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01 Introduction



Introduction

e A fair test needs all its items to have measurement

invariance:
P(Y| W=w, V=v)=P(Y| W=w), (1)
where P(.) denotes probability, Y 1s the item score, w 1s the
trait to be measured, and v 1s group membership.

 Differential item functioning (DIF) occurs if equation (1)
does not hold, and i1t makes the test invalid.



II Introduction

Common methods for detecting DIF

IRT methods:

Lord’s chi-square test

The likelihood ratio test (LRT) Other methods:

ltem-specific Wald test Bayesian methods
Mixture modeling

Multiple indicators multiple causes (MIMIC)
IRT tree model

IRT models with covariates




I Introduction

Dilemmas in obtaining DIF-free anchor items for Traditional Methods :




Introduction

Differential item pair functioning (DIPF) method by Bechger and Maris (2015):




Introduction

Five contributions to the DIF literature of our Methods:

N —

Developing two graphical tools to facilitate the identification of DIF-free items.

Using Monte Carlo test to conduct DIF analysis

Classifying items according to clusters of points displayed in the D-scree plot or RCD-
scree plot.

Developing a confidence interval approach for visualizing DIF as well as a graphical test.

Synchronizing DIF analysis at item level with the overall test.



Rationale: DIF Detection Based on the

True Null Hypothesis

* The Rash DIF model

 Relative Change of Difficulty Difference
» D-scree plot and the internal reference points

* RCD-scree plot

* Graphical test with RCD confidence interval (RCD-CI)



DIF Detection Based on the True Null Hypothesis

1.The Rasch DIF model:

exp(6,9)-b)

| 8W~N(0,02) and 8@ ~N(u,o2),
1+exp(9:'m—b}(-m)

P(Y (g) — 1|l5’ {Q})

To identify the model and to compare the estimated item parameters, traditional DIF
analysis determines the impact ¢ by assuming a certain number of items to be DIF-
free (anchor items), which places the estimated item parameters onto a common scale.
However, if the anchor contains DIF items, which 1s referred to as contamination
(Finch, 2005; Wang, Shih, & Sun, 2012; Woods, 2009), the construction of a common
scale for the item parameters is flawed.



I I DIF Detection Based on the True Null Hypothesis

2. Relative Change of Difficulty Difference (RCD):

dj=Abj=b" —b" )y S;=d —d (=12,...M)

Depending on the impact u - Not depending on the impact u

diy <dey < <duy Oy = djy = drep




Item Difficulty Difference Between

The plots of d ;) and §;) with different impact p:
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DIF Detection Based on the True Null Hypothesis

3. D-scree plot and the internal reference points:

B, P

Step 1: Analyze the empirical data. Estimate the parameters as i , G4

and 5. Compute the values of d; and d ;.

Step 2: Use Monte Carlo method to approximate the null distribution of a(,-).

Step 3: Selecting internal reference points and forming clusters using D-

scree Plot

Step 4: Calculate the RCD. Violation of DIF-free by a single item will cause the scree
plot to have a systematic departure from the 45-degree
line.



DIF Detection Based on the True Null Hypothesis

4. RCD-scree Plot

dy <deg < <duy 8 =dy —dgep

5. Graphical test with RCD confidence interval (RCD-CI) :

a) if S(j) < L%Zf’)) , then all the items with RCD smaller than S(j) (i.e.,

5(1), 5(2), . 5( j—1)) will be identified as possessing DIF that favors group 2;
b) if S(j) > Uéf;’) , then all the items with RCD greater than S(j) (i.e.,
j

S(jﬂ), S(j+2), o S(M)) will be identified as possessing DIF that favors group 1.



lllustrations the Application of Scree

Plots and Graphical Test

¢ |llustrative Datasets

* The application of D-scree plot

* The application of graphical test



lllustrations the Application of D-Scree Plots and Graphical Test

1. lllustrative Datasets (M=30, N1=N2=1000, C1-C8 Cases)

I~

—— 0 -1.0 -0.4 -2.0 -0.4 0 -1.5 0-5
I 0 -0.9 0 -1.9 0.4 0 -1.4 0.5
0 -0.8 0 1.8 0.4 0 1.3 0.5
Y 0 -0.7 0 1.7 0.4 0 1.2 0.5
I 0 -0.6 0 -1.6 0.4 0 1.1 0.5
e 0 0.5 0 15 0.4 0 -1.0 -0.5
0 0.4 0 1.4 0.4 0 0.9 0.5
I 0 0.3 0 -1.3 0.4 0 0.8 0.5
I 0 0.2 0 -1.2 0.4 0 0.7 0.5
10 0 -0.1 0 -1.1 0.4 0 0.6 0.5
I T 0 0 0 -1.0 0.4 0 0.5 0.5
[ 12 ] 0 0 0 0.9 0.4 0 0.4 05
13 ] 0 0 0 0.8 0.4 0 0.3 0.5
14 0 0 0 0.7 0.4 0 0.2 0.5
[ 15 ] 0 0 0 0.6 0.4 0 0.1 05
[ 16 ] 0 0 0 0.5 0.4 0 0.1 05
0 0 0 0.4 0.4 0 0.2 0.5
18 ] 0 0 0 0.3 0.4 0 0.3 0.5
T 0 0 0 0.2 0.4 0 0.4 05
[ 20 0] 0 0 0 0.1 0.4 0 0.5 0.5
21 0 0.1 0 0 0 0.4 0.6 0.5
[ 22 0 0.2 0 0 0 0.4 0.7 0.5
[ 23 ] 0 0.3 0 0 0 0.4 0.8 0.5
[ 24 0 0.4 0 0 0 0.4 0.9 0.5
[ 25 0 0.5 0 0 0 0.4 1.0 0.5
[ 26 0 0.6 0 0 0 0.4 1.1 0.5
0 0.7 0 0 0 0.4 1.2 0.5
[ 28 0 0.8 0 0 0 0.4 1.3 0.5
[ 29 0 0.9 0 0 0 0.4 1.4 0.5
[ 3 | 0 1.0 0 0 0 0.4 15 0.5
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D-Scree Plots
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D-Scree Plots
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lllustrations the Application of Scree Plots and Graphical Test

The D-scree plot can be used to:

» It can help us to select the internal reference points (DIF-free items)
» The different clusters of items can be identified visually, and the overall
DIF sizes of the test can also be judged roughly.

» It can help us to inspect the overall DIF size on the test level intuitively.
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04  simulation Study

* Design

* DIF detection using the RCD-scree plot

* Results of RCD-CI: Type | error and Power



LU
1.Design:
Study 1: Study 2:
(1) DIF-free Test; (1) Sizes of DIF d=0.2, 0.4, 0.6, 1 0.8
(2) Sample size: 500, 1000; (2) DIF Pattern: Balanced vs.
(3) y=0and0.5 Unbalanced

(3) Number if DIF items: 5
(4) Sample size: 500, 1000;
(5)u=0and 0.5



E}

I *ETLM:

Difficulty difference = 0.N1=N2=500. Ability Difference=10 Difficulty difference = 0.N1=N2=500, Ability Difference=10.5

2. DIF detection using the
RCD-scree plot:

0.2 ¥ = 0.007 + 1.005X

¥ =0.005 +1.022X RZ =1.000

RZ=1.000

The figure contains the

four scree plots of average

Average Relative Change of Difference
Myerage Relative Change of Difference

RCD when all the items in

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
Average Relative Change of Difference Under Null Hypothesis Average Relative Change of Difference Under Null Hypothesis the teSt are DI F'free,
Difficulty difference = 0.N1=IN2=1000, Abilitv Difference =0 Difficulty difference = 0. N1=N2=1000. Abity Difference=0.5 corres pond'ng tO the fOUI'

conditions in study 1. The

0.2 ¥ = 0.005 + 1.013X

02 Y = 0.009 + 1.005X
RZ =1.000

RZ =1.000

sample size or the value of
the impact has essentially

no effect on the plots.

Average Relative Change of Difference
Average Relative Change of Difference

04 -03 -0.2 -0.1 0 01 0.2 0.3 04 -0.4 -0.3 -0.2 -0.1 o 0.1 0.2 0.3 0.4

Average Relative Change of Difference Under Null Hypothesis Average Relative Change of Difference Under Null Hypothesis




Average Relative Change of Difference

Average Relative Change of Difference

1
Average Relative Change of Difference Under Null Hypothesis

(a) Balanced N,=N,=500
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0.8 .
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(b) Balanced N,=N,=1000
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0.4

Figure. RCD-scree plots under
different conditions when
some items in the test are DIF.
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Results: Study 1-Type | Error

Type I error (%) at the item and test levels when the null hypothesis is true

Sample Ability MH- DIPF- RCD-
MH DIPF?
Size Difference Holm Holm DIF
500 0 4.1 0.2 3.8 0.1 0.5
0.5 4.2 0.2 4.1 0.1 0.3
Item Level
1000 0 4.4 0.2 3.0 0.1 0.5
0.5 4.3 0.1 3.2 0.1 0.4
500 0 72.2 4.6 1.4 15.2 6.0
0.5 72.2 4.4 1.2 23.8 4.0
Test Level
1000 0 72.6 6.0 0.4 11.4 4.0

0.5 73.4 3.8 0.6 12.2 4.0




Results: Study 2-Type | Error

Samp | Ability

Differ MH- DIPF- RCD- MH- DIPF- RCD-
ence MH Holm DIPF Holm  DIF MH Holm DIPF Holm  DIF
EI o 0.4 45 02 45 01 55 47 02 42 0.1 1.5
] 06 45 02 42 02 70 45 02 42 01 2.3
] 08 49 03 45 02 87 41 01 43 02 2.7
Bos 04 48 03 44 02 79 41 01 40 01 2.2
] 06 44 02 42 01 84 43 02 41 01 2.9
] 08 41 02 47 02 75 46 02 42 0.1 2.8
(1000 [0 04 45 02 32 01 67 44 02 34 0.1 3.2
] 06 46 03 31 01 79 43 02 30 0.1 3.4
] 08 46 02 32 01 69 43 02 30 0.1 2.7
Bos 04 43 02 31 01 67 44 02 31 0.1 2.9
] 06 42 02 31 01 79 44 02 33 01 2.6
] 08 46 03 33 01 76 47 02 32 0.1 2.3



Results: Study 2-Power

Abilit

Sample |y DIF MH- RC
Size Differ |SIZE MH Ho PP DPIPF-—p vip MH- ppp DIPF- RCD-
F Holm Holm Holm DIF

ence m DIF
EHIN o 0.4 68.9 29.1 445 13.0 725 663 250 336 4.8 43.8
] 0.6 95.2 747 79.8 40.7 97.7 94.6 734 748 282 95.6
] 0.8 99.1 939 967 782 100 995 954 960 704  99.6
B 05 0.4 67.0 26.8 442 12.8 68.2 62.6 229 337 49 594
] 0.6 93.8 71.0 789 402 95.6 922 705 742 284 94.2
] 0.8 99.0 937 96.1 769 99.9 985 927 950 683 100
1000 [0 0.4 93.5 70.1 792 41.1 969 937 68.1 75.7 322 918
] 0.6 99.7 975 98.6 882 100 99.7 981 98.1 851 100.0
] 0.8 100.0 99.7 100.0 99.5 100 100 100.0 100.0 99.1 100.0
B 05 0.4 93.6 67.9 78.6 39.7 954 929 652 753 31.8 93.0
] 0.6 99.7 97.4 983 879 100 995 96.6 974 826 99.8
- 0.8 100.0 99.6 100.0 994 100 100 99.7 999 987 100.0



05 Application



Application

Dataset

« PISA 2012 Math Test

« TestLength: 30

» 1081 students from Australia and 950 students from the United
Kingdom.

* Methods: RCD, MH, DIPF
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I Application
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Discussion

RCD-DIF does not require pre-specification of anchor items. The DIF test at the item level
is synchronized with that at the test level, and there is no issue of inconsistency.

The RCD-DIF method provides a one-step classification of DIF and non-DIF items and
does not need item purification.

RCD-DIF can control Type | error both the item level and test level without adjustment
procedures for multiple testing or iterative process for purification.

Plots promote better understanding and conveniently communications in presenting and
sharing the results.

Our method can better deal with difficulty cases, especially when the majority of the items

contain DIF.
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