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ABSTRACT

The development and validation of achievement tests have been founded on
the classical test model. Unfortunately, the classical test model has been
unable to solve adequately a number of testing problems during its history.
Consequently, several alternative test models have been suggested. A
frequently cited alternative to the classical test model is the latent trait model.
The study therefore was aimed at developing and establishing the
psychometric properties of a physics achievement test using the one-
parameter, the two-parameter latent trait models and the classical test model.
Altogether, 2215 male and female senior secondary school physics students
participated in the study. The instrument for the study consisied of 60 muitiple
— choice items on a physics achievement test, developed by the researcher.
Reliability and validity for each item and for the whole test were established
according to the one-parameter and two-parameter latent trait models.
Analysis was performed using PROX and regression techniques on the
Microsoft Excel Visual BASIC computer programme. The chi-square
goodness-of-fit test was used to investigate how weli the onza-parameter iatent
trait model fits the PAT items, while factor analysis was used to establish the
unidirnensionality of the final version of the PAT items. The resuiis snowed
that the overall reliability co-efficient (KR-20) of the PAT was 0.89; the fit to the
model was good, thers was no significant relationship between easiness
values obtained from two contrasting score groups. The physics achievement

test measured one single trait for physics ability.
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There was significant relationship, among the item parameters obtained from
the one-parameter, the two parameter and the classical test models, the PAT
item parameters and associated standard errors were reasonably estimated.
‘The results obtained have implications, for latent trait investigation of item bias
and for criterion referenced testing. One recommendation, based on the
findings of the study, was that latent trait analysis should be followed up by
some qualitative analysis. One factor which reduced the invariance of the item
parameters and limit the generalizakility of the findings of this study was that
subjects with low scores were included in the validation process. Among
others, il was suggested that a latent trait validation of criterion referenced test

needed to be investigated.
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CHAPTER ONE

INTRODUCTION TO THE STUDY
Background to the Problem

The development and standardization of classroom achievement tests have
long been founded on the classical test model. This is primarily due to its simplicity
both conceptually and computationally (Korashy, 1995: Smith, 1996). The classical
test model views a score X , that a student obtains on an achievement test as the
sum of two unobservable components, T and E, which form the relationship: X=T+E.
X is the observed raw score; T is the true score, an increment: positive or negative,
whizh is a function of conditions of test administration (Thorndike, 1990). The
ciassical test model assumes that the best set of achievement test items is defined
as a set of homogeneous items dominated by a single underlying dimension. To
develop an achievement test, for example, a physics achievement test, using the
classical test model, a large set of items are evaluated by selecting those items
which yield a high point biserial correlation co-efficients.(Weiss & Davison, 1981:
Thorndike, 1990: Ludiow & Bell, 1996).

Many workers such as Fraser (1980): Tobin & Capie (1982). Agwagah
(1985): Nworgu (1985): Obioma (1985): Ogochukwu (1990): Ndukwe (1990):
Nworgu & Harbor-Peters (1990) have based their studies on the classical test model
which is no longer considered valid for ensuring objectivity in measurement
(Korashy, 1995; Smith, 1996; Ndalichako & Rogers, 1997). The classical test
model has been viewed as being too restrictive and inadequate in scope for the
measurement required in evaluating the effectiveness of classroom achievement

test (lzard & White, 1980). Thus the classical test model has some serious
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limitations that make its use in developing and establishing the psychometric
properties of classroom achievement tests questionable.

One major limitation of the classical test model is the variant nature of the
indices used to describe the item parameters (Douglas, 1990: Guiton & lronson,
1983). The proportion of examinees in a sample who get an item correct (litem
difficulty) changes from a sample whose mean ability is high to one whose mean
ability is low. Consequently, the same individual tested in two different samples
may obtain two different errors of measurement and estimate of true score (Weiss &
Davison, 1981). Item parameters or statistics which remain invariant or stable from
one sample of exarninees to another have been viewed as a desideratum for any
psychometric measurement (Douglas, 1990). Gulliksen (1950: 392) noted this basic
limitation of the classical test model and states that:

A significant contribution to item analysis theory would be the
discovery of item parameters that remained relatively stable as the item
analysis group changed or the discovery of a law relating the changes in item
parameter to changes in the group.

Gulliksen identified invariant item parameters as an outstanding
measurement problem and suggested that whosoever elucidated it would have
made a significant contribution to item analysis theory. Lord and Novick (1968)
have also expressed a similar opinibn. In addition, the sample-based nature of all
the estimation procedures used to establish reliability co-efficients is another
wezkness of the classical test model. The reliability estimates are specificallv a
function of a particular set of items composed of a test and sainpie or axaminees on
which that data were collected. This means that in the classica! test model, the
contribution of each item to the test reliability and validity depends upon what other
items are in the " test. Furthermore, the classical test model typically provides only
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one overall index of standard error of measurement, the most rudimentary indication
of reliability in the classical test model, for all items on the entire test (Guiton and
Ironson, 1983). As Guiton and lronson (1983) point out, it is unreasonable to
assume that scores throughout an entire test will have the same degree of precision
of measurement or one overalf index of dependability. To this end, the classical test
model is no longer considered adequate in developing and establishing the
psychometric properties of achievement tests.

Again, scores from test based on the classical test model are interpreted in
terms of percentile ranks or as the standard deviations from the mean of scures in
the standardizing sample (Thorndike, 1996). A different test or a different sample
results in a different unit. Consequently, the classical test model does not ensure
objectivity in measurement, as one technique of measuring a particular attribute is
not interchangeable with an alternative measure of the same attribute unless both
are interpreted in terms of common group-norm. Objective measurement ideally
yields scores or attributes that are interpreted with direct reference to the attribute
being measured and one technique of measuring a particular attribute is
interchangeable with an alternative measure of the same attribute without reference
to the standardization group (Guiton & Ironson, 1983: Thorndike, 1990).

Another limitation of the classical test model is that the total raw score
obtained by an examinee on an achievement test does not take into account the
examinee’s answer patterns on the test. That is, the model ignores the patterns of
item responses. Such information is desirable in classroom instruction, for instance
when the teacher wants to ascertain strategies the examinee used to answer a
given item. In addition, classical test model provides no basis for determining what
a particular examinee might do when confronted with difficult test items. According
to Hambleton and Cook (1977), such information is necessary if the test developer

3



desires to predict test scores characteristics in a subgroup of examinees. Another
deficiency of the classical test model is that because observed scores contain error,
one is not quite sure of the psychometric properties of the achievement test that is
being estimated and on what basis the estimation was done (Wilcox, 1979).

Under the classical test model, scores on achievement tests, for instance, a
physics achievement test, is often expressed as the total raw score the examinee
obtained on the content areas concerned. This form of assessment focuses the
teacher’s attention on the total scores and on ranking the students rather than on
ascertaining why a student did not succeed on a particular test item. Thus teachers
tend to use achievement on a test based on this model to label and categorise
students (Keats, 1980). In addition, the classical test model's development
technique does not ensure that two or more forms of arn achievement test can be
made equivalent in level and range of difficulty (Izard & White, 1980). Again, using
the classical measurement model does not ensure or allow meaningrui comparison
of examinees who have been tested by a non-parallel achievement test. For
instance if a physics achievement test is substantially easier or it taps a wider range
of ability, the scores obtained with it are not comparable to scores on another one.
As Guiton & Ironson, (1983) noted, in testing situations it is often desirable to
compare achievements of examinees who have been tested with different set of
items. Thig restriction is because the classical test model is based on the
conception of exactly parallel tests, an assumption that is rarely satisfied (Guiton &
Ironson, 1983).

Because the classical test model has been unable to solve adequately a
number of testing probiems during its history, several alternative test models, such
as criterion referenced test; nominal response model and graded response model,
have been suggested (Samejima, 1969; Bock, 1972; Susan, 1983). A frequently
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cited alternative to the classical test model is the latent trait model (Korasy, 1995;
Smith, 1996). The latent trait measurement model is a mathemsztical funcuon
relating the probability of success on a cognitive task to the underlying ability or
other characteristics measured by the task (Bentler, 1980, Gallini, 1983).

A latent trait model specifies a relation between the empirical test
performance and unobservable trait underlying the test performance. Basically,
latent trait model is concerned with how the probability of success on a test item
varies as a function of ability (0) and other parameters represented by item difficulty,
discrimination power and the degree of guessing ( Baker, 1977). The theory of
latent trait states that in testing situations, examinee’s performance on a test can be
predicted or explained by defining the examinee’s characteristics referred to as
traits and using the scores to predict or explain test performance (Lord & NovicK,
1968).

Latent trait does not mean that the trait is static. It refers to characteristics of
examinees that are not directly measurable or observable but are assumed to
underlie test performance (Guiton & Ironson, 1983). The latent trait is referred
generically to as ability (0) which the test item is attempting to measure, latent trait
are not directly measurable or observable hence the proportion of examinees
passing on the test are used as estimator of trait values (Andrich, 1980; Wainer,
Morgan & Gustsfassion, 1980). These proportions are the manifest variables.
Therefore, a latent trait model fits a set of data if it correctly predicts the manifest
variable (Cressie, 1983).

The basic mathematical linear form of the latent trait model is expressed as
follows: Pg.(0) =bg +ag (0); g = 1 ...n, designates the probability that an examinee
with a given latent trait , ability (() will answer item g (g= 1,2,34........ n) and n is the

number of items. The ag parameter is the item discriminating index; bg is the index
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of item difficulty (Gallini, 1983). The basic mechanism for determining a latent trait
test model lies in the item characteristic curve, which is a graphical display of the
relationship between the probability of success on an item and the examinee’s
position on the underlying trait measured by the test (Wainer, Morgan &
Gustsfsson, 1980). The item characteristic curve is defined as a mathematical
function that relates the probability of success on an item and the examinee’s

positicn on the underlying trait measured by the test (Wainer, Morgan &
Gustsfsson, 1980).

The item characteristic curve is defined as a mathematica! function that
relates the probability of success on an item to the ability (6) measured by the test
(Birnbaun, 1968). This is expressed as:

Pg = F(6). Since scores on the underlying trait are generally not observable or
measurable, observed scores are used as estimator of trait values (Sax, 1989;
Reiser, 1983).

Latent trait models are usually differentiated by the number of parameters
estimated from the item. For instance, the one-parameter model, also known as the
Rasch model (Rasch, 1966) is a special case of the latent trait models. In this
model, the parameter for discrimination power is assumed to be the same for all the
items. This means that in the one-parameter model, test items are described only in
terms of their difficulties. The two-parameter model describes item by both their
difficulties and discrimination indices. The latent trait model contains person
parameter, ability estimate (0) which can be used to measure individual differences.
The prototype method of assessing learning outcomes in classroom instruction
based on the classical test model ignored this very important factor in learning

(Gagne, 1988). Thus the latent trait model is the only measurement model that



takes individual differences into consideration when evaluating cognitive learning
outcomes (Susan - Embretson, 1983).

The latent trait models generally satisfies Gulliksen’'s requirement because
the estimate of the achievement test item parameters and person’s ability does not
depend either on which subgroups the person belongs to nor on the selection of the
specific set of items, provided the data fit the model (Wainer, Morgan & Gustafsson,
1980). The Latent trait model is the only measure techniques that possess invariant
item parameters. This is because in the latent trait model, the function of a test is
concerns with estimation of an individual location on a dimension represented by a
trait rather than being expressed in normative terms. The item parameters are
therefore invariant with respect to the ability of subjects in the validating sample
(Lord & Novick, 1968, Creassie, 1983).

Another explanation for the invariant item parameters of the latent trait
measurement model as against the classical test model is that in the classical test
model, item statistics are computed from a sample with a distribution of ability like
that in the population as a whole (Guiton & Ironson, 1983). In the latent trait item
analysis, the ability distribution in the research sample may have different
distribution from that of the population. As Guiton & ironson (1983) note, this
relaxation contributes to parameters invariance in the latent trait model.

Tne major potential of latent trait models rests in the characteristics of
pararneter invariance. Item parameters are invariant across groups of examinees
and ability parameters are invariant across groups of items. The invariance of the
item parameters is particularly important in horizontal equating settings, while the
invariance of ability parameters is essential in latent trait applications in vertical
equating and computerised adaptive testing (Allen, Ansley & Forsyth, 1987). In
horizontal equating, the equating process adjusts for unintended differences in
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aimculty levels or differences in ability score distribution. In vertical equating, the
test forms are developed to differ in difficulty levels and the groups of examinees
involved in the equating process also differ in ability level (Angoff, 1971).

it is the property of invariant ability parameters that has enabled users of
standardised achievement tests to consider the development of tailored tests which
use only those items in a test that fit the ability of the learner. The benefits obtained
as a result of the invariance of the parameters of the latent trait model are achieved
only when certain conditions are satisfied (Baker, 1977; Wainer, Mogan &
Gustafsson, 1980; Allen, Ansley & Forsyth, 1987):

1. The test items must be uni-dimensional; the test items must measure a single
trait. _ |

The test should be equally reliable for all subgroups of examinees
3. The trait must be sufficiently defined so that the test items can be developed

to measure the trait. .

4. There must be local stochastic independence among the items.

Another major advantage of latent trait models in the development and
standardisation of classroom achievement tests is that they provide not only an
index of standard error for scores on the whole test but also an index of standard
error for each person ability and each item. In latent trait analysis, standard errors
are expressed in logits. The logits are interval level units of measurement
corresponding to the total raw scores that have undergone exponential
transformations. To this end, inferences and validation on achievement tests made
using these models are, therefore, derived from a solid statistical basis (Korashy.
1995). The estimate of standard error for each test item and persen (caw score)
makes it possible to select achievement test items that will make maximum
contribut_ions to the test design and the measuremenf efficiency at a particular

8



ability level. Thus, at each ability level, a more precise confidence statement can
be made than the conventional one overall standard error of measurement for the
total test computed in the classical test model (Guiton & Ironson, 1983).

Applying latent trait models in the development and standardization of
classroom achievement tests, such as a physics achievement tests, make it
possible to analyse the pattern of each examinee's answer to the test through
analysis of person fit to the model. If the fit statistics for an examinee’s achievement
on the test is acceptable, then the examinee’s achievement is taken as a valid basis
for inferring a measure of the examinee abiiity. Knowledge of such response
patterns also have implication in counselling (Baker, 1977). The latent trait
measurement models handle test scores equating problem iiv the classical test
rnodal using ability estimates and in doing sc, they are able to control for problem of
non-equivalent groups (Morgan, 1980). The ability estimates in the latent trait
model can also be used to measure individual differencas in classroom instruction.
The latent trait model is thus the only measurement model, that takes individual
differences into consideration in testing situations (Susan, 1983). Another major
advantage of the latent trait models is its objectivity. This objectivity stems from the
fact that the comparison of ability does not depend on which particular group of
examinees used to validate the item parameters or on a specific set of iterns
(Tinsley & Dawis, 1975; Douglas, 1980). Furthermore, latent trait measurement
models have recently attracted considerable attention from measurement specialists
as a result of a successful application of the theory to such problem areas as
conceptualising test items, equating different forms of the same test, presenting
items tailored to individual examinee and the precise determination of fit by the use
of the chi-square statistic (Hambleton & Cook, 1977; Wright, 1977, and Wainer,
Morgan & Gustafsson, 1980).



One important difference between developing classroom achievement tests
using the classical test model and models based on latent trait occurs during
selection of test item and item validation. ltem validation techniques involve the use
of standard error of measurement, the statistics of maximum likelihood and the
analysis of fit for revising the test items. Unlike the classical item analysis, where
desirable characteristics of a test are high reliability and item validity, in the latent
trait item analysis, the essential criterion is the compatibility of the items with the
model, that is, the fit of the items to the model (Smith, 1996). The fit implies validity.
Thus, while the classical item analysis is conceptually easy to understand and is
manually calculable, the flaws embedded within it make its use in developing and
establishing the psychometric properties of classroom achievement tests
questionable.

Aithough the assumptions and mathematics of latent trait models are more
complex, costly and timeconsuming than the classicai test model, several atthors
such as Smith (1996) and Korashy (1995), have argued that their practical
advantages are sufficient to warrant their usage. Again, a closer exa:nination of the
literature reveals that there is no empiricai stidy on latent trait measurement models
using a physics achievement test. These arguments in favour of latent trait models
are quite convincing to justify their applications in the development and
standardisation of a physics achievement test for Senior Secondary Physics
students.

Evaluation of the effectiveness of teaching and learning has raised a number
of questions concerning the psychometric properties of classroom achievement
tests. As lzard and White (1980) note, the essential problem in evaluating the
effectiveness of teaching and a broadly conceived educational goal is one of
validation. This essentially boils down to the question of whether a given
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achievement test, such as a physics uciievement test, provides a sausfactory
psychometric properties of the concept it was designed to measure. Therefore, in
order to evaluate cognitive outcomes in classroom instruction, consideration must
first he given to the problems involved in the development and standardization of
the achievement tests.

Among the various factors that might be responsible for the poor
performance in achievement testing, it is strongly suspected that poor methods of
evaluating the tests would contribute immensely. This is because evaluation itself
plays a vital role in making teaching and learning effective (Nworgu, 1992: Mehrens
& Lehman, 1978). For instance, carefully collected evaluation data on an
achievement test, such as a physics achievement test, help the physics teacher to
understand the learner, plan learning experience for him and determine the extent
to which the instructional objectives are being achieved (Grondind, 1980).
Therefore, if the evaluation instruments, the achievement tests, are faulty,
inappropriate decisions on various issues affecting the students might resuit.
Instructional decisions are more likely to be sound when they are based on
information that is accurate, relevant and comprehensive. One of the best ways to
ensure accurate decision is to utilise a valid and reliable achievement tests
(Choppin, 1980). The adoption of continuous assessment of learning outcomes in
secondary and tertiary institutions in Nigeria (Federal Ministry of Education, Science
and Technology, 1985) amplifies further the need to develop and validate relevant
tools for measuring cognitive learning outcomes in classroom instruction. In
developing achievement test, it is a common practice to use a great number of
items. The question of how the items may be sufficiently truthful, genuine and

accurate is of prime consideration (Choppin, 1980).
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When there are several levels of a given achievement test, one of the major
problems is making sure that scores on one test is comparable so that when one
version of the test composed of one set of items is administered later, differences in
scores can be attributed to changes taking place in the individual tested rather than
in the test itself. The extent to which test scores can be equated, that is, placing
the test scores on the same scale so that test items of appropriate difficulty are
adapted for each examinee, depends on the psychometric properties of the test
(Anucti, 1971: Morgan, 1980). To this end, in order to develop parallel achiaveineni
tests and equate the test scores, the psychometric properties of the test must be
given due consideration.

Furthermore, the issue of bias in achievement test items (Smith, 1996) has
necessitated further the need for establishing the psychometric properties of an
achievement test /or of obtaining quantitative information pertaining to the test
items, when investigating item bias. Smith (1996) defines bias in achievement test
items as differential validity of a given interpretation of a test score for any definable
subgroup of examinees. Consequently, in testing and evaluating significant item X
group interaction in achievement test items, prime consideration must be given to
the problem involved in the development and standardization of the achievement
test, such as a physics achievement test.

Achievement tests measure the present proficiency, mastery, and
understanding of general and specific areas of knowledge (Kerlinger, 1973). They
are measures of the effectiveness of instruction and learning. Achievement tests
are important in education and educational research. Specifically in research
involving instructional methods, achievement is often the dependent (criterion)

variable.
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Achievement tests attempt to measure what an individual has learned and nis
present level of performance or accomplishment. The assessment of terminal or
criterion behaviour involves the determination of the psychometric characteristics of
the achievement tests as well as the evaluation of the student’'s achievement
(Bloom, 1976). Ebel (1972:257) gives the following opinion about academic
achievement:

Academic achievement is the intellectual competence of human

beings; to be important, educational achievement must lead to a

difference in behaviour. Broadly conceived, academic achievement is

the general term for the successful attainment of some goals requiring

a certain amount of effort and the degree of success obtained in an

intellectual task.

Achievement tests are designed to measure the outcome or level of
accomplishment in a specified instruction which a student had undertaken
and are used to find out how much of the material a student has learned
(Nkemakolam, 1992). Achievement has always been associated with such
concepts as objectivity, accountability, evaluation and grades (lzard & White,

1980). Achievement tests are used in evaluating the influence of courses of
study, on the learner teaching metheds, diagnosing strengths and weakness

in classroom instruction and as a basis for decision making (Best, 1981).

Statament of Problem

The development and standardization of classroom achievement tests, for example,
a physics achievement test, has, for long, been foundec on the classical test model.
Unfortunately, the classical test model has some serious disadvantages which made

its use in develpping and establishing the psychometric properties of classroom
13



achié\rement tests untenabie. One major iimitation of the classical test mbﬁel is the
variant nature of the indices used to describe the item parameters. Furthermore,
the classical test model typically provides only one overal! index of reliability for alil
items composed of a test. In addition, the sample-based nature of all the estimation
procedures used to establish reliability co-efficients is another weakness of the
classical test model. The classical test model does not ensure objectivity in
measurement, as one technique of measuring a particular aitribute is not
interchangeable with an alternative measure of the same attribute.

Besides, the classical test model has failed to provide satisfactory solutions
to many testing problems such as test score equating, test design and testing items
for bias. For these and other reasons, psychometricians have been investigating
and developing more appropriate test theories. Consequently, considerable
attention is being directed towards the field of the latent trait model. Advantages of
the latent trait model in providing invariant item parameters, conceptualizing
classroom achievement tests, equating different forms of the same test, presenting
test items tailored to individual examinees, testing test items for bias and the
precise determination of the fit make it worthwhile to explore the application of latent
trait models in the development and standardization of classroom achievement
tests, such as a physics achievement test. In addition, in latent trait analysis, each
item parameter is accompanied by its standard error of measurement, the most
rudimentary indicator of reliability in the classical test model. To this end,
inferences and validation of achievement tests based on the latent trait models are
derived from a solid statistical basis. Advantages of latent trait models make it
justiiable in considering their application as a promising addition to the repertoire of
measurement methods in the development and standardization of classroom
achiévement tesfs. |
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When evaluating the effectiveness of teaching and learning, equating test
scores, developing parallel forms of a given achievement test, for example, a
physics achievement test, testing for individual differences in cognitive learning
outcomes and testing items for bias, it is highly desirable to take into consideration
some quantitative information regarding the psychometric properties of each item to
be included in the final form of the test. Therefore, the problem of the study is:
What are the psychometric properties of a physics achievement test developed and
standardized for senior secondary school physics students using the one-and two-
parameter latent trait models; and the classical test model; and the influence of
each of the models on the item validity indices?

Purpose of the Study

The primary purpose of the study was to develop and sstabiisii tne
psychometric properties of a physics achieveriient test using the one-parameter and
the two parameter latent trait model . Specifically, the study sought to:

1. Investigate tne unidimensionality, single trait for ability of the physics

achievement test.

2. estimated the item parameter, item difficulty indices using the one-parameter
model.
3. estimate the item parameters, difficulty and discrimination indices using the

two-parameter latent trait model.

4 estimate the subject measures, ability estimates and its associated standard
errors.

5. estimate the standard error for each of the physics achievement test item.

6. ‘investigate the fit of the physics achievement test items to the one-parameter

Jatent trait model.

15



7. estimate the classical test model item parameter, point biserial correlation co-
efficients, in order to provide a baseline against which latent trait models
item parameters were compared.

8. investigated the invariance of the latent trait item difficulties with respect to
the ability of the standardizing sample.

9. investigate the invariance of the ability estimates with respect to the ability of
the standardizing sample.

10. investigate the relationship among the one-parameter, the two-parameter and
the classical item point biserial correlation co-efficient.

11.  investigate the relationship between the classical raw scores and its logit

exponential transformation.

Scope of the Study

The study was delimited to two latent trait modeis. They were the one-
parameter and two-parameter latent trait measurement models. These models were
selected because of their frequent use in the research literature anc because of
their mathematical tractability (Reckase, 1979). This means that these models have
of models fit was delimited to the one-parameter model, becauSe‘ it is only in the
one-parameter latent trait model that the raw score is a sufficient statistic or
estimator of the latent ability.

The content of the physics achievement test was based on: |. Matter,
position, motion and time; ii. Energy (mechanical and heat); iii. Waves. lv. Fields.
V. Atomic/nuclear physics and electronics. The physics items were delimited to

Bloom’s (1972) taxonomy of the cognitive domain educational objectives.
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Research Questions

The study was carried out through answering the following research questions.

1.

How uni-dimensional, single trait for ability are the physics achievement test

items? ‘

2. What are the estimates of the item parameter (difficulty indices) using the
one-parameter model.?

3. What are the estimates of item parameters (difficuity and discrimination
indices), usi‘ng the two-parameter latent trait model?

4. What are the estimates of the subject measures, ability estimates and their
associated standard errors indicated by the raw scores on the physics
achievement test?

5. What are the estimates of the standard error (reliability) for each of the
physics achievement test items?

6. To what extent do the physics achievement test items fit the one-parameter
latent trait model?

7. What are the estimates of the classical test model item parameters, difficulty
indices and point biserial correlation co-efficients?.

Hypotheses

The following null hypotheses were formulated and tested at 0.05 probability level.

1. There will be no significant relationship between the latent trait model item
difficulties obtained from two contrasting ability groups of the same
standardisation sample (P< 0.05).

2. ‘There will be no significant relationship between the ability estimates

obtained from two contrasting score groups of the same standardisation

sample (P <.0.05).
17
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3. There will be no significant relationship among the item parameters obtained
from the one-parameter model, the two-parameter model and the classical
item point biserial correlation co-efficient (P< 0.05).

4 There will be no significant relationship between the classical raw scores and

its logit exponential transformation (P<0.05).

Assumptions of the Study
The study assumes that ability in term of the physics achievement test is

normally distributed over the wiole population from which the sampiz was drawn.
This supposition is an indication of the order validity of the PAT and also a measure
ot a single trait for physics ability. The study further assumes a local indepsnuence
of tems and examinees. This is one of the hasic requirements of the latent trait
models. This assumption presupposes that the estimation of the item parameters is
independent of the specific content areas or subgroups of examinees on which the
validation was made. The researcher further assumes as follows:

1 Speed does not influence the probability of answering an item correctly. This
assumption is in view of the fact that item analysis cannot be reasonably
conducted in a test in which no examinee has time to complete all items.

2. Guessing is irrelevant as the study was based on the one-parameter and the
two-parameter latent trait models, in which the guessing parameter is

assumed to be zero.

Significance of the Study

The study will be of significance to test developers, practising teachers,

counsellors and test users in the following areas:
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The study will be of significance to test developers and practising
teachers in the development of paraiiel achievement test and test scores
equating due to the invariant properties of the latent trait model item
parameters. Latent trait models allow for equating test scores using ability
estimate and in doing so, they are able to control the problem of non-
equivalent groups in the classical test model.

Test developers will find the study very useful in the determination of
the presence or absence of item bias. A test is unbiased if all individuals
having the same latent ability have equal probability of getting the item
correct. Presence or absence of bias is readily assessed applying the Iatent
trait model using either the item characteristic curves approach or analysis of
residuals between subgroups. Due to its sample-invariant property, the
latent trait model appears to be the only sound theoretical approach to the
problem of test item bias detection.

It will provide practising teachers with the knowledge of tailored testing
in the selection of test items, so that items of appropriate difficulty are chosen
for each examinee. Validating classroom achievement tests using latent trait -
models results in logarithmic ability estimates being assigned to every raw
score. This estimate indicates the amount of ability required to achieve a
given raw score so that the items can be tailored to each examinee’s ability.

The use of item fit will enable the test developer to choose different
content areas of a given achievement test and to use them to measure traits
on a common content. The fit analysis will also have implicatior for tailored,
adaptive testing.
| The study will not only provide test developers and gractising weachers

with the knowledge and capacity cf estimating examinee abilities, even when
19



some items have not been answered (that IS, 10t1@l SCUIEd LU P
scores), it will also provide solutions to many practical testing problems such
as the evaluation of essay writing ability, the use of graded scoring model
and the analysis of fit by the use of chi-square statistic.

The study will make item tryouts more economical and informative for
test developers and practising teachers. It will also permit the estimation of
item parameters from any group of examinees thus rnaking sample item
tryouts unnecessary.

The study will permit the identification of each examinee's strength
and weakness in testing situations and to use this diagnosis to find what the
examinee needs next. This will be possible through the analysis of
examinee’s fit to the model and the evaluation of each examinee’s answer
patterns on an achievement test.

It will provide practising teachers with various methods of approximating
classical item parameters into their latent trait equivalence in test
development and item validation.
Test developers will find the study very useful in the development of criterion
~ referenced test which is geared towards assigning examinees to mastery
state, due to the invariant property of the latent trait item parameters.
The study will have implication for counselling since information can be
obtained on each examinee’s strengths and weaknesses in a testing
situation.

The study further has the following theoretical significance:
it will provide a firmer foundation for the evaluation of aberrant items or items

for fidelity. Such items function differently in differing ability groups.
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The analysis can be usec¢ to develop attitude scale iterns invslving an
ordered response categories. This implies that the study has the advantage
of providing a precise measurement at each level of the attitude trait
continuum.
In tailored measurements where the emphasis of testing is on obtaining
different contents of items that can be used interchangeably without the
classical requirement of parallel forms test.

Finally, recommendations at the end of the study will provide bases for further

research in this area of achievement testing.
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CHAPTER TWO

REVIEW OF RELATEDR LITERATURE

Thie chapter is devoted to the review of related literature and is froanised under

thecretical framework, empirical studies and summary of literature review.

1 Theoretical Framework

(1)

(ii)
(iii)
(iv)

(v)

(vi)

(vii)

Historical perspective to achievement testing and measurement
Historical and conceptual background of the classical test model
Historical and conceptual background of latent trait models

Item analysis

(a) Classical item analysis

(b) Latent trait item analysis

Connection of latent trait item parameters with the classical item
statistics

Reliability and standard error of measurement

Validity and analysis of fit

2 Empirical Studies associated with Instrumentation Research

0

(ii)

Studies on instrumentation research based on the classical test
model.

Studies on instrumentation research using latent trait models
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3 Summary of literature Review
1. Theoretical Framework
i. Historical perspective to achievement testing and measurement.

Oral methods of assessing achievement have been in existence since the
history of mankind. In the pre Christian time, the Ephesians and the Greeks used
oral test to assess abilities of members of their societies (Ohuche & Akeju, 1977).
In West Africa, indigenous education was mainly oral and informal. This system of
education was also associated with the evaluation of achievement which was mainly
oral and based on careful observation (Fafunwa, 1974).

DUBOIS (1970) attributes the increase in the use of testing and
measurement to three major areas of development namely; Civil Service exams,
School exams, and the study of individual differences. Civil service testing began in
China about 300 years ago when the emperor decided to assess the competency of
his officials. Though that system of testing was formal and explicit, the learning was
informal in nature. Later, government position were filled by persons who scored
high in examinations that covered such topics as music, horse-craftsmanship, civil
law, writing, Confucian principles and knowledge of public and private economics
(Ohuche & Akeju, 1977).

Paradoxically, as the Chinese were phasing out their exams, civil service
exams were being developed in Britain and the United States as a fair way of
selecting among job applicants for government jobs. Early evidence of the
effectiveness of the exams was anecdotal in nature, although the exams were
popular because they removed decisions from biases of political judgements.
Accofding to Dubois (1970), oral testing continued to dominate the mode of

evaiuating achievement as closer to our time as when the great universities in
23
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Europe introduced their first oral examination for Doctor of philosophy Degree at the
University of Bulgaria in 1200 A.D.

Students in European schools were given oral exams until well after the 12th
century when paper began replacing parchment and papyrus. In the 16th century,
the Jesuits started using tests for the evaluation and placement of their students.
Present-day students owe their exams to the later development of printing
processes and allied industries. By the 18th century, ihe default of the oral testing

had become widely recognised as it was not only unreliable, but was also affected

examinees (Ohuche & Akeju, 1977).

In contrast to the informal testing identified with the imperial China, modern testing
allows for general competence required for a greater population and for the
effectiveness of the system (Scates, 1947). Besides these competencies, modern
testing is identified with formal learning. It is ailso geared toward the effectiveness
of the system of education.

In the United States of America, formal examination is recognised as a
means of raising standard in the State system of education. According to Dubcis
(1970), the study of individual differences began in Great Britain when Sir Francis
Galton (1822-1911) set up his famous Anthropometrics laboratory containing
instruments to measure various sensory and motor skills. In 1888, visitors at the
international Health exhibition centre in London paid three pence each to be
measured by Galiton’s test. Another Englishman, Karl Pearson (1857-1936), the
founder of statistics developed a number of statistical techniques that forms the
core of basic measurements theory. These include; the well known Pearson-

product moment correlation co-efficient and the chi-square goodness-of-fit test.
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In France, Alfred Binent (1857-1911) developed the first individual tests of
intelligence (1905) as part of his work on the study of individual diflerences. Back
in Great Britain, Charles Spearman (1863-1945), developed our medern concepts of
test reliability and “actor analysis. Later William Stern, in Germany, got the notion
that in judging people's potential, it was not their mental age alone but their mental
age in relation to their chronological age (CA) that was important. He suggested
dividing mental age by chronological age to obtain a quotient that, when muiltiplied
by 100, she called the Intelligence Quotient. According to Dubois (1970),
measurement theory as a discipline began to blossom in the 1930’s. In 1935, the
journal, Psychometrika was founded. Educational and psychological measurement
followed in 1941. The British Journal of statistical psychology began in 1947 and
Multivariate Behavioural Research began in 1966. The first textbook in
measurement theory, E. L. Thorndike, “An Introduction to the Theory of Mental and
social Measurement appeared in 1904.

Back in West African sub-region, Western education was introduced at the
colonisation of the territory. Specifically, the first Secondary School was
established in Nigeria in 1859 by the Church Missionary Society (Adesina, 1984).
Associated with this new system of education were Western methods of educational
evaluation which were at the beginning of the 19th century under going
transformations in the United Kingdom and United States of America. With the
progress of Secondary education in the period that followed, it became necessary to
establish the West African Examinations Council (WAEC). WAEC was established
in 1952 with the sole purpose of conducting Examination in the public interest
(Ezeobar, 1983). The counci! was also to award <ertificates, provided these
certificates were of comparable standard to certificate of examining bodies in the
United Kingdom (Ohuche & Akeju, 1977).
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In 1966 the Test Development and Research Unit (TEDRU), an organ of
WAEC was established. The Test Development and Research unit develops
standardised tests for the council. Mention must also be made of a significant event
that took place in the history of achievement testing in Nigeria and Africa in
establishing the International Centre for Educational Evaluation (ICEE) at the
University of Ibadan in 1972. The centre resuited from a joint Co-operation among
the University of Ibadan, the Science Education Programme for Africa, and the
Carmegie Corporation at New York (Ohuche & Akeju, 1977). The functionc cf thc
centre according to Ohuche & Akeju are to: train educators, undertake research
invelving evaluation instruments, and provide talented personnei icor the evaluation
of specific personnel for the evaluation of specific projects.

The Joint Admission and Matriculation Board (JAMB) was established in
1978 to cater for admission of candidates into Nigerian Universities. Recently, in
1982, the Nigerian government adopted a new method of assessment, the
continuous assessment as against the former terminal examination at the end of
each level of education (Federal Ministry of Education, Science and Technology,
1985). Achievement measurement is distinguished from aptitude measurement in
that the instrument used to assess achievement is specifically concerned with the
characteristics and properties of present performance with emphasis on the
meaningfulness of the content, while aptitude measurements are aimed at
predicting students later performance in a specific type of behaviour and are used
essentially in educational research to equate initial groups that are to receive
different experimental treatment (Best, 1981; Borg & Gall, 1983). According to
Bloom (1976) three factors determine a student academic achievement.

1. Cognitive entry behaviour, that is the extent to which the student has already
learned the basic pre-requisite for the learning to be accomplished.  Since
26



(2)

(3)

the amount of time needed to learn is nhviously a function df how much has
been learned already, these pre-requisites constitute a necessary link
between the learner and the accomplishment of the learning task.

Affective entry behaviour, that is, the extent to which the student is or can be
engaged in the learning process. Affective entry behaviour is generally
expressed in attitudes, interests, self-concepts and emotional sets.

Quality of instruction, that is the extent to which the instructional cues are
appropriéte for each student, the amount of participation, practice of the
learning task by each student and the type of reinforcement given to each
learner. Related to these variables are: the variety of instructional models
and materials, the teacher verbal ability and the type of feedback available to
both the teacher and student. To him, the quality of instruction is a major
determinant of who will learn well. Bloom (1976) assumes that the three
variables, taken together, account for as much as 90 percent of achievement
variance. Although most of the foundation for the classical measurement
theory had been completed, Psychometricians are currently developing
alternative test models and techniques, one of which is the latent trait model.

Historical and conceptual background of the classical test model.

The classical test model has its origin in physical measurement and the study
of errors of measurement (Keats 1980). The model assumes that a
personscore (Xi) on an achievement test may be regarded as consisting of
two additive components: the true score (Ti) and error scorc (Ei} so that:
Xi=Ti+Ei

The true score (Ti) is thought of as a parameter of the rcreon at the ume ot

testing, while the error score (Ei) is thought of as due to minor fiuctuations
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caused by irrelevant factors (Guilford, 1954). The true score is also

considered as the average score of an individual examinee in repeated

measurement, while the error score is an increment, positive or negative
which is a function of conditions at a particular occasion of test administration
to a particular examinee (Guiford 1954). The basic assumptions of this model

arz (Keats, 1980: Thorndike, 1990):

(1).  The obtained score is the sum of true score plus error scorg, that is:
Xebs = Xirue + Xerror
(2) Over the population, error score is independent of true score.
(3) In pairs of measures, the error in one measure is independe