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Item and Test Analyses by Language Groups for an Eighth Grade Biology
Test in Ethiopia: A Comparison of IRT and CTT Models

Zewdu Gebrekidan'

Abstract

This study carried out an analysis of item- and test-level data from the Grade 8
Biology Test of the Ethiopian Third National Learning Assessment (ETNLA). A total
of 10,795 students sat for the biology test in 2007, of these 9,552 were used for the
study. The test was originally prepared in English and was then translated into three
language versions (Afan Oromo, Somali and Tigrigna). The main purpose was to see
how the items worked across language groups. A two Parameter Logistic Model
(2PLM) based on Item Response Theory was used to investigate latent traits and the
main statistics generated were IRT ability scores and IRT parameter estimates
(difficulty level and discrimination index). Item Characteristic Curves (ICC) and Item
Person Dual Plots were generated for all 40 items by language groups. Based on the
IRT ability scores, language groups were compared using one-way anova and
recursive partitioning analysis. Item and test statistics were also computed following
Classical Test Theory (CTT) model and results were compared with that of IRT. The
Item Characteristic Curves (ICC) differed from the expected ogive shape and varied
across language groups. The Test Information Function (TIF) also varied across
language groups indicating the test as a whole and items in particular did not work
the same way for the subgroups. A recursive partitioning analysis result based on IRT
ability scores showed 20% (R2=0.20, Fa, 9518, p < .001) of the variations in
achievement score was accounted by differences in language of instruction. The
variance explained using CTT procedure was 13.4% (R*=0.134, F@, 9s48), p < .001).
The number of problem items (items which were too difficult and or with very low
discrimination power) by language group based on CTT were: Somali (19), Afan
Oromo, (12), English (10) and Tigrigna (8).The highest test score (20) was for
Tigrigna, followed by Afan Oromo (18). The English language group students scored
the least (15). The performance of Somali language group students were about equal
to that of English group ones. The finding show that there were a number of items
which did not work the same way across the four language groups which make them
as language Differential Item Functioning (DIF) suspects. Based on the findings it is
recommended that in the future detailed item and test analysis following the IRT
model should be employed across subgroups on the pilot as well as on the operational
tests. This will help to further explore DIF in future administrations of the test in
order to determine whether these patterns represent real differences in achievement
levels or a systematic bias that is inappropriately impacting on the scores of
particular student groups.

Key words: Biology, Item Analysis, IRT, CTT, Language DIF

' Addis Ababa University, School of Graduate Studies
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Item and Test Analysis by Language Groups for an Eighth Grade Biology
Test in Ethiopia: A Comparison of IRT and CTT Models

Chapter. 1 Introduction

In Ethiopia, National Learning Assessments have been carried out at different grade
levels and biology was one of the subjects tested at Grade 8. The test was originally
prepared in English and translated into three languages of instruction. All the
necessary measures were taken to make the test valid and reliable during its
development and translation. During the last decades, test adaptations and translations
have become prevalent because of an increase in national assessment testing in
multiple languages, and a growing concern to test students in their first language. The
comparability of test results across different language versions of these tests is at the

core of the validity of interpretations in these assessments.

Test developers of large scale assessments have always tried to construct a set of
items which provides an estimate of a test-takers ability and is as fair and
accurate as possible to all groups of the population. As such, the test
development should embrace a systematic item analysis to make sure that all
the examinees with the same underlying level of knowledge have the same
probability of getting an item correct (Camilli and Shephard, 1994). In other words,
attempts should be made to make sure that the test and its items are not biased
toward a pérticular group, and therefore any differences in test results are only
due to the differences in the ability under measurement and not the artifacts of

some other factors.




As part of the test development process, analysis of the items is a crucial part. Two
prevailing methods, both with strengths and weaknesses, are predominantly used. In
the Classical Test Theory (CTT), its ease of use and adaptability in analyzing
practically all kinds of tests renders it a popular choice. However, its strong
dependence on the kind of sampling required often limits its applicability. Hence,
CTT developed tests would see the need for bigger sampling every now and then
which in the long run renders it expensive. On the other hand, the emerging Item
Response Theory (IRT) seems to have found a way to avoid the pitfalls of CTT. It is
said to be sample free or sample independent. The only drawback is the cumbersome
statistical analysis required which many test developers would shy away from.
Nevertheless, IRT is slowly gaining momentum in the field of psychology (Andrade,

Tavares and Valle, 2000).

When translating items both judgmental and statistical techniques should be used to
ensure item comparability across languages, and rigorous quality-control steps should
be included in the translation process. In this study, IRT and CTT models are used to
evaluate the comparability of translated items. Language group comparison analysis is
an important part of test development as it helps to examine and eliminate the items
which may be potentially unfair to some groups of test takers because of language
group membership. To the best of my knowledge no such study has ever been done in

Ethiopia. This study may initiate others to do the same in the other subjects.

This paper in Chapter 1 started with introduction and provides the background of the
study. The statements of the problem, objectives, research questions, significance of
the study and operational definition are also presented under the same chapter.

Chapter 2 deals with review of related literatures focusing on the two Test Theories
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and Chapter 3 deals with methodological issues. The findings of the study are
presented under Chapter 4. Chapter 5 presents summary conclusions, and

recommendations.

1.1 Background

A test can be studied from different angles and the items in the test can be evaluated
according to different theories. Two such theories are Classical Test Theory (CTT)
and Item Response Theory (IRT). CTT was originally the leading framework for
analyzing and developing standardized tests. Since the beginning of the 1970’s IRT
has more or less replaced the role CTT had and is now the major theoretical
framework used in this scientific field (Crocker and Algina, 1986; Hambleton and

Rogers, 1990; Hambleton, Swaminathan, and Rogers, 1991).

With the emerging trend of developing local instruments more and more research has
been developed in producing achievement and psychological tests. Most often, these
researchers rely on Classical Test Theory (CTT) to develop these instruments in spite

of the strong presence of Item Response Theory in the recent decades.

In CTT, test scores are said to be composed of three components: test score, true
score, and error score. The invariance is brought about by differences contributed by
the sample from which the scores were derived. Again, here lies the dependence of
CTT on the sample the scores were taken from. However, IRT addresses this by
disregarding the sample and instead looking at the characteristics of the item or item
parameters. By focusing on the items, the issuc of sampling becomes negligible. One
can now generalize better item-generated scores across samples and person abilities

(Hambleton, Swaminathan, and Rogers, 1991).




Item response theory came about to rectify some of the short comings of classical test
theory. In classical test theory, a student’s ability is determined by the score on a
particular test. The difficulty and discrimination of a particular item as well as the
reliability and validity of the test are determined by the ability of a group of students;
if the characteristics of the group changes so do these factors. This makes it difficult
then to compare students across different tests and to compare items across different
student groups. Additionally if the students who take a particular test are of different
ability, then their scores will have different amounts of error, which is contrary to the
assumption behind the standard error of measurement that it is the same for all
individuals. In developing a test, it would be preferable to be able to predict how
different groups or individuals will perform on a given item. In classical test theory

the emphasis is on the test, while in IRT the emphasis is on the items.

The underlying assumption of IRT is that the responses on a particular test are accounted

for by a small number of latent traits. As Crocker and Algina write

At the heart of the theory is a mathematical model of how examinees
at different ability levels for the traits would respond to an item. This
knowledge allows one to compare the performance of examinees who
have taken different tests. It also permits one to apply the results of an
item analysis to groups with different ability levels than the group used

for the item analysis (Algina and Crocker, 1986, p. 109).

IRT is useful in building tests, identifying potentially biased test items, equating scores
from different tests or forms of the same test, developing tests which can discriminate at

a particular level of ability, and in the development of tailored testing systems.




Studies linking CTT and IRT item characteristics have been done and have shown
signs of positive indications of a relationship that exists (Adedoyin, Nenty, and
Chilisa, 2008; Nukhet, 2002; Fan, 1998). It is then, the goal of this paper to analyze
the item characteristics of a Grade 8 biology test using both CTT and IRT methods
and to check if the methods are comparable and can be used independently or

interchangeably.

National Learning Assessment (NLA) in Ethiopia is a large scale national survey
conducted by an agency under the Ministry of Education. It was first conducted in
2000 and has been repeated every three or four years since then. The present study
aimed to investigate item and test analysis of the biology test of the Ethiopian Third
National Learning Assessment (ETNLA). A total of 10,795 students sat for the
biology test in 2007. The test was originally prepared in English and was then
translated into three language versions namely Afan Oromo, Somali and Tigrigna

(GEQAEA, 2007). The effect of these test languages will be investigated.

1.2 Statement of the problem

Research studies about the psychometric characteristics of translated test items
indicate more than the expected amount of differential item functioning (DIF) on
different language versions of the same test, even though some strict translation
processes are followed during test adaptation. For example, Gierl, Rogers, and
Klinger (1999) have reported that 52% of items on a Canadian achievement test
displayed DIF across English and French speaking examinees. Allalouf, Hambleton,
and Sireci (1999) have reported that 34% of verbal items on the Israeli Psychometric
Entrance Test displayed DIF across Hebrew and Russian examinees. Arim and

Ercikan (2005) have reported that 23% of items on the Third International
5




Mathematics and Science Study-Repeat (TIMSS-R) displayed DIF when English and
Turkish speaking examinees were compared. In Ethiopia the variance explained in
biology scores due to test language difference in the ETNLA was the highest (13.8%)
when compared with the other subjects: mathematics (2.3%), chemistry (5.7%) and

physics (5.9%) (GEQAEA, 2007).

In this situation, it is crucial to make sure that test items have been scrutinized for
possible bias because test bias is a threat to valid interpretation of test scores
(Langenfeld, 1997). Therefore, screening items for differential item functioning
should become part of test scrutiny prior to administration of the tests since
differential item functioning is a necessary condition for item bias (Clauser and
Mazor, 1998). The study focuses on item and test analysis following IRT and CTT

models to identify problem items across test languages.

1.3 Objectives

The main objective of the study is to carry out item and test analysis on Grade 8
Biology test of the Ethiopian Third National Learning Assessment (ETNLA) using

IRT and CTT procedures. The specific objectives are to:

determine the difficulty level and discrimination index of each item based on
item analysis following IRT and CTT models,

e compare the item and test statistics obtained using the two models,

e make comparisons across language groups using IRT ability scores and

e identify items which did not work as expected across the four language

groups.




1.4 Research questions

The study will be guided by the following research questions.

1.  What are the difficulty level and the discrimination index of each item for

the whole group?

2. What are the difficulty level and the discrimination index of each item for

each language group?

3.  Are there any biology items that function differentially between the four

language groups?

1.5 Significance of the study

National Learning Assessment in Ethiopia is the only large scale study which
provides information on the quality of education and the factors associated. The
achievement scores are taken as major indicator of quality. Hence further analysis will
provide additional information and will help future improvements in the test
development process. To ensure that translated items are equivalent to their original

versions, both statistical and qualitative analysis are necessary.

Item Analysis using Classical Test Theory (CTT) was carried out during pilot testing
for the purpose of improving the items. The English version test was translated into
the respective test languages and equivalencies were checked through independent
back translation and experts’ judgment. Nevertheless, detailed item level analysis in
general and IRT model in particular had never been conducted on the pilot and final
tests. This study is intended to fill this gap and may create an opportunity to use the

wealth of data available. A two-parameter IRT model will be used to generate ability




score, and estimate parameters. By evaluating translated items statistically, test
developers can ensure the comparability of tests across languages and they can

identify the types of problems that should be avoided in future translation efforts.

1.6 Delimitation and limitation of the study

The scope of this study is the response of the sample students who sat for the biology
tests in the Ethiopian Third National Learning Assessment disaggregated by the four

test languages.

There are varieties of IRT methods; however, this study is limited to the use of a two
parameter logistic IRT model. Using multiple models and making comparisons of the

findings would have been the better option but the scope of the study, time and budget

constraints did not allowed.




1.7 Operational Definitions

The definitions presented here are based on Camilli and Shepard (1994) and Clauser

and Mazor (1998).

Item analysis: A set of statistical techniques to examine the performance of individual
items. This is important when developing a test or when adopting a

known measure.

DIF: DIF occurs when examinees {rom different groups show differing
probabilities of success on (or endorsing) the item after matching on

the underlying ability that the item is intended to measure.

Item bias:  Item bias occurs when examinees of one group are less likely to
answer an item correctly (or endorse an item) than examinees 6f
another group because of some characteristic of the test item or testing
situation that is not relevant to the test purpose. DIF is required, but not

sufficient, for item bias.




Chapter. 2 Literature Review

Test developers are basically concerned about the quality of test items and how
examinees respond to it when constructing tests. A psychometrican generally uses
psychometric techniques to determine the validity and reliability. Psychometric theory
offers two approaches in analyzing test data namely Classical Test Theory (CTT) and
Item Response Theory (IRT). Both theories enable to predict outcomes of
psychological tests by identifying parameters of item difficulty and the ability of test
takers. Both are concerned to improve the reliability and validity of psychological
tests. Both of these approaches provide measures of validity and reliability. There are
some identified issues in the classical test theory that concerns with calibration of
item difficulty, sample dependence of coefficient measures, and estimates of

measurement error which in turn is addressed by the item response theory.

CTT has dominated the area of standardized testing and is based on the assumption
that a test-taker has an observed score and a true score. The observed score of a test-
taker is usually seen as an estimate of the true scores of that test-taker plus/minus
some unobservable measurement error (Crocker and Algina, 1986; Hambleton and
Swaminathan, 1985). An advantage with CTT is that it relies on weak assumptions
and is relatively easy to interpret. However, CTT can be criticized since the true score
is not an absolute characteristic of a test-taker since it depends on the content of the
test. If there are test-takers with different ability levels a simple or more difficult test
would result in different scores. Another criticism is that the items’ difficulty could
vary depending on the sample of test-takers that take a specific test. Therefore, it is

difficult to compare test-takers’ results between different tests. In the end, good

10




techniques are needed to correct for errors of measurement (Hambleton, Robin, and

Xing, 2000).

IRT was originally developed in order to overcome the problems with CTT. A major
part concerning the theoretical work was produced in the 1960’s (Birnbaum, 1968;
Lord and Novick, 1968) but the development of IRT continues (van der Linden and
Glas, 2000). One of the basic assumptions in IRT is that the latent ability of a test-
taker is independent of the content of a test. The relationship between the probability
of answering an item correctly and the ability of a test-taker can be modeled in
different ways depending on the nature of the test (Hambleton et al., 1991). It is
common to assume unidimensionality, that is, the items in a test measure one single
latent ability. According to IRT, test-taker with high ability should have a high
probability of answering an item correctly. Another assumption is that it does not
matter which items are used in order to estimate the test-takers’ ability. This
assumption makes it possible to compare test-takers’ result despite the fact that they
have taken different versions of a test (Hambleton and Swaminathan, 1985). IRT has
been the preferred method in standardized testing since the development of computer
programs. The computer programs can now perform the complicated calculations that
IRT requires (van der Linden and Glas, 2000). There have been studies that compare
the indices of CTT and IRT (Bechger, Gunter, Huub, and Beguin, 2003). Other
studies have aimed to compare the indices and the applicability of CTT and IRT, see
for example how it is use in the Swedish Scholastic Aptitude Test in Stage (2003) or

how it can be used in test development (Hambleton and Jones, 1993).
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2.1 Classical Test Theory (CTT)

Classical test theory is regarded as the “true score theory.” The theory starts from the
assumption that systematic effects between responses of examinees are due only to
variation inability of interest. All other potential sources of variation existing in the
testing materials such as external conditions or internal conditions of examinees are
assumed either to be constant through rigorous standardization or to have an effect
that is nonsystematic or random by nature (Van der Linden and Hambleton, 2004).
The central model of the classical test theory is that observed test scores are composed
of a true score and an error score where the true and the error scores are independent.

The variables are established by Spearman (1904) and Novick (1966).

Traditionally, methods of analysis based on classical test theory have been used to
evaluate tests. The focus of the analysis is on the total test score; frequency of correct
responses (to indicate question of difficulty); frequency of responses (to examine
distracters); reliability of the test and item-total correlation (to evaluate discrimination
at the item level) (Impara and Plake, 1997). Although these statistics have been
widely used, one limitation is that they relate to the sample under scrutiny and thus all
the statistics that describe items and questions are sample dependent (Hambelton,

2000).

A test theory and test model is a symbolic representation of the factors influencing the
observed test scores and is described by its assumptions. Classical test theory
describes how errors of measurement can influence the observed scores of a test. An
observed score is expressed as the sum of the true score and the error of measurement.

It is this central idea of the relationship among true score, observed score and error of

12




measurement that enables the classical test theory to describe the factors which

influence the test scores.

2.1.1 Assumptions of CTT

The classical true score theory is underpinned by seven assumptions (Yen and Allen.,

1979, pp.57-60). These seven assumptions are stated below.

Assumption one states that an observed score (X) in a test is the sum of two parts
known as (1) the true score (7) and (2) the error score (£) or error of measurement.

Mathematically, this assumption is expressed as (Equation 1):

X=T+E
Equation 1. Observed score based on CTT

The additive nature of the true score and the error score is commonly made in

statistical work, because it is mathematically simple and appears reasonable.

Assumption two states that the expected value (&) or population mean of an observed

score is the true score. Mathematically, this assumption is expressed as:

X©=T
Equation 2. Population mean of observed score

Equation 2 defines the true score as the mean of the theoretical distribution of the
observed scores that would be found in repeated independent testing of the same

person with the same test. The true score is viewed as remaining constant over all

administrations, and over all parallel forms of a test. Algina and Crocker (1986, p &

109) define the true score as the mean or expected value of a random variable; AT




Assumption three states that the error scores and the true scores obtained by a

population of examinees on one test are uncorrelated.
Assumption four states that the error scores on two different tests are uncorrelated.

Assumption five states that the error scores on one test are uncorrelated with the true

scores on another test.

Assumption six states the definition of parallel tests. If observed score, true score and
error variance of test 4 and observed score, true score and error variance of test B are

the same then test 4 and B are parallel tests.

Assumption seven states that the tests that are essentially equivalent have true scores

that are the same except for an additive constant.

2.1.2 Item Parameters of CTT

The quality of items is judged based on their parameters like item difficulty, item
discrimination, item reliability and item validity statistics. These item parameters help
test makers to choose the right items in accordance with the construct of interest when

making a test.

2.1.2.1 Item Difficulty

Item difficulty (sometime known as item facility) is the proportion of examinees who
answer an item correctly (Algina and Crocker 1986, p.90). Item difficulty in the

context of CTT is sample dependent. Its values will remain invariant only for groups

of examinees with similar levels. Item difficulty is often referred to as p-value in




correct answer and each of the distractors, by dividing the number of individuals that
selected a particular response by the total number of individuals in the group of

interest.

The p-values of items will be different for different items of a test depending on the
types of examinees. If the items are difficult, then their p-values will be low. If the

items are easy, then p-values will be high.

The p-value of an item can provide general guidance when analyzing an item. If the p-
value is very low (in the range of 0.00 to 0.20), then the item is very hard and the
possibility that the item has been wrongly keyed or that there is more than one correct
answer to the question should be examined. Very low p-value is also indicative of

floor effect.

If the p-value is greater than 0.95, then the correct answer is probably too obvious for
the test population. The very high p-value is also indicative of ceiling effect. The
items with p-values less than or equal to 0.20 and greater than or equal to 0.95 should
be deleted or revised to present a greater challenge to the test candidates. If the p-
value is zero for any response, this is called a "Null distracter." Null distracters are

indicative of obvious answers, nonparallel distracters, or nonsensical distracters.

2.1.2.2 Item Discrimination

Examinees differ in their abilities. It is conventional to expect high scores, average
scores and low scores and other scores which incline to fall in any of these groups.
Therefore, while analyzing test items, one of the objects is to select items which have
potential to separate examinees into different categories of performance based on their

abilities. This means that a test item should have characteristics capable of being
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scored correctly by high ability examinees and incorrectly by low ability examinees.
The items which have such properties are discriminative. These items discriminate

examinees who know answers from examinees who do not know answers.

Index of item discrimination (D) is applicablc only to dichotomously scored items. To
calculate item discrimination index, examinecs are separated into two groups based on
their total test scores with respect to the cut scores. The two groups are categorized as

upper group and lower group.

Algina and Crocker (1986, p.315) and (Ebel, 1965) provide the following guidelines
for interpretation of D-values when the groups are established with total test score as
the criterion: If D > 0.40, the item is functioning quite satisfactorily. If, 0.30 < D
<0.39 little or no revision is required. If, 0.20 <D < 0.29 the item is marginal and

needs revision. If, D <0.19 the item should be climinated or completely revised.

2.2 Item Response Theory (IRT)

Another branch of psychometric theory is the item response theory (IRT). IRT may be
regarded as roughly synonymous with latent trait theory. It is sometimes referred to as
the strong true score theory or modern mental test theory because IRT is a more
recent body of theory and makes stronger assumptions as compared to classical test
theory. This approach to testing based on item analysis considers the chance of getting
particular items right or wrong. In this approach, each item on a test has its own item
characteristic curve that describes the probability of getting each particular item right

or wrong given the ability of the test takers (Kaplan and Saccuzzo, 1997).

The Rasch model as an example of IRT is appropriate for modeling dichotomous

responses and models the probability of an individual's correct response on a
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dichotomous item. The logistic item characteristic curve, a function of ability, forms
the boundary between the probability areas of answering an item incorrectly and
answering the item correctly. This one-parameter logistic model assumes that the
discriminations of all items are assumed to be equal to one (Maier, 2001). Another
fundamental feature of this theory is that item performance is related to the estimated
amount of respondent’s latent trait (Anastasi and Urbina, 2002). In cognitive tests,
latent traits are called the ability measured by the test. The total score on a test is
taken as an estimate of that ability. A person’s specified ability succeeds on an item of

specified difficulty.

The benefit of the item response theory is that its treatment of reliability and error of
measurement through item information function are computed for each item (Lord,
1980). These functions provide a sound basis for choosing items in test construction.
The item information function takes all items parameters into account and shows the
measurement efficiency of the item at different ability levels. Another advantage of
the item response theory is the invariance of item parameters which pertains to the
sample-free nature of its results. In the theory the item parameters are invariant when
computed in groups of different abilities. This means that a uniform scale of
measurement can be provided for use in different groups. It also means that groups as
well as individuals can be tested with a different set of items, appropriate to their
ability levels and their scores will be directly comparable (Anastasi and Urbina,

2002).

Item response theory relates characteristics of items (item parameters) and
characteristics of individuals (latent traits) to the probability of a positive response. A
variety of IRT models have been developed for dichotomous and polytomous data. In
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each case, the probability of answering correctly or endorsing a particular response
category can be represented graphically by an item (option) response function
(IRF/ORF). These functions represent the nonlinear regression of a response
probability on a latent trait, such as conscientiousness or verbal ability (Hulin,

Drasgow, and Parsons, 1983).

IRT provides several advantages over classical test theory (CTT) methods for
constructing tests and examining measurement equivalence. Unlike CTT item
statistics, which depend fundamentally on the subset of items and persons examined,
IRT item and person parameters are invariant. This makes it possible to examine the
contribution of items individually as they are added and removed from a test.
Moreover, IRT allow researchers to calculate conditional standard errors of
measurement based on a test information function, rather than assuming an average
standard error across all trait levels as in CTT. This allows researchers to select items
that provide maximum measurement precision in a particular ability/trait range (Hulin

et al., 1983).

Second, IRT allows researchers to conduct rigorous tests of measurement equivalence
across experimental groups. This is particularly important in cross-cultural research
where groups are expected to show mean differences on the attribute being measured.
IRT methods can distinguish item bias from true differences on the attribute

measured, whereas CTT methods cannot (Kim, Cohen, and Park, 1995).

IRT also facilitates computer adaptive testing. Items can be selected that provide the
most information for each examinee. This can dramatically reduce time and costs

associated with test administration (Hulin et al., 1983).
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Item response theory postulates that (a) an examinee test performance can be
predicted (or explained) by a set of factors called traits, latent traits, or abilities, and
(b) the relationship between an examinee item performance and the set of traits
assumed to be influencing item performance can be described by a monotonically
increasing function called an item characteristic function (Lord and Novick, 1968,
p.359). Inherent in these theories are (a) an examinee test performance which is
observable and (b) the unobservable traits or abilities assumed to underlie examinee

performance on the test.

The relationship between observable test performance (responses) and unobservable
traits underlying the test performance can be expressed as a mathematical function
and this makes it possible to build mathematical model called item response model.
Depending on the types of assumptions underlying the item response models,
different types of models can be built. For instance, one-parameter logistic models,
two-parameter logistic models and three-parameter logistic models have different

assumptions.

2.2.1 Assumptions of IRT

Four common assumptions of Item Response Theory are (a) dimensionality of latent

space, (b) local independence, (c) item characteristic curves and (d) speededness.

2.2.1.1 Dimensionality

Item response theory assumes that a set of & latent traits or abilities underlie examinee
performance on a set of test items. The k latent traits define a & dimensional latent
space, with each examinee’s location in the latent space being determined by the

examinee’s position on each latent trait (Hambleton and Swaminathan, 1985, p.16).
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Some item response models assume single latent trait to be sufficient to explain for
examinee test performance and they are called unidimensional item response models.
For unidimensionality latent space to be met adequately by a set of test data, a
dominant component or factor is assumed to influence the examinee test performance

(Hambleton and Swaminathan, 1985, p.17).

Some item response models assume more than a single latent trait necessary to
explain for examinee test performance and they are called multidimensional item
response models. The multidimensional item response models will not be described in

the thesis.

2.2.1.2 Local Independence

The local independence assumption states that an examinee’s responses to different
items in a test are statistically independent when abilities influencing test performance
are held constant (Hambleton and Swaminathan, 1985, p.23). Local independence, by
definition, will hold only when the items are not related to each other (a) by content

and (b) when responses to the items are not linked by clues.

2.2.1.3 Item Characteristic Curve

An item characteristic curve (ICC) is a mathematical function that relates the
probability of success on an item to the ability measured by the item set or test that

contains it (Hambleton and Swaminathan, 1985, p.25).

Lord and Novick (1968, p.360) note that item characteristic function or curve remains
invariant from one group of examinees to the next, resulting in the invariance of item

parameters involved in generating the item characteristic curve. This is an important

o aspect of the item response theory which distinguishes it from the classical test theory.
: e s




Hambleton and Swaminathan, (1985, p. 18) state that the invariance of item and
ability parameters mean that the parameters that characterize an item do not depend
on the ability distribution of the examinees and the parameter that characterizes an
examinee does not depend on the set of test items (Hambleton and Swaminathan,
1985, p.18). IRT methods model the probability of an individual's response to an
item. The relationship between the probability of success to an item and the latent trait
(the ability) is described by a function called item characteristic curve (ICC) that takes

an S-shape (ogive) (Figure 1).

0.5 1

Probability of success

(R1] T T T
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N

Latent trait

Figure 1. Item characteristics curve showing the relationship between the location on the

latent trait and the probability of answering the item correctly

Source: Modified from Baker (2001)
2.2.1.4 Speededness

An implicit assumption of all commonly used [RT model is that the test to which the
model fits are not administered under speeded conditions (Hambleton and

Swaminathan, 1985, p.30). This assumption requires the examinees to be provided
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with sufficient time to answer the items to ensure that the failure to answer test items
is only because of the limited ability and not because of lack of time to answer the

items.

2.2.2 Item Response Theory Models

The item difficulty statistic is an appropriate choice for achievement or aptitude tests
when the items are scored dichotomously (i.e., they are either correct or incorrect).
Several methods were developed by G. Rasch and A. Birnbaum to estimate test

reliability.

2.2.2.1 The One Parameter Logistic Model (1PLM)

The One-Parameter Logistic Model (1IPLM) is

Pi(B) =1/ (1 + exp[-(B; - D))])

Equation 3. One parameter logistic model

Where
B; is the parameter describing the ability of the person being tested,
P; is the probability of getting a correct response, and
D; is the parameter describing the difficulty of item.

2.2.2.2 The Two Parameter Logistic Model (2PLM)

The Two-Parameter Logistic model uses an item response theory (IRT) model that
specifies the probability of a correct response as a logistic distribution in which items
vary in terms of their difficulty and discrimination. It is typically applied to multiple
choice or short constructed-response items that are scored either correct or incorrect,

and do not appear to allow for guessing.
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The 2PLM (Birnbaum, 1968), generalizes the one-parameter logistic, or Rasch, model
by allowing items to vary not only in terms of their difficulty (5) but also in terms of
their ability to discriminate (a) among individuals of various proficiency. As with the
Rasch model, the 2PL assumes that the probability of a correct guess is zero. The
fundamental equation of the 2PL is the probability that a person whose proficiency on
scale k is characterized by the unobservable variable g will respond correctly to item
-

1
P(Xj sl | B,L,aj,bj) = W

Equation 4. Two parameters logistic model

where

x; = the response to item j, 1 if correct and 0 if not;

a; = the slope of parameter of item j/, characterizing its sensitivity to
proficiency, where a;> 0;

b; = the threshold parameter of item j, characterizing its difficulty;

D = an arbitrary scaling constant typically set to 1.7 to approximate results

from the normal ogive model.
2.2.2.3 The Three Parameter Logistic Model (3PLM)
The Three-Parameter Logistic Model (3PLM, or Birnbaum's Model):
Pi(B;i) = Ci + (1 = C;) /(1 = exp[- Ka(B; - D)),
Equation 5. Three parameters logistic model

The parameter C: is used when item i is constructed so that guessing the correct

answer is possible.

.




2.3 Test Translation and Test Fairness for All Groups

One of the important factors which should be taken into account in dealing with the
validity of any test is the issue of fairness (Thissen, 2001). Educational Testing
Service Fairness Review Guidelines (2003) offers a simple and fairly straightforward
verdict: “A test that shows valid differences is fair; a test that shows invalid
differences is not fair”. Therefore, when people with similar abilities in the construct
being measured perform substantially differently on a test item it is necessary that the
item be reviewed for fairness (Gierl, Khaliq and Boughton, 1999),and perhaps
removed if the differential performance of the examinees is not balanced or cancelled
over the test as a whole (Wainer, Sireci and Thissen, 1991).This issue has made a
great area of investigation for researchers, and a technique which empirically
measures the differential functioning of items for groups which are matched on the
ability of interest has now become “the new standard in psychometric bias analysis™
(Zumbo, 1999) and is now “a key component of validity studies in virtually all large-
scale assessments” (Penfield and Camilli, 2007). This technique is called differential
item functioning (DIF) after Holland and Thayer who used the term in a seminal

chapter on test validity (1988).

DIF analysis is often used to examine group differences between specific racial or
ethnic groups or between males and females. For example, Hauser and Kingsbury
(2004) explored differential functioning across student groups formed based on
ethnicity and based on gender on items from the Idaho Standards Achievement Test.
Zenisky, Hambleton, and Robin (2004) explored gender DIF in a large-scale science
assessment. Other research has also examined incidences of DIF for limited English

proficient students (Snetzler and Qualls, 2000). DIF analysis have also been
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conducted for students with disabilities. Specifically, DIF analysis have been used to
examine effects of accommodations that are provided to students with disabilities
during testing (Bolt, 2004; Cohen, Gregg, and Deng, 2005; Koretzand Hamilton,

1999).

In studies of construct validity, the assessment of DIF is an important issue in
evaluating the inferences from educational and psychological testing. DIF occurs
when test items display different statistical or psychometric properties in different
groups of examinees after matching on the same intended-to-be-measured underlying
proficiency, In other words, the absence of differential item functioning occurs when
the item responses and group variables are independent after conditioning on ability
(Millsap and Everson, 1993). Although the assessment of test fairness is often based
on the single-item DIF analysis, DIF can occur at the subtest and test score level

(Stout, 2002).

Eliminating measurement bias is important because measurement bias is a threat to
validity of interpretation and use of educational measures. Issues of construct-related
evidence of validity and issues of measurement bias are interrelated in the sense that
the number of constructs being measured by the test or item (Ackerman, 1992). If a
test lacks construct-related evidence of validity, it means that the test contains items
that are measuring constructs other than those are intended to be measured, indicating

that there is a potential for bias against or for a certain group of examinees.

Studies concerning test bias examine whether there are individual items that function
differently among groups within the same level of ability being measured. Differential

item functioning (DIF) studies are conducted to investigate these problems. Dorans
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and Holland (1993) defined differential item functioning as ‘“differences in item
functioning after groups have been matched with respect to the ability or attribute that
the item purportedly measures”. Similarly, Angoff (1993) noted that DIF refers to
"the simple observation that an item displays different statistical properties in
different groups setting, after controlling for differences in the abilities of the
groups...”. Camilli and Shepard (1994) stated that “An item is said to be measuring
differentially if examinees of the same ability do not have the same probability of

answering the item correctly”.

The theory underlying the development of traditional normative assessments (CTT)
differs from the theory underlying the new kinds of tests based on Rasch and item
response testing models (Clark and Watson, 1995; Croker and Algina, 1986;
Embretson.1999; Embretson and Reise, 2000; Lord and Novick, 1968; MacDonald,
1999). Classical tests are based on individual differences and a normative
interpretation in which a person’s test scores are represented in terms of how others
performed on the test. Scores might be expressed as standard scores which are based
on distances from the mean of the normative group. The newer kinds of tests are
based on latent trait theory (also known as item response theory). This approach
represents a different perspective on scores and their interpretation than classical
testing. Rather than comparing tests results to the performance of a normative group,
scores are interpreted in terms of a continuum of the trait being assessed (Embretson

and Reise, 2000).

When groups of people, males and females for example, respond differently to a test
item, that item is said to be biased. Test bias can occur when groups within a target

population systematically respond differentially to the test. In such cases, the validity
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of the item can become a concern since it is assumed that the item measures the same
trait or behavior in all people, and that the item and test have the same predictive
value regardless of the groups (racial, ethnic. gender, etc.) to which they belong.
Further, the definition of bias and identiﬁcatlion of groups within a population for
whom the test is biased can be difficult (Nunn ally and Bernstein, 1994). Classical test
theory provides a number of ways of detecting and dealing with item bias among
them, using linear regression of test scores on some criterion for the standard group
and the group that might experience bias, and studying residuals to find extraneous

variables that may lead to bias (Nunnally and Bernstein,1994).

The differential item function (DIF) is at the core of the IRT approach to test fairness.
“An item shows DIF if individuals having the same ability, but from different groups,
do not have the same probability of getting the item right” (Hambleton, Swaminathan,
and Rogers, 1991, p.110). One approach to DIF would be to compare the item
parameters from the ICC obtained by administering the test to the groups of interest.
If the item parameters are the same, the test would be considered unbiased for these
groups. This approach requires putting the results of the testing of the two groups on a
common scale, and comparing the parameters. When the parameters adjusted to the

common scale are not different, no DIF exists and the test can be considered fair for

the subgroups of interest.




Chapter. 3 Design and Methodology

3.1 Data Source and Sample Size

The data used in the study are the responses of Grade 8 students to the Ethiopian
Third National Learning Assessment biology items (Appendix). The test was
composed of 40 multiple choice items. Each item is composed of four choices. The

data were organized by language of instruction.

Table 1. Sample size by language group

Language N Percent
Afan Oromo 2118 22.2
English 5919 62.1
Somali - 498 5.2
Tigirigna 998 10.5

Total 9533 100.0

A total of 10,795 students sat for the biology test in 2007 of these 9,552 were used for
the study. The test was originally prepared in English and translated into three
language versions (Afan Oromo, Somali and Tigrigna). Data from the Amhara region
was excluded from the study since it shifted medium of instruction (iuring the period

of data collection (Table 1 and Table 2).




Table 2. Sample size by region

Region N Percent

Addis Ababa 998 10.5
Afar 891 9.3
Benshangul Gumuz 789 8.3
Dire Dawa 646 6.8
Gambella 903 9.5
Harari 682 7
Oromia 2055 21.6
SNNPR 1073 113
Somali 498 Do
Tigray 998 10.5

Total 9533 100.0

3.2 Data Analysis

Tests can be studied from different angles and the items in the test can be evaluated
according to different theories. Two such theories used in this study were Classical
Test Theory (CTT) and Item Response Theory (IRT). CTT was originally the leading
framework for analyzing and developing standardized tests. Since the beginning of
the 1970’s IRT has more or less replaced the role CTT had and is now the major
theoretical framework used in this scientific field (Crocker and Algina, 1986;

Hambleton and Rogers, 1990; Hambleton, Swaminathan, and Rogers, 1991).

3.2.1 Item Response Theory Methods

In carrying out item analysis there are several different IRT models to choose from
(Thissen and Steinberg, 1986). The first consideration when choosing the right model
involves the number of item response categories, as this obviously limits the choice of
appropriate models. For dichotomous items, the 1, 2, and 3 parameter logistic models

are available (1PLM, 2PLM, 3PLM). Since all the items of ETNLA biology test are
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multiple choice and marked as right-wrong (dichotomously) the 2 parameter logistic

model (2PLM) is chosen.

The main statistics generated were IRT ability scores, difficulty levels and
discrimination indexes. A one way analysis of variance was employed to make
comparisons across language groups using the IRT ability score as dependent
variable. Further comparisons on the same score were made following recursive

partitioning analysis.

Latent trait model item plots, test information function, parameter estimates and item

person dual plots were produced based on the whole group and by test language.

3.2.2 Classical Test Theory Methods

A summary descriptive statistics which show mean, standard deviation of the test
scores difficulty and discrimination indexes were computed across language groups.
The reliability was computed with coefficient alpha, defined as using the proportion
who answered the item correctly, p-values, and point biserial correlation, 7ss. The
point biserial correlation is the correlation between the test-takers’ performance on
one item compared to the test-takers’ performances on the total test score (Crocker
and Algina, 1986). In this study coefficient alpha, p values and 7. are used from the

CTT:

3.2.3 Statistical Packages

Data organization was carried using SPSS v19 and MS Excel 2010 and analysis were

carried out using Systat v13 and SAS v9.1.
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Chapter. 4 Results and Discussion

The data analysis was carried out following IRT and CTT procedures by language
group. Initially analysis was carried out using the whole data set then each language

group is addressed separately. The findings are presented for each procedure.

IRT is also called latent trait theory because the theory assumes the existence of a
latent trait, which is a tester characteristic that leads to a consistent performance on a
test. The findings based on IRT procedure are presented for the whole group followed
by each language group one by one. The latent trait model item plots are the main out
puts and they are presented visually. The horizontal axis of the plots denotes the latent
trait, the vertical axis is the proportion of examines responding correctly, and the
curve is called the item characteristic curve (1CC). According to IRT, if the item is
well-written, the ICC should be a normal ogive the shape of the curve looks like that

of a half bell-curve.

4.1 IRT results for the whole group

In all the four language groups together 9,533 cases were analyzed; each containing
40 items, 11 cases were deleted by editing for missing data or for zero or perfect total
scores after item editing. No item was deleted by editing for missing data or for zero
or perfect total scores after item editing. Data below are based on 9,522 cases and 40

Items. The total score mean is 15.4 with a standard deviation of 5.49.

4.1.1 Item Characteristic Curves for the whole group

IRT can be used to create a unique plot for each item (the Item Characteristic Curve -
ICC). The ICC is a plot of Probability that the Item will be answered correctly against

Ability. The shape of the ICC reflects the influence of the two factors: Increasing the
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difficulty of an item causes the curve to shift right - as candidates need to be more able
to have the same chance of passing. Increasing the discrimination of an item causes
the gradient of the curve to increase. Candidates below a given ability are less likely
to answer correctly, whilst candidates above a given ability are more likely to answer

correctly.

Figure 2 shows the latent trait model item plots. The figure shows a mix of items that
resemble and do not resemble a normal ogive. Among others items 5, 9, 11, 12, 13,

15, 18, and 39 were found highly deviating from the desired normal ogive shape.
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Figure 2. Latent trait model item plots for the whole Group
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4.1.2 IRT parameter estimates for the whole group

The estimated parameter estimates the difficulty which is the ‘b parameter’ from the
model. A histogram of the difficulty parameters is shown beside the difficulty
estimates. The discrimination is the ‘a parameter’ from the model and a histogram of
the discrimination parameters is shown beside the discrimination estimates. Table 3

shows the parameter estimates based on the whole group.

Table 3. IRT parameter estimates based on the whole group

Item Difficulty Discrimination SR R e
b1 -1.8112 [ odeng HEEo
b2 0.3044 1.0062 |
b3 0.3754 o.a886 ik
b4 3.6355 Ll 0.0862

b5 9.3869 0.0667

b6 1.1274 0.5124

b7 1.9236 0.5967 ,
b8 1.2216 0.8879

bo 3.2476 j] 0.3117

b10 2.2298 Dazoq o lanbie i
b11 -0.3042 1.5146 2,
b12 2.2136 0.5870

b13 3.6292 0.3020 I_1
b14 0.5655 0.8569 3
b15 6.7492 0.2060

b16 0.0372 1.1525

b17 -0.3940 0.7114

b18 -0.1672 0.4421

b19 1.5254 0.7160

b20 0.9547 o.0818. =

b21 2.0030 0.4916

b22 0.5839 0.6305

b23 0.7993 f 0.9583

b24 0.7072 0.8713

b25 -0.4141 1.9853

b26 -0.1334 2 1.8488

b27 2.1622 0.4229

b28 6.3914 0.1636

b29 0.5785 0.6487

b30 -0.0009 1.1202

b31 -2.1096 # 0.5367

b32 0.3677 5 0.6833

b33 3.1796 0.4502

b34 -0.0368 0.7997

b35 0.2368 1.0640

b36 0.6184 0.6837

b37 0.6085 0.7153

b38 0.6521 | 0.9075

b39 8.3356 | 0.1392 s
b40 0.8349 : 3, 0.8764
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4.1.3 Test information curve for the whole group

A test is a set of items; therefore, the test information at a given ability level is simply
the sum of the item information at that level. The test information function (TIF)
shows the distribution of the IRT ability score. The normal range is between -3 and
+3. In these data due to the presence of extreme figures, the range is rather wide.
When the item difficulties are clustered closely around a given value, the test
information function is peaked at that point on the ability scale. The maximum

amount of information depends upon the values of the discrimination parameters.

Figure 2 below shows the TIF based on the whole group and the pick is at the average

value in the middle.
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Figure 3. Test Information Function of the Whole Group
4.1.4 Item Person Dual Plots for the whole group

The information gained from item difficulty parameters in IRT models can be used to
construct an increasing scale of questions, from easiest to hardest, on the same scale
as the examinees. This structure gives information on which items are associated with

low levels of the trait, and which are associated with high levels of the trait. Questions
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are plotted to the left of the vertical dotted line, examinees on the right. In addition, a

histogram of ability levels is appended to the right side of the plot.
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Figure 4. Item person dual plot for the whole group
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The whole language group shows a wide range of abilities (Figure 4). Q13, Q9, and
Q33 are rated as very difficult, with an examinee needing to be around two standard
deviations above the mean in order to have a 50% chance of correctly answering the
question. Other questions are distributed at lower ability levels, with Q1 and Q31

appearing as easier. There are some questions that are off the displayed scale.

4.1.5 One way analysis of ability score by language

Following a two parameter logistic IRT procedure ability score was generated and
appended to the main data. A one way analysis of variance using this new variable by

language is computed the findings are presented below.

4.1.6 Box and whisker plots

Figure 5 below shows box and whisker plots of the IRT ability score by language
groups. The mean of IRT ability scores is always 0 regardless of the language group
and the box shows the confidence interval (CI). The green line which passes through

each box shows the median score of the language group.

Ability Formula

Afanoromo English 'Som' Tigirigna
Language

Figure 5. Box plots for ability score by language
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4.1.7 Quintals of ability score by language
Table 2 below shows the quintile ability scores by the language groups. The scores
vary at different ability levels across the language groups. The median score for

English (-0.463) and Somali (-0.065) groups is less than the mean score. At all ability

levels the Tigrigna language groups performed better than each of the other language

groups.

Table 4. Quintiles of ability score by language

Language Minimum 10% | 25% | Median | 75% | 90% | Maximum
Afan Oromo -4.601 | -0.292 | 0.057 0.476 | 0.981 | 1.499 4.021
English -14.102 | -1.242 | -0.873 | -0.463 | 0.047 | 0.786 9.445
Somali -2.774 | -0.807 | -0.446 | -0.065 | 0.335 | 0.719 2.114
Tigirigna -2.268 | -0.258 | 0.216 0.749 | 1.354 | 2.082 5.918

A one way analysis of variance was carried out to see the existence of statistically
significant differences between the scores across language groups (Table 5). The
difference was statistically significant at F (5 9515y = 797.26, p < .001). The total

variation explained by language was 20% (R = 0.20).

Table 5. Analysis of variance by language

Sum of Mean
Source DF Squares Square F Ratio | Prob>F
Language 3 1912.0596 637.353 | 797.2631 | 0.0000*
Error 9518 7608.9404 0.799
C. Total 9521 9521

4.1.8 Recursive partitioning analysis of IRT ability score by language

The data were split at two levels and the language level variance component was
found to be 0.20. In the first level the data were split into two groups where one group
contained English and Somali the other group contained Afan Oromo and Tigrigna.

There was no measure difference within the first group and in the second step only the
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second group was split further (Figure 6).
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Figure 6. Recursive partitioning analysis based on IRT ability score by language

4.2 IRT results for Afan Oromo language group

In Afan Oromo language group 2,118 cases were analyzed; each containing 40 items,
5 cases were deleted by editing for missing data or for zero or perfect total scores after
item editing. No item was deleted by editing for missing data or for zero or perfect

total scores after item editing. Data below are based on 2,113 cases and 40 items. The
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total score mean is 18.1 with a standard deviation of 4.68. This is higher than the

whole group score by 2.7 points.

4.2.1 Item Characteristic Curves for the Afan Oromo language group

Figure 7 below shows the latent trait model item plots. The figure shows a mix of
items that resemble and do not resemble a normal Ogive. Items 1, 4, 7, 8, 10, 13, 14,
15, 19, 21, 25, 26, and 33 were found highly deviating from the model
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Figure 7. Latent trait model item plots for Afan Oromo language group
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4.2.2 IRT parameter estimates for Afan Oromo language group

Table 6 below shows the parameter estimates based on the Afan Oromo language
group.

Table 6. IRT parameter estimates for Afan Oromo language group
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4.2.3 Test information curve for Afan Oromo language group

Figure 8 below shows the TIF based on the Afan Oromo language group which is
slightly positively skewed and somehow ecven (flatter) at the middle below the

average.

Information

Ability

Figure 8. Test Information Function of Afan Oromo Language Group
4.2.4 Item Person Dual Plots for Afan Oromo language group

The Afan Oromo language group shows a wide range of abilities (Figure 9). Q9, Q19,
Q20, Q23, Q39, and Q40 are rated as very difficult, with an examinee needing
between one two standard deviations above the mean in order to have a 50% chance
of correctly answering the question. Other questions are distributed at lower ability

levels, with Q12 appearing as easiest. There are some questions that are off the

displayed scale.
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Figure 9. Item person dual plots for Afan Oromo language group
4.3 IRT results for English language group

In English language group 5,919 cases were analyzed; each containing 40 items, 5
cases were deleted by editing for missing data or for zero or, perfect total scores after
item editing. No item was deleted by editing for missing data or for zero or perfect

total scores after item editing. Data below arc based on 5,914 cases and 40 items. The
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total score mean is 13.9 with a standard deviation of 4.68. This is lower by 1.5 points

than the whole group and by 4.2 from the Afan Oromo language group.

4.3.1 Item Characteristic Curves for the English language group

Figure 10 shows the latent trait model item plots. The figure shows a mix of items that
resemble and do not resemble a normal Ogive. Items 1, 4, 5, 12, 13, and 15 were

found somehow deviating from the model.
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Figure 10. Latent trait model item plots for English language group
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4.3.2 Test information curve for the English language group

Figure 11 below shows the TIF based on the English language group which is slightly

negatively skewed and the pick is somehow above the average.
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Figure 11. Test Information Function of English Language Group

4.3.3 Item Person Dual Plots for the English language group

The English language group shows a wide range of abilities (Figure 12). Q9, Q4, Q27,
Q12, Q10, and Q28 are rated as very difficult, with an examinee needing between two
standard deviations above the mean in order to have a 50% chance of correctly
answering the question. Very few questions are distributed at lower ability levels,
with Q5 appearing as easiest. There are some questions that are off the displayed

scale.
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Figure 12. Item person dual plot for English language group

45



4.3.4 IRT parameter estimates for English language group

Table 7 below shows the parameter estimates based on the English language group.

Table 7. IRT parameter estimates for English language group
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4.4 IRT results for Somali language group
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editing. No item was deleted by editing for missing data or for zero or perfect total

scores after item editing. The total score mean is 15.4 with a standard deviation of

4.08. This is equal to the whole group but lower than Afan Oromo language group by

2.7 points.

44.1

Item Characteristic Curves for the Somali language group

Figure 13 shows the latent trait model item plots. The figure shows a mix of items that

resemble and do not resemble a normal ogive. Items 1, 2, 3,4, 7,9, 11, 15, 21, 24, 27,

28, 33, 34, and 36 did not work as expected and deviated highly from the model.
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Figure 13. Latent trait model item plots for Somali language group
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4.4.2 Test information curve for the Somali language group

Figure 14 below shows the TIF based on the Somali language group which is

positively skewed and the pick is below the average.
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Figure 14. Test Information Function of Somali Language Group
4.4.3 IRT parameter estimates for Somali language group

The Somali language group shows a wide range of abilities (Figure 15). Q15, Q4,
Q39, Q33, Q36, and Q7 are rated as very difficult, with an examinee needing around
three standard deviations above the mean in order to have a 50% chance of correctly

answering the question. Other questions are distributed at lower ability levels, with

Q1 appearing as easiest. There are some questions that are off the displayed scale.
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4.4.4 IRT parameter estimates for English language group

Table 8 shows the parameter estimates based on the Somali language group.

Table 8. IRT parameter estimates for Somali language group

b1
b2

b10
b11
b12
b13
b14
b15
b16
b17
b18
b19
b20
b21
b22
h23
b24
b25
h26
b27
h28
b29
b30
b31
b32
b33
b34
35
36
37
38
b39
b40

Item Difficulty

-1.9988
0.3704
2.8785
3.2393
9.5096
1.4251
2.7877
1.4990

-3.8990

15.4432
0.2809

-0.9218

-0.1646
1.5670
3.6326

-0.7786

-0.8903

-0.1806
1.9048
1.5764

-7.8940
0.6989
1.5985
0.5172

-0.9036
0.9730

42.8967

30.4980

-0.5894

-0.8729

-1.5821

-0.5687
3.0221

-3.8760
0.0024
2.9148
0.2540
1.5000
3.1313
1.9276

Discrimination
0.6607
-0.1261
0.3889
0.1229
0.0905
0.3105
0.5227
0.6086
-0.2460
0.0640
1.0165
0.0353
0.3217
0.5330
0.4601
1.8467
1.0288
0.7761
0.5636
0.6999
-0.0422
1.0389
0.7682
0.3395
1.2834
0.5544
0.0455
0.0406
1.7769
0.8681
0.9004
0.5608
0.7390
-0.4579
1.1121
0.3725
0.7049
0.7648
0.4758
0.7580

4.5 IRT results for Tigrigna language group

In Tigrigna language group 998 cases were processed, each containing 40 items.

Neither a case nor an item was deleted by editing for missing data or for zero or
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perfect total scores after item editing. Data below are based on 998 cases and 40
Items. The total score mean is 19.2 with a standard deviation of 5.57. This is the
highest score of all language groups, the widest difference being with English (5.3

points).

4.5.1 Item Characteristic Curves for the Tigrigna language group

Figure 16 shows the latent trait model item plots. The figure shows a mix of items that
resemble and do not resemble a normal Ogive. Items 1, 11, 12, 15, 18, 23, and 26 did

not work as expected and deviated from the model a lot.
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Figure 16. Latent trait model item plots for Tigrigna
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4.5.2 Test information curve for the Tigrigna language group

Figure 8 below shows the TIF based on the Tigrigna language group which is

positively skewed the pick is below the average by one standard deviation.
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Figure 17. Test Information Function of Tigrigna Language Group
4.5.3 Item Person Dual Plots for the Tigrigna language group

The Tigrigna language group shows a wide range of abilities (Figure 18). Q9, Q15,
and Q29 are rated as very difficult, with an examinee needing around two and half
standard deviations above the mean in order to have a 50% chance of correctly
answering the question. Other questions are distributed at lower ability levels, with

Q12 appearing as easiest. There are some questions that are off the displayed scale.
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4.5.4 IRT parameter estimates for Tigrigna language group

Table 9 below shows the parameter estimates based on the Tigrigna language group.

Table 9. IRT parameter estimates for Tigrigna language group
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4.6 Findings based on Classical Test Theory

Classical Test Theory does not provide information about how testers at different
ability levels perform on the item. Item response theory (IRT) was developed to
overcome the preceding shortcoming. In IRT a test is unbiased if all testers having the
same skill level have an equal probability of getting the item correct regardless of

group membership.

4.7 CTT results for the whole group

For the whole group 9,533 cases were processed. There was no missing data and the
analysis was based on 9,533 complete cases for 40 data items. A total of 10 items
namely Item 1, 4, 5, 9, 12, 13, 15, 28, 33 and 39 were found to be problem items
(Table 10). The discrimination indexes of these items were found below 0.2 and in
case of Item 12 it is even negative. These items should have been substantially
modified or discarded altogether. Items 9, 12, 13, 15, 28, 33 and 39 were found very
difficult to the group and were answered only by less than 30% of the test-takers in

each case.
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Table 10.Item Analysis Results for the Whole Group

Number Item Disc. # Correct # Correct Point Adj.
Item Key Correct Diff. Index in High Grp in Low Grp Biser. Pt Bis

Item 01 (2)# 5451 0.57 0.18 1873 (0.64) 1422 (0.46) 0.15 0.06
Item 02 (4) 4076 0.43 0.45 2002 (0.68) 6 726 (0.23) 039 (9525 i &
Item 03 (3) 4032 0.42 0.40 1897 (0.64) 756 (0.24) 0.36 027
Item 04 (1)# 4023 0.42 0.11 1401 (0.48) 1141 (0.37) 0.14 0.05
Item 05 (2)# 3320 0735 60611118804 01881 35(0529) (0 )05 L 0.02
Item 06 (3) 3455 0LB6r 0227 1815 (0i5 1) 76,05 (025) 0.25 0.16
Item 07 (1) 2307 U255 7028 = 1l264 (03 8) T 4590 S 0.26 0.18
Item 08 (4) 2575 052708 331352054 61) 3994 (10413) 033 0.26
Item 09 (2)# 2558 02750 08l 08 2210 (a7 ) ==678 < (019) 0.19 0.11
Item 10 (1) 2512 052620020 11297:(05138) > :565:°(0518) 0.24 0.16
Item 11 (4) 5510 015811207 537°24 82 (0489 ) E L0 55& (L3 0.45 (055 1
Item 12 (1)# 2279 0224 =05 055760 (072 0) =761 {0 -25) -~ t=0L05 =012
Item 13 (1)# 2405 02530017 1023 (053 5) ~ 553 t0T1 8) (i) (0525 2
Item 14 (4) 3697 0039 203701777 (0560 e g 13 - (05 23) 0.35 0227
Item 15 (3)# 1908 0.20 ©“010= 775 (0:26) 7492 (0.16) 0.14 0.07
Item 16 (2) 4609 0.48° :0.49-2199 (0:75) 803 (0.26) 0.41 033
Item 17 (1) 5347 0156 036 221 05 (02751201 #{0739) 0.32 0.24
Item 18 (2) 4917 05520527 1886, (0,64) 1135 -(0.37) 023 0.14
Item 19 (4) 2507 0.26 0.27 1274 (0.43) 490 (0.16) 0.31 023
Item 20 (3) 2861 053048 0351534 ((0:352)) 57514 2(0217) 0.38 0.30
Item 21 (1) 2641 05287 ~0.23:11:83 ' (040) 535 (017) 0.27 0519
Item 22 (2) 3918 0241 5505310 1720 (10 58 ) /833 = (0.27) 0.30 0.21
Item 23 (4) 3166 0RB8-=0L39. 16355 (07, 557 *523 £ 0-17) 0.37 0.29
Item 24 (4) 3435 0236 0:39:1693-(0.57)" 557 (0.18) 0.34 0.26
Item 25 (2) 5960 0.63 0.57 2686 (0.91) 1065 (0.34) 0.47 0.40
Item 26 (2) 5054 0% 531 0:58w24 51 (0783~ 7803 (D 25) 0.47 0.40
Item 27 (4) 2760 0.29 0.20 1189 (0.40) 627 (0.20) 0.22 0.14
Item 28 (3)# 2482 05-26 =011 e 93T (00326467 (0721 0.13 0.05
Item 29 (2) 3904 0441 5+ 0.:3301.707-5(0-368)-5. 776 {04525 0.28 0.20
Item 30 (3) 4700 0.49 0.46 2160 (0.73) 842 (0.27) 0:239 0.31
Item 31 (2) 7111 075 = 023 2520 1(0.86) 11932°(0162) 0.24 0.17
Item 32 (4) 4176 0744150234 1803 7 (0.61) 839 :(0327) 0.30 02
Item 33 (4)# 1887 052007016 22863 1(0729): - 423 (0214 ) 0.22 0.15
Item 34 (1) 4787 050 *:0.38 2069 «(0.70) 999 (0.32) 0.33 0.24
Item 35 (2) 4189 0.44 0.45 2032 (0.69) 737 (0.24) 0.39 05:3F
Item 36 (3) 3805 0.40 203521749 (0559): 7769 (0,25) 030 0523
Item 37 (4) 3782 0.40 0.36 1716 (0.58) 692 (0.22) 0 3% 0.22
Item 38 (3) 3490 0737 023821711 (0.58) =630 (0.20) 0.36 0.28
Item 39 (2)# 2277 024 200952889 (0 .30)-3-667=(0.227) 0.14 0.06
Item 40 (1) 3211 0.34 0.36 1600 (0.54) 573 (0.18) 0.34 0.26

4.8 CTT results for Afan Oromo language group

In Afan Oromo language group 2,118 cases were processed. There is no missing data
and analysis was based on 2118 complete cases for 40 data items. A total of 12 items
namely Item 4, 7, 8, 9, 10, 12, 13, 15, 21, 25, 28, and 33 were found to be problem
items (Table 11). The discrimination indexes of these items were found below 0.2 and
in case of Item 12 and 33 it is even negative. These items should have been

substantially modified or discarded altogether. Items 7, 8, 12, 13, 15, 21, 28, 33, were
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found very difficult to the group and answered only by less than 30% of the test-

takers in each case.

Table 11.Item Analysis Results for Afan Oromo Language Group

Number Item Disc. # Correct # Correct Point Adj.
Item Key Correct Diff. Index in High Grp in Low Grp Biser. Pt Bis
Item 01 (2) 982 0.48 0.21 403 (0.60) 247 (0.38) 0521 0.10
Item 02 (4) LT 2 058 1010548 55811 (04 832257 (0035 0.40 0.31
Item 03 (3) 1146 0:55611:054 858538~ (0,80 =2031:(0:31) 0.42 032
Item 04 (1)# 889 0.44 0.12 338 (0.50) 247 (0.38) 0513 0.02
Item 05 (2) 948 0.47.50.305 415 (0.61) =203 (0:31) 0.28 0.18
Item 06 (3) L 075 058 00465 (060 m25T (0 39) 025 015
Item 07 (1)# 328 05l 65050714135 7(0/4:20) 83 (0.13) 0.09 0.01
Item 08 (4)# 350 O GE75w 001015 37:(0728) 85 (0.13) 012 0.03
Item 09 (2)# 661 0:5325000,1'9 72805 (04 1) 4550 0 2 27) 0.18 0.08
Item 10 (1)# 264 0/ 13008 i 28% (05%.18) 66 (0.10) 0.14 0.06
Item 11 (4) 1512 0.74 0.28 600 (0.89) 392 (0.60) 0.29 0220
Item 12 (1)# 135 0.07. =0.06 20 (0.03) 60 (0.09) =010 -0.16
Item 13 (1)# 505 025700015 @218 (0532115 (0518 0.14 0.05
Item 14 (4) 841 0410 4 04265 :(0 6137 = 1:5205(0 . 23) 0.35 Q28
Item 15 (3)# 364 O5t8 = 050153 (023) 83 (0.13) 0.13 0.04
Item 16 (2) 1298 064 7045 76571 °(0.84) 255:(0:39) 0.40 0.31
Item 17 (1) 1199 0259 0= 3B 01 (074 )2 Bl (0 2.43) 0.30 0:%%9
Item 18 (2) 1397, 0269:4:0:25 1536 (0.79): =354 "(0-55) 0523 043
Item 19 (4) 471 0.23 : 0.24 255 -(0.38) 92 (0.14) 0.27 0.18
Item 20 (3) 617 0430:5:0433- 7341 (0050): 111 =(0517) 0.34 05125
Item 21 (1)# 329 Qa6 05078 1id B 0712:0)) 95:14(015) 0.10 0502
Item 22 (2) 950 0247032 1432:(0.64) = 208:2(0:232) 0531 0.20
Item 23 (4) 890 0.44 0.34 420 (0.62) 183 (0.28) 0.32 0.22
Item 24 (4) 1030 6:51#:0.39 461 :(0:68) 192 (0-30) 0.34 0.23
Item 25 (2)# 1828 09010219 660 :(0;:98) = 507 (078 0.32 0.26
Item 26 (2) 1804 0.89 0.21 650 (0.96) 489 (0.75) 0.32 025
Item 27 (4) 736 0.36 021 =314 (0.46) —166::(0.26) 0.22 0.12
Item 28 (3)# 464 0:2310.06. 169 (0.25) 123 (0.19) 0.06 -0.03
Item 29 (2) 1400 0.69 0.34 567 (0.84) 324 (0.50) 0341 0.22
Item 30 (3) 1357 0.6 0.28 529 (0.78) 328 (0.51) 0.28 0.18
Item 31 (2) 1367 0.67:0.24 527 (0.78) - 348 (0.54) 0.25 Q15
Item 32 (4) 1076 05530431 naa54  (0467) - 233 4(0536) Q27 017
Item 33 (4)# 102 0.05 =-0.01 30 (0.04) 351 (0::05) -0.01 -0.06
Item 34 (1) 1288 0:63 110:30:1+525:-(0.,:78):--312 :(0:48) 0.29 019
Item 35 (2) 1:2357 036010744 551> (0 582).% 245! -(0::38) 0.38 0.28
Item 36 (3) 986 0. 48750LRT A9 (0, 68) 199 (031 0.34 0.23
Item 37 (4) 886 0.43" 70.2657377-(0:56):5-191:(0:29) 028 0.14
Item 38 (3) 1020 0550570317 44317 :(0.65) =227 -(0:34) 0.29 0.18
Item 39 (2) 460 0523:010532. 22917504 3) 710511 0.36 0.28
Item 40 (1) 679 058314 7057261::-8321 (05471380 (0::217) 0.25 0.15

4.9 CTT results for English language group

In English language group 5,919 cases were analyzed. There were no missing data.
Data below are based on 5919 complete cases for 40 data items. A total of 10 items
namely Item 1, 4, 5, 9, 12, 13, 27, 28, and 39 were found to be problem items (Table

12). Except Item 1, the discrimination indexes of these items were found below 0.2
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and unlike to the previous groups there are no negatively discriminating items. Items
9, 12, 13, 15, 27, 28, and 39, were found very difficult to the group and were

answered only by less than 30% of the test-takers in each case.

Table 12.Item analysis result for English language group

Number Item Disc. # Correct # Correct Point Adj.
Item Key Correct Diff. Index in High Grp in Low Grp Biser. Pt
Bis

Item 01 (2)# 3521 059070024 -1233,:(0.69) . :923- (0.45) QL 0.08
Item 02 (4) 2122 O3 5= 0SS0 L2 (0856 5432 (0 121) 0.36 02
Item 03 (3) 2374 0.40 0.36 1085 (0.60) 492 (0.24) 0.34 Q.25
Item 04 (1)# 2594 0143 0L 5Rr 90 1 (0% B0 =723+ (0::35)) (035 1 0.05
Item 05 (2)# 2023 084 4 0505546270 (0438 =612 (030} 0.05 -0.04
Item 06 (3) 1856 0531 =020 - 764 -(0:42)-" 461 (0221 0323 0.14
Item 07 (1) 1392 052 35 09305 6570 500 =37 = 2R 910 < 1/41) 0.26 0.18
Item 08 (4) 1280 0520:770227.5686 - (038) =230 (0,11) 0.32 0.24
Item 09 (2)# 1521 042572008 =636 (035 = 35905 17) 0.20 QA2
Item 10 (1) 1567 04265 0%20°5671 (0.37):2-355 =(0+17) 0523 0.14
Item 11 (4) 2886 08 204501850 ('0:75)=2515.1{025) 0.42 033
Item 12 (1)# 1817 0.30 0.09 594 (0.33) 498 (0.24) 0.07 -0.02
Item 13 (1)# 1436 0..:24 =01187626.(0:35) 347 :(0.17) 0.24 0.16
Item 14 (4) 2158 0.36  0:.35 1017 (0:57) 440 (0221) 0.33 0.24
Item 15 (3)# 1237 021 07102472 (0.26) 325" (0:16) 0.14 0.07
Item 16 (2) 2371 0.40 0.38 1120 (0.62) 497 (0.24) 0.37 0.28
Item 17 (1) 3218 05541 0537513267 (0.74): 0 762:(0:37) 0.32 0.23
Item 18 (2) 2936 0::4D= 032 1 17.0/2 (0065)5 = 687 1603 3) 0227 (8 7
Item 19 (4) 1524 0°25:50.281.786° (0 :44) 371 75(015) 0.33 0125
Item 20 (3) 1619 0527 == 02348407 (0549)232 11 (05 16) 0.36 0.28
Item 21 (1) 1774 0:30°50.:35:22909 (0 51")= 0 31412 (0 515 0.38 0.30
Item 22 (2) 2326 052395 «0527 =075 (054 ) S 5620 (10=9.7) 0.27 0.18
Item 23 (4) 1729 0529 0735 908.(0.5T) 311 (0,15) 0.38 0.30
Item 24 (4) 1822 Q3000w 369120 (05 51)-%-309°(015) 0.34 0.26
Item 25 (2) 2942 0:49.0.47-1365 (0:76) : 601 (0.29) 0.41 0.32
Item 26 (2) 2165 0.36 0.40 1085 (0.60) 417 (0.20) 0539 (0= E
Item 27 (4)# 1641 0227200172671 (0537)54085:(0:20) 0221 013
Item 28 (3)# 1669 0.28 0.19 690 (0,38) 402 (0:20) 0221 033
Item 29 (2) 1904 0.32 0.20 778 (0.43) 469 (0.23) 0.24 Q1S
Item 30 (3) 2209 0537 0131005973 €07, 54):- 74 76 .(0.23) 0:3% 0.22
Item 31 (2) 4527 05750527 +1586(0.88)11258 - (0761) 0.26 0.18
Item 32 (4) 2191 052370 280/.2 650900 =(105:50) S 1058(02 257 0.25 015
Item 33 (4) 1414 0:24 . 0.27 " 720:(0.40)267-(0:13) 0433 0325
Item 34 (1) 2851 0.48 0.38 1241 (0.69) 629 (0.31) 0.34 (038
Item 35 (2) 2126 07357, 03322975 (0::54 )= 7448 (0.22) 0.32 0.24
Item 36 (3) 2244 0. 37 0%32:10035:(0, 56511479 = (0::237) 0.29 0.21
Item 37 (4) 2008 0.33 0.30 886 (0.49) 404 (0.20) 027 0.18
Item 38 (3) 1866 0% 3LEs0 32 @5 BO7 S (055003781 (018" 032 0.24
Item 39 (2)# L T2 0.26 0.07 542 (0.30) 480 (0.23) 0.10 0.02
Item 40 (1) 1651 0:28.:0.26: 776" (0:43)# 358(0 1) 0.29 8 2

4.10 CTT results for Somali language group

In Somali language group 498 cases were analyzed. There were no missing data. Data
below are based on 498 complete cases for 40 data items. A total of 19 items namely

Item 2, 3,4,5,6,7,9, 10, 12, 13, 15, 21, 24, 27, 28, 33, 34, 36 and 39 were found to
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be problem items (Table 13). The discrimination indexes of Items 2, 3, 4, 5, 7, 9, 10,
15, 21, 24, 27, 28, 33, 34, and 39 were found below 0.2. There are items with
discrimination index close to 0 but not negatively discriminating. Items 3, 6, 9, 10, 15,
27, 28, 33, 34, 36 and 39, were found very difficult to the group and were answered
only by less than 30% of the test-takers in each case.

Table 13.Item analysis results for Somali language group

Number Item Disc. # Correct # Correct Point Adj.
Item Key Correct Diff. Index in High Grp in Low Grp Biser. Pt Bis

Item 01 (2) 387 078 0523 1395(0.87) 90 (0.63) 0525 0.16
Item 02 (4)# 255 051 R0 00 84 (0.53) 62 (0.44) 0.07 50305
Item 03 (3)# 124 025500217 567 {0::85) 26 (0.18) 0.20 0.10
Item 04 (1)# 200 0.40 0.14 79 (0.49) 50:(0-35) 0.16 0.04
Item 05 (2)# 148 04530 10.18 63140539 30T (0522) 0.16 0.05
Item 06 (3)# 195 039540522 77 (0.48) 37.:(0:-26) 0.19 0.08
Item 07 (1)# 97 0519 °70:17 51 (0 =32) 21-(0515) 0.22 0213
Item 08 (4) 146 05529910228 70 (0.44) 22:(0515) 0.28 0517
Item 09 (2)# 139 0.28°.20.02 48 (0.30) 40 (0.28) 0.05 -0.06
Item 10 (1)# 135 052750011 55 (0.34) 33 :(0:23) 0.15 0.04
Item 11 (4) 216 0.43 0.43 103 (0.64) 30 (0.21) 0.34 0523
Item 12 (1)# 253 05140 .25 94 (0.59) 48 (0.34) 0.17 0.05
Item 13 (1)# 255 DEETL R0 - 27081.02:5(01164)) 52 (0.37) 0223 0.09
Item 14 (4) 153 05317500526 73 (0.46) 28 (0.20) 0.26 0.15
Item 15 (3)# 81 0.16 0.16 43 (0.27) 16 (0.11) 0.20 0->12
Item 16 (2) 370 0.74 0.41 147 (0.92) 72 :(0:.:51) 0.38 0.28
Item 17 (1) 344 0.69 0.34 137 (0.86) 74 (0.52) 0.29 019
Item 18 (2) 264 05537103957 1374073 49 (0.35) 0.32 0.21
Item 19 (4) 130 0.26 0.24 65 (0.41) 24 (0.17) 0.24 0.14
Item 20 (3) 129 0.26 0.29 68 (0.43) 19::(0-13) 0.30 0.20
Item 21 (1)# 208 0.42 0.16 75 (0.47) 44 (0.31) 0.16 0.04
Item 22 (2) 170 0.34 0.40 86 (0.54) 20 (0.14) 0ix35 0.25
Item 23 (4) 119 0524420231 65 (0.41) 13 (0.09) 0.32 0.23
Item 24 (4)# 227 0.46 0.25 937(0:58) 47 (0.33) 0.20 0.09
Item 25 (2) 361 072037 7 141:5(0588) 25 (055 0.36 0.26
Item 26 (2) 185 0537 0223 77 (0.48) 35 (0:25) 0.22 0.11
Item 27 (4)# 62 0122012 32 (0.20) 11 (0.08) 0.14 0.06
Item 28 (3)# 112 QR2255-0:305 44 (0.28) 26 (0.18) 0.11 0.01
Item 29 (2) 341 0=68" 0.43°1-136" (0:.85) 59 (0.42) 0.38 0.28
Item 30 (3) 333 0.66 0.30 124 (0.78) 67 (0.47) 0.26 0.15
Item 31 (2) 39% 0.79 0.21" ' 142 (0.89) 96 (0.68) 0.25 0.16
Item 32 (4) 286 0.57 0.26 109 (0.68) 60 (0.42) 02258 0211
Item 33 (4)# =2 0.11" 0.10 30.(0.19) 13:.(0.:09) 0.21 0.14
Item 34 (1)# 75 0:15.2.0501 27 (0.17) 22 (0%15) 0.03 -0.06
Item 35 (2) 247 0:50- 0246 " 1135(0571) 355 (0.25) 037 0.25
Item 36 (3)# 127 0-265 %017 57 (0.36) 26 (0.18) 0.21 QiT
Item 37 (4) 227 02460230 96 (0.60) 42 (0.30) 0:27 0.16
Item 38 (3) 126 052550529 65 (0.41) 1654011} 0.29 0.19
Item 39 (2)# 94 Q190,16 48 (0.30) 20 (0.14) 0-22 0113
Item 40 (1) 100 0.20 0.24 48 (0.30) 9 (0.06) 0.25 0.16




4.11 CTT results for Tigrigna language group

In Tigrigna language group 998 cases were analyzed. There were no missing data.
Data below are based on 998 complete cases for 40 data items. A total of 8 items
namely Item 5, 9, 12, 13, 18, 26, 28, and 39 were found to be problem items ().
Except Item 1, the discrimination indexes of these items were found below 0.2 and
unlike to the previous groups there are no negatively discriminating items. Items 5,
12, 13, 28, and 39, were found very difficult to the group and were answered only by

less than 30% of the test-takers in each case. Among the problem items Item 26 was

the easiest and answered by 90% of the test-takers.




Table 14.Item Analysis Results for Tigrigna Language Group

Number Item Disc. # Correct # Correct Point Adj.
Item Key Correct Diff. Index in High Grp in Low Grp Biser. Pt Bis
Item 01 (2) 561 0256415 0528 12 2285(0169) =1 375 (05 41) 025 0.16
Item 02 (4) 527 0532 004 7 25150(0578 )5 103 (0. 31) 0.41 0.33
Item 03 (3) 388 0.39 0.49 214 (0.67) 61 (0.18) 0.44 0.36
Item 04 (1) 340 034 - 0375 187 (0,58 70502 1) 0.36 0.28
Item 05 (2)# 201 Qu20n0iels S0 2T 42 (0 #1L3) {0 Jen My 0.10
Item 06 (3) 329 Q3ROSR sl bl d S ) 82 (0.25) 0.20 O3
Item 07 (1) 560 0.56 0.43 258 (0.81) 124 (0.37) 0.38 0.30
Item 08 (4) 799 0.80 0.34 301 (0.94) 201 (0.61) 0.38 Oe3d
Item 09 (2)# 2817 0524500205 1125 (0535) 515 (0+15) 0.19 0.12
Item 10 (1) 546 QG670 B 6 2T 5 (078 5) 96 (0.29) 0.47 0.40
Item 11 (4) 896 0-290 10K 14 31 45 (1098 (= 251550076 033 0.28
Item 12 (1)# 74 0i20257 500 26 (0.08) 22 (0.07) 0.01 -0.03
Item 13 (1)# 209 Q=215 05"14d 91 (0.28) 47 (0.14) [0)i5 %94 0.09
Item 14 (4) 545 0. 5520547 = 2561(0%80)==108(0.33) 0.40 0.33
Item 15 (3) 226 05230022 1120535 44 (0.13) 0:22 0.14
Item 16 (2) 570 0557 50a00 24 SER(0GTR T 11230V 37 0.36 0.28
Item 17 (1) 586 059 1045 00s 2071 s( 0V BS) = 5114 (05347 0.44 0B 7
Item 18 (2)# 320 0232020104 -129:(0.40) 87 (0.26) 0718 0.04
Item 19 (4) 382 0538:0.35-185:.(0.58) 775(0-23) 0.34 0.26
Item 20 (3) 496 0550407, 51724248 (0.:78) 88 (0.27) 0.44 037
Item 21 (1) 330 0 330 304 1664 (04,52) J25(01522) 0530 0.22
Item 22 (2) 472 Q4 7 N 0R4'8 223015 (10157:2) 80 (0.24) 0.42 0.34
Item 23 (4) 428 0543 00215 167 0(0:,52)+-103 (031} 0.21 0.13
Item 24 (4) 356 036700527 T51(0:47) 68 (0.20) 0.22 0.14
Item 25 (2) 829 0.83 7:0.40:  317:(0:99) —+195:2(0.59) 0.48 0.43
Item 26 (2)# 900 090 0.24 317 (0.99) 249 (0.75) 0.40 0.36
Item 27 (4) 321 0532000 242815 0% (10/::4:7.) FAO%23) 0.23 0.15
Item 28 (3)# 2317 0.24 0.03 83 (0.26) 76 (0.23) 0.05 -0.02
Item 29 (2) 209 0322670421 24 (0538) 550(0-:17) 0.21 0:213
Item 30 (3) 803 0:80--0.2801-2935(0 .92 22108(0763) 0=37 023 %
Item 31 (2) 826 083 10,31 --302:(0:94)- 212 (0.64) 0.40 0.34
Item 32 (4) 623 062 = =0, 25 235501731 - 2160+(0:.48) 07525 0.16
Item 33 (4) 318 0.32 0.24 148 (0.46) 730222 0.24 0.16
Item 34 (1) 573 0557 =40 537% 245 (0, 77)2 2133 (040} 0133 0.24
Item 35 (2) 599 0.60 = 0:47 271 .(0.85) 126 (0.38) 0.40 0.32
Item 36 (3) 448 054542035213 (0:67)- =-104+(0:31) 0.-35 0.27
Item 37 (4) 661 0-66"70:30 257" (0280)>: 167, (0:50) 0.27 Q=1
Item 38 (3) 478 0.48 0.46 228 (0.71) 84 (0.25) 0.43 0.35
Item 39 (2)# 1l 0415700523 97-7(0v310% 24 (0.07) Q33 0.27
Item 40 (1) 781 0.78 0.32 294 (0.92) 200 (0.60) 0.35 Q29




4.12 Summary test statistics for the whole data and by language groups

The summary statistics

in

Table

15 presents the average difficulty level,

discrimination index, the reliability of the test and others at the test level by language

groups. Looking at the difficulty level it ranges from 0.35 in English to 0.48 in

Tigrigna indicating that the English language group test-takers performed less than

the others. In terms of the average discrimination index the test in Tigrigna was highly

discriminating and the test in Somali was discriminating the least. This indicates that

the test in Somali was difficult to both upper and lower group examinees.

Table 15. Summary test statistics based on the whole data and by language group

Group All Afan English Somali | Tigrigna
Oromo

Mean Item Difficulty 0.386 0.442 0.350 0.395 0.481
Mean Item 0.300 0.249 0.274 0.238 0.310

Discrimination
Mean Point Biserial 0.283 0.245 0.276 0.232 0.309
Mean Adj. Point Biserial 0.202 0.152 0.190 0.129 0.235
KR20 (Alpha) 0.713 0.628 0.691 0.552 0.758
KR21 0.691 0.538 0.672 0.465 0.698
SEM (from KR20) 2.886 2.779 2.856 2.799 2.747
Potential Problem Items 10 12 10 19 8
High Grp Min Score 18 20) 16.000 18.000 22.000
Low Grp Max Score 12 15 11.000 13.000 16.000
Number of Examinees 9533 2038 5999 498 998
Standard Deviation 5.392 4.557 5.136 4.182 5.587
Mean Score 15.44 17.68 14.02 15.79 19.22
(38.6%) | (44.2%) (35.0%) (39.5%) | (48.1%)

In terms of reliability the alpha value for Tigrigna 0.758 was the highest and in the

acceptable range while that of Somali is the least and not acceptable. The reliability

for Afan Oromo and English language groups were also low.
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Chapter. S Summary, conclusions and recommendations

5.1 Summary

The National Learning Assessment (NLA) in Ethiopia is a large scale national survey
conducted by the National Examination Agency under the Ministry of Education. It
was first conducted in 2000 and has been repeated every three or four years since
then. In Grade 8 five subjects namely biology, chemistry, physics, English and
mathematics were tested. This study investigated Item and Test Analysis of Grade 8
Biology Test of the Ethiopian Third National Learning Assessment (ETNLA). A total
of 10,795 students sat for the biology test in 2007, of these 9,552 were used for the
study. The test was originally prepared in English and was then translated into three
language versions (Afan Oromo, Somali and Tigrigna). The main purpose of the study

was to see how the items worked across language groups.

All the necessary measures were taken to make the test valid and reliable during it§
development and translation. During the last decades, test adaptations and translations
have become prevalent because of an increase in national assessment testing in
multiple languages, and a growing concern to test students in their first language and
Ethiopia is not an exception. The comparability of test results across different

language versions of these tests is at the core of the validity of interpretations in these

assessments.

As part of the test development process, analysis of the items is a crucial part. Two
prevailing methods, both with strengths and weaknesses, are predominantly used. In
the Classical Test Theory, its ease of use and adaptability in analyzing practically all

kinds of tests renders it a popular choice. However, its strong dependence on the kind
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of sampling required often limits its applicability. Hence, CTT developed tests would
see the need for bigger sampling every now and then which in the long run renders it
expensive. On the other hand, the emerging Item Response Theory (IRT) seems to
have found a way to avoid the pitfalls of CTT. It is said to be sample free or sample
independent. The only drawback is the cumbersome statistical analysis required
which other test developers would shy away from. Nevertheless, IRT is slowly

gaining momentum in the field of psychology (Andrade, Tavares and Valle, 2000).

A two Parameter Logistic Model (2PLM) based on Item Response Theory was used
to investigate latent traits and the main statistics generated were IRT ability score,
difficulty level and discrimination index. Item Characteristic Curves (ICCs) were
plotted for all 40 items by language groups. Language groups were comp)ared using

one-way anova and recursive partitioning analysis. Classical Test Theofy procedure

that // §

v’?/

2
~
o° af
The ICC varied a lot across language groups and the number of blem 1tems by
o

was also used to generate item and test statistics and results we:}se

of IRT findings.

language group based on CTT was: Somali (19), Afan Oromo, (12), g}ish (10) and
Tigrigna (8).The highest test score 22 was for Tigrigna, follo’ed b'y 20 for Afan
Oromo. The English language group students scored the least (15). The performance
of Somali language group students were almost equal to that of English group ones.
Nevertheless, considering the number of problem items it is possible to say the former
performed better. The finding show that there were items which did not work the

same way across the four language groups which make them as language differential

item functioning suspects.




5.2 Conclusions

Item analysis is usually used to answer questions such as: How difficult is the item?
How well does the item discriminate between high and low achievers? And how
effective is each distracter? The result of item analysis can help test developers to
prepare valid and reliable tests. Furthermore, such kind of information is important to

prepare guidelines about test development and conducting assessments.

Response to the test items should be analyzed for several reasons, the most important
of which is eventually improvement of the items and consequently the test. The
difficulty level and the discriminating power of each item are the keys to item
improvement. Item analysis can also lead to improve instruction through
identification of weaknesses in the examinees as a group, in instructional methods, or
in the curriculum. When it is done across subgroups, item analysis addresses issues of

fairness.

The findings of this study show that test and item statistics showed substantial
variations across the four language groups. [tems which were found difficult to one
language group were found easy to the others and vice versa. Students tested in their
mother tongue except those tested in Somali performed better than those tested in

English.

Based on the IRT ability scores 20% of the variations in the achievement scores was
due to language differences. The variation explained just using a single variable is
very high and it shows how important is the issue of language. With the advent of
powerful statistical packages shying away from using IRT procedures is no more

necessary though CTT is easy to use and informative.
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Based on CTT results the number of problem items was highest for Somali language

group test-takers and least for those of Tigrigna ones.

The study showed that relying heavily on experts’ judgments and following
appropriate procedures during translation by its self cannot ensure the validity of
individual items in particular and the test as a whole. The IRT person-item dual plot
showed that the items for different ability groups across language groups showed
wide variations. In order to make fair and unbiased judgments based on the scores a

more robust technique should be employed.

5.3 Recommendations

The findings showed that there is a substantial variation in the psychometrics statistics

of the items hence it is reccommended that in future undertakings:

It is very import to check the consistency of the items across different groups

e Piloting should be followed with detail item and test analysis

e Test scores based on CTT alone cannot give the clear picture and the sample
and item independent IRT procedures should be employed

e The agency should produce separate reports for each subject and these reports

should contain detail test and item statistics across subgroups including

language groups
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Appendix Test blue print

. e . BEHAVIOR CONTENT
i Q
fv_ % CONTENT E w et hp [;ES TOTAL
Qo B
7 | 1 | Single Celled Organisms TR 2 [ 4
e Biology As A Subject
e Single Celled Plants
e Single Celled Animals
e Bacteria
7 |2 | The Cell P 2
e Cell Theory
e  Structures
o Plant Cells
o Animal Cells
e Cells And Tissues
e  Organs And Organ Systems
7 | 3 | Habitats T 1 2
e Different Types Of Habitats
e Studying Habitat
e Community And Succession
e Food Relationships
4 | Non-Flowering Plants S 1 1 2
e  General Features
e Green Algae
e Fungi
e Lichens
e Mosses
e Ferns
7 5 | Insects 13 1 1 2
e  Characteristics
e External Body Structures
e  Metamorphosis
e Life Histories
o House Fly
o Mosquito
o Locust
e Social Insects
o Honey Bee
7 6 | Human Biology and Health 33 3 3 2 8
e  Muscles and The Skeletal System
e Food and Nutrition
e Digestion
e Circulatory System
e Excretion
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i A BEHAVIOR CONTENT
i = =}
é % CONTENT E e ;;:S TOTAL
O o
8 1 | Human Biology and Health T B ) 3 3 2 8
e Sense Organs
o: Eye
o Ear
o Tongue
o Nose
o Skin
e The Nervous System
e  The Endocrine System
e  The Reproductive System
2 | Humans and Diseases e 2 2 4
e Plant Diseases
e  Human Diseases
o Causes
o Transmission and
Prevention
e Defense Against Diseases
e  Community Hygiene
e Curing Diseases s
8 3 | Flowering Plants 17 2 1 3
e The Organs of Flowering Plants
e Monocots and Dicots
e Reproduction of Flowering Plants
o Asexual
o Sexual
e Seeds and Fruits
e Storage Organs
8 4 | Photosynthesis 12 3 2 5
e  Mechanism of Photosynthesis
e Testing for Starch
e  Comparison of Photosynthesis with
Respiration
Total 207 | 19 | 16 5 40
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