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Item Quality and Gender-Based Differential Functioning in A Geometry Diagnostic Test for Middle Basic Pupils in Plateau State, Nigeria


ABSTRACT
This paper established The Item Quality and Gender-Based Differential Functioning of Geometry Diagnostic Test for Middle Basic Education Pupils in Plateau State, Nigeria. Currently there are no developed existing diagnostic tests available that Middle Basic Education teachers can use to find out the root causes of pupils learning misconception in geometry in Plateau State. Hence, the need to develop one for them that is qualitative and free of bias that is gender-based. To achieve these, the study sought to establish the item indices, item fit, test information function and differential item functioning using both the Classical test theory and the item response theory approaches. The study utilized instrumentation and survey research designs. The population was 3, 618 Middle Basic Education 5 pupils from Plateau Central Senatorial Zone. From this population a sample of 1445 pupils were drawn using clustered sampling method. The Probability Proportionate Sampling (PPS) method was used to sample 24 schools for the study. The instrument was a 50- Items Multiple Choice Geometry Diagnostic Test for Middle Basic Education Five Pupils (MCGDTMBEFP) developed by the researcher.  The validity of the instrument was estimated through experts’ judgment, test blue prints, data model fit and differential item functioning while reliability was estimated using test information function. The study was guided by two research questions and one hypothesis. Data analyses were done using the Xcaliber software that employed the use of 3PLM for item indices, Chi-square goodness of fit, z-test and the Maximum Likelihood Estimate. The findings reveal that 64% of the items are within the acceptable difficulty level of 0.30-0.50 (moderately difficult), 74% items discriminated well because they have index value of 0.31 and above and 98% of the items are good because they have guessing index value of 0.25 and below. The chi- square goodness of fit statistics employed for analysis revealed that 100% of the diagnostic items fit the 3PLM. The test information function equalled 3.278 obtained through the use of the maximum likelihood estimate statistics indicated a high reliability of between 0.75 and 0.91. Findings also revealed that 0% or non of the items flagged off differential item functioning based on gender. It is concluded that a middle basic education diagnostic test that is of quality and fair to pupils that is gender-based has been developed to improve assessment practices and recommended among others that the Middle Basic Education mathematics teachers can make use of the instrument in identifying students with geometry learning misconceptions and hence help in organizing remedial teaching.
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INTRODUCTION 
[bookmark: _Hlk198823843]Over the years the performance of Plateau State students in mathematics has been poor as revealed by results from Basic Education Certificate Examination (BECE) from the educational resource Centre, Plateau State. Similar reports have been presented by WAEC Chief examiners from 2017 to 2023, with a worse performance from the content areas of geometry. Most often, students who fail these examinations are asked to rewrite.  This is the practice with achievement test or examinations where the root courses of the student’s failure are not identified. There is a need for a shift from this practice through the use of diagnostic tests which seeks to find out the strength and weakness of pupils in a content area and help in guiding teachers to organize remedial instruction for those who are weak so that, they will be able to catchup with their peers.

[bookmark: _Hlk198823703][bookmark: _Hlk198823744]The failure rate of pupils in mathematics BECE or WAEC and other forms of examination in mathematics would have reduced to the barest minimum if teachers of Middle Basic Education could develop and calibrate diagnostic test at this level. This is because these instruments would have helped in identifying the pupils with learning difficulties and remedial instruction meted to them before they transit to upper basic education level. Even where such instruments are developed by classroom teachers, they often lack quality (Wanlor, Wakjissa & Mustapha, 2025). A test is said to have quality if it is valid (item fit), reliable (test information function) and fair (differential item functioning) to all testee (Berezner and Adams, 2017). There are instances where some of the items might be bias against some particular group of pupils as a result of the group they belong and not based on their differences in ability (Eleje et al., 2017). When this occurs, such items are said to function differentially or exhibit Differential Item Functioning (DIF). DIF might occur based on demographic characteristics such as gender, school type, school location, socio-economic status, and race among others. DIF constitute sources of invalidity and unreliability of tests and hence they must be checked and removed from the instrument.  

This study is focused on providing Middle Basic Education Five (MBE 5) school teachers and pupils with a valid and reliable diagnostic test that is free of bias for pupils based on their gender. A diagnostic test unlike an achievement test focuses on a narrow content area pupils found to be difficult so that such misconceptions causing the difficulty can be remedied (Shim, Mohammad, Shakawi & Azizan, 2017). To achieve this, the researcher used the 9-year Middle Basic Education Mathematics Curriculum Guide for Primary 4 – 6 and extracted the geometry contents and behavioural objectives for the development of the tests blue prints based on the Revised Blooms Taxonomy of Educational Objectives. Fifty multiple choice items of diagnostic values were constructed and calibrated using the 3 Parameter Logistic Model (3PLM) of Item Response Theory.

[bookmark: _Hlk198823643]Middle Basic Education in Nigeria is a Three-year education programme that children receive immediately after Lower Basic Education. Its goal is to provide pupils with diverse basic knowledge, understanding and skills that will help them with tools needed for future learning and everyday life (Federal Republic of Nigeria [FRN], 2013). It is aimed at developing basic skills and fostering problem- solving skills among others. Developing basic skills in Middle Basic Education   pupils requires that they become conversant with shapes and position of objects. Similarly, problems solving demands that the Middle Basic Education pupils should be creative in the production and use of mathematics aids which are made possible through the use of geometry. 

[bookmark: _Hlk198823556]Geometry often referred to as the study of shapes or forms, helps in the understanding of Science Technology, Engineering and Mathematics (Ubi, Odiong, & Igiri, 2018). Its application is also wide in the social and political sciences, structures and sports.  It helps Pupils in their adult life as professionals in different fields such as surveyors, architects and engineers. It is also useful to artisans like tailors, carpenters and masons. Thus, Geometry has helped in structural as well as infrastructural development of all nations of the world (Hodanova & Nocar, 2016, Fabiyi, 2017). Hence, the need for teachers and researchers alike to develop instruments to measure pupils understanding in it and engage pupils in remedial instruction like in diagnostic assessment or test.

A diagnostic test is an assessment designed to identify pupils’ strengths and weaknesses in specific subject areas or skills before instruction begins (Barton, 2018). Unlike achievement test  that measure overall performance of pupils in a content or subject. A diagnostic test aims to pinpoint gaps in knowledge, misconceptions, or areas needing improvement (Bordia,2022). Teachers use it to tailor their instructional strategies, develop personalized learning plans and provide targeted support to help pupils succeed (  Shim, Mohammad, Shakawi and Azizan, 2017). Result obtained from tests are sometimes not valid, reliable or bias against some certain group of pupils and hence invalidate the decisions made from them (Mawak, Mustapha and Wakjissa, 2019).

An item is said to be of good quality when it valid, reliable, fair and its item parameters such as item discrimation (a), item difficulty (b) and pseudo guessing(c) are established through the application of test theories. An item is considered invalid when it does not measure what it is supposed to measure and unreliable when it loses consistency if administered after some period of time to the same group of testees. Similarly, it is considered biased or demonstrating Differential Item Functioning (DIF) when examinees with equal ability achieve different scores not due to their ability differences but due to group membership such as gender (male or female). Whenever an item favours male or female because of their gender, it is called gender differential item functioning. The goal of the test developer is to ensure that no group gains unfair advantage over the other as a result of gender because that can jeopardize with the validity of the test. An item is said to flag off DIF when the Item Characteristic Curve of an item in terms of difficulty threshold for two different group of testees are not the same while on the other hand if the curves are the same or close to being the same then the item does not flag of DIF (Zumbo, 1999) Some methods of detecting DIF include the 3PLM, Mantel- Haenszel Method (M-H), Standardization Method and the IRT-Likelihood Ratio Test Method (IRT-LR) among others. The IRT-LR is preferred in this study for its numerous advantages over other methods among which are its ability to use very large sample sizes and the null hypothesis which seeks no difference between focal and reference groups. The 3 PLM is preferred because it gives better estimate of item parameters than the CTT methods (Alordiah, 2015).

[bookmark: _Hlk204438352]Any qualitative diagnostic test must be calibrated to ensure that items that have poor a, b and or c indices are removed from the instrument. Item discrimination refers to a situation where an item can differentiate among pupils of high and low ability groups. The “a” parameter is the index of discrimination of the item where a larger value indicates that the item is more strongly differentiating testees.  Items with a≥200 are considered excellent for diagnostic tests (American Educational Research Association, 2014). Item difficulty or the b parameter refers to the percentage of testees who answered the item correctly. For diagnostic tests, items of moderate difficulty are preferred over low or high difficulty items. Such items parameters range from  – 0.5 and + 0.5(De Ayala, 2022) while the most ideal item is the one where b= 0.00 (Adams & Wu, 1997).  while pseudo-guessing refers to a situation where testees from lower ability group can guess and answer an item correctly. In the selection of items for a diagnostic test, items with lower guessing parameters are preferred. In diagnostic tests, model c values range from 0.00 to 0.20 for a five optioned test or 0.25 for a four optioned test although c values up to 0.3.0 can be accepted with some moderation (de Ayala, 2022; American Educational Research Association, 2014)


[bookmark: _Hlk198819651][bookmark: _Hlk198823476][bookmark: _Hlk198823444]Result of empirical studies by Chamundeswari (2014) and the American Educational Research Association (2020). found the validity index of the instrument they developed was valid (item fit) while Dadughun (2015) found the items of the primary school mathematics diagnostic achievement test developed and calibrated have good test information function or reliability. On the other hand, Sapmaz (2019) found that Gender-Related Differential Item Functioning (DIF) exist in Mathematics Subtests for MSPC-2018 Higher Education Institutions Examination in Turkey stating that males out performed females in arithmetic, advanced math, geometry problem-solving and analytical thinking while females performed better than men in number, arithmetic and algebra. Omorogiuwa and Iro-Aghedo (2016) found that Male and female examinees functioned differentially in seventeen items (34%) and no difference in 33 items (66%). Out of the seventeen items, six items were in favour of the female pupils while Mawak, Mustapha and Wakjissa (2019) found some of the items they developed functioned differentially for examinees based on their gender, school type and school location for the instrument they developed.

STATEMENT OF THE PROBLEM
The study sought to determine the quality and gender differential item functioning of Geometry Diagnostic Test for MBE 5 pupils in Plateau State, Nigeria. In instrument development, test developers try to ensure that the items that they have developed and calibrated are valid and reliable. Three of the ways of ensuring that is by making sure that the items fit the model(s), test information function with Standard Error less than 0.5 and non of the items is bias against any testee because of his or her gender. The importance of differential item functioning detection is to identify items that possess such characteristics and to remove them from the instrument.
At the Middle Basic Education level, teachers of Plateau State do not check to see whether the items they construct most especially in teacher- made achievement or diagnostic test are bias against male or female pupils. The consequence for the lack of DIF detection among Middle Basic Education five pupils by teachers is that decisions made based on items that flagged off DIF are not valid but faulty. The Plateau State Universal Basic Education Board (PSUBEB) now construct Joint Primary School Promotion Examinations for all Lower and Middle Basic Education pupils uniformly based on their levels in the state and some of the items may lack validity, reliability or be bias against some pupils not because of their differences in ability but because of their sex status.

The PSUBEB construct achievement and not diagnostic test for pupils in the state without identifying the items that are bias or flagged off DIF and then removing them in subsequent tests. Achievement test creates a gap in this study as well as the inability of the teachers to identify items that are bias or flagged off DIF. Furthermore, some researchers like Eleje et al., (2019), Mawak, Mustpha and Wakjissa (2019) developed, calibrated and determined the DIF of items on achievement tests in Post Basic schools in economics in Plateau State and not a diagnostic test in the content areas of geometry that is domiciled in mathematics, hence the need for the study to fill in these gaps.
  
METHODOLOGY
The study adopted two designs: Instrumentation and Cross- sectional survey research designs. Plateau State has three Zones made up of Plateau Northern, Central and Southern Senatorial Zones with a population of 3, 618 Lower and Middle Basic Education schools. Statistics of schools according to Zones are not available as of the time of the study. These Zones are made of 17 Local Government Areas (LGAs). Plateau North has 6, Central has 5 and Southern has 6 LGAs respectively. The Plateau Central Senatorial Zone was sampled for the study consisting of five LGAs namely Bokkos, Mangu, Pankshin, Kanke and Kanam. From these five LGAs, Mangu, Pankshin and Kanke were selected as samples. A sample of 24 schools were selected out of 240 Middle Basic Schools from the three LGAs. The sample of the Pupils was 1445 made up of 680 males and 765 females. The cluster sampling technique was employed for the study. The clustered sampling was in stages including simple random, stratified and Probability Proportionate Sampling (PPS). The PPS was used for the selection of schools and sample size of students. All the students from a sampled school constituted the sample for such school. The instrument for data collection was a 50- Items Multiple Choice Geometry Diagnostic Test for Middle Basic Education Five Pupils (MCGDTMBEFP) developed by the researcher. The instrument was made up of sections A and B. Section contained the gender of the students while section B contained the 50 multiple choice items. Content validation was obtained through the construction of Table of Specifications and item fit as well as by research measurement and evaluation experts of the University of Jos and mathematics subject specialist from the Middle Basic Education Schools. The reliability was established using the test information function. The differential item functioning (DIF) was established though the z-test statistics of the Three Parameter Logistic Model (3 PLM) of Item Response Theory (IRT).

AIM AND OBJECTIVES OF THE STUDY

1. Establish the item analysis indices of the Middle Basic Education Five Pupils’ Geometry Diagnostic Test
1. Establish the item Fit (validity) of the Middle Basic Education Five pupils’ geometry diagnostic test
1. Establish the test information function (reliability) of the Middle Basic Education Five Pupils’ Geometry Diagnostic Test
1. Find out if any of the item functions differentially based on the Middle Basic Five pupils’ gender.
RESEARCH QUESTIONS. 
The following research questions guided the study:
1. What are the item analysis indices of the Middle Basic Education Five Pupils’ Geometry Diagnostic Test?
1. What is the item fit parameter of the Middle Basic Education Five pupils’ geometry diagnostic test?
1.  What is the test information function of the Middle Basic Education Five pupils’ geometry diagnostic test?
HYPOTHESIS
The hypothesis was tested at 0.05 level of significance:
H0: The items of the developed Middle Basic Education Five Pupils geometry diagnostic test will not 
function differentially for testees based on their gender in Plateau Central senatorial Zone of Plateau State, Nigeria.
RATIONALE OF THE STUDY
The rationale of the study is to provide Middle Basic Education Five teachers with a diagnostic instrument that they can use to identify Middle Basic Education Five pupils learning misconception in the content areas of geometry and then guide them in organizing remedial instruction for those who fail.
RESULTS 
Research Question One
What are the item analysis indices of the Middle Basic Education Five Pupils’ Geometry Diagnostic Test?

Table 1. Item Analysis Indices of the Middle Basic Education Five Pupils Geometry Diagnostic Test
	Item ID
	Difficulty
	Discrimination
	Guessing
	Item ID
	Difficulty
	Discrimination
	Guessing

	1
	0.260
	0.492
	0.176
	26
	0.240
	0.495
	0.236

	2
	0.180
	0.647
	0.160
	27
	0.500
	0.325
	0.253

	3
	0.680
	0.178
	0.318
	28
	0.340
	0.405
	0.246

	4
	0.420
	0.337
	0.255
	29
	0.340
	0.451
	0.245

	5
	0.260
	0.342
	0.239
	30
	0.440
	0.302
	0.251

	6
	0.220
	0.313
	0.238
	31
	0.300
	0.382
	0.244

	7
	0.300
	0.580
	0.239
	32
	0.380
	0.240
	0.254

	8
	0.200
	0.444
	0.234
	33
	0.300
	0.488
	0.241

	9
	0.400
	0.262
	0.248
	34
	0.340
	0.266
	0.248

	10
	0.480
	0.416
	0.248
	35
	0.340
	0.316
	0.249

	11
	0.400
	0.200
	0.250
	36
	0.200
	0.594
	0.231

	12
	0.440
	-0.086
	0.255
	37
	0.320
	0.457
	0.243

	13
	0.620
	0.234
	0.250
	38
	0.480
	0.402
	0.248

	14
	0.180
	0.566
	0.230
	39
	0.180
	0.723
	0.228

	15
	0.260
	0.432
	0.238
	40
	0.200
	0.184
	0.237

	16
	0.500
	0.339
	0.250
	41
	0.300
	0.449
	0.242

	17
	0.420
	0.209
	0.249
	42
	0.200
	0.599
	0.231

	18
	0.360
	0.415
	0.246
	43
	0.340
	0.400
	0.246

	19
	0.280
	0.345
	0.243
	44
	0.420
	0.395
	0.249

	20
	0.380
	0.344
	0.250
	45
	0.400
	0.432
	0.246

	21
	0.360
	0.337
	0.250
	46
	0.320
	0.447
	0.242

	22
	0.560
	0.240
	0.249
	47
	0.260
	0.523
	0.239

	23
	0.360
	0.309
	0.247
	48
	0.360
	0.484
	0.243

	24
	0.220
	-0.225
	0.245
	49
	0.280
	0.532
	0.239

	25
	0.460
	0.352
	0.250
	50
	0.380
	0.371
	0.247


             Note n = 1445
Table 1 presents the indices (a, b, and c parameter indices) of the MBE 5 GDT items. The outcome indicates that 32 items (items 4, 7, 9, 10, 11, 12, 16, 17, 18, 20, 21, 22, 23, 25, 27, 28, 29, 30, 31, 32, 33, 34, 35, 37, 38, 41, 43, 44, 45, 46, 48 and 50) representing 64% of the items are within the acceptable difficulty level of 0.30-0.50 (moderately difficult). Also, 16 items (1, 2, 5, 6, 8, 14, 15, 19, 24, 26, 36, 39, 40, 42, 47 and 49) representing 32% of the multiple-choice items are too difficult (0.0 – 0.29)   Whereas, 2 items (3 and 13) representing 4% of the total items are very easy (0.60 – 1.0). In terms of discrimination indices, 37(74%) items (1, 2, 4, 5, 6, 7, 8, 10, 14, 15, 16, 18, 19, 20, 21, 25, 26, 27, 28, 29, 31, 33, 35, 36, 37, 38, 39, 41, 42, 43, 44, 45, 46, 47, 48, 49 and 50) are good because they have index value of 0.31 and above. On the other hand, 12 (24%) items (items 3, 9, 11, 13, 17, 22, 23, 24, 30, 32, 34 and 40) are “fair” (that is, within the index value of 0.10 – 0.30), while 1 (2%) item (item 12) is “poor” hence fell within the index value of below 0.10. Nevertheless, items 12 and 24 have negative values which are too bad and need to be revisited because majority of pupils from low ability group are getting them correctly. In terms of pseudo-guessing (parameter c), 49 items represented 98% have index value of 0.25 and below except one item (items 3) which represented 2%, have index value of above 0.25. The finding generally implies most of the MBE5 GDT items have good indices in terms of difficulty, discrimination, and pseudo-guessing among MBE 5 Pupils in Plateau State. 

Research Question Two
What is the item fit parameters of the Middle Basic Education Five pupils’ geometry diagnostic test?
Table 2 shows the item fit parameter indices of Middle Basic Education Five Geometric Diagnostic Test (MBEFGDT). The result indicates that the p-values for all the items, except items 11, is large (insignificant), indicating that the items fit the model. The rule of thumb in model-data fit holds that items with significant values are misfit items for the model. However, items 11 do not function in the intended manner hence they need to be checked. Statistically, it means that there is no difference between expected and observed frequencies of correct answers to the item at various ability levels of Middle Basic Five Pupils in Plateau State, except for the above-mentioned misfit item.  The implication of this is that all the items except item 11 were valid and hence can be used to diagnose pupils learning misconceptions in geometry. 
Table 2. Items Fit Parameter Indices of the Middle Basic Education Five Geometry Diagnostic Test
	Item ID
	Key
	
X2
	Df
	P
	Item ID
	Key
	
X2
	df
	P

	1
	B
	10.2755
	347
	0.5918
	26
	A
	12.0043
	347
	0.4453

	2
	B
	8.3932
	347
	0.7537
	27
	A
	13.5133
	347
	0.3329

	3
	A
	9.3019
	347
	0.6769
	28
	C
	7.6801
	347
	0.8096

	4
	C
	8.7963
	347
	0.7202
	29
	B
	10.5165
	347
	0.5707

	5
	D
	16.7332
	347
	0.1599
	30
	A
	5.5741
	347
	0.936

	6
	D
	19.003
	347
	0.0885
	31
	D
	10.8183
	347
	0.5446

	7
	B
	9.7351
	347
	0.6392
	32
	A
	19.1988
	347
	0.0838

	8
	A
	10.1104
	347
	0.6063
	33
	C
	11.8814
	347
	0.4552

	9
	C
	11.1655
	347
	0.5148
	34
	A
	10.7877
	347
	0.5472

	10
	C
	10.1434
	347
	0.6034
	35
	B
	13.5383
	0.6179
	0.3312

	11
	D
	25.403
	347
	0.013*
	36
	D
	11.8655
	347
	0.4565

	12
	B
	36.2927
	347
	0.4003
	37
	C
	8.8216
	347
	0.7181

	13
	A
	11.9192
	347
	0.4522
	38
	C
	11.2853
	347
	0.5046

	14
	D
	17.9595
	347
	0.1169
	39
	D
	12.208
	347
	0.4291

	15
	D
	14.5768
	347
	0.2654
	40
	B
	7.9556
	347
	0.7886

	16
	C
	9.2201
	347
	0.684
	41
	A
	9.9771
	347
	0.618

	17
	A
	17.2262
	347
	0.1413
	42
	A
	9.2947
	347
	0.6776

	18
	B
	10.8617
	347
	0.5408
	43
	C
	10.3182
	347
	0.5881

	19
	A
	14.1578
	347
	0.2907
	44
	B
	7.7031
	347
	0.8079

	20
	B
	11.073
	347
	0.5227
	45
	A
	12.2406
	347
	0.4266

	21
	C
	17.5392
	347
	0.1304
	46
	B
	10.8994
	347
	0.5376

	22
	B
	12.1387
	347
	0.4346
	47
	C
	14.6102
	347
	0.2634

	23
	B
	8.1869
	347
	0.7704
	48
	A
	8.2465
	347
	0.7656

	24
	B
	15.5083
	347
	0.2148
	49
	B
	12.8597
	347
	0.3793

	25
	C
	12.0756
	347
	0.4396
	50
	B
	14.3336
	347
	0.2799


N = 1445
Research Questions Three
What is the test information function of the Middle Basic Education Five pupils’ geometry diagnostic test?
Table 3 shows the item information function (IIF) and figure 1 displays the Test Information Function (TIF) for all the items. The TIF is a graphical representation of how much information the test is providing at each level of theta.  Maximum information was 4.78 at theta = 4.000.  At the cutpoint of theta = 2.60 (EPC = 0.50), the TIF equalled 3.278. For item information functions, the standard error (SE) for item difficulty (b SE) was used and the rule of thumb is that, SE less than 0.5 is ideal. Therefore, 17 items (3, 4, 7, 9, 10, 13, 16, 17, 22, 25, 27, 30, 38, 44, 45, 48, and 50) have standard error of less than 0.50, while the other 33 items have SE above 0.50. This implies that 34% items provided much information at each of ability of the middle basic five pupils in responding to Geometric Diagnostic Test (GDT) in Plateau State. The implication of this is that all the items were reliable, hence it can be used to identify pupil with geometry learning misconceptions.
Table 3.Test Information Function of the Middle Basic Education Five Geometry Diagnostic Test
	Item ID
	Max Info
	a SE
	b SE
	c SE
	Item ID
	Max Info
	a SE
	b SE
	c SE

	1
	3.60
	1.35
	0.65
	0.23
	26
	0.56
	0.57
	0.61
	0.28

	2
	4.78
	1.38
	0.59
	0.22
	27
	0.35
	0.45
	0.36
	0.38

	3
	0.94
	0.51
	0.19
	0.48
	28
	0.46
	0.48
	0.53
	0.29

	4
	0.59
	0.48
	0.46
	0.31
	29
	0.47
	0.48
	0.53
	0.29

	5
	0.45
	0.58
	0.64
	0.28
	30
	0.37
	0.43
	0.41
	0.34

	6
	0.44
	0.81
	0.69
	0.27
	31
	0.45
	0.55
	0.62
	0.29

	7
	0.53
	0.47
	0.49
	0.30
	32
	0.39
	0.51
	0.60
	0.30

	8
	0.48
	0.69
	0.66
	0.27
	33
	0.52
	0.49
	0.54
	0.27

	9
	0.32
	0.43
	0.48
	0.33
	34
	0.41
	0.50
	0.59
	0.29

	10
	0.44
	0.46
	0.31
	0.38
	35
	0.42
	0.52
	0.61
	0.29

	11
	0.26
	0.43
	0.54
	0.33
	36
	0.59
	0.58
	0.61
	0.27

	12
	0.16
	0.43
	0.61
	0.34
	37
	0.48
	0.48
	0.53
	0.29

	13
	0.35
	0.54
	0.28
	0.51
	38
	0.40
	0.46
	0.33
	0.38

	14
	0.55
	0.67
	0.64
	0.27
	39
	0.59
	0.57
	0.60
	0.27

	15
	0.42
	0.52
	0.61
	0.29
	40
	0.41
	1.01
	0.74
	0.26

	16
	0.37
	0.46
	0.33
	0.39
	41
	0.51
	0.51
	0.56
	0.29

	17
	0.29
	0.42
	0.46
	0.34
	42
	0.59
	0.56
	0.61
	0.27

	18
	0.39
	0.45
	0.50
	0.31
	43
	0.48
	0.49
	0.54
	0.29

	19
	0.47
	0.61
	0.65
	0.28
	44
	0.42
	0.44
	0.42
	0.33

	20
	0.38
	0.46
	0.54
	0.31
	45
	0.42
	0.44
	0.40
	0.34

	21
	0.41
	0.50
	0.59
	0.30
	46
	0.48
	0.47
	0.52
	0.30

	22
	0.32
	0.51
	0.31
	0.45
	47
	0.54
	0.56
	0.61
	0.28

	23
	0.34
	0.45
	0.55
	0.31
	48
	0.48
	0.44
	0.42
	0.32

	24
	0.42
	1.47
	0.94
	0.26
	49
	0.52
	0.51
	0.56
	0.29

	25
	0.39
	0.44
	0.37
	0.36
	50
	0.43
	0.44
	0.45
	0.32


Note: n = 1445

[image: ]
Figure 1: Test information function
Hypothesis
The items of the developed Middle Basic Education Five Pupils geometry diagnostic test will not function differentially for testees based on their gender in Plateau Central senatorial Zone of Plateau State, Nigeria.
The results of the differential item function of GDT items based on gender was presented in Table 4. The outcome of the findings revealed that all the items have probability value (p-value) of the z-test greater than 0.000 (p = 0.117 to 0.998). Therefore, the null hypothesis is accepted and concludes that the instrument did not function differently based on gender among Middle Basic Education Five Pupils in Plateau State. The implication of this is that non of the items was bias against any of the testees based on their gender.



Table 4. Differential Item Function for Middle Basic Five Pupils Geometry Diagnostic Test Based on their Gender
	Item ID
	z-test
	P
	Bias Against
	Item ID
	z-test
	p
	Bias Against

	1
	0.43
	0.6704
	N/A
	26
	0.65
	0.5155
	N/A

	2
	-0.55
	0.5868
	N/A
	27
	0.60
	0.551
	N/A

	3
	1.05
	0.2948
	N/A
	28
	0.35
	0.7248
	N/A

	4
	-0.41
	0.6807
	N/A
	29
	-0.90
	0.3846
	N/A

	5
	0.79
	0.4321
	N/A
	30
	0.23
	0.8176
	N/A

	6
	0.21
	0.836
	N/A
	31
	0.25
	0.8025
	N/A

	7
	-0.73
	0.4634
	N/A
	32
	-0.85
	0.3951
	N/A

	8
	0.15
	0.8811
	N/A
	33
	-0.09
	0.9276
	N/A

	9
	-0.74
	0.4613
	N/A
	34
	1.38
	0.1691
	N/A

	10
	-0.53
	0.5937
	N/A
	35
	1.09
	0.2754
	N/A

	11
	0.26
	0.7982
	N/A
	36
	0.15
	0.8811
	N/A

	12
	-1.26
	0.2077
	N/A
	37
	0.19
	0.8511
	N/A

	13
	-0.88
	0.3783
	N/A
	38
	-0.44
	0.6587
	N/A

	14
	0.03
	0.9762
	N/A
	39
	0.15
	0.8839
	N/A

	15
	0.14
	0.8901
	N/A
	40
	0.44
	0.6603
	N/A

	16
	0.37
	0.7077
	N/A
	41
	0.26
	0.7944
	N/A

	17
	0.19
	0.8498
	N/A
	42
	-0.35
	0.7288
	N/A

	18
	-0.93
	0.353
	N/A
	43
	-0.20
	0.8381
	N/A

	19
	0.10
	0.9243
	N/A
	44
	0.52
	0.6064
	N/A

	20
	-0.22
	0.8293
	N/A
	45
	0.26
	0.7982
	N/A

	21
	-0.54
	0.5865
	N/A
	46
	1.78
	0.0757
	N/A

	22
	0.32
	0.7524
	N/A
	47
	-1.17
	0.2426
	N/A

	23
	-0.17
	0.8633
	N/A
	48
	-0.88
	0.3894
	N/A

	24
	-0.51
	0.613
	N/A
	49
	-0.74
	0.4606
	N/A

	25
	-1.12
	0.2663
	N/A
	50
	-0.12
	0.9046
	N/A



Note: n = 1445. N/A = Not Applied.
DISCUSSION OF FINDINGS
The finding from research question one reveals that most of the items possess excellent discrimination, are of moderate difficulty and very low guessing parameter. These findings corroborate with those of Adams & Wu, (1997.), American Educational Research Association (2014), and De Ayala (2022), who all gave the values of item discrimination, difficulty and pseudo-guessing that encompasses most of the items of the geometry diagnostic for the MBE pupils. Hence, the items of the test have quality.  
[bookmark: _Hlk198823212][bookmark: _Hlk198823243]The finding from research question two reveals that all the items fit the model with the exception of item 11 which did not function appropriately. This finding is in tandem with that of Chamundeswari (2014) and the American Educational Research Association (2020). Who found that all the items of the instrument they developed to fit the models used. Similarly, the finding from research question three reveals that the test information function revealed that all the items were reliable. This corroborates with Dadughun (2015) findings that the items of the primary school mathematics diagnostic achievement test have good test information function or reliability. 

[bookmark: _Hlk198823276][bookmark: _Hlk198823334]Finally, the analysis of the hypothesis tested reveals that none of the items of the MBEFGDT functioned differentially for any of the testees based on their gender.  This finding does not support that of Omorogiuwa and Iro-Aghedo (2016), Sapmaz (2019) and Mawak, Mustapha and Wakjissa (2019) who all found that some of the items of the instrument they developed functioned differentially for examinees based on their gender  
Conclusion
The study has made available to MBE mathematics teachers geometry items that are of high quality in terms of difficulty, discriminating and guessing parameters obtained through the application of CTT and IRT. Non of these items were found to exhibit gender-based DIF. It has also helped to inform relevant stakeholders like the Plateau State Universal Basic Education Board of the need to develop, calibrate and store items of diagnostic value for effective assessment and instructional strategies. Thus, when the instrument is made available to the MBE mathematics teachers it will help them to identify pupils with geometry learning misconceptions and then help them to close the gaps through remedial instructions’ 
RECOMMENDATIONS.
The following recommendations were done based on the research questions and hypothesis:
1. Middle Basic Education teachers in Plateau State should always find the fit of the items that they develop to ensure that all the items are valid.
2. Middle Basic Education teachers in Plateau State should always find the test information function of the test items developed to ensure reliability of the items
3. Middle Basic Education teachers in Plateau State should always ensure that the find the DIF of the items they developed in order to ensure that none of the items is biased against any pupil because of his or her gender.
4. Middle Basic Education teachers in Plateau State should be trained by the PSUBEB on how to developed quality diagnostic test that can guide them to organize remedial instruction for pupils.

Limitation of the study
The study was confined to only Plateau Central Senatorial Zone and in only 24 Middle Basic Education schools which might not represent all the schools as well as the population of pupils in the state. This restriction might affect the generalization of the findings. Other limitations of the study include the use of multiple choice rather than in combination with other objective and essay test items which could have yielded better diagnostic assessment of pupils’ errors in geometry. The study cannot lay claimed of an exhaustive coverage of the geometry content areas of the MBE curriculum. It cannot be said either that the gender- based DIF could produce a fair test since other demographic variables were not explored. Thus, all these could tamper with the generalization of the findings on all the pupils in the state, Hence, the need for other researchers to compliment the study
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