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            This study aims to determine the content of differential item functioning (DIF) in the politomous data especially the generalized partial credit model. The data is generated using WINGEN.  The item parameters of Indonesia and the international  parameters of test in TIMSS 2007 is used, and the participants' ability scale generated by assuming respectively the data has normal distribution (N [-1.2,1] for Indonesia’s and the N [0,1] for the international’s). The DIF analyzes conducted by using the area under the curve and its significance is tested using Likelihood ratio test . The results showed that there were DIF loading in the politomus data.
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Introduction

In education, there are many various forms of tests commonly used in education or psychology (Grounlund & Linn, 1990). Various forms of tests are often used in mathematics education including the form of an objective form (multiple choice) and constructed response (or essay form). In the objective  form, the scoring model is dichotomy, scored 1 if the student answer is right and wrong really scored 0. For the essay form, the scoring is done by concern at the stages of test participants in solving problems, making the score not only 0 and 1, but can be 012, 0123, 01234, and so on in accordance with the number of stages of completion. Final scoring model is often called scoring using polytomous model. One example of scoring using polytomous model is mathematics test in TIMSS 2007, derived from multiple the multiple choice items and the constructed response that scored 01 and 012.
In the international study, the Trend in International Mathematics and Science Studies (TIMSS) 2007 for example, the students’ achievement of Indonesia have not been satisfying. The empirical results suggesting that the abilities of students in Mathematics and Science was very low, and  lower than students from other Asian countries. The explanation that the low abilities of students showed the failure of learning is caused by the low quality of education in Indonesia.

One of the ways to understand why the results of estimation abilities’ students of Indonesia are low, ie, by comparing of item parameters estimated from participant responses Indonesia to international item parameters. Those things are the reason for a study on the characteristics of the TIMSS mathematics items that identify the load of differential item functioning (DIF) with Indonesia as a focal group with students of other countries as the reference group. To find out the load of DIF, one approach that can be used are the item response theory. 


In item response theory, the relationship between the probability to answer correctly to the scale of ability and item parameters expressed by mathematical equations called models. One of the mathematical model by scoring politomus is the Generalized Partial Credit Model (GPCM). GPCM by Muraki (1999) is a common form of partial credit model (PCM), which is expressed in mathematical form, called as a function of item response categories as follows.
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 , k=0,1,2,...,mj   ...............................(1)
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where 

Pjk(
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)   : probability of testee’s ability (
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) to get k score in item- j,
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          : testee’s ability,

aj           : item discrimination index of item- j, 

bjh         : item difficulty of item- j,

bj          :  location parameter of item-j

dk          : category parameter of k,

mj+1     : number of category in item- j, and

D          : scaling factor (D=1.7)


The bjh parameter, by Master is named with the steps parameters. This parameter represent the intersection between curve of Pjk(
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) and Pjk-1(
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). The two of curves will be intersect only at one point on 
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 scale (van der Linden & Hambleton, 1997).
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The GPCM is formulated based on the assumption that each probability of choosing k-category exceeds the (k-1) was built by the dichotomy model. Pjk is a specific probability to select a k-category from mj +1  categories. The relationship of probability to answer correctly to each 
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 ability are presented in the graph called item characteristic curve (is also called as the Categorical Response Function, CRF) (du Toit, 2003). Graphics CRF in 4 categories are presented in Figure 1. (The parameters’ item of Figure 1 are item discrimination index is (a) 1.0 and item difficulty index in answering categories are -2.0, 0.0 and 2.0.
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Fig 1. Graph of CRF for 4 categories

The concept of item bias or also called differential item fungtioning (DIF) is defined as the difference of opportunity to answer correctly between the two groups named the Focal Group and the Reference Group. In the item response theory, DIF is expressed as the difference of probability to answer correctly of an item between the Focal group and the Reference group. Because of the size of DIF expressed by "how much difference" between the two groups, the characteristic curve indicated by the shaded area in Figure 2. The area was named with SIGNED-AREA, the extent size can be calculated mathematically using the method of integration. Because of the size of DIF related to the size of a simple local area, then by Camilli and Shepard (1994) method is called with Simple Area Index.

SIGNED-AREA = 
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In a DIF analysis of an item, it could be characteristic curve of the two groups are intersect. If this occurs, the size of DIF that are positive and negative  results will cancel each other, as illustrated in Figure 3. In this case, the size of the area can be calculated by unsigned-AREA which is the integral of the squared difference between the chance of correctly answering a reference group with focal group.
UNSIGNED-AREA = 
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By using the concept of diferrence probability to answer correctly between the reference group with focal groups, it can be used in the function of politomous model of scoring. The concept of an area as different probabilities as the Simple Area Index in IRT with dichotomous data developed into the Simple Area Index on item response theory with data politomus. 
The uniform DIF is identified using the area between these two characteristic curves are named with SIGNED-AREA (Heri Retnawati, 2011). Basic on Figure 2a and 2b (CRF on 3 category response data), the size can be calculated mathematically by the method of integration. The DIF Index is formulated as follow:
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If the two CRF curve of the two groups are intersect (load nonuniform DIF), the area between the two CRF is UNSIGNED AREA. The size of unsigned area on Figure 3a and 3b is estimated using formula:

UNSIGNED-AREA = 
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The significance of DIF in an item of test can be estimated by likelihood ratio test or the model comparison approach (Camilli and Shepard, 1994: 76-97; Thissen et. al., 1993: 72). The model comparison approach is implemented by comparing the relative fit of two models. The first is called the compact model (C) and the second is the augmented model (A). The augmented model is an elaboration of the compact model; it has all of the parameters of model C plus a set of additional parameters. The comparison is to see weather the additional parameters in set A are really necessary. A simpler model with a single ICC for the Reference and Focal Group (for a particular item) is always preferable to a more complex model with each group has its own ICC. Only if a more complex model demonstrates significantly better fit to the data, its additional features is deemed necessary.
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	Fig 2.a. The category response function of focal group and reference with 3 category
	Fig 2.b. The category response function to estimate uniform DIF Index  with 3 category
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	Fig 3.a. The category response function of focal group and reference with 3 category (load nonuniform DIF)
	Fig 3.b. The category response function to estimate nonuniform DIF Index  with 3 category


For illustration,  L*  is value of  L likelihood function. There are two models will be compared, C model (compact model) and A model (augmented model).  The C Model is simpler model. The hypothesis is

Ho   :  ( = SetC ( SetC contains N parameters) ……………..…………..…….. (8)

Ha   :  ( = SetA ( SetA contains N+M parameters) ……....…….............…….  (9)

( Stands for the true set parameters. The C model has M fewer parameters than A model. The Likelihood Ratio for the two models is:


LR = 
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Where 
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 is value of L likelihood function of C model and 
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 is value of  L likelihood function of  A model .

Then it is transformed in the natural logarithm:



[image: image47.wmf]2

)

(

M

c

 = -2 in (LR)

              =[-2 ln
[image: image48.wmf]*

)

(

C

L

]-[-2ln
[image: image49.wmf]*

)

(

A

L

] …………………………………….………..…(11)

For simplicity notation, G(C) = [-2 ln
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 is approximately distributed as a chi-square with M degrees of freedom.

The steps for detecting DIF are can be elaborated as follows.  Firstly, estimate item’s parameter and get G(C) in test consisted of k item. Second, determine one of item test to be evaluated. Third, item the test is made impressing becomes two items. Item firstly contains answers from Reference group, which is not responded by the Focal group. The second item contained the answers from Focal group which is not responded by the Reference group. Fourth, estimate the parameters again and get G (A) for test consisted of k+1 item. Then, 
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 can be determined to know the significance of DIF in one item of test.

The aim of the study is to determine the DIF of politomous data especially generalized partial credit model (GPCM). The response pattern is  generated by the model parameters from the data of Indonesia and the international of TIMSS 2007 in mathematics test.  
Methods
This study identify the DIF of constructed response mathematics items of TIMSS 2007. The signifcancy test of DIF used  the generated data for the focal group and reference group. The politomus data sets are generated by the model parameter estimation results of the response pattern of Indonesian students in TIMSS 2007 (for the focal group) and the international items’ parameter of mathematics test in TIMSS 2007 (for the reference group), particularly in the consructed response form that scored 3 category and the total of items is  19 items. The students’ responses were generated using WINGEN, with ability parameter of students respectively have the normal distribution (N [-1.2,1] for Indonesia's and the N [0.1] for the international.

The estimation of parameter from the response patterns of students in TIMSS 2007 Indonesia conducted with PARSCALE. The estimation  of DIF  index used the method of the area between CRF curve is conducted by Rieman sum integral. The estimation of likelihood to determine the significance of DIF has done using PARSCALE,  and the result then compared with the Chi-square table.
Result

Indonesia students' response patterns  to mathematics items in TIMSS 2007 were analyzed to estimate the items’ parameters, i.e. items’ discrimination, item difficulty index, and items’ location parameters. Parameter estimation results are then compared to items’ paramater of TIMSS, to conduct early detection of DIF in the politomous data. The comparison of the items’ location parameter of Indonesia to the international parameters is presented in Figure 4. Looking at the results in Figure 4, it can be obtained that the slope of line item location parameter trend (straight line) is lower than the slope of the line y = x (dash line with gradient 1). This indicates that the difficulty parameters in Indonesian’s data is higher than the difficulty parameter in international’s data and this is one indication of the DIF loading.

By using the same parameters with the parameters estimated from students’ Indonesia (Indonesia parameter) and the original items parameters from TIMSS (international parameter), then 1000 responses generated by the abilities distribution N [(-1.2), 1] for Indonesia and N [0.1] for the international. The data generated by the Indonesia parameter is the focal group, and the data generated by the international parameters is considered as the reference group.
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Figure 4. The Difficulty Index Estimated from Students’ Responses of Indonesia 
and The Origin Difficulty Index (International)
By using the item parameters that is item discrimination index, difficulty index, and the location parameter of focal and reference group, then described the characteristic response function (CRF) curve. The CRF curve  is then used to calculate the index of DIF is the area between the probability of the focal group and reference group. The CRF curve for example items are presented in Figure 5 for item M022232.  DIF index is then calculated by the method of unsigned area by using the Rieman integral approach.
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Figure 5. Characteristic Response Function Curve of item M022232
The response data as result of data generation  were  analyzed using PARSCALE, to estimate the value of its likelihood, both on the compact models (G (C)) and the augmented model (G (A)). The results of calculation of DIF index, G (C) and G (A), and significance test results of the DIF loading  are presented in Table 1.
Table 1.  The Result of DIF Index, G(C ), G(A) Estimation and Summary of 
DIF Significant test
	Item
	DIF Index
	G(C )
	G(A)
	G(C )-G(A)
	Chi-square (df=3, (=5%)
	Conclution

	1
	1.01057
	64611.72
	64459.92
	151.806
	7.815
	significantly load  DIF

	2
	0.567007
	64611.72
	64544.95
	66.773
	7.815
	significantly load  DIF

	3
	1.095973
	64611.72
	64579.61
	32.117
	7.815
	significantly load  DIF

	4
	0.922476
	64611.72
	64603.26
	8.464
	7.815
	significantly load  DIF

	5
	0.860822
	64611.72
	64510.79
	100.932
	7.815
	significantly load  DIF

	6
	1.179005
	64611.72
	64606.01
	5.709
	7.815
	Not significantly load  DIF

	7
	1.135855
	64611.72
	64582.62
	29.104
	7.815
	significantly load  DIF

	8
	0.845997
	64611.72
	64556.88
	54.839
	7.815
	significantly load  DIF

	9
	0.599182
	64611.72
	64601.29
	10.435
	7.815
	significantly load  DIF

	10
	0.668134
	64611.72
	64602.2
	9.524
	7.815
	significantly load  DIF

	11
	0.882603
	64611.72
	63615.89
	995.835
	7.815
	significantly load  DIF

	12
	0.655143
	64611.72
	64597.64
	14.078
	7.815
	significantly load  DIF

	13
	1.668576
	64611.72
	64598.79
	12.931
	7.815
	significantly load  DIF

	14
	1.178902
	64611.72
	64598.88
	12.846
	7.815
	significantly load  DIF

	15
	1.040604
	64611.72
	64589.5
	22.221
	7.815
	significantly load  DIF

	16
	1.437656
	64611.72
	64561.49
	50.237
	7.815
	significantly load  DIF

	17
	1.373445
	64611.72
	64585.77
	25.952
	7.815
	significantly load  DIF

	18
	0.57608
	64611.72
	64592.93
	18.792
	7.815
	significantly load  DIF

	19
	0.799731
	64611.72
	64354.39
	257.328
	7.815
	significantly load  DIF


Conclution and Discussion 

The results showed that there were DIF loading in items mathematics constructed response TIMSS 2007 with  parameter Indonesia as parameter of focal group and the  international parameter as a reference parameter. The there are 18 of 19 items load DIF statistically significant with significance in 5 % level, using the data generated by the politomus items’ parameters and the distribution abilities of students from Indonesia and the TIMSS 2007.
              Looking at the results of this study, the difficulty parameters of the constructed response items in Indonesia are higher than the international parameters. This needs to be a concern for educators, to vary the use of various forms of test to held the evaluation of education.
       
          To identify the DIF loading, there are various methods that can be done. In this research, it is using a  area to find out the index of DIF and the likelihood ratio test to test its significance. Therefore, it is necessary to identify and test using other methods, then compared. The results of the comparison can be used to determine the most effective methods of detecting item bias.
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