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Abstract

Test fairness, according to Standards, has four characteristics. These are equitable
treatment of all examinees in the testing process, the absence of bias, the equality of
testing outcomes for examinee subgroups and equity in opportunity to learn the material
covered in an achievement test.

The development of the Philippine Aptitude Classification Test (PACT) considered
giving fair treatment to all examinees in terms of context, purpose of testing and the
manner in which the test scores were used. The absence of bias, however, was not
examined. Hence, the purpose of this study is to gather baseline data on the extent to
which PACT is an unbiased instrument using the three widely used differential item
functioning (DIF) procedures: Rasch Model (RM), Mantel-Haenszel procedure (MH) and
the Logistic Regression procedure (LR).

A sample of 2,296 examinees was drawn from a total of 52,006 high school examinees
who took the PACT in SY 2007-08. The sample had an equal ratio of male and female
examinees while the ratio of Metro Manila and non-Metro Manila group was
approximately, six is to four.

At the test level, the study showed that the differences in scores between gender
groups and between geographic groups are very minimal with scores ranging from 10%
to 16% of one (1) standard deviation. On the item level, a large number of items, with
respect to gender (73 out of 240 items) and geographic groups (47 out of 240 items)
displayed DIF for the b-parameter (difficulty) (p < .01). The presence of DIF on these
items, however, is not sufficient evidence to conclude that the items are biased. The
results of the study recommends further substantive investigation, like a replication, to
determine if performance differences that have been observed are, in fact, due to impact
and not due to bias in the items.

Background

The Philippine Aptitude Classification Test, or PACT, is an instrument used for
career guidance developed by the Center for Educational Measurement, Inc. (CEM).
The PACT is designed to predict a student’s chances of success in a chosen
occupational field (TDD, 2007). Although its goodness as an instrument for its
intended purpose has been established, the issue of bias with respect to specific
characteristics of its target group has not been examined.

This study is a preliminary investigation of the extent of PACT’s impartiality as a
test instrument using the three widely used DIF procedures: (1) the Rasch Model
(RM), (2) the Mantel-Haenszel procedure (MH) and (3) the Logistic Regression
procedure (LR). The study focuses on gender (Caoli-Rodriguez, 2007) and
geographic (Hicap, 2006) DIF since studies have shown significant differences
among Filipino students on these two variables.

As an initial attempt, the researchers do not look into whether gender DIF or
geographic DIF is due to bias or impact. It is unusually difficult to account for DIF
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(Angoff, 1993). Extensive research is needed to substantively interpret DIF
statistical outcomes in gender and geographic differences.

Definition of Terms
Differential ltem Functioning (DIF) occurs when examinees from different

groups show differing probabilities of success on (or endorsing) the item after them
matching on the underlying ability that the item is intended to measure.

ltem 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 characteristics of the test item or testing situation that is not relevant to the test
purpose. DIF is required, but not sufficient, for item bias.

The Mantel-Haenszel Procedure

The Mantel-Haenszel (MH) is one of the widely-used approaches for
identifying DIF using contingency tables (Clauser & Mazor, 1998; Holland & Thayer,
1988), where a chi-square test with one degree of freedom is yielded to test the null
hypothesis that there is no relation between group membership and test
performance on one item after controlling for ability. MH is computed by matching
examinees in each group on their total test scores and then forming a 2-by-2-by-K
contingency table for each item, where K is the total number of score levels on the
matching variable, namely the total test score. At each score level j, a 2-by-2
contingency table is created for each item |.
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The MH procedure also estimates the constant odds ratio that yields a
measure of effect size for evaluating the magnitude of DIF. The odds ratio is
calculated as follows:
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The ayyis the ratio of the odds that a reference group examinee will get the item
correct compared to the odds for a matched focal group examinee. The ayyis often
transformed to the Ay to enhance the interpretability of the result using the formula,

AmH= -(235) In (GMH)-

Based on this transformation, Zwich and Ercikan (1989) proposed the following
interpretation guidelines to evaluate the DIF effect size:

o Negligible DIF: | Au | < 1, or MH test is not statistically significant,

o Intermediate DIF: 1 <| Awy | < 1.5 and MH test is statistically significant,
o Large DIF: | Ayn | > 1.5 and MH test is statistically significant.

The Rasch Model

The Rasch Model (RM) is a parametric method relying strongly on the
assumption of unidimensionality in the test. The Rasch model asserts that the easier
the item, the more likely it will be affirmed; and the more able the person, the more
likely he or she will affirm an item compared with a less able person (Lungrel, et al,

2006). The formula:
P
In ( il ) —_ ﬂ_ —Eﬂk
1- Pzﬂ:—l *

which is the log-odds of person n affirming category k in item J; 6 is person ability, b
is the item difficulty parameter, and P, is the probability for person n to answer item i
in category k. The units of measurement obtained from the equation are called
"logits", which is a contraction of log-odds probability units. When the observed
response pattern coincides with or does not deviate too much from the expected
response pattern, then the items constitute a true Rasch scale.

Test of fit to the Rasch model is preceded by a number of overall tests and
by tests of fit for individual items. The latter are given in the form of residual values
(the standardized difference between the observed and the expected score for each
person), which should be between -2.5 and 2.5, and Chi-Square statistics, which
should show non-significant deviation from the model expectation.

Three overall summary fit statistics are given; 1) Overall item and 2) person
fit statistics approximate a normal distribution with a mean of 0 and standard
deviation of 1 when data fit the model and 3) an item trait interaction statistic which
tests that the hierarchical ordering of the items remains the same for discrete groups
across the trait. This is reported as a chi-square statistic and significance level is
tested at an alpha-level of 0.05. Significant difference implies that the probability of
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answering the item correctly given the same ability differs in terms of the subgroup,
thus, indicates presence of DIF.

The Logistic Regression DIF

Swaminathan and Rogers (1990) applied the logistic regression (LR)
procedure, a model-based approach, to identify DIF. It is designed to detect non-
uniform DIF. Uniform DIF exists when there is no interaction between ability level
and group membership. That is, the probability of answering an item correctly is
greater for one group uniformly over all ability levels. Uniform DIF is indicated by
parallel item characteristic curves. Non-uniform DIF occurs when there is an
interaction between ability level and group membership. In this case, the difference
in the probabilities of a correct response for the two groups is not the same at all
levels of ability. Non-uniform DIF is indicated by nonparallel item characteristic
curves. LR can detect uniform and non-uniform DIF, which may provide an
advantage over other approaches.

The equation in LR model for DIF detection is expressed as

f
ef( 1g)

1+ef(5‘,g)

P(u=1| 6,8 =

where P(u =1 | 6, g) is the conditional probability of obtaining a correct answer given
the vector of independent variables (i.e., 6, g). f(6, g) is the function that defines the
linear combination of the predictor variables, including the observed ability (6), the
group membership (g), and the interaction between the observed ability and the
group membership (). The f(6, g) can be expressed dependent on the steps in the
LR procedure.

In step 1, f{6, g) equal to 1o+ 1,6 (model 1), where the coefficients o, T,
represent the intercept and weights for the ability. This serves as the baseline
model. In step 2, the presence of uniform DIF is then tested by examining the
improvement in chi-square model fit associated with adding a term for group
membership (g) against the baseline model. That is, Model 2 (i.e. (6, g) =t + 1.1 0
+1,¢) subtracted from Model 1. In step 3, the presence of non-uniform DIF is tested
by examining the improvement in chi-square model fit associated with adding a term
for group membership (g) and a term for the interaction between test score and
group membership (6g) against model 2. That is, Model 3 (i.e. {6, g) =t + 116 + 12g
+ 136)) subtracted from Model 2.

Jodoin and Gierl (2001) recently evaluated the use of an effect size measure
for uniform DIF detection, called R?A - U , with logistic regression in an attempt to
reduce the inflated Type | errors often associated with this approach (Narayanan &
Swaminathan, 1996; Swaminathan & Rogers, 1990). R°A - Uis given as:

RPA-U=R%*%-R%,
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where R% and R?; are the sums of the products of the standardized regression
coefficient for each explanatory variable and the correlation between the response
and each explanatory variable of the model 2 and model 1. They presented new
guidelines for interpreting the results from this approach by comparing R?A with B.
The guidelines are:

* Negligible DIF: AR?< 0.035
e Intermediate DIF: Null hypothesis is rejected and 0.035 < AR? < 0.07
e Large DIF: Null hypothesis is rejected and AR? > 0.07

Method

Data

PACT results from 52,006 third year high school students were used for
gender and geographic DIF analysis. For gender DIF analysis, a sample of 2,296
examinees was randomly selected for the reference (male) and focal (female) group.
The same sample was also used for the geographic DIF analysis with reference
(Metro-Manila) and focal (non-Metro Manila) group.

Metro Manila is the general term for the metropolitan area that includes the
City of Manila, as well as sixteen surrounding cities and municipalities. Metro Manila
is the political, economic, social and cultural center of the Philippines. Non-Metro
Manila refers to the area outside Metro Manila.

The distribution of the sample by gender and geographic location is presented
in Table 1.

Table 1.
Distribution of the Sample by Gender

and Geographic Location

Particular Size (n)  Percent (%)
By Gender
Male 1,232.00 53.66
Female 1,064.00 46.34
Total 2,296.00 100.00
By Geographic Location
Metro Manila 1,327.00 57.80
Non-Metro Manila 969.00 42.20
Total 2,296.00 100.00

The sample has an equal proportion of male and female examinees while for
geographic distribution the ratio is 6:4 in favor of Metro Manila group.
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Instrument

The PACT is a multiple-choice battery of aptitude tests consisting of two parts.
Part 1 is a speed test, Perceptual Speed (PS). This is not included in the study since
an implicit assumption in IRT is that the test is administered as a power test. The
speededness may cause a nontrivial source for individual differences and, therefore,
could be viewed as a distinctive dimension (Douglas, Kim, Habing, & Gao, 1998).

Part 2 is a power test composed of seven (7) factors namely Verbal English
(VE), General Reasoning (GR), Flexibility of Closure (FC), Verbal Filipino (VF),
Spatial Closure (SC), Visualization (V) and Perceptual Acuity (PA) (lledan & Franco,
2003). Appendix A contains the eight aptitude/factor scores with their corresponding
reliability indices (r).

Statistical Analyses

DIF statistical analyses were conducted for each item using MH, RM and LR.
Test statistics for RM and MH were interpreted at an alpha-level of 0.05 while LR
was at 0.01 alpha-level. In all the comparisons described below, items with
intermediate and large level ratings were considered DIF items whereas those with
negligible rating were not. This decision seems justified since intermediate and large
level DIF items are scrutinized for potential bias in tests reviews (Zieky, 1993).

Results
Psychometric Characteristics of the Factors and ltems

A summary of the descriptive statistics of the gender groupings on the seven
factors is presented in Table 2.

Males consistently scored higher than females in five out of the seven
factors, namely, Verbal English, General Reasoning, Flexibility of Closure, Spatial
Closure and Visualization. Females scored higher than males in Verbal Filipino and
Perceptual Acuity. The magnitude of the mean difference favoring males was
largest in Spatial Closure. Conversely, the magnitude of the mean difference
favoring females was largest in Verbal Filipino. The score variability and distribution
characteristics were similar between males and females in all the seven factors.
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Table 2.
Descriptive Statistics By Gender on the Seven Factors
Verbal English General Reasoning Flexibility of Closure Verbal Filipino
Male Female Male Female Male Female Male Female
No. of Examinees 1232 1064 1232 1064 1232 1064 1232 1064
No. of items 30 30 30 30 30 30 30 30
Mean 15.47 15.16 17.21 15.84 15.76 15.06 13.38 15.31
Std. Deviation 6.01 5.65 6.32 5.80 5.69 5.27 4.90 448
Skewness 0.19 0.16 -0.21 0.11 -0.09 0.05 -0.05 -0.22
Kurtosis -0.71 -0.63 -0.80 -0.75 -0.60 -0.56 -0.29 -0.11
Spatial Closure Visualization Perceptual Acuity
Male Female Male Female Male Female
No. of Examinees 1232 1064 1232 1064 1232 1064
No. of items 30 30 30 30 30 30
Mean 17.59 15.86 15.62 14.29 13.19 14.25
Std. Deviation 7.92 8.28 6.05 5.09 6.92 6.74
Skewness -0.36 -0.10 0.06 0.24 0.01 -0.08
Kurtosis -1.07 -1.40 -0.51 -0.14 -0.71 -0.64

Table 3 shows the summary of descriptive statistics of the geographic
groupings on the seven factors. Metro Manila and non-Metro Manila groups scored
similarly in all the seven factors except in Verbal Filipino where the magnitude of the
mean difference was largest in favor of Metro Manila. As in gender groupings, the
score variability and distribution characteristics between Metro Manila and non-Metro
Manila are comparable.

Table 3.
Descriptive Statistics By Geographic Location on the Seven Factors
v Endl a R - Floxbility of C Verbal Filioi

Metro Non-Metro Metro Non-Metro Metro Non-Metro Metro Non-Metro

Manila Manila Manila Manila Manila Manila Manila Manila
No. of Examinees 1327 969 1327 969 1327 969 1327 969
No. of items 30 30 30 30 30 30 30 30
Mean 15.25 15.44 16.86 16.18 15.15 15.82 15.45 12.66
Std. Deviation 5.72 6.02 6.12 6.11 5.43 5.59 4.58 4.63
Skewness 0.16 0.20 -0.11 0.02 0.03 -0.10 -0.32 0.05
Kurtosis -0.67 -0.68 -0.84 -0.78 -0.61 -0.53 0.08 -0.23
Spatial Closure Visualization Perceptual Acuity
Metro Non-Metro Metro Non-Metro Metro Non-Metro
Manila Manila Manila Manila Manila Manila
No. of Examinees 1327 969 1327 969 1327 969
No. of items 30 30 30 30 30 30
Mean 16.71 16.88 15.13 14.83 13.47 13.98
Std. Deviation 8.06 8.24 5.50 5.88 6.48 7.33
Skewness -0.23 -0.27 0.23 0.13 0.01 -0.10
Kurtosis -1.25 -1.26 -0.40 -0.31 -0.61 -0.80

DIF Outcomes

The sample was evaluated on DIF across gender and geographic groupings
using RM, MH and LR procedures. Appendices B1 to B7 and C1 to C7 contain the
detailed results of the three DIF techniques on all the items of the seven factors
across gender and geographic comparisons, respectively. Table 4 contains the
number of identified DIF items based on the three procedures for all the seven
factors across gender and geographic groupings.
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TABLE 4.
Number of items with Potential DIF across Gender and Geographic Location
DIF Technique Number of Items with Potential DIF
VE GR FC VF SC Vv PA

BY GENDER

Rasch Model 16 14 9 11 12 6 17

Mantel-Haenszel Procedure 1 4 1 9 5 1 6

Logistic Regression 9 10 5 5 3 5 12
BY GEOGRAPHIC LOCATION

Rasch Model 11 8 3 25 3 3 2

Mantel-Haenszel Procedure 0 0 11 0

Logistic Regression 5 3 0 16 3 1 1

For gender differences, MH was the least sensitive among the three
procedures identifying the least number of DIF items except in two factors; Verbal
Filipino and Spatial Closure. On the other hand, RM was the most sensitive of the
three procedures flagging the largest number of DIF in all the seven factors.

In the same manner, MH identified the least number of geographic DIF items
in all the seven subtests while RM flagged the largest number of DIF items with
regard to geographic differences.

Since there is little agreement on which DIF statistical procedure is most
accurate, the three different methods were used in this study. Table 5 contains the
number and percentage of the identified items showing gender DIF. It also presents
the number and percentage of DIF items that were identified consistently by each
pair of procedure under consideration. For example in Verbal English, of the 30 total
items, 16 (53.33%), 1 (3.3%) and 9 (30.00%) items were identified as displaying DIF
by RM, MH and LR, respectively. One item was consistently identified as showing
DIF by RM and MH. The associated matching percentage was 3.33%. Likewise, the
matching percentages between RM and LR and between MH and LR were 26.67%
and 3.33%, respectively.

Table 5.
Classification and Consistency among Procedures across Factors for Gender DIF
Number Classification Consistency
of RM MH LR RM & RM & MH &
ltems MH LR LR

Verbal English 30 16 (53.33%) 1(3.33%)  9(30.00%) 1(3.33%) 8(26.67%) 1(3.33%)
General Reasoning 30 14 (46.67%) 4 (13.33%) 10(33.33%) 4(13.33%) 9(30.00%) 4 (13.33%)
Flexibility of Closure 30 9(30.00%) 1(3.33%) 5(16.67%) 1(3.33%) 5(16.67%) 1(3.33%)
Verbal Filipino 30 11 (36.67%) 9(30.00%) 5 (16.67%) 6 (20.00%) 5 (16.67%) 3 (10.00%)
Spatial Closure 30 12 (40.00%) 5 (16.67%) 3 (10.00%) 5(16.67%) 3(10.00%) 2 (6.67%)
Visualization 30 6(20.00%) 1(3.33%) 5(16.67%) 1(3.33%) 2(6.67%) 1(3.33%)
Perceptual Acuity 30 17 (56.67%) 6 (20.00%) 12 (40.00%) 6 (20.00%) 11 (36.67%) 6 (20.00%)
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A high matching percentage suggests that the two procedures are consistent
in terms of identifying DIF items. It appears that the RM and LR combination, which
yielded the largest number of identical DIF items, is robust when compared to the
other two combinations.

Using the RM and LR combination, Perceptual Acuity (11), General
Reasoning (9) and Verbal English (8) were identified as the factors with the most
number of gender DIF items while Visualization (2) and Spatial Closure (3) had the
least number of gender DIF items.

Table 6.
Classification and Consistency among Procedures across Factors for Geographic DIF
Number Classification Consistency
of RM MH LR RM & RM & MH &
ltems MH LR LR

Verbal English 30 11 (36.67%) 2 (6.67%) 5 (16.67%) 2(6.67%) 4(13.33%) 2(6.67%)
General Reasoning 30 8(26.67%) 0(0.00%) 3(10.00%)  0(0.00%) 3(10.00%) 0 (0.00%)
Flexibility of Closure 30 3(10.00%) 0(0.00%) 0 (0.00%) 0(0.00%)  0(0.00%) 0 (0.00%)
Verbal Filipino 30 25 (83.33%) 11(36.67%) 16 (53.33%) 9(30.00%) 16 (53.33%) 5 (16.67%)
Spatial Closure 30 3(10.00%) 0(0.00%) 3(10.00%)  0(0.00%) 1(3.33%) 0 (0.00%)
Visualization 30 3(10.00%) 0(0.00%) 1(3.33%) 0(0.00%) 1(3.33%)  0(0.00%)
Perceptual Acuity 30 2(6.67%) 0(0.00%) 1(3.33%) 0(0.00%) 1(3.33%) 0(0.00%)

The number and percentage of the identified items showing geographic DIF is
presented in Table 6. Similar to the findings for gender DIF, the RM and LR
combination identified the largest number of common DIF items for all the seven
factors.

Evaluating the consistency among procedures is an important step so as to
address the occurrence of type | error. A high matching percentage indicates that
the studied procedures tend to have a low type | error rate.

Summary and Implications

The number of items flagged with DIF varied according to the statistical
procedure applied across factors. For gender DIF, classification consistency varied
across factor and statistical procedure. RM, MH and LR flagged a comparable
number of items across the seven factors although MH tended to be more
conservative than either RM or LR.

For geographic DIF, the results also varied across factor and statistical
procedure. MH consistently flagged the smallest number of items, RM the largest
number of items, and LR was in between.

The classification consistency rates indicate that the three DIF methods used
in this study produce results that are relatively consistent but not identical.
Moreover, those outcomes suggest that the three procedures produce relatively
consistent item classification but that two procedures should be used to screen items
for DIF.
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The results from this study indicate the MH is more conservative (i.e. flags
fewer items) than either RM or LR. Test developers should consider these results
when choosing a DIF statistical approach since MH will likely identify fewer DIF
items (i.e., MH will make fewer Type | errors) but possibly at the expense of power
(i.e., MH will make more Type Il errors). Both RM and LR consistently identify more
DIF items. Researchers who are interested in studying DIF will likely accept a more
powerful statistic even at the risk of identifying non-DIF items. Test developers and
practitioners who are often pressed for time and resources may not accept such a
trade-off and opt for a more conservative approach.

The study revealed that the number of gender DIF items tended to be greater
in Perceptual Acuity and Verbal English. This trend implies that a review of PACT
should anticipate more gender DIF in Verbal English and Perceptual Acuity.
Perhaps the review panel should be forewarned of this trend and encouraged to be
more attentive to possible gender DIF and gender bias.

Interpreting PACT DIF items becomes the next important step. Recall, DIF is
not synonymous with bias. If the performance differences can be attributed to
construct irrelevant test difficulty which unfairly affects the test performance for
members of one group, then the item is biased. If, on the other hand, the
performance difference can be attributed to actual knowledge and experience
differences the test is designed to measure, then the outcome can be interpreted as
item impact.

The distinction between DIF, item bias, and item impact is important since DIF
is a statistical concept while bias and item impact are substantive concepts,
requiring qualitative analysis. Typically, explanations for DIF are sought from panels
of content specialists who study the items and try to identify why some items are
more difficult for one group of examinees compared to another group (Berk, 1982;
Ramsey, 1993). However, experience and research have shown that it is difficult to
account for DIF using judgmental analyses (e.g., Angoff, 1993; Camilli & Shepard,
1994). Thus, more research is needed to substantively interpret DIF statistical
outcomes.

Finally, statistical and substantive methods for detecting differential item
functioning should be an essential part of test development and test evaluation
efforts of PACT. Moreover, quantitative and qualitative analyses that can inform the
test development process should be conducted after the administration of a test.
These types of studies focusing on item, test and DIF analyses are often not routine
since they are guided by specific questions applicable to a particular content area or
test administration. Yet, these studies are essential since they help establish a
feedback loop between developers and psychometricians so that information gained
from each test administration can be used to improve the existing test development
process.

10
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Appendix A
Philippine Aptitude Classification Test:
Subtest Composition, Number of Items,
Name of Aptitude/Factor Scores and Reliability Estimates
Subtest No. of Items Aptitude/Factor Score It

Part |
1. Matching Letters/Numbers 15 1. Perceptual Speed .879
2. Form Matching 15
Part Il
1. Vocabulary 15 2. Verbal English .855
2. Analogies 15
3. Numeric 10 3. General Reasoning .844
4. Number Series 10
5. Figural Reasoning 10
6. Paper Form Board 15 4. Flexibility of Closure .790
7. Hidden Figure 15
8. Talasalitaan 15 5. Verbal Filipino 775
9. Mga Salitang Magkaugnay 15
10. Hidden Blocks | 15 6. Spatial Closure 927
11. Hidden Blocks I 15
12. Patterns 10 7. Visualization .765
13. Mechanical Motion 10
14. Assembly 10
15. Figure Series 15 8. Perceptual Acuity .848
16. Proofreading 15

TOTAL 240

Test Length: 240 ltems
Testing Time: Part | — 4 minutes

Part Il — 1 hour and 45 minutes

Intended User: Second year high school students, but not lower. May

be administered to the same purpose to students in the
higher levels up to at most first year college. The test is
most recommended for third year high school students.
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