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Abstract
The study compared the power of Generalized Mantel Haenszel (GMH), Simultaneous Item Bias
Test (SIBTEST), and Logistic Discriminant Function Analysis (LDFA) methods in detecting
Differential Item Functioning (DIF) in dichotomous and ordinal tests items. These were with a
view to improving the quality of dichotomous and ordinal test items construction. The study
adopted a descriptive-comparative research design. The population consisted of all
undergraduate students who registered for EDU 304 (Tests and Measurement) at Sule Lamido
University during 2015/2016 Second Semester. The sample consisted of an intact class of 457
Part 3 undergraduate students who registered for the course. Two research instruments were
used to collect data. They were “Undergraduate Students’ Performance Test” (USAT) and
“Teacher Efficacy Scale” (TES). A total of 445 scripts were found properly completed. Data
collected were analysed using Generalized Mantel Haenszel, Simultaneous Item Bias Test, and
Logistic Discriminant Function Analysis. The results showed that there was a significant
difference in the performance of the GMH, SIBTEST, and LDFA methods in detecting DIF in
dichotomous test items (Waldχ2 (1, N = 445) = 87.80, p<.05) and in ordinal test items (Waldχ2

(1, N = 445) = 55.28, p<.05). The study concluded that GMH, SIBTEST and LDFA were
effective in detecting DIF across dichotomous test items but complement one other in their
ability to detect DIF in dichotomous test items. It was recommended that test experts and
developers should consider using contingency table approaches, preferably the LDFA and GMH
approaches in DIF detection.

Keywords: Dichotomous test, ordinal test, differential item functioning (DIF), magnitude of
DIF, and test-takers

Introduction

Large-scale achievement testing is pervasive in Nigeria today. At the state level, all the

36 States of the federation including the Federal Capital Territory (FCT), Abuja, have large-scale

achievement testing programmes designated Junior Secondary Certificate Examination. At the
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national level, the Federal Ministry of Education through the Joint Admission and Matriculation

Board, and the National Examinations Council conduct national assessments in both Unified

Tertiary Matriculation Examination and Senior Secondary Certificate Examination respectively.

At the international level, Nigeria has participated in many international assessments, the most

widely known being the West African Examinations Council since 1952; albeit, the Senior

Secondary Certificate Examination was included in its portfolio in 1988. In these types of

assessments, Differential Item Functioning (DIF) is a constant concern. This is because one of

the important factors which should be taken into account in ensuring the validity of any test is

the issue of fairness. A test that shows valid differences is fair; a test that shows invalid

differences is not fair. Hence, Differential Item Functioning forms a major threat to the fairness

and validity of psychometric measures (Ibrahim, 2013).

Concommitant with this viewpoint is the belief generally held that DIF items can lead to

biased measurement of ability because the measurement is affected by the so-called nuisance

factors. The presence of DIF jeopardizes the ideal of a correct measurement procedure. Once

identified, DIF may be attributed to item impact or to item bias. Item impact is evident when

examinees from different groups have differing probabilities of responding correctly to (or

endorsing) an item because there are true differences between the groups in the underlying

ability being measured by the item. Item bias occurs when examinees of one group are less likely

to answer an item correctly (or endorse an item) than examinees of another group because of

some characteristic of the test item or testing situation that is not relevant to the test purpose. DIF

is required, but not sufficient, for item bias (Ibrahim, 2013). According to Ibrahim (2017),

several methods have been proposed for the detection of Differential Item Functioning. These

methods include Analysis of Variance (ANOVA), Correlational Methods, Lord’s Chi-square

Test, Logistic Regression, Exact Test, Simultaneous Item Bias Test, Mantel-Haenszel Statistic,

Standardization Statistic, Unconstrained Cumulative Logits Ordinal Logistic Regression,

Logistic Discriminant Function Analysis, Likelihood Ratio Test, and a host of others. However,

identifying the method that is most effective is vital in the current testing climate. Based on

theoretical strengths and the results of numerous empirical comparisons, a relatively small

number of these methods have emerged as preferred. These are Standardization, Logistic

Regression, Exact Test, Generalized Mantel-Haenszel, Simultaneous Item Bias Test, and
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Logistic Discriminant Function Analysis. All of these approaches provide for comparison of

performance in a studied item after matching examinees on the ability of interest.

With these methods, however, there is not yet a consensus about how to test DIF when

item responses are ordinally scored.  With dichotomous item responses, the most widely used

DIF detection methods are procedures based on Item Response Theory (IRT).  These methods

have been useful in detecting DIF in dichotomous item responses.  Several extensions of the

dichotomous DIF procedures have been proposed for use with ordinal item responses, such as

the Ordinal Logistic Regression procedure, the Mantel procedure for ordered response

categories, the Generalized Mantel Haenszel procedure for nominal data, the polytomous

extension of SIBTEST, the polytomous extension of the standardization approach, and Logistic

Discriminant Function Analysis. However, their utilities in assessing DIF in ordinal items have

not received the thorough and rigorous study accorded to the dichotomous DIF, thus

necessitating further research to investigate their performance before they are ready for routine

operational use. In a bid to ensure that tests are fair for all examinees, examination bodies in

Nigeria such as West African Examinations Council, National Examinations Council, and the

Joint Admission and Matriculation Board, have a formal review, which is part of the test

development process, where items are screened by content specialists for tests that might be

inappropriate or unfair to relevant examinees in the test-taking population. This judgmental

procedure of identifying items that function differentially for individuals with comparable ability

but from different groups is employed by these examination bodies rather than applying

statistical analyses to detect the items in a test that function differentially for individuals with the

same ability from different groups (Ibrahim, 2017).

One of the pioneering methods used to detect DIF is known as the Generalized Mantel-

Haenszel procedure (GMH) (Mantel & Haenszel, 1959).  This method is based on contingency

table analysis and was first used to detect DIF by Holland and Thayer (1988).  The GMH

procedure compares the item performance of the reference and focal groups, which were

previously matched on the trait measured by the test; the observed total test score is normally

used as the matching criterion.  In the standard GMH procedure, an item shows DIF if the odds

of correctly answering the item is different for the two groups at a given level of the matching

variable (DeAyala, 2012). Similar to the GMH procedure, Simultaneous Item Bias Test
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(SIBTEST) proposed by Shealy and Stout (1993) is a conceptually simple method, and involves

a test of significance based on the ratio of the weighted difference in proportion correct (for

reference and focal group members) to its standard error. The matching criterion is a latent

measure rather than the observed total score used by the GMH procedure. Estimation of the

matching latent trait includes a regression-based correction that has been shown to be useful in

controlling Type 1 error – the proportion of times that a DIF item was falsely rejected at the 0.05

level. SIBTEST was originally intended for use with dichotomous test items, but has since been

extended to handle ordered items (Gierl, Jodoin, & Ackerman, 2000). Like the GMH procedure,

SIBTEST yields an overall statistical test as well as a measure of the effect size for each item (β

is an estimate of the amount of DIF).

As with SIBTEST and the Generalized Mantel-Haenszel procedures, Logistic

Discriminant Function Analysis (LDFA), proposed by Miller & Spray (1993), is a parametric

DIF detection approach which provides both a significance test and a measure of effect size.

LDFA is closely related to logistic regression, and it is also model- based. However, there is one

major difference in the LDFA method namely that group membership is the dependent variable

rather than item score. Thus, in LDFA, the probability of group membership is estimated from

total score and item score. This is a logistic form of the probability used in discriminant function

analysis (Finch & French, 2008). LDFA is a DIF identification of items that are polytomously

scored (items with multiple correct responses such as a Likert scale or a constructed-response

item).

Traditionally, dichotomous tests have been the most widely used item format in

educational achievement tests. For the vast majority of dichotomous tests, items are scored

dichotomously (i.e. correct or incorrect).  Whereas, ordinal test items are those that present more

than two response categories; a prototypical case would be Likert-type items. In the same vein,

many current psychometric procedures were developed primarily for analysis with

dichotomously scored test items, and they do not easily accommodate ordered scored item

responses. The demand for the analysis of ordinal item responses is increasing due to the

increased popularity of psychological tests. Thus, many tests and questionnaires comprise items

with responses in ordered response or ordinal format such as Likert-type scales. Detecting DIF in

ordinal items is more complex owing to the number of score levels, and tests for detecting DIF in
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ordinal items have been developed, but they have not yet been well established. Thus, apart from

the traditional professional judgment used by examination bodies in Nigeria, the use of statistical

methods to detect test items that function differentially for individuals from different groups but

with the same ability, will be more accurate and efficient. Also, in most Nigerian Universities,

little attention is given to the presence of DIF in dichotomous and ordinal test items used for

academic and research purposes. However, there is little agreement on which DIF statistical

procedure is most accurate for dichotomous and ordinal tests.  Hence, this study will compare the

relative performance of three statistical methods for detecting DIF in dichotomous and ordinal

items. Towards this end, the following specific objectives of the study appear germane namely

to: (i) classify individual items that function differentially according to the magnitude of DIF in

dichotomous and ordinal test items; and (ii) compare the performance of GMH, SIBTEST, and

LDFA methods for detecting DIF in dichotomous and ordinal test items.

Research Question

1. What is the classification level for each item that functions differentially based on the

magnitude of DIF detected in each of dichotomous and ordinal test items?

Research Hypothesis

1. There is no significant difference in the performance of the GMH, SIBTEST, and LDFA

methods for detecting DIF in dichotomous and ordinal test items.

Methodology

This study employed the descriptive-comparative research design. According to Upadhya and

Singh (2008), descriptive-comparative research design study compares two or more groups on

one variable with a view to discovering something about one or all of the things being compared.

Hence, two groups: reference and focal groups’ combination were used in the Differential Item

Functioning analysis. In carrying out this study, therefore, the researcher collected data from

subset of the population (undergraduate students in 300 level) in such a way that the knowledge

to be gained is representative of the total population under study. Essentially, the researcher used

the data collected to explore the three statistical DIF detection methods being studied in this

study. In this study, the three methods SIBTEST, GMH, and LDFA were based on a contingency
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table framework; within this framework, total test score was used as the measure of trait level.

Hence, DIF was held to exist if group differences occur in item score after matching on total

score. The nature of this research, the sample and data collected determined the

relevance/appropriateness of this design.

All undergraduate students who registered for a compulsory course in Tests and

Measurement during the Second of 2015/2016 Session in the Faculty of Education of the Sule

Lamido University, Kafin Hausa, Jigawa State, Nigeria, constituted the target population for the

study. There were 457 undergraduate students who registered for the course during the session.

The sample consisted of an intact class of 457 part 3 undergraduate students who registered for

EDU 304 in Second Semester of 2015/2016 session. Thus, the entire population was therefore

used and no sampling was carried out as sampling procedure was a convenience type.   As a DIF

procedure, and without the knowledge of the students, the sex of the subjects was used to stream

the subjects into two distinct groups namely reference and focal groups without gender bias. The

male undergraduate students were considered as the reference group, and the female

undergraduate students were taken as the focal group of the study.   Also, the choice of the EDU

304 is appropriate in this study  due to its Faculty status as a compulsory course aimed at

introducing the basic procedures involved in educational testing as well as the procedures

involved in the development, administration, scoring of test items and reporting of test scores of

acceptable standard. Two research instruments were used in the study namely: “Undergraduate

Students Achievement Test (USAT)”, and “Teacher Efficacy Scale (TES)”. First, the

“Undergraduate Students’ Achievement Test (USAT)” (Ibrahim, 2013), was a 50, 4-option

multiple-choice test that was developed using the course (EDU 304: Tests and Measurement)

content. Below is the content of the EFC 303: Tests and Measurement course outline: (a)

definition of basic concepts such as test, measurement, evaluation, and assessment; (b) types of

tests; (c) basic qualities of a good test(validity & reliability); (d) general principles of test

construction; (e) test item analysis; (f) test administration; (g) test scoring and test reporting; (h)

measure of dispersion and derived scores ; and (i) use of bivariate analysis in the measurement

relationships and statistical differences.

The content and construct validity of the instrument (Undergraduate Students’

Achievement Test - USAT) was established using expert judgments. Experts in Tests and
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Measurement, Statistics, Psychology for scrutiny and modification established the content

validity of the instrument. Thereafter, a validation process was done to establish how reliable the

instrument is. Hence, reliability test was conducted on the whole data collected for pilot testing

using the reliability analysis tool on the Statistical Package for Social Sciences (SPSS), version

17.0. The instrument was pilot tested using 60 part three students in the Faculty of Education,

Bayero University, Kano, Kano State, Nigeria, who were also offering the same course with

similar course content. The reliability of the scores obtained in the pilot study was estimated

using Cronbach’s Alpha, Spearman Brown Split-Half Coefficient, and Guttman Split-Half

Coefficient.  The Coefficients obtained were 0.76, 0.89, and 0.89 respectively. Its mean ( ̅)
difficulty index is 0.70 with a standard deviation of 0.28. The item discrimination indices have a

mean(x) value of 0.23 and a standard deviation of 0.17, with minimum and maximum scores of

10.0 and 35.0 respectively, and a variance of 67.7. Noteworthy, the Split-Half reliability method

was preferred because of the desire to determine the internal consistency of the instrument for

data collection. The Split-Half method was preferred because it was not feasible to repeat the

same test. Also, it was considered a better reliability method in the sense that all the data

required for computing reliability are obtained on one occasion, and therefore, variations arising

out of the testing situations do not interfere with the results and outcomes of this study.

According to Sidhu (2012), Split-Half reliability provided a measure of consistency with respect

to content sampling; hence its preference in this study. All these values were acceptable as

appropriately high for study of human behaviour due to its complexity. Consequently, the

instrument was accepted being stable over time, hence its usage in this study.

Second, a 24-item instrument designed by Faleye (2008) to measure efficacy about

teachers’ activities entitled: “Teacher Efficacy Scale (TES)” was adopted for the study and it

contains ordinal items. It is made up of six subscales: student learning, discipline, parental

involvement, testing, reaching the poor learners in the class, and overcoming work challenges.

The response format for the scale was the Likert type with five options of Strongly Agree (SA),

Agree (A), Undecided (U), Disagree (D), and Strongly Disagree (SD). The “Teacher Efficacy

Scale (TES)” has good stability: Cronbach’s Alpha reliability coefficients for: Students’

Learning of 0.68; Discipline was 0.64; Parental Involvement was 0.63; Testing was 0.65;

Reaching the Poor in the Class was 0.60; and Overcoming Work Challenges was 0.59. Also, the
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reliability of the whole test included Cronbach’s Alpha coefficient of 0.63; Spearman Brown

Split-Half coefficient of 0.67; as well as Guttman Split-Half coefficient of 0.66 respectively.

These coefficient values justify its adoption as ordinal instrument for this study, hence its

usability.

The instruments were administered by the researcher. The hard copies of the instruments were

administered on the students with the assistance of the course Lecturers of EDU 303, as well as a

handful of some Graduate Assistants in the Department of Education of the Sule Lamido

University, Kafin Hausa, Jigawa State, Nigeria. The instrument administration was conducted

under strict but friendly condition. However, adequate time was provided for respondents to

respond to all the items. Furthermore, the respondents were instructed not to omit any item as it

is mandatory to answer all items in the instrument as they marked on the instrument that

response which they have decided is most correct.  Such a procedure provided a uniform

response set thereby minimizing individual differences in responding.  Consequently, the

administered instrument copies were collected immediately.  A total of 457 copies of the

instrument were administered, while 445 copies were finally collected on return, as being

properly completed and were used for analysis.  DIF statistical analyses were conducted for each

item using GMH, SIBTEST, and LDFA statistical methods.  These test statistics were interpreted

at an alpha-level of 0.05.  The software package DIF OpenStat developed by Miller (2011); and

DIF LazStats developed by Pezzulo (2010) were used to run the three statistical procedures.

Updated SPSS version 17.0 and Microsoft Excel version 12.0 were used to manage and organize

the datasets.

RESULTS

Research Question: What is the classification level for each item that functions differentially
based on the magnitude of DIF detected in dichotomous test items?

To answer this research question, items that manifested DIF were classified into three categories

representing different magnitudes of DIF guidelines proposed by Roussos and Stout (1996)

adopted by Gierl et al., (2000):

1. Negligible or A-level DIF: Null hypothesis was rejected and | β | < 0.059
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2. Moderate or B-level DIF: Null hypothesis was rejected and 0.059 ≤ | β | < 0.088

3. Large or C-level DIF: Null hypothesis was rejected and | β | ≥ 0.088.

The results of the classification analysis of the data are presented in Table 1 for direction and

magnitude of DIF items in dichotomous test that favour the reference (bR) and focal (bF) groups,

and Table 2 for direction and magnitude of DIF items in ordinal test that favour the reference

(bR) and focal (bF) groups.

Table 1: Classification of Magnitude of DIF Items in Dichotomous Test Items that Favour
the Reference (bR) and Focal (bF) Groups

DIF
Magnitude

Methods
Items GMH

Β
Items LDFA

Β
Items SIBTEST

Β

Negligible
(A- level DIF)

2 0.027 1 0.029 3 0.042

5 -0.042 4 0.026 7 0.009
6 -0.005 9 -0.008 13 0.045
11 0.001 10 0.032 15 -0.037
21 0.032 12 -0.028 18 -0.010

22
24
25

0.002
-0.018

0.005

Moderate
(B-level DIF)

29 0.072 31 -0.075 26 0.069

30 0.074 33 0.078 27 0.068
40 -0.070 35 0.072 28 0.071
41 -0.073 36 -0.069 32 -0.063
42 -0.064 37 -0.074

39 0.077

Large
(C-level DIF)

44 0.096 43 -0.097

48 0.110 45 -0.119
49 0.094 46 0.163

Table 1 displays the magnitude of DIF detected in dichotomous test and classification

level for each item. Using a critical p-value of 0.05, 18 items exhibit negligible (A- level) DIF.

These are items 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 15, 18, 21, 22, 24, and 25. Further, 15 items

exhibit moderate (B-level) DIF, these are items 26, 27, 28, 29, 30, 31, 32, 33, 35, 36, 37, 39, 40,
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41, and 42.  Also, 6 items exhibit large (C-level) DIF, these are items 43, 44, 45, 46, 48, and 49.

Using GMH, items 2, 5, 6, 11, and 21 were classified as having negligible DIF (A-level), with

items 2, 11, and 21 favouring reference group, and items 5, and 6 favouring focal group

respectively. Also, GMH classified items 29, 30, 40, 41, and 42 as having moderate (B-level)

DIF, with items 40, 41, and 42 favouring focal group, and both items 29 and 30 favouring

reference group. Similarly, GMH classified items 44, 48, and 49 as large (C-level) DIF, all

favouring the reference group only. On the other hand, when LDFA was used, items 1, 4, 9, 10,

12, 22, 24, and 25 were classified as having negligible (A-level) DIF, with items 9, 12, and 24

favouring focal group, while items 1, 4, 10, 22, and 25 favour reference group. In the same vein,

LDFA classified items 31, 33, 35, 36, 37, and 39 as having moderate (B-level) DIF, with items

31, 36, and 37 favouring focal group, but the trio of items 33, 35 and 39 favouring reference

group respectively. Noteworthy, LDFA did not classified any items as having large (C-level)

DIF.  Further, SIBTEST classified items 3, 7, 13, 15, and 18 as having negligible (A- level) DIF,

with both items 15 and 18 favouring focal group, while items 3, 7, and 13 favouring reference

group. Also, with SIBTEST, items 26, 27, 28, and 32 were classified as having moderate (B-

level) DIF, while item 32 only favouring focal group, items 26, 27, and 28 favouring reference

group. More so, SIBTEST classified items 43, 45, and 46 as having large (C-level) DIF, with

both items 43 and 45 favouring focal group, and item 46 only favouring the reference group

respectively. Consequently, both GMH and SIBTEST displayed good but efficient power in

classifying item that functions differentially based on the magnitude of DIF detected in

dichotomous test items than LDFA does.
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Table 2: Classification of Magnitude of DIF Items in Ordinal Test that Favour the
Reference (bR) and Focal (bF) Groups

DIF
Magnitude

Methods
Items GMH

Β
Items LDFA

Β
Items SIBTESET

β

Negligible
(A-level
DIF)

3 0.039 6 0.009 5 -0.010

4 0.037 9 0.057 12 -0.008
7 0.005 10 0.009 15 -0.028
8 0.035 13 -0.042
11 0.046 14 -0.045

Moderate
(B-level
DIF)

20 0.075 18 0.077

21 0.083

Large
(C- level
DIF)

23 0.095 22 -0.119

24 -0.089

Table 2 reveals the magnitude of DIF detected in ordinal test and classification level for

each item. Using a critical p-value of 0.05, 13 items exhibit negligible (A-level) DIF. These are

items 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, and 15. Further, 3 items exhibit moderate (B-level)

DIF, these are items 18, 20, and 21. Also, 3 items exhibit large (C-level) DIF as items 22, 23, and

24. Using GMH, items 3, 4, 7, 8, and 11 were classified as having negligible (A-level) DIF, with

all favouring the reference group only. Also, GMH classified items 23 and 24 as having large (C-

level) DIF, with item 23 favouring reference group and item 24 favouring focal group

respectively. None of the items is classified as having moderate (B-level) DIF by GMH method.

Further, LDFA classified items 6, 9, 10, 13, and 14 as having negligible (A-level) DIF, with

items 13 and 14 favouring the focal group, while items 6, 9, and 10 favouring the reference

group. Also, LDFA classified items 20 and 21 as having moderate (B-level) DIF, with both items

favouring the reference group only. Item 22 was classified as having large (C-level) DIF which

favours the focal group. Similarly, when SIBTEST was used, items 5, 12, and 15 were classified
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as having negligible (A-level) DIF, with all the three items favouring the focal group. Also,

SIBTEST classified item 18 as having moderate (B-level) DIF, which favours the reference

group, but did not classified any of the items as having large (C-level) DIF.

Hypothesis One: There is no significant difference in the performance of the GMH,
SIBTEST, and LDFA methods for detecting DIF in dichotomous and ordinal test items.

Table 3: Difference in the Performance of the GMH, SIBTEST, and LDFA Methods for
Detecting DIF in Dichotomous Test Items

Methods

Variables GMH        LDFA     SIBTEST

Group ability differences
No differences both = (N (0, 1)) 0.998 0.991      0.970*
Unequal: reference group = (N (-5, 1))
Focal = (N (-0, 5, 1)) 0.978 0.987 0.959
Studied item discrimination
Low (0.8) 0.951 0.970*   0.051
Moderate (1.2) 0.968       0.999      0.048
High (1.6) 0.999* 1.000 0.046
Sample size ratio
1:1 0.994 0.997* 0.985
4:1 0.970 0.983 0.940
Skewness
No skewness 0.980 0.988 0.960
Moderate skewness 0.985 0.991 0.963
Ability differences x item discrimination
Equal x Low 0.056 0.049 0.050
Unequal x Low 0.051 0.046 1.053
Equal x Moderate 0.053 0.054 0.049
Unequal x Moderate 0.047 0.033 0.048
Equal x High 0.051 0.047 0.040
Unequal x High 0.061 0.069 0.052
Average 0.983 0.989*    0.963*
Waldχ2 87.80 α = 0.05
GMHχ2 103.7 α = 0.05
SIBTEST 170.9 α = 0.05
LDFA 186.2 α = 0.05
*Significant, p < .05
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From Table 3, all three procedures had good power for detecting DIF in dichotomous test

items; the average power was 0.983, p< .05 and 0.989, p< .05 and 0.963, p< .05 for the GMH,

LDFA, and SIBTEST, respectively.  Thus, the SIBTEST displayed a slightly poorer performance

than the other two procedures for all items (SIBTEST = 0.051, p< .05), with average power of

42.6% compared to approximately 45% for both GMH and LDFA. The power of the SIBTEST

to detect DIF decreased markedly as item discrimination increased.  Power was 0.051, when item

discrimination was low, 0.048, when item discrimination was moderate and 0.046, when item

discrimination was high.  There was an interaction between ability differences and item

discrimination, so that power was slightly higher under the condition of an equal by low ratio for

the three methods in combination with high item discrimination (GMH = 0.056, p< .05; LDFA

=0.049, p < .05; SIBTEST = 0.050, p< .05) than it was when item discrimination was high and

ability difference was equal by high ratio ( GMH = 0.051, p< .05; LDFA = 0.047, p < .05;

SIBTEST = 0.040, p< .05).  This scenario was reversed when item discrimination was moderate

(GMH = 0.053, p< .05; LDFA = 0.054, p< .05; SIBTEST = 0.049, p< .05), which is significant

at p< .05.  To determine whether  significant difference exist in the performance of GMH,

SIBTEST, and LDFA methods for detecting DIF in dichotomous test items, the three procedures

yielded a value of GMHχ2 = 103.7,  p<.05, SIBTEST = 170.9, p<.05, LDFA = 186.2, p<.05, and

Waldχ2 = 87.80, p<.05, which are significant values. These results suggested there was a

significant difference in the performance of GMH, SIBTEST, and LDFA methods for detecting

DIF in dichotomous test items. Thus, the null hypothesis is disconfirmed.
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Table 4: Difference in the Performance of GMH, SIBTEST, and LDFA Methods for
Detecting DIF in Ordinal Test Items

` Methods

Variables GMH    LDFA     SIBTEST
Group ability differences
No differences: both = (N (0, 1)) 1.000 0.552 0.999*
Unequal: reference group = (N (0, 1)
Focal = (N (-0.5, 1)) 0.999* 0.553    1.000
Studied item discrimination
Low (0.8) 1.000 0.876* 1.000
Moderate (1.2) 1.000 0.523 1.000
High (1.6) 0.999 0.256 1.000
Sample size ratio
1:1 1.000 0.573* 1.000
4:1 0.999 0.530 1.000
Skewness
No skewness 1.000* 0.590 1.000
Moderate skewness 0.999 0.513 1.000
Ability differences x Item discrimination
Equal x Low 1.000* 0.929 1.000*
Unequal x Low 1.000 0.823 1.000
Equal x Moderate 1.000 0.549 1.000
Unequal x Moderate 1.000 0.497 1.000
Equal x High 1.000 0.242 1.000
Unequal x High 0.999 0.269 1.000
Average 0.999 0.552 1.000
Waldχ2 55.28 α = 0.05
GMHχ2 474.3 α = 0.05*
SIBTEST 950.8 α = 0.05
LDFA 377.5 α = 0.05

*Significant, p < .05

Similarly, Table 4 reveals that the three procedures varied greatly in their ability to detect

DIF in ordinal test items.  The SIBTEST and GMH had nearly perfect power for detecting DIF at

1.000, p < .05, and 0.999, p < .05, respectively.  However, the LDFA performed rather poorly in

detecting DIF at all (0.552, p < .05). Logistic Discriminant Function Analysis (LDFA) results

showed that power was related to several variables: moderate and high item discrimination,
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unequal sample size ratio, and interaction between moderate and high item discrimination and

sample size ratio.  The power of the LDFA to detect DIF decreased markedly as item

discrimination increased.  Power was 0.88, p < .05, when item discrimination was low, 0.52, p <

.05, when item discrimination was moderate and 0.26, p < .05, when item discrimination was

high.  There was an interaction between ability differences and item discrimination, so that

power was slightly higher under the condition of a equal by low ratio for the three methods in

combination with high item discrimination( GMH = 1.000, p < .05; SIBTEST = 1.000, p < .05;

LDFA = 0.929, p < .05;) than it was when item discrimination was high and ability difference

was equal by high ratio ( GMH = 1.000, p < .05; LDFA = 0.242, p < .05; SIBTEST = 1.000, p <

.05;   ).  This scenario was reversed when item discrimination was moderate (GMH = 1.000, p <

.05; LDFA = 0.497, p < .05; SIBTEST = 1.000, p< .05), which is significant at p< .05.   To

determine whether  significant difference exist in the performance of GMH, SIBTEST, and

LDFA methods for detecting DIF in ordinal test items, the three procedures yielded a value of

GMHχ2 = 474.3,  p<.05, SIBTEST = 950.8, p<.05, LDFA = 377.5, p<.05, which are significant.

These results suggested there was a significant difference in the performance of GMH,

SIBTEST, and LDFA methods for detecting DIF in ordinal test items. Thus, the null hypothesis

is disconfirmed.

Discussion

From the above, the results of the analysis of the research question indicated that for

dichotomous test, 18 items exhibit negligible (A- level) DIF. These are items 1, 2, 3, 4, 5, 6, 7, 9,

10, 11, 12, 13, 15, 18, 21, 22, 24, and 25. Further, 15 items exhibit moderate (B-level) DIF, these

are items 26, 27, 28, 29, 30, 31, 32, 33, 35, 36, 37, 39, 40, 41, and 42.  Also, 6 items exhibit large

(C-level) DIF, these are items 43, 44, 45, 46, 48, and 49.  In dichotomous test, GMH classified

items 2, 5, 6, 11, and 21 as having negligible DIF (A-level), with items 2, 11, and 21 favouring

reference group, and items 5, and 6 favouring focal group respectively. Also, GMH classified

items 29, 30, 40, 41, and 42 as having moderate (B-level) DIF, with items 40, 41, and 42

favouring focal group, and both items 29 and 30 favouring reference group. Similarly, GMH

classified items 44, 48, and 49 as large (C-level) DIF, all favouring the reference group only. On

the other hand, LDFA classified items 1, 4, 9, 10, 12, 22, 24, and 25 as having negligible (A-

level) DIF, with items 9, 12, and 24 favouring focal group. Noteworthy, LDFA did not classified
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any items as having large (C-level) DIF in dichotomous test.  Further, SIBTEST classified items

3, 7, 13, 15, and 18 as having negligible (A- level) DIF, with both items 15 and 18 favouring

focal group, while items 3, 7, and 13 favouring reference group. Also, with SIBTEST, items 26,

27, 28, and 32 were classified as having moderate (B-level) DIF, while item32 only favouring

focal group and items 26, 27, and 28 favouring reference group. More so, SIBTEST classified

items 43, 45, and 46 as having large (C-level) DIF, with both items 43 and 45 favouring focal

group, and item 46 favouring the reference group respectively.

The results of this study are in consonance with the earlier findings of Swaminathan and

Rogers (2004) which concluded that the LR procedure was as powerful as the MH procedure in

detecting uniform DIF, and more powerful than the MH in detecting. In addition, as Dorans and

Schmitt (2009) stated, If LR DIF can detect non-uniform DIF better than the MH DIF method,

and is as powerful at detecting uniform DIF as the MH DIF method, then the inclusion of an

effect size would make LR DIF a very attractive choice as a DIF detection method. The

researcher believes that the results of this study can bear more significance by taking one point

into account. LDFA is a parametric DIF detection approach which is a response to the previous

DIF techniques which could only screen uniform DIF such as Standardization, GMH or

SIBTEST. This, implicitly, can be considered as a reassuring point for the developers of the

dichotomous and ordinal tests.

In contrast, when the three methods were used for the ordinal test, 13 items exhibit

negligible (A-level) DIF. These are items 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, and 15. Further, 3

items exhibit moderate (B-level) DIF, these are items 18, 20, and 21. Also, 3 items exhibit large

(C-level) DIF as items 22, 23, and 24. The GMH classified items 3, 4, 7, 8, and 11 as having

negligible (A-level) DIF, with all favouring the reference group only. Also, GMH classified

items 23 and 24 as having large (C-level) DIF, with item 23 favouring reference group and item

24 favouring focal group respectively. None of the items is classified as having moderate (B-

level) DIF by GMH method. Further, LDFA classified items 6, 9, 10, 13, and 14 as having

negligible (A-level) DIF, with items 13 and 14 favouring the focal group, while items 6, 9, and

10 favouring the reference group. Also, LDFA classified items 20 and 21 as having moderate (B-

level) DIF, with both items favouring the reference group only. Item 22 was classified as having

large (C-level) DIF which favours the focal group. Similarly, when SIBTEST was used, items 5,
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12, and 15 were classified as having negligible (A-level) DIF, with all the three items favouring

the focal group. Also, SIBTEST classified item 18 as having moderate (B-level) DIF, which

favours the reference group, but did not classified any of the items as having large (C-level) DIF

in the ordinal test.

These results are in line with Miller and Spray (2003) who used LDFA and SIBTEST for

DIF identification in polytomously scored items, confirmed that for both item 4 and item 17, the

power to detect DIF increased as the DIF magnitude increased. This trend occurred when there

were no missing data as well as when missing data were present. Conditions with a DIF

magnitude of .25 had the poorest power, while conditions with a DIF magnitude of .75 had the

highest power. Conditions with a DIF magnitude of .25 typically had power below 70% which is

generally considered adequate power. On average, item 17 had slightly higher power values than

item 4. This difference may be due to the varying degree of difficulty of item 4 and item 17.

The result of the analysis of the hypothesis revealed that there was a significant

difference in the performance of the GMH, SIBTEST, and LDFA methods for detecting DIF in

dichotomous and ordinal test items. That all three procedures had excellent power for detecting

DIF in dichotomous test items; the average power was 0.983, p < .05, and 0.989, p < .05, and

0.963, p < .05, for the GMH, LDFA, and SIBTEST, respectively.  Thus, the SIBTEST displayed

a slightly poorer performance than the other two procedures for all items (SIBTEST = 0.051, p<

.05), with average power of 42.6% compared to approximately 45% for both GMH and LDFA.

Further analysis of the data indicated that the three procedures varied greatly in their ability to

detect DIF in ordinal test items; but SIBTEST and GMH had nearly perfect power for detecting

DIF at 1.000, p < .05, and 0.999, p < .05, respectively.  However, the LDFA performed rather

poorly in detecting DIF at all (0.552, p < .05) in ordinal test.

These results are consistent with the findings of Gierl et al., (2009) who found that in

comparison with MH, which they referred to as “the conservative procedure”, LR could flag a

large number of items as exhibiting DIF. Also, as Gierl et al., (2000) have found, LR has

excellent Type I error rates which is a reassuring point for the researchers who choose LR as

their DIF detection method. On the whole, what can be inferred from this comparative discussion

is that, generally, LDFA is more likely to flag an item with moderate or large DIF than the other
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two DIF detection methods which have been generally used at different times by

scholars/researchers. In other words, by utilizing LDFA, the researchers can be sure that they

obtain a list of DIF items which might not be flagged as displaying DIF by either the GMH or

SIBTEST procedures. Metaphorically, LDFA feels free to accuse an item of displaying DIF.

This, implicitly, can be considered as a reassuring point for the developers of the dichotomous

and ordinal test items.

Conclusion and Recommendations

Based on the findings obtained from the study, it can be concluded, therefore, that a significant

difference existed in the performance of the GMH, SIBTEST, and LDFA methods for detecting

DIF in dichotomous and ordinal test items. Also, the three methods complement each other in

their ability to detect DIF in the dichotomous and ordinal test formats as all of them have

capacity to detect DIF but perform differently. From the findings of this study, the following

recommendations were made: (i) statistical methods for detecting Differential Item Functioning

should be an essential part of test development and test evaluation efforts; (ii) moreover,

quantitative and qualitative (expert judgement) analyses that can inform the test development

process should be conducted after the administration of a test; (iii)  DIF items must either be

revised or replaced since its elimination and non-replacement lessens the number of items in a

test. The lesser the number of items, the smaller the content validity, concurrent validity, and

internal consistency becomes; (iv) also, DIF analysis should be employed in such tests used for

promotion examinations for civil servants in all government ministries in the country (Nigeria) in

order to ensure good psychometric procedure(s) and test fairness and equity; (v) test experts and

developers should consider using contingency table approaches, preferably the GMH and LDFA

approaches in DIF detection. The two procedures are viable in DIF detection and result in similar

number of items (and similar items) being identified and has a very high detection rate; and (vi)

Educational institutions, Psychological and educational evaluators, and test experts and

developers should consider giving increasing attention to equity of test scores for various groups

or subgroups of examinees. Test equity can be achieved by ensuring that a test measures only

construct-relevant differences between groups or subgroups of examinees. To achieve test equity

among groups or subgroups of examinees, DIF testing must be conducted especially for very
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important tests like psychological instruments used by various researchers in all Nigerian

Universities.
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