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Abstract —The study assessed the dimensionality of the Chemistry Teachers” Effectiveness Scale (CTES) in Osun State, Nigeria
secondary schools. Also, the study determined the extent to which CTES satisfies the unidimensionality assumption of the Item
Response Theory model. It determined the extent to which the observed unidimensionality of CTES was confirmed when the
scalability of the individual items and the overall scale was assessed. The study employed a survey research design. Thirty-five
(35) Chemistry teachers who were rated by their Heads of Departments and Chemistry students made up the sample for the
study. A multistage sampling procedure was employed for choosing the sample in two phases-: validation (conducted in Oyo
State), and pilot testing (conducted in Osun State). A self-developed research instrument titled "Chemistry Teachers
Effectiveness Scale (CTES)" was used for data collection. Items of the CTES were rated on a four-point Likert-type scale described
under 1 = very poor, 2 = poor, 3 = moderate, and 4 = good. The Chemistry teachers’ effectiveness scale started with the initial
version of 206 items, and was reduced to 96 items after validation. The 96-item second version of CTES was reduced to 62 items
after pilot testing and reliability analysis (giving Cronbach Alpha coefficient of 0.92). A thorough and more robust statistical
analysis was conducted on the 62-item third version of CTES. Mokken Scaling Analysis (MSA) was used to analyse the data via
the Mokken package. Results showed that all the items of CTES have scalability coefficients within the 0.20 and 0.39 range and
violated the Item Response Theory (IRT) unidimensionality assumption. The study concluded that items of the CTES are multi-
dimensional.
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If and when researchers find out concepts that are not easily

measured directly, factor analysis allows them to collapse a large

L. INTRODUCTION number of variables into a few interpretable underlying factors such as

behaviours shown by teachers in the classroom. These behaviours

determine their effectiveness. As a statistical tool used for data

reduction or structure detection, factor analysis seeks unobserved
variables that are reflected in the manifest variables.

Negative and positive behaviours exhibited by teachers affect
their effectiveness in the classroom (Stronge, 2018). Some of these
behaviours [teachers' personality, classroom management and
organisation, organising and orienting for instruction, implementation
of teaching, monitoring students' progress and potential; and
professional development] (Stronge, 2018) are not intended but overtly
reflect themselves in a teacher. They make up the teacher qualities such
as their personality, ways of managing and organising the classroom,
organising and planning for lesson, actual execution of the lesson;
follow-up on students' progress and potentials; and self-development in
the teaching profession.

Teacher effectiveness therefore, is the overall qualities teachers
possess that enable them to influence students learning and their
achievement in standardised tests (Badri & Al-Khaili, 2014). In this
study, supervisors’ rating and Chemistry students’ reports were
adopted in measuring the dimensionality of the items of CTES. This is
to corroborate Ajeigbe and Afolabi (2014) that in psychometrics, test
experts are expected to generate a set of quality test items forming an

T is a crucial issue in research for every study to employ an instrument.

A research instrument, therefore, can be a scale that the researcher

designs, adapts, or adopts to collect data from the study participants.
A scale is an analytical tool that assembles various questions or
statements merged into an overall score and aimed at unmasking
abstract ideas that cannot be ordinarily seen by merely looking at them
(Devellis, 2012). Any easily understood idea that is not obvious but can
be known or perceived from empirical findings can be referred to as a
hypothetical construct (Fon & Cahill, 2001, cited in Neil, Smelser &
Baltes, 2001). In psychology, many guessed inward activities are
metaphysical constructs expected to validate certain observable actions.
In other words, a theoretical construct can also be referred to as a
hypothesised construct or phenomenon which is not directly
observable. It is based upon certain characteristics (visible) that make up
a phenomenon. For instance, if a candidate is seen sweating in an
examination, it can be fairly deduced that they are having anxiety. This
anxiety from the examination is a form of social construct. Even though
it cannot be observed directly, data on it can be collected using paper
and pencil measurement scales such as questionnaires. Other examples
of theoretical or psychological constructs are love, emotion, hate,
anxiety, consciousness, effectiveness, intelligence, personality, and
attitude.

DIMENSIONALITY OF CHEMISTRY TEACHERS' EFFECTIVENESS SCALE
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instrument that must measure just one thing in common. In the Rasch
model, the dimensionality of a research instrument can be either
unidimensional (a research instrument measuring only one item at a
time) or multi-dimensional (when two or more items in a test are
measured simultaneously).

Unidimensionality and local independence are the two most
critical and basic assumptions of the Rasch model. Local independence
assumes that the response given by an examinee in a test or measuring
instrument must not be influenced by his or her response to another
item in the same test (that is, all responses given to all items in a test are
independent of one another). Unidimensionality assumes an item
should measure one attribute at a time (Babatimehin, Adamu & Adeoye,
2021). The assumption provides the basis for most mathematical
measurement models. In making psychological sense when relating
variables, ordering persons on some attribute, forming groups based on
some variable; or making comments about individual differences, the
variable must be unidimensional. This is to say that the various items in
an instrument measure the same ability, achievement, attitude, or other
psychological ~ variables (Guler, Uyanik, & Teker, 2014).
Unidimensionality and local independence are determined through fit
statistics (Sick, 2010 as cited in Ajeigbe & Afolabi, 2014). Fit statistics
report the degree to which the pattern of observed responses and the
modeled outcomes are evaluated regarding item fit and person fit to the
Rasch model. In the Item Response Theory (IRT) model of the Rasch
model, a strong relationship exists between unidimensionality and local
independence assumptions. For instance, unidimensionality is
encountered in a test when individual items measure one construct at a
time. At the same time, in local independence, the response to each item
in a test is not affected by the response to another item. It implies that
attention is on individual items in unidimensionality and local
independence assumptions. If and when unidimensionality is absent in
a test, multidimensionality is suspected. The focus of this study is the
dimensionality of CTES.

Most factor analysis models assume that an individual’s response
to a test item is influenced by only one dimension. This is such that
cross-loadings are usually deemed as item vagueness and lack of
objectivity. On the contrary, multi-dimensional within-item models
comprise items relating to more than one dimension at a time and
require a more complex loading structure to model the relationship
between the latent traits under investigation. These models allow for
cross-loading items, do not treat the dimensions as separate scales, and
provide a more robust insight into convergent and discriminant
validity. As opposed to between-item multi-dimensional models,
within-item multi-dimensional frameworks employ methods that take
full advantage of the information in the data, which is against
depending on scarce information. These models are, therefore, called
“full information” models (Bock, Gibbons & Muraki, 1988) since they
are based on individual's pattern of response rather than on the
correlational structure of the multivariate latent response distribution
(Wirth & Edwards, 2007). Mokken (1971) as cited in Sijtsma and
Molenaar (2002); and Van-Abswoude, Van-Der, and Sijtsma (2004)
recommended that sub-factors are interpreted based on the items
loading on them (while sub-factors loading three or more items are
retained in a scale, factors loading less than three items are deleted from
a scale). Multidimensional Item Response Theory (MIRT) is an extension
of the unidimensional IRT model (Reckase, 2009). The extension of IRT
models to within-item models is called MIRT.

In this study, the Chemistry teachers’ effectiveness scale is a
Likert-type scale in which the items are polytomously scored. As a
result, the Multi-dimensional Graded Response Model (MGRM) was
employed for the study (Carlson, 1987). The multi-dimensional graded
response model generalises traditional polytomous IRT models and
considers item difficulty and discrimination. However, MGRM assumes
that selecting a response category requires several steps, and reaching
step k requires acceptance of k - 1.

Statistically, determining the dimension of a scale is very crucial
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and should be a rigorous procedure. In the IRT, two dimensions of a test
exist: unidimensional and multi-dimensional. Although, researchers
usually endeavour that each item in a test measures a single construct
at a time. In most cases, it is observed that virtually, all the item scores
derived from these measures fail to meet the strict goodness-of-fit
criteria of each measuring one trait required by the single-factor analysis
model (Garrido, Gonzalez, Seva, & Piera, 2019). In this cases, it is
predicted to fit multiple correlated factor analysis solutions to the data
and propose the resulting solutions (which fit the model most) as the
most appropriate structures for the measures under scrutiny (Ferrando
& Lorenzo-Seva, 2018a, 2018b; Furnham, 1990; Reise, Bonifay, &
Haviland, 2013; Reise, Cook, & Moore, 2015). However, most
instruments designed to measure a single construct yield data that is
compatible with a solution in which there is a strong, dominant factor
running through all the test items (Floyd & Widaman, 1995; Reise,
Bonifay & Haviland, 2013; Reise, Cook & Moore, 2015). So, when
dimensionality is being judged, the emphasis should not be (or not be)
on the goodness-of-fit and factor structure of the solution but rather on
the properties of the score estimates derived from this solution
(Ferrando & Lorenzo-Seva, 2018b, Ferrando & Navarro-Gonzalez,
2018). According to Garrido, Gonzalez, Seva, and Piera (2019), there are
consequences for adopting a wrong decision on the dimension of a
measuring instrument. For instance, if item scores are essentially
unidimensional but are treated as multi-dimensional, the main potential
consequences are: lack of clarity in the interpretation and unnecessary
theoretical complexities; weak; nonreplicable factors of little substantive
interest; and (as a consequence) weakened factor score estimates that do
not allow accurate individual measurements to be made. On the other
hand, treating multi-dimensional scores as unidimensional is expected
to lead to biased item parameter estimates, loss of information, and
factor estimates that cannot be univocally interpreted because they
reflect the impact of multiple sources of variance (Ferrando & Navarro-
Gonzalez, 2018; Reise, Bonifay & Haviland, 2013; & Reise, Cook &
Moore, 2015). Margono (2015) claims that most psychological tests and
scales are multi-dimensional measurements rather than unidimensional
in cognitive and affective measures.

Despite unidimensionality's importance, there is no accepted and
effective index for its set of items. Lord (1980) affirmed that such an
index is of great importance, while Hambleton, Swaminathan, Cook,
Eignor, and Gifford (1978) disagreed that assessing the assumption of
unidimensionality outweighs other goodness-of-fit tests under a latent
trait model. From the preceding, multiple methods have been suggested
in testing unidimensionality in developed countries. They are test
essential dimensionality (Nandakumar & stout, 1993; Stout, 1987),
Bootstrap modified parallel analysis test, full information item factor
analysis (Bock, Gibbons & Muraki, 1988), Exploratory Factor Analysis
(EFA) of tetrachoric correlations (Knol & Berger, 1991), confirmatory
factor analysis of tetrachoric correlations with robust weighted least
squares estimation (Muthen, 1993), non-linear factor analysis
(McDonald, 1967; 1962) and many others. Similarly, Hattie, Krakowski,
Rogers, and Swaminathan (1996) conducted a simulation study to
evaluate the dependability of Stout's unidimensionality index as used
in his DIMTEST procedure. The results showed that DIMTEST
dependably provides indications of unidimensionality, is reasonably
robust, and allows for practical distinction between and among many
dimensions.

Traditional factor analysis used in SPSS is mostly employed in
testing the unidimensionality of tests in Nigeria (Matibemu, Oguoma &
Essien, 2019). For instance, Ojerinde (2012) consented that the following
are the methods for estimating unidimensionality in a test: Eigenvalue
test, congruence test, Structural Equation Modelling (SEM) test, factor
analysis, Cronbach analysis test, Vector frequency test and
Confirmatory Factor Analysis (CFA), commonality test, part/whole
test, factor loading test, random baseline test, and biserial test. When
using the Cronbach alpha, the coefficient alpha (a) must be greater than
or equal to 0.70 (Ojerinde, 2013). Nevertheless, if a value greater than
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0.70 is obtained, the items in the test are unidimensional but multi-
dimensional if on the contrary. Ojerinde (2013) assessed the
unidimensionality of UTME mathematics pretest, which was
dichotomously scored using Eigenvalues analysis via scree plot and
Kuder-Richardson 20 formula. The author adjudged the test
unidimensional because the KR20 was higher than 0.7. At the same time,
the scree plot of the Eigenvalue showed that the first Eigenvalue was
larger compared to the second factor, and the Eigenvalue of the
remaining factors were all about the same.

Similarly, Ajeigbe and Afolabi (2014) assessed unidimensionality and
occurrence of Differential Item Functioning (DIF) in Mathematics and
English Language items of the Osun State Qualifying Examination
(OSQE) using secondary data. In the study, results showed that OSQE
Mathematics (-0.094 < r < 0.236) and English Language (-0.095 < r <
0.228) were unidimensional; there was occurrence of DIF items in both
Mathematics and English Language multiple-choice items of the OSQE
for 2008. The authors concluded that the examination contained many
items that exhibited DIF and, therefore, requires adequate item quality
improvement to justify its use as the inclusion or exclusion criterion of
state candidates in the West African Examination Council. Nevertheless,
Metibemu (2016) assessed the unidimensionality of a 100 item
Mathematics achievement test using EFA performed in Statistical
Packages for Social Sciences (SPSS). The first and the second
Eigenvalues of the components were extracted using factor analysis in
the study. The study also concluded that the test was unidimensional
and satisfied the unidimensionality assumption of the IRT as the ratio
of the first Eigenvalue to the second Eigenvalue was greater than one.
More so, Awopeju and Afolabi (2016) pronounced the 2008 NECO
Mathematics multiple-choice test unidimensional. This was because the
ratio of the first to the second Eigenvalues of the tests extracted using
factor analysis of SPSS version 20 was 3 to 1. None of the studies
reviewed in the current study assessed the dimensionality of Chemistry
teachers’ effectiveness scale in secondary schools in Osun state, Nigeria.
Assessing the dimensionality of a test or scale involves rigorous
statistical procedure and expertise.

It has become a norm among most test developers to adjudge the
items in a unidimensional test without carrying out a more rigorous and
statistical analysis. Almost entirely, all the item scores obtained from
unidimensionality measures are proven inadequate to meet the strict
goodness-of-fit benchmark and factor structure of an individual item
measuring a single construct. Notwithstanding, in assessing the
dimensionality of a scale, emphasis should not or be on the goodness-
of-fit and factor structure. Pronouncing a test unidimensional entails
that it must strongly satisfy the unidimensionality assumption of the
IRT; if violated, then multidimensionality is suspected. However,
different IRT models have evolved and been used to test data but are
usually adjudged unidimensional among most psychometricians. It is
consequential if and when item scores are necessarily unidimensional
but are considered multi-dimensional. In a real sense, one would ask if
all the items in a test are measuring a single construct at a time. The
answer may be no. If that is the case, then it can be assumed that some
procedural errors may be accounted for in the statistical analysis
method used in measuring such tests or scales. Literature has proven
that the most correct statistical analysis must be concluded to determine
tests” dimensionality. This study, therefore, questions the place of the
multi-dimensional counterpart of the unidimensionality of test items.

II. OBJECTIVES OF THE STUDY

The study assess the dimensionality of CTES in secondary schools in
Osun State, Nigeria. This was to adjudge the scale’s dimensionality in
the study area. Specifically, the objectives of the study were to:

1. determine the extent to which CTES satisfies the unidimensionality
assumption of the IRT model; and

2. determine the extent to which the observed unidimensionality of
CTES was confirmed when the scalability of the individual items and
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the overall scale were assessed.
The following research questions were raised from the above-

stated objectives.

1. To what extent does CTES satisfy the unidimensionality
assumption of the IRT?

2. To what extent is the observed unidimensionality of CTES
confirmed when the scalability of the individual items and the overall
scale were assessed?

III. METHODS

The study adopted the survey research design. The population for
the study consisted of all Chemistry teachers in all the federal-, State-,
and privately owned secondary schools in Osun and Oyo States,
Nigeria. The sample for the study comprised 35 Chemistry teachers who
were rated by their Heads of Departments and Chemistry students.
Multistage sampling technique was used to select the sample in two
phases: validation (carried out in Oyo State) and pilot testing (done in
Osun State). In phase one, a sample for establishing the face and content
validity of the items of CTES was established in Oyo State. Here, four
experts reviewed an initial 206 items of CTES. At this point, while 88
items were found not to reflect the true purpose of the scale, 22 items
were double-barrelled (totalling 110 items). These 110 items were
deleted, leaving the initial scale with 96 items. In phase two, a purposive
sampling technique was employed in the selection of all the Chemistry
teachers in the three Federal Government Colleges (totalling 13
Chemistry teachers), state-owned secondary schools (rounding up
seven), and privately-owned secondary schools (summing up three) in
Osun State. This implies that the total sample used in phase two was 23
Chemistry teachers. In phase two, pilot testing was carried out on the 23
Chemistry teachers. Also, the data collected in phase two was subjected
to Exploratory Factor Analysis (EFA) to select items. At this stage, thirty-
four items that did not meet one of the criteria of factor loadings of 0.5
and above were eliminated. Therefore, 96 items of the CTES were
reduced to 62. The scale's reliability was determined with Cronbach
Alpha and returned a high-reliability coefficient of r = 0.93. This value
indicates that CTES has a good reliability coefficient. The research
instrument used for data collection was self-developed and titled
"Chemistry Teachers Effectiveness Scale (CTES)." Items of the CTES
were rated on a four-point Likert-type scale described under 1 = very
poor, 2 = poor, 3 = moderate, and 4 = good. The 62-item CTES was
subjected to robust statistical Mokken Scaling Analysis, a non-
parametric IRT model.

IV. RESULTS AND DISCUSSION

Research Question One: To what extent does CTES satisfy the
unidimensionality assumption of the IRT model? To answer this
research question, the responses of Osun State Chemistry teachers to the
CTES were subjected to MSA. The analysis assesses the measurability of
a scale. To assess the scalability of the scale, three measures were used.
They are: Loevinger's scalability coefficients for item-pair (Hij),
Loevinger's scalability coefficients for the item (Hi), and Loevinger's
coefficients for scale (Hs). The MSA of the data was conducted with the
Mokken package. First, the possibility of all the items on the scale
measuring a single construct was assessed. The items on a scale measure
a single construct when the item's scalability coefficient of each pair (Hij)
is positive. If unidimensionality is not tenable by the scale, the number
of dimensions underlying the scale and the scalability of each dimension
or construct are evaluated. The rules of thumb for adjudging the
scalability of the scale are as follows: a scale is weak if 0.3 < H < 04,
moderate if 0.4 < H < 0.5, and strong if H > 0.5 (Lee, Fu, Liu & Hung,
2017). The result is presented in Table 1.

Table 1 shows the assessment of the unidimensionality of CTES. The
Table showed that the scalability coefficient of each pair (Hij) of the
items on the scale returned a positive value. The result showed that the
Chemistry teachers’ effectiveness scale measured only one construct. To
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confirm the observed unidimensionality of the CTES, the scalability of
the individual items and the overall scale were assessed. The result is
presented in Table 2.

Research Question Two: To what extent is the observed
unidimensionality of CTES confirmed when the scalability of the
individual items and the overall scale were assessed?

Table 2 shows the ability of the 62-item CTES to form a single-factor
scale. The Table showed that all the items of CTES have scalability
coefficients within the 0.20 and 0.39 range. This shows that the items
were weak measures of a single-factor CTES. Similarly, the overall
scalability coefficients of the CTES (H = 0.31) were below the 0.40
minimum benchmark (Lee, Fu, Liu & Hung, 2017) for considering a
scale a moderate measure of the constructs it is designed to measure.
The results suggest that the single factor CTES is a “weak” measure of
Chemistry teachers’ effectiveness.

In research question one, it was found that the 62 items of CTES
seemed to be unidimensional. The items looked like they were
measuring the same trait as all the scalability coefficients of each pair
(Hij) of the items on the scale gave back a positive value. This is in line
with Garrido, Gonzalez, Seva, and Piera (2019), who posited that there
are consequences for adopting a wrong decision on the dimension of a
measuring instrument. As a result, items on the scale were subjected to
further statistical analysis.

More so, findings in research question two showed the scalability of
the individual items and the overall scale. Again, it showed that the 62
items of the CTES were weak measures of the scale, as all the items were
less than 0.4. This finding of the study conforms with Lee, Fu, Liu, and
Hung (2017) that the rules of thumb for judging the scalability of a scale
are as follows: a scale is weak if 0.3 < H < 0.4, moderate if 0.4 <H < 0.5,
and strong if H > 0.5. Hence, the overall scalability coefficient of the
CTES was below the recommended value of 0.40 for labeling a scale
moderate measure of the traits it purported to measure. This implies
that items of CTES are multi-dimensional and not unidimensional.

V.CONCLUSION AND RECOMMANDATIONS

Based on the findings of the study, it was concluded that items of
the CTES violated the unidimensionality assumption of the IRT model
as each of the validated 62 items of CTES were weak measures of the
scale and were less than the acceptable benchmark for adjudging a scale
unidimensional. Therefore, items of CTES are adjudged multi-
dimensional. However, six scalable factors underlie CTES.

Hence, it was recommended in the study that researchers and
psychometricians who are interested in the area of scale development
should assess first the dimensionality of the instrument under
investigation, and extra care should be taken in labeling a scale
unidimensional as a unidimensional instrument may fit a multi-
dimensional scale after confirmatory analysis. The researcher
acknowledges the research Assistants who made themselves available
during the data collection period of the study. Also, the researcher’s
sincere appreciation goes to all the secondary school Chemistry
teachers, their students, and the supervisors who made up the study's
participants. Lastly, the researcher appreciates all the Principals and
Vice Principals of these secondary schools for granting her consent to
conduct the study.
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Table 1: Item-Pair Scalability Coefficient

Item Hij Item Hij Item Hij Item Hij

1 1.00 16 0.31 31 0.33 46 0.27
2 0.65 17 0.36 32 0.36 47 0.21
3 0.54 18 0.29 33 0.36 48 0.27
4 0.41 19 0.48 34 0.32 49 0.29
5 0.41 20 0.27 35 0.20 50 0.27
6 0.41 21 0.34 36 0.24 51 0.23
7 0.43 22 0.20 37 0.21 52 0.23
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8 0.39 23 0.22 38 0.27 53 0.21
9 0.41 24 0.29 39 0.26 54 0.24
10 0.34 25 0.39 40 0.33 55 0.18
11 0.35 26 0.27 41 0.25 56 0.18
12 0.33 27 0.34 42 0.18 57 0.14
13 0.36 28 0.36 43 0.28 58 0.21
14 0.32 29 0.38 44 0.28 59 0.23
15 0.34 30 0.37 45 0.36 60 0.14

61 0.14

62 0.20

Table 2: Scalability of the Chemistry Teachers’ Effectiveness Scale’s Items and
the Entire Scale (Source: Author’s Analysis, n.d.)

Item H Item H

1 0.31 IT32 0.39
2 0.33  IT33 0.37
3 0.33 IT34 0.35
4 0.27  IT35 0.31
5 0.28 IT36 0.29
6 0.28 IT37 0.31
7 0.35 IT38 0.33
8 0.30 IT39 0.31
9 0.36  1T40 0.30
10 0.31 IT41 0.28
11 0.32 IT42 0.28
12 0.34 IT43 0.29
13 031 IT44 0.33
14 0.31 IT45 0.32
15 0.30 IT46 0.31
16 0.28 IT47 0.25
17 0.36  1T48 0.33
18 0.33  IT49 0.34
19 0.34 IT50 0.34
20 0.28 IT51 0.31
21 0.32  IT52 0.29
22 0.25 IT53 0.31
23 0.22 IT54 0.26
24 0.33  IT55 0.26
25 0.36  IT56 0.20
26 0.33  IT57 0.20
27 0.31 IT58 0.25
28 0.35  IT59 0.28
29 0.33  IT60 0.25
30 0.35 IT61 0.21
31 0.36  1T62 0.23
Overall scale 0.31
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