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Abstract 

This study estimated the differential item and group functions of secondary 
school student’s achievement in mathematics. Two research questions and 
two null hypotheses guided the study. A total of 31,129 SS 3 students in 
Cross River state public and private secondary schools for the 2010/2011 
session constituted the population.  A sample of 1,557 students selected 
through stratified proportionate random sampling technique was used for 
the study. A 50 item Standardized instrument captioned Multiple Choice Test 
in Algebraic Processes (MCTAPIM) based on SS mathematics curriculum 
was used. The research questions were answered using descriptive statistics, 
while the hypotheses were tested at 5% levels of significance using the 
lord’s Chi-Square and Student- t -test statistics. All these statistics were 
generated by the IRT soft ware WINSTEPS 3.17 version by Linacre (2011). 
The results from the study revealed that seven of the items and one of the 
nine topics (variations) were significantly biased against school ownership 
types. It was therefore recommended that achievement test users should 
estimate the differential function of instrument to enhance appropriate 
interpretation of students’ results. 
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Many variables have been advanced to influence or effect student’s 
achievement in secondary schools mathematics by researchers. Among these 
variables is gender, location, teaching method/theory, school ownership and so on. 
School ownership factor in achievement is the concern of the study because of the 
prevalent of privately owned schools in Nigeria recently. At every level of 
educational system, privately owned schools are almost outnumbering government 
owned schools. In Nigeria education system, there are pre-primary, primary, 
secondary and tertiary levels of education. Private owned schools are in operation in 
all these levels. In secondary level in Cross-River State, for instance, there are 259 
registered privately owned secondary schools while State owned public secondary 
schools are 229 (Ministry of Education, Calabar, 2010). The reason for such increase 
(of private bodies in secondary school ownership) is a concern and worry to this 
study. In a study by Anigbo (2006) on the influence of school ownership on pupils 
academic achievement in the primary school level mathematics in Enugu State, pupils 
from privately owned primary schools was reported to have perform better (in terms 
of mean score) than their counterparts in the state government owned schools. Also 
Alutu and Eraikhuemen, (1999) also reported that there was appreciable difference in 
academic performance in favor of private schools in 1996 and 1998 for JS3 students. 
This result was from their study on the academic performance of some selected 
private and public Junior Secondary III Students in Egor Local Government Area of 
Edo State.  

 
Apart from these studies being sample dependent, the validity indices of the 

instrument used are in doubt. One may want to know whether the items in the 
instrument were bias toward one of the groups in which case the observed effect may 
not be attributed to underlying trait but the items being group bias from the beginning. 
This question was not answered by the above works. Item bias has gained prominence 
in test development around the world (Cole & Zieky, 2001) and scope of such 
analyses has broadened and the term item bias has been superseded by differential 
item functioning (DIF). DIF is said to occur if different subgroups, who have equal 
standing on the construct the test is designed to measure, display different 
probabilities of passing an item (in test of maximal performance) or of endorsing an 
item (in tests of typical performance). In other words, DIF occurs when an item is not 
equally difficult in maximal performance tests or equally popular for typical 
performance tests for groups that have been matched in terms of the construct being 
measured (Lincare, 2011). Similarly, differential person function (DPF) indicates the 
differential person functioning between items and classes of persons. Another type of 
DIF is Differential group functioning (DGF), which indicates the differential 
functioning between classes of items and classes of persons, DIF & DPF. There are 
many methods of investigating DIF among which are Mantel-Haenszel (MH) 
procedure, Logistic Regression approach, Shealy & Stout’s Simultaneous Item Bias 
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(SIBTEST) procedure and procedure based on Item Response theory. Each of these 
methods has it strength and weaknesses, but emphasis is on procedures based on 
Mantel-Haenszel (MH) and IRT in this study.  

 
A number of privately owned secondary schools have been on the increase in 

Nigeria. The fate of our children, the future leaders of tomorrow, who would have 
attended the known State government (conventional) public schools, are daily handed 
over to these schools without empirical data as to the effect of private ownership of 
school on academic achievement of students. The few studies reviewed gave results 
that cannot be depended upon because the essential quality of the instrument (Item 
differential function index) was not reported or explore; an omission that have the 
possibility to confound the responses of students to the items in the achievement test 
in mathematics for secondary schools in Nigeria. 
 
Purpose of the study 

This study sets out to determine the differential item and group functions of 
secondary school students’ achievement in mathematics. Specifically, the objectives 
of the study are to: 
1. Determine the differential item function (DIF) based on school ownership -types 

on the instrument. 
2. Determine the differential group function base on school ownership-type on the 

instrument. 
 

Research Questions 
These questions guided this study  

1. How do the items in the instrument function between students from private and 
state government owned schools? 

2. What are the interaction effects between groups of students and groups of items 
(topics)? 

 
Research Hypotheses 

This study was guided by the following hypotheses that were tested at 5% level of 
significance (p<0.05). 

1. The differential item function (DIF) contrast between public and private school 
students’ measures on the items are not statistically significant. 

2. The differential group function (DGF) contrast between public and private school 
students’ measures on the topics are not statistically significant. 

 
Research Method 

Survey design was adopted for the study, which was carried out in Cross 
River State of Nigeria. The population of the study is made up of 31,129 students 
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from 488 Secondary Schools in Cross River State. This number is made up of 16,013 
SS 3 students in all the 229 state government (public) owned secondary schools and 
15,116 SS 3 students in all the 259 registered privately owned secondary schools in 
the state (Source: Ministry of Education Calabar, 2010). A sample of 1,557 SS 3 
students was used in the study. The proportionate stratified random sampling 
technique was used for this study. This was because it was assumed that the student 
strength in the educational zones is bound to vary due to variation in location and 
school types. The stratification was conducted at three levels. These levels are Local 
government Areas, schools and students.  
 
Instrument 

A Multiple Choice Test Items in Algebraic Processes in Mathematics 
(MCTAPIM) instrument was used for this study. The instrument contained 50 items 
drawn from secondary school mathematic curriculum on the theme Algebraic 
Processes. The items in the instrument were grouped into nine topics as contained in 
the curriculum. Each group/topic has items proportionally drawn from them. There 
are four (4) options to every item in the instrument in which a student is expected to 
choose only one.  Analysis was carried out to estimate the item difficulty, 
discrimination, chance of guessing and reliability indices for the instrument. The 
following range of values was obtained for item difficulty, discrimination and 
guessing indices respectively -0.55 to 3.1, 0.14 to 1.90, and 0.00 to 0.28. The person 
reliability index is 0.85 while item reliability index is 0.99. The item reliability 
indices for the nine groups of items have values consistent with the total instrument. 
The   of the topics A to I respectively are as follows 0.99, 1.00, .98, 0.99, 0.95, 0.98, 
0.98, 0.94 and 0.99 respectively. 

 
The instrument administered to the students through their mathematics class 

teachers were collected at the expiration of the time for the test by the mathematics 
teachers who in turn handed them over to the researcher. The scripts were 
electronically and dichotomously scored. These scores were grouped into school 
ownership types (private and public). The data were analyzed using WINSTEPS 
3.72.0 VERSION. WINSTEPS is Windows-based software which assists with many 
applications of the Rasch model, particularly in the areas of educational testing, 
attitude surveys and rating scale analysis. Rasch analysis is a method for obtaining 
objective, fundamental, additive measures (qualified by standard errors and quality-
control fit statistics) from stochastic observations of ordered category responses. 
Georg Rasch, a Danish mathematician, formulated this approach in 1953 to analyze 
responses to a series of reading tests (Rasch, 1992). The research questions were 
answered using the estimates from the analysis while the hypotheses were tested 
using the Lord’s Chi-Square test at 5% level of significance. Specifically, the 
following statistics where used  
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1. Differential Item Function (DIF): Lord’s Chi-Square statistic 
2. Differential Group Function: Student t - test statistic 
3. Hypotheses one and two: Lord’s Chi-Square. 
 

The estimates from these test statistics were all generated using WINSTEPS 
IRT software. 
 
Results 
The results of the study are reported according to research questions. 
 
Research Question 1 
How do the items in the Instrument Function between Students from Private (P) and 
State Public (G) Schools? 
 

This question was answered using the IRT statistic called DIF (table 1 
&figure 1). Using the state public school as reference point; the indices of DIF for the 
private schools is denoted by the DIF contrast. The values of DIF contrast for the 50 
items range from -0.54 to 0.38. The maximum contrast is 0.38 logits; while the 
minimum DIF contrast is -0.54. The items with the maximum and minimum DIF 
contrast values are 50 and 40 respectively. The meaning of this is that students in state 
public school do better in item with positive DIF contrast values than their 
counterpart in private school. The reverse is also correct. Nine items have DIF 
contrast zero in the table; these items have no DIF effect between themselves. These 
items numbers are 2, 4, 9, 10, 17, 34, 36, 37, and 46. Students from state public 
schools are better in items 1, 3, 8, 16, 18, 20, 22, 24, 27, 31, 32, 33, 35, 41, 42, 43, 44, 
45, 49, and 50. While students from private schools are better in items 48, 47, 40,39, 
38, 30, 29, 28, 26, 25, 23, 21, 19, 15, 14, 13, 12, 11, 7, 6 and 5. (table 1) 
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Table 1: DIF Class Specification is: DIF=$S1W1 
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Figure 1: Student DIF Plot  
 
Graphically too, the DIF is non-uniform (Figure 1). This is because public schools 
(G) group which have a better performance for item 1 did not retain this position 
throughout the other items. In other words, public school is better in some items while 
private schools are better in others.  
 
Research Question 2 
What are the Interaction Effects between Groups of Students and Groups of Items? 
 

The evidences for answering this question is contain in figure 2. The DGF 
contrast, which represents the interaction sizes between groups of items (topics) and 
groups of students has the values ranging from -0.06 to 0.12 log its. The DGF contrast 
value between state public and private schools under the topic variation group of 
items has the highest value of 0.12. This means that students from state public schools 
have 12% advantages over their counterpart in items in variation. Similarly, The DGF 
contrast value between state public and private schools under algebraic fractions and 
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gradients has the same values-0.06. This means that students from private schools 
have 6% advantages over their counterpart from state public schools. However, for 
the other topics there do not exist any DGF effect between them at the beginning.  

 

 
 
Figure 2: DGF Student DIF and Score DPF 
 
From figure 2, the relationship is non-uniform. This is so because under topics A, B, 
D, F and H (algebraic expressions and simple equations) there is no difference 
between the groups. In topic C (simultaneous equation) public students performed 
better than their counterpart. While under topic E and G private school students 
performed better than those from public schools. 
 
Null Hypothesis 1 

The differential item function (DIF) contrast between state public and private 
students’ measure on the items are not statistically significant. 
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Table 2: Summary Analysis of DIF Contrast for MCTAPIM 
 
Item  
Numbers 

Item Topic G Group P Group Dif 
Contrast 

Student  
T 

Mh 
Prob. 

Remark 

1. B4 SIM EQ -.55 -.58 .02 .17 .4738 NS 

2. D4 QUA EQ 0.17 .17 .00 .00 .8169 ,, 

3. I1 VAR .13 -.19 .32 2.59 .0110 S 

4. G4 ALG FRACT .49 .49 .00 .00 .7435 NS, 

5. E6 GRAD .95 .99 -.04 -.39 .8860 ,, 

6. E4 GRAD .77 .99 -.22 -1.99 .1112 ,, 

7. D11 QUA EQ .01 .13 -.13 -.1.04 .0737 ,, 

8. A8 ALG EXP -0.22 -.34 .12 .96 .5278 ,, 

9. B12 SIM EQ .83 .83 .00 .00 .8121 ,, 

10 F5 LOG REAS 1.15 1.15 .00 .00 .7812 ,, 

11 F2 LOG REAS .08 .15 -.06 -.52 .4013 ,, 

12 B8 SIM EQ .94 1.02 -.08 -.77 .6732 ,, 

13 G1 ALG FRACT .99 1.06 .07 -.63 .9067 ,, 

14 E8 GRAD 1.37 1.51 -.14 -1.23 .1411 ,, 

15 B6 SIM EQ 1.04 1.08 -.05 -.43 .3918 ,, 

16 B7 SIM EQ 3.21 3.06 .15 1.04 .2863 ,, 

17 D3 QUA EQ .76 .76 .00 .00 .5549 ,, 

18 A6 ALG EXP .29 .12 .18 1.49 .1696 ,, 

19 C2 SIMULT EQ .96 1.02 -.06 -.51 .6141 ,, 

20 F4 LOG REAS .78 .74 .05 .44 .7277 ,, 

21 G6 ALG FRACT 1.14 1.21 -.07 -.66 .4141 ,, 

22 C1 SIMULT EQ .39 .24 .16 1.34 .3926 ,, 

23 A12 ALG  EX 1.02 1.31 -.29 -2.61 .0613 ,, 

24 I2 VARIATION 1.84 1.70 .14 1.25 .1992 ,, 

25 G8 ALG FRACT .86 1.07 -.21 -1.92 .1266 ,, 

26 E10 GRAD 1.44 1.66 -.22 -1.95 .0459 ,, 

27 E9 GRAD 1.11 .90 .21 1.90 .0996 ,, 

28 B10 SIM EQ .98 1.09 -.11 -.97 .3658 ,, 

29 B5 SIM EQ 1.23 1.31 -.08 -.76 .3704 ,, 

30 H11 INEQUA 1.05 1.10 -.05 -.49 .5448 ,, 

31 D13 QUA EQ .38 .32 .05 -.46 .7427 ,, 

32 D14 QUA EQ 1.74 1.47 .27 2.41 .0373 S 

 
For DIF contrast to be noticed, the value of the contrast must be at least 0.5 logits 
(Linacre 2011). For a noticeable DIF contrast to be statistically significant, the 
probability of observing that amount of contrast must be less than 5%. Otherwise, a 
probability of observing such amount of contrast is by chance. Table 2 showed that 
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seven items are statistically significant. The item numbers are 3, 6, 32, 35, 40, 45 and 
50. So there is systematic item bias effect between these items. The DIF contrast for 
the other items are due to chance hence there is no systematic item bias effects 
between these items. 
 
Hypothesis 2 

The differential Group Function (DGF) contrast between state public(G) and 
private(P) students’ measures on the topics are not statistically significant 
 
Table 3: Summary Analysis for DGF Contrast  
 
Topics G group 

 DGF Size 
 P  group 
DGF size 

DGF 
Contrast 

Student  
T 

Welch 
prob. 

Remark 

Algebraic 
Expressions. 

.00 .00 .00 .00 1.0000 NS 

Simple 
Equations 

.00 .00 .00 .00 1.0000 ,, 

Simultaneous 
Equations 

.03 -.03 .05 1.13 .2587 ,, 

Quadratic 
Equations 

.00 .00 .00 .00 1.0000 ,, 

Gradient -.03 .03 -.06 -1.32 .1855 ,, 
Logical 
Reasoning 

.00 .00 .00 .00 1.0000 ,, 

Algebraic 
Fractions 

-.03 .03 -.06 -1.34 .1797 ,, 

Inequalities .00 .00 .00 .00 1.0000 ,, 
Variation .06 -.06 .12 2.10 .0356 S 
Key: NS- non significant 
 S- Significant 
 
Table 3 is the summary of the analysis that addressed hypothesis 2. Of all the DGF 
contrast between the groups of topics and school ownership groups, the contrast 
between the topic variation and school ownership type is significant. This is because 
the probability of observing such amount of DGF contrast is less than 0.05. Therefore, 
the amount of DGF contrast observed between the topic variation and school 
ownership group is due to systematic DGF bias effect.  
 
Discussion 

The need for assessment of effect of school ownership on instrument 
assessing student’s achievement arose because ownership characteristics between 
schools are different (Anigbo, 2006). Ownership characteristics like teacher’s 
qualification, teacher’s motivations, teaching methods, instructional materials, 
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supervision of teaching, etc have been found to affect student’s academic 
achievement in schools. (Alutu & Eraikhuemen, 1999; and Peterson & Llaudet, 
2006).  Indices of item biasness due to ownership of schools were reported for the 
study. The size of the biasness ranges from-0.54 to 0.38 logits. Item 50 had the largest 
bias while item 40 had the lowest bias size. Using the public school as point of 
reference, the positive bias sizes mean that students in public schools do less than the 
students from private schools on those items with negative bias sizes. Zero bias values 
mean that there is no difference in the performances of both groups of students in 
such item with zero bias size. 

 
MCTAPIM contain a balance number of these three types of bias items. Nine 

items have zero bias sizes, 21 items have negative bias sizes, while 20 items have 
positive bias sizes. The composition of this instrument made it suitable for the 
assessment of secondary schools in Cross River State. This is because the secondary 
schools are owned and manage by both private and public (government) bodies.  
Testing the bias size to see the level of significance, revealed that seven of the bias 
items were significant. The implication of this result is that only seven items have the 
chances of biasness towards school ownership type out of the 50 items. In other 
words, students from both types of secondary schools have the chances of having 43 
items correct from the 50 items in MCTAPIM. 
 

The result of biasness due to topics from where these 50 items were 
constructed was reported. The report revealed the sizes of biasness to range from -
0.06 to 0.12 logits. The topics that have these sizes of biasness with ownership type of 
school are Simultaneous equations, gradients, algebraic fractions and variation. 
Among these, variations have the largest bias size of 0.12 logits. This means that 
students from state public schools have 12% advantages over their counterparts in 
private schools in items in variation. The reason for this result may be because 
variation was poorly taught in most private schools due to the use of unqualified 
teachers.  Incidentally, the biasness due to variation is the only one that is significant 
among all other biasness due to topics. In other words, students from public schools 
performed better in variation than their counterparts in private schools.  It is known 
that government secondary schools have better qualified teachers because of the 
condition of service, while the private schools do not have the good condition of 
service to keep qualified teachers (Anigbo, 2006). The case is not different in Cross 
River State. 
 

One of the implications of the result is that interpretation of students scores 
should be done with caution. This result has revealed that instrument can be bias 
against a group/category of students’ at the beginning; therefore differences in 
students’ achievements can be confusing if information on the biasness of the 
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instrument is not reported. So interpretation of students’ achievement by teachers and 
parents must be done with caution. Adequate and quality instruments for assessment 
of student’s achievement should report DIF due to school ownership types. It was 
therefore recommended that differential effect of achievement instrument on the 
component groups in schools should be assessed before such instruments are used. 
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