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Abstract

The evaluation of the learners’ learning outcomes is basically a product of quality assessment instruments. The assessment instruments in Technical and Vocational Education (TVE) in Nigeria are hitherto standardized using Classical Test Theory (CTT) which is void of consideration of the latent traits. This study therefore ventured into finding the main and interaction effects of Classical Test Theory and Item Response Theory (treatment), gender, school location and school type on students’ achievement in TVE. The study made use of eight (8) schools for both experimental and control groups thereby utilising 2*2*2 factorial design with ANCOVA as the statistical tool. Intact classes were used comprising 1000 participants that is, 500 participants in CTT and IRT respectively.  This study revealed that the quality of CTT assessment instruments can be improved upon using the modern test theory (Item Response Theory or Latent Traits Theory).
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INTRODUCTION

An equitable assessment instrument in education ensures that candidates are “fairly” assessed and that candidates of the same ability receive same results, hence a common certificate. The Assessment Reforms Group (2002) defined assessment as the process of seeking and interpreting evidence for use by learners and their teachers to decide where learners are in the learning. Assessment can focus on the individual learner, the learning community, the institution or the educational system as a whole. Wikipedia (2010) states that “studies of a theoretical or empirical nature addressing the assessment of learners’ aptitude and preparation motivation and learning styles, learning outcomes in achievement and satisfaction in different educational context all linger to assessments”.  Assessment instrument is the process of documenting, usually in measurable terms, knowledge, skills, attitude and believes.
 UNESCO & ILO (2002) described TVET to include the acquisition of practical skills, attitudes, understanding and knowledge relating to occupations in various sectors of the economic and social life. The Nigerian National Policy on Education, N.P.E. (2004) had classified TVET into eleven trade clusters. These clusters embraced all aspects of human and industrial activities as follows: Mechanical trades, computer craft practices, electrical engineering trade, building trades, business trades, agricultural trades, leather goods and manufacture.
Furthermore, the current TVET programmes being offered at the secondary education level in the country have hastened the diffusion of newer technologies such as mobile phones, computers and internet among the youth. This situation has facilitated ready manpower for the maintenance and serving of various new technologies devices that are being imported to the country. Hence, TVET institutions are expected to have quality instrument in their assessment process of such programmes and meet international standards. In this regards, NABTEB whose primary function is assessment and certification of skills acquired by technical and vocational students/trainees does not handle the issue of quality assessment instrument with levity and ineptitude. It is on this premise that the researcher embark on improving Assessment Instrument in TVET Institutions through the Application of IRT. Prior to the emergence of the new theory in testing, NABTEB like other examining bodies in Africa is used to Classical Test Theory (CTT) which is a body of related psychometric properties that predict outcome of psychological testing. Generally speaking, the aim of CTT is to understand and improve the reliability of psychological tests.
Classical test theory (CTT) may be regarded as roughly synonymous with true score theory. The term” classical” refers not only to the chronology of these models but also contrasts with the more recent psychometric theories. It assumes that each person has a true score that would be obtained if there were no errors in measurement. A person’s true score is defined as the expected number of correct score over an infinite number of independence administrations of the test (Wikipedia, 2011). However, CTT has the following shortcomings:
· It is sample dependent;

· It has parallel test form issues that is:
· Comparing examinee scores and
· Reliability.

· It lacks predictability; and 
· “Error” is the same for everybody.
These weaknesses of CTT gave rise to the emergence of Item Response Theory (IRT) also known as latent trait theory, strong true score theory or modern mental test theory, which is a paradigm for the design, analysis and scoring of test, questionnaires and similar instruments measuring abilities, attitudes or other variables. IRT is a family of mathematical models that describe the interaction between examinees and test items. Because it is generally regarded as superior to classical test theory (CTT), it is the preferred method for the development of high stakes tests (Wikipedia, 2011).
IRT attempts to model the relationship between an unobservable variable referred to as the examinee correctly responding to any particular test item (Lord, 1986). It is a proven assessment approach that can help assessors to identify good or bad items, create better tests and give better estimates of students’ abilities.
The main idea of item response theory is that of the item response model that is, a mathematical function describing the probability of specified responses to an item, given some level of quantitative attributes of the respondent.  This is explained by Item Characteristic Curve (ICC) which scales items and people onto a common metric, helps in standard setting, serves as foundation of equating and makes meaning in terms of student ability.
ICC is illustrated by a line in a Cartesian system called Ogive which is defined by a logistic function shown below:
                      exp(θj – bi) 
Pij(1)|θ,b   =  __________

                     1+exp(θj – bi)
Where

b is the item parameter, and

θ is the person parameter

The equation represents the probability of responding correctly to item i given the ability of person j while figure 1 below represents ICC which shows the behavior of a good item:

            Figure 1: Item Characteristic Curve (ICC)[image: image9.emf]0
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Various models of IRT have been developed by different psychometric scholars. These include one-parameter model (Rasch’s Model), two-parameter model, three-parameter model and four-parameter model which is the most recent among them all. IRT is advantageous over CTT that 
· Due to the stochastic nature of IRT there are many statistical principles we can be of numerous advantage to test developers and administrators;
· A test is a sum of its parts;
· Examinee performance can be predicted in terms of the underlying trait;
· Provides a means for estimating scores for people and characteristics of items; and
· Common framework for describing people and items. 
Statement of Problem
Recent researchers in psychometrics have advanced from test computation based on classical test theory (CTT) to computing the parameters of a test using assumptions of item response theory (IRT) due to the inherent errors in measurement from the (CTT). Umoinyang, Asim, Akwa and Bassey,(2004) asserts that such errors may add to or take from true abilities of those assessed. Also, Rust & Golombok (2000) referred to these errors as sabotage in personality assessment which can be either deliberate or unconscious. There is a public outcry about the poor performance of candidates in public examinations and this can be attributed to the continued neglect of practitioners and examination bodies to apply IRT while constructing test items. This neglect is attributed to the burden of incompetence in this area by practitioners & examination bodies.

Research Questions
This study is guided by the following research questions:
1. How does NABTEB Electrical Installation and Maintenance Works Assessment Instrument respond to the assumptions of Item Response Theory?
2. What are the main and interaction effects of CCT & IRT on academic achievement of candidates in NABTEB Electrical Installation and Maintenance Works Assessment Instrument?
Methodology

The study adopted pre-test - post-test design to elicit information on the issue of IRT. The design for the study was based on 2x2x2 factorial. All year II students of NABTEB centers constitute the population for this study. 1000 participants were randomly sampled from eight Technical and Vocational Colleges in three geo-political zones in the southern part of the country. In terms of school type, 590 participants were from public schools while the remaining 410 were from private schools. Similarly, in terms of school location, 700 and 300 participants were selected from urban and rural areas respectively. The data was collected with the use of forty multiple choice items (with four options A to D) on Electrical Installation. This 40-item instrument was randomly selected from the NABTEB past questions. 

Prior to the implementation of the treatment (Item Response Theory), the covariate was measured to adjust for all extraneous variables to the study. After the pre test scores, the 40-item instrument was subjected to the assumptions of IRT – uni-dimensionality, local independence by means of factor analysis technique. Since this study undergone 3- parameter model of the IRT, the 40 items was further subjected to Item Response Function (IRF) to take care of the three assumptions of the model that is, difficulty index, discrimination index and pseudo-guessing. After calculating the IRF for each item, it was discovered that 20 of the items were good for IRT assumptions while the remaining 20 items became CTT items. The 20 IRT items and 20 CTT items were administered to the participants for this study as IRT group (500) and CTT group (500) respectively. The IRT group served as the treatment group while the CTT group became the control group.

Results and Discussion
Research Question 1: How does NABTEB Electrical Installation and Maintenance Works Assessment Instrument respond to the assumptions of Item Response Theory?

Subjecting the data collected from the pre-test to the three major assumptions of IRT, our analysis revealed that a number of items (20) administered on the students are of good behavior while the rest are not. Table 1 illustrates the item parameters for the Electrical Installation and Maintenance Works Instrument used for this study while Figures 2 – 9 below show the Item Characteristic Curves for the forty items.
Table 1: The Item Parameters of the Instrument 
	Item Number
	Facility Level  (a)
	Discrimination Index (b)
	Pseudo-guessing Vulnerability ( c )

	1
	.462
	.337349
	.25

	2
	.776
	.289157
	.25

	3
	.232
	.331325
	.25

	4
	.222
	.054217
	.25

	5
	.568
	.337349
	.25

	6
	.524
	.578313
	.25

	7
	.756
	.433735
	.25

	8
	.38
	.216867
	.25

	9
	.5
	.445783
	.25

	10
	.346
	.427711
	.25

	11
	.192
	.325301
	.25

	12
	.252
	.39759
	.25

	13
	.426
	.620482
	.25

	14
	.15
	.042169
	.25

	15
	.176
	.090361
	.25

	16
	.748
	.222892
	.25

	17
	.56
	.361446
	.25

	18
	.19
	-.16265
	.25

	19
	.53
	-.03614
	.25

	20
	.264
	-.1988
	.25

	21
	.056
	-.03012
	.25

	22
	.79
	.337349
	.25

	23
	.662
	.090361
	.25

	24
	.104
	.048193
	.25

	25
	.55
	.427711
	.25

	Item Number
	Facility Level  (a)
	Discrimination Index (b)
	Pseudo-guessing Vulnerability ( c )

	26
	.216
	.343373
	.25

	27
	.226
	.210843
	.25

	28
	.208
	-.12651
	.25

	29
	.194
	.006024
	.25

	30
	.382
	.210843
	.25

	31
	.25
	-.24699
	.25

	32
	.17
	-.18072
	.25

	33
	.438
	.228916
	.25

	34
	.282
	-.01205
	.25

	35
	.262
	.246988
	.25

	36
	.324
	.186747
	.25

	37
	.326
	.307229
	.25

	38
	.14
	0.096386
	.25

	39
	.392
	.584337
	.25

	40
	.384
	.204819
	.25


Figure 2: ICC for Items 1-5
P(θ)
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Figure 3: ICC for Items 6-10
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Figure 4: ICC for Items 11-15
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Figure 5: ICC for Items 16-20
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Figure 6: ICC for Items 21-25
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Figure 7: ICC for Items 26-30
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Figure 8: ICC for Items 31-35
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Figure 9: ICC for Items 36-40
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Table 2: Result of Communalities of factor analysis on Electrical Installation and Maintenance Works Instrument for uni-dimensionality
	

	
	Initial
	Extraction

	QI
	1.000
	.743

	Q2
	1.000
	.746

	Q3
	1.000
	.771

	Q5
	1.000
	.766

	Q9
	1.000
	.794

	Q10
	1.000
	.768

	Q13
	1.000
	.798

	Q16
	1.000
	.844

	Q17
	1.000
	.799

	Q22
	1.000
	.744

	Q6
	1.000
	.707

	Q7
	1.000
	.753

	Q15
	1.000
	.674

	Q25
	1.000
	.814

	Q26
	1.000
	.738

	Q27
	1.000
	.788

	Q30
	1.000
	.884

	Q33
	1.000
	.776

	Q35
	1.000
	.828

	Q39
	1.000
	.645

	Extraction Method: Principal Component Analysis.


Table 3: Result of Factor analysis for uni-dimensionality of Electrical Installation and Maintenance Works Assessment Instrument (Varimax Rotation with Kaiser Normalisation)
	Total Variance Explained

	Component
	Initial Eigenvalues
	Extraction Sums of Squared Loadings
	Rotation Sums of Squared Loadings

	
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %

	1
	3.142
	15.711
	15.711
	3.142
	15.711
	15.711
	2.128
	10.642
	10.642

	2
	2.632
	13.162
	28.873
	2.632
	13.162
	28.873
	1.831
	9.156
	19.799

	3
	1.907
	9.535
	38.408
	1.907
	9.535
	38.408
	1.725
	8.627
	28.425

	4
	1.567
	7.837
	46.245
	1.567
	7.837
	46.245
	1.717
	8.586
	37.012

	5
	1.454
	7.272
	53.517
	1.454
	7.272
	53.517
	1.649
	8.245
	45.257

	6
	1.282
	6.410
	59.926
	1.282
	6.410
	59.926
	1.629
	8.147
	53.403

	7
	1.221
	6.105
	66.031
	1.221
	6.105
	66.031
	1.623
	8.117
	61.521

	8
	1.154
	5.772
	71.803
	1.154
	5.772
	71.803
	1.568
	7.839
	69.360

	9
	1.020
	5.098
	76.901
	1.020
	5.098
	76.901
	1.508
	7.542
	76.901

	10
	.735
	3.673
	80.575
	
	
	
	
	
	

	11
	.721
	3.604
	84.179
	
	
	
	
	
	

	12
	.586
	2.928
	87.107
	
	
	
	
	
	

	13
	.493
	2.465
	89.572
	
	
	
	
	
	

	14
	.468
	2.339
	91.911
	
	
	
	
	
	

	15
	.394
	1.972
	93.883
	
	
	
	
	
	

	16
	.356
	1.782
	95.665
	
	
	
	
	
	

	17
	.300
	1.501
	97.166
	
	
	
	
	
	

	18
	.278
	1.388
	98.554
	
	
	
	
	
	

	19
	.171
	.855
	99.409
	
	
	
	
	
	

	20
	.118
	.591
	100.000
	
	
	
	
	
	

	Extraction Method: Principal Component Analysis.


Table 2 and 3 show the summary result of uni-dimensionality of the Electrical Installation and Maintenance Works assessment instrument used for this study. Principal component technique of factor analysis was employed on the forty items of the Electrical Installation. A varimax rotation with Kaiser Normalisation was performed on all the factors and iterated to a satisfactory solution and convergence. The above table show the 20 major components used for the IRT group in this study. Each of the components was assigned an Eigen value. The first component has the highest eigen value of 3.142. This implies that the first component measures about 4% of the ability trait required by the Electrical Installation and Maintenance Works items. The other components have eigen values in magnitude of their measurement. 
Research Question 2 
What is the main effect of CCT & IRT on academic achievement of candidates in NABTEB Electrical Installation and Maintenance Works instrument?
Table 4: Between-Subjects Factors

	 
	Value Label
	N

	Treatment
	1
	CTT Group
	500

	 
	2
	IRT Group
	500

	school type
	         1
	public school
	770

	 
	2
	                   private school
	230

	school location
	1
	urban
	629

	 
	2
	rural
	371


Table 5: ANCOVA: Effect of non-experimental treatment and school location on students achievement in Electrical Installation and Maintenance Works instrument
	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Corrected Model
	15896.464(a)
	5
	3179.293
	1046.707
	.000
	.840

	Intercept
	3503.361
	1
	3503.361
	1153.398
	.000
	.537

	Pre test
	85.047
	1
	85.047
	28.000
	.000
	.027

	School type
	.702
	1
	.702
	.231
	.631
	.000

	School location
	3.560
	1
	3.560
	1.172
	.279
	.001

	Treatment
	242.712
	1
	242.712
	79.907
	.000
	.074

	School type * school location
	.000
	0
	.
	.
	.
	.000

	School type * treatment
	.000
	0
	.
	.
	.
	.000

	School location * treatment
	1.739
	1
	1.739
	.572
	.449
	.001

	School type * school location * treatment
	.000
	0
	.
	.
	.
	.000

	Error
	3019.200
	994
	3.037
	
	
	

	Total
	85436.000
	1000
	
	
	
	

	Corrected Total
	18915.664
	999
	
	
	
	


Table 5 indicates the summary results. Having considered the adjustment of the covariate, the Electrical Installation and Maintenance Works pretest scores, the F(1, 994) indicating the main effect of treatment on students’ academic achievement  in Electrical Installation and Maintenance Works is 79.907; P<0.05. From this result, therefore, there is significant main effect of treatment on students’ academic achievement in Electrical Installation and Maintenance Works Instrument. The partial eta squared estimated was 0.74. This shows that treatment accounted for 74% of the variance observed in scores in Electrical Installation.  Adjusted mean achievement score suggest that IRT group has the higher mean (11.873) than CTT group (9.593). (See table 6 for details)
Table 6: Estimated marginal means
	 Treatment
	Mean
	Std Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	CTT Group
	9.593(a,b)
	.092
	9.413
	9.774

	IRT Group
	11.873(a,b)
	.619
	10.659
	13.087


a  Covariates appearing in the model are evaluated at the following values: pre test  = 13.65.

b  Based on modified population marginal mean.

Discussion: 
Referring to research question one, the idea behind IRT’s uni-dimensional assumption refers to the objectivity and validity of an instrument designed with a view to measure a single trait. This implies that all items in a measurement instrument must be developed to measure a single trait. In other words, this is to say that test and test scores seem to be most meaningful when all the test items depend only on a single trait. This assumption could be studied and tested through factor analytic study (Ojerinde, Popola, Ojo & Onyeneho, 2012). 
Similarly, the assumption of local independence states that the probability of an examinee answering a test item correctly should not be affected by his or her performance on any other item in the test. This implies that no systematic source of variation other than the trait under measurement should influence responses to the test items. In testing for appropriateness of this assumption, factor analysis technique was used for this study. Ojerinde and et al 2012 assert that factor analysis technique and tetra-choric correlation between items with exactly the same ability can be used to test for the appropriateness of local independence.
In research question2, there is significant main effect of treatment on academic achievement of students in Electrical Installation and Maintenance Works instrument. The implication of this is that IRT as a new theory provides for every individual to achieve at his or her latent ability in getting an item correctly. It could be deduced from the table 5 above that none of the moderator variables in this study had any significant interaction effect on the students’ academic achievement. 
Recommendations
Based on the findings from this study, the following recommendations are made for ensuring quality assessment instruments: 
i. Efforts should be made to subject all items generated to pilot testing and pre-test

ii. In the course of marking the responses of the test-takers, the keys or marking guide should be      

             well studied and be sure that correct options are chosen.

iii. There is need for all examining bodies to shift from the old classical theory to the application of item response theory in the assessment system in Africa like other continents of the world.                  
Conclusion
This study has shown the main and interaction effect of IRT over CTT in the instruments used for assessing the learners’ achievement in TVET programme. Although the use of IRT requires the ability to apply mathematical and computational skill accurately, it’s relevance to the assessment process cannot be over emphasized as the behavior of an item is graphically illustrated to ascertain the fitness of such an item in testing the ability of the test takers. The study has therefore helped to sieve out the items that can be modified or totally thrown away in the pool of items generated for future assessment of vocational candidates.
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