
12 
Collecting and Analyzing 

Evaluation Data 

This chapter deals with four major issues related to collecting and ana
lyzir.g data. It is not intended to be a systematic guide for researchers; it is 
meant to serve those who already possess a basic knowledge of method
ological problems of ed ucationaJ research. The chapter focuses on those 
unique features of data collection and data analysis that are characteristic 
for curriculum evaluation and are not treated satisfactorily in basic 
textbooks. 

SAMPLING 

In curriculum evaluation we are usually dealing with a grade group em
bracing thousands of children in hundreds of schools. It is in practice 
impossible, for example, to check the curriculum materials and procedures 
on all children, but yet we need to have some idea ofhow they would work 
on all children. We therefore select certain schools and children that 
resemble as closely as possible all schools and children. This small number 
of schools, classes, or children is known as a sampie. What we need is 
evidence on how closely the sampie mirrors the population, i.e., how large 
or small the error of sampling iso 

This chapter was wriuen by Michael Bauer, Wilhe/m F. Kempf, 
Arieh Lewy, and T. Neville Pos(/ethwaite. 
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lhe "Target Population" 
The first prerequisite in any sampling procedure is that the group of 

persons to be sampled must be precisely described. The group of persons to 
be sampled is known in technicallanguage as the target population. Let us 
take an example. If we say that the target population is "all ten-year-old 
children in the country," we must be careful to specify what we mean. Do 
we mean all ten-year-old children whether they are in school or out of 
school, or do we mean ten-year-old child ren in full-time schooling? If a 
school system has a grade-repeating system and if most ten-year-olds are 
in. say, grade 5, there will still be some ten-year-old children in grades 3, 4, 
and 6. 00 we want to identify only the ten-year-olds in grade 5? Thus, it is 
possible to identify a target population and at the same time to agree to 
exclude certain children from that target population. In this case the target 
population is redefined to create a "sampled population," but we are very 
clear as to the types of ten-year-olds who have been exc1uded from the 
target population (in order to identify some of the population). We may 
then proceed to sampie the sampled population and collect our data, but 
we know from experience that not all people in the sampie will respond and 
therefore there will be a shortfall. The information we have at the end of 
our sampling consists of replies from what is often termed the "achieved 
sampie." Whatever data we present, we must be clear as to what is the 
nature of the population that replied. 

The definition of the target population is not always as easy a maUer 
as it might seem, and it is necessary for the curriculum developers to agree 
among themselves (often requiring fairly lengthy discussions) as to the 
exact nature of the target population-whether this be of students, teach
ers, or of subsections of society. 

lhe Sampling Unit 
In some evaluation exercises we need to know the achievement levels 

reached by each student, or the opinions of individual politicians. or the 
suggestions of individual teachers. In other studies we may wish to know 
the performance of classrooms of students, or subsets of politicians, or 
different categories of teachers. In the first case, the unit of sampling will be 
the individual student, the individual politician, or the individual teacher; 
in the second instance, the unit of sampling will be the class. the subgroup, 
or the category. Thus. in order to draw a sam pIe we would need in the first 
instance a list of every student in the target, or sampled population. where
as in the second we would need a list of all the classrooms of students in 
the population. The unit of sampling is highly related to the objectives to 
be evaluated and to the unit of statistical analysis to be used. 
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school, or do we mean ten-year-old child ren in full-time schooling? If a
school system has a grade-repeating system and if most ten-year-olds are
in. say, grade 5, there will still be some ten-year-old children in grades 3, 4,
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our sampling consists of replies from what is often termed the "achieved
sample." Whatever data we present, we must be clear as to what is the
nature of the population that replied.
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reached by each student, or the opinions of individual politicians. or the
suggestions of individual teachers. In other studies we may wish to know
the performance of classrooms of students, or subsets of politicians, or
different categories of teachers. In the first case, the unit of sampling will be
the individual student, the individual politician, or the individual teacher;
in the second instance, the unit of sampling will be the class. the subgroup,
or the category. Thus. in order to draw a sample we would need in the first
instance a list of every student in the target, or sampled population. where
as in the second we would need a list of all the classrooms of students in
the population. The unit of sampling is highly related to the objectives to
be evaluated and to the unit of statistical analysis to be used.



In curriculum studies where a method ofinstruction or a learning unit 
that is highly dependent on the teachers' manual is being tested, it is clear 
that it is the classroom (i.e., the aggregate of pupils within a class) that 
should be the unit of analysis and hence the unit of sampling. 

On the other hand, if one is interested in identifying different sub
groups of students mastering or not mastering particular objectives, the 
student will be the unit of analysis. In this case a sampIe of schools would 
be drawn, and a subsampIe of students in the target population within the 
sampIe schools would be drawn. Although it is often administratively 
advantageous to test whole classes within the sampIe schools since this 
causes little disruption in the school, there are two major disadvantages in 
doing this. First, it is cheaper to subsampIe pupils, and the sampIe will not 
be more representative if the whole class is taken than if a subsampIe of 
pupils is used. Second, if several classes in the school fall into the target 
population and if the classes are streamed, i.e., grouped by ability so that 
the level of classes differs, then a great deal of care has to be taken to ensure 
that the range of the "ability" classes is drawn from all the schools with 
more than one class where streaming takes place. This is a complex 
undertaking, and it is wiser to take a random subsampIe of students from 
across all the classes within the school. 

Judgment Sampies 
One common occurrence in curriculum evaluation is to use judgment 

sampIes. This is a sampIe drawn by the use ofjudgment. In chapters 2, 3,4, 
and 5 the use of judgment sampIes was suggested for polling the opinion of 
teachers, parents, industrial enterprises, and the like concerning the details 
of educational objectives, materials, and procedures. In the tryout of 
materials and methods, small judgment sampIes of six to eight classrooms 
are suggested. 

As we have seen, the target population must be carefully defined. Let 
us assurne that we wish to have a first tryout of some physics materials in 
seventh grade. We also know that there is considerable variance between 
schools in the social-class distribution of children attending the schools. 
From the hearsay of inspectors and teachers we know that certain schools 
are considered good (in that the pupils in those schools generally perform 
weIl in all subjects) and some schools are considered poor. More system
atically, inspectors will be able to categorize schools into good, medium, 
and pOOL Thus, using this categorization, the curriculum center personnel 
can select two or three classes from each group (good, medium, poor) for 
tryout purposes. As the curriculum center needs more and more schools 
for different tryout purposes, it should collect more detailed information 
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groups of students mastering or not mastering particular objectives, the
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teachers, parents, industrial enterprises, and the like concerning the details
of educational objectives, materials, and procedures. In the tryout of
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are suggested.

As we have seen, the target population must be carefully defined. Let
us assume that we wish to have a first tryout of some physics materials in
seventh grade. We also know that there is considerable variance between
schools in the social-class distribution of children attending the schools.
From the hearsay of inspectors and teachers we know that certain schools
are considered good (in that the pupils in those schools generally perform
well in all subjects) and some schools are considered poor. More system
atically, inspectors will be able to categorize schools into good, medium,
and poor. Thus, using this categorization, the curriculum center personnel
can select two or three classes from each group (good, medium, poor) for
tryout purposes. As the curriculum center needs more and more schools
for different tryout purposes, it should collect more detailed information
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Table 12.1. Grouping Schools According to Achienment Level 

Score Imerval Code Numbers of Schools 

120-130+ 617,819,403,192, etc. 
110-119 812,414, 323, 216, etc. 
100-109 798,412, 375, 142, etc. 

90-99 089,917, 243, 172, etc. 
80-89 014, 019, 961, 439, etc. 

on the performance level of each schoo!. The curriculum center will then be 
in a position to keep up-to-date lists of all schools and a finer differ
entiation will be possible, e.g., excellent, very good, good, medium, poor, 
very poor, exceptionally poor. 

Where standardized tests are administered in all schools at regular 
intervals, for example, for national norming purposes, the overall range of 
performance in the country will be known, as well as the average per
formance of each schoo!. This gives very detailed information and, in such 
cases, it is possible for the curriculum center to select the number of schools 
it requires in certain intervals along the range. Thus, for example, if the 
achievement results range from 80 to 130 (on some sort of standardized 
test), a table such as table 12.1 can be compiled. 

The code numbers with the name and address of the corresponding 
schools are usually kept in aseparate listing, but this makes it easy for the 
curriculum personnel to select their schools according to ability levels. If 
other criteria are associated with different levels of schooling (e.g., ethnic 
or religious or social grouping), it is also possible to categorize schools on 
this basis and use some combination of such criteria for selecting schools. 
However, it is judgment that is being used to select schools. 

Quota Sampling 
Quota sampling is a more refined form of judgment sampling. Again, 

this is frequently used for selecting sampies of persons in the polling of 
opinions or attitudes. Throughout chapters 3-8 and also in chapter II 
there has been much discussion of gathering evidence of the opinions of 
teachers and parents on the appropriateness of certain educational ob
jectives, certain materials, or certain teacher or pupil activities. Let us 
assume that we need to sampie seventh-grade teachers, but that we have 
reason to believe that the opinions of these teachers will vary according to 
the sex and age of the teachers and according to the regionallocation ofthe 
schools. As a simple example let us assume that there are five main regions 
in the country. These variables characterizing the teachers are often called 
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cases, it is possible for the curriculum center to select the number of schools
it requires in certain intervals along the range. Thus, for example, if the
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schools are usually kept in a separate listing, but this makes it easy for the
curriculum personnel to select their schools according to ability levels. If
other criteria are associated with different levels of schooling (e.g., ethnic
or religious or social grouping), it is also possible to categorize schools on
this basis and use some combination of such criteria for selecting schools.
However, it is judgment that is being used to select schools.

Quota Sampling
Quota sampling is a more refined form of judgment sampling. Again,

this is frequently used for selecting samples of persons in the polling of
opinions or attitudes. Throughout chapters 3-8 and also in chapter 11
there has been much discussion of gathering evidence of the opinions of
teachers and parents on the appropriateness of certain educational ob
jectives, certain materials, or certain teacher or pupil activities. Let us
assume that we need to sample seventh-grade teachers, but that we have
reason to believe that the opinions of these teachers will vary according to
the sex and age of the teachers and according to the regional location ofthe
schools. As a simple example let us assume that there are five main regions
in the country. These variables characterizing the teachers are often called



"stratifiers"-a term borrowed from the world of geological strata. A grid 
may be set up as in table 12.2. 

We have Jour major age groups, two sex groups, and Jive regions, 
giving 4 )( 2 )( 5 = 40 cells. We may then decide to have ten teachers ineach 
cell, giving a sampie size of 400. Alternatively, if we know beforehand the 
number of teachers in the target population in each cell and these numbers 
differ from cell to cell, then we may decide to take a fraction of the number 
in each cel!. If the cells have fairly similar numbers, we may decide to use a 
constant sampling fraction, but ifthe numbers differconsiderably, we may 
use different sampling fractions for each cell based on the total number of 
teachers our resources will allow us to have in the sampie. Typically, we 
discover teachers fulfilling the characteristics of each cell and take themas 
they come until each cell is completed. 

Probability Sampling 
The advantage of probability sampling is that from the internal 

evidence of our sampie we can estimate the error of sampling. The main 
difference between probability sampling and judgment or quota sampling 
is that in probability sampling random selection is used, such that 
every pupil, or teacher, or dass, or parent (or whatever our unit of 
sampling) in the target population has a specified nonzero chance of 
entering the sampie. This implies that a listing of teachers or classes 
or parents exists. Let us take an example. 

"stratifiers"-a term borrowed from the world of geological strata. A grid
may be set up as in table 12.2.

We have four major age groups, two sex groups, and five regions,
giving 4 )( 2 )( 5 = 40 cells. We may then decide to have ten teachers ineach
cell, giving a sample size of 400. Alternatively, if we know beforehand the
number of teachers in the target population in each cell and these numbers
differ from cell to cell, then we may decide to take a fraction of the number
in each cell. If the cells have fairly similar numbers, we may decide to use a
constant sampling fraction, but ifthe numbers differ considerably, we may
use different sampling fractions for each cell based on the total number of
teachers our resources will allow us to have in the sample. Typically, we
discover teachers fulfilling the characteristics of each cell and take themas
they come until each cell is completed.

Probability Sampling
The advantage of probability sampling is that from the internal

evidence of our sample we can estimate the error of sampling. The main
difference between probability sampling and judgment or quota sampling
is that in probability sampling random selection is used, such that
every pupil, or teacher, or class, or parent (or whatever our unit of
sampling) in the target population has a specified nonzero chance of
entering the sample. This implies that a listing of teachers or classes
or parents exists. Let us take an example.
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In chapter 7 emphasis was placed on the use of probability sampies for 
the quality control of the implemented curriculum. Let us ass urne that a 
seventh-grade physics course has been implemented across all schools in 
the country. We need to draw a sampie of students in all seventh grades. 
First we must draw up a sampling frame. In order to do this we again need 
to think of the criterion we are trying to estimate (in this case achievement 
in physics) and to bring wisdom andjor evidence to bear on what factors 
are likely to be associated with large differences in performance, in order to 
create the strata for the sampling frame. Typical stratifiers are type of 
school, sex of children in the school, and urbanjruralness of the school. 
Where there is a multipartite school system, the selection of students into 
different school types is usually on the basis of general performance and 
hence there is usually a considerable difference (often as much as 
one and a half standard deviations) between the high- and low-scoring 
school types. There are three sexes of schools-boys, girls and mixed; or 
there is one sex only, mixed but taught separately, or mixed and taught 
together-the difference in performance is often marked between the sexes 
of children in schools. There are also often large differences between urban 
and rural communities. However, it is up to each country to determine 
either from the wisdom of inspectors or the country's examination unit, or 
from previous surveys the important characteristics distinguishing be
tween school performance. 

Within each stratum it is necessary to know the number of schools and 
pupils in that stratum in the target population. Thus, a sampling frame 
similar to that presented in table 12.3 can be formed. This works weil where 
there are good national statistics; but even in the best of cases the statistics 
are often two years out of date, and in the worst cases they either do not 
exist or are badly out of date or unreliable. In addition, some ofthe schools 
listed in the national statistics may have ceased to function or may have 
been merged with other schools or have changed their function (in terms of 
type of school). In this case, it is advisable to take the latest national 
statistics, but when making a random selection of schools within each 
stratum to draw three parallel random sampies of schools such that three 
lists exist (i.e., two substitute schools for each school drawn). Hence, if a 
school drawn in list 1 no longer exists, it can be replaced by a school in 
list 2. 

Table 12.3 gives an example of a sampling frame. In this example, 
there is only one type 0/school, but the stratifiers are size of school (large, 
medium, smalI), sex of school (boys, girls, mixed), and ruralj urban. If 
there were two types of school (say academic and nonacademic), then 
strata 1-18 would be academic and these 18 strata would have to be 
repeated below for the nonacademic school type, forming strata 19-36. 
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In chapter 7 emphasis was placed on the use of probability samples for
the quality control of the implemented curriculum. Let us assume that a
seventh-grade physics course has been implemented across all schools in
the country. We need to draw a sample of students in all seventh grades.
First we must draw up a sampling frame. In order to do this we again need
to think of the criterion we are trying to estimate (in this case achievement
in physics) and to bring wisdom and/or evidence to bear on what factors
are likely to be associated with large differences in performance, in order to
create the strata for the sampling frame. Typical stratifiers are type of
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one and a half standard deviations) between the high- and low-scoring
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there is one sex only, mixed but taught separately, or mixed and taught
together-the difference in performance is often marked between the sexes
of children in schools. There are also often large differences between urban
and rural communities. However, it is up to each country to determine
either from the wisdom of inspectors or the country's examination unit, or
from previous surveys the important characteristics distinguishing be
tween school performance.

Within each stratum it is necessary to know the number of schools and
pupils in that stratum in the target population. Thus, a sampling frame
similar to that presented in table 12.3 can be formed. This works well where
there are good national statistics; but even in the best of cases the statistics
are often two years out of date, and in the worst cases they either do not
exist or are badly out of date or unreliable. In addition, some of the schools
listed in the national statistics may have ceased to function or may have
been merged with other schools or have changed their function (in terms of
type of school). In this case, it is advisable to take the latest national
statistics, but when making a random selection of schools within each
stratum to draw three parallel random samples of schools such that three
lists exist (i.e., two substitute schools for each school drawn). Hence, if a
school drawn in list I no longer exists, it can be replaced by a school in
list 2.

Table 12.3 gives an example of a sampling frame. In this example,
there is only one type ofschool, but the stratifiers are size of school (large,
medium, small), sex of school (boys, girls, mixed), and rural/ urban. If
there were two types of school (say academic and nonacademic), then
strata 1-18 would be academic and these 18 strata would have to be
repeated below for the nonacademic school type, forming strata 19-36.



Table 12.3. Example of Sampling Frame 

Population Sampie 

Stratum Schools Pupi/s Schools Pupils 

1 Large, boys, urban Xl Y1 Xl Y1
2 Medium, boys, urban X 2 Y2 X2 Y2
35mall, boys, urban X3 Y3 X 3 Y3 
4 Large, boys, rural X 4 Y4 X 4 Y4� 
5 Medium, boys, rural X 5 Y5 x 5� Y5� 
6 SmalI, boys, rural X 6 Y6 X 6 Y6� 
7 Large, girls, urban X 7 Y7 X 7 Y7� 
8 Medium, girls, urban X 8 Y8 X8� Y8 
9 SmalI, girls, urban X g Yg X g Yg

10 Large, girls, rural X 10 Y10 X 10 Yl0 
11 Medium, girls, rural X 11 Y11 X 11 Yll 
125mall, girls, rural X 12 Y12 x 12 Y 12 
13 Large, mixed, urban X 13 Y13 X 13 Y13 
14 Medium, mixed, urban X14 Y14 X 14 Y14 
155mall, mixed, urban X15 Y15 X 15 Y15 
16 Large, mixed, rural X16 X 16Y16 Y16 
17 Medium, mixed, rural X 17 Y17 x 17 Y17 
185mall, mixed, rural X18 Y18 X 18 Y18 

For each stratum we need the number of schools and pupils within 
those schools in the target population in each stratum. The number of 
schools for stratum I is designated XI and the number of pupils r l • A 
rough estimate ha~ then to be made of the number of schools and pupils to 
be included in the total sampIe. This will then determine the sampling 
fraction. Thus, if there are 2,000 schools in the total population and one 
decides to test in 200 schools, the sampling fraction for schools is I in 10. 

It may happen that a particular stratum has very few schools and 
pupils. What should be done in such a case? If the stratum is considered 
educationally of little significance, it could be dropped or merged with 
another similar stratum. If, on the other hand, it is considered an im
portant but numerically small type of school, it would be worth "over
sampling" that stratum. That is to say, in order to get reliable estimates 
(i.e., with small sampling error) for that stratum, it might be desirabie to 
take half or all the schools in the stratum. However, when it comes to 
calculating national estimates (i.e., for all strata together), the stratum 
must be reduced back to its size proportional to all other strata. In this case 
two sets of weights are required-one for looking at the stratum by itself 
and a second for weighting it in its proper proportion in the total sampIe. 

Table 12.3. Example of Sampling Frame

Population Sample

Stratum Schools Pupils Schools Pupils

1 Large, boys, urban Xl Y 1 Xl Yl
2 Medium, boys, urban X 2 Y 2 X2 Y2
3 Small, boys, urban X3 Y 3 X 3 Y3
4 Large, boys, rural X4 Y4 x 4 Y4
5 Medium, boys, rural X s Ys X s Ys
6 Small, boys, rural X 6 Y6 X6 Y6
7 Large, girls, urban X 7 Y 7 X 7 Y7
8 Medium, girls, urban X 8 Y8 X8 Y8
9 Small, girls, urban X g Yg X g Yg

10 Large, girls, rural X 10 Y 10 X 10 Yl0
11 Medium, girls, rural X 11 Y 11 X 11 Yll
12 Small, girls, rural X 12 Y 12 x 12 Y 12
13 Large, mixed, urban X 13 Y 13 X 13 Y13
14 Medium, mixed, urban X14 Y 14 X 14 Y14
15 Small, mixed, urban X 1S Y 15 X 15 Y1S
16 Large, mixed, rural X16 Y 16 X 16 Y16
17 Medium, mixed, rural X 17 Y 17 x 17 Y17
18 Small, mixed, rural X18 Y 18 X 18 Y18

For each stratum we need the number of schools and pupils within
those schools in the target population in each stratum. The number of
schools for stratum I is designated XI and the number of pupils YI • A
rough estimate ha~ then to be made of the number of schools and pupils to
be included in the total sample. This will then determine the sampling
fraction. Thus, if there are 2,000 schools in the total population and one
decides to test in 200 schools, the sampling fraction for schools is I in 10.

It may happen that a particular stratum has very few schools and
pupils. What should be done in such a case? If the stratum is considered
educationally of little significance, it could be dropped or merged with
another similar stratum. If, on the other hand, it is considered an im
portant but numerically small type of school, it would be worth "over
sampling" that stratum. That is to say, in order to get reliable estimates
(i.e., with small sampling error) for that stratum, it might be desirable to
take half or all the schools in the stratum. However, when it comes to
calculating national estimates (i.e., for all strata together), the stratum
must be reduced back to its size proportional to all other strata. In this case
two sets of weights are required-one for looking at the stratum by itself
and a second for weighting it in its proper proportion in the total sample.



The selection of schools may be done on the basis ofrandom numbers. 
All schools should be ordered accordingly by strata. It is convenient to 
assign running serial numbers to all schools where the numbering of 
schools in each stratum will start by following the last number of the 
previous stratum. The sampling will, then, be done by selecting schools at 
equal intervals from the numbered lists of the schools starting with a 
random number within the sampling fraction. Such sampling procedures 
take care of unequal multiples of the sampling proportion in each cell. 
Thus, for example, if the sampling proportion is 1/20, it would be difficult 
to decide how many schools should be sampled from a stratum which 
contains 35 schools or from a stratum which contains 19 schools. The 
principle of the previous ordering of all schools from all strata and the 
selection at equal distances provides a solution for such a situation. 

After the schools have been drawn in each stratum it is possible to use 
various methods of making a random selection of students within those 
schools. Three possibilities are: 

I.� Working through the list of pupils in the target population with a 
constant sampling interval with a random start less than the 
interval. i.e .. if one third of the students are required and there 
are 30 of them in a dass, a number between land 3 is selected at 
random. If it is 3. then the third, sixth, ninth. twelfth child. etc., 
are selected. 

2.� Selecting the pupils whose surnames begin with certain letters 01" 
the alphabet. 

3.� Selecting the pupils whose birthdays fall on certain days. spread 
uniformly around the year. 

In the first case, this random draw must be strictly respected. and no 
replacements chosen by the head teacher, who could be biased. In the 
second case, care must be taken that there is no association between the 
initial letter of surnames and ethnic or other groupings in the society. 

A fourth possibility exists which is that of selecting a whole dass 
within the school to represent the totality of students within the target 
population. As mentioned, this has the advantage of being administra
tively easy. It will work weil if each dass is equally heterogeneous. 
However, if the dasses are grouped by ability, it will be difficult for one 
dass to represent the schoo!. Furthermore, it may prove to be more 
expensive to test a whole dass 0[, say, 40 students when only 20 students 
need to be subsampled for that schoo!. 

The selection of schools may be done on the basis of random numbers.
All schools should be ordered accordingly by strata. It is convenient to
assign running serial numbers to all schools where the numbering of
schools in each stratum will start by following the last number of the
previous stratum. The sampling will, then, be done by selecting schools at
equal intervals from the numbered lists of the schools starting with a
random number within the sampling fraction. Such sampling procedures
take care of unequal multiples of the sampling proportion in each cell.
Thus, for example, if the sampling proportion is 1/20, it would be difficult
to decide how many schools should be sampled from a stratum which
contains 35 schools or from a stratum which contains 19 schools. The
principle of the previous ordering of all schools from all strata and the
selection at equal distances provides a solution for such a situation.

After the schools have been drawn in each stratum it is possible to use
various methods of making a random selection of students within those
schools. Three possibilities are:

I. Working through the list of pupils in the target population with a
constant sampling interval with a random start less than the
interval. i.e .. if one third of the students are required and there
are 30 of them in a class, a number between I and 3 is selected at
random. If it is 3. then the third, sixth, ninth. twelfth child. etc.,
are selected.

2. Selecting the pupils whose surnames begin with certain letters of
the alphabet.

3. Selecting the pupils whose birthdays fall on certain days. spread
uniformly around the year.

In the first case, this random draw must be strictly respected. and no
replacements chosen by the head teacher, who could be biased. In the
second case, care must be taken that there is no association between the
initial letter of surnames and ethnic or other groupings in the society.

A fourth possibility exists which is that of selecting a whole class
within the school to represent the totality of students within the target
population. As mentioned, this has the advantage of being administra
tively easy. It will work well if each class is equally heterogeneous.
However, if the classes are grouped by ability, it will be difficult for one
class to represent the school. Furthermore, it may prove to be more
expensive to test a whole class of, say, 40 students when only 20 students
need to be subsampled for that school.



A further variation in selecting pupils within schools OCcurs if onL' 
draws a sampie where schools are drawn with a probability proportional [n 
the size of the schooL If we take our sma11, medium, and large schools In 
table 12.3, and if the medium schools were twice the size of the small 
schools and the large schools three times as large as the sma11 schools, \~e 

could a110cate the weights 3 to large, 2 to medium, and 1to smalI, allowinl! 
large schools three times as much chance to enter as a small school, and ';1 
on. However, when it comes to drawing pupils within schools, we have tn 
invert the number so that a11 pupils in the population have the same chance 
of entry to the sampie. Thus, we might take 1/ I, i.e., a11 the pupils in the 
sma11 schools, 1/2 the pupils in the medium schools, and 1/3 pupils in the 
large schools. The random-selection techniques of pupils within school, 
could be the same as mentioned above. 

The sampling frame given in table 12.3 depicts a two-stage (complex) 
sampie, i,e., first schools and then pupils within schools. This differs from a 
simple random sampie (s.r.s.). In a simple random sampie a11 the studenh 
in the target population would be Iisted and a random sampie of pupil, 
drawn from the list. It is rare for this to be feasible, and most sampies are 
two-stage. In large countries three-stage sampling is often necessary. The 
first stage may be the state, province, or administrative unit; the second 
stage is the schools within the selected states; and the third, the pupils 
within the selected schools. However, a multistage (complex) sam pie is 
bound to be larger, in terms of students, than a simple random sampie 
where both have the same standard errors of sampling. 

THE "LOGIC" OF EXPERIMENTAL DESIGN 

The Need for Comparisons 
Curriculum evaluation may require comparisons in three different 

settings. First, two or more alternative programs or curriculum packages 
may be compared, Most often, one of these is the program already in use in 
the system, and the curriculum developers wish to determine if the new 
program can attain certain objectives more effectively than the old 
program. Of course such comparisons are of interest only if a11 alternative 
programs have the same objectives. Quite often, different curricula have 
different objectives, and even if they have some common objectives, these 
often get different levels of emphasis within the program, and therefore 
comparison of the various curricula does not yield useful results. 
Comparison in such cases may be justified if one has reason to suspect that 
a program does not yield better results, even on those objectives that are 
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different objectives, and even if they have some common objectives, these
often get different levels of emphasis within the program, and therefore
comparison of the various curricula does not yield useful results.
Comparison in such cases may be justified if one has reason to suspect that
a program does not yield better results, even on those objectives that are



highly emphasized in them, than the alternative programs in which these 
same objectives are not included at all. These considerations limit the value 
of comparison of educational outcomes of two different programs. 

Second, one may compare the outcomes of the same program used in 
different ways. Thus, one may compare the outcomes of a program used 
without running special teacher-training courses with the outcomes 
obtained after having such training courses. By combination of program 
components such as textbooks, enrichment television programs, films, 
complementary reading material, teacher-training programs, and so on, 
one may construct different sets of actual programs based on a single 
curriculum kit. One may be interested in comparing outcomes of these 
different combinations of program components. 

Third, alternative approaches or components within a given program 
may be examined; during program development adecision must be made 
as to which of several alternatives, performing the same function, is most 
suitable. Thus, for example, during the process of program development 
one compares the students' reaction to two alternative sets ofillustrations, 
or to two alternative modes of presentation of the same idea, such as by 
diagrams or descriptive passages. 

lt is likely that comparisons ofthe first and second type will take place 
at the implementation stage of a program, while comparisons of the third 
type will take place at the early stages of program development. 

In any comparison the important point is that the criterion variable to 
be compared must be the same for all treatments (programs or elements). 
Even if educational or learning objectives are not stated explicitly in the 
original program description, the evaluator has to specify all objectives to 
be used in the comparison. This is the first step in making a comparison. 

Experimental Design 
The objective of an experiment is to determine if a new procedure will 

produce the desired outcomes for the student population for which it was 
designed. Since it is neither desirable nor feasible to apply the procedure 
to the entire population, it is necessary to experiment initially with a 
relatively small group of students from the population. The problem of 
ensuring that this small group is as representative as possible ofthe entire 
population has already been discussed. 

A second problem, besides representativeness, does arise. How does 
one determine if any observed effects are indeed produced by the new 
procedure and not by some other external factor? Consider a new program 
that has been assigned to a group of students. At the end of the course this 
group obtained a certain average on a test measuring the (luteomes of the 

highly emphasized in them, than the alternative programs in which these
same objectives are not included at all. These considerations limit the value
of comparison of educational outcomes of two different programs.

Second, one may compare the outcomes of the same program used in
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suitable. Thus, for example, during the process of program development
one compares the students' reaction to two alternative sets of illustrations,
or to two alternative modes of presentation of the same idea, such as by
diagrams or descriptive passages.

It is likely that comparisons of the first and second type will take place
at the implementation stage of a program, while comparisons of the third
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produce the desired outcomes for the student population for which it was
designed. Since it is neither desirable nor feasible to apply the procedure
to the entire population, it is necessary to experiment initially with a
relatively small group of students from the population. The problem of
ensuring that this small group is as representative as possible of the entire
population has already been discussed.

A second problem, besides representativeness, does arise. How does
one determine if any observed effects are indeed produced by the new
procedure and not by some other external factor? Consider a new program
that has been assigned to a group of students. At the end of the course this
group obtained a certain average on a test measuring the (lutcomes of the
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program. In this case it seems likely that the test results are the 
consequence of using the new program, since the test was administered at 
the end of the course; but there is no certainty that the measured outcomes 
are in fact caused by the new program. Some other factors, such as the 
students' access to television or parents' tutoring or some unknown 
external factor, may weIl have generated the measured outcomes. 
Furthermore, in examining the situation one cannot fully exclude the 
possibility that the test results measured at the end of the program were 
caused by the same factors that affected the assignment of the program to 
that particular group of students. This may be the case in sampIe surveys 
when one comes to examine the outcomes of different innovative 
educational programs that are introduced in several schools. It may 
happen that the new program has been introduced in schools having better 
facilities, more adequate equipment, better trained teachers, or more able 
students than the comparison or control schools have. The researcher is 
inclined to conceive the test results as outcomes of utilizing the innovative 
programs whereas in reality the programs were assigned to schools where 
initial achievements were already very high. Tests designed to measure 
outcomes of the program do reflect differences that are not outcomes of 
the program. 

Thus, in order to make valid comparisons, one needs to set up an 
experiment. In the simplest case, two groups are formed, the control group 
(existing curriculum) and the experimental group (new curriculum). 
Again, attention must be paid to external factors in order to ensure that 
they are not the real cause of any observed outcome differences. Consider, 
for example, the case where two classrooms are chosen and the new 
curriculum is used in one of them. Some external factor, such as having 
weIl-trained teachers, may have determined that certain students found 
themselves in each of the two classrooms, and this same factor may be 
important in producing the observed differences in outcome. Thus we 
cannot decide whether the program is the cause of the test results or if the 
external factor causes both the assignment of a particular class to the 
innovative program and the observed differences in the results. Even with 
the utmost care in choosing groups that seem the same, some unforeseen 
factor is always possible. 

How then can such external factors be excluded? The best way is to 
choose a random sampIe, large enough to cover both the control and 
experimental groups. Then the members of this sampIe must be assigned 
randomly, using a table of random numbers (cf. Fisher and Yates 1966), to 
each of the two groups. When this has been done, we know that no external 
factor is the cause of both the students' following a given program and lor 
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the end of the course; but there is no certainty that the measured outcomes
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external factor causes both the assignment of a particular class to the
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factor is always possible.
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each of the two groups. When this has been done, we know that no external
factor is the cause of both the students' following a given program and lor



the test results, since we know the exact cause of the first: the students find 
themselves in one of the two groups because of their corresponding 
random number in the table, and not hing else. Thus overall differences 
between the control and experimental groups can be caused only by 
difference in curriculum. Of course, internal differences within each group 
will be caused by a variety of external factors, but the objective of the 
experiment has been attained and the comparison of the two groups' 
means will yield valid results. 

Analysis o[ Variance 
The relative efficiency of two different programs can be compared by 

the technique of one-way analysis of variance. In a more complicated 
situation evaluators may wish to compare simultaneously two curricula 
and two teaching methods in order to determine not only which 
curriculum is beUer for the stated goals and which teaching method is 
better, but also if one teaching method is better with one curriculum than 
with the other. The solution of such a problem is done by a two-way 
analysis of variance. Although much more complicated designs of 
experiments are not usually encountered in curriculum evaluation, many 
such classical designs are available from other fields of research (Cochran 
and Cox 1957). 

One-way design. This statistical technique is used to test to what 
extent group differences can be attributed to chance variation. An 
illustration of the use of analysis of variance is given in table 12.4. 

Table 12.4 contains the means and the standard deviations of three 
groups on an arithmetic test. Group 3 utilized a new program in arithmetic, 
and groups land 2 utilized a particular conventional program. It can be 
seen that the average achievement level of group 3 is higher than the 
average achievement levels of the other groups. Since the three groups 
were randomly assigned to the three different treatment groups, one may 
assurne that the higher scores of group 3 are the result of using the new 
program. In order to test whether or not differences between the groups 
reflect chance variation only, an analysis of variance has been performed. 

Table 12.4. Performance on an Arithmetic Test 

Group Mean s.o. N 

3 22.10 5.63 1015 
2 18.68 6.24 263 
1 16.91 5.79 703 

the test results, since we know the exact cause of the first: the students find
themselves in one of the two groups because of their corresponding
random number in the table, and nothing else. Thus overall differences
between the control and experimental groups can be caused only by
difference in curriculum. Of course, internal differences within each group
will be caused by a variety of external factors, but the objective of the
experiment has been attained and the comparison of the two groups'
means will yield valid results.

Analysis of Variance
The relative efficiency of two different programs can be compared by

the technique of one-way analysis of variance. In a more complicated
situation evaluators may wish to compare simultaneously two curricula
and two teaching methods in order to determine not only which
curriculum is better for the stated goals and which teaching method is
better, but also if one teaching method is better with one curriculum than
with the other. The solution of such a problem is done by a two-way
analysis of variance. Although much more complicated designs of
experiments are not usually encountered in curriculum evaluation, many
such classical designs are available from other fields of research (Cochran
and Cox 1957).

One-way design. This statistical technique is used to test to what
extent group differences can be attributed to chance variation. An
illustration of the use of analysis of variance is given in table 12.4.

Table 12.4 contains the means and the standard deviations of three
groups on an arithmetic test. Group 3 utilized a new program in arithmetic,
and groups I and 2 utilized a particular conventional program. It can be
seen that the average achievement level of group 3 is higher than the
average achievement levels of the other groups. Since the three groups
were randomly assigned to the three different treatment groups, one may
assume that the higher scores of group 3 are the result of using the new
program. In order to test whether or not differences between the groups
reflect chance variation only, an analysis of variance has been performed.

Table 12.4. Performance on an Arithmetic Test
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3
2
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N
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Table 12.5. Analysis of Variance 

Source� Sum of Degrees of Mean F� 
Squares Freedom Square� 

Between 11147 2 5573.5 167.1 significam 
Within 65953 1978 33.3 at .001 level 

Total� 77100 1980 

Results of this analysis are presented in table 12.5. It can be seen that the 
observed differences between the groups are highly significant and are not 
the result of chance variation. 

Two-way analysis ofvariance. In many experiments the evaluator is 
interested in assessing the effects of two different factors or treatments. 
Thus, for example, in the previously mentioned three groups, some 
teachers received in-service training and another group ofteachers did not. 
Considering both the types ofthe program used in school and the variation 
with regard to in-service training, one may identify six different groups, as 
presented in table 12.6. 

A two-way analysis of variance tests the significance of the two
factors: type of program and in-service training. The results ofthis analysis 
are presented in table 12.7. The data reveal that both factors contribute to 
the improvement of the students' achievement level. It is of interest to note 
that beyond the significance of the two factors mentioned before, a third 
significant factor emerges, which is labeled "interaction." This factor 
means that the effect of the in-service training was not the same for all three 
program groups. Indeed. an inspection of the results in table 12.6 reveals 
that the in-service training did not have any effect in the program of group 
I, but it beneficial1y affected the results of groups 2 and 3. 

Table 12.6. Performance of Groups According to Program and Type 
of Training 

Program Training Mean S.D. N 

1 1 16.9 6.1 379 
1 2 16.8 5.4 324 
2 1 15.3 5.0 60 
2 2 19.6 6.2 203 
3 1 21.6 6.2 134 
3 2 22.0 5.5 881 
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the result of chance variation.
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Table 12.7. Two-Way Analysis of Variance 

Source� Sum of Degrees of Mean F 
Squares Freedom Square 

Factor 1 11148 2 5573 169.1 signif. at.001level 
Factor 2 141 1 141 4.2 signif. at .05 level 
Interaction 732 2 366 11.1 signif. at.001level 
Within 64979 1975 33 

Total� 77100 1980 

Nonexperimental Designs 
In educational practice it might be impossible to assign a new 

program or a particular treatment to a randomly selected group of 
students. It may happen that an educational system decides to intraduce a 
promising new pragram in the whole system, and therefore no contral 
groups are available. Such a situation frequently occurs in the evaluation 
of literacy campaigns. Obviously, it is very difficult to justify keeping a 
contral graup illiterate. Another case might be a situation where a new 
program has been introduced in a small number of c1asses on a tryout basis 
and where no other groups exist with similar learning objectives. In this 
case a comparison would be meaningless. 

In both cases mentioned above the assessment of pragram outcomes 
has to be made without comparisons with contraIgraups. However, it may 
also happen that a new program has been intraduced only in some schools, 
not on a basis of random selection but rather on the basis of the schools' 
willingness to participate in the new program. In this case it may be 
possible to identify a control graup similar in many respects to the 
experimental graup, but since the assignment to experimental and control 
graups has not been done on a random basis one cannot be sure that the 
differences appearing between the two graups are caused by the utilization 
of the experimental program. 

To summarize, it may be necessary to examine the effect of a pragram 
without using control graups or to utilize contraI groups that were not 
selected on the basis of random assignment. Evaluation studies of these 
types represent weaker designs than real experiments, and the user of such 
weak designs should be aware of their pitfalls. 

The following section discusses problems related to pragram evalu
ation without using contral graups or using nonrandomly assigned con
trol graups. 

Table 12.7. Two-Way Analysis of Variance

Source Sum of Degrees of Mean F
Squares Freedom Square

Factor 1 11148 2 5573 169.1 sign if. at.001level
Factor 2 141 1 141 4.2 sign if. at .05 level
Interaction 732 2 366 11.1 signif. at.001level
Within 64979 1975 33

Total 77100 1980

Nonexperimental Designs
In educational practice it might be impossible to assign a new

program or a particular treatment to a randomly selected group of
students. It may happen that an educational system decides to introduce a
promising new program in the whole system, and therefore no control
groups are available. Such a situation frequently occurs in the evaluation
of literacy campaigns. Obviously, it is very difficult to justify keeping a
control group illiterate. Another case might be a situation where a new
program has been introduced in a small number of classes on a tryout basis
and where no other groups exist with similar learning objectives. In this
case a comparison would be meaningless.

In both cases mentioned above the assessment of program outcomes
has to be made without comparisons with control groups. However, it may
also happen that a new program has been introduced only in some schools,
not on a basis of random selection but rather on the basis of the schools'
willingness to participate in the new program. In this case it may be
possible to identify a control group similar in many respects to the
experimental group, but since the assignment to experimental and control
groups has not been done on a random basis one cannot be sure that the
differences appearing between the two groups are caused by the utilization
of the experimental program.

To summarize, it may be necessary to examine the effect of a program
without using control groups or to utilize control groups that were not
selected on the basis of random assignment. Evaluation studies of these
types represent weaker designs than real experiments, and the user of such
weak designs should be aware of their pitfalls.

The following section discusses problems related to program evalu
ation without using control groups or using nonrandomly assigned con
trol groups.
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Preexperimental Designs: The One-group Case 
The one-shot case study. As indicated, in the context of curriculum 

evaluation it may be necessary to evaluate the effect of a program without 
being able to utilize a control group as a basis for comparison. Thus, for 
example, in a group of classes, a new program of biology has been 
introduced in which new types of educational objectives and learning 
activities appear. It may be inappropriate to compare at the end of the 
course the cognitive achievements of a student who participated in the 
program with the achievements of students who did not. It is very likely 
that those who learned a certain type of new materials will know these 
materials better than those who did not follow that particular course. 
Comparison of the two groups in this case is irrelevant for assessing the 
value of the program. Evaluators should here limit their interest to the 
performance of students who participated in the new program, and should 
satisfy themselves by examining whether these student~ attained the 
learning objectives of the program. Study designs that do not utilize 
control groups as the basis for comparison are termed preexperimental 
designs. Frequently, only results at the end of a study period are examined, 
using a single achievement test. Such designs are called one-shot case
study designs (Campbell and Stanley 1963). If the assessment of program 
results is performed on the basis of an end of course examination, it may be 
necessary to conduct a thorough observation of classroom activities in 
order to determiqe which classes implemented the program properly and 
to restrict the examination of end of course results to those classes where 
the program has been properly implemented. 

A one-shot case-study design may be justified if the evaluator knows 
that at the beginning of the course students did [lot have mastery of 
program objectives, and if he is quite confident that the mastery of the 
skills demonstrated at the end of the course is the result of the program 
tested. This may be the case, for example, if the new program deals with 
teaching a foreign language that the students have not had the opportunity 
to study before. 

The one-group pre- andposttest design. In some cases an educational 
program deals with skills in a domain that is not entirely new for the 
students. Thus, for example, a new reading program may strive to improve 
the reading comprehension skills of students. 

In such a case the end-of-course examinations cannot by themselves 
reveal how much the student learned through participating in the program. 
It may be necessary to administer apretest, i.e., to test the students' 
mastery of reading skills at the beginning of the course and then at the end 
of the course to administer the same test or a parallel test again. The 
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difference in the achievement levels of the pre- and posttest should provide 
evidence that the students did indeed improve their skills in reading 
comprehension. The significance of pre- and posttest differences should be 
tested through a "test of correlated observations." It should be noted, 
however, that a significant difference between pretest and posttest results 
does not necessarily prove the success of the program. It is possible that a 
small increment in a certain skill attained by the overwhelming majority of 
the students yields statistically significant differences, but the intellectual 
gain is so small that the program's contribution is negligible. 

Quasi-experimental Design 
Quite frequently, educational innovations or experimental curricula 

are introduced in a small number of c1asses volunteering to use the new 
program. The evaluator who wishes to assess the efficiency of the program 
may identify a control group that has not received the innovative treatment 
and may compare the achievements of the two groups. However, since the 
students were not assigned to the experimental or the control groups on a 
random basis, such a design of comparison is not considered areal 
experiment. Campbell and Stanley (1963) term such comparison "quasi
experimental design." 

In quasi-experimental designs there is less certainty than in areal 
experiment that differences appearing at the end of the course between the 
two groups are actually caused by the experimental treatment. There are at 
least two contaminating effects that threaten the validity of conclusions 
based on the comparison. First, it may weIl be that there were initial 
differences between the two groups with regard to mastery of relevant 
skills or the aptitude to learn certain skills. Second, it may weil be that the 
group that participated in the experiment was better equipped, had better 
teachers, and so forth, which contributed to their progress more than the 
experimental program itself. 

It is important to consider the possible impact of such contamination 
effects. There are no formal ways to control the second contamination 
effect. All that the evaluator can do is examine the situation thoroughly 
and try to draw a control group that operates in a setting similar to that of 
the experimental group. As to the control ofthe first contaminating effect, 
the evaluator may administer some kind of relevant aptitude or achieve
ment test before the start of the program and compare the two groups in 
terms of initial performances. If the two groups were found equal on the 
initial measures, one may attribute the end-of-course differences to the 
differential treatments the groups received. If, on the other hand, initial 
differences appeared between the two groups, no meaningful comparison 
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Table 12.8. Aptitude and Achievement Statistics of the Three Groups 

Group Aptitude 
Mean S.O. 

Achievement 
Mean S.O. 

N 

3 
2 
1 

20.17 
20.53 
19.21 

4.99 
5.04 
4.75 

22.10 
18.68 
16.91 

5.63 
6.24 
5.79 

1015 
263 
703 

of end-of-course scores can be made unless one eliminates the effect of 
initial aptitude differences. Fortunately this can be done through the 
method of analysis of covariance. 

In order to perform an analysis of covariance to test the effect of a 
particular treatment, one needs to obtain data about the initial perform
ance of each person in the two groups and a measure of their performance 
after the treatment has been given to the experimental group. Schemat
ically such a design can be represented in the following way: 

experimental group-observation treatment observation 2 
control group-observation observation 2 

The numerical example given in tables 12.3 and 12.4 to illustrate the 
technique of analysis of variance is extended here for the sake of 
demonstrating analysis of covariance (table 12.8). The same three groups 
are compared. Group I received the experimental treatment, and groups 2 
and 3 are two different control groups. To the data presented above, 
measures of aptitudes were added. It can be seen that on the aptitude 
measure no considerable differences between the three groups were 
observed. Nevertheless, group 2 had slightly better average scores on the 
aptitude measure than the other two groups. 

In order to control these initial differences, an analysis of covariance 
was performed, the results of which are reported in table 12.9. It can be 
seen that even after eliminating the effect of the slight initial differences, 
the experimental group did significantly better on the end-of-course test 

Table 12.9. Analysis of Covariance 

Source� Sum of Oegrees of Mean F 
Squares Freedom Square 

Between 9253 2 4626.7 176.7 signif. at .001 level 
Regression 14193 1 14193 542.1 signif. at .001 level 
Within 51760 1977 26 
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than did the control groups. These results provide evidence about the 
effectiveness of the experimental treatment. 

It should be added, however, that in quasi-experimental design one 
can never be sure that one has succeeded in controlling all relevant initial 
differences between the groups being compared. 

Even if one controlled initial differences in a certain aptitude, it might 
weil be that groups differed also on other unidentified variables and 
therefore some initial differences remained uncontrolled. Thus it may weil 
be that groups differed from the point of view of motivation and that the 
end-of-course differences were caused mainly by differences in motivation 
and not by differences in treatment. This is the major shortcoming of 
quasi-experimental designs in comparison to real experiments, where 
individuals are assigned to a particular treatment on a random basis. For 
this reason one should use quasi-experimental design only if there is no 
possibility of assigning individuals randomly to different treatments. 

The Classroom as a Unit of Analysis 
Almost invariably, new programs are introduced in entire classrooms 

and not to particular individuals. The performance of students studying in 
the same class are not independent of each other. They are exposed to the 
same teacher and to the same positive and negative experiences. The 
presence of highly aggressive children or the lengthy absence of a 
particular teacher equally affect all students studying in the same class. 

It has therefore been emphasized frequently that in curriculum 
experiments one should consider the dass as a unit of observation (see 
Wiley 1970). What does this mean in practice? Let us take an example of a 
new program that has been introduced in several classes. The experimental 
design contained treatment classes and control classes. If we take the dass 
as the unit of observation, then the comparison of the groups will be based 
on the comparison of the class means only. In such a case all intra-dass 
differences will be disregarded. 

An example of such analysis is presented in table 12. 10. For the sake 
of comparison, the analysis of the same set of data performed on the basis 
of dass means is also presented (table 12.11). 

Such an approach is justified only if the variances within the 
classrooms are not significantly different one from the other. If there are 
significant differences between the variances of the dasses, the proper 
solution is to use a nested or a two-folded hierarchical classification 
analysis of variance (Kempthorne 1952). In this analysis the variation 
among students within dassrooms within treatments provides the measure 
of error for the subsequent F tests of significance of effects of treatment. 
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Table 12.10.� Means of Class Means 

Group Mean S.O.� Number 
of Classes 

3 21.33 4.07� 45 
2 20.27 2.82� 13 
1 17.53 3.31� 38 

Table 12.11.� Analysis of Variance of Class Means 

Source Sum of Oegrees of Mean F 
Squares Freedom Square 

Between 303.0 2 151.5 11.45 signif. at .01 level 
Within 1231.2 93 13.2 

Total 1534.2 95 

With the use of dassroom means only, this is not possible since variation 
among such means will not be a good estimate of the error variance. The 
set of data analyzed above serves as input for an example of such analysis 
as presented in table 12.12. 

It can be seen that by using the dass average as a unit of analysis, one 
may observe significant differences, and that the F ratio has a value of 
11.45. Applying the nested approach one should use as error term the mean 
square between dassrooms. The F ratio 0 btained in this analysis is slightly 
larger and has the value of 29.92. It should be noted, however, that this 
value is considerably lower than the F ratio obtained in the case of 

Table 12.12.� Analysis of Variance, Nested Design 

Source� Sumof Oegrees of Mean F 
Squares Freedom Square 

Between 
groups 11147 2 5573.5 29.92 signif. at .001 level 

Between 
c1asses 17885 96 186.3 

Within 
c1asses 48068 1882 25.5 

Total� 77100 1980 
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individual comparison. Thus results obtained on the basis of the analysis 
of individual scores and on the basis of the analysis of classroom averages 
may differ considerably. 

Summary 
Three types of designs were described above: preexperimental, quasi

experimental, and experimental designs. A schematic representation of 
these designs is given in table 12.13. 

Preexperimental designs are used when no cO[1trol groups are 
available. In such cases a posttest only, or pre- and posttests, will be used to 
determine the outcomes of a program. 

Quasi-experimental designs are used in cases where control groups 
are available but where students cannot be assigned to groups on the basis 
of random selection. In such cases the utilization of analysis of covariance 

Table 12.13. Study Designs and Conditions for Their Use 

Type of Design When to Use Type of Sratistics 

Preexperimental One-shot No control group Posttest scores
available mean percent of 

Assumed students correct responses 
have no 
preliminary 
mastery in 
domain of 
program 
objectives 

Preexperimental Pre- and post- Students have Signilicance oi 
some difference 
preliminary between 
mastery of correlated 
objectives observations 

Quasi Experimental and No random Analysis of 
experimental control groups assignment covariance 

No random possible 
assignment 

Experimental Randomly Random Analysis 01 
assigned assignment variance and 
experimental possible covariance 
and control 
groups 
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is recommended as the most appropriate technique for comparing group 
results. 

The most powerful technique for group comparison is the utilization 
of experimental design. It implies random assignment of students to 
various groups. Although experimental design is the most valid among the 
different designs mentioned here, in actual educational settings it is often 
the case that no random assignment of students is possible and the 
evaluator has to employ weaker models, such as quasi-experimental and 
preexperimental ones. 

SUMMARIZING EVALUATlON DATA 

One major task of the curriculum evaluator is to analyze the data at the 
various stages of program development and summarize them for the 
curriculum team. Once the data have been collected, the analysis and data 
summary should be very rapid so that the developers may have the results 
within days after the data collection. This section deals with the analysis of 
data from typical evaluation instruments, namely, tests, scales, observa
tion schedules, and questionnaires. The amount of analysis will depend on 
the types of technical aid available for data processing. Depending on the 
resources of a curriculum center, there may be either no equipment, or only 
a sorter, or a computer. Some centers have good desk calculators that 
allow quite an amount of computation. Also, the type of computer owned 
by the center or available to it will vary in size and quality. Calculation by 
hand is very time-consuming, and computational errors frequently remain 
undetected. The use of sorters, desk caIculators, and computers not only 
speeds up work considerably, but it also ensures the accuracy of 
computational results. What follows are tasks that are typically performed 
at centers on data from various types of instruments. 

Tests 
Hand-scoring 01 Small-scale Data Sets 
At the small-scale trial stage it is typical to produce summaries of 

formative data. Where the pupils do not number more than about 200, the 
analysis can be done by hand. In this case the developers will require the 
percentage of correct responses by all students for each item, or also by 
specified subgroups of students, e.g., boys vs. girls, urban vs. rural, or 
children from privileged hornes vs. children from underprivileged hornes. 

Typically the students record their responses in a test booklet or on a 
special answer sheet. If the students' answer sheets are manually scored, it 
is useful to prepare a summary sheet in which the correct responses are 
marked land the wrong ones are marked O. 
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Table 12.14. Summary Sheet of Responses 

Pupils 
Items A B C 0 E F G H Total 

1 1 1 1 0 1 0 1 1 0 1 7 
2 0 1 1 1 0 0 1 1 0 1 6 
3 1 0 1 1 1 0 1 1 1 0 7 
4 1 1 1 0 1 0 1 1 0 1 7 
5 1 1 1 1 0 0 0 0 1 1 6 
6 0 1 1 0 1 0 0 1 0 1 5 

Total 4 5 6 3 4 0 4 5 2 5 

An example of such arecord sheet is presented in table 12.14. 
In this example the items are on the horizontal axis and the pupils on 

the vertical axis. It can be seen that out of 10 students, 7 got item I correct, 
6 got item 2 correct, and so on, whereas out of 6 items pupil A got 4 
correct, pupil C got all items correct, and pupil F got none of them 
correcL 

A similar summary can be prepared for each subgroup separately. 
Table 12.15 is an example of summary data typically supplied to the 
curriculum developers. 

Another type of data summary that can be easily prepared without the 
use of mechanical equipment is the frequency distribution of test scores, 
and univariate statistics such as group means and standard deviations. 

Table 12.15. An Item and Results Obtained on It 

Item 1� Objective 
The sun is the only body in our The student should know� 
solar system that gives off large basic facts about our� 
amounts of light and heat. We see solar system.� 
the moon because it is:� 

A. reflecting light from the sun 
B. without an atmosphere 
C. a star 
D. the biggest object in the solar system 
E. nearer to the earth than the sun 

Total Boys Girls Urban Rural Privileged� Under
privileged 

Percentage 
correct 65 72 59 73 49 75 47 

Objective
The student should know
basic facts about our
solar system.
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The Use 01 Da/a Summary Equipmen/ 
The summary of large-scale data sets may be very tedious without the 

use of appropriate mechanical equipment. Centers that do not possess 
such equipment or do not have access to it will hardly be able to summarize 
such data or extract aIl types of information that can be used by the 
program deveIopers. 

The utilization of a sorting machine can be of great help for 
summarizing test-response sheets. The sorter can easily separate the cards 
of different groups of respondents, such as boys, girls, or those who had a 
given minimum level of achievement on a test, and this enables one to 
produce separate statistics for aIl subgroups. 

Hut a high level of flexibility in data analysis and summary can be 
obtained only through the use of electronic computers. lf such equipment 
is available, it iso typical to group test items into subtests and to produce 
statistics for a variety of subsets of items related to the total sampIe and to 
particular subgroups of the sampie. 

Sub/es/ Scores 
A test may contain items that represent various subcategories of a 

phenomenon. For instance, it may contain some items that measure 
knowledge of facts, while other items are concerned with the application of 
principles. In addition, the same items may be classified along a second 
dimension related to content. Within the framework of curriculum 
evaluation it is useful to obtain scores separately for each subcategory 
so that partial scores possess important diagnostic value. 

In ta ble 12.16 the two-dimensional classification of a 12-item test is 
shown. For this particular test it is advantageous to calculate, in addition 

Table 12.16. Two-dimensional Classification of Test Items 

Item Content Mental 
Number Areas Funclions 

1 respi;,ation facts 
2 
3 
4 application 
5 
6 
7 nutrition facts 
8 
9 

10 application 
11 
12 

-�

The Use of Data Summary Equipment
The summary of large-scale data sets may be very tedious without the

use of appropriate mechanical equipment. Centers that do not possess
such equipment or do not have access to it will hardly be able to summarize
such data or extract all types of information that can be used by the
program developers.

The utilization of a sorting machine can be of great help for
summarizing test-response sheets. The sorter can easily separate the cards
of different groups of respondents, such as boys, girls, or those who had a
given minimum level of achievement on a test, and this enables one to
produce separate statistics for all subgroups.

But a high level of flexibility in data analysis and summary can be
obtained only through the use of electronic computers. If such equipment
is available, it is' typical to group test items into subtests and to produce
statistics for a variety of subsets of items related to the total sample and to
particular subgroups of the sample.

Subtest Scores
A test may contain items that represent various subcategories of a

phenomenon. For instance, it may contain some items that measure
knowledge of facts, while other items are concerned with the application of
principles. In addition, the same items may be classified along a second
dimension related to content. Within the framework of curriculum
evaluation it is useful to obtain scores separately for each subcategory
so that partial scores possess important diagnostic value.

In table 12.16 the two-dimensional classification of a 12-item test is
shown. For this particular test it is advantageous to calculate, in addition

Table 12.16. Two-dimensional Classification of Test Items

Item
Number

1
2
3
4
5
6
7
8
9

10
11
12

Content
Areas

respi;,ation

nutrition

Mental
Functions

facts

application

facts

application

-



----

281 

to the total score, the partial scores for the two content areas (respiration 
and nutrition) and partial scores for factual knowledge and application of 
principles. 

Statistics far Special Subgroups 
Quite often in curriculum evaluation, it is of interest to obtain statis

tics not only for the entire sampie of respondents but also for various sub
groups within the sampie. For example, one may find it desirable to obtain 
separate statistics for each school or each dass; or for subgroups based on 
age, sex, area of residence. Depending upon the interests ofthe researcher, 
a sampie of individuals may be dassified along a variety of different 
dimensions and statistics generated accordingly. 

Table 12.17 presents an example of this process. The sampie has been 
divided into dasses, sexes, and groups based on place of residence. The 
presentation of test results in such a manner helps in identifying students 

Table 12.17. Test Results far Special Subgroupsa 

GroU(l of i Total Test: 1 Nutrition: Respi- Fact>: -[ AppliC;~;()I~ 
Res(londents I No. of No of ration: No. of 1\10. of 

I/tems =12 Item, =6 No.of Item, =6 \ I/em, ~ 6 
Items =6

IM S.O. 11.1 S.O. 11.1 S.O. 11.1 SO. M SO 

All: N =165 I 7.09 2.47 2.95 1.55 4.13 1.22 13.78 1.48 3.30 1.31 
(49) (69) (63) (55)f (59) 

._--

(lass 1: N =24 I 7 • 25 2.11 3.00 1.58 4.25 1.03 3.75 1.18 3.50 1.38 
I (60) (56) (70) (62) (58) 
I 

(lass 2: N =2519.36 2.19 4.40 1.38 4.96 .97 4.96 1.17 4.40 1251 

(78) (73) (83) (83) (73) 
._----~----

I 

Boys: N =83 7.11 2.35 2.90 1.54 4.20 1.11 3.81 1.51 3.28 1.23 
(59) (48) (70) (63) (55) 

\ 

Girls: N =82 7.07 2.60 3.00 1.57 4.07 1.33 3.74 1.46 3.32 1.38 
(59) (50) (67) (62) (55) 

7.80 2.61 3.42 1.64 4.38 1.25 4.11 1.45 3.69 1.43
Urban: N =71 (65) (57) (73) (68) (61 ) 

Rural: N =94 6.55 2.22 2.59 1.38 3.95 1.17 3.53 1.47 3.02 1.13 
(55) (43) (66) (59) (50) 

aThe percentage of correct responses is shown in parentheses. 
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to the total score, the partial scores for the two content areas (respiration
and nutrition) and partial scores for factual knowledge and application of
principles.

Statistics for Special Subgroups
Quite often in curriculum evaluation, it is of interest to obtain statis

tics not only for the entire sample of respondents but also for various sub
groups within the sample. For example, one may find it desirable to obtain
separate statistics for each school or each class; or for subgroups based on
age, sex, area of residence. Depending upon the interests of the researcher,
a sample of individuals may be classified along a variety of different
dimensions and statistics generated accordingly.

Table 12.17 presents an example of this process. The sample has been
divided into classes, sexes, and groups based on place of residence. The
presentation of test results in such a manner helps in identifying students

Table 12.17. Test Results for Special Subgroups a

Group of i Total Test: 1 Nutrition: Respi- Fact>: -[ AppliC;~;()I~
Respondents I No. of No of ration: No. of 1\10. of

I Items =12 Items =6 No. of Items =6 \ Item, ~ 6
Items =6

111.1 5.0. M 5.0. M 5.0. M SO. M SO

All: N =165 I 7.09 2.47 2.95 1.55 4.13 1.22 13.78 1.48 3.30 1.31

f (59) (49) (69) (63) (55)
._---

Class 1: N =24 7 25 2.11 3.00 1.58 4.25 1.03 3.75 1.18 3.50 1.38I •

I (60) (56) (70) (62) (58)
I ----

Class 2: N =2519.36 2.19 4.40 1.38 4.96 .97 1 4.96 1.17 4.40 125
(78) (73) (83) (83) (73)

._----~----

I

Boys: N =83 7.11 2.35 2.90 1.54 4.20 1.11 3.81 1.51 3.28 1.23
(59) (48) (70) (63)

\
(55)

Girls: N =82 7.07 2.60 3.00 1.57 4.07 1.33 3.74 1.46 3.32 1.38
(59) (50) (67) (62) (55)

Urban: N =71
7.80 2.61 3.42 1.64 4.38 1.25 4.11 1.45 3.69 1.43
(65) (57) (73) (68) (61 )

Rural: N =94 6.55 2.22 2.59 1.38 3.95 1.17 3.53 1.47 3.02 1.13
(55) (43) (66) (59) (50)

aThe percentage of correct responses is shown in parentheses.
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Figure 12.1.� Frequency Distribution 01 the Scores 01 Urban and 
Rural Students 

who did not perform satisfactorily in particular areas of study and in the 
utilization of specific skills. Looking at the table one notices that in this 
case, dass 2 results were better than those for dass I, and also that scores in 
"Respiration" were higher than those in "Nutrition." 

Another useful way of presenting differences between subgroups is by 
using graphs of frequency distributions. Arranging test results in this way 
can help determine the percentage of students reaching various levels of 
achievement within a particular domain. Agraphie representation of the 
frequency distributions of test results for both urban and rural school 
children is given in figure 12.1. One notices from the graphs that in the 
urban group 36 percent of the students could answer correctly on more 
than two-thirds of all questions, while in the rural group only 21 percent 
were able to do so. The test results are rather poor for both populations, 
but it can easily be seen that urban pupils performed better than rural 
ones. 
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Figure 12.1. Frequency Distribution of the Scores of Urban and
Rural Students

who did not perform satisfactorily in particular areas of study and in the
utilization of specific skills. Looking at the table one notices that in this
case, class 2 results were better than those for class I, and also that scores in
"Respiration" were higher than those in "Nutrition."

Another useful way of presenting differences between subgroups is by
using graphs of frequency distributions. Arranging test results in this way
can help determine the percentage of students reaching various levels of
achievement within a particular domain. A graphic representation of the
frequency distributions of test results for both urban and rural school
children is given in figure 12.1. One notices from the graphs that in the
urban group 36 percent of the students could answer correctly on more
than two-thirds of all questions, while in the rural group only 21 percent
were able to do so. The test results are rather poor for both populations,
but it can easily be seen that urban pupils performed better than rural
ones.



Table 12.18. Item Analysis Data 

A B C D E 

Percentage of students 
selecting the response 

65 24 3 7 

Discrimination index .32 .20 -.06 -.12 -.19 

Itern Statistics 
As indicated, the percentage of correct answers to each item is a basic 

statistic that is of great interest for the curriculum developer. Even if the 
data are summarized manually, these statistics will be calculated. If a 
computer is available, more information will be produced concerning each 
item. Table 12.18 presents such data about the item presented in table 
12.15. 

The item analysis indicated that 65 percent marked the correct 
response A, while 24 percent chose the wrong answer B. The second line of 
the table contains the discrimination index of the responses. A positive 
discrimination index means that students who attained high scores on the 
total test tended to mark that particular response more than students who 
attained low scores on the total test. Looking at the discrimination indices 
in table 12.18, one can see that not only the correct response but also 
response B has a positive discrimination index, that is, high-achieving 
students tended also to mark answer B. This is an important piece of 
information for the curriculum developer, since assuming that answer Bis 
indeed wrong, it is quite likely that something is wrong in the material and 
misleads good students to select answer B, or alternatively that the teachers 
misinterpreted some portions of the program. 

The Frequenc}' Distribution 01 Class A verages 
A typical test summary contains information about the difficulty level 

of the items, but for the purpose of curriculum evaluation it may be useful 
to report, not only the percentage of correct responses, but also the 
percentage of correct responses in each particular dass where the new 
material has been taught. This would mean the preparation of a frequency 
distribution of dass averages. For illustrative purposes, let us say that the 
average score on a particular multiple-choice item is .50. The calculation 
has been made after all answers have been categorized as eit her correct or 
incorrect. This figure teils us then that 50 percent of the students tested 
were able to furnish the correct response; consequently, the difficulty level 
of this item is SO percent. Given that more than one dass of students has 

Table 12.18. Item Analysis Data

A B C D E

Percentage of students 65 24 3 7
selecting the response

Discrimination index .32 .20 -.06 -.12 -.19

Item Statistics
As indicated, the percentage of correct answers to each item is a basic

statistic that is of great interest for the curriculum developer. Even if the
data are summarized manually, these statistics will be calculated. If a
computer is available, more information will be produced concerning each
item. Table 12.18 presents such data about the item presented in table
12.15.

The item analysis indicated that 65 percent marked the correct
response A, while 24 percent chose the wrong answer B. The second line of
the table contains the discrimination index of the responses. A positive
discrimination index means that students who attained high scores on the
total test tended to mark that particular response more than students who
attained low scores on the total test. Looking at the discrimination indices
in table 12.18, one can see that not only the correct response but also
response B has a positive discrimination index, that is, high-achieving
students tended also to mark answer B. This is an important piece of
information for the curriculum developer, since assuming that answer B is
indeed wrong, it is quite likely that something is wrong in the material and
misleads good students to select answer B, or alternatively that the teachers
misinterpreted some portions of the program.

The Frequency Distribution of Class Averages
A typical test summary contains information about the difficulty level

of the items, but for the purpose of curriculum evaluation it may be useful
to report, not only the percentage of correct responses, but also the
percentage of correct responses in each particular class where the new
material has been taught. This would mean the preparation of a frequency
distribution of class averages. For illustrative purposes, let us say that the
average score on a particular multiple-choice item is .50. The calculation
has been made after all answers have been categorized as eit her correct or
incorrect. This figure tells us then that 50 percent of the students tested
were able to furnish the correct response; consequently, the difficulty level
of this item is SO percent. Given that more than one class of students has



Table 12.19. Distribution of Class Averages on Two Items for 107 C1asses 

C1ass Averages (percent of Correet Responses) 

Percent I 
I correct Standard 

I responses 1deviation 
Item 1
No. 10 

11-1 21- ]1
20 ]0 40 

41-151
50 60 

61- 71-1 81-
70 80 90 

91 in all 
100 Total dasses 

of dass 
averages 

1 14 13 15 10 9 7 9 17 10 3 107 45 28 

2 6 6 12 18 19 17 11 9 5 4 107 48 22 

answered this question, any of several alternative possibilities may aptly 
describe the actual situation. On the one hand, it is possible that in each 
dass 50 percent of the students knew the correct answer. Another 
possibility is that in 50 percent of the dasses every student answered 
correctly, while in the remaining 50 percent not one student could give the 
correct reply. In reallife one rarely encounters such extreme situations; the 
actual distribution would more likely reflect variations in scores both 
within individual classes and between them. The essential points to bear in 
mind are that (I) the difficulty level of an item may vary from class to dass, 
and (2) items may differ from one another as regards the distribution of 
their difficulty levels for various classes. 

The variation in the distribution patterns of different items is of 
particular interest to those concerned with curriculum evaluation. To 
illustrate this point one should compare the distribution patterns of the 
two items in table 12.19. 

On inspection one notices that the distribution for item I is bimodal, 
while the distribution ofdass averages for item 2 approaches the shape of a 
normal curve. For the latter item it is reasonable to suppose that the 
differences in class averages reflect differences in the general ability levels 
of the students in the various classes. On the other hand, the two-peaked 
distribution for item I indicates that either the topic tested by this item was 
taught improperly or not taught at all in some classes, while in others 
instruction was ample and the subject was mastered by the students (Lewy 
1973). 

Scales 
In the context of curriculum evaluation scales of the Likert type are 

used frequently to measure students' or teachers' attitudes toward a new 

Table 12.19. Distribution of Class Averages on Two Items for 107 Classes

Class Averages (Percent of Correct Responses)

I
I

Percent I
correct Standard

41-151-
responses 1deviation

Item 1- 11-1 21- ]1- 61- 71-1 81- 91- in all of class
No. 10 20 ]0 40 50 60 70 80 90 100 Total classes averages

1 14 13 15 10 9 7 9 17 10 3 107 45 28

2 6 6 12 18 19 17 11 9 5 4 107 48 22

answered this question, any of several alternative possibilities may aptly
describe the actual situation. On the one hand, it is possible that in each
class 50 percent of the students knew the correct answer. Another
possibility is that in 50 percent of the classes every student answered
correctly, while in the remaining 50 percent not one student could give the
correct reply. In real life one rarely encounters such extreme situations; the
actual distribution would more likely reflect variations in scores both
within individual classes and between them. The essential points to bear in
mind are that (I) the difficulty level of an item may vary from class to class,
and (2) items may differ from one another as regards the distribution of
their difficulty levels for various classes.

The variation in the distribution patterns of different items is of
particular interest to those concerned with curriculum evaluation. To
illustrate this point one should compare the distribution patterns of the
two items in table 12.19.

On inspection one notices that the distribution for item I is bimodal,
while the distribution ofclass averages for item 2 approaches the shape of a
normal curve. For the latter item it is reasonable to suppose that the
differences in class averages reflect differences in the general ability levels
of the students in the various classes. On the other hand, the two-peaked
distribution for item I indicates that either the topic tested by this item was
taught improperly or not taught at all in some classes, while in others
instruction was ample and the subject was mastered by the students (Lewy
1973).

Scales
In the context of curriculum evaluation scales of the Likert type are

used frequently to measure students' or teachers' attitudes toward a new
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Table 12.20. Teacher's Rating of Student's Behavior 

Statements� Not at Not Satis- Much Very 
all much factory much 
(1) (2) (3) (4) (5) 

The student enjoyed 
working with the 
material.� X 

The student understood 
the purpose of the 
lesson.� X 

The student understood 
the materials. 

program or toward a particular issue or value. A Likert scale consists of a 
series of questions as illustrated in table 12.20. 

The score of an individual on this scale is the sum of the numerically 
coded reactions to the statements. For example, the respondent whose 
answers are presented in table 12.20 received a score of 12 on the three-item 
Likert scale, this figure having been arrived at by summing the numerical 
values attributed to each of his answers. In short, an individual score 
consists of the total number of points an individual receives for his answers 
on each test item. 

The information needed for the curriculum evaluator contains the 
statistics of the items. Table 12.21 illustrates information of this type. 

From table 12.21 one leams that 66 percent of the students marked the 
highest possible response for item I, while no respondent marked similar 
answers for item 2. At the same time, however, item 2 distinguishes 
between the high and low scores on the entire test better than item I. 

The availability of a computer allows one to produce statistics of the 
following types: 

Table 12.21. Statistics of Three Likert Scale Heros 

NO.of 
Item 

Percentage of Students 
Se/ecting Each Response 
(1) (2) (3) (4) (5) 

Mean S.o. Corre/ation 
with Score 

1 
2 
3 

6 
5 

7 
24 
25 

4 
48 
40 

23 
22 
20 

66 

10 

4.52 
2.86 
3.05 

.62 

.69 
1.03 

.48 

.59 

.53 

X 
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Table 12.20. Teacher's Rating of Student's Behavior

Statements Not at Not Satis- Much Very
all much factory much
(1) (2) (3) (4) (5)

The student enjoyed
working with the
material. X

The student understood
the purpose of the
lesson. X

The student understood
the materials. X

program or toward a particular issue or value. A Likert scale consists of a
series of questions as illustrated in table 12.20.

The score of an individual on this scale is the sum of the numerically
coded reactions to the statements. For example, the respondent whose
answers are presented in table 12.20 received a score of 12 on the three-item
Likert scale, this figure having been arrived at by summing the numerical
values attributed to each of his answers. In short, an individual score
consists of the total number of points an individual receives for his answers
on each test item.

The information needed for the curriculum evaluator contains the
statistics of the items. Table 12.21 illustrates information of this type.

From table 12.21 one learns that 66 percent of the students marked the
highest possible response for item I, while no respondent marked similar
answers for item 2. At the same time, however, item 2 distinguishes
between the high and low scores on the entire test better than item I.

The availability of a computer allows one to produce statistics of the
following types:

Table 12.21. Statistics of Three Likert Scale Items

No. of Percentage of Students Mean S.D. Correlation
Item Selecting Each Response with Score

(1) (2) (3) (4) (5)

1 7 4 23 66 4.52 .62 .48
2 6 24 48 22 2.86 .69 .59
3 5 25 40 20 10 3.05 1.03 .53



I.� The correlation coefficients between the scores on each particular 
item and the score on the total test, and also between the items 
themselves for determining the reliability of the scale. 

2.� Combining responses of a selected set of items into subscores as 
described above in the section on tests. 

3.� Correlation coefficients between the scale score and other vari
ables such as scores on cognitive tests, biographical and demo
graphical data, etc. (Such information is useful for program devel
opers to identify whether a positive attitude toward a new educa
tional program is associated with high scores on cognitive tests, 
with the sex of the student, with his socioeconomic status, and so 
forth.) 

4. Where attitudes are measured repeatedly over time, it is possible to 
examine patterns of shift in attitudes for various groups and 
mainly for those who used a particular program under certain 
conditions and of those who did not use the same program or used 
it under differing conditions. 

Observations, Judgments, and Questionnaires 
In curriculum evaluation observational and judgmental data do not 

usually require laborious statistical computations. Frequently the pro
gram developer will be interested in the qualitative analysis of such data, 
i.e., what parts of the program were properly implemented, or in what 
types of activities did students reveal great interest. Even if the developer is 
interested in a quantitative summary, it will be sufficient to calculate very 
simple statistics such as frequency distributions of certain occurrences. 
Since the amount of data of these types is generally limited, the evaluator 
can perform necessary data analysis by using simple computational equip
ment such as desk calculators, without the need to utilize high-speed 
electronic computers. 

Nevertheless, the availability of computers enables the production of 
additional statistics that may be useful for the curriculum developer. Thus 
it may be possible to combine various events and to develop indices which 
will characterize lessons or instructional materials. 

Complex statistical analysis of observational and questionnaire data 
which requires the utilization of computers is described by Flanders 
(1970), Medley and Mitzel (1963), and Yoloye (1971). 

Summary 
A schematic representation of a variety of data summary types ap

pears in table 12.22. It can be seen that if computation is done by hand, 
only a few basic statistics can be produced. The evaluator will mostly 

1. The correlation coefficients between the scores on each particular
item and the score on the total test, and also between the items
themselves for determining the reliability of the scale.

2. Combining responses of a selected set of items into subscores as
described above in the section on tests.

3. Correlation coefficients between the scale score and other vari
ables such as scores on cognitive tests, biographical and demo
graphical data, etc. (Such information is useful for program devel
opers to identify whether a positive attitude toward a new educa
tional program is associated with high scores on cognitive tests,
with the sex of the student, with his socioeconomic status, and so
forth.)

4. Where attitudes are measured repeatedly over time, it is possible to
examine patterns of shift in attitudes for various groups and
mainly for those who used a particular program under certain
conditions and of those who did not use the same program or used
it under differing conditions.

Observations, Judgments, and Questionnaires
In curriculum evaluation observational and judgmental data do not

usually require laborious statistical computations. Frequently the pro
gram developer will be interested in the qualitative analysis of such data,
i.e., what parts of the program were properly implemented, or in what
types of activities did students reveal great interest. Even if the developer is
interested in a quantitative summary, it will be sufficient to calculate very
simple statistics such as frequency distributions of certain occurrences.
Since the amount of data of these types is generally limited, the evaluator
can perform necessary data analysis by using simple computational equip
ment such as desk calculators, without the need to utilize high-speed
electronic computers.

Nevertheless, the availability of computers enables the production of
additional statistics that may be useful for the curriculum developer. Thus
it may be possible to combine various events and to develop indices which
will characterize lessons or instructional materials.

Complex statistical analysis of observational and questionnaire data
which requires the utilization of computers is described by Flanders
(1970), Medley and Mitzel (1963), and Yoloye (1971).

Summary
A schematic representation of a variety of data summary types ap

pears in table 12.22. It can be seen that if computation is done by hand,
only a few basic statistics can be produced. The evaluator will mostly



Table 12.22. Data Analysis According to Availability of Equipment !! 
Type 0/ Data 

Tests 

Seales 

Observation 
sehedule, 

Judgmenlal data 

No fquipment 

Percentage of correct 
responses 

Individual scores 

Frequeney distribution 
of scores 

Mean and standard 
deviation of items 
(small samplel 

Ind.vidual scores 

Frequeney distribution 

Frequeney 01 signs or 
categories 

Tabulat.on 01 respon,e, 

Agreement betwpen judges 

fquipmenr Avai/ab/e 

Card Sorter 

Discrimination index of 
lIerns 

Correet responses by 
various subgroups 

Cross-tabulation 01 item 
response with biographieal, 
demographieal, or psyeho
logleal variables 

Discrimination index of 
items 

Means and standard 
deviation 01 subgroups 

Cross-tabulation 

Differenees between 
subgroups 01 c1asses 

Differenees between 
,ubgroups 01 judges 

Computer 

Correlation between items 
lhemselves 

Correlation between items 
and biographieal or 
demographieal variables 

Subscores and relationship 
among them 

Comparisons or groups 
(experimental designs) 

Comparisons 01 groups 
(experimental designs) 

Development 01 seales 

Correlation between 
categories 

Combination or 
frequencies in various 
categories into indices 

Relatiomhip between 
categories and external 
variables (e.g., population 
Iraits, lesson teaeher) 

Correlation with other 
variables 

Development of scales 

Compari,on 01 groups 

Table 12.22. Data Analysis According to Availability of Equipment

-- --------- -_.__ .._._----------

Type 01 Data

Tests

Scales

Observation
schedules

Judgmental data

No Equipment

Percentage of correct
responses

Individual scores

Frequency distribution
of scores

Mean and standard
deviation of items
(small samplel

Individual scores

Frequency distribution

Frequency of signs or
categories

Tabulation of responses

Agreement between Judges

Equipmem Available

Card Sorter

Discrimination index of
items

Correct responses by
various subgroups

Cross-tabulation of item
response with biographical,
demographical, or psycho
logical variables

Discrimination index of
items

Means and standard
deviation of subgroups

Cross-tabulation

Differences between
subgroups of classes

Differences between
subgroups of judges

Computer

Correlation between items
themselves

Correlation between items
and biographical or
demographical variables

Subscores and relationship
among them

Comparisons of groups
(experimental designs)

Comparisons of groups
(experimental designs)

Development of scales

Correlation between
categories

Combination of
frequencies in various
categories into indices

Relationship between
categories and external
variables (e.g., population
traits, lesson teacher)

Correlation with other
variables

Development of scales

Comparison of groups
_._-_._._---_._.- ._----- -_.__._.-_.----



content hirnself with computing frequency distributions, means and stan
dard deviations. Of course, much more complicated statistics can be 
calculated manually if sufficient time is devoted to it. On the other hand, 
because of the excessive amount of time needed to perform such compu
tations and the high and undetected error rate of computation, it is 
advisable to limit the extent of manual computation. 

The availability of simple data processing equipment enables the 
preparation of cross-tabulations, comparisons of different groups, and so 
forth without an undue amount of tedious labor. Nevertheless, the exis
tence of a computer allows for a high level of flexibility in using a wide 
variety of complex statistical models for analyzing and summarizing data. 

EQUATING TEST SCORES 

At various occasions during the process of curriculum evaluation one may 
wish to equate scores obtained on different tests. Thus, for example, in a 
"pretestj posttest" design it may be undesirable to use the same test repeat
edly because of the possibility that at the time of the posttest the students 
will remember some items from the pretest, or that teachers will coach the 
students on the items of the pretest. For this reason the evaluator may 
prefer to use a posttest different from that used as apretest. In this case he 
will face the problem of equating the scores obtained in the different tests. 

Theories of achievement tests offer various approaches for doing this. 
Three of them presented here are: parallel tests, anchor items in nonpar
allel tests, and sample-free calibration of tests. 

Parallel Tests 
Two tests are considered to be parallel if they fulfill the following 

conditions: they correlate highly; their means are not significantly dif
ferent; their variances are not significantly different; their reliability coeffi
cients are not significantly different; and their items represent the same 
objectives, skills, or tasks. Parallel tests are usually constructed by select
ing pairs of items from a pool such that both items in a single pair represent 
the same objective or skill and have the same level ofdifficulty. Then one of 
them is randomly assigned to one version of the test, and the other one to 
the second version. Parallel tests constructed in this way may deal with the 
evaluation of a single skilI, or may relate to aseries of objectives or skills 
equally represented in the two parallel versions. 

By administering one version of the parallel instrument as apretest 
and the second version as a posttest to the same group of students, it is 

content himself with computing frequency distributions, means and stan
dard deviations. Of course, much more complicated statistics can be
calculated manually if sufficient time is devoted to it. On the other hand,
because of the excessive amount of time needed to perform such compu
tations and the high and undetected error rate of computation, it is
advisable to limit the extent of manual computation.

The availability of simple data processing equipment enables the
preparation of cross-tabulations, comparisons of different groups, and so
forth without an undue amount of tedious labor. Nevertheless, the exis
tence of a computer allows for a high level of flexibility in using a wide
variety of complex statistical models for analyzing and summarizing data.

EQUATING TEST SCORES

At various occasions during the process of curriculum evaluation one may
wish to equate scores obtained on different tests. Thus, for example, in a
"pretestj posttest" design it may be undesirable to use the same test repeat
edly because of the possibility that at the time of the posttest the students
will remember some items from the pretest, or that teachers will coach the
students on the items of the pretest. For this reason the evaluator may
prefer to use a posttest different from that used as a pretest. In this case he
will face the problem of equating the scores obtained in the different tests.

Theories of achievement tests offer various approaches for doing this.
Three of them presented here are: parallel tests, anchor items in nonpar
allel tests, and sample-free calibration of tests.

Parallel Tests
Two tests are considered to be parallel if they fulfill the following

conditions: they correlate highly; their means are not significantly dif
ferent; their variances are not significantly different; their reliability coeffi
cients are not significantly different; and their items represent the same
objectives, skills, or tasks. Parallel tests are usually constructed by select
ing pairs of items from a pool such that both items in a single pair represent
the same objective or skill and have the same level ofdifficulty. Then one of
them is randomly assigned to one version of the test, and the other one to
the second version. Parallel tests constructed in this way may deal with the
evaluation of a single skill, or may relate to a series of objectives or skills
equally represented in the two parallel versions.

By administering one version of the parallel instrument as a pretest
and the second version as a posttest to the same group of students, it is



possible to examine the significance of the differences between the mean 
scores by using the Students' Test for correlated observations. The details 
of this procedure are described in most books of basic statistics. 

The utilization of parallel tests is very convenient in that scores 
obtained on various occasions are easily comparable. It is assumed that 
equal raw scores on two parallel tests represent the same level of achieve
ment. The disadvantage here is that due to the similarity of the two tests, 
posttest scores may be affected if pupils remember similar items in the 
pretest, or are coached for test taking. The most serious problem that 
emerges in using the same test repeatedly is that such a test may either be 
very difficult at the pretest occasion, and thus frustrate a large group of 
students, or alternatively, it may be very easy as a posttest, and therefore 
fail to measure the high achievement of the advanced students. To cope 
with this problem it seems appropriate to use nonparallel tests ha ving a 
series of common anchor items. 

Nonparallel Tests with Common Anchor Items 
A different solution for comJ'aring scores obtained on two different 

occasions may be the utilization of two different tests that contain a subset 
of common items, frequently referred to as "anchor" items. Typically, tests 
containing 30-40 items will have aseries of 10-12 common anchor items. 
This arrangement allows the use of aseries of items that fit the needs of the 
particular situation in which the test is given. The set of anchor items will 
enable the evaluator to develop a common scale for comparing tests 
differing one from the other as regards content and level of difficulty. 

Of course, it is also possible to perform comparisons on the basis of 
the common anchor items appearing in both tests. Thus, for example, if a 
30-item test was administered at the beginning of a course and a different 
30-item test containing 10 anchor items at the end of the course, one may 
compare scores obtained on the same set of anchor items on two different 
occasions, and one can use the difference between these scores as a measure 
of growth. In this case, however, one disregards the information value 
contained in the noncommon items. 

Regression analysis may be applied in order to utilize the information 
value of the tests as a whole. The two different tests should be regressed on 
the same set of anchor items. On the basis of the results one may equate the 
scores in that scores on the two tests corresponding to a particular score on 
the anchor set may be considered equivalent. If, for example, the estimated 
score on the first test corresponding to a score of, say, 6 in the anchor set is 
23, and on the second test is 18, then these two scores are considered 
equivalent. 
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There is considerable advantage in using anchor items for equating 
test scores in longitudinal studies where one needs to introduce increas
ingly more difficult tests. This method mayaiso be useful when tests are 
administered to groups differing greatly from one another. The utilization 
of different tests enables one to administer tests that fit each group's ability 
or achievement level. The disadvantage of this approach is the need to 
operate on the basis of assumptions which are not always fully substanti
ated. Such assumptions are the normality of the distribution of scores 
associated with each particular value of the predictor variable and the 
equality of the variance for each group of such scores. Very frequently the 
data do not correspond to these requirements. 

Sample-free Analysis of Tests 
A new and powerful method for comparing scores obtained on var

ious tests has been developed by Rasch and his followers, which became 
known as the samp/e-free made/far test ana/ysis(Rasch 1960). This model 
introduces aseries of new concepts for dealing with items and scores in 
general and the statistics used for comparing test scores constitutes only 
one of its innovative features. Rasch feit that conventionally used statistics 
were not satisfactory for characterizing tests. Thus, for example, the value 
of the item difficulty index that comes frequently to characterize test items 
is fully dependent on the nature of the sampie. The percentage of correct 
responses to a particular item will be higher in an able group of students 
than in a low-achieving group. Rasch suggested analyzing item responses 
in a way that yielded parameters independent from the ability of students 
taking the test. To illustrate his approach, the responses oftwelve students 
to two selected items of a test are presented in table 12.23. 

Conventionally one would say that the first item has a difficulty level 
of 75 percent and the second item one of42 percent. These statistics seem to 
present some information about two items of the test, but if one looks at 
the response pattern of another group of students one may find data as 
presented in table 12.24. In this table, the corresponding item statistiC's are 
33 and 17. 

Table 12.23. Responses to Two Items 

Item Students All Percentage of 
A B C D E F G H K L Correct Responses 

1 1 0 1 1 0 1 1 1 0 1 1 9 75 
2 0 1 1 1 0 0 0 0 1 0 0 5 42 
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is fully dependent on the nature of the sample. The percentage of correct
responses to a particular item will be higher in an able group of students
than in a low-achieving group. Rasch suggested analyzing item responses
in a way that yielded parameters independent from the ability of students
taking the test. To illustrate his approach, the responses of twelve students
to two selected items of a test are presented in table 12.23.

Conventionally one would say that the first item has a difficulty level
of 75 percent and the second item one of42 percent. These statistics seem to
present some information about two items of the test, but if one looks at
the response pattern of another group of students one may find data as
presented in table 12.24. In this table, the corresponding item statistiC's are
33 and 17.
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Table 12.24. Responses of a Low-achieving Group 
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Table 12.25. Relation between Item Responses to Two Items 

~) ~) 

Item 1 Incorrect Correct Item 1 Incorrect Correct 
Jtem2 Item 2 

Correct 6 3 Cor~ect 3 1 
Incorrect 1 2 Incorrect 7 1 

In his search for sample-free parameters, Rasch suggested a method 
of analysis according to which the responses of those persons who an
swered correctly or incorrectly, both items of a pair being compared, 
should be disregarded, and the computations should focus on the re
sponses of those persons who answered only one of the items correctly. In 
summarizing the data of tables 12.23 and 12.24 in this way, one may get 
results shown in table 12.25. 

Looking at the information contained in table 12.25 one may see that 
while the percentage of correct responses to a particular item varies from 
sampie to sampie, the proportion of those who answered item 2 correctly 
and item I incorrectly and those who inversely answered item 2 incorrectly 
and item I correctly is the same in both sampies, and in the examples 
presented here has a value of 1/3. 

In a test having k items one may construct k(k - I) pairs of items, 
2 

and on the basis of the above mentioned proportions one may compute a 
series of parameter estimates to characterize all items of the test. These 
statistics can substitute the conventionally used difficulty indices; the ad
vantage is that their value does not depend on the ability level ofthe sampie 
of respondents. 

No computational algorithms are presented here. The reader inter
ested in using this method is referred to papers that give full details of the 
procedures involved (Wright and Panchepakesan 1969, Choppin 1968). It 

Table 12.24. Responses of a Low-achieving Group

Item Students
ABCDEFGH

All Percentage of
K L Correct Responses

1
2

o 1 0 1
000 1

001 000 1 0 4
000 1 0 0 0 0 2

33
17

Table 12.25. Relation between Item Responses to Two Items

~) ~)

Item 1
Jtem2

Correct
Incorrect

Incorrect Correct

6 3
1 2

Item 1
Item 2

Cor~ect

Incorrect

Incorrect Correct

3 1
7 1

In his search for sample-free parameters, Rasch suggested a method
of analysis according to which the responses of those persons who an
swered correctly or incorrectly, both items of a pair being compared,
should be disregarded, and the computations should focus on the re
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summarizing the data of tables 12.23 and 12.24 in this way, one may get
results shown in table 12.25.

Looking at the information contained in table 12.25 one may see that
while the percentage of correct responses to a particular item varies from
sample to sample, the proportion of those who answered item 2 correctly
and item I incorrectly and those who inversely answered item 2 incorrectly
and item I correctly is the same in both samples, and in the examples
presented here has a value of 1/3.

In a test having k items one may construct k(k - I) pairs of items,
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and on the basis of the above mentioned proportions one may compute a
series of parameter estimates to characterize all items of the test. These
statistics can substitute the conventionally used difficulty indices; the ad
vantage is that their value does not depend on the ability level ofthe sample
of respondents.

No computational algorithms are presented here. The reader inter
ested in using this method is referred to papers that give full details of the
procedures involved (Wright and Panchepakesan 1969, Choppin 1968). It



should be noted, however, that the use of pairwise comparisons of item 
parameters yields rough approximations only, when the number of test 
items is greater than 2. For a more sophisticated approach to parameter 
estimation in this case, see the monographs by Andersen (1973) and 
Fischer (1974). 

The original Rasch model was developed to handle a homogeneous 
set of items only, all measuring one single characteristic of the respondents. 
The homogeneity of items is determined not only on the basis of content 
analysis, but also on the basis of the statistical features of the results. Thus, 
for example, if in one sampIe the proportion between those who answered 
item (I) correctly but not item (j) on the one hand, and the group with an 
inverse pattern of responses on the other is, say, 1/3, and at the same time 
in another sampIe the same proportion is entirely different, say 5/1, then 
one may suspect that these items do not pertain to a homogeneous uni
verse. Recently the model was further developed to allow for the measure
ment of growth by use of inhomogeneous item sets (Fischer 1976) and for 
handling sets of items that are not homogeneous in the strict sense men
tioned above but measure various characteristics of the respondents with 
different weights (Hilke, Kempf, and Scandura 1976). Another restriction 
of the original Rasch model is that an examinee's response to an item is 
assumed to be uninfluenced by his prior responses. Weakening this as
sumption yields a class of dynamic test models that allow for taking 
learning effects into account and thus are of special interest for the micro
evaluation of training materials (Kempf 1976). 

The parameter estimated can be used for equating aseries ofdifferent 
tests provided they have some common items, or at least pairs of test have 
some common or bridging items. Thus, for example, it is possibk to equate 
tests A, B, and C, if A and Bon one hand, and Band C on the other hand, 
have some bridging items, even if A and C do not have items in common. 
Despite the fact that two tests differ one from the other as regards level of 
difficulty, the common or bridging items will have the same parameter in 
the difficult test and in the easy test. On the basis of the parameters of the 
bridging items, it is possible to develop a common scale for scoring 
different tests. 

Again, no computational algorithm is presented here as the reader 
will find several examples elsewhere where it has been successfully used. 
For example, Choppin has used this technique to create a common scoring 
scale for two science tests given to fourteen- and eighteen-year-old pupils 
in secondary schools in England (Choppin 1976). For further examples see 
Spada (1976). 
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In the context of curriculum development one may use this technique 
to examine change in mastery of certain skills. Thus, for example, at the 
beginning of a course one may wish to administer an easy test and at the 
end of the Course a more complex or difficult one. A set of common items 
in both tests will enable one to establish a common scoring scale for the two 
tests and thus to measure growth. 

Advantages and Disadvantages of Using Different Methods 
Three methods of equating test scores have been described. The 

advantages and disadvantages of using these different methods are pre
sented in table 12.26. As a basis for comparisol\ the table also contains 
some information about using the same test on different occasions. 

As discussed, each method has its advantages and disadvantages; no 
single method of equating test scores can be recommended for use on all 
occasions. The evaluator must apply whichever method is appropriate in 
each particular case. 

Table 12.26. Methods of Equating Test Scores 

Type of Tests Methods of Advantage Disadvantage 
Comparison 

Same test 1 test of easy to use training effeet 
correlated scores boring 

"Ieaking out" 

Parallel tests 1 test of easy to laborious work 
correlated scores interpret to develop 

ambiguity of 
definition 
some training 

Nonparallel tests regression easy to not well-founded 
with anchor items develop assumptions 

applicable to 
groups of 
different 
ability level 

Nonparallel tests common scale on applicable to complex 
with anchor items the basis of groups of computational 
and sample-free item parameters different work 
ca libration ability level 
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If only one test is available, he will be compelled to use it on a variety 
of occasions; but he mayaiso split it into two diiferent tests, which can then 
be treated as parallel tests. If the evaluator can select items from a large 
pool, he will probably use parallel tests or nonparallel tests with anchor 
items. If there is good reason to believe that the ability or achievement level 
of the students taking the test will differ greatly in the different settings of 
test taking, it is advisable to use nonparallel tests. Finally, if the appro
priate computer facilities and necessary expertise are available, one may 
prefer to use the Rasch model for sample-free calibration of test items. 
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