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Abstract:

In many test applications, from larger to smaller scale, items could be given in different
booklets with different ordering. Differing the place of items may cause items to
function differently. The effect of item order is defined as the interaction between
response of a test taker on any item and the order of the item on the test. When earlier
studies examined, it can be seen that the item order effect shouldn’t not be ignored. In
this study, it was aimed to examine whether items included in graduate level
Measurement and Evaluation test showed differential item functioning (DIF) between
different booklets. Booklet effect was investigated by a series of DIF detection methods
and analysis were carried out using R program. The data collected with 25 multiple-
choice item test. The test covers the curriculum of the undergraduate level
Measurement and Evaluation course. When ordering the items in booklet, the sequence
of curriculum was followed on one booklet (Booklet A) while, it is not the case for the
second booklet (Booklet B). The results showed that the order of the items have an effect
on DIF for some items. It was concluded that, item location may affect the probability of
respondents to correctly answer to items.

Keywords: test booklet effect, Differential Item Functioning
1. Introduction

Differential Item Functioning (DIF) is a statistical technique of matching individuals
according to their abilities in relation to the variable to be measured, and then detecting
those individuals in different groups possessing different possibilities of responding to
the item (Camilli and Shepard, 1994; Zumbo, 1999). As developed by the Educational
Test Service (ETS) in 1986, DIF is a preliminary step to determine item bias, and has
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become a standard in bias analysis (Roever, 2005). There are a number of studies
conducted within the scope of DIF, but there is no consensus reached by experts on the
source of DIF (Karami and Nodoushan, 2011).

In the studies conducted so far, translational problems and cultural differences
(Asil, 2010; Girl and Khaliq, 2001), the format (open ended vs multiple choice) of the
items (Feng, 2008; Henderson, 1999; Qian, 2011; Zenisky, Hambleton and Robin, 2003),
different scoring models (Gelin and Zumbo, 2003; Henderson, 2001; Tung, 2016) and
item contents (Liu and Wilson, 2009; Mendes-Barnett and Ercikan, 2006; Ong et al.,
2011) are shown as possible sources of DIF. Another variable considered to have an
effect on is the order of item in booklet.

Some of the considerations that are important for item order is placing the the
items from the easy to the difficult and placing the items belonging to the same subject
are given together (Bahar, Nartgiin, Durmus and Bigak, 2010; Giiler, 2011; Ozcelik, 2010;
Tekin, 1993). However, these principles are often overlooked. For this reason, when test
items placed in different orders without obeying aforementioned principles, they could
be perceived more difficult or easier and they could show bias between the booklets.

The effect of item order is defined as the interaction between response of a test
taker on any item and the order of the item on the test (Kingston and Dorans, 1984;
Qian, 2014). When earlier studies examined, it can be seen that the item order effect
shouldn’t be ignored. Hambleton (1968) obtained two different test booklets by sorting
the items from “easy to the hard” and “hard to easy”, and stated that the average score
of the students is lower for the booklet in which the items are arranged in order of
“hard to easy”. Newman, Kundert, Lane and Bull (1988) reached a similar conclusion
and stated that when cognitive difficulty levels of items are arranged from “easy to
hard” test takers tend to be more successful. Tippets and Benson (1989), who study the
relationship between item ordering in different booklets and anxiety level of students,
stated that item order may affect students' level of anxiety. Yergin (2007) investigated
how item orders affect the success of students and suggested the use of “easy to hard”
item ordering when ordering the items in booklets.

When studies related to the effect of item order on DIF were examined, it was
concluded that the order of items is cause of DIF (Abedi, Leon and Kao, 2007; Freedle
and Kostin, 1991; Schmitt and Dorans, 1988). Similarly, Erdem (2015), Yilmaz (2014),
Yakar and Yavuz (2014) have shown that the number of items functioning differently
could change according to different test booklets. As become seen, even the effect of
item order based on difficulty of items are well studied, the effect of curriculum based
ordering is not investigated well.

In this study, it was aimed to examine whether items included in graduate level
Measurement and Evaluation test showed DIF according to different test booklets.
Despite the frequent use of different test booklets in large scale test applications and
related literature, the booklet-based DIF studies in small university test applications
don’t take part in this intense literature. For this reason, it is considered that this study
is important and that the results obtained will be informative for similar applications.
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2. Methodology

2.1 Data Source
The data collection tool consists of a total of 25 multiple-choice items with five choices.
The test covers the curriculum of the undergraduate level Measurement and Evaluation
course. The exam was applied in an education faculty of state owned university located
in Istanbul. The items were presented to the students in two different booklets. Booklet
A (reference group) was prepared according to the order of the course curriculum
topics during the semester. Item ordering in Booklet B (focus group) was prepared as
described below.

The first five items in Booklet A were included as the last five items in Booklet B.
In the same way, the last five items of Booklet A are listed as the first five items in
Booklet B. The order of all other items (from 6. item through 20. item) remained the
same in both booklets. In this way, item ordering is fixed similarly for Booklet A, while
students who took Booklet B started to the exam with items covering the most recent
topics thought in the class. The order of the items in the booklet and item difficulties are
presented in Table 2. To keep other factors constant, the correct answer options stayed
the same for both booklets that are Booklets were randomly distributed to the students
who took the test and each test Booklet was received by 425 students.

2.2 Data Analysis

Analysis of the data was carried out using R program (R Development Core Team,
2008). For this analysis, the "difR" package, developed by Magis et al. (2010), was used.
The results for Mantel-Haenszel, Lord's Chi-Square and Logistic Regression methods
were provided in the study.

A. Mantel-Haenszel

The Mantel-Haenszel (MH) method is a statistical method in which contingency tables
are used. This method (Mantel and Haenszel, 1959) aims to test whether there is a
relationship between group membership and item response depending on the total test
score. The number of test items is J, the number of test items is T;, the total score is taken
as j (j will take a value between zero and J). Then, for any item tested, the test takers are
classified for the 2X2 probability table with group membership and response type (true
or false) inputs. Aj, B, C; and Djare the values obtained for the four cells of this table,
and Aj and B; represent the numbers of correct and incorrect answers of the test item in
the reference group respectively. Similarly, C; and D; correspond to the corresponding
numbers of true and false answers in the focus group. The relevant table is given in
Table 1 below.
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Table 1: Mantel-Haenszel Table

Group 1 0 Total
Reference Aj B; Ny
Focal G D; Ny
Total My My; Ty,

Depending on these values, the MH statistic is calculated as:
[543t

In the equation (1), -.5 correction is the continuity correction factor used to
improve the prediction of the chi-square distribution, which is particularly necessary
for small frequencies.

> A,- X E(4))
Y Var(4,)

MHy’ =

B. Lord's Ki-Square Statistics

The Lord's (1980) chi-square method tests the differences in one or more item
parameters at the same time between reference and focus groups. The difference vectors
in the item parameters and the inverse of the variance-covariance matrix for these
differences are used to calculate a chi-square statistic that is compared to a critical value
based on a predefined significance level. The degree of freedom (df) used in testing the
significance corresponds to the number of parameters examined for each item. The
generated difference vector is expressed as:

V= (dp - aR ’ BF - BR)
The test statistic is expressed as:
Q=VSstv

Where S is the variance-covariance matrix of the differences between the item
parameters. Q follows a chi-square distribution with a degree of freedom equal to the
estimated number of parameters (Lord, 1980).

C. Logistics Regression
The logistic regression method uses the group variable (1 = reference, 2 = focus), the
total scale score for each item (expressed as variable TOT), the group & TOT interaction
and total scale score for a group as independent variables while it uses response to any
item (0 or 1) as dependent variable. It can be said that the Logistics Regression is a
bridge between IRT and CTT based methods (Camilli and Shepard, 1994).

The logistic regression equation is:

Y =bg + b; TOT + b, FORM + b3 TOT*FORM.
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Where Y is a natural logarithm of the probability ratio. So, the equation is:

In[:—;i] = by + bytot + bygroup + bztot*group

Where p is the proportion of individuals contributing the item in the latent
variable direction. DIF can then be examined by Chi-square test, taking as the degree of
freedom 2 for both uniform and non-uniform DIF.

3. Findings

Before the findings related to DIF are given, the difficulty indices of the items in Booklet
A and B in Table 2 are presented.

Table 2: Item orders and difficulties for Booklet A and B

Booklet A Booklet B
Item order Item difficulty Item Order** Item Difficulty Difference*

1 0.28 1(21) 0.09 -0.19
2 0.36 2(22) 0.41 0.05
3 -0.46 3 (23) -0.72 -0.26
4 -1.77 4 (24) -2.26 -0.49
5 2.74 5 (25) 2.39 -0.35
6 -2.05 6 -1.64 0.41
7 -0.49 7 -0.49 0

8 0.66 8 0.56 -0.1
9 -1.27 9 -1.57 -0.3
10 1.05 10 1.20 0.15
11 -0.02 11 -0.38 -0.36
12 -1.94 12 -2.04 -0.1
13 -0.57 13 -0.52 0.05
14 -0.01 14 -0.04 -0.03
15 0.84 15 0.81 -0.03
16 -2.03 16 -1.70 0.33
17 -0.32 17 -0.45 -0.13
18 -1.11 18 -1.12 -0.01
19 0.20 19 -0.15 -0.35
20 0.62 20 0.39 -0.23
21 -1.40 21 (1) -1.16 0.24
22 3.93 22 (2) 4.40 0.47
23 -0.32 23 (3) -0.27 0.05
24 -1.03 24 (4) -0.95 0.08
25 -1.31 25 (5) -1.30 0.01

* The items shown in bold in the difference column are the items that are identified as more difficult in
form B than in form A. ** Values in brackets for Booklet B correspond to the order of item in Booklet A.

Estimation of the difficulty indices was performed using the Rasch model based
on the IRT approach using the "Itm" package developed by Rizopoulos (2006) using the
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R program. Item sequences in the table are arranged according to Booklet A. The order
of items in Booklet B is shown in parentheses in the order of the original form.

As stated earlier, the last five items in booklet B corresponds to first five items in
Booklet A. Four of these items had lower difficulty indices in Booklet B than in Booklet
A, and one had a higher value. The first five items in Booklet B correspond to the last
five items in Booklet A. All of these items had higher difficulty indices in Booklet B
compared to Booklet A. When all the items are examined, 14 items in Booklet B have
lower difficulty indices than Booklet A, 1 item is the almost the same and 10 items have
higher difficulty indices.

The data obtained from the Booklets were analyzed according to the MH method
and the results are shown in Table 3 whether the materials show uniform DMF
according to different Booklet types.

Table 3: Result of Mantel-Haenszel Chi-square statistic

tems Statistic P - value
1 0.28 0.60
2 1.13 0.29
3 1.51 0.22
4 1.83 0.18
5 0.58 0.45
6 4.89 0.03**
7 0.17 0.68
8 0.00 0.98
9 2.26 0.13
10 0.30 0.58
11 3.64 0.06*
12 0.59 0.44
13 0.00 0.94
14 0.23 0.63
15 0.65 0.42
16 2.53 0.11
17 0.25 0.61
18 0.01 0.94
19 2.11 0.15
20 0.08 0.77
21 3.23 0.07*
22 1.19 0.28
23 0.65 0.42
24 0.03 0.86
25 0.02 0.88

**p<0.05, *p<0.1

In all iterations, it was found that 24 items didn’t show DIF at 05 significance
level. As a result of the convergence, item 6, which is the only item showing DIF
according to Table 3. The two items (items 11 and 21) showed a DIF at 0.1 signifigance
lecel, but were not considered as items with DIF because this value was above the
threshold value (3.84).
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In Table 4, the magnitudes of impacts are included in the interpretation of three
categories of MH method. In the second column of the table, the common odds ratios
called 'AlphaMH' are estimated; in the third column are the effect sizes called
'DeltaMH' and in the last column are given the ETS Delta scale classification. According
to this classification, 'A’ is categorized as negligible effect, 'B' as intermediate effect and
'C' as big effect.

Table 4: DIF effect sizes for MH method

items AlphaMH DeltaMH ETS Delta dlcegi
1 1.10 -0.23 A
2 0.84 0.41 A
3 1.22 -0.48 A
4 1.31 -0.63 A
5 1.19 -0.41 A
6 0.64 1.03 B
7 0.93 0.18 A
8 0.98 0.04 A
9 1.30 -0.62 A
10 0.91 0.22 A
11 1.34 -0.69 A
12 1.17 -0.37 A
13 0.98 0.05 A
14 0.92 0.21 A
15 0.87 0.33 A
16 0.73 0.74 A
17 1.09 -0.21 A
18 0.97 0.07 A
19 1.25 -0.53 A
20 1.05 -0.12 A
21 0.74 0.72 A
22 0.66 0.99 A
23 0.87 0.33 A
24 0.96 0.10 A
25 1.04 -0.09 A

Effect size codes: 0'A'1.0'B' 1.5 'C’

As seen in Table 4, DIF is seen only in item 6 according to different test forms. As
can be seen in Table 2, item 6 appears to be a more difficult item in Booklet B. The
strength of the item in A Booklet is -2.05 while it is -1.64 in form B. The difference is
0.41, and students who take Booklet A having advantages over the ones who get
Booklet B. The results were also provided in Figure 1. While only the 6th item is shown
in red above the threshold value, the 11th item is almost at the threshold and the 21th
item is just below threshold.
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Mantel-Haenszel

MH Chissquare satistic
3
1

Figure 1: MH statistics and critical value
The results were also obtained using different DIF methods and are given in Table 5.

Table 5: DIF results for other methods

Items Lord M-H Logistic #DIF
1 NoDIF NoDIF NoDIF 0/3
2 NoDIF NoDIF NoDIF 0/3
3 NoDIF NoDIF NoDIF 0/3
4 NoDIF NoDIF NoDIF 0/3
5 NoDIF NoDIF NoDIF 0/3
6 NoDIF DIF DIF 2/3
7 NoDIF NoDIF NoDIF 0/3
8 NoDIF NoDIF NoDIF 0/3
g NoDIF NoDIF NoDIF 0/3
10 NoDIF NoDIF NoDIF 0/3
11 DIF NoDIF NoDIF 1/3
12 NoDIF NoDIF NoDIF 0/3
13 NoDIF NoDIF NoDIF 0/3
14 NoDIF NoDIF NoDIF 0/3
15 NoDIF NoDIF NoDIF 0/3
16 NoDIF NoDIF NoDIF 0/3
17 NoDIF NoDIF DIF 1/3
18 NoDIF NoDIF NoDIF 0/3
19 NoDIF NoDIF NoDIF 0/3

20 NoDIF NoDIF NoDIF 0/3
21 NoDIF NoDIF DIF 1/3
22 NoDIF NoDIF NoDIF 0/3
23 NoDIF NoDIF NoDIF 0/3
24 NoDIF NoDIF NoDIF 0/3
25 NoDIF NoDIF NoDIF 0/3

In Table 5, the results for three different DIF detection methods are shown. According
to these results, DIF was not captured in 21 items with none of the methods. Items 11
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and 17 were found to have higher difficulty parameter values on Booklet A. Item 6 was
detected as DIF showing item by two methods while remaining three methods was
captured by only Logistic Regression Method. Twenty first item is the only one that its
location changed across the forms. The location of the remaining three items is the same
on both forms.

Item 21, which is captured as DIF, is related to topic of the properties of
measuring instruments. Item 21 of the Booklet A is listed as the first item in the Booklet
B. Therefore, the students who took book B did not start the test in parallel with the
curriculum. According to the results of the analysis, item 21 in item B have higher
difficulty level than item A in its booklet. As a reason for the observed DIF in this
direction, the order of the differentiating items in the forms can be shown. In parallell
with the results of MH method, DIF was captured according to the Logistic method for
sixth item. It is an important item for research because it is located immediately behind
the changing bunch of five items. Interestingly it is the easiest item in the test. While the
items in the A Booklet were in an array parallel to the subject order, this was not the
case for B Booklet. So, a student who takes Booklet B, starts the test with questions
measuring the most recent topics covered, cannot easily found the correct response. The
difficulty of this item for students who took the form B and the emergence of DIF in this
item proved that the item order affected the DIF.

4. Discussion

Item order in a test is very important for test development. It has also been proven
through studies that the effect of item ordering has an effect on the performance of
individuals. In the current study, item ordering effects are examined and it was
concluded that the order of the item in different booklets is effective on DIF. Similarly,
Erdem (2015), Yilmaz (2014), Yakar and Yavuz (2014) have shown that the number of
DIF detected items can change according to different test forms. However, these studies
focus on different DIF detection sources (e.g. gender) over different forms. In the
current study, booklet type was considered as a grouping variable and it was
determined that DIF appeared according to different Booklets.

In this study, the items on the test forms were not ordered by their difficulty. In
order to be able to accomplish this, item difficulties must be known prior, which is
generally the case for large-scale test applications. In this present study, the ordering of
the items was carried out by considering the subject line of the curriculum. In small
scale exams like the ones applied at universities, items are generally ordered by
considering the sequence of topics on curriculum.

Although booklet based DIF studies were made from the test forms in the large-
scale exams, it was seen that there is no study for the smaller-scale test applications in
which the sequence of items is generally ordered according to the subject matter in the
curriculum. With this respect, it was thought that, findings from the current study has
value when considering smaller test applications. As a recommendation, the same
study can be repeated considering item order based on item difficulty indices. In
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addition, bias determination can be carried out in accordance with the expert opinion
for the specified DIF detected items.
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