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Abstract The utility of Orlando and Thissen’s (2000,

2003) S-X2 fit index was extended to the model-fit analysis

of the graded response model (GRM). The performance of

a modified S-X2 in assessing item-fit of the GRM was

investigated in light of empirical Type I error rates and

power with a simulation study having various conditions

typically encountered in applied testing situations. The

results show that the Type I error rates were controlled

adequately around the nominal alpha by S-X2. The power

of the S-X2 statistic was much lower when the source of

misfit was multidimensionality than when it was due to

discrepancy from the true GRM curves. Once the data size

increased sufficiently, however, appropriate power was

obtained regardless of the source of the item-misfit. In

summary, the generalized S-X2 appears to be a promising

index for investigating item fit for polytomous items in

educational and psychological assessments.

Keywords Item response theory � Item fit � S-X2 �
Graded response model

Introduction

Item response theory (IRT) employs a family of mathe-

matical models designed to describe the performance of

examinees on test items. Satisfactory model-data fit is

critical if the benefits of IRT applications such as test

development, item banking, differential item functioning

(DIF), computerized adaptive testing (CAT), and test

equating are to be attained. Although there is now exten-

sive research literature on IRT, relatively less research has

been done to help practitioners evaluate the model-item fit

for polytomous item response data.

The S-X2 item-fit statistic was originally proposed for

dichotomous IRT models and was found to perform better

than the traditional item-fit statistics such as Yen’s (1981)

Q1 and McKinley and Mills (1985) G2. Recently, Kang and

Chen (2008) successfully generalized the use of S-X2 to

polytomous IRT models such as the generalized partial

credit model (GPCM; Muraki 1992), the partial credit

model (PCM; Masters 1982), and the rating scale model

(RSM; Andrich 1978). According to the categorization of

IRT models proposed by Thissen and Steinberg (1986),

these models are the ‘‘divide-by-total’’ models, while the

GRM belongs to the ‘‘difference models’’ category.

For the GRM (Samejima 1969), Stone and Hansen

(2000) found that an item-fit test using the Pearson v2

statistics or a log-likelihood ratio index, G2, suffered from

inflated Type I error rates. Also DeMars’ (2005) simulation

studies used PARSCALE’s (Muraki and Bock 1997) item

fit index and discovered inflated empirical Type I error

rates on a 10 polytomous item test under the GRM. In both

aforementioned studies, the empirical power of the item-fit

indices was not investigated.

As polytomously scored items have become increas-

ingly popular for many psychological and educational

testing programs, it is necessary to develop an item-fit

index for polytomous items that adequately controls Type I

error rates and shows appropriate power in detecting misfit

items. This includes ‘‘difference models’’ such as the

GRM. To answer this call, the current study investigated
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the performance of the S-X2 item-fit statistic (Orlando and

Thissen 2000, 2003) under the GRM. Specifically, this

paper begins with reviewing the generalized S-X2 proce-

dure for polytomous items. Then, the design for the sim-

ulation study investigating the performance of the

generalized S-X2 under the GRM in terms of empirical

Type I error rates and power is discussed. Third, the results

of the simulation are explained and summarized. Finally,

the overall effectiveness of the S-X2 statistic is addressed,

and future research is suggested.

The generalized S-X2 for polytomous items

As a modified item-fit index of Orlando and Thissen’s

(2000, 2003) S-X2 that is only for dichotomous items, the

generalized S-X2 for polytomous items can be expressed as

follows:

S� X2 ¼
XðF�ZiÞ

k¼Zi

XZi

z¼0

Nk
ðOikz � EikzÞ2

Eikz
; ð1Þ

where Zi is the highest score of a polytomous item i, z

indicates each category score, and F is a perfect test score

(i.e., F ¼
PI

i¼1 Zi) when the total number of items in a test

is I. k represents a homogeneous group of examinees, Nk is

the number of examines in group k, and Oikz and Eikz are,

respectively, the observed and predicted proportions of the

z category response in item i for group k.

The expected category proportions, Eikz, in Eq. 1, can be

computed using the following formula

Eikz ¼
R

PiðzjhÞf �iðk � zjhÞuðhÞohR
f ðkjhÞuðhÞoh

; ð2Þ

where Pi(z|h) is the calculated probability that a person

with h gets an item score z on item i under the GRM, f ð�jhÞ
is the conditional predicted test score distribution given h,

f �ið�jhÞ represents the conditional predicted test score dis-

tribution without item i, and u(h) is the population distri-

bution of h. To compute f ð�jhÞ and f �ið�jhÞ used in Eq. 2,

the generalized recursive algorithm developed by Thissen

et al. (1995) is used.

As shown in Eq. 1, the summation for k is from the

highest score of item i, Zi, through F-Zi which is the

difference between the perfect test score and the highest

item i score. This is because for some groups with extre-

mely low or high test scores, the expected proportions of

examinees (Eikz) for some score categories are always zero.

For example, suppose an achievement test has 10 polyt-

omous items with each item having five categories (z = 0,

1, 2, 3, and 4). The possible test scores range between 0 and

40. Obviously, for the group of k = 3, the Eik4 will be

always zero because the item score cannot be four when the

total test score is three. Similarly, for the group of k = 37,

the Eik0 will be always zero. Therefore, valid groups for

computing S-X2 in this example include those having

k = 4 (Zi) to k = 36 (F-Zi). The respondents in the groups

with extremely low (i.e., k = 0, 1, 2, and 3) and high (i.e.,

k = 37, 38, 39, and 40) test scores are collapsed with the

k = 4 and k = 36 groups, respectively.

When respondents belong to low (high) test score

groups, they tend not to have high (low) item scores for a

specific polytomous item. Consequently, it happens often

that Eikz becomes very small in some groups. To ensure a

minimum expected cell frequency of 1, adjacent cells

of item score categories for a given group k are to be

collapsed. With this collapsing algorithm, the df of the

modified S-X2 in Eq. 1 is computed as ðF � 2Zi þ 1Þ �
Zi � m� Ci where m is the number of item parameters and

Ci indicates the total number of item score category cells

being collapsed.

Method

Type I error rate study: design of simulation study and

data generation

To assess the performance of the generalized S-X2 index

under the GRM, a simulation study varying in test lengths,

sample sizes, number of categories per item, and abil-

ity distributions was conducted. The simulation study

employed three test lengths (I = 5, 10, and 20 items), three

sample sizes (N = 500, 1,000, and 2,000 examinees), two

numbers of categories (nc = 3 and 5), and two ability

distributions (normal and uniform). The three test lengths

mimicked educational or psychological testing programs

having various numbers of polytomously scored items, and

the three sample sizes represented small, moderate, and

large samples. The different numbers of item score cate-

gories were considered to be practical in real world set-

tings. Finally, the employment of a non-normal ability

distribution was based upon Micceri’s (1989) findings that

it is not rare for trait or ability distributions to be non-

normal. In sum, there were a total of 36 different conditions

simulated in this Type I error rate study (3 test lengths 9 3

sample sizes 9 2 numbers of item score categories 9 2

ability distributions). One hundred replications were gen-

erated for each condition, and each condition mimicked

100 different I-item tests from the same item pool admin-

istered to 100 equivalent groups of n examinees.

For the empirical Type I error rate study, the item

parameters used for simulating response data under the

GRM were obtained as follows. The discrimination param-

eters (ai) were randomly sampled from a Lognormal (0, 0.52)

distribution. For each item, the threshold parameters (i.e., b1,
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…, bnc-1) were randomly drawn from uniform distributions.

For the conditions with nc = 3, the first threshold parameter

(b1) for each item was drawn from a uniform distribution,

U(-2,1), and the parameters for a successive category (b2)

were obtained by adding a random value from U(.4,1) to b1.

A similar item parameter generating approaches were

applied for the conditions with nc = 5: U(-2,0) was used

for generating b1, and three random values from U(.4,.7)

were added cumulatively to obtain b2, b3, and b4. The values

for the h parameter were randomly drawn from the standard

normal distribution, N(0,1) or U(-3,3). Under each condi-

tion, the simulated Type I error rates were obtained by

dividing the number of wrongly flagged items by

100 9 number of simulated items in each data set.

Power study: design of simulation study and data

generation

For an empirical power study of IRT model-item fit, it is

necessary to generate atypical (i.e., bad or misfitting) items

deviating from the expectations of the logistic model under

investigation. According to Stone (2000) and Lee et al.

(2002), two main causes of lack of fit between observed data

and model predictions are (1) violations to the model

assumptions (e.g., unidimensionality) and (2) inadequacies in

estimation procedures (i.e., a huge discrepancy between the

expected item characteristic curves and empirical curves as a

result of small sample size, random error, or true non-logistic

function). Following these research findings, this power study

considered two types of bad items: One was M-type misfit due

to multidimensionality, and the other was D-type misfit due to

a curve discrepancy. To generate these two different types of

misfit items, a two-dimensional GRM (for M-type) and a

Guttman step function (for D-type) were utilized.

When an item in a test measures a totally different

construct (h2) from that (h1) measured by all the other

items [i.e., q(h1, h2) = 0], this item is considered as a

problematic item under the IRT assumption of unidimen-

sionality. This M-type misfit can be explained with Fig. 1.

As shown in Fig. 1a and c, the illustrative M-type polyt-

omous item (z = 0, 1, 2, 3, and 4) is very useful in mea-

suring h2. But, when the other items in the same test mainly

measure h1, the item would appear to be not-discriminating

under the unidimensional calibration model as shown in

Fig. 1b. Consequently, it is anticipated that the data points

could be explained with zero discrimination parameter or

could not be explained effectively under the application of

a unidimensional IRT model.

To generate a dataset including a single M-type misfit

item and GRM-fitting items, the two-dimensional GRM

Item Response Surface 

Marginal Item Characteristic Curve 

 under 1θ
Marginal Item Characteristic Curve 

under 2θ

(a)

(b) (c)

Fig. 1 Item response surface

and item characteristic curves of

an illustrative M-type

polytomous item (z = 0, 1, 2, 3,

and 4)
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was used, and the related boundary characteristic curve is

given by:

P�ijx ¼
exp½ai1hj1 þ ai2hj2 þ dxi�

1þ exp½ai1hj1 þ ai2hj2 þ dxi�
: ð3Þ

P�ijx denotes the boundary probability for examinee j to

have a category score larger than x on item i. The log-

normal (0, 0.52) distribution was used to obtain the gen-

erating discrimination parameters: ai1 for GRM-fitting item

and ai2 for M-type misfit item. To ensure that each item

measures only one construct, ai1 of the M-type misfit item

measuring h2 was always zero. Likewise ai2 of the GRM-

fitting item measuring h1 was always zero. For either the

GRM-fitting or M-type misfit item, the procedures for

generating b1, b2, b3, and b4 were the same process as

those for the Type I error rate study. Then, the dxi values

for M-type and GRM-fitting items are given by -ai2bxi and

-ai1bxi, respectively.

To generate a D-type misfit item, the boundary charac-

teristic curves resembling the two-step Guttman functions

as shown in Fig. 2 were used. The step functions had clear

discrepancies from the GRM logistic curves. The item

parameters for the boundary characteristic curves under the

GRM were a = 2, b1 = -2.1, b2 = -0.7, b1 = 0.7, and

b1 = 2.1. In contrast to the generating procedure for the M-

type misfit and GRM-fitting item data that used random

selected values for generating item parameters, the gener-

ating procedure for the D-type misfit item data employed a

fixed two-step Guttman functions in Fig. 2. (i.e., the dis-

tance between two adjacent Guttman curves was 1.4, and

the middle points of the curves were fixed as -2.1, -0.7,

0.7, and 2.1, respectively).

For the power study, the main consideration was given to

the effects of different types of misfit, sample size, and test

length upon the empirical power of S-X2. The number of

item score categories was always 5. The standard normal

distribution was used to generate abilities. Hence, the

empirical power was examined under 18 simulated condi-

tions (3 test lengths of 5, 10, and 20 9 3 sample sizes of 500,

1,000, and 2,000 9 2 types of misfit items). One hundred

replications were generated for each condition. Each repli-

cation included a data set composed of I-1 items (I = 5, 10,

or 20) simulated with the GRM functions and a single M- or

D- type item. For each condition, the empirical power of the

generalized S-X2 index was computed using the number of

times that the misfit items were correctly flagged.

Results

For the current study, the item parameters were estimated by

the computer program MULTILOG 7.03 (Thissen 2003)

using each simulated dataset. To calibrate the GRM

parameters, the program defaults except N cycles = 3,000

were used. Most calibrations converged quickly, but some-

times over 1,000 EM cycles were required for the successful

convergence.

Type I error rates

The proportions of items wrongly flagged for misfit are

shown in Table 1 for each condition. The nominal alpha of

0.05 was used for the hypothesis tests in this paper. In the 5,

10, and 20 item test length conditions, the proportions were

calculated based on the total of 500, 1,000, and 2,000 items,

respectively (# items per dataset 9 100 replications).

For the conditions with the generating distribution of

N(0,1), the simulated Type I error rates tended to be closer

to 0.05 than those of the conditions with U(-3,3) in most

cases. In the N(0,1) conditions, the Type I error rates ranged

from 0.030 to 0.078 except the condition with 20 item test,

small sample size (500 examinees), and 5 item score cate-

gories. In a few cases of the conditions with U(-3,3), rel-

atively large inflations of Type I error rates were observed,

such as 0.120 and 0.225 when the sample size was 500.

The false rejection rates seemed to be influenced by the

ratio of sample size to the number of test score groups.

When there are 20 items with 5 categories in a test, the

total number of groups is 73 (from Zi = 4 to F-Zi = 76).

In these cases, the empirical Type I error rates were

improved from 0.203 to 0.058 as the sample size increased

from 500 to 2,000 in the N(0,1) conditions. The same

improvement was found in the U(-3,3) conditions, where

the simulated Type I error rates changed from 0.225 to

0.056. In other words, for the generalized S-X2 to work

properly, more data were required as the number of

homogeneous test score groups increased.

To account for sampling error in obtaining the empirical

Type I error rates under each simulation condition given a

Fig. 2 Two-step Guttman functions of an illustrative D-type polyt-

omous item (z = 0, 1, 2, 3, and 4) and the corresponding boundary

characteristic curves of the GRM
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nominal alpha of 0.05, 95% confidence intervals were

computed using CI = 0:05� 1:96
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:05� 0:95Þ=ðR� IÞ

p

where R is the number of replication for each condition I is

the test length (Stone and Hansen 2000; Zhang and Stone

2008). For the test length of 5, 10, and 20 and R = 100, the

intervals were (0,031, 0.069) (0.036, 0.064), and (0.040,

0.060), respectively. Six conditions under the N(0,1) and

seven conditions under the U(-3,3), appeared to have

empirical Type I error rates falling out of the CIs. Because

the extent of the Type I error rate inflation was usually

small for those conditions, however, S-X2 seemed to ade-

quately control the Type I error rates in most cases.

Empirical power

Because each data set included only one misfit item in

power study, the empirical power was calculated as the

number of correctly flagged items divided by 100 in each

condition. Table 2 summarizes the empirical power of the

generalized S-X2 in detecting M- or D-type misfit items.

The false alarm rate (FAR) which indicates the proportions

of the GRM-fitting items being wrongly flagged as misfit is

reported in Table 2. FAR is a very similar concept to the

empirical Type I error rate, but may be affected by true

misfit items in the parameter estimation process.

As shown in Table 2, the empirical power for detecting

the M-type misfit item ranged from 0.050 to 0.130. The

FAR appeared to be between 0.038 and 0.079, which was

similar to that of the Type I error rate study. Table 3 shows

the average item parameter estimates and their standard

deviations for the datasets including M-type misfit items.

As discussed earlier in this paper, the estimated, the esti-

mated discrimination parameters of M-type misfit items

were close to zero. The average estimates were between

0.10 and 0.13 while the average discrimination parameter

estimates of the GRM fitting items were between 1.09 and

Table 1 Type I error rates:

proportions of indices with

empirical p-values less than

0.05

*Indicates the empirical Type I

error rate is out of 95%

CI ¼ 0:05�
1:96

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:05� 0:95Þ=100� I

p

where I = test length

Test length Sample

size

# Category In conditions

with N(0,1)

In conditions

with U(-3,3)

5 500 3 0.046 0.068

5 0.046 0.080*

1,000 3 0.040 0.036

5 0.056 0.064

2,000 3 0.030* 0.054

5 0.064* 0.058

10 500 3 0.054 0.073*

5 0.060 0.120*

1,000 3 0.044 0.040

5 0.042 0.060

2,000 3 0.046 0.042

5 0.053 0.048

20 500 3 0.071* 0.099*

5 0.203* 0.225*

1,000 3 0.052 0.052

5 0.078* 0.092*

2,000 3 0.061* 0.062*

5 0.058 0.056

Table 2 Empirical power rates: proportions of indices with empirical

p-values less than 0.05

Misfit type Test length Sample size Empirical power (FAR)

M 5 500 0.050 (0.043)

1,000 0.120 (0.038)

2,000 0.100 (0.048)

10 500 0.120 (0.054)

1,000 0.110 (0.053)

2,000 0.120 (0.042)

20 500

1,000 0.080 (0.079)

2,000 0.130 (0.057)

D 5 500 0.110 (0.038)

1,000 0.180 (0.048)

2,000 0.410 (0.078)

10 500 0.280 (0.059)

1,000 0.320 (0.051)

2,000 0.640 (0.072)

20 500

1,000 0.830 (0.085)

2,000 0.970 (0.057)

For conditions where the empirical Type I error rates were consid-

erably inflated, the empirical power was not reported
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1.28. Because an M-type item measured a very different

construct from that measured by the other items in the

same test, the threshold parameters were not able to be

estimated accurately. This fact was reflected very well

through the relatively much larger standard deviations of

the M-type items’ threshold parameters than those of the

GRM-fitting items. Accordingly, it was expected that the

M-type items should be easily detected as misfitting.

However, the power of the generalized S-X2 in finding the

M-type misfit items was very small as shown in the results

of this power study.

In detecting the D-type misfit items, as shown in

Table 2, the power of the generalized S-X2 appeared to

increase as the sample size increased or as the test length

became longer. For example, when the test length was 20,

the empirical power of the item-fit statistics increased from

0.830 to 0.970 as the sample size increased from 1,000 to

2,000. Also when the sample size was 2,000, the empirical

power estimates were 0.410, 0.650, and 0.970 for the test

lengths of 5, 10, and 20, respectively.

Table 4 shows the average item parameter estimates and

their standard deviations for the datasets including the D-

type misfit items. In all conditions, the average threshold

parameter estimates of the D-type misfit items were close

to -2.1, -0.7, 0.7, and 2.1, which were the threshold

parameters of the corresponding GRM curves in Fig. 2.

The estimated discrimination parameters (â1i) appeared a

little larger (from 2.49 to 2.78) than the discrimination

parameter (2.00) of the corresponding GRM curves in

Fig. 2.

Discussion and conclusion

As more high-stake assessments adopt polytomous items

analyzed by IRT, the need for polytomous IRT fit indices

increases. As mentioned earlier, the success of IRT appli-

cations requires satisfactory fit between the model and the

data. Also one of the most important features of IRT,

parameter invariance, may not hold when the model is

incorrect (Andersen 1973; Shepard et al. 1984). In answer to

the call for an appropriate item fit index under polytomous

IRT, the results of the current study provide a rationale for

the application of the generalized S-X2 as an item fit index

under the GRM for researchers and practitioners.

The results of the Type I error rates study showed that

the Type I error rates of the generalized S-X2 adequately

controlled around the nominal level, 0.05, in most condi-

tions. In the conditions with the 20 items having 5 cate-

gories and small sample size (500 examinees), somewhat

severe inflations of the Type I error rates were found. These

results are consistent to those reported in Kang and Chen

(2008). Also, as Kang and Chen mentioned, this can be

explained by the sparseness problem in expected frequen-

cies. The expected cell frequencies will be easily sparse

when there is a small group of examinees given that there

are many test score groups. Because more sparseness

causes more collapsing, the df of the item-fit statistic would

consequently be smaller. Then, it would be much easier to

reject the null hypothesis of model-fit.

The power of the S-X2 item-fit statistic was much lower

when the source of misfit was M-type compared to D-type.

Table 3 Average item parameter estimates (SD) of the datasets including the M-type misfit items

Test length Sample size Item (#) â b̂1 b̂2 b̂3 b̂4

5 500 M-type (100) 0.12 (0.04) -7.47 (6.25) -3.06 (5.22) 1.16 (5.17) 5.47 (5.81)

GRM-fitting (400) 1.28 (2.45) -0.98 (0.67) -0.43 (0.64) 0.13 (0.63) 0.70 (0.63)

1,000 M-type (100) 0.12 (0.03) -7.19 (4.57) -3.18 (4.53) 0.69 (4.98) 4.78 (5.91)

GRM-fitting (400) 1.21 (1.16) -1.05 (0.61) -0.50 (0.61) 0.05 (0.60) 0.61 (0.61)

2,000 M-type (100) 0.13 (0.03) -6.36 (3.61) -2.56 (3.56) 1.23 (4.58) 5.08 (6.16)

GRM-fitting (400) 1.09 (0.53) -0.98 (0.62) -0.42 (0.62) 0.12 (0.63) 0.67 (0.65)

10 500 M-type (100) 0.12 (0.03) -7.11 (4.69) -2.89 (4.65) 1.57 (5.05) 5.81 (6.09)

GRM-fitting (900) 1.16 (0.66) -1.03 (0.62) -0.48 (0.62) 0.09 (0.63) 0.65 (0.65)

1,000 M-type (100) 0.12 (0.04) -7.72 (4.54) -3.44 (4.79) 0.58 (5.58) 4.72 (6.90)

GRM-fitting (900) 1.15 (0.61) -1.00 (0.59) -0.44 (0.58) 0.11 (0.59) 0.66 (0.59)

2,000 M-type (100) 0.13 (0.04) -6.63 (3.48) -2.91 (3.38) 0.89 (4.12) 4.83 (5.51)

GRM-fitting (900) 1.14 (0.61) -1.00 (0.61) -0.44 (0.61) 0.12 (0.62) 0.67 (0.62)

20 500 M-type (100) 0.10 (0.03) -8.08 (5.34) -3.38 (4.83) 1.25 (5.24) 5.83 (6.21)

GRM-fitting (1,900) 1.12 (0.60) -1.05 (0.64) -0.49 (0.63) 0.08 (0.63) 0.64 (0.64)

1,000 M-type (100) 0.11 (0.02) -7.80 (4.96) -3.28 (5.04) 1.22 (5.62) 5.61 (6.86)

GRM-fitting (1,900) 1.13 (0.61) -1.00 (0.60) -0.45 (0.60) 0.11 (0.61) 0.66 (0.63)

2,000 M-type (100) 0.12 (0.04) -6.60 (3.47) -2.57 (4.33) 1.48 (6.11) 5.58 (8.04)

GRM-fitting (1,900) 1.13 (0.62) -0.99 (0.59) -0.44 (0.59) 0.11 (0.60) 0.67 (0.61)
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Even though the M-type items appeared to cause the poor

threshold parameter estimation, S-X2 seemed insensitive to

detect this type of misfit even with a large sample size of

2,000. Because previous studies (e.g., Orlando and Thissen

2003; Zhang and Stone 2008) reporting satisfactory

empirical powers of S-X2 statistics did not consider M-type

but only D-type misfit items, the results here provide

noteworthy information for future studies.

For the M-type misfit items, it was true that the empir-

ical power was too low to suggest the S-X2 statistic as a

tool for evaluating item fit under all the conditions con-

sidered in this study. Also for the D-type misfit items, it

appeared that appropriate power could be only obtained for

conditions with a 20-item test and a sample size of at least

1,000. Because it is noted that the statistical power is a

function of sample size, it can be expected that more power

could be observed for larger sample size. Under this con-

sideration, a further study was conducted to investigate

appropriate sample sizes that would produce satisfactory

power (e.g., 0.7 or higher). This additional power study

employed much larger sample sizes of 5,000, 10,000, and

20,000 for detecting the M- or D-type misfit items under

the conditions with a test length of 5, 10, or 20 items each

having 5 categories. The number of these additional con-

ditions was 18 (= 3 test lengths 9 3 new sample sizes 9 2

types of misfit items). Each data set included a single misfit

item, and 100 replicated data sets for each new condition

were generated and calibrated in the same process as

described earlier. The results are summarized in Table 5.

As shown in Table 5, regardless of test length, it

appeared that at least 20,000 examinees were required to

obtain acceptable power in detecting misfit items due to

multidimensionality. However, for a short test with five

items, inflated FARs, 0.078 and 0.115, were found for the

conditions with 10,000 and 20,000 examinees, respec-

tively. For the D-type misfit items, the sample sizes of

5,000 or more appeared to be enough for producing satis-

factory power. But, similar to the cases of M-type items,

for a short test with five items, inflated FARs, 0.130 and

0.185, were found for the conditions with 10,000 and

20,000 examinees, respectively. These results indicate that

the use of very large sample sizes should be considered

more cautiously when the test length is short (five items)

regardless of the source of item misfit.

In conclusion, under the GRM, the generalized S-X2

adequately controlled the Type I error rates in most con-

ditions and was able to yield satisfactory power in detect-

ing the M- or D-type misfit items with large sample sizes.

Therefore, the generalized S-X2 item-fit statistics appeared

to be a promising index for investigating item-fit in edu-

cational and psychological assessments having polytomous

items.

To gain a better understanding of this promising item-fit

index, however, additional studies need to be conducted.

First, because this study examined only one kind of misfit

item under each test data set, additional misfit items in a

test need to be further considered to better understand the

performance of the generalized S-X2 in detecting misfit

Table 4 Average item parameter estimates (SD) of the datasets including the D-type misfit items

Test

length

Sample

size

Item (#) â b̂1 b̂2 b̂3 b̂4

5 500 D-type (100) 2.78 -2.12 -0.66 0.66 2.11

GRM-fitting (400) 1.06 (0.60) -1.10 (0.68) -0.53 (0.63) 0.06 (0.64) 0.65 (0.69)

1,000 D-type (100) 2.71 -2.11 -0.65 0.66 2.11

GRM-fitting (400) 1.13 (0.70) -1.04 (0.62) -0.47 (0.60) 0.08 (0.60) 0.64 (0.61)

2,000 D-type (100) 2.66 -2.11 -0.66 0.66 2.10

GRM-fitting (400) 1.16 (0.64) -1.05 (0.58) -0.50 (0.58) 0.06 (0.58) 0.61 (0.59)

10 500 D-type (100) 2.57 -2.15 -0.67 0.67 2.14

GRM-fitting (900) 1.12 (0.60) -1.03 (0.65) -0.46 (0.64) 0.10 (0.64) 0.67 (0.66)

1,000 D-type (100) 2.61 -2.12 -0.66 0.67 2.12

GRM-fitting (900) 1.12 (0.63) -1.02 (0.59) -0.47 (0.59) 0.09 (0.60) 0.65 (0.61)

2,000 D-type (100) 2.60 -2.11 -0.65 0.66 2.12

GRM-fitting (900) 1.12 (0.62) -1.02 (0.58) -0.46 (0.59) 0.09 (0.59) 0.64 (0.60)

20 500 D-type (100) 2.49 -2.18 -0.69 0.69 2.17

GRM-fitting (1,900) 1.10 (0.59) -1.02 (0.64) -0.45 (0.63) 0.13 (0.64) 0.70 (0.65)

1,000 D-type (100) 2.58 -2.11 -0.65 0.67 2.13

GRM-fitting (1,900) 1.12 (0.60) -1.00 (0.61) -0.44 (0.61) 0.12 (0.62) 0.67 (0.63)

2,000 D-type (100) 2.58 -2.10 -0.66 0.68 2.11

GRM-fitting (1,900) 1.14 (0.61) -1.00 (0.58) -0.45 (0.58) 0.10 (0.59) 0.65 (0.59)

The small SD values of D-type items ranging between 0.04 and 0.20 due to the fixed data generating functions were not reported
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items. Also more potential sources of misfittng items (e.g.,

different levels of correlation between h1 and h2, differ-

ential item functioning, poorly estimated item parameters,

etc.) need to be further studied. Second, different from the

study of Kang and Chen (2008) where all the items on a

test were misfit in conducting the power study, the current

power study included only a single misfit item into each

test. To make this approach more informative and mean-

ingful, however, more different percentages or number of

misfit items on a test needs to be further considered. Third,

the performance of the generalized S-X2 needs to be

investigated under conditions where the ability distribution

is other than normal and uniform. For example, under

skewed distributions, it would be expected that S-X2 per-

forms poorly due to low cell frequencies in some parts of

the distribution. Fourth, the Guttman step functions were

used in this study to simulate the D-type misfit items. If

empirical item response functions which are not consistent

with the underlying model could be considered, it would

make this type of study deal with more realistic misfit

items. Finally, the test lengths considered in this study were

5, 10, and 20 items. Because it is not uncommon that a

psychological scale includes more than 20 polytomous

items, it will be also interesting to extend the current study

into considering longer test lengths.
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10 5,000 0.170 (0.043)
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10,000 0.460 (0.050)
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10 5,000 1.000 (0.061)
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20,000 1.000 (0.055)

96 T. Kang, T. T. Chen

123


	Performance of the generalized S-X2 item fit index for the graded response model
	Abstract
	Introduction
	The generalized S-X2 for polytomous items
	Method
	Type I error rate study: design of simulation study and data generation
	Power study: design of simulation study and data generation

	Results
	Type I error rates
	Empirical power

	Discussion and conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


