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_or with aggregates, the primary focus 1s on a few summary scores that
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Milllons of achievement tests are admiﬁistered eacﬁ:year ts students

\ E

in this country. The types of tests are quite varied as are the purposes

of the testing. Tests are often used, as in thé case of +the Natlonal G

Assessment of Educational Progréss and several statewide testing programs,

s

to provide a general assessment of large aggregates of students. Survey

- - ,
% . . o “

tests are often used to mortitor achievement of students at the school or

- -
- ~

district level. Individual student achievehent ié‘%lso assessed for many’

o "

putrposes. To name a few, test results are used to report achievemgkt to

parents, for diagnosis of learning difficulties, for grade-to-grade pro—

motion and for the award of high school diplomas. Mandated test use 1n

o

‘program evaluations and the selection of students for special ptograms

L4 . .
accouats for another large segment of test use.

In most uses of achlevement tests, whether with individual pupils

[

5

are based on the number of 1ltems answered correctly. The focus on the

" number of correct amswers or some transformation of it (e.g., a grade-

equivalent score) is natural. Certainly, the overall level of performance

-1in a content area such.as arithmetic 1s a major consideration. Further—

more, the interrelatedness of subsets of achievement'%est items (e.g.,

additiom and subttaction'items) makes it difficult to abstract reliable
information abo;t special strengths and weakriesses for iqdi%iduals ot for
groups of studeats in addition to & globalfsummary score.

Nonetheless, 1t is c1ear that the same numter-right score can be
ebtained in many different ways. Even on-a short test of just five itenms,
a score~of three right answers can be obtained by ten different ccmbina-
tions of correct and'incorrect responses. The number ofhpOSSible conbin-

ations of right and wrong answers expands rapidly with Increases in the

P
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tes? 1ength. On a twenty item test, for example, there are 184 756ﬂgif~
ferent requgge patterns "that . yield the same number right score of ten.

AlthOugh the 184, 756 distinct patterns of response can be identified

it
" ‘ in the above example, it obviously 1is pot feasible to provide different

interpretations for each unique pattern. Re3ponses to individual items
”

. - » s
are too unreliable. "Many of the, po%sible patterns willk not be encountered

‘1n‘pract1ce-aﬁd the frequency of occurrence of any particular pattern will

k4

. usually be too small to support any c1ear generalizatfbns”beyond those

“

that can be made from the simple number—right score.

The difficulties in using reSponse patterns to obtain diagnostic in-
. > [

*

formatiog not contained in the number-right score explain the relatively
limited use‘that has been made of such information. Recently, however,
some new and’potentially more powerful techniques have been developed for
identifying atypical response patterns. The introduction of these tech-

b

response patterns to identify 1nd1v1dua with unusual patterns (see, for

niqués has led to a remewed 1nterest in u»ing information eontained in

-

. 00 "
' example, Harnisch & Linn, 1981; Levine & Rubin, 1979; Sato, 1975, 1981;

»

Tatsuoka & Tatsuoka,"1980; %ag.der Flier, 197%).

A e

The idéntification of unusual respnnse patterns for 1nd1v1duals has
N several possible_uses.' The most obvious use 1s sinply to.identify students
| for w;om speclal cantion is needed in 1nterpret1n§’their total correct
scores. One of‘thé purposes of this §tudy is to explore the use>o§ an
Linéex of tne degree to which anpindividual's response pattern is unusual
and whether thie 1ndex 1s related to backgrgnnd characterigtics of the
' individual test tdkers.
The 1dentif1cation of persons for' whom speeial cautipn 15 required -
s in 1nterpretlng°tota1 séores 13 important. Potentially even more‘impor;
- .

_ tant, however, is the possible diagnostic value of the response patterq. )

£ . e . \ el

Q .
'IERJ!: ‘. ' o . '.1 1 Coor




For example, the content characteristics of 1items that contribute to a .

a

high cautio%;index for.a student may identify particular strengths or

gaps in the student's knowledge.

o

The role of specific tesE cqntent'often‘rece;ves relatively®little
aFtenEion when the ranking of students on a global diménsion is empha-
sized. ' For some purposes, it is u§efu1, for,example;éto know that
L . studentsg in an Instructlonal program have an avérage score well below

the ‘national mean of a fourth;grade mathematics test. But,‘by itself,

» a

this statement 1s uninformative about the types of arithmetic skills the

students; have. As shown“by\?orter, Schmidt, Floden, and Freeman.(1978),
4 .

there 1s wide variation in content coverage of the fourth-grade mathema-

Y )
tics tests from the four most widely used achlevement test batteries. .

b

. ’ Furthermore, the level of performance can be expected to be influenced

. 9 ) 5 'S .
. « % ° by the degree of overlap between the instructional content and the
content of the test (e.g., Madaus, Kellaghan, Rakow, & King,tl979). J~

Indeed, the specific match between the format of lnstructional exercises
A

" and the format of test questions cah have a substantfal impact on test
_scores (Alderman, Swinton, & Braswell, 1979; House, ,Glass, McClean, &

Walker, 1978). “ . » |
To the degree that cdntent coverage 1s important and that schools -

-
'

vary in thelr content covenge, then schools would be exnpected to vary

not only in their overall performance as measured by the total test score,

»

but in the relative diffiﬁulty of particular subsets of items. The second

°

major purpose of this study was to determine 1f ‘'schools could be reliably

distinguished in terms of consistent response ﬁatterns that deviated from

the national norm. The demonstration of systematlc between school dif- ~ / )
fereucés In response patterns and the assoclation of these differences
“?\
. 12 /




N

ful interpretafions of observed performance outcomes.

with differences in instructional practices has potentially important

o~
o ‘(a. ]

implications for test use in evaluation studies. The’match between tests
and content coverage is an lmportant consideration in evaluation studies,
but one that has frequently been given little attention. The indices
that were used in -this study provide a potential means of identifying -
situations where comparisons between groups solely on the basis of total
scores may be misleading. The clusters of items that contribute to high

\
caution Indices provides alternate comparisons, and possibly more meaning-

%
REVIEW OF RESEARCH
Two major types of appropriateness indices based upon the pattern of
item responses to individual iteus havexbeen defined. First, there‘are
the indices ‘which are based upon item response theory (iRT) as described
by Levine and Rubin (1979) and modifications of these indices as suggested

by Drasgon (1978). The xz test of person fit that is sometimes used with

fapplications of the Rasch model (e.g., Wright, 1977)<is another example of

an IRT based indexT Second, there are the indices.ohich are based directly
uppon the patterun of right and wrong answers, such as the "caution” index
proposed by Sato (1975), the modified caution index by Harnisch and Linn
(1981), the U' index by van der Flier (1977), the personal biserial by
Donlon and Fischer (1968), the norm—-conformity index by Tatsuoka and

Tatsuoka. (1980), and the agreement and disagreement indices discussed by

Kane and Brennan (1980).

The foCus:oﬁ this final repori is on two activities conducted with
£ N ‘

the latter type of indices, Sato's caution index andgthe modified caution
o ) ;‘%i -

index; which do not require the use of IRT. Our primary purposes are ¢

(1) to evaluate the distributional and relational properties of the caution

13




indices with the total test score, (2) to identify skudent background
characteristics that are associated with unusual response patterns (i.e.,
with high values of Ci’ or Ci*’ and (3) to identify school characteris-—
tics that are associated with high incidence of aberrant response patterns.
We will review briefly the caution indices and their algebraic formulation.
We will then discuss the empirical interrélationship among the caution in-
dices and their relationships with total number-right scores for data col-

lected by National Assessment of Educational Progress (NAEP) from 13-year-

olds in 1978 on two mathematits test packages. We will then discuss the

student and school characteristics associated with high wodified caufion
"indices. Finally, we will examine the school aﬁd census division ?if— '
ferences on the modified caution index; and content differences in items
which contribute to school-to-school differences in the index. ?
DEFINITION AND COMPARISON OF INDICES

For pucrposes of defining and comparing indices%of the degree to which
an individéal's response pattern is unusual it is coanvenlent tc start with
a consideration of a matrix of zeros and ones. A row of the matrix is asso-
ciated with each examinee and a column with each item. Ones are recorded
for' correct fesponses and zeros for incorrect response. Rows and columns
of the data matrix are permuted so that the .items (cplumns) are arranged,
from left to right in ascendiné order of difficulty, and examinees (rows) .
arc arranged, from top to bottom in descending order of total number of
correct answers. The resulting matrix has been called an "S—P" Table
(student-problem table) by Sato (1975). (See!Tatsuoka [Hote 1] for a
description in English.) |

If the items formed a pevfect Guttman Scale (Guttman, 1941), the S—-?

Table would consist of a section with all ones in the upper left—hand

-
SN




corner and 511 zeros In the lower—-right—hand corner. A single step—like
boundarflline would separate the ohes,and the zeroes. In other words,
anyone who responded correctly to a difficult item would also answer all
easler items correctly. There would be no unusual response patterns¥ln
the sense that 1s used for the indices described in thls manuscript be-
cause everyone who had a given total score would have the same pattecn

of responses. Of course, with responses to achievement test items,

perfect Guttwman scales cannot be expectéd.' Consequently, the S-P Table -

will be characterized by a predominance of ones in the upper-left hand

cbénéfbﬁhd ééfoes in”tﬁe i;Qégy;ight—handmé;;&er,7ﬁ;gvtheréhﬁiii be méﬁjw'”
exceptions to the pattern,*i.e., ones In the region where mostly zeroes
are found and viée versa.

A small hypothetical example of an S—P Table with 18 examinees and

5 {tems is shown in Table 1. The solid and dashed lines in Table 1 are

known as the S—curve and P-curve respectively. Thle S—curve (solid line)

is obtained by drawing a vertical line for each row that has . items

(columns) to the left of it where ni.'is the total number of correct

responses for the LEE examinee. The P—curve (dashed line) is obtalned

by drawing a horizontal line in each column such that there are ﬁ.j ex—

-

aminees who answer item j correctly.

“

For an ideal, or Guttman—scalable S—P Table, the 5- and P-curves would

coincide. The degres of divergeuce iundicateg heterogenelity, degree of con-

vergence indicates homogeneity of the response pattecns. Sato (1975) has

\
developed an Index based on the area between the S— and P-curves which is




potentially useful in evaluating the homogeneity of the test (see Tatsuoka,
Note 3). Of greatef interest for our present purposes, however, is Sato's

"caution” index.

Sato's caution index, Ci for the LEE examinee, may bd defined as

follows:
n,., %
Y (L-wu,)n . - u.. o
j=1 ] j=n, +1 o)
= : > (i
Ci 3 ' (1)
- . ‘2 a
ie . 3
j=1 -
2 n.j -1y, 3
j=1
[+
vhere i=1, 2, . . . I, indexes the examinee,

j=1,2, .. .J, indexes the item,

1 1f examinee i answers item j incorrectly,
0 if examinec i answers item j incorrectly,

- the -
total correct for the i — examinee, and

=]
i

nij = tota} nunber of correct responses to the jEE item.

A paralfngindex éor the jEE item maf be defined by simply reversing
the roles of 1 and j in the above equation, but only the person index will
be considered in the present paper. Values of Ci,.and for all of the

indices described below, are listed in Table 1. .

~ The name of the index comes from the notion’ that a large value 1is

” -

associated with examinees that have unusual réqunse patterns. It denotes
that some ;aution may be needed in interpreting a total correct score for
an examinee. An qnusual response pattern may result from guessing, care—
lessness, high ahxiety, an unusual instructional history or other experien-—

tial background, a localized aisunderstanding that iafluences responses to

[}




‘a subset of items, or copylng a neighbor's answers to certaln questionms.

The key point 1s that the caution index provides information about an

a

examinee that 1s not contained in the total score. A large value of the
caution index ralses doubts about the validity of the usual Interpreta-
tion of the total score for an individual. @

A modified form of Sato's caution index, Ci*' was introduced to

yleld a lower bound of 0 and an upper bound of 1. This modified caution i 2

index, Ci*’ for the LEE examinee may be defined as follows:

-

n., %
¢ PR ¢
jzl(l Ty T gma o B ,,
c* = (2)
ooy, J
P o=} n »

By being bound between 0 and 1, the modified caution index ellminates
the extreme scores that are sometimes obtained on the caution index,
especlally in cases where a very high scoring examinee misses a single
ver%?easy item. This is seén as a potential advanta;e of Ci*’

Sato's caution index and the modified caution index have been briefly

described. Both indices provide an indication of the degree to which an

individual's response pattern departs from a norm.

DATA SOURCE AND PROCEDURE

3
o

The data used in this Investigation came from Booklet 4 and 5 given
to thirteen—year olds during the 1977-1978 NAEP mathematlics survey.
Booklets 4 and 5 were selected because they contained the affective démain

items related to attitudes toward mathematics along with the cognitive

items related to math achlevement. Public use data files were purchased

17
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from the Education Commission”df the States (ECS) (Note 2). Individual
responses of 9-, 13-, 17-year olds to background, affective domaiﬂ,nand
cognitive items are recorded for numerous booklets used at each respective

age In the natlonal survey.

Sampling

A deeply stratified, multi-stage sampling design with oversampling
of low-income and rural areas was used by NAEP (National Center for Edu-
catlonal Statistics, 1978; Moore, Chromy, & Rogers, 1974). 1In the first

stage, the United States is divided into geographical udits, including

\

Standard Metropolitan Statistical Areas and counties or éxoups of con- S

tiguous countles. These are stratified according to region and size of
community. 1In the second stage, schools are randomly sampled within
selected first=stage geographical units. Finally, from 10 t§\35 age—

eligible students are randomly selected within schools for testing.

The NAEP test materials are organized into booklets suitable for

-

administration in a single sitting. FEach booklet or “"test package”

contains a collection of items taken by a selected student. 1In the

~
5

1978 mathematics assessment, 11 separate booklets were each administered

to large natlonal samples of 13—yeafLold students.

Instruments

Booklet 4. Affective items in Booklet 4 asked students questions
about how much they liked mathematics and how useful they believed it was.
The list of affective items is given in Exhibit 1, used a Likert scale and

were scored l_to 23 Affective items were recoded so that a value of 5

v

would indicate a greater liking of math or a greater usefulness of mathe-

E3

matics. One additional non-achlievement test item scored "yes,” "no" or
"I don't know" was used from this booklet. The QUeStionbasked of students

was: Do you or your famlly own a hand calculator?

-

T




Ttems from the principal's questionnaire inciuded 1in this study were

the school slze, type of school (public vergus privaté Catholic), percent

) ©

,of students black, number of students qualified to receive Title I and
the percentage of students attending school whose parents are professional

personnel, skilled workers, unskilled workers, farm workers, not employed,

-

and on welfare. -
~

Cognitive items from Booklet 4 were categorized in terms of thelr
P N

content and format into four categories: arithmetic, geometry, tables

and graphs, and miscellaneous. The listing of the cognitive item numbers

—f— -~ -lnto-thetr- "Ee‘s'pveG—Gi-Ve—Ga-Eego-r—i-e—sui-s--g_.-i»ve.n_l.nMAp.pé_ndi.x‘ Bow

Booklet‘S.’ Affective items in Booklet 5 consisted of statements to
which respondents indicated the easiness, importance and the degree to

which they liked mathematics. Exhibit 2 provides a listing of affective

© o

domain items glven in Booklet 5 which used a Likert scale and were scored

1 to 5. The items were recoded so that a high value would indicate a

greater amount of the domain being tapped. A similar additional affective

-

{tem was used from Booklet 5 as well as the items from the principal's
questionnaire that were used from Booklet 4.

The cognitive items from Booklet ; were similarly categorized 1ntd the
same four categories aé Booklet 4. A listing of the_cognitgye item numbers

and respective ltem category is given in Appendix B.

Reliability of Affective Domain Scales

The affective items listed in Exhibit 1 were classified into the Like
Mathematics scale and -the Usefulness of Mathematics scale. Reliability
analfses of these scales were conducted yielding'a éronbach coefficlent
alpha of .49 for the Like scale and an alpha of .67 for the Usefulness

scale.
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& The affective items listed in Exhibit 2 were classified into elther

the Importanée;”Easine333"and~Like-sealesa;uReliahilitl~éﬂéli§§§m9ﬁl539§3~_ :

scales were conducted yielding'a Cronbach alpha of .71 fé?fthe Importance

scale, .66 for the Easineég scale and .69 for the Like scale.

Each of these scales along with tge student backgound and school
varilables were used for.the correlational analysis with the individual
cauéion indices computed on all cognitive items, and on subsets of arith-
mgtic and geometry items.

- . .

Data for Secondary Analysis

___The data tape provided by the NAEP contains information on 2,437 and
2,462 '13~year-olds reséonding to quest;ons on Booklet A.and Booklet 5,
reSp;Ctively. Each sample is composed of an almost equal number of boys
and girls, $0.8% boys in Booklet 4 and 48.5% boys in Booklet 5. Most
studed;s were attending a pubiic school (87.27%-—Booklet 4; 89.97—-

Béoklet 5) as compared to a private school. The méjority of the sgudentsa
" are white while blacks and other raclal groups afe‘represehted. Most
parents of stud;nts in each sample were blue-collar wquers, clerical or
skills workers, somewhat fewer were classified as proféssional; managerial
or farm Qorkers. For eagh of the booklet samples, parents of approximafely
12% of the sample were on welfare while approximately another 7% were not

vegularly. employed.

Data Analysis

-

B Y r
Computer programs were written in FORTRAN IV to compute the individual

and item caution indices. Statistical programs from Statistical Package
for the Social Sciences (SPSS) (lNie et al., 1975), Statistical Analysis
System (SAS) (SAS User's Guide, 1979 Edition), and Fian's MULTIVARIANCE

were used to answer rthe research questions.




The-NAEP sanpling procedures requira that individual welghting pro-

2

cedures be used to reflect the representative target population. In order

to obtain tunbiased estimates75EAp6bﬁiiffﬁﬁ“ﬁgiﬁé”ﬁé“fﬁﬁk‘thé‘indivtdua% e

[

weight value supplied by NAEP ou‘the tape file and created a weizhted data
file with observations being weighted in inverse proportion o their proba-
bilities of being iﬁcluded in the sample. All correlational analyses wefe

based on the weighted data file for the sampling design, and therefore the

iresults apply to a representative population of students~in the United

States (Moore et al., 1974). For school analyses, a weighted procedure

was followed as outlined by David Wright (1981, p. 30) which would assure

the representativeness of our nations' schools.
RESULTS AND DISCUSSION

o

Booklet 4

A stem-and-leaf display of the percentage correct values on the 68
éognittve items used in Booklet 4 is giv;n 1h Table 2. The numbevs in
the first column, which is iaheled “stem"” list the ten digits for the
percent correct. The numbers to the right provide the units digit and
two deciﬁaluplaces for i;dividual items. For example, the easiest item
was answered cérrectly by 97.17% of the test takers. This is denoted in
the Ei?st row of Table 2 by the stem of 90 and 5 leaf of 7.17. The fre-
quency of 1 indicates thaﬁ only one item was aaswered correctly by more
‘than 95% of the test takers (the second row lists perceat correct bet;een’
90 and\QEfi: ) . e
Asvcan\Qg seen in Table 2, the item difficultiles ranged-in percentage
correct from Q\Eb\g7%. There are a large number of relatively difficu}c

{tems. Thirty one of“the 68 items, for example, are answered correctly

by fewer than 40% of the test takers. Appendix A provides for each item
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the percent éorrect» the polnt-biserial, Sato s caution 1ndex, and the
modified caution index. Two ltems were 1dentified with modlfied caution

-~ 4ndices-over .5 .suggesting that an unexpected 1arge number of low pec-

— T, -

forming students are answering these jtems correctly. The means, standard
deviatiohs, andlcorrelations among the four—item statistics are giveh in .o
Appendix B. A high ﬁegative‘éorrélatibn w;s found between the polnt-
biserial and each of the caution 1ndices. The extremely high correla- '
tions amodg the caution indices fdr the items (.99) is not sufprising.

G ©

The two indices yleld nearly 1identical information about the items.

- W wm wm - ww e wm e e mm = e

The‘intercorrelations among Sato's caution index, modified caution
index and ;otal score for the total set, and two subsets of items are
reported in Taﬁlé 3. The cortelafibns among caution indices 15 .98 or
higher for all three sets of items. The correlations of the caution
indices with total test-score vary from being small negative (-.31) to
small positive (.12). These éorrelations are consistent with other evi-
dence that Suégests fha; the sién and magnitude of the correlation be-

‘ . ! .
tween total scores and caution indices varies as a function of the
skewness of the total test score dtstrtbu;ton. No significant relation-
ship was detected among the caution indices for differing sets of 1fems.
This was a very 1nterest1nglfinding never.previously réported, which
~ suggests gither that the caution indices provide unreliable information

or that the Information is quite content specific. Results reported

below are most consistent with the latter interpretation.

- e wm mm e em  wm e e=  ww e~ e e
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The scattarplot for the modified caution index computed over :all
items with the total score is shown in Figure 1. The negative relation—

ship between the modified caation index and total score can be seen in
. P
the scatterplot. The presence of high caution indices for individuals

with low total scores could possibly result from a combination of factors

including guessing correctly on one or more of the very difficult items,
irregular study habits for low achlevers, long-term absence from instrue-

tion, wide range of item difficultlies on the test, teachers stressing
t
problem solving activities which improves student performance on the

°

type of mathematics exercises that are considered;the most difficult’ for—

¢

‘the nation, and teachers not covering parts of the curriculum that are
in the NAEP assessment of mathematic achievement. A maximum value gf

.56 was given the individual with the most unusual reSponse pattern.

Ed
“

No one with a total correct scdre'of 25 or.more had a caution index
'higher than .40, whereas 35 of the people with total scores less than

25 had caution indices exceeding that value. ) )

- e e e e e e wa wa = o e e -

The scatterplot ;ot thecmodifiéa ca&??bn index,tomputed for the
arithmetic items with the total score {is shoén'in Figure 2. One student’
performing very well on these items.missed a very easgy item contributing
. to the 1argest modified caution index of all at .8l. The scatterplot
reveals the negative relationship between the modif%ed caution index vélug

.

and the total score. Simllar factors as reportéd earlier could possibly

14
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An interesting change in.the relationship can be seen in the scatter—

.
&

plot for the modified caution index computed for the geometry items with
the total score for geometry items (Figure 3). A positive but near zero

relationship is found between t. 2 modified caution index for geometry and

the total geometty score. This change’ in relationship from negative to

positive suggests the strength of the relationship between the modified

" et

caution index and the total test score is . confounded by the nature of the

total score distribution.

- e e wm mw am e am wm wm —a = = e

< Insert Figure 3 about here
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of particular‘importance aad seen in the scatterplot of modified

cautioun indices codputed for the arithmetic and geometry items given in

Figure 4, is the small positive near zéro relationship among the modified

caution indices across tHe two domain of items. This result suggests

o

‘that unusual response patterus for individuals are not consistent across

item domains.

— - am - e s s am e e = e e =

Since Sato's caution index was correlated .99 with the modified

caution index, we will drop reporting of Sato's caution index in favor ofé?f

the modified caution index which is bounded at O andhl. School variables




o

that were significantly Corneléted in thehpositlve direction with the
modified caution index for the total set of items were percent of com—.
aunity ou welfare, percent of community farm»workérs, perceat of eom—.. .

o v o .

. aunlty black, and number of students qualified'to recelve Title I and

P
.

are reported in Table 4. School variables that were significantly cor-
related in the negative direction with the modified caution index for
the total set of items were percent of commuﬁity profession workers,

percent of comgynity skilled workers, and type of school.

Insert Table 4 about'herzf T ‘ .

-—_——.—-—-‘—.-._.—;

o gignificant gender differences were fouﬁy/;ith the modified caution
. L
B . . \
index. However, the results all consistently show females as having lower

caution values across the different item sets. . %,

The Like Mathematics scale revealed no significant relationship with
the cautioan values while_the Usefulness of Mathematics scale showed a
significant negative relationship with the caution index. Students per-—

‘ cef@ing mathematics as not very useful were students with high caution

indices. . . Co-

“ -

.

Since the caution indi¢es were substantially.cornelated with the total
‘ score, pa;tial correlations of'school and student background were computed> N ;
"ﬁ controlling for the respective Fotal test score. The partial correlations
are given in Table 5. Significant posltive”partial correlations were found
with the modified caution 1n&ex for the total set of items’on the following
variables: percent of commdnity farm workefs, percent of community_black,
and numhetr of students qualified to receive Title I. Significant negative

partial correlations weré'found with the modified caution index for the

5
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Aotal set of jtems on ‘the following yarlables.

%//

- census, divislon Vit

‘variable.

percent of community

~—

gkilled or unskilled workers, and the usefulness of Mathematics Scale.

- ' [

et e

o

The results of the analyses of variance and gf govariance (ANOVA

_for the total set of items and for
. ) .
the caution index varied significantly on the set -

and AQPOVA) are given in Tahle 6.

the arithmetic items,

of four variables investioated community size, race—ethnicity,~grade'

level, and census division.  The "ANCOVA results, where we controlled

for the tota1 test score, revealed only one variable with a significant

main effect remaining. This significant effect was for the race—

L

ethnicity variable indicating that the differences in caution indices'

were still signiflcant between groups of students classified on this

-

The results from the ANOVA for the geometry set of items revealed

-

that the caution index varied Significantly on onl§ the race—ethn(city

o

variable. The ANCOVA re3ults after controlfﬂng for the total geometry

‘score revealed significant differences both on: the racc—ethnicity and, the

-
! -

\‘ . . ) ’
To illustrate the varying distributions)of caution indices by total

able.

score for specificosubgroups we prepared Box and Whisker Plots.”™ A box

17

ahd whisker plot@provides a graphical picture of the location of the 25*—,

th

150~—; and 7)—hwpercentilp score with thg range of values p13§ the mean

-

-
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* An interesting pattern of results can be seen in eégh of these figures; that

valuée.. The' box represents the” middle 50% of the values while the whisker

1 .
PR NS

or tails extending from the box répresent the‘lower and upper quartile
. gL . .

values. Values of 0 on the box and whisker plot indicate the probability

N Cea L i s . §
occurrence és‘% chance out of 20 while an asterisk indicates the proba- ~
AA . ’, - ‘.@ . r' )
bility of occurrence at 1 chance.out of 200. "

N

The total test score interval for the total and arithmetic set of

itens were split into deciles while the test score 1nterva1 for the geometry

set of items was split inﬁg quintiles. Box and°Wh15ker plots of the nodi-

fied caution'indgx.fér_blacks and whites by their test.performance level

are given-in Figures'S, 6, and 7 for the' total arithmetic and geometry set
2 : \ . “-.'-
¢ .- .
of 1tems respectively. Blacks across each of three total test intervals
- s ! . - [ ]
for each decilg have higher caution indices as can be seen in Figures 5,

6, and 7. » < ' . .
;. Ingsert Figures 5, 6, and 7 about here

- e wam wmh e em mk s em e e ms R e s S = -

¢

. , , &
ﬁoxﬁand whisker plots of the mpdffled pautiqL index values across the

0

-~ o

test score performatce levels for males and femaéeéaafe"given in Figures 8,
3, and 10 for the total, arithmetic and geometry set of items, respectively.

13, the females of a low abiltt;\%gvel have lower caution vaiueéTQhén halés

of equal ability while females of a hiah ability level have greater caution
’ ° “

indices- than malps of equal ability. The midepread (i e., fhe dtstance from

the 25—3 to the 75—— percpntlle) of caution:indices for the students

1n'thé first dgcile are-abou; one and a half times the midspread througho&t

the remainlng/dectlesk




Box and whisker plots of the modified caution index values across the

test score‘performance levels for two .groups formed based on a median split
of the Usefulness of Mathematics scale are given in Figures 11, 12, aég 13

for the total, arithmetic and geometry set of items, respectively. At the

v

extremes of the test score intervals higher cautioa values can be seen for
students expressing little usefulness of mathematics compared to students
who expressed a great amount of usefulness of mathematics. No apparent

differences between groups formed.based on the usefubness of mathematics

S

could be seen in the middle regidn of the Eéstes;ore interval. . R

wn e me we em mm cm mm mm ew wm e am e e mu wm wm @ = -
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3 Insert Figures 11, 12, and 13 about here. -
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Bog.and whisker ploté‘of modified caution index values were also
obtained and inspected for a high and a low group of students based on
~a median split of the Like Mathematics scale. No major differ;nces were
found that“would neéessitaté their figures to be iacluded.

Since the differences-%n modified caution index values nqted on the

box and-whisker plots for blagks andehiges could be fhfluencgd’by total.
test score, we evaluated the ;esidualé remaining after regressling the
.modified caution index on total test score. Box and whisker. plots ;f the
reslduals across the test score‘intervalsfare éi?en for blacks ;nd whites
in Figures 14, 15, and 16 for the total, arithmetic and geometry set of
1teﬁs: The patcern of blacks'higher reéiduals:can ﬁé_seéh in the figpres
écrosé.all'tﬁreé tesﬁ score-intervais. -ThiS'battérh of.differedceéfin

. - - )
response patterans between blacks and whites after controlling for test

score Indicate that groups of students differ in thelr response patterns

.even after adjustlng for differences in “total correct scores. On average,

28 .
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the response patteras for black students are less consistent with the
national norm than are the response patterns of white studeats with com-
parable total number correct scores.

—e o e e e - mm e e ww o e e = = = e e

; Insert Figures 14, 15, and 16 about here
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School and Census Division Differences on Achievement and on the Modified

Cautlon Index

To determine the variation in achievement and modified caution indices
that can be explained by census division and school differences within
census divisions we divided the variation among tbé pupil's achievement
test scores and modified caution index values into a between-census divi-
sion and a within-census division component. Table 7 shows the perceat
of varlation explained for pupil's mathematics achievement and modified

caution index valYueés on the total, arithmetic and geometry set of itens.

P e e T

We will now focus on the results of the varian;e deconposition of

the mathematics achievement total cofrect scores and the‘modifled cautfion
index for the total, arithmetic and geometry set of items. Betweeu census
division variance on achlevement ranged fioum 2.5% of total variance oﬁ the
arithmetic 1tém5-fo 3.5% on arithmetic items. Schools within—census divi-
sioa achlievement variance ranged from a high of‘25 5% on geometry 1tems to

a low of 22:52 on aritnmetic items, For the total set of items Ab of the
total varlaance was explained by between census dlvislon varla?g§"quN28.ZZﬂ’

explained hy schools‘within census divis{on.“"C1éér1y,'there are sizeable

X e T -
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between school differences in achlevement, a result that éould have been
éredicted with great confidence without the analysis. But it 1Is also
clear that the within school variability in achievement accounts for a
much larger fraction of the total variation.

Betyeen census division variance on modified caution indices ranged
from .05% of the total variance on arithmetic items to .437 on geometry
items. Schoolé within census division modified caution index varlance
ranged from a high ofn7.8% on arithmetic items to a low of 1.9% on
geometry ltems. Schools within census division expiéined 11.8% of the
total variance whilé only .8% was explained by between census divisions.

~

The between school variability in the caution indices 1s noticeably less

than that for total scores. Nonetheless, there are.sizeable between
school differences in caution indices for the total set of items and for
the setAé;’é;ithme;ic items. These between school differences suggest
signigicantg&ariation‘between schools in content emphasis. «

e moﬁified caution indices for éil three tests were used as de-
pendeﬂ; variableé in a hierarchical ANOVA. The first factor is the
nine different census divisions of the nation. School is the second

factor. This factor 1s nested in census divisions, while students, the

third ffactor, are nested within schools within census divisions. The

results of these analyses are summarized 1n Table 8. The cchools within

census|divisions 3, 6, 7, and 9 have significantly different modified

caution indices on the total item set.

-y u
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The mean caution indices on all tests for the 13 schools inrceﬁsus divi-
sion 6 and 15 schools in census division 7 are reported in-Tables 9 and 10
respectively. The range of the school mean nodified caution indices is .15
to .27 on all items. The relatively wide range of modified caution indices
for schools wtthin these census divisions suggests a high®degree of varia-
bility of item response patterns. These large differences as noted in
Tables 9 and 10 may well be a function of the curriculum. The school efgects
are slgnificant for all indices, which reveals that certaln schools may not

have ccvered segments of the content sample on the test, or that they may

have given less than typical emphasis to some of the content.
. t

The significant schools-within~census division effects denote the | o i
high degreé‘of variability of student pefformance in schools wi£hin
certain cenSu; divisions of the country. Curriculum offefings may very-
well contribute to tﬁese large differences. To explore this posslbiiity,
we conducted a more detailed analysis of response patterns of students
at schools within census division 6 and 7 following the approach used

by Harnisch and Lian (1381). This study was designed to identify the

subset of ltems which contribute most to the caution indices for the

use to descrlbe ;ntque patteras of perfofmaﬁée E} item content. Various
patterns of-performance éuggesf differences in content covérage that
make the test less appropriate for some scﬁoals thaq otherg.

:thoois from cén§u$ d?visién 6 and 7 with 10 or‘ﬁdre‘gtgdents were ‘

evaluated for unusual response patterns. The p-values, 1l.e., the pro-

portion of students who answered an item correctly, were computed for

e
st
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each school on each of the,gS items. Since school mean performance on
the test ls directly related to the p-values on the items, a linear re-
gression was perforamed on the p—-values fot each school with the p-éﬁlues
froh the nation. The regression equation was used/to compute the ex-
peoted proportion correct on each item for each school. Residual scoies
were oomputed slmply by subtraction of expected from observed proportion:
correct on each item for each school.

Items were categorized in terms of their content and format in order
to find clues aboutythe possible reasons for the large differences in
the residuals. The mean of the residuals for each category was then
standardized by dividing by the standard error of estimate. Finally,
the standardized mean residuals were multiplied by the square\root of
the number of items 1n the content category as a means of weighting the
standardized mean residuals according to the number of 1tems in the
category. The resulting %eighted standariized mean residuals, which are
analogous to critical ratios, were used to compate the items in dif-

ferent categories. Thesge results afe reported in Tables 11 and 12 for

the two census divisions.

An entry in Table 11 or 12 greater than 2.0 in absolute value indi-
" cates that items 1in that particulaf category are much easiet or much
harder for students in that school than would be expected from their
aoverall performance and the relative difficulty of these items for the

national sample as a whole- Five of the content cateoories for schools

within census division 6 have entries in Table 11 greater than the 2.0

"
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absolute value for one or more schoois. Seven of the contenr categories.
for school within census di&isioné7 have entriles in Table 12 greater
thae the 2.0 absolute value for one or more schools. The one category
of jtems in which two or more schools from either'censﬁs division 6 or 7
. had large entries was sign numbers. For 'schools.within census division
6, the large positive entry (3.88) for School 2 for the sign numbers
stands in marked contrast to the large negative wvalues for Schools 3 and
4 in this category (-2.45 and -2.23 respectively). This suggests the
hypothesis that the use of sign numbers may be quite common in School 2
but rare in Schocls 3.and‘ﬂ. Similar hypotheses are suggested by the
other large values in Table 11 and Table 12. ' ’
Booklet 5 |
A stem-and-leaf display of the percentage correct values on the
R 63 cognitive items used in Booklet 5 15 giren in Table 13. The‘item.dif—
ficulties ranged in percentage correct from 2 to 95%. Twenty of the items
are answered correctly by greater than 702 of the test takers while nine-
teen of the items are answered correctly by fewer than 407 of the test
takers. Appendix C provldes for each item the percent correct, the point-—
biserial, Sato's caution index, and the modified caution index. Two
items were identified with modified cautioc indices over .5 suggesting
that an unexpected large number of low performing studeets are answering:
items correctly. The means, standard deriations,'aqd correlations among
the four-item statistics are given in Appendix D. The caution indices
\correlated as low or Iower with the percentaae correct as compared with.
' the; ccrrelation of the point~ biserial with the’ percentage correct. The
! correlation of the cautlon indices with the‘point bieerial was a higH

_“negative value. The extremely high correlations among the caution indices

R
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for the items (.00) is nor surprising as was noted earlier with reference

to Book & items. It can be stated that the two indices yield nearly

~identical information about the items.

- ot o et wn e wm ws ms ws ws m

- mr s ms m m s e e s ms et m =
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The intercorrelatiqns among Sato's caution index, modified cautionv
ladex and total score‘for the total set and two subsets of items are
given Ln Table 14. The correlation among caution indices is .99 for all
<thrée_sets of iftems. The correlations of the cautioa indices with total
test score varies ffom being small negative (—.21) to small positive.(.Ol).
The correlations between the caution indices and total test score for
grifﬁmetic and geometry iﬁ;ms are nearly zero. Since the relationship of
caution indices with test score overall items is negative, this suggests
that the non-arithmetic and non-geometry items are contributing substan-
tially to this corrélafion. The relationship of caution indices across

different item subsets was nearly zero. This concurs with our finding

from Book 4 and suggests that the information is quite content specific.

_ The results reported for Book 4 and the below are most consistent with

this interpretation.

- v wa m w8 et e s wn mr = = =

Co . c \TH t . - N .
The scatterplot for the modified caution: index computed over all

" {tems with the total test score 1s shown in Figure 17. 'The swall negative

relationsﬁip of modified caution values with the total test score can be

- - -

seen in the scatterplot. As noted earlier; and worth repeating, is the

B
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notion that high éaution'indices“forlindividuals can result from a com-—
bination of many different factors. ‘fhese 1argé caution indices possibly
result from a student guessing corrgctly on one or more of the very dif-
Ficult items: irregular study habits for low achievefs, long—~term absence
from instruction, wide range of item difficulties on the test, teachers
stressing problem solving activities which improve student performance

on the type of mathematics exercises that are considered the most dif—
fiéult for the nation, and teachers not covering parts of the éurricqlum
that arefin the NAEP agsessment of mathématics~achieve§ent. Afﬁaximum
value of .58 was given the individual with the most unusual response
patterﬁ- No one Qiﬁh a total correct score of 28 or more had a caution
1n&ex higher than .40, whereas 6Aof the peoble with EotaI scores less

than 28 had caution indices exceeding that value.

- et we e s s e ws wms ms e e =

—~ - e e s s e s s ms wm e am e e

The scatterplof for tﬁe modified catuion index computed for the
aritﬁmetic items witﬁ the total score is shown in Figure 18.. One student
answering qnly two items correctly and. perhaps nearlyvtﬁe most difficult
arithmetlc items had the largest modified caution index value of .88.

The scatterplot reveals a b;oad range of modified caution values across
the test score interval with oniy a few unusually,higﬁ values spread

across the test score distribution. A host of factors as noted -earliect

1‘coq1d possibly help to explain the diffecent response pa;;erhs.

- o mm m a ee e s s am  w am  =

e ———
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.Tne scatterplot for the modified caution index computed for the
geometry items with the total score for geometry items is given in
JFigure 19. The scatterplot reveals the near zero relationship between
the modified caution index and the total geometry test score. Mcdified
‘caution ladex values exceeding .90 are found for five students scoring
nine or above on the geometry itens. The‘near zero ‘relationship as seen
from the scatterplo; indicates that‘the caution index valuee are pro-—
viding us with new laformation not contained,in the.total tegst score.

An 'interesting area of research is trylng to understand:the factors
associated‘with studen;s that have large caution values or schools with

£
large numbers of students who have large caution values.

- e mm wm ww = e wm e eh  ew  am ew =

No systematic relationship was found between the modified caution
1ndex computed on arithmetic ftems and the modified caution index com—
%uted on geometry items. The scatterplot that reveals this near zero

relaéionship is given in Figure 20. An individual with a large caution

value on one subsget of iténg\:s not necessarily golng to have a large

.ceution value on a different set of items.

- e w e wm wm we me = e ew  ew = e

o e e e ww wm wm ww wm wm ww wm e e
.

Since the relationshxp between Sato 8" caution index and the modified’

-
T W

caution index was ‘nearly one, we will continue reporting only fhe modified

AN
N . . «

caution index since it 'is bounded ac 0 and 1. The correlations between a - |

\

set of school, qtudent hackoround and affective domain variables and the

t




nodified caution index and total test score are given in Table 15 for the
total, arithmetic and geometry sets of items. Sex is found to be the
variable most associated:with the caution indices. Females displayed

.

consisfently lower caution values across the different item sets. The ’
> :
two school variables found to be associated with modified caution index

values are percent of community on welfare and perq:nt of community black, ,

each in &« positive manner .

- an e et ms e wms ms = ms am wm we ! e

For all practical purposes, no g}gnificant relationship was found
between the affective domain scales and the modif§ed caution index. How—
ever, the validity coefficients for all the affective domain variables
with the respective total test score are all positive and range from
.06 to .31. The easiness of mathematics scale consistently correlates
f20 or highér with each*of the total test scores.

The results of the ANOVA aﬁd ANCOVA are reported in Table 16. 3ig-
nificant differences in caution indices for the total sgtvof items were
" found for groups formed based on their race—ethnicity and grade 1evei
variables. No significant_differenceé were found between groups for Ehe

modified caution index computed on the arithmetic items. On the geometry

items, the three variables found to indicate larée between-group dif-
ferences on the modifiéd caution index were comﬁunity size, race—ethnicity
and census division. The ANCOVA results on the geumetry items, where we
_conﬁroiledfﬁér the toE@l geometry tes;vscéfe, re@ealgd sigpificant‘between—

gtqﬁﬁ differences on each of the three variables noted above. On the

.

©
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L |
‘other haﬁd, the ANCOVA results on the total set of items revealed no sig-

nificant between group differéﬁces after controlling for the total test

score.,

Insert Table 16 about here 3
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The distributions of caution 1nd1ceslby total test score for specific

subgroups were obtained and 1ﬁspected. Box and whisker plots were pre-

' pared to illustéate“the conditional distributions of caution indices for
the total test score interval split into deciles for the arithmetic and
total set of items while the geometry test-score interval was split into

quintilgs. Only two of these.plots will be included.

Box and whisker plots of the modified caution index values across

the test score performance levels for males and females are given in
Figures 21 and 22 for total and arithmetic set of items, respectively.
The pattern of results shown in Figure 21 1is consistent for the males

a .

across the test performance levels with males having g7eater caution

©

indices. For the arithmetic set of items, a similar péttern of results
aré found ;t the extreme:performance levels while gome moderation of
differences in caution indices occurs‘at the middle range of the per-
formance levels. ‘ ] i

- ew = s am o T s e s em s e m wm am  am

School and Census Division Differences on Achievement and on the Modified

&

To determine the variatlon in aéhtevgment and mod{f[ed caution indices

that can be explalaed by ceasus division and school differences within

[3

.‘ L

o0t




census divisioné‘weuaivided the variation among the pupil's achievement
test scores ‘and modified caution index vélues into a between-census divi-
sion and a withih-censu%qdivision componeﬁt.l Table_l7'shows the percent
of variation expléined for pupil's mathématips.achievement and modi%ied

caution index values on the totai)'arithmetic and geohetry set of items.

s

- e mm s mm e = ew w® mm o o = =

The variance decamposition of the mathematics achievement total

correct score for the total, arithmetic and geometry set of items into:
Q

a betwe®Bn census divisions component and a schools within census divisions

revealed similar percentage patterns as were fouad with Book 4. Between
L s . ! ,

census division variance on achievement ranged from 2.0% on the geometry

items to 4.3% on the arithmetic items. Over two times as .much of the

variance in achievement was explaiﬁed for the arithmetic items compared
. ) . -
to the geometry items with the schools within census divisions ‘component

of variation. PFor the total set of items 5.2% of the total varlance was

G

bexplained by betwaen census diiision variance and 23.3% explained by
schools within census diQislom. In each of the subsets and also for the
total set of 1tems the percentage of variance occurring within schoéls
is muchngreatér than between schools,vregealing a wide range of 'indi-

vidual differences witlin schools.
- <Q

The schools within census division modified caution index variance
was néarly the .same on the arithmetic and geometry set of items, 2:7%

v .

and 2. 3Z respectively. For the total set of items, schools within

PR ’ .céensus dlvision explalned 3 5%.0f tne total variance.‘ Différences htr

[RY

: tna between” school level on the caurton indices suggest sloniflcant

N

- .

varlatton between schools in emphasis given to the subject matter.
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. T The mod}fied cautidn indices for all three tests were used as de~-
o v i ' . f , *
pendent variables in a hierarchical ANOVA. . The first faetor is the nine
N . 1

differen® census divisions of the pation. School"is the second factor. . \
v . . e . ; . )
This factor 1is nestedbin &ensus divisions, while ptudents, the third ?

Lt -~

factor, are nested within schools within ceasus divisions. The results

of these analyses are summarized in Table 18. The schools within census

[y - £ ’ )

divisigns 2 and 9 have significantly difﬁerent modified caution indices-
on the total 1tem‘set. For the geometry item s°t, schools within census -

divisions 1 and 3 have significantly different modified caution Indices.’

¥

-
- am s o mm cm e wm em wm e e e wm

. . D i
The mean caution indices on all tests for the 8 schools in census
. . ﬂ

division-1 and- 21 schools in census division 9 are reported in Table 19

’ <

and 20, respectively. The range of the school' mean modified caution
‘indices is .03 to .25/on thée geometry set of items for schools in census .

. diviston 1 and .11 to .28 on the arithmetic set of items for schools

.. ~
—

within census divisioanl Thé relatively wide rihge’of modified'caution

indices for schools within these census‘divisions suggests a high degree

of variabili&x of item response patterans. These 1aroe differences as
L)

noted in Tables 19 and 29 may well have been a function of the curricu-

lum. The school'effects,are significént for all indices, which reveals

-

that certain schools may, not have covered oegments of the content sampled

/
on the test, or thag they. have given less than.typical emphasis to some

A A\ .
/‘ of the content. . ' _ :
- ' » . ' N . t ’ : .'.

¥ .Insert‘Tables 19 and 20-about hére mj )
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The significant schools-within-census division effects denote the

high degree of varlability of student'perforﬁance!in schools within

certain census divislons of the country. Curriculum offerings may very

well contribute to these large differences. To explore this possibility,

r

‘we cénducted a more detailed andlysis of response patterns of students

at schools within census division 1 and 9 foilowing the approach used by
Harnisch and Linn (¥981). This analysis was designed to 1dent§fy subsets
of items which contribute most to the caufion 1ndicés for the respective
schools. The angiyses of these Subsets'of items were used to describe
unique‘patterhs of performance by item content. Various patterns of per="
formance s:ggest‘differgn:es in content coverage that make the test 1es;
appropriate for some schools than others.

Schoélg from census divisioné 1 and 9 with 10 or more students were
evaluated Eor‘uﬂgsual response patterus. The p—valueé, i.e., the propor-
tion of students whg anéwered an 1temrcorrect1y, were computed for each
school on each of the 63 items. Since school mean performance ou the.
test is directly related to the p-values on the items, a 1ingar-regres—
sion was pérformed on the p-values fog each school with the p-values from
the nation. The regresslon equation was used to compute the expectea
proportion correct on each item for each school. Regldual scores were
computed Qimply by subtraction of expected from observed proportion
correct on each item for each school.

Items were categorized in terms of thelr coanteat and format in‘ofderaf
to find clues ab&ut the possible reasons for the large différences ié_the

e

residuals. The means of the residuals for each category were then

— . ‘ .
standardized by diéIﬂiqg by the standard error of estimate. Finally,

.the standardized mean reslduals were multiplied by the square root of

'
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the number of items in the content category as a means of welghting the

standardized mean residuals according to the number of items in the cate-

&4

gory.~ The tesulting-weiéhtedwstandatdized mean—reslduals; which—are - —-
. ?

‘analogous to critical ratlos, were used to compare the Ltems in different

categories. These results are reported in Tables 21 and 22 for census

dlvisions 1 and 9, respectively.

B I T T T e I i

Insert Tables 21 and 22 about here

B e R I S R

An entry 1in Table 21 qr‘22bgreater than 2.0 1n absolute value indi-
cates that Ltems 1n that particular cateéory are mucb easier or mu;h‘
harder for students in that school than wouid‘be eipébfed fr;m thelr over-
all perférmadce and the relatlve difficulty of these items for the national
sample as a whole. Fize of the content categorles for schools within
census division 1 have eantries 1In iable 21 greater than the 2.0 absolute

]

value for one‘of more schools. Story problems 1s the only content cate-
gory that does mnot have eatries gre;;er than 2.0 absolute value for one

or more schools within census division 9. Thehfractlons—to—decimals cate-
gory of items had three or more schools from either census division 1 or
9’w1th large entries. TFor schools within census division f, the large
positive entry (2.81) for School 1 for -fractionsgto-decimals stands in
markéd contrast to the large negative value for Schools 5 and 8 in this
category (-3.09 and -3.35, respectively). This suggests that th; hypothe-\
sis that tﬁe practice qf transformlng fractions to decimals may be quite

common%%n School 1 but rare in Schools 5 and 8. Similar hypotheses are

" suggested by the other large values in Tables 21 and 22. Thus, one would

expect that speclal emphasis is placed on performing calculations in

Schools 14, 16 and 19 from census division 9. ;
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. Gato's—caution-index—and-the modifted cautionindex were each com=

SUMMARY AND IMPLICATIONS

puted for the students and the test ftems from two test booklets from the
1978 math assessment for the 13 year old sample. The correlation between
the modified caution index and Sato's caution index was nearly one both

for the indices computed for the students and the problems. The remainder
of the analyses focused on reporking the variables associated with the
modified caution index. <Comparisons of subgroup caution index values
were used to identify student background characteristics that were asso-
ciated with unusual response patterns.

Near zero correlations were found betweéﬁ the cdution indices com-
puted for different subsets of items. Further anaiysés revealed that
the ifnformation contafned in the modified caution index was quite content

specific rather than providing unreliable information about an individual.

Significant gender differences were found on the caution Indices
. N

revealing that females tend to have smaller caution values acro§é~the’
total test score interval. Significant raée—ethnicitx differencesKWere
found on the caution indices with blacks having larger cautioﬁ values
across the total test score interval.

Significant differences 16 cautiqn indices, namely lower values,
were found assoeciated with students haviqg a percgption that mathematics
wasrnot:Qéry usefyl. This relationship was quite apparent throughout
the total test score Interval.

Diffe;ences in response patterns at the school level were’identtfted
and specific subsers of items were identified as contributing Eo these

large caution values. The association of subsets of items with large

cautinn indices at particular schools has potential diagnostic value.

34
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While numerous reasons may be given to explain the school differences

in caution indices it 1s quite plausible that the differences in response

patterns result from variability in content coverage and emphasis. This

possibility deserves further study.

From a research point of view, it would be most interesting and in-
formative to extead the analysis Eo the National Assessment of E&Qcatioﬁal
P;ogress sample, of 9—band 17-year-olds to make further comparisons of sub-
groups on the caution index values as well as identifying studene back-
gtound characteristics that are assoclated with students having unusual
response patterns. ' : ‘ : ~

Differences iIn response pattecrns found in this study’ indicate that
there are 1ndividuals for whom the total tést score conceals-systemafic
deviations from the typical pattetn of responses aqd may be wmisleading.
fhe results also suggest that thefe are schools\with curricula. that do
not match the test content. Formation of a contingency table as 3ug-

\
gested by Sato (1975) for the caution index along with the }otal test

1N o
score can be used to 1dentify students who need more study, who make
careless mistakes, who possess sporadic study habits or 1nsufficient
" readiness or who are doing everything fine. Schools can similarly be

identified as having in general one or more of the above categorles of

students.

YaN
(SN




36

Notes

1. Tatsuoka, K., & Tatsuoka, M. M. Detection of aberrant response patterns

and their effects on dimensionality. (Research Report 80-4) Urbana, IL:

~“Universlty of Illlnols, Computer-based Education Research Laboratory
1980. ' ‘ '

~

2. Public Use Data Tapes can be purchased from:

Department of User Services ‘ _
Natlonal Assessment of Educational Progress
Education Commission of the States

1860 Lincoln Street, Suite 700

Denver, Colorado 80295

3. Tatsuoka, M. M. Recent psychometric de&elophents in Japaﬁ: Englneers
grapple with educatlional measurement problems. Paper presented at the
ONR Contractors Meeting on Individualized Measurement, Columbia, MO,
1978.
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Exhibit 1

Book 4 Affective Domain Items

Like Scale Items

1.
2.
3.
74.
5.

6.

8.

Feel

Feel

Feel’

.Feel

.Feel

Feel

Feel

Feel

e

like taking mathematics tests

like doing mathematics homework

/'__/____

!%Bé_hglp1ng—a~c&assﬁ§f€‘33—;éthemat1cs

1ike playing mathematics games

like listening to teaéher explain math
like watching teacher work at the board
like using hand calculators in math

like using a computer in math

Usefulness Scale ltenms

Feel

" Feel

Feel
Feel
Feel
Feei
Feel

Feel

useful to take mathematics tests -

useful doing mathematics homework

useful halping'a classmate do math

useful to pléy mathematics games

useful to listen to.teacher explain math
useful to watch teacher worg at ﬁhe board

useful to use hand calculators in mathn

useful to use a computer in math




Exhibit 2

>

Book 5 Affective Domain Iteams

Stiidents rated each of the mathemat{ggﬂag;;yjpies_below with

1.

SIS
A .

e e

- —-—"""¢o like for, importance, and easiness.

Solving word problems

Working with fractions

Estimating answers to problems
Measuring‘&eﬁgths, welghts or volume

Working with metric measures

Doing proofs

refereace
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>1 . N Q e e iy
, . Table 1 Py 3
. . ‘-4\ ‘ C af ' ‘
S-P Table for 18 Examinees and 5 Items .
‘ O ’ (Hypot:het:ical Example) Iy
u“ - 4
,; . Pl 9. -
. Item ' v’ Sato's Modified
Examioee . . 3 Examinee ~ - Caution Caution
- 1 . 1 7 R q - [&7— ‘,j,; ‘ Iotal,* \,._,,ﬁ,,;ﬁI_n\Ad_el‘., . RN Ind ex -
. , S
a ° Mt 0o ‘1 Cj.-i
1.7 - 1 1 1 1o - 4 .00 .00
2 . r 1 1 o]1. 4 .65 . .33
3 Lo 1 1 1{0 o 3 .00 .00
. : SR T
4 - b 1 1 o0}:1,0 7 37 .16 .08
s 1 1 o0)o,1 3 .65 .31
. % ! o \ -
[ L 1 0o 1]0r1"" 3 1.13 .54
7 ‘"1 1f{oto o0 2 .00 .00
: s . yl===- . N , B
o g \ 'y e
8 . 1 110 0 0 zg 2 .00 .00
"9 . r‘ 1 0~: 1 0‘. O 2 010[’ 023
410, 1 .00 1 o0 2 .59 .31
“7 11 0,141 .0n O . 2 T4 .39
12 or1]o 1 0 2 88 77 .47
13 1/0o o o0 O 1 .00 .00
14 < c1{0 0 0 O 1 .00 .00
15 o1 0—0 0 1 45 .22
16 T olo 1 o0 o0 1 1.14 .56
17 olo o 1 o0 1 1.36 .67
7 18 olo o 1 o 1 1436 .67
. ‘L )
‘Item Total | oy 12 10 7 6 3
Ci-iato"s Caution .
Index ’ Cj .*BA .28 .42 .95 .21
Modified Cjution ‘ ! )
Index C., 14 .14 .21 .50..13 - |
. » J—\ . . %
0‘ :
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Table 2 - ' ' S

% Stem and Leaf Display of p Values for Cognitive ltems—— =
’ T "Book 4, 13-year olds, 1978 = e
| (N = 68) ’
P~ ,
Stem Leaf Frequency
90 7.17 1 ¢
90 4.54// 1.10 2
80 8.14 6.83 6.62 5.02 4
80 F}ztiéz 4.08 3.34 2.81 ) 4
70 1 9.85 9.48  9.44 ' 3 .
70 1.69 1.48 2
60 8.24 5.90 5.78 5.12 4
60 4.87  3.97 2
50 7512 7.00  5.31 3
50 4.78 - 4.37 '3.10 0.96 -0.55 0.14 6
40 9.65 7.97 6.37 5.84 4
40 4.36  3.33 2
30 9.68 8.65 5.70 513 4
30 - 4,39 3.28 3.03 2.87 2.50 1.68 1.23  0.57 8
20 9.13  8.48 8.4 6.14 5.77  5.24 e
20 4.33  4.29  3.43  3.14 ’2.6; . 5
16\ 9.45 9.45 7.28 6.78  6.50 5
10 0
0o\  7.35 ¢ 1
0\ 3.90 2005 . ™ 2
' 68
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AN Table 3 -« §

o \

Means, Staﬁdhrd.Deviéﬁions, Skewness, and the Pearson Prodpét Moment

N ®

. . : A
L Correlations Among Sato's Caution Index, Modified Caution Index and the

5
\

Total Test Score for'the Total Set and T@o*Subsets of Items

S
’ Book 4, 13 year olds, 1978 _ .. <
(N.= 1219) ,
. ©
\ .
Voo Variable
. Variable : 1 2 3 4 5 6 7 8 9
All Items
1. Sato's Caution Index 1.00 .99 -.19 .74 .74 -.15 .51 .51 =.01
2. Modified Caution Index 1.00 =.31 .74 .76 =.27 .48 49 .11
3. Total Test Score’  * 1.00 -.17 =31 .95 .05 =.02 .81
d /’
Arithmetic Items’ .
IA. Sato's Caution Index : ‘f 1.00 .98 -.17 .07 .08 -.08
5. Modified Caution Indes . . 1.00 -.32 .07 .08 -.18
6. Total Test Score ’ 1.00 .0% =-.02 .64
‘Geometry Items ) &
7. Sato's Caution In@gk ' ¢ 1.00 .99 .12
8. Modified Caution,sIndex . : ’ . - 1.00 .04
- 9., Total Test Score , S "1.00 -
Mean : .35 .18 33100 .29 .15 16.79 .40 .20 8.30
- Standard Deviation 13 .07-10.56 .16 .09 6.20 .23 .12 3.28
Skewness , .91 1.10 .28 1.6 1,26 .31' .70 .74 .58
q
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Table 4
Pearson Prqduct Moment Correlations* of School, Student Background,
and Affective Domain Varigbggg with Mod;fied Caution Index and the
. Total Test Score for the Total Set and Two Subsets of Items
Boo 45,13 year olds, 1978

(N = 1219) ‘\\

)
. All Items Arithmetic Items Geometry Items
Modified Total Modified Total Modified Total
Variable Caution Score- Caution = Score Cauﬂion Score
1. Percent of Community
unskilled ” ~-.04 -.05 -.02 -.05 -+02 -.07
2. Percent of community /J B
not employed .07 -.14 - .05 -.12 .01 - =.14
3, Percent of community \ ‘
on Welfare -17 —-32 -16 —029 -03 —027
4., Percent of community - : . \
farm workers \ .10 -.10 .06 -.10 .04 -.03
5. Percent of community black .19 -.28 .17 -.26 .05 -.21
6..Percent of community
‘ professional workers -.10 .29 -.10 .25 .01 .27
7. Percent of community
8. Number of students quali-
fied to receive Title I .13 -.24 .12 -.23 -.01 -.16
9. School enrollment size .01 ~ -.01 .01 -.02 -.02 .01
10. sex” 1 ' -.05 ~-.06 -.05 .01 -.02  -.09
11. Family owns calculatorb 7.09 .19 -.05 .17 -.02 .13
12. Type of school® -.09 .14 -.05 .16 -.06 .06
13. Like mathematics scale .03 -.04 .03 -.03 .03 -.01
14, Usefulness of mathematics

scale -.14 24 -.08 .24 -.06 .15

3Sex 1is coded 1 for males and 2 for females.
bFamil§ owns calculator is coded O for no and 1 for yes.
cType of school is coded 1 for public and 2 for private Catholic.

*Correlations greater in absolute magnitude than .07 are significant at p < .0l.




Table 5

Partial Correlations* of School, Studeat Background, and

Affective Domain Variables with Modified Caution Index Controlling

for the Total Test Score for the Total Set and Two Subsets of Items

3

Book 4, 13 year olds, 1978
(N = 1219) b

Variable ‘ All Items Arithmetic Items Geometry Items

1. Percent of Community:

2. Percent of community
not employed .03 .01 ' .02 j

3. Percent.of community 4
- on welfare ‘ .06 .06 .04

.. 4. Percent of community _
farm workers : .09 .05 .05

5. Percent of community black .11 .08 .06

6. Percent of community
professional workers -.01 -.02 -.01

7. Percent of community s
skilled workers -.07 -.03 . =.07

8. Nuaber of students quali-

fied to'receive Title 1 .07 .05 ' .00
’ 9. School ébrolyment size ~ .01 .00 -.02 0
10. Sex® . 1~ -.04 -.04 -.01
11. Family owns calculator’ i -.04 .00 -.03
12. Type of schobl® -.06 .00 -.07 f
13. Like mathe qtics scale .02 .01 .03 : ;
14. Usefulnessxﬁf maghematics \\\\ , J
scale \ -.08 -.01 S -.07:

35ex is coded 1?foera1es and-2 for females.
N
bFamily owns casxulator is coded 0 for no and 1 for yes.
\ Type of school: 1% coded 1 for public and 2 for private Catholic.

*Correlations greater in absolute magnitude than .07 are significant at p < 01.




Table 6
Analysis of Variance Sﬁmmary Results for the Modified Caution Index

with the Test Score as a Covariate for the Total Set and Two Subsets of Items
| ~
=! .Book 4, 13 yea>- olds, 1978 . '

. i (N = 1219)
All Items Arithmetic Items Geometry Items
‘ Mean Mean Mean
Source df Square F Square F Square F
ANOVA
Main Effect ‘
Community size 3 .002 4,.58*%* .021 2.84* . .034 2.52
Residual 1214 .005 .007 .014
ANCOVA
Covariate 1 573 129.96** .906 135.72%%* .031 2.29
Main Effect ’
Community Size 3 .010 2.18 .004 .58 .033 2.44
Residual 1213 .004 .007 .013
ANOVA
Main Effect .
Race-Ethnicity 3 .123 26.73%%* .124 17.37*% .0556 4,.18%*
'Residual 1214 .005 .007 .014
ANCOVA
Covariate ‘ 1 .573 132.76%*% .906 137 .68%* .031 2.31
Main Effect
Race~Ethnicity 3 .047 10.91** .042 6.43%* .074 5.50%*
Residual 1213 .017 \\ .007 ‘ : .013
ANOVA
Main Effect ) AN
Grade Level 4 .046 9.58*%* \  .028 3.79%* .016 1.15 .
Residual 1213 .005 . .007 .014
ANCOVA AN
Covariate 1 .573 129.90 906 135.88%%* .031 2.29
Main Effect . \\‘
Grade Level 4 .008 1.74 .007 \\\1.06 . .023 1.68
Residual 1212 .004 . o .014
ANOVA | N
Main Effect - L
Census Division 8 .015 3.19%*% .014 1.86 .023 1.69
Residual 1209 .005 .007 .014
ANCOVA
Covariate 1 .573 130.23%% .906 136.31%* .031 2.30
Main Effect y
Census Division 8 .008 1.76 .010 1.50 .027 1.96%% .
Residual " 1208 .004 .007 .013 . '
kp < 05
p ,
*kp < .01 T Q7




Table 7
Percentages of Variation for the Components in
Mathematics Achievement and on the Modified Caution Index

Book 4, 15 year olds, 1978

~
Between Census Schools Within-
Division Census Division Brror
Mathematics AChievement
All items 3.97 28.22 67.81
Arithmetic items 2.92 25.51 71.57
Geometry items 3.46 ' 22.51 74.57
Modified Caution Index
All items .76 11.77 87.47
Acithmetic items .03 7.83 92.14
Geometry itenms 43 1.89 97.68




Table 8
Summary of F Ratlos for Hierarchical Analyses of Variance for the
Modified Caution Index on the Total Set and Two Subsets of Itenms

Book 4, 13 year olds, 1978

¥ i
) All Arithmetic Geonetry
Effect Iteus Items Items
Census Division ' 5.58% 2.65* 2.4%
Schools within Census Division , 3.13* 2.22% ,1.3é*
.Schools within Census Division 1 | 2.27 3.06% 1.3ﬂ
Schools within Census Division 2 1.57 1.43 T ar
Schools within Census Division 3 3.69%% 2.88%% 1.07
Schools within Census Division 4 1.13 1.31 1.36
Schools within Census Division 5 1.58 1.19 .82
Schools within Census Division 6 4.42%% 3.41%% - ,1.83
Schools within Census Division 7 = 5.40%*% 4, 42%* | 1.70
Schools within Census Division 8 1.36 .68 .88
Schools within Census Division 9 5.11%% 1.66 2.03%
3
*p < .01 | \

**g < .001




Table 9
Means and Standard Deviations on Modifiled Céution In@ices
on the Total Set and Two Subsets of Items for \
Schools Within Census Division 6

Book 4, 13 year olds, 1978

School Sanple All Items - Arithmetic Items Geonmetry Itens ./
Number Size Mean S.D. ’ Mean‘ S.D. Mean S.D.
S ¥ 17 .06 .15 .09 18 .10
2 . 15 .19 .05 a8 .07 21 .10
3 15 .17 .08 .17 .10 .18 .09 ¢
4 13 .19 .07 AT, .10 .17 .1;/

5 14 .18 .08 .14 .11 ' 24 .11




Table 10
Means and Standard Deviations on Modified Caution Indicés
on the Total Set and Two Subsets of Items for
Schools Within Census Division 7 -

Book 4, 13 year olds, 1978

School Sample All Itenms Arithmetic ltems Gedmetry ltems
Number Size Mean S.D. Mean S.D. - Mgan S.D.
1 16 .20 .09 .16 .08 a 426 .11
2° 16 .16 .07 .11 .08 .15 .08
3 15 19 .06 .16 07 24 . .15
4 15 .19 .09 14 .09 : .27 .15 °
5 14 .16 .08 .10 .04 .27 .17
6 20 .15 .05 .12 .07 .20 .12
7 13 15 .06 .14 .11 19 .10
8 10 - .17 .07 .16 .07 .17 .12
9 15 .16 .08 .11 .05 24 .16
10 15 .19 .08 .14 .08 .24 .16
11 15 23 .11 .18 .08 25 .16 o

12 14 ‘ .25 .11 .22 .12 27 .11
13 16 .16 .07 .15 .07 .18 .09
14 14 27 .09 .23 .13 .26 a3
15 25 %25 .08 .25 .10 .23 17




Table 11
Weighted'Sta;dardized Mean Residuals of Within School
Item Difficulties by Content Category f;r
Schools Within Census Division 6

Book 4, 13 yéar olds, 1978

. School
Content Category 1 2 3 4 5 6 7 - 8 9 10

Story ?roblems 050 bt 099 035 002 - 072 029 071 - 058 - 021 - 030

Calculation = = .33 .27 -1.02 =~ .77 ~1.58 .73 .24 1.10 .48 .78

Géometry—— ’ ,

D8finitt0n . -—1052 - .40 1017 1074 1015 .16 - 052 077 1090 .1001
Geometry—- » ‘
Application 018 060 - 012 085 - 064 074 094 1041 1000 1042
Graphs - .03 .77 .60 .19 .55 = .43 .65 .07 - .01 -1.00 -
Estimation 2.12 .42 1.26 .43 -1.25 - .80 - .97 2.00 1.28 = .27 -

Sign Numbers —1066 3088 ‘2045 -2023 1026 055 - 001 '1007 -1004 -1024
Fractions 85 - .99 -1.45 479 1.68 -1.52 .83 .03 -2.44 2.70 -
Blocks 41 .74 -1.22 .27 1.19  1.36. .80 = .49 - .76 =3.18 -

Unclassified - W41 -1.25 1.11 —1040 -~ .78 - .53 “-1088 -1.58 "084 -1.01 -




. Table 12

Welghted Standardized Mean Residuals of Within

School
Item Difficultles by Cdntent Category .
Schools Within Census Division 7
~ . Book 4, 13 year olds, 1978
' School .
Content Category 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Story Problems =1.65 .19 1.18 | .23 -1,03 1.49 - .42 - .11 - .46 .13 -1.62 - .15 - .11 = .05 - .16
Calculatlon V.88 1.05 1.35 .10 =~ .40 - .89 .68 - .08 1.33 1.61 - .19 1.45 = 45 1.36 .70
Geometry
Definition © .67 - .05 - .18 - .79 .80 - .13 -2.08 1.56 - .87 -1.68 =-2.67 .25 -1.07 - .32 -1.50
Geonetry
Application .55 3.27 - .73 -1.20 -1..76 - .50 .88 =~ 42 .13 46 - .38 2,03 - W74 2.46 32N
Graphs -1.31 -1.91 1.23 1.33 .39 1.09 .81 1.32 1.17 - -25' -3.43 - .67 .90 -2.87 .01
Estimatlon 1-é6 .89 - .31 ‘.78 -1.21 .06 3.59 -1.15 .80* .33 - .00 .69 - .55 1.35 = .86
Sign Numbers .59 =1.54 .12 - .58 .2'85 -2.55 =1.94 - .38 =-2.42 =-2.54 =2.47 - .76 3.35 - .57 2.44
Fractions 1.03 1.10 1.40 1.58 - .91 .33 - J41 - .64 1.74 1.01 -2.80 =-1.07 =~ 166. -1.81 45
Blocks - .73 .26 1.19 19 - .75 - .41 .51 :1.05 1.06 1,47 -1.80 .09 - .05 .50 W24
Unclasslfied ~ =1.19 =297 1.93 - .98 1.81 .71 = .47 - .87 ~-1.89 - .67

-47 -3-94 -1070 010 "-20

&
(W1




Table 13

‘j( .
Stem and Leaf Display of p-Values for Cogni;ive)ltems—? .

\ ’ " Book 5, 13 year olds, 1978

g ~ o (N = 63) . ' ;

Frequeacy




.Table 14

©

Means, Standard Deviatiors, Skewness, and the Pearson Product Moment

‘Cokrglations Among Sato's Caution Index, Modified Cautfon Index and the

Total Test Score for the Total Set and Two Subsets of Items

- . "Book 5, 13 year olds, 1978

-

(N = 1231)
’ t ] ' " Varlable -

Variable . 1 2 3 . 4 5 6 7 8 -9

All Ytems i . -
1. Sato's Caution Index ©1.00 ;99 -.21 .66 66 —=.23 .46 46 -.18
) 2. Modified Caution Index | 1.00 =.15 .66 .66 =.17 .48 .48 =.13
3. Total Test Score 1,00 -.02 -.04 .96 .12 .14 .6b

! 4
Arithmetic Items _
4. Sato's Cautlon Index " ' 1.00 .99 =-.04 .02 .03 .00
5. Modtfled Caution Indes °~ o . . ©1.00 =-.06 .02 .02 =-.0l
6. Total Test Score _ o , 1.00 .11 .13 .50
. . Geometry Items ., . .
7. Sato's>Cautioﬁ Ind;x 8 , - - ) ‘ . : 1.00 .99 -,02
X 8. Modified Cautidﬁ Index ' j} - ' - 1.00 .01
' .«9. Total Tes; SE;}e ’r ) ' . .0 1.00
‘ Mean . 4 31 169374 ¢ .35 .1820.26 .21 .10 5.72
) . Standard Deviation ,*’ = .12 .06 10.61'} .19 .09 7.20 ~.26 .13 1.68
Skewness. | - 93 .80 -.11 1.22 1.21 -.23 1.86 1.93 =-.02
R v ‘ . N
. 4 ¢
= : : "

R S
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Table 15 ‘ S &

, Pearson Product Moment Correlatlons* of School, Student Background

and Affective Domain Variables with Modified Caution Index and the

G

Total Test Score fér the Total Set and Two Subsets of Items

\

N \ Book 5, 13 year olds, 1978
(N = 1231) .
All Ytems Arithmetic Items Geometry Items
. : «-Modified ?otal Modified Total Modified Total -
. Variable . " Caution Score Caution Score Caution Score
"+ 1. Percent of Community - ' \ ‘
unskilled -002 ‘}-006 -002 _005 —001 et ‘.-06
2. Petcent of community - . "',
not employed - . .03 -.21 .01 -.19 -.04 -.15
3. Percent of community v . S
on welfare .07 -.26 .04 -.04 -.14
4. Percent of community '
farm workers -.03 -.01 -.02 -.03 -.02
Se Percent,of community black .03 -.36 .05 -.08 ~-e20
6. Percent of commuhity' s
i professional workers .02 022 -.01 .07 .16
7. Percent of community i
skilled workers . -.03 .09 .02 .09 .00 .07
8. Number of students qualf? ' o . ,
fied to recelve Title I .05 -.23 .04 -.22 1 =.06- -.12
9. School enrollment size .02 -.12 -.01 .12 7 .02 ~.09
10. Sex" -.16 .01 -.11 .05 -.08 -.05 °
1l. Family owmns calc.:ulatorbI -.06 .20 -.01 .20 .02 .12
12. Type of -school® -.03 .15 .02 .14 .02 .11
13. Like mathematics scale .00 .06 .04 .05 .01 .08
14. Importance of mathematics : -
scale -.06 7 .15 ~.02 14 .02 .15 .
15. Easiness of mathematics . ' ‘ '
Scale ' 002 031;4 1-05 029 009 .20
: °
aSe‘x'is codea 1 for:males and 2-for females.
Family owns calculator is coded 0 for no and 1 for yes. ) .

Type of school is coded 1 for public and 2 for private Catholic.

*Correlatlons greater in absolute magnitude than .07 are slignificant at p < 01,

E)
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Tabie 16

Analysis of Variance Summary Results for the Modified Caution Index

with the Test Score as a Covarlate for the Total Set and Two Subsets of Items

Book 5, 13 year olds, 1978

(N = 1231)
All Iteums Arithmetic Ytems Geometry ltems
Mean ‘Mean Mean
Source df Square F Square F Square F
ANOVA '
Main Effect .
Community size 3 .005 1.30 .005 «53 .048 2.89%
Residual 1227 .004 * .009 ' .017
ANCOVA
Covariate 1 . .095 26.43%% .043 4.,95% .002 .11
Main Effect \
Community Size 3 .005 1.49 .002 .29 .047 2.85%
Residual 1226 .004 .009 .017
ANOVA
Main Effect
Race-Ethnicity 3 .015 4,19%* .016 1.82 .066 3.99%%
Residual 1227 .004 v .009 .016
ANCOVA
Covariate - 1 .095 26.43%% .043 4.,96% .002 .11
Main Effect
" Race—~Ethnicity 3 .005 1.48 .009 1.03 .065 3.96%*
Residual 1226 .004 .009 .017
ANOVA S
~Main Effect ' *
Grade Level 4 L0117 3.04% 011 1.33 .008 .51
Residual 1226 .004 ' .009 .017
ANCOVA ' .
Covarlate 1 .095 26.44%% .043 4.,96% .002 W11
Main Effect
Grade Level \ 4 .005 1.48 .011 1.32 .008 .49
Residual 1225 .004 ..009 .017
ANOVA
" Main Effect
Censu§ Division 8 .00l .35 .001 13 .037 2.24%
Residual 1222 .004 .009 /,016
ANCOVA
Covariate 1 .095 26.38%%* .043 4.,93% .002 .11
Main Effect o
Census Division 8 .003 .87 .002 .22 .037 2.24%
Residual 1221 .004 .009 .016 ,
*p <.05
*hp <.01

e




| Table 17
/

Percentages of Varia%ion for the Components I

I
Mathematics Achievement and on the Modified Cadtfon Index
Book 5, 13 year olds, 1978 f
School Within
Error

T

j ) ﬁetween Census
! . | Division Census Divisians
. Matﬁematics AFhievement /, i ‘
All items | 5.19 ﬁ 23.32 71.49
Arithmetic;%géms 4.31 // 22.49 73.49
Geometry items 2.01 / 9.78 88.21
Modified Caut}on Index J
ALL ftems | \\ .00 ﬁ’ 3.51 96.49
.00 L 2466 97.34
| 2.33 96.55

Arithmetic items
1.12

Geometry items




Table 18
Summary of ¥ Ratios for Hierarchical Analyses of Variance for the
Modified Caution Index on the Total Set and Two Subsets of Items

Book 5, 13 year olds, 1978

| _ : A11v Arithmetic Geometry
Effect Items Items _ Items
Cénsus Division . 57 .33 bo37%%
Schools within Census Division 1.56%* 1.44%% 1.39%
Schools within Census Division 1 1.51 1.52 3.92%%
Schools wlthin‘Census Division 2 1.78% 1.21 + 1.15
Schools within Census Division 3 1.53 K 1.61 1.75%
Schools within Census-Division 4 1.39 1.18 2.01
Schools within Census Division 5 .92 1.02 .37 '
Schoéls within Census Division 6 1.07 .76 67
Schools within Census Division 7 1.13 1.76 .84
Schools withia Census Division 8 1.21 .88 2.11
Schools within Census Division 9 | 2.71%% 2.34%% 1.27

*p < .01

*%p < 001




Table 19
Méans and Standard Deviations on Modified Cautlion Indices on the
| Total Set and Two Subsets\of Itens for
Schools Within Census D#vision 1

Book 5, 13 year oldsj 1978

'
'

School Sample All Iteﬁs . Arithmetic Items Geometry Items
Nuaber Size Mean S.D. Mean S.D. Mean S.D.
1 15 .15 .04 .11 ;08 .15 <07
2 14 .19 .07 .21 .07 .25 .25
3 12 .16 .06 .15 .08 11 .12
4 13 14 .06 .17 .07 .08 14
%5 20 - .17 .0? .19 .08 .15 .23
6 | 15 = .14 .06 .17 .07 .03 .06
7 14 .15 .05 .18 .09 14 .15
8 13 .16 .05 .16 .08 .09 .09




Table 20

Means and Standard Deviations on Modified Caution Indices

on the Total Set and Two Subsets of Items for

Schools Within Census Divisiop,9

Book 5, 13 year olds, 1978

School Sample All Items Arithmnetic Items Geometry ltems

Number Size Mean S.D. Mean S.D. Mean S:D.
1 18 .16 .04 .16 .06 .12 A1
2 13 ;19 .04 .23 .06 .09 .08
3 19 .18 .06 .20 .10 .04 .15
4 17 .15 .04 .16 .07 .09 .09
5 23 .14 .05 .17 .09 . .08 .11
6 15 .16 .04 .17 .11 .14 .14
7 17 .18 .08 .20 .19 15 - .10
8 18 .16 .06 .18 .08 .06 .09
9 17 .19 .05 .11 .07 .09 .13
10 | 17 .19 - .05 .19 .09 .13 .12
11 12 14 .05 .14 .06 .08 .10
12 13, .16 .04 .20 107 .04 .07
13 17 A7 .05 a7 .07 .14 .14
% 11 \ .21 .06 .18 .08 18 . .13
15 20 L4 .06 .16 .08 .09 .09
16 1 .19 .07 .20 .08 .08 .10
17 17 .12 .07 .11 .09 .11 .12

18 o .13 05 .17 .07 .04 .06
19 11 14 .04 .15 .07 09 .12
20 15 .14 .04 7 .17 .06 .05 .07
21 L .21 .07 .28 .07 .10 .09




Table 21
— Welghted Standardized Mean Residuals of
Witﬁin School Item Difficulties by Content Category for Schools
Within Census Division 1

Book 5, 13 year olds, 1978

=
: . School
Content Category 1 2 3 4 5 6 7 8

Story Problems - .03 -2.10 .50 -2.73 - .61 - .46 - 16 .65
Calculations - .78 .30 .8>  1.69 .47 .86

- Geometry - .34 -1.03 - .03 - .23 - .04 3.16
" Metric -1.21 2.76 - .29 - .53 - .19 -2.50

Graphs .64 45 - .69 - .97 .03 .01

Definitions 1.00 32 1.61 .63 -1.89 - .59

Numeration T -1.59 2.97 -2.11 .89 1.24 -1.24 .07 - .98

Fraction to Decimals 2.81 - .85 24 - .06 -3.09 1.70 .61 =-3.35

Unclassified .97 1.81 1.89 1.21 1.34 -1.85 1.53 - .26

&




Table 22
Weighted Standardized Mean Residuals of Within Schodl Item Difftculties by Content Category for
Schools Within éensus Division 9
Boog 5, 13 year olds, 1978

, Content Category
School Story Calcu-~ Geometry Metric Graphs Definition Numeration TFractlons Uaclassified

Number Problems lations B to Decimals
1 1.06 .59 -1.01 - .26 .80 .91 ~1.27 -2.55 .96
2 - 50 = .17 .83 ~1.01 1.00 -2.55 .07 1.66 b
3 94 = .46 .02 1.27 -1.12 -1.19 -2.52 -1.33 1.00
4 30 -1.28  -1.34 -1.81 .78 .57 1.13 . 1.06 1.81
s - .06 - .61 .33 -2.15 1.05 - .03 ~ .50 - .62 1.44
6 .57 =2.47 = .32 1.40 .71 - .62 .62 1.53 .55
7 .99 .02 .61 1.47 7 .79 ~2.14  =2.00 ~2.09
8 - .31 .68 .98 2.03 2.09 -2.80 -1.58 -2.12 17
9 1.36 1.69  1.57 1.08 - .92 - .82 -2.10 -2.13 -2.26
10 - 49 .88 1.90 - .37 1.49 -2.74 1.22 -2.60 - .41 |
11 - .37 = .4 - .94 2.08 -1.11 - .23 1.29 1.66 - .43
12 1.01 - .32 2.32 ~1.82 .9 -2.07 -1.31 .36 -1.23
13 - .48 31 - .81 1.11 .29 - .39 - .31 30 .. .54
14 .08 2.06 1.24 1.30 -1.16 - .87 - .01 -2.78 -1.15
15 - .23 1.05 .65 .61 -1.35 .39 b -1.54 - .39
16 -1.38 2.48 1.35 - .06 - .76 - .84 .35 - .21 ~2.88
17 - .29 .08 -1.36 -2.89 .87 - .17 2.35 .96 .90
18 - .43 -1.22 .86 o .63 .71 1.20 -1.14 - .68 . = .08
19 - .10 2.15 - .19 .85 .67 ~1.76 - .84 -~ .54 ~2.49
20 1.57  -1.07 1.39 - .70 1.11 -2.11 ~2.20 2.02 ~1.60
21 1.70 23 -1.21 .81 76 =2.01 2.06 -1.49 =21
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Figures 1 - 22
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Figure 1. Scatter didgram of modified caution index with total math
' test score. (A 9 denotes 9 or more observations, otherwise
the numeral corresponds to the number of obsarvations;
- " Book 4, 13 year olds, 1978.)
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Appendix A
. o, Classification, Percentage Correct, Sato's Caution Index, Modified
~Cautlon Index and the Point-Biserfal for Cognitive Items

@

Book 4, 13 year olds, 1978

(N = 68)
Item Item Percentage  Sato's Caution Modified Point~-
Number: Classification¥* Correct Index Cautfon Index Biserial
-2 M 83.34 45 .21 34
. 3 A 71.69 .36 17 .46
. Y A 50.96 .24 .12 .61
4B A 63.97 .32 - .15 .53
5A A 97.17 . .52 o24 .17
- 5B A 94.54 .49 e .23 .22
5C A 84.16 .56 .26 .27
6A G~ 84.08 <48 .22 .32
~ 68 G 23.43 . .54 - .28 .35
. T T T"eCc T T 6 34.39 <46 «24 . .43
6D - G 19.45 .49 .26 .38
6E G 45.84 .45 .23 .45
7 A e 23014 W42 .22 A
8 M ~39.68 .52 .26 .39
9 A 44.36 W42 21 47
'10A G 65.78 77 .38 .18
108 G 57.12 .65 - .32 - .28
10C G - 31.68 1.08 .56 -.06
10D ¢ 83.14 , .55 .26 .25
10E G 50.55 " 1.04 .52 -203
11A T 85.02 , .55 J 25 .27
11B T 53.10 . .34 ‘ .17 .53
11C T 79.85 .28 .13 .48
12 A 24.33 ~e55 .29 .35
13 A 57.00 .79 .39 .17
14A A 32.87 .46 .24 .43
14B A 38.65 42 .21 - W47
1.¢ A 28.48 .42 022 _ .45
14D A 30.57 .40 , .21 .48
’ 15 A 64.87 432 T .15 .52
, 16 A 65.12 .35 .17 .50
. 17a TG 54,37 41 .20 47
178 G 31.23 .54 .28 .37
17¢ G 35.13 - .63 .32 g 30
184 G 46.37 .70 .35 .24
Q . / , lul{)




Appendix A (continued)

Modified " Point-

Item Item : Parcentage Saro's Caution
Number Classification® Correct Index Caution Index Biserial
188 G 17.28 .60 .31 .29
18C G 16.50 .50 .27 .35
19 A 25.24 .58 .30 .32
20 A 86.83 .53 .25 L7
21A A " 7.35 77 40 .13
218 A 2 24.29 .66 .35 .26
21C A - 19.45 .82 AA .13
22 A 32.50 .31 .16 " .55
23A A 91.10 - .36 .17 .33
23B A 79.44 46 .22 .36
23C A 82.81 A3 .20 .36
24 G 29.13 .62 .32 .30
25A A 68.24 .58 .28 .32
258 . . . A 25.77 .40 .21 A7
25C A 28.44 .39 .20 YY: B
26 G 3.90 22 .12 .35
27A A 22.65 .40 .21 46
278 A 43.33 sbh .22 .45
28A M 65.90 .49 .24 .39
28B M 71.48 .51 .25 .36
29A T 79.48 .31 .14 46
298 T 86.62 .27 .13 W43
29C T 35.70 .68 .35 .26
30 A 16.78 .97 .52 .02
31 G~ 50.14 .59 .30 .33
32 A 33.28 .37 .19 .51
33 A 2.05 .31 .17 .24
34 G 47.97 .32 .16 .55
35 A 33.03 42 .22 46 -
36 T 55.31 .52 .26 .39
37 A 49.65 .37 .19 .51
A 26.14 .36 .19 .50
M. 54.78 AT .23 427

*Item classdfication codes are A for arithmetic,

.and graphs,

) Qg\ﬁ for miscellaneous.

<o

G for geometry, T for tables




+3
) ' . Appendix B

Heans, Standard Deviations, and Pearson Product Moment

" Correlations on Four Item Statistics
Book 4, 13’year~§1ds, 1978
(N = 68) = )
~ : Variable

Variable 1 ‘ 2 3 4
_)“},m@?grcen;agewcbrrect“mw ' 1.00 .02 = ,15 - ;26
2. Point-Biserial : 1.00 - .88 . = .36
3. Sato's Caution Index ‘ ' 1.00 .99
4, Modified Caution Index . 1.00
Mean _ - 48.43 36 .50 | .25

' Standard Deviation .25.08 .14 ‘ .18 .09




. Appendix C
Classification, Bercentage Correct, Sato's Caution Index, Modified
Caution Index and tue Point-Biserial® for Cognitive items

Book 5, 13 year olds, 1978 *

\\
(N = 63)
Item Item Percentage Sato's Caution Modified Point-
Numbev Classification* Correct Index " Caution Index: Biserial
2 A 83.75 .52 .26 .32 .
3 A 43,30 .28 14 .59
_ 4A . AT 94.80 ’ 51 .27 .22
- 4B A 78.59 .53 .27 .33
5A G 88.18 .51 .26 .29
5B G 82.37 .81 41 .13
. 5¢C * G 76 .44 .93 ‘ 46 .05
5D G. 87.29 .54 .27 .29
6A M 57.07 .52 .26 40
6B M 53.33 .39 .20 .50
6C M 47.97 .83 . 41 .14
7A T 69.70 42 .21 45
o 78 , T 66.45 ' 43 C .21 45
8A A 38.91 .36 .18 .52
88 A 35.95 .35 .17 .53
8C A 42.40 .49 .25 42 o o
9 A 13.28 1.17 .58 -.10 ‘
10A A 95.17 AT .21 .26
10B . A . 95.04 41 .21 .26
10C A 90.78 41 . .21 : .33
11, T 42.40 .34 .17 ‘ .54
12 A 36.96 .30 .15 .57
13 A 22.22 .39 .19 A
14 A 74 .45 43 _ .22 42
15A A 64.09 .31 16 .55
15B A 70.15 .34 L W17 .51
15C A 76.28 .27 .14 .54
16 A 19.21 .80 - 40 .14
17 A 24.21 .29 S VA .52
18 A 53.69 40 : 20 .49
19A T 40.78 40 ‘ .20 .49
198 . T 51.06 .33 .16 .56
192 T 42.65 . .35 .18 .52
20A M 1.62° .33 .16 .18
208 M 2.88 .27 .13 .25
118




39
40
41

21.20
45.94
9,26

X P> o

<45

JA46
«59

.22
.23
.29

‘Appendix C (continued) g
g Item Iten Percentage Sato's Caution Modified Point~-
Number Ciassification* Correct Index Caution Index Biserial
S 21 ¢ G 82.66 .60 «30- C .27
22 G 25.59 .40 .20 AL TR
o 23A A 56.86 .57 «29 .35
o 238 A 48.86 .49 e25 .42
23C A\\ 48.25 .43 .22 .47
24 G 62.27 «65 . +33 .28
, 25 G 18.81 .83 .41 i .11
T 26 A . 54 47 .63 32 .30
27 A 53.61 .39 .19 .51,
28 M- 8.90 1.08 .53 ~.04
29 T 71.04 <45 .22 43
« 30A A 60.48 .16 .08 .68
308 A 57.15 .18 .09 .67
30¢._ A . 52.11 W1 #0889 .
30D A 52,52 .23 T.12 .64
30E A 37.49 .22 .11 .63
31 G 9.46 .22 .11 .42
32 G 9.91 .63 .31 .21
33A M 82.78 w58 .29 .29
338 M 29.85 .90 . 45 .08
34 A 71.12 .65 .33 .26
R 35 M 85.54 - 028 .14 46
36 A 84.24 _#51 © W26 .32
37 A 32.33 .34 .17 .52
38 A 81.48 W47 .24 .36

.45

+39.

22 .

*Ttem classification codes are A for arithmetic, G for Geometry, T for tables
and graphs and M for miscellaneous. ‘ -




1

Means, Standard Deviatlons, and Pearson Product Homeunt

Appendix D

Correlations on Four Item Stat%;tics

’ Book .5, 13 year olds, 127§
| =63 )
- Varlable
Varlable g 1 2 3 4

‘1.  Percéatage Corre;t 1.00 - .09 - .09 - .06
. ..W.Poi»n.g_?i.ser.i»;.l_‘ e e g ~1.00. ... . —..89.. ... .=..89
‘3. Sato's Cautlon Index 5 1.00 .99
4. Modifled Caution Index 1.00

Mean 52.74 38 .48 u' Ry

Standard‘Deviatlon . 26.13 .18 .21' .11




