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INTRODUCTION
=4.,

Millions of aChievement tests are administeredeaCkyear,testddents

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

'

of the testing-. Tedts are often used, as in the case ofithe National

. -

Assessment of Educational Progress and several statewide testing programs,

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

tests are oftdn used to mortitor achl.evement of students at the school or

v° district level, Individual student achievement is'also assessed for many'

purposes. To name a feW, test results are used to report achieve4t io

parenes, for diagnosis of learning difficulties, for grade-to-grade pro-
,

motion and for the awanrd of high school diplomas. Mandated test use in

program evaluations and the selection of students for special programs

accounts for another large segment of test use.

In most uses Pf achievement tests, whether with individual pupils

or with aggregates, the primary focus is on a few summary scoxes that

are based on the number of items answered correctly. The focus on the

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

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

,in a content area such as arithmetic is a major consideration. Further-
.

more, the interrelatedness of sUbsets of achievementlest items (e.g.,

addition and subtraction'items) makes it difficult to abstract'reliable

information about special strengths and weakneSses for individuals or for

groups of students in addition to a global summary score.
I

Nonetheless, it is clear that the same number-right score can be

obtained in many different ways. Even on.a short test of just five Items,

a score of three right answers can be obtained by ten different combina-
-

o tions of correct and'incorrect resOonses. The number oftpossible combin-

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

ig
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tese length. On a twenty-item test, for example, there are 184,75Sief-
,.

. 1m
ferent respolide patterns'that yield the same number right score of ten..

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

in the above example, it obviously ip pot feasible to provide different

interpretations for each unique paEtern. Responses to individual items

0
4."

are too unreliable. 'Many of thg possible patterns wilavnot be encountered'

,in practicvalid the frequeh cy of occurrence of any particular pattern will

J
us ually-be too small to support any clear generalizatthns'beyond those

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

an The difficulties in using response patterns to obtain diagnostic in-

formatioq not contained in the number-right score explain the relatively .

limited use that ha's 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-

niqu s has led to a renewed interest in ubing information.contained in 1/4

response patterns to identify individua with unusual patterns (see, for

'example, Harnisch & Linn, 19814 Levine1 Rubin,-.1.979; Sato,. 1975, 1981;

Tatsuoka & Tatsuoka,'1.980; van der Flier, 19771).

IP`

The identification of uLusual response patterns for individuals has'''.

several possible uses. The most Obvious use is simply to identify students

for whom special caution ls needed in ipterpreting,their total correct

scores. One of thd purposes Of this study is to explore the use of an

index of the degree to which an,individual's response pattern is unusual

and whether this index is related to background characteristics of the

individual test takers.

The identification.of persoas foe whom special caution is required

in interpretinetotal sdores is important. Potentially even more impor-

tant, however, is the possible diagnostic value of the response. pattern.
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For example,- the content characteristics of items that cont,ribute to a

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

gaps in the student's knowledge.

The role of specific test content'often.receives telatively%little

attention when the ranking of students on 4 global dimension is empha-

sipd. For some purposes, it is useful, for-example,!to know that

students in an instructional program have an average seore well below

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

this statement is uninformative about the,types of atithmetic skills the

students5have. As shown'by'I'orter, SchMidt, Floden, and Freeman (1978),

there is wide variation in content coverage of the fnurth-grade mathema7

tics tests from the four most.widely used achievgment test batteries.

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

' by the degree, of overlap between the instructional content and the

content of the test (e.g., Madaus, Kellaghan, Rakow, & King, 1979).

Indeed, the specific match between the format'of.instructional exercises

and the format of test qaeStions can have a substanCial impact on cest

scores (Alderman, Swinton, & Braswell, 1979; House,,akiss, McClean, &

Walke'r, 1978):

To the degree that cdntent Coverage is important and that schools

vary in their content coverge, then schools would be exr?ected to vary

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

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

major purpose of this study was to determine if schools could be reliably

distinguished in terms of consistent response patterns that deviated from

the national norm. The demonstration of systematic between school dif-

fereaces in response patterns and the assbciation of these differences
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with differences in instructional practices has potentially important

implications for test use in evaluation studies. The match between tests

and content coverage is an important 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
4

scores May be misleading. The clusters of items that contribute to high

caution indices provides alternate comp'arisons, and pOssibly more meaning-

ful interpretaaons of observed performance outcomes.

REVIEW OF RESEARCH

Two major types of appropriateness indices based upon the pattern of

item responses to individual items have been 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 Drasgow (1978). The x
2 test of person fit that is sometimes used with

,applications of the Rasch model (e.g., Wright, 1977) js another example of

an IRT-based index. Second, there are the indices which are based directly

uppon the pattlern of right and wrOng answers, such as the "caution" index

proposed by Sato (1975), the modified caution index by Harnisch and Linn

(1981), the Us' index by van der Firer (1977), the personal biserial by

Donlon and Fischer,(1968), the norm-conformity index by Tatsuoka and

Tatsuoka (1980), and the agreement and Aisagreement indices discussed by

Kane and Brennan (1980).

The focus of this final report. is on two activities conducted with

the latter type of indices, Sato's caution index-andcphe modified caution

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
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indices with the total test score, (2) to identify student background

characteristics that are associated with unusual response patterns (i.e.,

TAthhighvaluesofCvorC.1c, and (3) to identify school characteris-
i

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 interrelationship 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 mathPmatrEs test packages. We will then discuss the

student and school characteristics associated with high modified caution

indices. Finally, we will examine the school and census division dif-

1

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 put-poses of defining and comparing indices of the degree to which

an individual's response pattern is unusual it is convenient to 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 responses and zeros for incorrect response. Rows and columns

of the data matrix are permuted so that the,items (columns) are arranged,

from left to right in ascending order of difficulty, and examinees (rows)

are 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). (SeelTatsuoka [Note 1] for a

description in English.)

If the items formed a perfect Guttman Scale (Guttman, 1941), the S-P

Table would consist of a section with all ones tn the upper left-hand



corner and all zeros in the lower-right-hand corner. A single step-like

boundary line would separate the ones and the zeroes. In other words,

anyone who responded correctly to a difficult item would also answer all

easier items correctly. There would be no unusual response patterns&

the sense that is used for the indices described in this manuscript be-

cause everyone who had a given total score would have the same pattern

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

perfect Guttman scales cannot be expected. Consequently, the S-P Table

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

corner and zeroes in the lower right-hand corner, but there will be many

exceptions to the pattern, i.e., ones in the region where mostly zeroes

are found and vice versa.

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

5 items 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 ni. items

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

th
responses for the examinee. The P-curve (dashed line) is obtained

by drawing a horizontal line in each column such that there are n. ex-

aminees who answer item j correctly.

Insert Table 1 about here

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

coincide. The degree of divergence indicate&heterogeneity, degree of con-

vergence indicates homogeneity oE the response patterns. Sato (1975) has

developed an index based on the area between the S- and P-curves which is
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potentially useful in evaluating the homogeneity of the test (see Tatsuoka,

Note 3). Of greater interest for our present purposes, however, is Sato's

"caution" index.

th
Sato's caution index, C

i
for the I examinee, may bd defined as

follows:

n.
1- J

1 (1 - u) n .

1

n

n ,

ij j
(1)

j=1
lj *.]

+1

C
i

= ,

j
1 .

j=
i n., J. j

j=1 J

where i = 1, 2, . . . I, indexes the'examinee,

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

i if examinee i answers item j incorrectly,
U
ij

=

0 if examinee i answers item j incorrectly,

the
n = total correct for the i examinee V and

.th
n
ij

= total number of correct responses to the j---- item.

th
A parallel index for the j--- item may be defined by simply reversing

the roles of i 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 I.

.The name of the index comes from the notion'that a large value is

associated with examinees that have unusual response patterns. It denotes

that some caution may be needed in interpreting a total correct score for

an examinee. An unusual response pattern may result from guessiag, care-

lessness, high anxiety, an unusual instructional history or other experien-

tial background, a localized misunderstanding that-influences responses to



a subset of items, or copying a neighbor's answers to certain questions.

The key point is that the caution index provides information about an

examinee that is not contained in the total score. A large value of the

caution index raises 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

yield a lower bound of 0 and an upper bound of 1. This modified caution

th
index, C

i
*

'

for the t-- examinee may be defined as follows:

n. J1
(1 u

j-J

.)n : - J ui4

'JJ=11.-1-1 j

C
i

=
n.

n.: -
j=1 j=J+1-n.

1.

n .

n .

By being bound between 0 and 1, the modified caution index eliminates

the extreme scores that are somet,kmes obtained on the caution index,

especially in cases where a very high scoring examinee misses i single

very easy item. This is seen as a potential advantage of C *.
i

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

The data used in this investigation came from Booklet 4 and 5 given

to thirteen-year olds during the 1977-1978 NAEP mathematics survey.

Booklets 4 and 5 were selected because they contained the affective domain

items related to attitudes toward mathematics along with the cognitive

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



from the Education Commission of the States (ECS) (Note 2). Individual

responses of 9-, 13-, 17-year olds to background, affective domain,and

cognitive items are recorded for numerons booklets used at each respective

age in the national 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-

cational Statistics, 1978; Moore, Chromy, & Rogers, 1974). In the first

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

Standard Metropolitan Statistical Areas and counties or gronps of con-

tiguous counties. These are stratified according to region and size of

community. In the second stage, schools are randomly sampled within

selected first-stage geographical units. Finally, from 10 eo\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. Each booklet or "test package"

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

1978 mathematics assessment, 11 separate booklets were each administered

to large national samples of 13-year-old 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 1 to 5. Affective items were recoded so that a value of 5

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

mattcs. One additional non-achievement test item scored "yes," "no" or

"I don't knoW" was used from this booklet. The question asked of students

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



items from the principal's luestionnaire included in this study were

the school size, type of school (public versus private Catholic), percent

f 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 their

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

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

-into- their-respeetive categor-iesis giveninAppendix A.

Booklet 5. Affective items in Booklet 5 consisted of statements to

which respondents indicated the easiness, importance and the degree to

10
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which they liked mathematics. Exhibit 2 provides a listing of affective

domain items given 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

item 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 5 were similarly categorized into the

same four categories aS Booklet 4. A listing of the cognittve item numbers

and respective item 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

analyses of the,,e scales were conducted yielding a Cronbach coefficient

alpha of .49 for the Like scale and an alpha of .67 for the Usefulness

scale.



The affective items listed in Exhibit 2 were classified into either

the importance, Easiness-i-and-Like-scales-L Reliability analyses of these

scales were conducted yielding'a Cronbach alpha of .71 for the Importance

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

Each of these scales along with the student backgound and school

variables were used for the correlational analysis with the individual

caution indices computed on all cognitive items, and on subSets of arith-

metic 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 responding io questions on Booklet 4 and Booklet 5,

respectively. Each sample is composed of an almost equal number of boys

. and girls, 50.8% boys in Booklet 4 arid 48.5% boys in Booklet 5. Most

students were attending a public school (87.2%--Booklet 4; 89.9%-:-

Booklet 5) as compared to a private school. The majority of the students

are white while blacks and other racial groups are represented. Most

parents of students in each sample were blue-collar Workers, clerical or

skills workers, somewhat fewer were classified as professional, managerial

or farm workers. For eagh of the booklet samples, parents of approximately

127. of the sample were on welfare while approximately another 7% were not

regularly,employed.

Data Analysis

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) (Nie et al., 1975), Statistical Analysis

System (SAS) (SAS User's Quide, 1979 Edition), and Finn's MULTIVARIANCE

were used to answer the research questions.



The NAEP sampling procedures require t,hat individual weighting pro

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

--_----- --

to obtain imbiased estimates Of population meadS -We,--CO-Okthetrrdividual
c?.

weight value supplied by NAEP on'the tape file and created a weighted data

file with observations being weighted in inverse proportion eto their proba-

bilities of being included in the sample. All correlational analyses were

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

results 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

Booklet 4

A stemandleaf display of the percentage correct values on the 68

cognitive items used in Booklet 4 is given in Table 2. The numbers in

the first column, which is laheled "stem" list the ten digits for the

percent correct. The numbers to the right provide the units digit and

two decimal placeS for individual items. For example, the easiest item

was answered correctly by 97.17%'of the test takers. This is denoted in

the first row of Table 2 by 'the stem of 90 and a leaf of 7.17. The fre

quency of 1 indicates that only one item was answered correctly by more

t an 95% of the'test takers (the second row lists percent correct between

90 and' 5%).

As cNan be seen in Table 2, the item difficulties ranged in percentage

correct from 2 N7%. There are a large number of relatively difficult

items. Thirty one (3,Nthe 68 items, for example, are answered correctly

by fewer than 40%'of the test takers. Appendix A. provides for each item

21
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the percent correct, the point-biserial, Sato's cautic;n index, and the

modified caution index: Two items were identified with modified caution

indices-over suggesting that an unexpected large number of low per-
,

forming students are answering these items correctly. The means, standard

deviations, and correlations among the four-item statistics are given in ,

Appendix B. A high negative'correlation was found between the point-

biserial and each of the caution indices. The extremely high correla-

tions among the caution indices for the items (.99) is not surprIsing.
;,

The two indices yield nearly identical information about the items.

Insert Table 2 about here

The intercorrelations among Sato's caution indexi modified caution

index and total score for the total set, and two subsets of items are

reported in Table 3. The correlations among caution indices is .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 correlations are consistent with other evi-

dence that suggests that the sign and magnitude of the correlation be-

tween total scorers and caution indices varies as a function of the

skewness of the total test score distribution. No significant relation-

ship was detected among the caution indices For differing sets of items.

This was. 4 very interesting finding nevei-.previously reported, which

suggests either that the caution indices provide unreliable information

ve'

or that the information is quite content specific. Results reported

below are most consistent with the latter interpretation.

Insert Table -3)about here
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The scatterplot for the modified caution index computed overtall

items with the total score is shown in Figure 1. The ,negative relation-

ship between the modified c3ut1on inde;c and total score can be seen in

the scatterplot. The presence of high caution indices for individuals

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

including guessing correctly on one or more of the very difficult items,

irregular study habits for low achievers, long-term absence frdm instruc-

tion, wide range of item difficulties on the test, teachers stressing

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 NAEPassessment of mathematic achievement. A maximum value of

.56 was given the individual with the most unusual re:Sponse pattern.

No one with a total correct scOre'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.

Insert Figure 1 about here

The scatterplot for themodified canZron index,computed for the

arithmetic items with the total score is shown'in Figure 2. One student

performing very well on these items missed a very easy item contributing

to the largest modified caution,index of all at .81. The scatterplot

reveals the negative relationship between the modified caution index value

and the total score. Similar factors as reported earlier could possibly
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help to explain the different response patterns.

Insert Figure 2 about here

An interesting chanr3e in.the relationship can be seen in theoscatter-,

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 betwetn t:?.. modified caution index for geometry and

the total geometry score. This change,in relationship from negative to

positive suggests the strength of the relationship between the modified

_

caution index and the, total test score As confounded by the nature of the

total score distribution.

Insert Figure 3 about here

Of particulaeimportance and seen in the scatterplot of modified

cautfon indides coMputed for the arithmetic and geometry items given in

Jigure 4,,is the small positive near zero relationship among the modified

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

'that unusual response patterns for individuals are not consistent across

item domains.

Insert Figure 4 about here

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

caution index we will drop reporting of Sato's caution index in favor of

the modified caution index which is bounded at 0 and 1. School variables

24
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that weresignificantly correlated in thepositive direction with the

modified caution index for the total set of items were percent of com-

muuity on welfare, percent of community farm workers, perceat of com-.,

munity black, and number of students qualified to receive Title I and

are reported in Table 4. School variables that were significantlY nor-
,

related in the negative direction with the modified caution indeX for.

the total set cif items were percent of community profession workers,

percent of community skilled workers,-and type of school.

Insert Table 4 about here

1
No aignificant gender differences were foun9/With the modified caution

index. However, the results all consistently show females as having .lower

caution values across the different item sets.

The Like- Mathematics scale revealed no 3ignificant relationship with

the caution values while.the Usefulness of Mathematics scale showed a

significant negative relationship with the caution index. Students per-

ceiving mathematics as not very useful were students with high caution

indices.

Since the caution indi4es were substantially cornelated with the total

score, partial correlations of school and student background were computed

controlling for the respecti.ve total test score. The partial correlations

are given in Table 5. Significant positive partial correlations were found

with the modified caution index for the total set of items"on the following

variables: percent of community farm workers, percent of community black,

and number oE students qualified to receive Title I. SignifiCant negative

partial correlations were found with the modified caution index for the
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/total set of items on the following yariables: percent of community

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

Insert Table 5 about here

The results of the analyses pf variance and of covariance (ANOVAe

and ANCOVA) are given in Table 6. For the total set of items and for

the arithmetic items, the caution index varied significantly on the set

of four variables investigated: coMmunity size, race-ethnicity, grade'

level, and cen;us division. The'ANCOVA results, where we controlled

for the total test s6)re, revealed only one variable wit a significant

main effect xemaining. This significant effect was foF the 'race-
,

ethnicity variable indicating that the differences in caution indices

were still significant between groups of stucrents classified on this

variable.

Insert Table 6 about here

Cr-

The results from the ANOVA for the geomet,ry set of items ievealed

that the caution ihddx varied significantly on only'the race-ethn4city
,

variable. The ANCOVA results after conttollLng for the total geometry

score revealed significant differences both on the race-ethnicity and, the

7

census, division w..rlable.

To_illustrate the varying distrIbution)of 'caution indices by total

,

score for specific-subgroups we prepared "Box and Whisker -Plots." A box

. .

, _, ,

, th

ahd whisker plot provides a graphical picture of the location of the 25--,
,

'
,

,

150-1 and 75h --01*erceAlle score with thj range of values plus the mean
A-1,

, th t . '

. ..,,'
I,
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value., The' box refiresenes the' Middle 507., of the values while the whisker

or tails'eXtending frok the box reptesent the1ower and upper quartile

values. Vapes of 0 on the/box and yhisker plot indiCate the probability

t. A

occurrence as 1 chance out of 20 while an asterisk indiCates thejiroba
.

bility of accUrrende at 1 chance.odt of 200.

'' The total test score interval for the total and arithmetic set cif

items were split into deciles while the test score interval for the geometry .

set of items was split into quintiles. Box and.Whisker plotts of the modi

fied caution'index.for,blacks and whites by their test.performance level

are given-in Figures 5, 6, and 7 for tha'total arithmetic and geometry set

of items, respectively. Dlacks across each of three eotal test intervals

for each decile have higher caution-indices as can be seen in Figures 5,

6, and 7.

.warr)

Insert Figures 5, J6, and'7 about here

9/Bowland whisker plots of the modffied cauti n index 'values across the

a

test score performatite levels for males and femaes.are given in Figures 8,

09, and 10 for the total, arithmetic and geometry set of items, respectively.

'An interesting pattern of results can be seen in each of ffiese figures; that

is, the females of.a low ability 1,ve1 have lower caution values7KhAri 'males

of equal ability while females of a high ability level haVe greater caution

indices,than males of equal'ahility. The,midspread (i.e., the distance from

th th
Ehe 25-- to.the 75-- percentile) of cautiowindices for the students

in.the first decile are-about one and a half times the midspread throughout

the remaining decilesA,

.

Insert,Figures 8, 9, and 10 about here

2 7
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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 Usefdtness of Mathematics scale are given in Figures 11, 12, aid 13

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

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

differehces between groups formed.based on the usefuness of mathematics

could be seen in the middle region of the test score interval.

c's Insert Figures 11, 12, and 13 about here, k

Box and whisker plots 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 differences were

found that would necessitate their figures to be included.

Since the differencesn modified caution index values noted on the

box and,whisker plots for blacks and whites could be influenced by total

test score, we evaluated the residuals remaining after regressing the

,modified caution index on total test score. Box and whisker, plots of the

residuals across the test score intervals,are given for blacks and whites

in Figures 14, 15, and 16 for the total,,arithmetic and geometry set of

items: The pattern of blacks.higher residuals:can be.seen in the figures

across all'three; test score-intervals. Ibis'pattern of,differences.in

response patterns between blacks and whites after controlling for test

score Indicate that groUps of students differ in their response patterns

.even after adjusting for differences in'total correct scores. On average,

28
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the response patterns for black students are less consistent with the

national norm than are the response patterns of white students with com-

parable total number correct scores.

Insert Figures 14, 15, and 16 about here

School and Census Division Differences on Achievement and on the Modified

Caution Index

To determine the variation in achievement and modified caution indices

that can be explained by ceasus division and school differences within

census divisions we divided the variation among the 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 percent

of variation explained for pupil's mathematics achievement and modified

caution index vanes on the total, arithmetic and geometry set of items.

Insert Table 7 about here

We will now focus on the results of the variance decomposition of

the mathematics achievement total correct scores and the modified caution

index for the total, arithmetic and geometry set of items. Between census

division variance on achievement ranged flora 2.9% of total variance on the

arithmetic items.to,3.5% on arithmetic items. Schools within-census divi-

sion achievement variance ranged from a high of 25,5% on geometry items to

a low of 22..57: on arithmetic items, For the total set of'items 4% of the ,

total variance was explained by between census division variance

explained by schools within census division.

29
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-Clearly, there are sizeable
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between school differences in achievement, a result that could have been

predicted with great confidence without the analysis. But it is also

clear that the within school variability in achievement accounts for a

much larger fraction of the total variation.

Between census division variance on modified caution indices ranged

from .05% of the total variance on arithmetic items to .43% on geometry

items. Schools within census division modified caution index variance

ranged from a high of 7.8% on arithmetic items to a low of 1.9% on

geometry items. Schools within census division explained 11.8% of the

total variance while only .8% was explained by between census divisions.

The between school variability in the caution indices is noticeably less

than that for total scores. Nonetheless, there are sizeable between

school diffetences in caution indices for the total set of items and for

the set of arithmetic items. These between school differences suggest

significant !variation between schools in content emphasis. (4

e moldified caution indices for all three tests were used as de-

pendent variables in a hierarchical ANOVA. The first factor is the

nine different census divisions of the nation. School is the second

factor. This factor is nested in census divisions, while students, the

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

resultS of these analyses are summarized in Table 8. The schools within

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

caution indices on the total item set.

Insert Table. about.here



22

:The mean caution indices on all tests for the 13 schools in census divi

sion 6 and 15 schools in census division 7 are reported in.Tables 9 and 10

respectively. The range of the school mean modified caution indices is .15

to .27 on all items. The relatively wide range of modified caution indices

for schools within these census divisions suggests a highodegree 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 effects

are significant for all indices, which reveals that certain schools may not

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

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

Insertjables 9 and 10 about here

The significant schoolswithincensus division effects denote the

high degree of variability of student performance in schools within

certain census divisions of the country. Curriculum offeriags may very .

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

we conducted a more detailed analysis oE response patterns of students

at schools within census division 6 and 7 following the approach used

by Harnisch and Linn (1981). This study was designed to identify the

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

use to describe unique patterns of performance by item Content. Various

patterns of performance sUggest differences in content coverage that

make, the test less appropriate for some schools than others.

*
Schools from census division 6 and 7 with 10 or more students were'

evaluated for unusual response patterns. The pvalues, i.e., the pro

portion of students who answered an item correctly, were computed for
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each school on each of the es items. Since school mean performance on

the test is directly related to the p-values on the items, a linear re-

gression was performed on the p-values for each school with the p-Values

from the nation. The regression equation was used, to compute the ex-

pected proportion correct on each item for each school. Residual scoles

were computed simply 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 about the 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 residuale were multiplied by the square root of

the number of items in the content category as a means of weighting the

standardized mean residuals according to.the number of items in the

category. The resulting tieighted standardized mean residuals, which are

analogous to critical ratios, were used to compare the items in dif-

ferent categories. These results are reported in Tables 11 and 12 for

the two census divisions.

Insert Tables 11 and 12 about here

An entry in Table 11 or 12 greater than 2.0 in absolute value indi-

,

cates that items in that particular category are much easier or much

harder for students in that school than would be expected from their

OVerall performance and the relative difficulty of',these items for ehe

national sample as a whole'. FiVe of the coneent categories 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 schools. Seven of the content categories,

for school within census division 7 have entries in Table 12 greater

than the 2.0 absolute value for one or more schools. The one category

of items in which two or more schools from either census 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 values 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 Schools 3 and A. 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

63 cognitive items used in Booklet 5 is given in Table 13. The item dif-

ficulties ranged in percentage correct from 2 to 957. Twenty of the items

are answered correctly by greater than 70% of the test takers while nine-

teen of the items are answered correctly by fewer than 40% of the test

takers. Appendix C provides for each item the percent correct, the point-

biserial, Sato's caution index, and the modified caution index. Two

items were identified with modified caution indices over .5 suggesting

that an unexpected large number of low performing students are answering

items correctly. The means, standard deviations, and correlations among

the four-item statistics are given in Appendix D. The caution indices

,correlated as low or lowet with the percentage .correct as compared with

' the correlation of the pointbiserial with the'percentage correct.. The

correlation of the caution indices with the point-biseria1 was a high

negative value. The extremely high correlations among the caution indices



25

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

-

to Book 4 items. It can be stated that the two indices yield nearly

-identical information about the items.

Insert Table 13 about here

The intercorrelations among Sato's caution index, modified caution

index and total score for the total set and two subsets of items are

given in Table 14. The correlation among caution indices is .99 for all

.three sets of items. The correlations of the caution indices with total

test score varies from being small negative (-.21) to small positive (.01).

The correlations between the caution indices and total test score for

arithmetic and geometry items 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 correlation. 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.

Insert Table.14 about here

The scatterplot for the modified caution,tndex computed over all

items with the tOtal test sCore Is shown in Figure 17. :The small negative

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

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



notion that high caution.indices"for individuals can result from a com-

bination of many different factors. These large caution indices possibly

result from a student guessing correctly on one or more of the very dif-

:icult items, irregular study habits for low achievers, 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 considerea the most dif-

ficult for the nation, and teachers not covering parts of the curriculum

that are in the MEP assessment of mathematics-achievement. A baximum

value of .58 was given the inaividual with the most unusual response

pattern. No one with a total correct score of 28 or more had a caution

index higher than .40, whereas 6 of the people with total scores less

than 28 had caution indices exceediag that value.

In3ert Figure 17 about here

The scatterplot for the modified catuion index computed for the

arithmetic items with the total score is shown in Figure 18. One student

answering only two items correctly and perhaps nearly the most difficult

arithmetic items had the largest modified caution index value of .88.

The scatterplot reveals a broad range of modified caution values across

the test score interval with only a few unusually, high values spread

across the test score distribution. A host of factors as noted earlier,

could possibly help to explain the different response patterns.

Insert Figure 18 about hgre

26
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The scatterplot for the modified caution index computed for the

geometry items with the total score for geometry items is given in

Figure 19. The scatterplot reveals the near zero relationship between

the modified caution index and the total geometry test score. Wdified

caution index values exceeding .90 are found for five students scoring

nine or above on the geometry items. The near zero-relationship as seen

from the scatterplot indicates that the caution index values dre pro
,

viding us with new information not contained,in the total test score.

An'interbsting area of research is trying to understand.the factors

associated with students that have large caution values or schools with

large,numbers of students who have large caution values.

Insert Figure 19-about here

No systematic relationship was found between the, modified caution

,index cOmputed on arithmetic items and the modified caution index cora

puted on geometry. items. The scatterplot that reveals this near zero

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

value on one subset of ite \ is not necessarily going to have a large

.caution value on a different et of items.

\

, Insert Figure 20Nabout here

Since the relationship between Sato scaution index and the .modified

'caution index iwas'nearly one, we will continue,reporting only,the modified

caution index since it.is bounded at 0 and 1. The correlations between a

set of school, student background and affective domad,n variables and the

,
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modified 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. Femates displayed

consistently lower caution values across the Aifferent item sets. The

two school variables found to be associated with modified caution index

values are percent of community on welfare and percent of community black,

each in a positive nianner.

Insert Table 15 about here

For all practical purposes, no significant relationship was found

between the affective domain scales and the modified caution index. How-

ever, the validity coefficients for all the affective domain yariables

with the respective total test score are all positiVe and.range,from

.06 to .31. The easiness of mathematics scale consistently correlates

.20 or higher with each*of the-total test scores.

The results of the ANOVA and ANCOVA are reported in Table 16: Sig-

nificant differences in caution indices for the total set of items were

found for groups formed based on their race-ethnicity and grade level

variables. No significant differences were found between groups for the

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

items, the three variables found to indicate large between-group dif-

ferences on the modified caution index were community size, race-ethnicity

and census division. The ANCOVA results on the geometry items, where we

controlled, for he total geometry test quire, revealed significant between-.

group differences on each df.,the three variables noted above. On the
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other hand, the ANCOVA results on the total set of items revealed no sig-

nificant between group differences after controlling for the total test

score.

Insert Table 16 about here

The distributions of caution indices.by total test score for specific

subgroups were obtained and inspected. Box and whisker plots were pre-

.pared to illustrate the conditional distributions of caution indices for

the total test score interval spll.t into deciles for the arithmetic and

total set of items while the geometry test.score intvval was split into

quintiles. 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 is consistent for the males

adross the test performance levels with males having geater caution

,

indices. For the arithmetic eet of items, a similar pattern of results

are found at the extreme performance levels while some moderation of

differences in caution indices occurs at the middle range of the per-

formance levels.

Insert Figures 21 and 22 about here

School and Census Division Differences on Achievement and on the MOdified

Caution Index

To determine the variation in achkevement and modified caution indices

that cAn be explabled by census division and school differences within

38



census divisions we-divided the variation among the pupil's achievement

test scores and Modified caution index values into a between-census divi-

sion and a within-census division component.. Table 17'shows the percent

of variation explained for pupil's mathematics achievement and modified

caution index values on the totaI, Arithmetic and geoWletry set of items.

Insert Table 17 about here

30

The variance decomposition !:.f the mathematics achievement total

correct score fo, the total, arithmetic and geometry set of items into.

a betwe*0 census divisions component and a schools within census divisions

revealed similar percentage patterns as were found with Book 4. Between

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 explained for the arithmetic items compared

to the geometry items with the schools within census divisions'compOnent

of variation. For the total set of items 5.2% of the total variance was

explained by between census diVision variance and 23.3% ekplained by

schools within census division. In each of the subsets and also for the

total set of items the percentage of variance occurring within schools

is much greater than between schools, revealing a wide range of'indi-
.

vidual differences within schools.

The schools within census division modified caution index variance

was nearly the same on the arithmetic and geometry set of items, 247%
0

and 2.3%, respectively. For the total set of items, schools within

-Census division explained 3.5%.of the total variance. Differences at

thq between-school level on the caqion indices suggest significant

variation between schools in emphasis-given to the subject matter.

39



t4

d.

31'

The modified caution indices for all three tests were used as

pendent variables in a hierarchical ANOVA. The first faator is the nine
%

differedi census divisions of the nation. School-is the sechnd factor.

This factot is nested°in Census divisions, while %tudents, the third

factor, are 'nested within schools within census. divisions. The results

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

divisicins 2 and 9 have significantly different modified caution indice's-

on the total item set. For the geometry item set, schools within census =

divisions 1 and 3 have significantly different modified caution indices. '

Insert'Table 18 about here

The mean caution indiCeS on all tests for the 8 schools in census

division.1 and-21 schools in census_ division 9 are reported in Table 19_

and 20. respectively. The range of the 'schoot mean modified caution

indices is .03 to .25)on the geometry set of items fojc schoOls in census

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

withIn census division 9. The relatively wide range of modified caution

indices for schools within these census divisions suggests a high degree
4

f variabilitx of item response patterns. These large differences as
0 a

noted in Tables 19 and 20 may well have been a function of the curricu

lum. The school'effects are significant for all indi.ces, which reveals

that certain schools may not have covered segments of the content sampled
f-

on the test, or eha they. haVe given less than.typical emphasis to some

of the Content.

Insert Tables 19 and 29.about h6te

4 0



The significant schools-within-census division effects denote the

high degree of variability of student perforAance,in schools within

certain census divisions of the country. Curriculum offering-a may 1-fary

well contribute to these large differences. To eXplore thiapostibility,

'we conducted a more detailed analysis of response patterns of students

at schools within census division 1 and 9 following the approach used by

Harnisch and Linn (1981). This analysis was designed to identify subsets

of items which contribute most to the caution indices for the respectiVe

schools. The analyses of these subsets of items were used to describe

unique patterns of performance by item content. Narious patterns of per7'

formance suggest differew!es in content coverage that make the test less

appropriate for some schools than others.

Schools from census divisions 1 and 9 with 10 or more students were

evaluated for unusual response patterns. The p-values, i.e., the propor7

tion of students who answered an item correctly, were computed for each

school on each of the 63 items. Since school mean performance on the.

test is directly related to the p-values on the items, a linear regres-

sion was performed on the p-values for each school with the p-,values from

the nation. The regression equation was used to compute the expected

prdportion correct on each item for each school. Residual scores were

computed simply by subtraction of expected from observed proportion

correct on ehch'item for each school.

Items were categorized in terms of their content and format in. order .

to find clues about the possible reasons for the large differences in the

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

standardized by diing by the standard error of estimate. Finally,

.the standarli.zed mean- residuals were multiplied by the square root of
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the number of iteins in the content category as a means of Weighting the

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

--gory. The resulting-weighted standatdized meaft-residuals, which-are-

*analogous to critical ratios, were used to compare the items in different

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

divisions 1 and 9, respectively.

Insert Tables 21 and 22 about here

Am entry in Table 21 or 22 greater than 2.0 in absolute value indi-

cates that items in that particular category are much easier or much

harder for students in that school than would be ekpdtted from their over-

all performance and the relative difficulty of these items for the national

sample as a whole. Five of the content categories for schools within

census division 1 have entries in Table 21 greater than the 2.0 absolute

value for one or more schools. Story problems is the only content cate-

goty that does not have entries greater than 2.0 absolute value for one

or more schools within census division 9. The fractions-to-decimals cate-

gory of items had three or more schools from either census division 1 or

9 with large entries. For schools within census division 1, the large

positive entry (2.81) for School 1 for-fractionsto-decimals stands in

marked contrast to the large negative value for Schools 5 and A in this

category (-3.09 and respectively). This suggests that the hypothe-

sis that the practice of transforming fractions to decimals may be quite

common In School 1 but rare in Schools 5 and 8. Similar hypotheses 4re

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

expect that special emphaSis is placed on performing calculations in

Schools 14, 16 and. 19 from census division 9.

4°4



SUMMARY AND IMPLICATIONS

Sates-ea-tit-Jo n-Index-and-the morn-fie d-ca-utIon--ind-ex-were- e a-c

puted for the students and the test items 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 reporting 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 between the ca'Ution indices com-

puted for different subsets of items. Further analyses revealed that

the information contained 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

revealing that females tend to have smaller caution values acrosS, the

total test score interval. Significant race-ethnicity differences Were

found on the caution indices with blacks having larger caution values

across the total test score interval.

Significant differences in caution indices, namely lower values,

were found associated with students having a perception that mathematics

was not very Useful. This relationship was quite apparent throughout

the total test score interval.

Differences in response patterns at the school level were identified

and specific subsets of items were identified as contributing to these

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

cautton indices nt particular schools has potential diagnostic value.

4 3
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While numerous reasons may be given to explain the school differenceS

in caution indices it is quite plausible that the differences in response

patterns result from variability in content coverage and emphasis. This

possibility deserves further 3tudy.

From a research point of Oew, it would be most interesting and in-

formative to extend the analysis to the National Assessment of Educational

Progress sample of 9- and 17-year-olds to make further comparisons of sub-

groups on the caution index values as well as identifying student back-

ground characteristics that are associated with students having unusual

response patterns.

Differences in response patterns found in this study'indicate that

there are individuals for whom the total test score conceals systematic

deviations from the typical pattern of responses aad may be misleading.

The results also suggest that there are schools with curricula.that do

not match the test content. Formation of a contingency table as oug-
\

gested by Sato (1975) for the caution index along with the total test

score can be used to identify students who need more study, who make

careless mistakes, who possess sporadie study habits or insufficient

readiness or who are doing everything fine. Schools can similarly be

,identified as having in general one or more of the above categories of

students.
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Notes

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

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

UnivitsifY of IiIini Computer-based EdiitAtion Reseanh-Latnovratory,

1980.

2. Public Use Data Tapes can be purchased from:

Department of User Services
National Assessment of Educational Progress
Education ComMission of the States
1860 Lincoln Street, Suite 700
Denver, Colorado 80295

3. Tatsuoka, M. M. Recent psychometric developments in Japan: Engineers

grapple with educational measurement problems. Paper presented at the

:MR Contractors Meeting on Individualized Measurement, Columbia, MO,

, 1978.
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Exhibits 1 and 2



Exhibit 1

Book±-Affectt_v_e_amalg Items

Like Scale Items

1. Feel like taking mathematics tests

2. Feel like doing mathematics homework

3. Feel like helping-a-clagatia e do mathematics

4. Feel like playing mathematics games

5. .Feel like listening to teacher explain math

6. Feel like watching teacher work at the board

7. Feel like using hand calculators in math

8. Feel like using a computer in math

Usefulness Scale Items

1. Feel useful to take mathematics testS_
2. Feel useful doing mathematics homework

3. Feel useful halping a classmate do math

4. Feel useful to play mathematics games

5. Feel useful to listen to teacher explain Math

6. Feel useful to watch teacher work at the board

7. Feel useful to use hand calculators in math

8. Feel useful to use a computer in math



Exhibit 2

Book 5 Affective Domain Items

Students rated each of the mathematics activities_below with refereace

to like for, importance, and easiness.

1. Solving word problems

2. Working with fractions

3. Estimating answers to problems

%

4. Measuring lengths, weights or volume

5. Working with metric measures

6. Doing proofs



a
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Tables. 1 2-2



Table 1

Zrs

S-P'Table for 18 ExaAnees and 5 Items

fHypothetical ExampW

t ..,

Examinee ,

'

Item

j

1 2-- 3 -4- ..5 -',

0,

Examinee

. Sato's

.Caution
-Index

C

Modified
Caution
Index
C *

5.,

'lw

_Total

U.

1 1 1 0 ,4 .00 .00

2 l' 1 1 0 I 1, 4 .65 .33

1 1 1 0 0 3 .00 .00
,3

4 : 1 1 0 A 0 .16 .08

5 0 0 1 1 .65 .31

1 0 1 O
1

3 1.13 .54

7 1, 1 0 4- 0 0 2 .00 .00

\le 11 0 0 0 / 2 .00 .00

1 0 ' 1 O. 0 2 .44 .23

;

10, 1 0 1 0 2 .59 .31

11 0 1 1 0\,. 0 , 2 .74 .39

12 0 1 0 1 0 2 .88 .47

13 1 0 0 0 0 1 .00 .00

, 0 0 0 0 1 .00 .00

15 1 0 0 0 1 .45 .22

16 0 1 0 0 1 1.14 .56

17 0 0 0 1 0 1 1*.36 .67

18 0 1 0 1 1 66 .67

4

,Item Total t n 12 10 7

.9 .

.j

Sato's Caution
co,

Index C
, J

.4,103.28 .42 .95 .21

Modified Cption
InClex C.. .14 .14 .21 .50..13

-,, 3'



Ta'ble 2

Stem and Leaf Display of p Values for Cognitive Items--

Stem Leaf

90 7.17

90 4.547

80 8.14

80 IN . 6

70 9.85

70 1.69

60 8.24

60 4.87

50 712

50 4.78

40 9.65

40 4.36

30 9.68

30 . 4.39

20 9.13

20 4.33
\

10\ 9.45

10

0 \ 7.35

0 3.90

Book 4, 13-year olds, 1978

,(N = 68)

Frequency

1

1.10 2

6.83 6.62 5.02 4

4.08 3.34 2.81 4

9.48 9.44 3

1.48 2

5.90 5.78 5.12 4

3.97 2

7.00 5.31 3

4.37 3.10 0.96 0.55 0.14 - 6'

7.97 6.37 5.84 4

3.33 2

8.65 5.70 5 13 4

3.28 3.03 2.87 2.50 1.68 1.23 0.57 8

8.48 8.44 6.14 5.77 5.24 6
N

4.29 3.43 3.14 2.65 5
T6,

9.45 7.28 6.78 6.50 5

0

e 1

2:05 cc, 2

68



Tabre

6

Means, StanTard.Deviations, Skewness, and the Pearson ProduCt Moment

Correlationa Among SatcPs Caution Index, Modified Caution Index and the

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

Book 4,13 year olds, 1978

(W = 1219)

\
Variable

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

All Items

1: Sato's Caution Index 1.00 .99 -.19 .74 '774 -.15 .51 .51

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

Arithmetic Items'

4. Sato's Cat;tion Index 1.00 .98 -.17 .07 .08 -.08-

5. Modified Caution Indes 1.00 -.32 .07 .08 -.18

6. Total Test Score 1.00 .034 -.02 .64

Geometry Items

7. Sato's Caution Index e 1.00 .99 .12

.8. Modified Cautton/Index 1.00 .04

9. Total Test Score ps '1.00

Mean .35 .18 3300 .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 10.6 1,,,26 .31' .70 .74 .58



Table. 4

Pearson Product Moment Correlations* of School, Student Background,

and Affective Domain Varlabe with Modified Caution Index and the

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

134. 4;. 13 year olds, 1978

(N = 1219)

Variable

All Items Arithmetic Items Geometry Items

Modified
Caution

Total
Score-

Modified
Caution

Total

Score

Modified
Caut\ion

Total
Score

1. Percent of Community
unskilled -.04 -.05 -.02 -.05 -.07

2. Percent of community
not employed ,07 -.14 .05 -.12 .01 -.14

3. Percent of Community
on welfare .17 -.32 .16 -.29 .03 -.77

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 .79 -.10 .25 .01 .27

7. Percent of community
skilled workers -.12 .18 -.09 .19 -.06 .11

8. Number of students quali-
,fied to receive Title I .13 -.74 .12 -.23 -.01 -.16

9. School enrollment size .01 -.01 .01 -.02 -.02 .01

\

10. Sa ex -.05 -.06 -.05 -.01 -.02 -.09

11. Family owns calculator
b 7.09 .19 -.05 .17 -.02 .13

12. Type of schoolc -.09 ,14 -.05 .16 -.06 .06

13. Like mathematics scale .03 -.04 .03 -.03 .03 -.01

14. Usefulness of mathematics
scale -.14 .74 -.08 .24 -.06 .15

aSex is coded 1 for males and 2 for females.

Fam115; owns calculator is coded 0 for no aftd 1 for yes.

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

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



Table 5

Partial Correlations* of School, Student BaCkground, and

Affective Domain Variables with Modified Caution Index Controlling

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

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

Variable All Items Arithmetic Items Geometry Items

1. Percent of Community,

unskilled -.07 -.05

2. Percent of community
not employed .03 .01

-.02

.02

3. Percent.of community
on welfare .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
skilled! workers -.07 -.03 -.07

8. Number of students quali-
ffed toreceive Title.1 .07 .05 .00

9. School e\nrollment size .01 .00 -:02

10. Sex
a -.04 -.04 -.01

11. Family owns Calculator
b -.04 .00 -.03

12. Type of shoelc -:06 .oa -.07

:

13. Like mathe\4ics

14. Usefulness

Scale .02 .01

f mathematics

.03

Scale -.08 -.01 -.07,

aSex is coded 1.for males and-'2 for females.

bFamily owns cal ulator is coded 0 for no and 1 for yes.
;

c
Type of school:i\S coded 1 for public and 2 for private Catholic.

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



Table 6

Ahalysis of Variance Summary 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
(N = 1219)

Source df

All Items Arithmetic Items Geometry Items

Mean
Square F

Mean
Square F

Mean
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** .056 4.18**

Residual 1214 .005 .007 .014

ANCOVA
Covariate 1 .573 132.76** .906 137.68** .031 2.31

Main Effect
RaceEthnicity 3 .047 10.91** .042 6.43** .074 5.50**

Residual 1213 .017 .007 .013

ANOVA
Main Effect \

\

Grade Level 4 .046 9.58** \ .028 3.79** .016 1.15

Residual 1213 .005 .007 .014

\\

ANCOVA
Covariate 1

Main Effect

.573 129.90 .906,

N

135.88** .031 2.29

Grade Level 4 .008 1.74 .007 N 1.06 , .023 1.68

Residual 1212 .004 .014
N

ANOVA
--,

Main Effect
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
Census Division 8 .008 1.76 .010 1.50 .027 1.96**

Residual 1208 .004 .007 .013

.e 05p
**p < .01 5 7



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
Division

Schools Within
Census Division Error

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

Arithmetic items .03 7.83 92.14

Geometry items .43 1.89 97.68



Table 8

Summary of F Ratios for Hierarchical Analyses of Variance for the

Modified Caution Index on the Total Set and Two Subsets of Items

Book 4, 13 year olds,

-

1978

Effect

All

Items

Arithmetic
Items

Geometry
Itms

\

Census Division 5.58* 2.65* 2.4

Schools within Census Division 2.22*1.36*3.13*

Schools within Census Division 1 2.27 3.06*

Schools within Census Division 2 1.57 1.43

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 .89

Schools within Census Division 6 4.42** 3.41** 1.83

Schools within Census Division 7 5.40** 4.49** 1.70

Schools within Census Division 8 1.36 .68 .88

Schools within Census Division 9 5.11** 1.66 2.03*

*p < .01

**p < .001



Table 9

Means and Standard Deviations on Modified Caution Indices

on the Total Set and Two Subsets of Items tor

Schools Within Census Division 6

Book 4, 13 year olds, 1978

School
Number

Sample
Size

All Items Arithmetic Items Geometry Items

Mean S.D. Mean S.D. Mean S.D.

1 17 .17 .06 .15 .09 .18 .10

2 15 .19 .05 .18 .07 .21 .10

3 15 .17 .08 .17 .10 .18 .09

4 13 .19 .07 .17 .10 .17 .13/

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

14 .23 .07 .19 .09 .30 ;15

7 14 .17 .06 .15 .08 .18 1.10

8 13 .22 .09 .90 .14 .26 .13

9 18 .15 .05 .12 .07 .19 .11

10 16 .16 .07 .12 .06 .23 .17

11 19 .18 .06 .15 .09 .18 .10

12 15 .27 .13 .26 .14 .26 .12

13 13 .25 .13 .22 .13 .23 .12



Table 10

Means and Standard Deviations on Modified Caution Indices

on the Total Set and Two Subsets of Items for

Schools Within Census Division 7 -

Book 4 13 year olds, 1978

School
Number

Sample
Size

All Items Arithmetic Items Geometry Items

Mean S.D. Mean S.D. Mean S.D.

1 16 .20 .09 .16 .08 .26 .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 .68 .24 .16

11 15 .23 .11 .18 .08 .25 .16

12 14, .25 .11 .22 .12 .27- .11

13 16 .16 .07 .15 .07 .18 .09

14 14 .27 .09 .23 .13 .24 .13

15 25 '.25 .08 .25 .10 .23 .17



Table 11

Weighted'Standardized Mean Residuals of Within School

Item.Difficulties by Content Category for

Schools Within Census Division 6

Book 4, 13 year olds, 1978

School

Content Category 1 2 3 4 5 6 7 8 9 10 11 12 13

Story Problems .50 - .99 .35 .02 - .72 .29 .71 - .58 - .21 - .30 .71 1.13 1.03

Calculation .33 .27 -1.02 - .77- -1.58 ..73 .74 1.10 .48 .78 -1.21 .11 1.10

Geometry--
Definition -1.52 - .40 1.17 1.74 1.15 .16 - .52 .77 1.90 1.01 .43 - .90 .00

Geometry--
Application .18 .60 .12 .85 - .64 .74 .94 1.41 1.00 1.42 1.45 2.03 .89

Graphs - .03 .77 .60 .19 .55 - .43 .65 .07 - .01 -1.00 - .32 - .21 -1.91

Estimation 2.12 .42 1.26 .43 -1.25 - .80 - .97 2.00 1.28 - .27 - .57 1.34 .12,

Sign Numbers -1.66 3.88 -2.45 -2.23 1.26 .55 - .01 -1.07 -1.04 -1.24 .15 - .57 .39

Fractions .85 - .99 -1.45 1.68 -1.52., .83 .03 -2.44 2.70 - .03 .75 .86

Blocks .41 .74 -1.22 .27 1.19 1.36, .80 - .49 - .76 -3.18 - .08 .06 1.35

Unclassified - .41 -1.25 1.11 -1.40 - .78 - .53 -1.88 -1.58 -.84 -1.01 - .60 -1.85 -2.48

---

6 2
6 3



, Table 12

Weighted Standardized Mean Residuals of Within School

Item Difficulties by Content 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

Calculation .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

Geometry
Application .55 3.27 - .73 -1.20 -1.76 - .50 .88 - .42 .13 .46 - .38 2.03 - .74 2.46 .32

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

Estimation 1.46 .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 - .41 - .64 1.74 1.01 -2.80 -1.07 - .66 -1.81 .45

Blocks - .73 .26 1.19 .19 .75 - .41 .51 .1.05 1.06 1.47 -1.80 .09 - .05 .50 .24

Unclassified -1.19 -2.97 -1.93 - .98 1.81 .71 - .47 - .87 -1.89 .47 -3.94 -1.70 .10 - .20 - .67

65
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Table 13

Stem and Leaf Display of p-Values for Cognitive,Items--

.Book 5, 13 year olds, 1978

(N = 63)-

Leaf Fre uency

5.17 5.04

4.80 0.78 2 -

8.18 7.29 5.54 3

4.24 3.75 2.78 2.66 2.37 1.48 6

8.59 6.44 6.28 3

4.45 1.12 1.04 0.15 4

9.70 6.45 2

4.09 2.27 0.48
3

8.69 7.15 7.07 6.86 4

4.47 3.61 3.33 2.52 2.11 1.06 6

8.86 8.25 7.97 5.94 4

3.30 2.65 2.40 2.40 0.78 5

8.91 7.49 6.96 5.95 4

2.33 1

9.85 5.59 2

4.21 2,22 1.20 3

9.22 8.81 2

.3.28
1

9.91 9.46 9.26 8.90. 4

2.88 1.62 2

63



.Table 14

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

Correlations kmong Sato's Caution Index, Modified Caution Index and the

Total Test ScOre for the total Set and TWO Subsets of Items

'Book 5, 13 year olds, 1978

= 1231)

Variable

Variable
1 2 3.4 5 6

All Items

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 2.02 -,04 .96 .12 .14 .64

Arithmetic Items

4. Sato!s Caution Index' 1.00 .99 -.04 .02 .03 .00

5. Modified Caution Indes 1.00 -.06 .02 .02 -.01

6. Total Test Score 1.00 .11 .13 .50

, Geometry Ites

7. Sato's Caution Index 1.00 .99 -.02

8. Modifi0 Caution Index 1.00 .01

.,9. Total Test Score 1.00

Mean, ;31 .16 33.74 .35 .18 20.26 .21 .10 5.72

Standard Deviation .12 .06 10.611 .19 .09 7.20 .26 .13 1.68

Skewness. .93 .80 -.11 '1.2.2 1.21 -.23 1.86 1.93 -.02



Table 15

,Pearson Product Moment Correlatibns* of School, Student Background,'

and Affective Domain Variables with Modified Caution Index and the

'

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

Book 5, 13 year olds, 1978

(N = 1231)

a

f

Variable

All Items Arithmetic: Items Geometry Items

,Modified
Caution

Total
Score

Modified
Caution

Total
Score

Modified
Caution

Total
Scoee

. Peicent of COmmunity
unskilled -.02 -.06 -.02 -.05 -.01 -.06

2. Yetcent of community
not employed . .03 -.91 .01 -.19 -.04 -.15.

3. Percent of community
on welfare .07 -.26 .04 -:25.' -.04 -.14 .

4. Percent of Community
farm workers -.03 -.01 -.02 .00 -.03 -.02

5. Percent of community black .08 -.36 .05 -.35 -.08 -.20

6. Percent of community
professional workers .09 .99 -.01 .07 .:16

,

7. Percent Of community
skilled workers , -.03 .09 .09 .09 .00 .07

8. Number of students quail-
fied to receive.Title I , .05 -.23 .04 -.22 -.06 -.12

9. School enrollment size .02 .-.12 -.61 =.12 .02 -.09

10. Sex
a -.16 .01 -.11 .05 -:08 -.05 '

11. Family owns calculator
bl

-.06 .90 -.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 / .15 -.02 .14 .02 .15

15. Easiness of mathematics
scale .02 .31, .05 .29 .09 .20

a

aSex is coded 1 for,males and 2-for females.

bFamily owns calculator is coded 0 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 < .01.

7

i



Table 16

Analysis of Variance Summary Results for the Modified Caution Index

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

Book 5, 13 year olds, 1978

(N = 1231)

Source df

All Items Arithmetic Items Geometry Items

Mean
S uare F

Mean
Square F

Mean
SAuare F

ANOVA
Main Effect

Community size 3 .605 1.30
,

.005 .53 .048 2.89*

. Residual 1227 .004 .009 .017

ANCOVA
Covariate 1 . .095 26.43** .043 495* .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 .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

ANOMA ,

-Main Effect
Grade Level 4 .011 3,.04* .011 1.33 .008 .51

Residual 1226 .004 .009 .017

ANCOVA
Covariate 1 .095 26.44** .043 4.96* .002 ..11

Main Effect
Grade Level \ 4 .005 1.48 .011 1.32 .008 .49

Residual 1225 .004 ,.009 .017

ANOVA
Main Effect .

CensuAivision 8, 001 .35 .001 .13 .037 2.24*

, Residual 1222 .004 .009 .016
/

ANCOVA
Covariate 1 .095 26.38** .043 493* .002 .11

Main Effect
Census Division 8 .003 .87 .002 .22 .037 2.24*

Residual 1221 .004 .009 .016

*p < .05

**p < .01

'ts 16



Table 17

Percentages of Variaion for the Components in

/

Mathematics Achievement and on the Modified Caution Index

Book 5, 1 year olds, 1978

Metween Census
/ Division

School Within
Census, Divisions Error

Mathematics Achievement

All items 5.19 23.32 71.49

Arithmetic items 4.31 / 22.49 73.49

Geometry items 2.01 9.78 88.21

Modified Caution Index

All items .00 3.51 96.49

Arithmetic ttems .00 2.66 97.34

Geometry items 1.12 2.33 96.55



Table 18

Summary of F 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

Effect

All

Items
Arithmetic

Items

Geometry
Items

Census Division .57 .33 4.37**

Schools within Census Division 1.56** 1.44** 1.39*

Schools within Census Division 1 1.51 1.52 3.92**

Schools within Census Division 2 1.78*

c3

1.21 1.15

Schools within Census Division 3 1.53 1.61 1.75*

Schools within Census-Division 4 1.39 1.18 2.01

Schools within Census Division 5 .92 1.02 .37

Schools within Census Division 6 1.07 .76 .67

Schools within Census Division 7 1.13 1.76 .84

Schools within 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

Means and Standard Deviations on Modified Caution Indices on the

Total Set and Two Subsets\of Items for

Schools Within Census Diivision 1

Book 5, 13 year olds,1 1978

School
Number

Sample
Size

All Items Arithmetic Items Geometry Items

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

20 .17 .07 .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 Division 9

Book 5, r3 year olds, 1978

School
Number

Sample
Size

All Items Arithmetic Items Geometry Items

Mean S.D. Mean S.D. Mean SO).

1 18 .16 .04 .16 .06 .12 .11

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 .06 .10

12 13, .16 .04 .20 .10 .04 .07'

13 17 .-1:1 .05 .17 .07 .14 .14

14 11 .21 .06 .18 .08 .18 .13

\

15 20 .14 .06 .16 .08 .09 .09

16 12 .19 .07 .20 .08 .08 .10

1°7 17 .12 .07 .11 .09 .11 .12

18 14 .13 .05 .17 .07 .04 .06

19 11 .14 .04 .15 .07 .09 .12

20 15 .14 .04 i .17 .06 .05 .07

21 11 .21 .07 .28 .07 .10 .09



Table 21

Weighted Standardized Mean Residuals of

Within 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 - .49 - .16 - .78 .30 .8' 1.69 .47 .86

Geometry -1.32 22 - .34 -1.03 .03 .23 - .04 3.16

Metric ,68 1.72 -1.21 2.76 - .29 .53 .19 -2.50

Graphs -1.3 - .09 .64 .45 .69 .97 .03 .01

Definitions 1.5 -1.18 1.00 .39 1.61 ,63 -1.89 - .59

Numeration -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 School Item Difficulties by Content Category for

Schools Within Census Division 9

Book 5, 13 year olds, 1978

School
Number

Content Category
Story

Problems
Calcu-
lations

Geometry Metric Graphs Definition Numeration Fractions Unclassified
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 .44

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

5 - .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 .77 .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 - .14 - .94 2.08 -1.11 - .23 1.29 1.66 - .43

12 1.01 - .32 2.32 -1.82 .94 -2.07 -1.31 .36 -1.23

13 - .48 .31 - .81 1.11 .29 .39 - .31 .30 . .54

14 .08 2.06 1.24 1.39 -1.16 - .87 - .01 -2.78 -1.15

15 - .23 1.05 .65 .61 -1.35 .39 .44 -1.54 - .39

16 -1.38 2.48 1.35 - .06 - .76 7 .84 .35 - .21 -2.88

17 - .29 .08 -1,36 -2.89 .87 - .17 2.35 .96 .90

18 - .43 -1.22 .86 0 .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

743
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Figure 22. Box and whisker plot of modified caution index for males and females with the 113
total arithmetic test score interval split into deciles. (Book 5, 13 year olds,

1978.)
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APPENDICES



Appendix A

Classification, Percentage Correct, Sato's Caution Index, Modified

Caution Index and the Point-Biserial for Cognitive Items

Book 4, 13 year olds, 1978
(N = 68)

Item
Number

Item
Ckassification*

Percentage
Correct

Sato's Caution Modified
Index Caution Index

Point-
Biserial

2 M 83.34 .45 .21 .34

3 A 71.69 .36 .17 .46

4A k 50.96 .24 .12 .61

4B A 63.97 .32 .15 .53.

5A A 97.17 .52 .24 .17

5B A 94.54 .49 .0 .23 .22

5C A 84.16 .56 .26 .27

6A G- 84.08 .48 .22 .32

6B G 23.43 .54 .28 .35

6C G 34.39 .46 .24 .43

6D G 19.45 .49 .26 .38

6E G 45.84 .45 .23 .45

7 A 23.14 .42 .22 .44

8 M 39.68 .52 .26 .39

9 A 44.36 .42 .21 .47

10A G 65.78 .77 .38 .18

10B G 57.12 .65 .32 .28

10c G 31.68 1.08 .56 -.06

10D C 88.14 .55 .26 .25

10E G 50.55 1.04 .52 -:03

11A T 85.02 .55 .25 .27

11B T 53.10 .34 .17 .53

11C T 79.85 .28 .13 .48

12 A 24.33 .55 .29 .35

13 A 57.00 .79 .39 .17

14A A 32.87 .46 .24 .43

14B A 38.65 .42 .21 .47

A 28.48 .42 .22 .45

14D A 30.57 .40 .21 .48

15 A 64.87 .32 .15 .52

16 A 65.12 .35 .17 .50

17A G 54.37 .41 .20 .47

17B G 31.23 .54 .98 .37

17C G 35.13 .63 .39 .30

18A G 46.37 .70 .35 .94



Appendix A (continued)

Item Item Percentage

Number Classification* Correct

Sato's Caution Modified

Index Caution Index

Point-
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 .97

21A A ' 7.35 .77 .40 .13

IQ
218 A 24.29 .66 .35 .26

21C A 19.45 .82 .44 .13

22 A 32.50 .31 .16 .55 -

23A A 91.10 .36 .17 .33

238 A 79.44 .46 .22 .36

23C A 82.81 .43 .20 .36

24 G 29.13 .62 .32 .30

25A A 68.24 .58 .28 .32

25B A 25.77 .40 .21 .47

25C A 28.44 .39 .20 .48

26 G 3.90 .22. .12 .35

27A A 22.65 .40 .21 .46

27B A 43.33 :44 .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 .43

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 .29 .46 -

36 T 55.31 .52 .26 .39

37 A 49.65 .37 .19 .51

31:NNN
A 26.14

54,78K.

.36

.47

.19

.23

.50

.42 4

*Item class- fication codes are A for

and :graphs, nd,M for miscellaneous.

arithmetic, G for geometry, T for tables



Appendix B

Means, Standard Deviations, and Pearson Product Moment

Correlations on Four Item Statistics

Book 4, 13 year-olds,

(N = 68)

1978

1

Variable

Variable 1 2 3 4

1, Percentage_Correct_ 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 DeviaLon 25.08 .14 .18 .09



Appendix C

Classification, earcenta,c,e Correct, Sato's Caution Index, Modified

Caution Index and tfl.eJ Point-Bieriarfor Cognitive Items

Book 5, 13 year olds, 1978

(N .---. 63)

Item
Number

Item
Classificstion*

Percentage
Correct

Sato's Caution
Index

Modified
Caution Index.

Point-

Biserial

2 A 0 83.75 .52 .26 .32

3 A 43.30 .28 .14 .59

4A ________
A 94.80 .51 .27 .22

48 A. 78.59 .53 .27 .33

5A G 88.18 .51 .96 .29

0

58 G 82.37 .81 .41 .13

5C G 76.44 .93 .46 .05

5D C. 87.29 .54 .27 .29

6A M 57.07 .52 .26 .40

63 M 53.33 .39 .90 .50

6C M 47.97 .83 .41 .14

7A T 69.70 .42 .21 .45

78 ,
T 66.45 .43 .91 .45

8A A 38.91 .36 .18 .52

88 A 35.95 .35 .17 .53

8C A 42.40 .49 .95 .42

9 A 13.28 1.17 .58 -.10

10A A 95.17 .41 .21 .26

108 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 .44

14 A 74.45 .43 .22 .42

15A A 64.09 .31 :16 .55

15B A 70.15 .34 .17 .51

15C A 76.28 .27 .14 .54

16 A. 19.21 .80 .40 .14

17 A 24.21 .29 .14 .52

18 A 58.69 .40 .20 .49

19A T 40.78 .40 .20 .49

19B T 51.06 .33 .16 .56

19C T 42.65 .36 .18 .52

20A M 1.62 .33 .16 .18

20B M 2.88 .77 .13 .25

118
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Appendix C (continued).

Item
Number

Item
Classification*

Percentage
Correct

Sato's Caution
Index'

Modified
Caution Index

PJint-
Biserial

21

22

' G

G.

82.66
25.59

.60

.40

.30-

.20
./.

.27

23A A 56.86 .57 ,29 .35

23B A 48.86 .49 . .25 .42

23C A,
\

48.25 .43 .22 .47

,

24 G 62.27 .65 .30 .28

25 G 18.81 .83 .41 .11

26 A 54 47 .63 ..32 .30

27 A 53.61 .39 .19 .51,

28 14- 8.90 1.08 .53 -.04

29 T 71.04 .45 .22 :43

30A A 60.48 .16 .68 .68

30B A 57.15 .18 .09 .67

A 5.2_.11 .17 .08 .69

30D A 52.52 .23 .12 .64

q
.

30E A 37.49 .22 .11 .63

31 G 9.46 .92 .11 .42

32 G 9.91 .63 .31 .21

33A M 82.78 .58 .29 .29

338 M 29.85 .90 .45 .08

34 A 71.12 .66 .33 .26

35 M 85.54 ,28 .14 .46

36 A 84.24 _
.51

.
.26 .32

37 A 32.33 .34 .17 .52

38 A 81.48 .47 .24 .36

39 C 21.20 .45 .72 .39

40 A 45.94 .46 .23 .45

41 M 9.26 .59 .29 .22

*Item classification codes are A-for arithmetic, G for Geometry, T for tables

and graphs and M for miscellaneous.
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Appendix D

Means, Standard Deviations, and Pearson Product Moment

Correlations on Four Item Statistics
4

Book,5, 13 year olds, 197-8'

(N-= 63)

Varrable

Variable
2 3 4

1. Pac-ctntage Correct 1.00 .09 - .09 - .06

2. Point-Biserial- 1-00 -

3. Sato's Caution Index 1.00 .99

4. Modified Caution Index 1.00

Mean 52.74 .38 .48 .24

Standard Deviation 26.13 .18 .11 j
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