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ABSTRACT

Statistical procedures employed in item analysis are
based on the performance of the individual on a given test. If,
however, one desires to assess the efficiency of some treatment, the
researcher is interested in the performance of groups of students who
received the treatment rather than in the performance of any one
individual. In such cases statistics based on individual performance
do not constitute a proper basis fecr item selection and for
interpretation of test results. In this context, therefore, the
discrimination power of an item should be conceived as its capacity
to discriminate among classes and not among individuals. This
approach is not only logically sound, but also increases the quantity
and quality of the information available. Three new parameters are
introduced: item-test correlation based on class data, item standard
deviation based on class data, and the intraclass correlation
coefficient of an item. An item analysis of a fourth grade arithmetic
test is used as an example. Other class data parameters are suggested
for future research. (DG)
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(= The Background

at B

Statistical procedures employed in test analysis and especially in item
apalysis are based on the performance of the individual in a given test. Item
characteristics which are of interest for the evaluation expert and which fre-
quently serve as a basis for item selection &are: the difficulty level of an item,
its dorrelation with the scores on the total test, its correlation with other items

of the same test and with one or with several external criteria scores. Several

standard computer programs (8) report also the standard deviatiors of each item,
which in most multiple choice tests are curvilineal function of the item difficulty
and thus do not convey any new information which is not present in the item dif-
ficulty index itself, That test statistics are based on measurements of individ-
ual performance is possible due to the fact that the roots of statistiéal test the-
ory are in clinical testing, which, in turn, has its major interest in individual

differences. Whenever one wishes to develop an instrument which will maximal-
ise the discrimination among individuals with regard to certain trait or capability
such procedures may be most efficiert, But the concern of educational testing
and measurement is not only the assessment of individual performance. Tests
are used within the framework of research studies come to assess the efficien-
cy of some treatment, like teaching method, curriculum material, organization-
al seiting ete, embloyed in classroom situations to groups of students. In such
cases the researcher is interested in the performance of groups of students who
underwent some treatment rather than in the performance of any individual., In
such cases statistice based on individual performance do not constitute a proper
bazis for item selection and for interpretation of test results, Whenever tests
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are used for the purpose of assessment of some aspects of clagsroom teaching item

anzlysis has to be performed on the basis of differences between achievements of

classes.
This approach can be justified on the basis of logical considerations but

additionally it possesses empirical advantages by providing a variety of information

which is not available whenever individual data are used for item analysis.

Logical basis for using class-performance data

The fact that in classroom experiméntation the unit of observation is not
the individual but the class has been pointed out by Lindquist's classical book on Ex-
perimental Design(G). Lindquist calls attention to the fact that performance of stu-
dents withing the same class are not independent one of the other, since they are af-
fected ¥y circumstances prevailing in the class. Therefore the number of independ-
ent replications is equal to the munber of classes included in the sample and not to
the number of individuals comprised in the sample. This idea has been further de-
veloped by Lord(7) and utilized in several educational studies like Bock(l) , but sur-
prisingly has never been applied to item apalysis and item selection 'procedures.
Since the natural setting of test administiration is the classroom one has to consider
the whole class as a unit and compare performances of classes rather performances
of individual. Accordingly questions usually asked in fhe context of item analysis
have to be reformulated. With this view in mind the discrimination power of item
e.g. has to be conceived as its capability to discriminate among classes and not a-
morg individuals. For this reason it is proposed thut the discrimination power of
an item should be defined as the correlation between the average achievement of stu-
dents in each class on a particular item with the average performance of the class
on the whole test. Thus far the logical reasons for the suggested modification of i-
tem analysis have been described and a new definition for the concept "item discrim-

ination" power has been suggested. But this approach not only increases the logical

precision of a concept widely used, but also increases the amount and the quality of

information which is processed by item analysis.




Empirical Advantages

The increase ir amount and the improvement of the quality of inform-

ation is illustrated by the presentation of results obtained from item analysis of a

fourth grzde arithmetic test.

The Test

A 42 item test has been constructed to measure »chievement of fourth
srade pupils in arithmetic®. The test covered several topics taught in the 4th
grade according to the local syllabus. In addition to topics taught in all schools
the test contained two subsets of items which are of special interest for the purpose
of this paper. The first of them is Fractions. This topic has bees taught in grade
four of some of the schools which study arithmetic according to a new experimental
program, while in other schools it is taught only in grade five. Thus some classes
studied the topic Fractions before taking the test while others did not systematically
study this topic. The second subset of items labelled in this paper, Theory, deals
with general aspects of mathematics and contains questions like "Each number
which can be divided by 4, can be divided by 2 too" etc., a topic which has not been
dealt with directly in classes and may be considered as a kind of measure of nu~
merical ability. And finally there is a third set which contains a single item - item
12 - labelled error which in this case refers to the fact that the correct response
has been erronerously provided for the computer analysis and thus the results of
this item have to be disregarded, but for analytical purposes it turned out to be val-
uable for the present topic. The test has been administered to 107 classes compris-
ing 8057 students with an average of 28 students per class. The classes represent-

ed the whole range of differences in ability levels existing in the country.




The results of item analysis

Some results of the analysis are presented in table 1. This table contains
information based traditionally on individual data, and information based on class
data. It can be seen that the test is a typical one, its items represent différent
difficulty levels,

Their distribution is as follows:

Percent of students No. of item
giving correct response

20 - 29 4

30 -39 2

40 - 49 9

50 - 59 7

60 - 69 8

70 - 79 7

80 - 89 8

On most of the items 40 - 80 percent of correct responses were obtained, but some

- items are rather difficult and others quite easy.

Item-test correlation

The traditionally repo:ted item total test biserial correlation coefficient is
listed in column (2) of table 1. In column 4 the correlation coefficients among the
same variables based on class performance data is listed. The first striking ob-
servation is that correlations based on class performance are considerably higher
than those based on individual performance data. However a corstant difference
between the two types of correlations would not be of interest. But one can see that
the range of correlations based on class performance is higher than of those based
on individual data. The runge of the point biserial correlations is from .2 to .6
with a median value of .4 while the range of class -correlations occupies almost the
whole possible range of pesitive correlations, it runs from .2 to .9 with a median
value of . 7. The reason for this difference is that individual performances are
scored dichotomously (0 or 1) while class averages for each item can carry a va- |

riety of fraction values from 0 to 1.




correlations are computed without correction formula for auto correlation and
thus their values are slightly inflated(®) while the class correlations are comput-
ed with regard to the sum of other items only. Thus the difference between the

-5~

It should be added that in the present table the individual point-bis
actual correlation coefficients is larger than those presented here.

\

It can be seen that in using class data we obtain a coeiiicient which
has more refined discriminational value than that obtained by using individual
data.

. Ntandard deviation of clags averages

: Using class data also enables us to examine some characteristics of

’ items which are not described at all in conventional item analysis.

} I refer here to the frequency distribution of class-averages which is

L presented on the right part of table 1. It can be seen e. g. that on item no. 1 two

| classes obtained 50-59 percent correct responses and 13 classes obtain~d 60-69

{ percent responses. On the same item 21 classes obtained 100 percent of correct
responses, i.e. in‘al classes all students responded correctly to this item. The

' distribution of class averages is characterized by a single parameter i.e. the

| standard deviation of class averages. Unlike the standard deviation based on in-
dividual data, the standard deviation of class averages (see col.3) is not a func-
tion of the item difficulty and thus it conveys information not contained in the item
difficulty index itself. Theoretically it is possible that one item having a given
difficulty level has widely different averages in a variety of classes. while another
item with the same difficulty level has quite similar averages in most classes.
Thus e.g. in the data presented here both items 37 and items 41 have a difficulty
level of 45 and a slightly different standard deviation.

The differences in the size of standard deviation in the present sam-

ple are moderate. However, considerable differences have been detected by the

author in other tests analyses.
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Interclass correjation

A third type of information which may be of interest for the evaluation
expert is the intraclass correlation coefficient reported in column 6 of the handout
(Haggard, 1958)(3). This parameter is the function of the ratio obtained by the divi-
sion of the between classes mesn sum of square by the within classes mean square.
The intraclass correlation is an index of the du.gree of similarity of responses giv-
en by pupils in any single class. As indicated already the topic Fraction has been
taught in some classes and in other classes it has not been taught at all. As a re-
sult of this the intraclass correlations of items in this category are relatively high.
Thus e.g. the intraclass correlation of item 41 is very high. This item represents
a relatively easy question in fraction. Those classes who studied the relevant ma-
teriel obtained very high averages on this item while classes which did not study this
material obtained averages close to zero. The frequency distribution of class means
on this item has two peaks i.e. it has bimodal shape. This is an interesting example
of an item whose variance stems mainly from between clags differences while on the
other hand the variance of item 33 stems mainly from within class differences. The
former one is a content oriented item while the later one is more saturated with gen-
eral ability. The comparison of these two items supports the feeling that items test-
ing achievement have higher intraclass correlation than items measuring ability.

Space does not permit to present other statistics which can be computed
on the basis Qf class data. But the purpose of the present paper is not to convey
the findings of & specific study but rather to call attention to the existence of basic
data which have been completely neglected in dealing with item statiétics and which
may yield a wide variety of parameters increasing the amount and the better quality
of information obtained from test results. It is often thought that the currently bas -
ed statistics tell everything about test items, which may be of interest. In fact the
practice of item analysis and item selection has not changed over decades and~ the
endeavor of psychometrists is more concentrated on provisions of computational
shortcuts for the existing parameters than for seeking additional parameters which

may increase our understanding of tests.
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Topics for Further Study

The present paper introduces three parameters which have not been
used before and these are: 1) item-test correlation based on class data; 2) item
standard deviation based on class data, a..d 3) intraclass correlation coefficient of
the item. In addition to these parameters some other topics for research utilising

class data are as follows:

1. Inter-item correlation matrix computed on basis of class results.
It is. expected that these correlation coefficients will have a pat-
tern different than, those based on individual data. |

2. Factor analytic studies can be performed on both types of correla-

tion matrices.

3. Test-reliability coefficients of various types can be computed on -
| basis of cless results, too. Thus it is possible to employ split-
half computational procedures as well as the formulae of Kude
Richardson generalized by CronbaCh(z) as the coefficiént alpha.

4. Studies can be conducted to identify factors which affect the simi-

larity or the difference between statistics obtained fromlindividual
- and from class data.

Studies can be conducted to find out whether items testing achieve-

(=]

‘ment can be differentiated from items testing ability by the size

of their intraclass correlation.

It can be envisaged a long series of studies based on thg idea mention-
ed here, which may change the nature of major topics dealt with in test theory.
Studies based on class-data may contribute new chapters to standard text books
on measurement and evaluation and may sharpen the understanding of differences
between tests used for the purpose of individual guidance and selection on one
hand, and tests used for the prupose of testing the efficiéncy of classroom teach-

‘ing practices on the other hand.
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