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not met, then thz computation of any type of differefice score is inappfbpriate
and the s(ores,thedhélves are useless for measuring growth or change.

R . 1
Two studies 'investigated the tenability of the assumption tHat classroom in-
struction results 'in ghqpéases in students' achievement leyels-while the qual-
itative nature of that achievement remains constant across time. The data
utilized were the item responses to tests in basic fiathematics and in general
biology administfered asvpret%sts and after instruetion to students enrolled in
those courses. '

-~
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Results- indicated that this aséumptibn was not t;nable in the biology 'data -
se%, vhgre increases in meap achievement level were ,accompanied by correspond-
ihg changes in the factor structure underlying the item responses.. For the
mathema't#cs data, however, there was no such violatiodl of the assumption: As
student achfevement levels increased the underlying faétor structure remained
unchanged. -The implications of these results for psychology, education, and
program evaluation dre noted. '
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' treatmént effects involves comparing the mean achievemant gain ( typically, a

‘ methodological and statistical problems involved in using difference scores to °

- RN . ¢ ¢ i ’
. /7 T “’
. . . . - A\ Vi '
' DIMENSIONALITY OF MEASURED ACHIEVEMENT OVER TIME - !
. 3 . * ‘ . . K : . .‘A . ® 7
1— . ) \I ’ w , ) "

The measurement of individual or group change is central to many issues in

Othe fields of psychology, edutation, gnd program evaluatjon. Psychologists,
‘educators, and (more recently) evaluators ty ically use-differences in test
scotes to quantify the effects of experimentil treatments and’ educational proc !
grams on individuals and on groups of individuals. Lo

" The typical paradigm for measuring change involves the administration of a

‘standardized achievement test both beforé and after an experimental treatment or ;
program implementation; the- effett of the treatment intervention is the consid-
ered to be a function of the mean difference between the two sets of "test . 4
scores. ‘If two or more groups of students are involved, comparisons can also be V°
made between treathent and control groups,'or among gr8Ups exposed to various
treatments or involved in sevebgl different programs. Again, evaluation of . '

function of.the difference scores) observed for each group. Individual ggin’ or
‘change is also freqd%ntly ‘used to measure an individual's growth in-'achiebement - .
level or change due to a treatment or special program. l_ N

w d .

Lord (1963) .and Cronbach and Furby (1970), aang others, have discussed the ) N
.measure change .or growth and have presented some possible solutions. Whether .
‘measurements .of change involve the use of simple difference scores,. their deriv-
atives, or some more complex methodological design; the _measurement, process it-
self assuges that the treatment or jinstruction results in increased ‘levels of

the same "trait or characteristicfthat was measured ‘originally and that thé only .
change that occurs‘is a quantitative one. —\je -

; That this assumption may be violated has long been evident in studies, of

i telligence and intellectual growth. Gagyrettgs(1946) noted—that fintelligence
changes in its grganization” (p. 373) and ;ﬁkled for corresponding changes in

the way intelligence is measured. This "d¥fferentiation hypothesis” spawned -
much research ( see Reinert,-1970, for a review) goncefning the changes in the.
structure. and organization of intelligence throughout the.human life span. Some¢
of "'these studies report results supporting the hypothesis of age differentia- Y
tion, others offer support for a hypothesis of age integration, and still others =t

< provide evidence in support of both these hypotheses. Nearly all thi's research,

however, has found that the structure of intelligence; as defined by factor N
analysis, does not remain constant %ith age and experience. '

" Other authors (Anastasi, 1936; Ferguson, 1954; Games, 1962,,Woodrow, 1938, R
1939a, 1939b, 1939c) have investigated the changes in verbal’ ability .and intel- ‘
lectual factor structure that accompany shorter gterm training,and‘practice.

Similar factor—analytic investfgations have béen made in the areas of. psychomo=
tor behavior (Fleishmgn, 1953, 1957, 1960; Fleishman- & Hempel, 1954, 1955;
Greene, 1943), psycholinguistic abilities (Querishi, 1967), “word association
~(Sullivan & Moran, 1967; Swartz,& Moran, 1968), and even the learning of Morse
code (Eleishman & Fruchter, 1960) Allwtgese authers have found that the facto-

~
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rial strucdture of abilities underlying task performance changes in a systematic
way- with training and practice. An individual's status at a later point in s
time, then, may be qualitatively different from his/her status as originally
measured. .

Wohlwill (1970) discysses this issue.of quantitative versus qualitative

" change more generally in the area of developmental pgychology and, like Garrett

L4

-

(1946), calls for more sophisticated scaling methods which will

f ... allow us to assess an individual's status on a developmental dimen-
~'sion in a manner such as to ensure not only comparability of content
for the different parts of ‘that dimension, but at the same time a con-
tinuous scale along which developmental change can be charted ....

j Postulating a unitary dimension across the age span under investigation
presupposes that there are ;oo major discontinuities in the development
of the behavior iw question, such as thére obviously’are in the assess-
ment of intelligence when we move from infancy to childhood. (p. 154)

Although Reinert (1970) called for the investigation of possible factor-
structure changes in areas other than intelligence and abilities more than a
decade ago, no research has yet extended this line of questioning into the area ’
of classroom achievement- That is, there have been no reported studies that s
have systematically investigated whether the individual and.group changes that
occur after classroom instruction or program participation are quantitative
changes in the level of achievement, as is generally assumed, or whether more
qualitative changes in the structure of the achievement variable have occurred..

N . J

Kingsbury and Weiss (1979) studied the effects of testing students at dif-
ferent points in instruction. They repdrted that the single factor extracted-
from the item responses to a college general biology examination administered on
the first day of class and the factor extracted from: the item resporses to a
classroom midquarter examination differed markedly from 2ach- other in terms of
strength; however, ‘they could not further investigate. thé similarity of the fac-
tor pattern loadings from both administrations. They cautioned that. replica-
tions of their findings contrasting the pretest factor with the later achieve-
ment factor would render differercé scores cOmpietely useless” as indicators ‘of
achievement level growth, since different variables gpuld in fact, be measured

at the two points in times . .
>~ v ‘

P » .
R

The importance of Buch a conclusion- should not be undexastimated If dif-
ferent characteristics are, in fact, being deasured at two di§ferent oCcasions,
then the.computation of any_type of difference score is inappropriate and( the
evaluation of program effectiveness and gains in individual student achievement
must be made on some other basis. It is justifiable to use difference scores
(statistical and methoqological issues notwithstanding) only when it can be dem-
onstrated that quantitative changes are the only changes accompanying instruc-
tion. . 4

v
.

¢ . N 0
-

Purpose . ) ) . )

The objectives of the present st%dies ‘were to investigate the nature of the -
nges in the dimensionality of achievement that occurred following instruction
in two different achievednent domainsr—basic mathematics and general- biology--and

-
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to determine the appropriateness of calculating difference scores Hn order to

measure change in these domains. ’
” A
AN
. 7 STUDY I
- Method
/S . oo R .o ’
//Subjects and Tests e

R Data were obtained £from students enrolled in mathematics classes at the
University of Minnesota's GeﬁEral.CoIlege during the fall quarter of 1979.

These students were administered a 35-item Arithmetic Placement Test ( APT) on
the first day of class ( pretest) and again as a final examination ( posttest).
The.APT is composed of five-alternative multiple-choice items covering such top-
ics as addition, subtraction, multiplication, and division of whole numbers,
fractions, decimals, and percents. )

»

. 3

Item responses were coded as correct, inco}rect, or missing for the 259
Students. However, only 136 of the stidents answered every item,on the APT on
both occasions, i.e., 123 students omitted or did not reach at least one item on
either occasion. In many cases, clusters of items were omitted in the middle of
the tests, which implied that students were omitting the groups of items for
which they did not know the answers, rather than reaching a time limit for the
test. To deal with this problem of missing data, a 15%-missing-data criterion
was employed. A student's response protocol was deleted from the data set if

he student omitted more than five items (i.e., 15% of 35 items) on'either: the
pretest or the¢ posttest. This resulted in a group of 220 students on which atl
further. analyses were based, For these 220 students, missing data were coded as
imcorrect on the assumption that thie student did not answer the item because
he/she did not know the answer and was unwilling to guess.

-’ .
El

Analyses

Differences in achievement level estimates. The questioﬂrof interest with
respect to achievement level estimates was whether there were differences in
achievement level estimates due to instructioqL‘i.e., were students growing or
gaining in achievement levels throughout the course of instruction? Analyses
pertinent to this ﬁuestipn included comparisond of the frequency distributions
of number-correct scores both before and after instruction and a t test for the
difference between the means of scores on the pretest and the posttest. Compar-
isons were also made of th® distributions of item\difficulties for each adminis-
tration of the APT. The correlation between scorés on the pretest and posttest
was computed as an indication of the degree to which the scores were linearly
related. ’

r

N
]

bDifferences in the structure of achievement. A related but less often in-
vestigated issue is whether there are dz§ferences in the structure of item re-

/

sponses due to instruction. Investsgatidn of this issue involved computing and
‘comparing the values of coefficient alphg as an index of internal consistency,
which is related to the average level of inte¥correlation of the items. More
germane to this Lssue, however, was whether the factor structure undérlying the
test changed with instruction or whether it remained constant. Consequently,

7 . . *
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( principal.axes faltor anélyses were performed separately on the pretest and
posttest item responses. Pearson.product-moment correlations were computed be-
* tween pairs of item responses, and thé diagonal elements of the interitem corre-

-lation matrices were replaced with initial estimates of the communalities of *
each item, és'given by: the squared multiple correlation between that item and
the other items ih the matrix. An iterative procedure for improving these com-
munality estimates was used, successively extracting factors and re-estimating
the communalities. THis process continued until the difference.between, two suc-—

] cessive communality estimates was negligible (see Nie, Hull Jeqkins, Stein-

, ~ brenner,’ & Bent, 1975). .
<® - —~ . s
, Random sets of item responses were generated by simulating the responses of
. 220 students to 35 items such that the probability of a correct answer” by any
. simulee te an item was equal to the difficulty ( proportion correct) of” that

o item. This was done separately for the pretest and the posttest. Identical

procedures as performed for the regl data were carried opt for intercorrelating

the item rgsponses ‘and factoring the resulting matrix. The reésults*of the fac-—
tor analyses of real and random datd were compared .to determine the number of
“nonrandom” factors existing in the real data.

. | . .

The final factor solutions for the pretest and the posttest were then com-
pared in terms of numbers of factors extracted and the similarities between
them. Factor similarity was evaluated by computing the root-mean-square devia-
! tion, the product-moment oorrelation coefficient, 'and the cpefficient of congru-

ence between the ‘factor loadings of the factors extracted at each test adminis—
tration ( see Harman, 1976, pPP. 343-344). These Bimilarity measures were com-
pared “with yvalues obgained from'the two sets of random data, as recommended by
Nesselroade and Baltes (1970). ‘

’

o

« »
. - . Results ’ S
» . _—_

.

b}
Differences in Achievement Level Estimates -

.

Total score differences. Frequency distributions of number-correct scores
for both administrations of the APT are presented in Appendix Table A; the fre-
quency polygons are displayed in Figure 1. This figure shows that although the
distributien of pretest scores was approximately symmetric, the distribution of
posttest scores was negatively skewed, indicating the presence of a ceiling ef-
fect. Only four students answered all 35 items correctly on the posttest; an
additional 77 students (ofr 35%) incorrectly answered less than four items. The
mean score on the pretest was 22.26, the median was 22.74, and ‘the standard de-
viation was 5.97. For the posttest these statépflcs were 28.91, 30.10, and
4.88, respectively. A one-tailed t test for the difference between means of
dependent groups was calculated to be 18.67, with probability p < .0001.

-

Item difficuities. The differences in raw score distributions observed

) ) between pretest and posttest were mirrored in the distributiong of item- diffil‘
culties for the two administrations of the APT, as shown in T e 1. Although
the pretest items were, on the average, answered correctly often than not,

nearly a third of them (i.e., 10.0f 35) wére answered incorrectly by at least
half of Yhe students. For the posttest, however, only two of the items wete as
difficult. 1In fact, one third of the items (12 of 35) were answered correctly
by more than 9OZ of the students. *

- .
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. : Figure 1 ' -
Grouped Frequency Distribution of Number-Correct Scores
for APT Pretest and Posttest .
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! . RN - Table 1
- . Frequency Distributions of
° <L . Item Difficdilties for APT
# ’ - Administered as Pretest and as:Posttest
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Correlation between scores. The Pearson product-moment correlation coeffi—
cient between number-correct scores at the two administrations of the APT 'was
.542. This relatively low value, coupled with the evidence of meaﬁ score in- -
creases, reveals that students did not, to a great extent, maintain their rela- *!

tive standings in the course after instruction. i \ -,

Differences.in the Structure of Achievement, . . .
° -

Internal consistency reliability. The internal consistency reliability of
the APT, as indexed by coefficient alpha, was .836 fob the pretest* and .835 .for
the posttest. That the reljability coefficient remained ‘)sentially constant N
provides some evidence for concluding that the items were functioning together
in the same manner before and aftet instruction. However, since the variance of
the scores decreased somewhat from pretést to posttest ( see Appendix Table A),
the stability of coefficient alpha may actually reflect a slight increase in the
average interitem correlation.

Number of factorS\extracted.: The eigenvalues and percent of total variance
accounted for by the first 15 factors from the APT and random data are gdyen in
Appendix Table'B. The plots of eigenvalues versus factors extracted for both
the APT and the random data are given in Figure 2a for the pretest and in Figure.
2b for the pgsttest. In both cases, there was one relatively strong factor in.
the data; the eigenvalue for the first factor extracted from the' APT was much

[ \¢

larger than the eigenvalues for the remaining factors in the APT and for all the ..

factars in the random data. The same cannbt be said for dny of the remaining,
factors. It was, concluded that a one-factor solution adequately described the

" item response data from both the pretest and the posttest. The FACTOR subrou-

tine in SPSS (Nie et al., 1975) was then run again on the data from each admin-
istration, specifying a single-facdtor solution each time. :
. » . R

Factor similarity. The factor loadings on the single factor extracted from
each administration of the APT and from corresponding random data are given in
Table 2. The loadings presented in Table 2 were of mbderate magnitude; the ma-
jority of the loadings were greater than .300, but all were less than .7200. The
patterns and the magiitudes of the loadings were essentially the same across -
test administrations. For example, Items 2 through 5 &nd Item 28 were among the
items with the lowest loddings at the pretest'-the game was true for these items .
at the posttest. The items with the highest loadings.at the prete were alsg’
among the items with the highest. loadings at the posttest. -That t magﬂitude ) el
of the loadings was similar for the two administrations can also be'seen by com-
paring the percentage of total variance accounted for by each factor. The sin-
gle factor extracted fiom the APT pretest data accounted for.13.92% of the total.
variance compared to 3.05% for the random data. The factor extracted from the -

© APT posttest data was only slightly stronger, accounting for 14. 59% of the total
.variance as compared to 2.40Z in the random data.

' 3

Table 3 presents the measures of factor similarity between the APT factor
loadings at pretest and at posttest. The root-mean—-square deviatiofh between the )
loadings extracted at each administration is sensitive to differences .in the ’

- abso}ute levels of the loadifigs; low values.dndicate only(minor differences be-

tween the values of the two sets of loadings. The root—mean—square deviation ,
was a.low .089 for these data. ‘The product-moment correlation coefficient is

R A

N
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\Eigenvalue'

) Figure 2 ~ -,
Eigenvalues for the First 15 Factors Extracted
* from the APT and from Corresponding Random Data

(a) Pretest

Factor

(b) Posttest’

‘

Factor
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. . Table 2 s
Factor Loadings om the Single Factor
* . Extracted from APT at Pretest and at Posttest, &
'S and from Corresponding Random Data
. ‘ Pretest __» Posttest
; Item APT Random Data .APT Random Data
1 .289 124 303 - -.042 ‘
2 .088 .027 © -.004 130 ~°
3 . .058 315 .152 -.049 .
( 4 160 .010 .219 -.051
s 5 .191 .230 .226 \\/{ 140
6 .263 -.187 .255 172
7 . W332 -.188 .118 ,032
8 ~J+315 147 .383 | .036
9 .156 .099 .341 . 051
10 ' .384 150 495 - -.,017
11 .453 -.229 4 ,.253 -.277
12, .372 -.178 <244 -.170
13 1255 .007 .259 -.066.
. . 14 :394 .345 .338 136
15 © .376 . 3 440 2222
16 . .575 -.089 .545 .023
17 426 .075 - +436 -.046
18 562  42.285 484 071
19 C 491 7 -.136 440 .330
20 .588 .109 .506 135
21 .580 - .029 676 025 . \
22 ) 460 .185 18 W212 e
. 23 344 -.200 .3%8 .319
! 24 .370 402 ‘ .433 " .084
i 25 i 338 »-.028 _ ..500 " .051
26 - - 460 .108 .560 .005
27 357 . =,074 467 -.015 ~ )
28 .117 044 141 .054
\ 29 . 495 .042 T L.481 044
: n . .291 162 .29 196
31 - e 42927 =276 «352 ~ +006
~ 32 .378 .018 .386 T .017
33 L. . .318 .084 281, 195 ‘
34 { .313 .090 .359 128
35 ‘ .339 .153 .267 -.442
- . Percent of :
: * Tdtal Variance @3.92 3.05 ¢ 14,59 2,40

8 . . -
. ' ' [

_ sensitive only to differences in the patterns of the 1dadings and was equal to
«793. The coefficient of congruemce is sensitive to differences in both thd
level and-the pattern of loadings and was a high .972. High.values for these
latter two indices indicate a high degree of similarity between the two.sets of .
factor loadings. The three figurel computed from the parallel random data were

~

-
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219, .067, and .118, respectively. It was concluded that the factors extracted
from each administration of ,the APT weré nearly identical both in nature and in

strength. . . 7
v ' " " Table 3 ]
Measures of Factor Similarity Between -
. . ' . Factor Loadihgg of APT at Pretest ‘
\ and at Posttest and Between Factor Loadings o
' - for Corresponding Random Data
Similarity Indéx . .’ APT Random Data N ’
- g N I
. Root-Mean-Square- ' )
- . S Deviation %089 .219
' g Pear son Product-Moment ..
* . Correlation ' .793 < .067
' . Coef ficient of > < ’
' .Congruence 972 .118
" ‘ . ' - — z L I! ‘, . .
v ' :
oo Conclusions *
v e J . '
Dif feretices in Achievement Level Estimates
Y ; " P , . -

' There was evidencex%n these data to conclude that there were gains in ‘mean
achievement levels observed after. a course of ipstruction. The difference be-
tween the means of scores on the 35-item pretest and posttest was nearly 7

- items; the frequency distribution of nymber-correct scores changed from a sym-

ﬂ

hetric distribution to one that was negatively skewed and displaced to the
right. This same effect was mirrored in the distributions of item difficulties.
The correlation between the two sets of number-correct scores ‘was .542, indicat-
ing that students did not generally maintain the}r relative standings in the
course after instruction. It is not known to what extent this correlation ¥as
attenuated due to the cetling effect observed for the posttest scores.

\ M v 7 N e

. Differences in the Structure of Achievement$

>

"Although there was definitive evidence of mean quantitative change from
pretest to posttest, there waq\n;/gz}dence of qualitative differences in the’
facter structure underlying the Item responses. The internal consistency reli-
ability of the test remained ‘constant across administrations. When factor anal-
yses were performed separately on the pretest and posttest interitem  correlation -
matrices, essentially the same factor was extracted each time, as evidenced by
the similarity in the levels and pattern of factor 1oadings.

\ .

These data indicate, then, that -students "in the General College arithmetic

classes were indeed leaving the course with increased levels of the same vari-

hble measured prior to imstruction. The change that occurred within the quarter

was quantitative, not qualitative.

— 3




STUDY II

.Method
Suﬁiects ' . L
Data were collected from students enrolled in a general biology class at’
the University of Minnesota during-winter quarter of 1980. A paper—and-pencil
pretest was administered to all students present on the first day of class.
Computer—-administered conventional posttests were given before classroom mid-
q‘ter and final examinations to volunteer students who were awarded extra-

c points: for their participation. . 1 ‘

Design - v
Tests. There were two different tests administered at various times °
throughout the quarter. Test A included 14 items from each of the three content
sareas covered in class lectures before the midquartILdexam (chemistry, the cell,
and energy). Test B included 14 items from eath of the last three content areas
1n the course (genetics, reproduction/embryolbgy, and ecology).

-

.

Experimental groups. The data collection deeign:for this stug
Figure 3. Students were randomly assigned to two .experimental gg
~and 2, corresponding to the groups of students who were adminig
pretests--Tests A or B, respectively--on the first day of class.
cluded students who were absent for the first class meeting or who did not re-
~ cord on their answer sheet whie%htest they took.
13 »
) Figure 3
Data Collection Design for Study II
(%2
Group 1 ¢ Group 2

s

-

" Test A: Test B:

1

Pretest * Content - Content
Areas 1-3 Areas 4-6

MQ
Posttest

Final
'Exam .
Posttest
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During the, two weeks immediately preceding the classroom midquarter exami- ‘\i
. nation, volunteer students were admimpistered cbnventional tests on the computer
+.(MQ posttest). : All these students we¢re administered Test A. "During the two
weeks immediately preceding the fina]l exam, volunteer 'students were administered'
conventional tests on the computer (final exam posttest). Students in Group 1 '
were readministered ‘Test A, studentsf in Groups 2 and 3 were administered Test B. -

+

Y ALl item responses were coded correct, incorrect, or missing. Missing

or omitted items did not present an fimportant problem for this set of data.
Nevertheless, the same 15%-missing-data criterion was used here as was used in.
the previous study: a gtudent's response protocol was deleted from the data set
if the student omitted more than 6 (|i.e., 15% of 4f3 items on any one test. For
the students included in the analysils| all migsing data were coded as inc9&rect.

-

aw

Analyses'" :
- A
1 estimates: Test A. The question of

level estimates on Test A.increased from

the pretest to the MQ posttest could be answered by examiping the perPbrmance of
Group 1 students on Test A at both testing occasions. owever, the numbé? of - ’
students who took Test A both times|was small (N = 102) compared to the total
number of students who took,Test A At the pretest only (N = 276) and-the total
number of students who took Test A fat the MQ posttest only (N = 302). 4 A more
powerful -test of the difference in |mean achievement levels could be performed by
combining the data from ‘all studenfs who' took: Test A at.'the MQ posttest and by

"~ comparing their performance with that of all the students who <ook Test A as a
pretegt. .

. Differences in achievement lev
whether or not students' achievemen

A}

¢ . )

For this comparison, it was ecessary to assume that the three groups of

\\‘Etudents being combined at £he'MQ|posttest were equivalent. ' Group 1 students
were administered’ Test A both a't the pretest and at the MQ posttest. (Although
Test.A was also administered agaih at the final exam posttest, the number of
Group 1 students who returned to‘take Test A at the final exam posttest was -too
small for meaningful comparisons‘to be wade. Hence, Test A analyses were con- =
fined to the pretest apd MQ posttlest administrations.) Performance of Group 1
students on Test A at_the ‘MQ posfftest can be attributed to the students’ under-

lying abié%ty, to the classroom instruction, and/or to the repetition of items .

"
.

from one dccasion to the next. roup 2 students, on-the other hand, were admin-
istered Test B as the pretest and were administered Test A for the first time at
the MQ posttest.- Performance ef Group 2 students on Test A, then, could be at-
tributed only to the students' underlying ability and/or to the classroom in-
struction. For some Group 3 students (those who were absent on the first day of
class), performance on Test A could also be attributed to their underlying abil-
ity .and/or to the classroom instruction only. For the other Group 3 students . "
(.those who did not record which pretest they> took), however, Test A performance
tould be attributed to their underlying ability, to the classroom instruction,
and/or to item repetition. Since thegg two subgroups of Group 3 students could
not be "identified and separated for andlysis, however, Group 3 was omitted from

’

the‘following comparison for Test’ A. . t
Because students were ;andomly assigned to Groups 1 and 2 on the first da
of class, and because classroom instruction was the same for all students, any,

differences observed between Groups 1 and 2 on their performance on Test A would 7.

.
.
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reflect a regetition-of-items effect. If mean test scores of Groups-1l and 2
were not,signlficantly different from each other, then,Groups 1 and 2 could be =
ombined at ‘the MQ posttest and compared with all students from Group 1 at the R
pretest. If a significant repetition-of-items effect were found, then subse- ®
quent analyses should be performed only on the data from those students in Group -
1. Dpifferences between the scores of Group 1 and Group 2 students were evaluat-
ed by the use of a t test for the difference betweea two independent. groups and
by the Kolmogorov-Smirnov two—sample test for the difference between two fre-
uency distributions. , -~
. q‘ /- | . .
Analyses relevant to the issue of differences in achievemerit scores includ-
. ed examination of thé frequency distributions and summary statistics of num-
. ., Dber ‘correct scores and the distributions of item difficulties from the pretest
and the MQ posttest. ' . B

.
)

N

Differences in the structure of achievement: Tesf«A. The question of
whether or not there were qualitative changes in the *Wature .of achievement test
gcores due to instruction was again investigated, as in Study I, by analysis of
internal consistency reliability coefficients and by separate principal-axes
factor analyses. These ‘analyses were performed separately on the pretest and MQ
posttest data interitem correlation matrices, with communalities estimated using
an iterative procedure, as‘described in Study I. The number of nonrandom fac-
tors was again determined by comparing the results 6f the factor analyses of
Test A data with the results of factor dnalyses of random data based on items of
similar difficulty. ‘

*The results of the final solutions from the pretest and the MQ poSttest
were then compared in terms of the numbers of factors extracted and the similar-.
' ity of these factors. As in Study I, factor -similarity was indexed by the root-
mean-square deviation, the product-moment correlation coefficient, and the coef-
-ficient of congruence between the factor loadings obtained at each occasion in
" comparison h values obtained from two sets of random data.

Differenceg in achievement level ebtimates: Test B. The question of
whethdr, or not students' achievement level estimates on Test B increased from"
the pretest to the final exam posttest could be answered by examining the per-
formance of Group 2 students on Test ,B at both testing occasions. However, if
ne significant repetition-of-items effect was found for Test A (as discussed
above), the assumption could be made that there would be no repetition—of-items
effect for Test B; then there.would be justification for combining the data on
~ " Test B from Groups 2 and 3 at the final exam in order\to conduc a more powerful

test of the difference between mean achievement level estimates. Analyses rele-
* vant to this question included examination of “the frequency distributions and
summary statistics of number-correct scores, and *the distributions of item dif-
ficulties from the pretest and -the final exam posttest. ' .

Differences in the structure of achievement: Test B. As described abdve;
the internal consistency reliability coefficient (coefficient alpha) was comput- o
ed for Test B at the Pretest and at the final exam posttest. Separate principal
axes factor analyses were also performed on the Test B data and on parallel ran-
- dom data. The final factor solutions of Test B from the pretest and the final

exam posttest were also compared in terms of the number of factors extracted and 1
N , the similarity of these factors, as was done in Study I and for Test A in this
study.

° ‘ »
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T~ Results

Effect of Item Repetition

-

. A The efifect on achievement level estimates of repeating items from the pre-
test to a posttest was evaluated by comparing the performance of students in
Groups 1 anf 2 on Test A .administered before the midquarter exam (MQ posttest).
There were N\02 students from Group 1 who volunteered to take t MQ posttest, of
which 98 met the 15%-missing-data criterion and were retain for analyses. For
Group g;these figures were- 101 and 91, respectively.

Appendix Table C presentg the frequency distributions of number-correct
scores for Test A administered™dt the MQ posttest-to students from Groups 1 and
2; the frequency polygons are displayed in\ Figure 4. For Group 1 the mean test .
score was 24.19, the median was 23.79, and the standard deviation was 5.87. For
Group 2 these statistics were 22.59, 21.80, and 6.26, respectively. A t test of
the difference between the meand of independent groups was calculated to be
1.98; this was not statistically significant at p= .0l. The entire frequency
distributions of Groups 1 and 2 were compared by using a Kolmogorov-Smirnov two-
sample test; the statistic calculated was equal to 7.86, which was not statisti-

cally significgpt at p = .01, -

Al

N Figure 4

Grouped Frequency Distributions of Number-Correct Scores
.- for Biology Test A Administered at MQ Posttest
) for Groups 1 and 2
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Although the observed differences wer& in the predicted direction, the éf-
fect of item repetition was not statistically significant. Hence, the question
of identifying and_qéparat&hg‘the twonhubgroups of Group 3 was no longer rele-
vant, and the Test A MQ posttest-scores of students in Groups 1, 2, and 3 were

+ combined for comparison with the scores of all students who took Test A on the
" first day of clasg.  Since dome of the students who took the test at the_pretest

’
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did ‘not take it at the posttest, the correlation between scores at pretest and
posttest was not computed.

Missing Data . ’
* There were 276 students who were administered Test A at the pretest; of
these 272 met the.15%-missing-data criterion and were retained for further anal-
yses. The combined total of students who took‘Tégi A at the MQ posttest was
- 302, and 283 of thesg were retained for further analyses. . . -

‘ Because there was no effect of item repetition observed for Test A, the
performance of Grodp 2 students who were administered Test B at the pretest wag
compared with the performance of students from both Groups 2 and 3 who were ad-
ministered Test B at the final exam posttest.. There were 283 students who were
administered Test B at the pretest, of which-277 met the 15%-missing-data crite-
riéon and were retained. for further analyses. A total of 169 students took Test
B at the‘final efam posttest, and 163 of them were retained for further analy-
ses.

v

Differences in Achievement Level Estimates: Test A
< .
) \ ,
Total score differences. Frequency distributions of number-correct scores
‘on Test A at both testing occasions arp presented in Appendix Table D; the fre-
quency polygons appear in Figure 5.. Both distributions are approximately sym-
metric, with the distributéon of MQ posttest scores displaced to the right. _ The
meah of the pretest scores was 15.97, with a standard deviation of 3.97. For
the MQ posttest scores, these figures were 23.46 and 5.99, respectively. The™
mean score difference between the two occasions was 7.49. Because there was
some overlap between the students in the two groups, the groups were not strict—-
ly independent, nor were they strictly dependent. A t test for the difference
between two independent means; although technically inappropriate, would yield a
conservative test of the significance of this difference. Tb;s test resylted in
t (df = 553). = 17.34, p < .001. . -

14

Item difficulties. The frequency distributions of item difficulties for
+ . Test A at both testing occasions are given in Table 4. As indicated earlier,
the pretest was somewhat difficult: 74Z of the items were answered correctly by.
less than half the students, and no item was answered correctly more thdn 80% of
the ti After instruction, more than half the jtems (23 of 42) were answered
COrrecgﬁy by 51% to 90% of the students, although® five items were answered cor-
rectly less than 30% of the time. ’

-

- ()

Differences in the Structure of Achievement: Test A . y
4 . . ¢
Internal consistency reliability. Coefficient aipha for Test A when admin-
istered on the: first day of clasg was .490. This low value indicates that the -
average interitem correlation waq.correépondingly small. After, instruction),
coefficient alpha increased to .787 for the same set of items. Although this
value is not high for a 42-item test, it represents a substantial increasé over
the value obtained at the pretest. The difference between these-two figures may
indicate that the items were functioning as a set differently after instruction
than they were before ‘instruction and/or it may reflect the increase in the
‘variance “‘of the number-correct scores. _ -
; . o \ SPR
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Number of fartors extracted.  Appendix Table E presents the eigenvalues "and
percent of to#fal variance accounted for by the first 15 factors from Test A and
from corresponding random data? Figure 6a presents the plots gf eigenvalues"
versus ﬁéctors extracted from{Test A and from” random data at thdﬂbretest, and
Eigure 6b presents results for the MQ posttest. Comparison of the results from
Test A with the results from the corresponding random data revealed that there |
was one weak factor present in the pretest and one stronger factor present g’

the posttest.

t

" Factdr similarity. Table 5 bresents the factor loadiﬁgs on t¥e single fac-
"tor extracted at each testing occasion from Test A and from corresporniding random

- -

*data. Comparison of these factor loadings reveals that the. loadings from the MQ— -

posttest were, in general, higher than those from the pretest: No loading from

the pretest. was greater than .39l and nearly two-thirds of the factor loadings

. {26 of 42) were less than .200. For the MQ posttest, the highest loading was
502, but 81% of the factor loadings-( 34 of’42) were greater than .200
This result.can also’ be seen by comparing the percentages of total variance
accounted for by the single faétor at each administration. For the-pretest that
figure Was 3.96% (as compared to 2.88%. for the random data); for tZE;yQ posttest
2

3

, the factor- 4ccounted for 9.36% of. the total variance. (as ¢ompared t «79% for
the\random data). Both of these percentages are small for a 42-it - test, indi-
cating that the factor was relatively weak, even at the MQ posttest. .

The pattern of factor loadings did not appear to be consistent across test
.~ .administrations. The items with the lowest loadings at the pretest did not
emerge as the items with the, lowest loadings at the MQ posttest, and the same
. was true for the items with the highegt.loadings. .
o * )

Table 6-presents the measfires of 'factor similarity between the two sets of
loadths_foftTest A.and the.corresponding random data. The root-mean“gquare
deviation between the two sets of-loadings for Test A, sensitiveé to differences
in levels of the loadings, 3‘2195, a high'value when considered in ‘conjunction
with the relatively narrow range of loadings observed in these data. JThe prod-
uct-moment correlation coefficient between the loadings, sensitive to pattern
differences, was a low .373. 'The“coefficieq;ﬁof congruence was .780. The gimi=-
larity measutes obtained from the random data were -160, .549, and .548, respec-
tively.' All these flgures reveal that the factors extracted from Test A on the
two occasions-were not substantially more similar than we¥e factors extracted
from randomly generated data. : ’

-

-

These data reveal, then, that the factor extracted from Test A at the pre-
test differed substantially from that extracted éé&the MQ posttest. Although
there was a sizeable increase in the number-corre¥t scores after instruction,
there was a corresponding change in the first factor underlying the item respon-

"ses. This ipdicates that the pretest and the MQ posttest measured quite differ-
. ent variables, even though they were composed Jf exactly the same items.

Differences in Achievement Level Estimates: Test B *

¥

°

Total score differences. Frequency’/distributions of number-correct scores
on Test B at both testing occasions are given in Appendix Table F; their fre-
quency polygons are presented in Figure 7. The distribution of final exam post-
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. Table 5 I
Factor Loadings on the Single Factor

Extracted from Bilology Test A at Pretest and at MQ Posttest,
and from Corresponding Random Data

~

Total Variance 3.96%

- - Pretest Ppéttest .
Item Test A Random Data Test B /:Random Data
—~ 1 .068 -.032 .186 T .158
2 024 . -.026 .133 Y -.208
3 331" -.245 161 .051
4 .115 1163 .279 .150
N 5 -.002 -.238 .276 -.099
‘ 6 .206 -.054¢ .008 .029
o 7 ..280 .191 372 121
8 .191 -.246 333 T -.153
v .9 272 .096 .408 .120
10 .02% .  -.005 367 ~.002
11 . .291 -.163 .154 -.154
12 .103 -.035 .207 - .011
13 .370 .327 .502 .208
14 .391 -.197 344 -.223
15, 042 L4407 . .388 418 -
16 .273 -.010 - .341 <296y, "
Y 17 133 . -.042 .335 .079
18 » .239 -.105 . +310 ' ~.162
19 . .388 . .021 .276 ;162
- 20 .205 362 410 7222
21 . .115 r.059 316 -3098
" 2 .223 -.040 479 - -.161
23 _ .383 .060 .298- .024
24 245 .067 - .373 -.114
25 052 -.053 228 L1877
& 726 =024 -.116 .246 -.105.
, 27 \ .039 .091 " .478. .083
28 015~ '-.09 143 .060
L-29 117 - .061 .+315 244
. 30 o 343 ~.139 .372 -.224
& 31 .095 .Q70 . +200 ..057
32 194 -.027 .284 ~.154
"33 043 <4179 272 .255
34 -, .059°  -.050 - .249 . 337
35 096 - -.150 - .301 .190
36 -.026 148 - 245 .206
37 221 -.139 340 -.021
38 | ' .107 -=,185 .227 ~,095 |
39 -~ .106 .282 .241 -.016
40 -.111 -.344 -.030 .077
41 -.124 4162 164 -.041
o 42 .063 113 422 JA17
~—_—Percent of‘ - - . -
2.88 9.36 2.79

S
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. ) Table 6 . ¢
Measures of Factor Similarity Between Factor '
Loadings for Test A at Pretest and at MQ

* Posttest, and Between Factor Loadings
- from Correspoh?ig;rRandom,Data
. . 7 Similarity Index g Test A Random Data b
RooQ-Mean-Squafe- o . ! !
Deviation . 195 * 160
' . * Péarson Product—-Moment
~ Correlation / .373 549
Coefficient of o
‘Congruence .780 .548' )
-~y ? > : .
test scores 1s approximately symmetrie, while that.of the- pretest scores 1is
slightly positively skewed. - The mean of the pretest scores was 15.18, with .
standard deviation 3.54. For the final exam posttest scores, these figures were
, 21.47 and 4.58, respectively. The score difference betweed the mean scores on
the two occasiops was 6.29. As before, a t test for the difference between two
’ independent means, though technically inappropriate, was conducted as a conser-
' Arative test of this difference; here, t (df = 438) = 16.15, p < .001.
1 -
- Figure 7
! Grouped Relative Frequency Distributions of Number-Correct Scores
for Biology Test B Administered at Pretest and at Final Exam Posttest
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Itém difficulties. The frequency distributions of itag difficulties for
Test B at both testing occasions are given in Table 7. As was observed for the

l
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* the ‘time.
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number-correct scores, the pattkrn of item difficulties réveals. that the pretest
was somewhat diffitult: 74X of the items were answered correctly by less than
half the students, and qnly two items were answeréd.cbrrectly more than 80% of -
At the end of the course, more than half the items (22 of 42) were
answered correctly by the majority ofy,students, although 12 items were answered
correctly less’ than 3OZ of the time.

Table 7 .
) Frequency Distributions of Item ,- -
’ . Difficulties for BiQlogy Test B . - T
: e Administered at Prdtest and ' ‘*?V .
-at’ Final Exam Posttest -
1 . Range of Item Number oé Items'
Difficulty Pretest Posttest
. # .00 - .10 . 4 2
S .11 - .20 v 9 3 .
©.21 - .30 8 7, &
. 31 - .40 3 4 a ¥
41 = .50 7 4
.51 - .60 -5 2
- - .l -.70 7 27 10
.71 - .80 2 5 ‘
i .81 - .90 2 4 :
- .91 -1.00 0o’ 1
! Mean Difficulty .36 51

Differences in the Structure of Achievement: Test B

InEQ{;:i consiste‘hx,reliability When administered .at the prefesﬁ on thg /:

first day of class, coefficient alpha for Test B was .398, increasing to .630
“when administered at the final exam posttest. These low values indicate _that
the average interitem correlation coefficlent was correspondingly small. Even
though both reliability coefficients were relatively ,Llow, the fact that ‘the rews
liability coefficient increased from .40 to .63 may. be an indication that the
items were functioning as a gset differently after instruction than they were
before instruction. As before, however, this increase may simply be reflec;ing
the increase in the variance of the test scores. .

Numbey of factors extracted..
percentages of total variance accounted for by the first 15 factors extracted
from Test B and from corresponding random data. Figure 8a present®<the plots of
these eigenvalues versus factors extracted at the pretest, and Figure 8b pre-
sents similar data from the final exam posttest. Comparison of the results from
the real data with the results,from she random data reveals that-~ there’ was“/b
factor stronger ‘than one extracted from the random data in the pretest, but one
stronger factor was extracted from Test B at the final exam posttest. -

o

Factor similarity. Table 8 presents the factor loadlngs on the single fac-+
tor extracted at each testing occasion from Test B-and from gcorrespondiag randam
data. Tomparison of these factor loadings reveals that the lpadings from the

o -

Appendix Table G presents the eigenvalues and .

»d
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Figure 8
Eigenvalues for the First 15 Factors Extracted from Biology Test B
Administered tgl?retest and at Final Exam Posttest,

‘and from Corresponding Random Data
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. Table 8 .
Factor Loadings on the Single Factor Extgacted
from Biology Test B at Pretest and at Final Exam Posttest
) and from Corresponding Random Data
. Pretest Posttest
Item Tegst B Random Data Test B | Random Data
1 .131 .088 +295 ~.044
2 073 .087 .310 377
3 -.023 -.168 .193 +258
4 .218 .122 _ J416 .098
5 +252 -.286 . +137 113
6 +268 ‘o .145 «240 .179
7 .191 +145 .256 -.236
8/ .122 ‘0113 0296 a246
9 -004\ 0293 -273 N _0066
10 ) .323 -.320 +255 +296
11 : 193 471 .202 .060
12 , + L164 .117 .311 =.239
13 : . +393 -,111 371 .161
14 -.007 -.136 438 .030
15 .228 -.085 .261 045
16 .329 -.099 .301 284
17 «246 -.252 .310 .193
18 * .154 ~ 381 $372 -.073
19 .192 -.098 «241 +006
20 ° ' -.027 341 ".193 -.013
21 231 -.151 .307 .092
22 -.239 <156 +268 411
23 459 .213 +299 162 _
24 .062 . 067 .079 .140
25 . .009 .182 +330 -.037
26 . .045 -.10t 174 -.044
27 -.101 034 -.112 =~.057
28 o .130 -.080 .043 112
29 > . «296 -.245 084 .088
30 J .215 077 +155 .328
31 «252 .179 .397 .003
32 .278 .020 177 -.123
33 -.045 045 ~.112 -.082
34 0028 ‘0277 0137 0003
35 ) .012 .384 .165 y  +093
36 .166 /~.012 C =071 Vo .047
37 -.115 .034 «,023 ~-.036
38 .018 .060 -.002 .009
39 -, 0082 0120 0011 0053
40 . .040 .109 .178 _~,088
41 ' .013 -.457 4os . " #.015
" 42 v e ~0058¢ .510 -.111 -.071
Percent of
Total Variance '3.69 4.70 5.96 2.54
-
28
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final exam posttest were, in general, 31ight1y highet. than those frﬁﬁ’:h:‘:::- -

test. The highest pretest logding was .459, and nearly two-thirds of the factor
" loadings (27 of 42) were less ‘than .200. For the final exam posttest, the high-

est loading was .438, but more than half of the factor loadings (23 of 42) were
s greater. than .200.

,This result can algo be geen by comparing the percentage of total variance
accpunted for by the single factor extracted at each administration. For the .
pretest, that figure was 3.69% .(as compared to 4.70% accounted for by the random
factor); for the final exam posttest, the factor accounted for 5.96% of the to-
tal variance (as compared to 2.54% for the randop data). Both of these percent-
ages are very small, indicating that the factor was relatively weak. -

The.pattern of factor loadings did not appear consistent across test admin-
istrations. The items with the lowest loadings at the pretest did not necessar-
ily emerge as the items with the lowest loadings at the final exam posttest, and
the same was’true for the items with the highest loadings.

[y
~

" Table 9 presents the measures of factor similarity for Test B. The root-
mean-square deviation between the two sets of loadings for Test B, sensitive to
dif ferences in levels of the loadings, was .177, a high value when considered in
conjunction with the relatively narrow range of loadings observed in this data
but lower than the .300 observed for the two:sets of random data. The product-

" moment correlation coefficient between the loadings, sensitive to pattern dif-
ferences, was a low .399 as contrasted with r = -,327 for the random data. The
coefficient of congruence was .697 for ‘Test B and -. 255 for the random d
Although the comparison of the similarity measures reveals that the factor 1oad—
ings for Test B were more congruent than the corresponding gsets of random data,
the degree of similarity was so low that these factors could not justifiably be
considered congruent,

Table 9
Measures of Factor Similarity Between Factor
Loadings from Test B at Pretest and at Final
. Exam Posttest, and Between Factor Loadings
from Corresponding Random Data

Similarity Index Test B Random Data
1

Root-Mean-Square :

Deviation . 177 .300
Pearson Product-Moment

Correlation vl .399 ° -.327
Coefficient of ’ : )

Congruence . .696 -.255

T
o

These data reveal, then, that the factor extracted .frém Tesd B at the pre-

differed from the factor extracted at posttest. As was observed for Test
A ‘here was a sizeable increase in the number-correct scores, accompanied by a
change in the factor underlying the dtem responges. This indicates that the
pretest ‘and the final exam posttest were measuring quite "different variables,
gven though' they were composed of exactly the same items. !

>
e -
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- . Conclusions . - "
Differences in ABhievement Lgvel Estimates ) . ) o '

.

The results from both Test A and Test B indicate that there.were mean dif-
ferences in achievement level estimates ( number-correct scores) that accompanied
classroom instruction. On the average, test scores increased after relevant
course .instruction; for these data, scores increased between 6 and 7.5 points on
a 42-item test. The increasés, these test scores were not attributable to the
effect of item repetition. Alt:‘txh the differences were in the predicted di-
rection, neither a t test nor the Kolmogorov-Smirnov two-sample test were sig-
nificant at p = .01,

R ) . RN _
Differences in the Structure of Achievement o

.

There were substantial differences in the structure of item responses"to

the items on both biology tests——Test A and Test B-—from the ‘pretest to the

posttest. Large increases in the internal consisgency reliability-coefficient
may reflect corresponding changes in the average interitem correlation coeffi-
ciénts. That is, changes in the way the items functioned together as a set were
evident after instruction took place. This same effect was observed when the

factor structures of the tests at both administrations were.compared.” Althoug

nly one factor was extracted at each administratiqn of each test, the factor :t\\\\\k
{ach pretest was very weak and bore little relationship to the factor extracted

ater in the coyrse, as reflected in ‘the patterns and 1evels of the factor load-

ings. : . ‘

’ S . * ¢ w
< \ DISCUSSION AND CONCLUSIONS .
. 8 N . o .

The results of these studies show that the use of simple difference scores
to measure changée in classroom achievement may not be ‘appropriate for all sub- ',
ject matter areas. The use of simple difference scores, or some derivative
thereof, assumes that there is only a quantitative &ifference between Ppretest
and posttest achievement levels due touz/equrse of ihstruction. That is, the
assumption is made that a pretest medsures /a baseline amount of some knowledge
or trait and that classroom instruction results in increased levels of the same
trait, as indicated by higher scores on the same, or a similar, test.

This assumption was supported by the results of the mathematics data.
There was a large and statistically significant difference observed in achieve- -
ment test scores obtained before and after instruction., That the same trait was
being:measured both times was indicated by the.high depree of similatity of the o
underlying factor structure of the test when examined at both points in time. s
The only change observed in the mathematics test scores was, then, a quantita-
tive e one, reflected in increases-in mean number-correct score after clqssroom
instruction in mathematics. . . -

‘e

The results were quite different for the two biology .tests examined. ° Fac-
tor analyses of the pretests ‘revealed the presence of one very weak factor for )
each pretest. One slightly 8tronger factor also emerged at each of the post-
tests, but there was very little correspOndence between the pretest and posttest

rd
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factors.® Even though mean test scores increased after instruction, there was a
corresponding difference in the factors underlyinngest performance. The change
that occurred in the biology test scores, then, was a qualitative one, where the
tests were measuring different variables before and after instruction. Evaluat-

- ing gains in achievement by computing pretest-posttest\\sfference scores caanot
be justified under these circumstances. X

-, A
{ That the results from these two studies are®iifferent has important bearing .
. on the issue of program evaluation and the'measurement of.change. The question . !
of whether the difference in test scores that follows classroom instruction or
*+ program participation is quantitative or qualitative must be answered before any
ﬂtempt at quantifying change can legitimafely be made. For some courses  of .
- instruction, the application of classical change-score methodology: may be de-
fended on the grounds that the only change observed was quantitative; for oth-
ers, the use of such methodology may not be justified. Clearly, further’re-
search is needed~to define those¢ areas where the use of change scores or their
derivatives may be warranted. .

31
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Appendix: Supplementary Tables
L3 -
e / ’
- .
T Table A o . - v
Frequency .Distributions of Number-Correct Scores ‘ s
. for APT Pretest and Posttest (N=220) .
Pretest _ - Posttest 7
, . ] Cumulnifive Cumulative
Score. Frequency Percent Perc ’nt:"“ y Frequency Pe}'cent: Percent
35 * 0 "0 1ooﬂQ\ g 4 1.8 100.0
34. 1 - .5 - 100.0° - 20 9.1 98.2
‘ © 33 4 1.8 99.5 ow.%u 28 12.7 " 89.1
. 32 7 3.2 - 97.7 ¥ . 29 13.2 76.4 _
31 7 3.2 94.5 19 8.6 63.2
30 13 5.9 . 91.4 25 11.4 54.5
29 5 © .2.3 85.5 16 7.3 43,2
‘ 28C 13 5.9 83.2 19 8.6 35.9 -
27 5 2.3 . 77.3 11 5.0 27.3 .
26 8 3.6 75.0 8 . 3.6 22.3
25- 14 6.4 71.4 , 7. 3.2 18.6
24 . 20 9.1 65.0. 7 3.2 15.5 i
. 17 7.7 55.9 6 . 2.7 12.3
\ .\§%7K . 10° 4.5 48.2 1 0.5 9.5
~ ) 21 14 6.4 43.6° 5 2.3 9.1
. 20 16 - 7.3 37.3 4 1.8 [6-8
- 19 L 2.7 50.0 1 0.5 5.0
" ' 18 11 '5.0 27.3~ - 3 1.4 . 4.5
A - 17 11 5.0 . 22.3 1 0.5 . B2
16 9 4.1 17.3 0 0.0 "2.7 -
.4 15 7 3,2 13.2 0 0.0 2.7
" 14 2 0.9 10.0 1 0.5 2.7 .
13 - 4 1.8 9.1 2 0.9 2.3
T12 4 1.8 7.3 o1 0.5 1.4
) e 11 7 3.2 5.5 0 0.0 0.9
10 1 0.5 2.3 1 ' 0.5 0.9 ., .
‘- 9 0 0.0 1.8 0 0.0 0.5
4 8 <: 3 1.4 1.8 1 0.5 0.5
: P 1 0.5 - 0.5 0 0.0° 0.0
, " Mehn .22:26 28.91 : .
’ SD 5.97 4.88 —
Median 22.7¢ Y 30.10 = .
Mode 24 < e 32 i v
. ‘ il
. . \\,_ . . - - .~
-, _
. ~ 347> ‘
\

p
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//\ . T&ble B
N T, Eigenvalues and Percent of Total Varia ce\
LY . Accounted for by First 15 Factors Extracted frém-the JAPT
) “ at Pretest and at Posttest and from Cérresponding Random Data . A
~Pretest : _ < Posttest
. APT. Random Data ' APT . Randofm Data

L Eigen— % Total - Eigen- % Total  Eigen- X Total ° Eigen- % Total ‘
Factor - Value Varidnce Value Variance = Value Variance Value @ariance, .

1 5.350 - 15.3 1.545 4.4 5.590 16,0 .1.419 4.1
2 1.555 4.4 1.308 3 1.605 4{6 - 1.253 3.6 )
.3 1.539 4.4 1.229 3.5 . .1.337 ~ 3.8 1.161 3.3i}
4 1.209 3.5 1.139, 3.3 1.171 3.3 1.134 3.2
5 1.086 3.1 1.029 2.9 1.034 3.00 _ 1.852 3.0
s 6 1.016 2.9 .993 2.8  "1.006 2.9 - 1.023 2.9
» 7 .942 2.7 890 2.5 .986 2.8 896 2.6
8 892 2.5 865 2.5 \939 2.7 ©.828 2.4
"9 .876 2.5 .822 2.3- 839 2.4 7 .814 233
10 79 .2.3 767 "2.2 ¢ 190, 2.3 1,790 2.3
. 1 - . 5739 2.1 745 2.1 756 - 2.2 770 2.2 o
f 12+ 666 1.9 692 2.0 +675 1.9 +732 2.1 ////
.13 .607 1.7 .634 1.8 .660 1.9- .702 2.0
- 14 .597 1.7 *.600 1.7 604, 1.7 .666. 1.9
.15 .553 1.6 ©.566 1.6 1,533 135 . .00 1.7.. .
3 1
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- P A

Group 1 (N=98) - o -~ Group 2 ( N=91) o »
. . - . Cumulative, y Cumulative . -
//5écore Frequency Percent Pe;gent .- Frequency’ Percent i Percent:° . Y
41 1 , 1.0 100.0 .0 4 . 0.0 , 1000 - ‘
40 (I 0.0 , 99.0 . [} 0.0 100.0 ° NG
39 0 0.0 ° £99.0 " 0 0.0 100.0
38 0. 0.0 99..0 1 1.1 100.0 ~
37, 2 > 2.0 99.0 1 ' 1.1 98.9 S,
36 1 1.0 96.9 0 0.0 97..8 -
- 35 0 0.0 95.9 1 1.1 97.8..
. 71 1.0 . ' 95.9 . 3 3.3 96.7
33 2 2.0 94.9 o1 1.1 93.4
32 -3 3.1 92,9 2 2.2 '92.3 ,
3 2 2.0 9.8 4 4.4  90.1 -
30 ° e 5 5.1 87.8 1 1.1, 85.7 -
29 6 6.1 82,7 34 3.3 ,'84.6 . A
28 4 4.1 76.5 1 1.1 8t.3
\27 5 ° 5.1 ° 72,4 6 6.6 80.2
26 6 =, 6.1 6723 5 - 5.5 . 73.6 )
© .25 6 6.1 ,  61.2 5 s 5.5: 68.1
b24 7 2 25 N 551 2 2.2 62.6
23 10 10.2 ;. 48.0 6 . 6.6 60.4
22 7 7.1 © 37.8 _ 5 5.5 53.8
21 9 2~ 306 . T 6 ¢ 6.6 . 48.4
T 20 3 3.1 214 6 e 6.6 41.8 .
19 5 5.1 18.4 4 4.4 35.2
18 o2 - 2.0 . 13.3 9 ° 9.9 30.8
7. - 3 . 3.1 11.2 5 5.5 20.9
16 1’ 1.0 . g'.z 5 5.5 15.4 -
— 15 1 1.0 7.1 3 3.3 .
¢ 14 .. e & 1.0 621 ! v L1 , 6.6
o, 13 T 1, 1.0 5.1, v 1 oLl . 5.5
12 2 T 2.0 4.1 -1 1.1 - A
1 /1 1.0 2.0 2 2.2 3.3 .
10 . 0 . 0.0 1.0 *° i 1.1 1.1
¢ 9 1. 1.0 1.0 0. .- 0 0.0
Mean 24.19 * 22.59
SD ‘ 5.87 ' 6.26 * . .
Median ° 23.79 - 21.80 ‘ .
Mode 23 18 _ (S0
- ' " .’ . % \
. - b ’ ' -
: » .
ad ’ [ , =
M ‘) Y * |
. ’ ) s | - ! <
- . 3‘6 Y R
- . -~ N o 4

. ) Table C .- -
* Frequency Distribution of Number«<Correct Scores for
- Blology Test A at MQ Posttest for Students in ,Groups 1 and 2
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Table D
Frequency Distribution of Number“Correct Score
for Biology Test A at Pretest and at MQ Posttest

M R o
| e v Pretest (N=272) . Posttest (N=283)
Cumulative Cumulative
v, ) Score Frequency Percent Percent Frequency Percent Percent \\\;
41 0 0.0 100.0 1 0.4 100.0
40 0 0.0 . 100.0 0 0.0 99.6
. 39 =0 \ 0. 100.0 -0 0.0 99.6
38 < 0 040 ~100.0 1 0.4 99.6
37. o .0 100.0 4 1.4 99.3
36 0 0.0 100.0 2 0.7 97.9
35 0 0.0 , 100.0 3 1.1 97.2
34 0 0.0 100.0 4 1.4 96.1
LIS 33 0‘\ 0.0 10000 5 '3?1.8 9407
) 32 0 ., 0.0 100.0 . 6 2,1 92.9
© 31 . 0 0.0 100.0 9 3.2 90.8
30 1 . 050 100.0 .8, 2.8 87.6
. 29 0 0.0 _  99.6 15 5.3 84.8
¥ - 28 .1 0.4 99.6 9 ~ 3.2 79.5
- 27 I 0.4 99.3 17 6.0 76.3
26 0 0.0 98.9 16 5.7 . 70.3
_ 25 - 2, 07 ~ . 98:9 23, 8.1 64.7 .
Ty 24 5 1.8 .4 98.2 15 5.3 56.5
23 . 8 2.9, 1 96.3 24 8.5 51.2
22 6 2.2 934 £ 15 V5.3 42.8 .
21 8 .9 91.2 T, 19 6.7 37.5 )
20 9 3. 88.2 ~- 14 4.9 30.7
; 19 25 9.2 84.9 10 3.5 25.8
R ¥ 23 8.5 75.7 16 5.7 22.3 <
, 17 kA 12.5 67.3 13 4.6 16.6 .
L . 16 23 8.5 54.8 9 3.2 12.0
© 15 .24 8.8 46.3 7 2.5 8.8 )
14 30 11.0 | 37.5 . 5 1.8 6.4
13 25 - 9.2 ~°  26.5° 3 1.1 4.6
12 13 4.8 17.3 = 3 1.1 3.5
.11 15 5.5 12.5 s | 4 1.4 2.5
. 10 7 2.6  _ 1.0,- . 1 0.4 1.1 v
9 5 T 1.8 L 4.4 2 0.7 0.7 .
8 3 el 2 2,60 0 0.0 0.0
57 *\ 3 1.1 1.5 05, 0.0 0.0
6 0 " 0.0 0.4 o 0.0 0.0
5 0 0.0 0.4 - 0, > 0.0 0.0
: 4 1 TT0.4 0.4 0 0.0~ . 0.0
o Mean . 15.97 , ‘ . 23,46 o o
‘ SD ‘s 3.97 . ’ 5.99 - . ' ,
. Mbdian  15.94 © Tt a23.35 C .
® L Mode 7. . _ 23 - Y,
w ° . ’ /—.\:‘ o R
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i ' . Table E
Eigenvalues and Percent of Total Variance Accounted fof by -,
- i First 15 Factors Extracted from Biology Test A at Pretest -
- and at MQ Posttest and Corresponding Random Data
Pretest ) MQ Posttest =
Test A Random Data Test A ~ Random Data
Eigen- X Total Eigen- X Total Eigen- Z Total Eigen—- X Total
Factor  Value Variance Value Variance Value ‘Variance Value Variance
1 2.200 5.2 1.706 “ 4,1 4.411 10.5 1.572 3.7
- 2 1.512 3.6 1.456 3.5 1.440 3.4 1.358 3.2
.3 ,1.395 3.3 1.299 3.1 1.349 3.2 1.302 3.1.
S 4 1.298 3.1 1.172 2.8 1.167 2.8 1.238 2.9
5 1'0167 208 10053 205 )10026 204 10134 [S 207 -
N 6 10136 207 ° 10044 - 205 ‘0980 2-3 10193' 206
7 1.075 2.6 1.001 2.4 .895 2.1 1.017 2.4
8 1.064 2.5 913 2.2 .885 2.1, .999 2.4
9 1.004 2.4 .901 2.1 844 2.0 915, 2.2
10 .951 2.3 .876 2.1 .825 2.0 .839 2.0
11 .923 2.2 «845 - 2.0 784 7 1.9 .810 1.9
12 0820 200 0813 109 '771 '108 '783 109
13 .805 1.9 793 1.9 748 1.8 726 1.7 . .
14 .757 1.8 .751 1.8 696 1.7 663 -~ 1.6
15 .726 1.7 677 1.6 .598 1.4 .611 1.5
Pt #
/
| * .
N | i ~
. ( \ ’
\ -
v ’ R . B .
- 2 H /i
s »
P~ ‘ ’
\° A 38 o ) M




. Table F
Frequency Distribution of Number-Correct Scores
for Biology Test B at Pretest and at Final Exam Posttest

\
-

Pretest (N=277) Posttest (N=163)

\ .
o Cumulative Cumulative
, ,///Score Prequency Percent Percent Frequency Percent Percent
) gs 0 0.0 100.0 1 0.6 ° 100.0
2 1 0.4 100.0 2 1.2 99.4
31 0 0.4 100.0 3 1.8 98,2
30 0 0.4 ° 100.0 1 0.6 96.3
29 0 0.4 100.0 5 3.1 95.7
28 0 - 0.4 - 100.0 8 4.9 > 92,6
. 27 0 0.4 100.0 °© 8 4.9 87.7
26 0 0.0 100.0 6 3.7 82.8
25 1 0.4 99.6 5 3.1 79.1—~/”/
2 0.7 1 99,3 % 4.9 76.1
//7§§ 4 1.4 98.6 13 8.0 71.2
. 22 4 1.4 97.1 16 9.8 63.2
21 6 2.2 95.7 17 10.4 53.4
20 10 3.6 93.5 15 9.2 42.9
19 12 4.3 89.9 10 /6.1 33.7
\18 27 9.7 85.6 12 7.4 27.6
17 31 - 11.2 * 75,8 10 6.1 20.2
16 29 10.5 64.6 10 6.1 14.1- .
15 30 10.8 \ 54.2 5 3.1 8.0
14 29 1005 3-3 3 108- * 4-9
13 23 8.3 32.9 3 1.8 3.1
12 22 7.9 24.5 ° 0 0.0 1.2
11 21 7.6 16.6 2 1.2 1.2
10 16 5.8 9.0 : 0 0.0 0.0
9 7 2.5 3.2 0 0.0 0.0
8 2 0.7 0.7 0 0.0 0.0
Mean 15.18 21.47
SD 3.54 . © 4.58
Median '15.12 21.18
Mode L{ ‘ - 21
/ v hd b -
X .. . ’
) ’o /'\J P . .
ﬁ' - .
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Table G .7 o
- Eigenvalues and Percent of Total Variance Accounted for by First
T 15 Factors Extracted from Biology Test B at Pretest and at Final Exam
' Posttest and from Corresponding Random Data
’ Pretest = FPinal Exam Posttest
Test B Random Data Test B _Eggndom Data
Eigen- Z Total Eigen- X Total Eigen- % Total gen- % Total
Factor - Value Variance Value Variancé Value \Vhriance Value Variance
1 2.043 4.9 2.440 5.8 3,.1%/ 7.4 1.810 4.3
2 1'-551 3..7 1-448 3-4 1-9 \—:' 4-6 —'1-678 - 4-0
3 1.345 3.2 1.190 2.8 1.590 3.8 Y 1.550 3.7
4 1-204‘ 2-9 1-146 2-7 ® 1-480 3-5 J.-Sl3 3-6
5 1.152 +2.7 1.098 2.7 «1.383 3.3 1.466 3.5
6 1.065 2.5 1.053 . 2.5 1.309 3.1 1.370 3.3
7 " .932 2.2 .999 2.4 1.284 3.1 1.305 3.1
8 911 2.2 .929 2.2 1.167 2.8 1.234 2.9
/9 .887 2 +920 2.2 1.151 2.7 1.215 2.9
10 .835 .852 2.0 1.059 2.5 1.105 = 2.6
11 .796 1.8 .978 2.3 1.030. 2.5
12 .781 1.8 964 2.3 .966 2.3}
* 13 o747 1.8 .702 1.7 - % .,927 2.2 .895 2.1
14 «709 1.7 .6ﬁ4 1.6 :911 2.2 .857 2.0
15 - .685 1.6 .668 1.6 +819 2.0 .803 1.9 .
§ .
1 ) -
o .[
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An Adaptive Testing Strategy for Achievement Test Batteries. October

1977. ’
Calibration of an Item Pool for the Adaptive Measurement of Achievement.
September 1977.
A Rapid Item~Search Procedure for Bayesian Adaptive Testing. May 1977«
Aceuracy of Perceived Test-Item Difficulties. May 1977.
A Comparison of Information Functions of Multiple-Choice and Free-
Response Vocabulary Items. ' April 1977.
Applications of Computerized Adaptive Testing. March 1977. o
Final Report: Computerized Ability Testing, 1973-1975. ApriT”1976. W =
Effects of Item Characteristicg on Test FPairness. December 1976.
Pgychological Effects of Immediate Knowledge of Results and Adaptive
Ability Testing. June 1976.
Effects of Immediate Knowledge -of Results and Adaptive Testing on Ability
Test Performance. =dune 1976.
Effects of Time Limits on Test-Taking Behavior, April 1976.
Some Properties of a Bayesian AdaptiveABility Testing Strategy. March
1976. . :
A Simulation Study of Stradaptive Abildty Testing. December 1975.
-Computerized Adaptive Trait Measurement:. Problems and Progpects.
November 1975. .
A Study of Computer-Administered Stradaptive Ability “Testing. October
1975. -
Empirical and Simulation Studies of Flexilevel Ability Testing. July
1975.
TETREST: A’ FORTRAN u{ Program for Calculating Tetrschoric Correlations. ’
March 1975.
An Empirical Comparison of Two-Stage and Pyramidal Adaptive Ability -
Testing. February 1975. _—
Strategies of Adaptive Ability Measurement. December 1974. N
Simulation Studies of Two-Stage Ability Testing. October 1974. ’
An Empirical \‘Pyestigation of Computer-Administered Pyramidal-Ability
Testing. 1y 1974, ‘
A Word Knowledge Item Pool for Adaptive Ability Measurement. June 1974,
A Computer Software System for Adaptive Ability Measurement. January
1974,
‘An Empirical Study of Computer-Administered Two-Stage\Ability Testing.
October 1973.
The Stratified Adaptive Computerized Ability Test. September 1973.
Comparison of Four Empirical Item Scoring Procedures. August 1973.
Ability Measurement: Conventional or Adaptive? February 1973.
Copies of these reports are available, while‘pupplies 1ast, from: 0
Computerized Adaptive Testing Laboratory t
N660 Elliott Hall - e )
University of Minnesota S -
75 East River Road~ ’
N Minneapolis MN 55455 U.S.A. '
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Regearch Reports
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Testing Strategy for Test Batteries. November 1981.
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Testing. September 1981. ®
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' Effects of Immediate Feedback and Pacing of Item Presentation om Ability

Test Performance and Psychological Reactions to Testing. February
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An Alternate-Forms Reliability and Concurrent Validity Comparigon of
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Criterion-Related Validity of Adaptive Testing Strategies. June 1980.

Interactive Computer Administration of a-Spatial Reasoning Test. April
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and Test Dimensionality. {January 1980.
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Efficiency of an Adaptive Inter-Subtest Branching Strategy in the
Measurement of Classroom Achievement. November 1979,
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Effect of Point-in-Time in {pstruction on the Measurement of Achievement.
August 1979, -

Relationships among Achievement Level Estimates from Three Item
Characteristic -Curve Scorigg Methods. April 1979.

Final Report: Bias-Free Computerized Testing. March 1979.

Effects of Computerized Adaptive Testing on Black and White Students.

" March 1979.

Computer Programs for Scoring TPest Data with Item Characteristic Curve
Models. February 1979.

An Item Bias Investigation of a<Standardized Aptitude Test.
1978. . L . .

A Construct Validation"of’Aﬁaptive Achievemenr Testing._ November 1978.

A Comparison of Levels and Dimensions ©f Performance in Black and White
Groups on Tests of Vbcabulary, Mathematics, and Spatial Ability.
October 1978.

The Effects of Knowledge dfﬁ!esults and .Test Difficulty on Ability Test™
Performance and Psychological Reactions to Testing. September 1978/

A Comparison of the Fairness of Adaptive and Conventional Testing
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An Information Comparison of Conventional and Adaptive Tests in the
Measurement of Classroom Achievement.$ October 1977.
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