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Abstract 

A SAS macro, LRDIF_ES, has been developed to apply logistic regression analyses to test 

differential item functioning (DIF) for dichotomous and polytomous items (Swaminathan & 

Rogers, 1990; Zumbo, 1999). The macro can be used to detect overall DIF, uniform DIF, and 

nonuniform DIF. Effect sizes are calculated and can be used to classify DIF into A, B, or C 

categories. Additional explanatory variables can be included in the logistic regression analyses as 

needed. The macro has the functionality to produce a line plot for each item and grouping 

variable, where the mean item score and the lower and upper boundaries of the 95% confidence 

interval of the mean score for each group are plotted against the criterion (matching) variable. 

The underlying statistical procedure and the syntax of this macro are described, and sample 

output is provided.  

Key words: differential item functioning, logistic regression, SAS macro  
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In this paper we describe a SAS macro, LRDIF_ES,1 which applies logistic regression 

analyses to test differential item functioning (DIF) for dichotomous and polytomous items 

(Swaminathan & Rogers, 1990; Zumbo, 1999). The macro can be used to detect overall DIF, 

uniform DIF, and nonuniform DIF. Effect sizes are calculated and can be used to classify DIF 

into A, B, or C categories. Additional explanatory variables can be included in logistic regression 

analyses if needed. The macro has an option to produce a line plot for each item and grouping 

variable, where the mean item score and the lower and upper boundaries of the 95% confidence 

interval of the mean score for each group are plotted against the criterion (matching) variable.  

Note that this SAS macro is a modification and extension of Christensen’s (2004) SAS 

macro, known as “lrdif.” The original macro is designed to conduct only uniform DIF for both 

dichotomous and polytomous items and does not compute effect sizes.  

Differential Item Functioning Using Logistic Regression 

Methods of DIF analysis based on logistic regression provide a model-based approach to 

identify uniform and nonuniform DIF. For dichotomously scored items, the probability of a 

correct response is modeled as a function of ability and group membership as well as other 

explanatory variables (e.g., family income, parents’ years of education) if desired. Under this 

formulation, the DIF procedure using logistic regression compares the following three models 

(Swaminathan & Rogers, 1990):  

Model 1:
'1
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1

logit( ) ln β β
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Where P denotes the probability of a test taker answering an item incorrectly, X denotes the 

criterion variable, G denotes group membership, E is a vector including additional explanatory 

variables, and 
(0)βk

, 
1βk
, 

2βk
, 

3βk
, and 

4kβ  are the associated regression parameters for model  

k. The model subscript on these terms of the model emphasizes that, for example, the Pk and the 
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parameters for X differ from model to model. Note that, for simplicity, the subscripts for item 

and test-taker notation are excluded from these formulas.  

For polytomously scored items, the ordinal logistic regression analysis (Zumbo, 1999) 

with the cumulative probability function is used to test for DIF. Specifically, the following three 

ordinal logistic models are compared, similar to those used for dichotomous items:  

Model 1: '1
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where an item has possible integer scores of 0, 1, 2, . . . , 1M  , ( )P Y j  denotes the 

probability of getting a score of  j or lower on an item by a test taker, and j =  0, 1, 2, . . . , 2M  . 

A higher score means better performance. In general,  j can be any real number; the logistic 

regression model treats each unique j as an ordered class (or level). Note that each item score 

category j is associated with a unique intercept ( )βk j , while the other regression parameters are 

the same across item score categories. For both dichotomous and polytomous items, Models 1, 2, 

and 3 are also referred to as a no DIF model, a uniform DIF model, and a nonuniform DIF 

model, respectively. The logistic regression models are estimated in the macro by Proc Logistic 

for both dichotomously scored items and polytomously scored items.  

Note that for a dichotomously scored item the target probability that the logistic 

regression estimates is the probability of answering an item incorrectly, which is different from 

the logistic regression with the target probability as answering an item correctly that readers may 

be accustomed to. This impacts the interpretation of the signs of model parameters; readers 

should keep this in mind when interpreting the direction of DIF. Similarly, the target probability 

in the regression model for a polytomously scored item is the probability of obtaining an item 

score or below, to be consistent with that for a dichotomously scored item.  



J. Fu & L. Monfils   SAS Macro for DIF Using Logistic Regression 

  ETS RM-16-17  3 

The presence of nonuniform DIF is tested by comparing Model 2 to Model 3 using the 

likelihood ratio test:  

2χ [ 2ln ( 2)] [ 2ln ( 3)]L Model L Model    , 

where 2ln L ( ) refers to the negative two times the log likelihood value of a model, and 2χ  

follows the chi-square distribution with one degree of freedom (df). Similarly, the presence of 

uniform DIF is tested using the likelihood ratio test with 1 df between Model 1 and Model 2:  

2χ [ 2ln ( 1)] [ 2ln ( 2)]L Model L Model    . 

A simultaneous test of overall DIF (uniform DIF or nonuniform DIF) can be conducted using the 

likelihood ratio test with 2 df between Model 1 and Model 3: 

2χ [ 2ln ( 1)] [ 2ln ( 3)]L Model L Model    . 

In addition to the likelihood ratio test between two models, effect size is used for DIF 

classification so as to avoid practically trivial but statistically significant results (French & 

Maller, 2007). Effect size is indicated by the difference of the Nagelkerke 2R  between two 

models (Gómez-Benito, Hidalgo, & Padilla, 2009). Jodoin and Gierl (2001) proposed a DIF 

classification rule for dichotomous items (Table 1) using the logistic regression procedure as 

described previously and indicated that this criterion was consistent to the DIF classification rule 

in the Mantel-Haenszel procedure used by Educational Testing Service (ETS). We have not seen 

a corresponding DIF classification rule for polytomous items using logistic regression. 

Therefore, as a starting point, we may just use available empirical data to determine a rule for 

polytomous items. (See Kim, Cohen, Alagoz, & Kim, 2007, for an example of applying the DIF 

procedure to polytomous items using logistic regression.)  
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Table 1. Differential Item Functioning (DIF) Classification Rule Using Logistic Regression 

for Dichotomous Items 

DIF category Criterion 

A (Negligible) 2χ  test is not significant at .05 level or 
2R < .035 

B (Slight to Moderate) 2χ  test is significant at .05 level and .035 ≤ 
2R < .070 

C (Moderate to Large) 2χ  test is significant at .05 level and 
2R ≥ .070 

Note. 
2R  is the Nagelkerke 

2R  difference between two logistic regression models. 

Usually, we are only concerned with items classified as having C-DIF. These items 

should be further reviewed by content specialists to determine if sources of sensitivity or bias can 

be identified; this may result in the items being revised accordingly and field tested again or the 

items being discarded. We first assess if an item has nonuniform C-DIF. If yes, we say that this 

item has nonuniform C-DIF regardless of evidence of uniform C-DIF. If nonuniform C-DIF is 

not found, we check whether the item has uniform C-DIF. The distinction between nonuniform 

DIF and uniform DIF may be helpful for identifying the cause of item DIF and thus appropriate 

revisions of the item.  

Assume all grouping variables are coded as 0 for the focal group and 1 for the reference 

group. If an item appears to have uniform DIF, a positive 
22β  value indicates the item favors the 

focal group and a negative value indicates the item favors the reference group. If the item 

exhibits nonuniform DIF, positive values in both 
32β  and 

33β  indicate the item favors the focal 

group and negative values in both variables indicate the item favors the reference group. If the 

signs of the two parameter estimates are in the opposite direction, then the item favors one group 

or the other within different ranges of the criterion variable.  

The advantages of using logistic regression for DIF identification include not only the 

ability to model uniform and/or nonuniform DIF, but also the ability to include additional 

explanatory variables beyond ability and group membership in the model.  

Syntax 

%macro lrdif_es(data, items, group, criterion, exo_con=, exo_cat=, 

sig_level=0.05, RS_D_crit_B=0.035, RS_D_crit_C=0.070, RS_P_crit_B=0.035, 

RS_P_crit_C=0.070, foc_size=100, ref_size=100, combined_size=400, 

outfile=LRDIF, plot=NO, size_ratio=0, out_parameter=0);  

AGONTZ
Sticky Note
Marked set by AGONTZ
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Arguments 

data: the input data. 

items: the variable names in the data containing item scores (could be any real number; however, 

typically are integers starting from 0; i.e., 0, 1, 2, . . .) on which DIF is to be conducted; 

multiple item score variables can be included and each variable name must be no longer 

than 20 characters (this can be changed in the code). 

group: the variable names in the data indicating groups on which DIF is to be conducted; each 

variable is coded as 1 for reference group and 0 for focal group; multiple grouping 

variables can be included, and the combined length of each grouping variable name and 

the criterion name must be no longer than 19 characters. 

criterion: the matching variable for DIF; usually the total test score. 

exo_con: additional continuous explanatory variables, included only if needed. 

exo_cat: additional categorical explanatory variables; should be numeric variables, included only 

if needed.  

sig_level: the level of significance for model comparisons; the default value is 0.05. 

RS_D_crit_B: the cut-off value of 2R difference between DIF A category and DIF B category for 

dichotomous items; the default value is 0.035 (see Table 1).  

RS_D_crit_C: the cut-off value of 2R difference between DIF B category and DIF C category for 

dichotomous items; the default value is 0.070 (see Table 1). 

RS_P_crit_B: the cut-off value of 2R difference between DIF A category and DIF B category for 

polytomous items; the default value is 0.035.  

RS_P_crit_C: the cut-off value of 2R difference between DIF B category and DIF C category for 

polytomous items; the default value is 0.070. 

foc_size, ref_size, combined_size: minimum sample size requirements for focal group, reference 

group, and two groups combined; if the sample size of the focal group is smaller than 

foc_size, the sample size of the reference group is smaller than ref_size, or the sample 

size of the groups combined is smaller than combined_size, then the DIF analysis is not 

conducted; the default values for foc_size, ref_size, and combined_size are 100, 100, and 

400, respectively.  

size_ratio: maximum sample size ratio of the large group over the small group. If the ratio of the 

large group over the small group is larger than size_ratio, then the DIF analysis is not 
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conducted. If size_ratio < 1, then size_ratio is not treated as a prerequirement for 

conducting DIF. The default is 0. 

out_parameter: the name of the output SAS file containing parameter estimates for all logistic 

models. See Table 2 for the variables included in this file. The name of a library reference 

(libref) can be added to the front of the file name so that the output file is a permanent 

SAS data file. If out_parameter= 0, then this file is not output. The default is 0.  

outfile: the name of the SAS output file containing DIF results for each item in “items” and each 

grouping variable in “group.” The variables in the output file are defined in Table 3. The 

name of a library reference (libref) can be added to the front of the file name so that the 

output file is a permanent SAS data file. Note that if the sample size criteria are not met 

(see above), or all test takers get the same score on the target item in the overall valid 

sample in a DIF run, then all the variables are missing except for Item, Group, 

Score_Category, N_ref, and N_foc.  

plot: “Yes” or “No.” “Yes” produces a line plot for each item in “items” and each grouping 

variable in “group,” where the mean item score and the lower and upper boundaries of 

the 95% confidence interval of the mean score for each group in the grouping variable are 

plotted against the criterion variable. If the sample size for a group at a criterion value is 

smaller than 20, or if all item scores for a group at a criterion value are the same, then the 

lower and upper boundary of the mean score for this group at the criterion value are set to 

missing. Some labels in the plot are defined in Table 4; the label names can be modified 

in the code if needed. 

Table 2. Variables in the Parameter Estimate File (&out_parameter) 

Variable  Definition 

Item The name of the item variable on which DIF is conducted 

Group The name of the grouping variable on which DIF is conducted 

Model “Model 1,” “Model 2,” and “Model 3” corresponding to Equations 1–6  

Variable The parameter name (term) in the logistic model 

ClassVal0 Class level corresponding to target item score level; only relevant to the intercepts of 

polytomous items; representing the subscript  

j  of 1( )β j , 2( )β j , and 3( )β j  in Equations 4–6 

DF Degree of freedom 

Estimate Parameter estimate 

StdErr Standard error of parameter estimate 

WaldChiSq Wald chi-square statistic 

ProbChiSq Probability of Wald chi-square statistic 

_ESTTYPE_ Estimation method used for model parameters 
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Note. DIF = differential item functioning. 

Table 3. Variables in the Output File (&outfile) 

Variable  Definition 

Item The name of the item variable on which DIF is conducted 

Group The name of the grouping variable on which DIF is conducted 

Score_Category The number of item score categories in the data 

N_ref The number of students in the reference group (with group=1) used in the DIF 

calculation 

N_foc The number of students in the focus group (with group=0) used in the DIF calculation 

Model 1 The -2 log likelihood of the no DIF model 

Model 2 The -2 log likelihood of the uniform DIF model 

Model 3 The -2 log likelihood of the nonuniform DIF model 

RSQ1 The Nagelkerke 
2R of the no DIF model 

RSQ2 The Nagelkerke 
2R of the uniform DIF model 

RSQ3 The Nagelkerke 
2R of the nonuniform DIF model 

M2Est The parameter estimate of the grouping variable (“Group”) in the uniform DIF model. If 

the item appears to have uniform DIF, a positive value indicates the item favors the focal 

group with code 0 and a negative value indicates the item favors the reference group with 

code 1.  

M3Est M3EstInt The parameter estimates of the grouping variable (“Group”) and the interaction of the 

grouping variable and the criterion variable, respectively, in the nonuniform DIF model. 

If the item appears to have nonuniform DIF, positive values in both variables indicate the 

item favors the focal group with code 0 and negative values in both variables indicate the 

item favors the reference group with code 1. If the signs of the two parameter estimates 

are opposite, then the item favors one group or the other within different ranges of the 

criterion variable.  

LRDIF The -2 log likelihood difference between Model 1 and Model 3 (Model 1 - Model 3) 

LRUIDIF The -2 log likelihood difference between Model 1 and Model 2 (Model 1 - Model 2) 

LRNUIDIF The -2 log likelihood difference between Model 2 and Model 3 (Model 2 - Model 3) 

PDIF The probability of overall DIF. This is equal to 1 minus the cumulative probability of 

LRDIF that follows a chi-square distribution with two df.  

PUIDIF The probability of uniform DIF. This is equal to 1 minus the cumulative probability of 

LRUIDIF that follows a chi-square distribution with one df.  

PNUIDIF The probability of nonuniform DIF. This is equal to 1 minus the cumulative probability 

of LRNUIDIF that follows a chi-square distribution with one df.  

RSDIF The Nagelkerke 
2R difference between the nonuniform DIF model and the no DIF 

model: RSQ3-RSQ1 

RSUIDIF The Nagelkerke 
2R difference between the uniform DIF model and the no DIF model: 

RSQ2-RSQ1 

RSNUIDIF The Nagelkerke 
2R difference between the nonuniform DIF model and the uniform DIF 

model: RSQ3-RSQ2 

DIF Overall DIF classification based on Table 1 or similar rules. Blank = nonsignificant 

overall DIF chi-square test (i.e., PDIF > sig_level), * = significant overall DIF chi-square 

test (i.e., PDIF   sig_level) but not classified as B or C DIF, B = B DIF, C = C DIF 

(note that blank and * indicate A DIF); + sign after *, B, and C indicates the item favors 

the focal group; − sign after *, B, and C indicates the item favors the reference group; 

and no sign after *, B, and C indicates the item favors one group or the other within 

different ranges of the criterion variable.  
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Variable  Definition 

UIDIF Uniform DIF classification based on Table 1 or similar rules. Blank = nonsignificant 

uniform DIF chi-square test (i.e., PUIDIF > sig_level), * = significant uniform DIF chi-

square test (i.e., PUIDIF   sig_level) but not classified as B or C DIF, B = B DIF, C = C 

DIF (note that blank and * indicate A DIF); + sign after *, B, and C indicates the item 

favors the focal group; and − sign after *, B, and C indicates the item favors the 

reference group.  

NUIDIF Nonuniform DIF classification based on Table 1 or similar rules. Blank = nonsignificant 

nonuniform DIF chi-square test (i.e., PNUIDIF > sig_level), * = significant nonuniform 

DIF chi-square test (i.e., PNUIDIF   sig_level) but not classified as B or C DIF, B = B 

DIF, C = C DIF (note that blank and * indicate A DIF); + sign after *, B, and C indicates 

the item favors the focal group; − sign after *, B, and C indicates the item favors the 

reference group; and no sign after *, B, and C indicates the item favors one group or the 

other within different ranges of the criterion variable. 

Table 4. Labels in the Output Plot 

Label  Definition 

Criterion Scores The criterion variable 

Foc--LCLM Lower boundary of the 95% confidence limit of the mean for the focal group with code 0 

Foc--UCLM Upper boundary of the 95% confidence limit of the mean for the focal group with code 0 

Ref--LCLM Lower boundary of the 95% confidence limit of the mean for the reference group with code 

1  

Ref--UCLM Upper boundary of the 95% confidence limit of the mean for the reference group with code 

1  

Notes 

1.   A valid case in a logistic regression DIF run should not have missing values on any of 

the following variables: target item score, target grouping variable, criterion score, 

and, if used, explanatory variables. Categorical explanatory variables should have 

numeric values in the input data.  

2.   The target grouping variable is a numeric variable with valid values 0 and 1; 0 refers 

to the focal group and 1 refers to the reference group.  

Example 

%lrdif_es(data=sample, items=item1-item8, group=gender black, exo_con=income 

age, exo_cat=parent_education state, criterion = score, outfile=results, 

plot=yes) 
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Sample Output 

Table 5. SAS Output From DIF Analyses Using Logistic Regression 

Item Group 
Score_ 

Category 
N_ref N_foc Model1 Model2 Model3 RSQ1 RSQ2 RSQ3 M2Est 

M3Es

t 

M3Es

tInt 

LRDI

F 

LRUIDI

F 

LRNUI

DIF 
PDIF 

PUIDI

F 

PNUIDI

F 

RSDI

F 

RSUIDI

F 

RSNUI

DIF 
DIF 

UIDI

F 

NUID

IF 

item2 Male_Female 2 1276 1724 2684.808 2681.824 2675.731 .498 .499 .499 -.170 -.485 -.061 9.076 2.984 6.092 .011 .084 .014 .080 .001 .090 C-  C- 

item2 White_Black 2 938 2062 2684.808 2678.712 2678.048 .498 .499 .499 .192 .452 .052 6.760 6.096 .664 .034 .014 .415 .040 .045 .000 B+ B+  

item3 Male_Female 3  1276 1724 4286.991 4278.998 4278.992 .596 .597 .597 -.116 -.102 -.003 7.999 7.992 .007 .018 .005 .935 .000 .000 .000 *- *-  

item3 White_Black  3 938 2062 4280.991 4280.867 4279.483 .596 .597 .597 -.031 .181 -.051 1.507 .123 1.384 .471 .726 .239 .000 .000 .000    

Note: See Table 3 for the definitions of table headings.  

Item 2 is a dichotomous item. It demonstrates C-category overall DIF and C-category nonuniform DIF for the Male vs. Female 

comparison. This classification is based on the criteria in Table 1: the likelihood ratio tests for the respective overall DIF (PDIF = 

.011) and nonuniform DIF (PNUIDIF = .014) are significant at the .05 level, and the effect sizes for the overall DIF (RSDIF = .080) 

and nonuniform DIF (RSNUIDIF = .09) are larger than the cut-off value of C-category DIF for dichotomous items, .070 (i.e., 

RS_D_crit_C = .070). The regression parameters for the grouping variable (M3Est = -.485) and the interaction term (M3Est = -.061) 

in the nonuniform DIF model are both negative; consequently there is a − sign after C under NUIDIF, and the item favors male (i.e., 

reference group code = 1). Item 2 also has B-category overall DIF and nonuniform DIF on White versus Black. This classification is 

also based on the criteria in Table 1: the likelihood ratio tests for the respective overall DIF (PDIF = .034) and uniform DIF (PUIDIF 

= .014) are significant at the .05 level, and the effect sizes for the overall DIF (RSDIF = .040) and uniform DIF (RSUIDIF = .045) are 

larger than the cut-off value of B-category DIF, .035 (i.e., RS_D_crit_B = .035) but smaller than the cut-off value of C-category DIF, 

.070 (i.e., RS_D_crit_C = .070) for dichotomous items. The regression parameter for the grouping variable (M2Est = .192) in the 

uniform DIF model is positive, so that there is a + sign after B in the UIDIF column, and the item favors Black test takers (i.e., focus 

group code = 0).  

Item 3 is a polytomous item and does not exhibit B- or C-category DIF for Male versus Female or White versus Black 

comparisons by using the criteria in Table 1. However, the chi-square tests for overall DIF and uniform DIF for Male versus Female 
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are significant at the .05 level, and thus there is a * in the DIF and UIDIF columns for this item. The regression parameters, M2Est, 

M3Est, and M3EstInt, are all negative, so that there is a − sign after * under DIF and UIDIF.  
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The following is a mean item score plot for Item 3 in the Black (focal) and White 

(reference) groups corresponding to the fourth row in Table 5. 

 

Figure 1. An example of mean item score plot. See Table 4 for the definitions of plot 

legends.  

In Figure 1, the solid blue triangles and red circles represent mean item scores for the 

focus and reference groups, respectively, at each criterion score point. The empty blue triangles 

and red circles represent lower and upper boundaries of the 95% confidence limit of the mean 

item scores for the focus and reference groups, respectively, at each criterion score point. The 

boundaries of the 95% confidence limit across criterion score points are connected by the blue 

solid and red dash lines for the focus and reference groups, respectively, to show the trend of 

mean item score change across criterion scores. From Figure 1, one can observe that the Black 

and White groups perform similarly on Item 3 across criteria scores as the mean item scores of 

one group are within the 95% confidence limit of the other group across criterion scores.
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Notes 

1In “LRDIF_ES,” LR stands for logistic regression, DIF stands for differential item functioning, 

and ES stands for effect sizes. 
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