under similar circum-
stances. There is nothing in the theory to suggest tha t  the model is
situationally invariant. Whether this is the case or not is a matter of
empirical tes t .  In the present s tudy ,  not onl y was the medium of administration
d i f f e r e n t  but so were the  motives fo r  taking the tes t .  That is , the adaptive
test data were obtained on volunteers , while the classroom test data were
used for grading purposes. In view of these differences , the e~cpectation that
the adaptive procedure would be subs tan t i a l ly  more val id may have been unreal-
istic.

It is clear from this discussion that further validation studies of
adaptive testing should be careful to equate as much as possible the conditions
of administration. Specifically, the appropriatenessoflCCs derived under
circumstances different from those surrounding adaptive testing should be
carefully evaluated .

The focus of this investigation has been on the psychometric properties
of adaptive and conventional paper—and—pencil testing ; however , because of the
construct validation approach , the results presented here seem to have relevance
to a larger question——namely, the identification of some of the components
underly ing competence and achievement (see Glaser , 1976). Historically,
construct validation has played a minor role in the achievement testing field.
One reason for this is that users of achievement tests , as well as some psycho—
metricians (e .g . , Shoemake r , 1975) are p r i m a r i l y  concerned wi th  content and
predictive validity. Their orientation is behavioristic ; the  ques t ion they
ask is, what can this individual do? Tests which address this question are
called c r i t e r ion—referenced  tes ts  (C.laser, 1963; Glaser  & Ni tko , 1971; see
Hambleton , Swaminathan , Algina , & Coulson , 1978 , for  a recent review) ; however ,
Messick (1975) argues persuasively that tests must also be construct referenced.
That is, to fully understand test scores , the processes , attributes , and traits
determining test performance must be understood .

Since verbal ability is an indicator of information—processing efficiency
in short—term memory (Hunt, Lunnehorg, & Lewis , 1975; c,laser, 1976), the
results of this study give an indication of the influence this cognitive

V mechanism has on achievement, at least within this course. Knowledge of the 
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cognitive mechanism underlying achievement would seem to be a prerequisite to
adaptive instruction. For instance , Glaser (1976) has suggested ,

They [tests] will have to assess performance attainments
and capab ilities that  can be matched to available
educational options in more detailed ways than can be
carried out wi th  currently used testing and assessment
procedures . (Glaser, 1976, p. 21)

The role of achievement testing in this broader context is to provide informa-
tion relevant to instructional decisions about an individual in an instructional
course. The results of the present study have demonstrated that adaptive
testing can fulfill that assignment more efficiently than conventional
paper—and—pencil testing.
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Tabl e A
Item Number . Discri mination (c . Diff icu l ty (2) , and Guessi g (~~;

Parameters for Items in the M tdquar ter 1. Stradap tive Item Pool

Item b -~ V~ I
Stra tum 9 Stratum 6 Stratum 3 , con t .
(15 i tems) (19 items) 3215 1.59 — .82 .23
3209 2.50 2 . 2 9  .29 3047 1.66 .1-. .29 3011 1.32 — .86 20
3417 2.50 3.00 .35 3079* 1.61 .27 .3~ 3435* .83 — .61 .35
3033 1.54 2.44 .35 3213 .93 .52 .35 3216 1.27 — .62 .18V 
3440* 1.52 2.00 .30 3041 1.51 .23 .35 3Q54* 1.29 — .93 .31
3251 2.50 2.39 .35 3062* 1.47 .43 .30 3221 1.25 — .52 .17
3406 1.31 2.48 .35 3405 1.40 .55 .32 31~49 1.15 — .71 .18
3045 1.02 2.48 .27 3445* 1 .19 .44 .34 3255 1 .1 4 — .72 .26
3242 .94 2.40 .35 3218 .82 .58 .12 3067* 1. 07 — .76 .21
3407 1.02 2.41 .29 3019 1.31 .29 28 3246 1.10 — . 7 2  .28
3263* .99 2.29 .35 3207 .70 .46 .28 3022 1.01 — .48 .30
3241 .91 2.09 .17 3431 .70 78 .34 ~172 * 1.06 — .81 .35
3414 .88 2.29 .32 3000 1.24 .52 .35 3017 .99 — .58 .16
3402 .83 2.44 .35 3046 1.18 V 2 ~ .2 2  3076* .94 — .73 .21
3247 .82 2.42 .35 3042 1.15 .37 .27 3224 .80 — .59 .37
3228 .67 2.49 .31 3050 1.13 .35 .18

3066 1 05 53 31 Mean (F) 1.26 — .65 .20
Mean (F) 1.34 2.43 .32 

3034 1 0 1  37 28 
Mean *(W) 1.22 — .68 .2 2

Mean *(W) 1.33 2.39 .32 
3262 :81 :47 :35 Stratum 2

Stra tum 8 3438 .70 .21 .27 (20 items)
(20 I tems) 

H art (F) 1 13 40 28 3023 2.40 —1.15 .35
3409 2.50 1.28 .00 e 

* - 
-
, 3202 1.81 — .99 .21

3234 2 .50 1.73 .00 Mean (W) 1 .1-f ...0 .2 9  
3415 .85 — .96 .35

3018 .89 1.25 .35 S t r a t u m  5 3245 1.34 — . 96  .21
3204 1.14 1.66 .35 (15 items) 3236 1.26 —1.20 .33
3422 1.47 1.50 .35 3282* 2.06 — .02 .35 3020 1.23 —1.28 .17
3411 1.36 1.23 .35 3220 1.79 — .03 .26 3028 1.12 —1 .26 .35
3250 .91 1.94 .29 3005 1.43 .11 .35 3226 1.09 — .98 .20
3206 .74 1.51 .21 3425 1.36 .17 .23 3210 1.04 — 1 . 2 2  .35

V 3410 1.30 1.34 .31 3053 1.12 .12 .00 3239 1.04 —1 .13 .21
3429 1.25 1.24 .28 3214 1.12 .03 .23 3013 1.00 — .97 35

-
- 3419 1.23 1.48 .25 3412 1.12 .19 .35 3267* 1.02 —1. 22 .23

3421 1.17 1.15 .35 3051 1.29 .21 .28 3257 .98 —1.02 .25
3436* 1.12 1.59 .35 3279* .99 .01 .28 3070* .95 — 1.2 8 22
3271* .95 1.32 .30 3603 .99 .18 .19 3036 .92 — 1 . 1 8  V 1 6
3061* .95 1 .57 .30 3069* .88 — .01 .35 3014 .86 — 1 . 2 4  .14
3427 .92 1.51 .26 3211 .88 .01 .13 3060* .86 — 1.31 .29
3449* .91 1.26 .14 3002 .82 .13 .14 3274* .85 —1.05 .26
3063* .91 1.51 .35 3426 .68 .07 .22 3238 .82 -1.06 .21
3074* .84 1.79 .35 3423 .66 .16 .27 3032 .77 - 1 . 15 .27
3420 .68 1.62 ~~~ Mean (F) 1.11 .1 1 .22 Mean (F) 1.16 —1.1 0 .26
Mean (F) 1.29 1.46 .26 Mean *(W) 1 .15 .00 .24 Mean *(W) 1.11 —1. 13 .26V 
Mean*(W) 1.19 1.47 .27

Stratum 4 Stratum 1
Stra tum 7 (13 i tems) (17 items)
(20 Items) 3256 2.31 — .33 .26 3077* 2.50 —1.39 .20
3408 2.50 1.05 .31 3430 1. 1 1  — .30 .29 3027 1.67 —1 .38 .35
3437 1.95 .66 .28 3031 1.47 — .33 ~3s 

3443k 1.07 —1.64 .35
3258 1.24 .81 .35 3294 3.38 — .17 .22 3249 .91 —1.69 .17
3432 1.72 .67 .35 3237 1.54 — .37 .18 3428 .90 — 1 .56 .35
3048 1.35 .66 .33 3404 .65 — .2 9  .35 3073* 1 V ~~~ i —1.57 .31
3413 1.40 .76 .35 3244 1 .35 — .44 .23 3205 1.25 —1.53 .19
3448* 1.40 .73 .30 3058* 1.05 43 35 3078* 1.24 —1 .65 .35
3439* 1.36 .64 .32 3240 .98 — .28 .15 3fl57 * 1.20 — 1. 35 26

— 3219 1 . 2 3  .62 .21 3 268* .97 — .28 .18 3065* 1.17 —1 .66 .35
3072* 1.02 .65 .32 3208 .7 6 _ . 1~ V .12 3235 1. 1 5 —1. 41) .28
3277* 1.00 1.04 .35 3006 .77 — .37 •3~ 3029 1.13 —1.50 28
3035 .90 .68 .28 3259 .69 — .41 .20 3201 1.07 — 1 .36 V

3433 1.35 .86 .30 3008 . 6 —1. 7~ .18
3447* 1.18 .93 .32 M ean (F) 1.27 — .31 . 2~ 3252 .79 —1.77 .35
3064* .94  .86 . 2 4  Mean *(W) 1 .21 — .32 .25 3003 . Q6 — 1. 76 .3 4
3230 .90 .87 .35 Stratum 3 3044 .87 —1.42 .15
3444* .88 .78 .35 ~~~~~ Mean (F) 1.06 —j. Y~ .263012 .7 5  .80 .35 3021 1.96 — .49 .21 Mean *(W) 1.19 —1. 5 5 .28
3260 .71 .84 .28 3217 1.06 — .48 .14

V 
3056* .71 .89 .26 1032 1.7! — .93 .00

Mean (F) 1.28 .78 .31 305 5* 1 .71 — .65 .24

Mean *(W) 1 .22 .79 .31

~~~~~~~ I tems with a ste ris k s are t1 ~ ,s e w h i c h  were added to the pool Wint e r qu a rt e r. All
other items w~V r ~ in the ~~~~ bo th Fal l and Wl n t r qu a rt e rs.
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Table S
Stem Number . Dis cr i mtn a t ic . a ( a ) ,  D i f f i c u l t y  (V ~~) .  and Cu essj r.~ (c)
Paramet ers for Items in the M idq ua r te r 2 Strada p tr .ve I t em Pool

I t e m  a b I t e m  
~~~~~~~~~~~ V I_  V ±~!~~~~~ V_V~~~~~~~~~~~~~ VV ~~~ VVV kV C

S t r a t u m  9 S t r a t u m  6 S t r a t u m  3
(18 i tems)  (20  i t e m s )  ( 1 7  i t ems)
3831 2 . 5 0 1.96 .06 370 7* 1.75  .55  . 31 3634 1 .79  — .58 .3 0
3690 2 .5 0  2 .36  .2 4  3746* 1.59 .43 .30 9739* 1.68 — . 61 .35
3833* 2 . 5 0 2 . 8 5  .35  3806 1 .57  .4 8  . 3 5  3809 1 .27  — .61 .35
3904 2 . 4 5  1.48 .28 3925* 1. 14 . 48 .3 5  3924 * 1.13 — .7 9  .18
3805 2 .5 0 2 .38  . 3 5  3658 1. 2 4  - 32 .35  3672 1 .57 — .80 .15
3698 2.11 2.82 .35 3905 .98 .35 .2 0 3737*  1.41 — . 66 .34
3901 1 .55  2 . 6 2  .35 37 38* 1 .14  . 40 .3 5  3915 1.08 — . 61 .16
3835* 1.21 2 . 2 8  .35 3605 1 . 2 2  . 5 7  .34  3640 1.43  — . 69 .35
3620 2.04 2 . 9 7  .3 3815 .9 5  .58 .35  3406 .37 — .6 6 .14

3 3697 1.56 3. 00 .35 3611 1. 2 2  .39  .32  3812 . 82 — . 63 .13
— 3810 .92 2 . 2 0  .2 7  3675 1 .21 .40 .28  5 82  1.33  — .7 2  .34

3664 1.11 1. 60 .35 3820 .92 .38 . 12  3637  1 .2 9  — .7 3  .28
3625 .98 1.66 .3 5  3665 1. 1 9  .5 4  . 22  3636 1 . 2 4  — .63 .2 7
3622 .95  2 . 5 3  .35 37Q9* 1.19 .30 .35 364 1 1.20 — .6 5 .2 2
3841* .87 2 .13  .35  3724*  1 . 1 4  .37  . 30 3711* 1.05 — .5 6 .35
3651 .95 2 . 3 0  .3 5  3819 .7 6  . 5 3  . 3 5  3608 1.04 — .78  .16
3728* .91 2 .5 5  .35  3918* .66 .3 5  .2 3  3710 * . 87 — .5 8 .14

-~ 3712* .7 5  1.64 .30 36)4  .7 9  . 4 6 .3 5
3923* .63  .38 .31 M~~rn ( F )  1 . 24 — .67  .2 4

Mean (F)  1.70 2 . 3 1  .3 1 3626 .6 5  V 52 .2 5  ~ t .art *( W )  1 . 25  — .6 6  .2 5
Mean *(W) 1.58 2 .3 0  .32

Me an ( F )  1 .06 . 16 . 29 S t r a t u m  2
S t ra tum 8 Mean *( W )  1. 11 . 44  . 30 ( 2 1 )  i t e m s )
(18 i t ems)  3 3 , * 1.63  — .94 .35
3615 1.69 1 .17  .2 9  S tr a t u m  3t e , M  1 . 5 9  — .96 .33
3916 1.39 1.14 .35 (15 items) 3807 1 . 5 2  — 1 . 1 0  .17
3673 1.51 1.11 .31 3742* 1.89 27 . 3 5  3907 1 . 4 3  — 1 . 0 8  . 35
3804 .95 1. 42 .35  3745* 1 .58 — .0? . 20  3704* 1.39 — 1 . 1 3  . 2 3
3733* 1.2 6 1.40 .35 3720* 1 . 45  . 2 6 . 29 3 h 5~ 1 . 3 7  — .90 .35
3719* 1. 18 1.08 .31 3607 1.38 . 09 .35  3813 1.20  — . Q 7 . 17
3921* . 91 1 .23  .2 9  3811 1 .15  .2 2  .3 5  3 9 j~~* 1 . 3 0 — .98 .2 1
3827 .87 2 . 3 5  .35 3908 1 . 1 5  .07 .31 3680 1.3 3  — 1 . 0 1  . 1 6
371 6* 1.14 1.14 .2 7  3649 1 .3 2  .11 .2 2  3808 .99  — 1 . 0 0  .30
3642 1.1 1 1.11 .24  3632 1 . 2 3  . 2 7  .3 5  3686 1 . 2 6  — . 88 .29
3902 .73  1 .49  .29 3718* I V 22 ~18 .3 3  372 1*  1 . 2 3  — 1 . 2 0  . 2 2
3627 1.03 1.07  .35  3629 I .  — .03  .3 5  382 1 .90 — .9 2  .35
3681 1.03 1.54 .35 3732* V S  — . 01 .3 5  3b 7 4  1 .2 1  — 9 4  .17
367 6 .89 1.51 . 25  3633 V 9 V  — .08 .35  3685 1.19  — 1 . 0 1  .16
3644 .88 1 .25  .3 5  3609 .78  .18 .3 5  3668 . 97 — .87 .16
37 17* .83 1 .2 5  .35 373 0* . 7 5  .01 .10 368- .8 6 — .85 .14

F 3670 .80 1.11 .35 3618 64 — .05 .00 3703* .83 — 1 . 16  .2 1
3647 .7 9 1.14 .35 36 17 .7 9 — 1 . 1 1  . 14

Mean (F) 1.08 .09 29 3713* .75 — 1 . 1 8  .33
Mean (F) 1.05 1.26 .32 Mea n*(W) 1.17 .09 .28
Mean *(W) 1.05 1.25 .32 Mean (F) 1.19 — .97 .2 3

Strat um 4 M ean * (W) 1 .1 9 —1.01 24
Stratum 7 (19 items)
(15  items) 3744 * 1 . 9 4  — .3 5 .30  S t r i t u m j
3743* 2.14 .68 .32 3708* 1.62 — .20 .16 (19 i tems)
3661 1 . 9 0  .68 . 3 2  3631  1 . 5 3  ~ . 1 8  . 3 5  3 7 4 1 *  1 . 6 3  — 1 . 5 6  . 3 5
3674 1 . 7 2  . 6 3  . 2 6  3814 1.26 — .32 .3 5  39 10 1.58 —1.59  .2 1
3909 1 .3 4  . 7 7  . 3 5  3903 1 . 2 1  — . 4 3  .31 3692 1.53 — 1 . 2 8  . 3 5
3662 1 . 5 4  .9 3  . 2 7  3 6 7 1  1 , 5 1  — . 1 4  . 0’ 5825 1 .09  — 1 . 3 8  .3 4
3654 1 . 5 1  .84  .21  370 1 . 82 — .15 .3 5  3 6 3 u  1. 4 7  — 1 . 8 0  .35
3669 1 . 4 5  .70  .3 2  364 3 1. 40 — .5 0 . 2 )  638 1 .35  — 1 . 5 4  .21
3623 1 . 4 2  . 74 . 31 3 9 1 4  .98  — . 3 9  . 1 6  3 9 1 3  1 . 3 1  — 1 . 3 1  . 1 9
3912 .9 5  .70  .19 3693 1.13 — .2 4  . 2 .  3 9 3 7 *  1. 09 — 1 . 5 9  .2 5
3734* .89  .96  . 3 5  3 7 2 5 *  1. 0 9  — .5 2 . 2 4  3 7 j 5 *  1 .1 6  — 1 . 6 3  .2 6
3700 .8 4 . 8 5  .3 0  3 7 1 0 *  1 . 02 — . 3 3  . 3 0  3 9 20 *  1 . 1 2  — 1 . 3 4  . 2 3
3659 1 . 3 7  . 6 7  . 2 9  3 6 5 3  . 8 3  — .5 1  . 33 3842 * 1.01 — 1 . 5 5  .3 5
3635 1. 17  .66  .35  3660 .7 8 — .3 9 .1-1 3645  1.09 — 1 . 7 3  .22
3612 1 . 1 2  . 7 5  . 3 5  392 2 *  . 64  — .2 6 .30 3 7 3 1 *  1.05 — 1 . 6 7  .35
36185 .86 .62 .25  161)6 .71  — .2 2  .14 3832  . 99 — 1 . 74 .3 2

3 6 63 . 69 — . 1 7  . 1 3  3 8 ) 8 *  . 99 — 1 . 6 8  .35
Mean ( F )  1 . 3 2  . 7 3  .2 9  3696 .68 — . 3 5  .00 3 6 1 3  . 8 6  — 1 . 74 . 3 3
Mean *( W ) 1 . 3 9  . 7 5  .30 3656  . 63 — .3 1  34 ~~ V 9 )  . 85 1.31 .14

5V 5 7  . 81 — 1 . 7 4 . 3 5
M e a n ( F )  1 . 0 1 — . 3 1  . 2 5  36 10 .80 1 . 3 3  . 14
Mean *( W) 1.08 — . 3 1  . 2 6

M.-.~n 
( F )  1.1..  — 1 . 94 . 2 6

~te ,~n * ( W )  1 . 15  — 1 . 55  . 2 8

N o t e  V I t e m ,  w i t i  sk ~ -~ r~ I ) i . ’’~.- ~ h 1 e t  r., er e idd .’d t h e  po.’l W10t  . - r  q u~~r t  ~ r .  A l l  o t h e r
i t ems wer e in  ISr ’ p ’ ’ 3  )~- th Fall and Winter - 0 l r t -r  V 
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Table C
Item Disc rimination (a) , D i f f i c u l t y  (b), and Guessing (c)

Parameters for Classroom Tests MQ1C and MQ2C in Fall Quarter

MQ1C MO2C
Item No. a b C Item No. a b c

3060 .86 —1.31 .29 3922 .64 — . 26 .30
3067 1.07 — .76 .21 3904 2 .45  1.58 .28
3065 1.17 —1.66 .35 3918 .66 .35 .23
3056 .71 .89 .26 3921 .91 1.23 .29
3063 .91 1.51 .35 3919 1.30 — .98 .21
3073 1.43 —1.57 .31 3920 1.12 —1. 34 .23
3058 1.05 — .43 .35 3923 .63 .38 .31
3274 .85 —1.05 .26 3924 1.13 — .79 .18
3271 .95 1.32 .30 3801 .80 — .17 .35
3055 1.71 — .65 .24 3841 .87 2 .13 .35

V 3072 1.02 .65 .32 3838 .99 —L68  .35
3057 1.20 —1.35 .26  3833 2.50 2 .85  .35
3064 .94 .86 .24 3837 1.09 —1.59 .25
3069 .88 — .01 .35 3835 1.21 2 .28 .35
3054 1.29 — .93 .31 3641 1.20 — .65 .22
3066 1.05 .53 .31 3708 1.62 — .20 .16
3268 .97 — .28 .18 3718 1.22 .16 .33
3267 1.02 —1.22  .23 3728 .91 2 .55 .35
3272 1.06 — .81 .35 3665 1.19 .54 .22
3070 .95 —1.28 .22 3730 .75 .01 .10
3008 .96 —1.75 .18 3719 1.18 1.08 .31
3019 1.31 .29 .29 3705 .87 — .58 .14
3062 1.47 .43 .30 3713 .75 —1.18 .33
3061 .95 1.57 .30 3703 .83 — 1 . 1 6  .21
3262 .81 .47 .35 3709 1.19 .30 .35
3263 .99 2.29 .35 3707 1.75 .55 .31
3447 1.18 .93 .32 3721 1.23 —1.20  .22
3443 1.07 —1.64  .35 3717 .83 1.25 .35
3438 .70 .21 .27 3715 1.16 —1.63 .26
3448 1.40 .73 .30 3716 1.14 1.14 .27
3435 .83 — .61 .35 3720 1.45 .26 .29
3439 1.36 .64 .32 3744 1.94 — .35 .30
3436 1.12 1.59 .35 3745 1.58 — .07 . 20
3449 .91 1.26 .14 3746 1.59 .43 .30
3440 1.52 2.00 .30 3711 1.05 — .56 .35
3437 1.95 .66 .28 3710 1.02 — .33 .30
3427 .92 1.51 .26 3724 1.14 .37  .30
3445 1.19 .44 .34 3725 1.09 — .52 .24
3444 .88 .78 .35 3731 1.05 —1.67  .35

3712 .75  1.64 .30
3704 1.39 —1.13 .23

Mean 1.09 .11 .29 Mean 1.17 .07 .28

‘
C V
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Table D
Item Discrimination (a) , D i f f i c u l t y  (b), and Guessing (c) Parameters

fo r Classroom Tests MQ1C and MQ2C in Winter  Quarter 
__________

MQ1C 
_____________ 

MQ2C
Item No. a b c Item No. a b c

3287 .85 —1.28 .13 3750 .93 — 1 . 7 9  .34
3292 .68 1.39 .35 3926 ‘.93 —1.56 .16
3219 1.23 .62 .21 3845 1.71 .26 .29
3290 1.16 — .57 .20 3763 1.23 1.95 .28
3214 1.12 .03 .23 3762 1.97 —1.56  .17
3268 .97 — .28 .18 3772 .74 — .84 .35
3289 1.14 —1.45 .35 3759 .99 — .14 .21
3293 .96 —1.30 .14 3768 1.11 —1.55 .17
3291 .65 .52 .35 3756 1.10 — .21 .28
3249 .91 —1.69 .17 3749 1.05 —1.77 .22
3083 1.05 — .90 .13 3757 1.18 —1.63 .18
3090 1.48 —1.65 .18 3755 1.03 — .12 .16
3054 1.29 — .93 .31 3747 1.11 —1.69 .18
3084 1.22 —1.06 .15 3753 .91 — .55 .17
3092 .98 — .65 .15 3654 1.51 .84 .21
3082 1.05 2 .27  .35 3673 1.51 1.11 .31
3011 1.32 — .86 .20 3716 1.14 1.14 .27
3095 .79 —1.20 .12 3700 .84 .85 .30
3085 1.16 —1.81 .35 3773 1.69 1.62 .27
3423 .66 .16 .27 3748 .85 1.31 .35
3453 1.19 .48 .22 3766 1.12 1.41 .35
3456 1.03 2.71 .35 3760 1.28 —1.58 .18
3454 1.10 2.66 .35 3758 .89 —1.45  .15
3460 1.99 1.59 .34 3703 .83 —1.16 .21
3452 .75 1.98 .31 3853 1.05 .12 .17
3406 1.31 2.48 .35 3854 1.03 — .19 .31
3461 .94 1.51 .35 3852 .69 —1.78 .35
3457 .90 1.87 .28 3850 .89 1.83 .35
3459 .84 — .2 9 .26 3851 .76 .18 .23
3407 1.02 2 .4 1 .29 3752 1.24 — .50 .19

- 3458 1.46 —1.10 .15 3769 1.15 — .39 .16
3432 1.72 .67 .35 3751 .80 1.91 .35
3455 .96 — .61 .31 3770 2.50 1.73 .00
3420 .68 1.62 .35 3622 .95 2 .53  .35
3433 1.35 .86 .30 3761 .84 1.27 .32
3412 1.12 .19 .35 3767 1.02 — .0 4 .30
3462 1.31 — 1.03 .17 3930 1.21 — .44 .35
3285 .79 — .60 .11 3904 2 .45  1.58 .28
3294 .76 — .68 .19 3918 .66 .35 .23
3041 1.51 .2 3 .35 3903 1.21 — .43 .31
3091 1.64 .58 .30 3928 1.00 .65 .35
3089 .92 — .37 .30 3929 .96 — 1 . 7 6  .22
3093 .75 — .94 .11 3813 1.20 — .97 .17
3096 1.48 —1.48 .16 3927 1.01 —1.3 4 .16
3086 .74 — .67 .35

Mean 1.09 .08 .25 Mean 1.14 — .06 .25
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