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Locally Dependent Linear Logistic
Test Model With Person Covariates
Edward H. Ip
Wake Forest University School of Medicine

Dirk J. M. Smits
University College Brussels

Paul De Boeck
K. U. Leuven

The article proposes a family of item-response models that allow the separate and independent

specification of three orthogonal components: item attribute, person covariate, and local item

dependence. Special interest lies in extending the linear logistic test model, which is commonly

used to measure item attributes, to tests with embedded item clusters. The problem of local

item dependence arises in item clusters. Existing methods for handling such dependence, how-

ever, often fail to satisfy the property of invariant marginal interpretation of the item attribute

parameters. Although such a property may not be necessary for applications that focus on pre-

dictive analysis, it is critical for linear logistic test models. To achieve the marginal property,

we implement an iterative estimation method, which is illustrated using data collected from an

inventory on verbal aggressiveness.

Keywords: Index terms: Item response theory, item attribute, person covariate, local item

dependence, item cluster, testlet, linear logistic test model

One of the most important contributions of item-response theory (IRT) to the fields of

psychology, education, and the behavioral sciences has been the delineation of item–

person interaction. As observed by Glas (2005), following the pioneering work of Rasch

(1960), Lord (1980), and others, generalization of the principles of IRT, especially in the

study of individual differences, has evolved in three directions: (a) inclusion of item com-

ponents in characterizing the item parameter, (b) introduction of person attributes into

model differences between subgroups, and (c) inclusion of local item dependencies (LID)

of item responses that arise in response contexts and processes that are beyond the expla-

nation of the latent trait. This article describes a locally dependent linear logistic test

model (LID-LLTM) that allows the separate and independent specification of the three

components described by Glas: (a) item attributes, (b) person covariates, and (c) an LID

that is not captured by person trait. Most important, the LID-LLTM adopts a marginal

approach (described later) that preserves the interpretation of components (a) and (b) in

the same way that they are interpreted in standard IRT models. Therefore, the proposed

approach adds to the existing literature by providing a proper measurement framework

that allows the incorporation of all three components while not altering the respective

interpretations of the first two, which are typically the points of interest for practitioners

and researchers.
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A prominent example of the first direction outlined by Glas is the LLTM proposed by

Fischer (1973) and its various extensions (Embretson, 1984; Fischer, 1995; Janssen &

De Boeck, 1997; Rijmen & De Boeck, 2002; Wilson, 1989). The LLTM allows the direct

assessment of the impact of item attributes on the difficulty of an item. Item attributes,

particularly in applications such as cognitive diagnosis, can provide more meaningful

interpretations than can item-difficulty parameters. For the second direction, person attri-

butes such as gender, age, and other measures of personal traits can be introduced into

IRT as multilevel models (Mislevy & Sheehan, 1989; Zinderman, 1997).

The last direction, broadly termed LID, has been the object of growing interest, presum-

ably in response to a demand for more flexible IRT models to handle complex processes

and test designs. The LID arises when items tend to cluster within a test. For example, an

item cluster comprises items that are related to a common reading passage in an educa-

tional test or items that are related to the same hypothetical situation in a psychological

test. The information that is contained in an item within a cluster for the measurement of

the intended construct needs to be discounted, and the extent to which it needs to be

discounted depends on the level of the LID.

One of the most fruitful areas of investigation of LID is in the development of formal

models for both modeling and explanation of LID. This includes random-effects (RE)

models (Bradlow, Wainer, & Wang, 1999; for RE testlet response models, see Wainer,

Bradlow, & Wang, 2007; for RE facet models, see Wang & Wilson, 2005; for multiscale

RE models, see Scott & Ip, 2002); componential models (Hoskens & De Boeck, 1997);

item-bundle models (Rosenbaum, 1988); marginal and hybrid models (Ip, 2000, 2002;

Ip, Wang, De Boeck, & Meulders, 2004); bifactor models (Gibbons & Hedekker, 1992);

log-linear models (Jannarone, 1986; Kelderman & Rijkes, 1994); and models with internal

restrictions on item difficulties (MIRID; Butter, De Boeck, & Verhelst, 1998). The

remarkably broad range of LID models for educational and psychological testing reflects

a growing need for measurement technologies in which traditional assumptions such as

local independence may not necessarily be valid for studying individual differences.

Background

The most important methodological challenge of constructing an encompassing model

for (a)–(c), as one sees it, is to maintain, in the presence of LID, the marginal interpreta-

tion (which shall be explained later) of the item parameter within the LLTM component

of the model. Mathematically, the issue is related to the orthogonality among the compo-

nents. Many existing LID models do not maintain the orthogonality condition, and thus

they would not be entirely suitable for the LLTM.

The LLTM extends the Rasch model by allowing the kernel of the response function

(logit of probability of positive response given ability) to be decomposed into the sum of

person trait and a compensatory term of some weighted linear function of item attributes.

In other words, in the LLTM, the item difficulty parameter can be expressed by a design

matrix of items by components, multiplied by the basic component parameters. Maintain-

ing this structure is a nontrivial task if it is necessary to account for LID, and one of the
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most common methods of handling LID is to introduce an item-level RE into the response

kernel (e.g., Bradlow et al., 1999). Such an addition, however, invariably changes the

interpretation of the parameters of an item, making its interpretation dependent on the

specific RE of the cluster to which the item belongs. As a result, it also changes the inter-

pretation of the weights of item attributes. A similar dilemma is also observed in the use

of mixed models versus marginal models in the literature on clustered-data analysis (e.g.,

Fitzmaurice, Laird, & Ware, 2004, chap. 13).

To understand what is meant by the marginal interpretation of the item parameters, con-

sider an example in which three binary items (Y1, Y2, Y3) are known to form an item clus-

ter. That is, there exists a nonzero correlation between each item pair within the cluster,

given ability. For each item, let the item characteristic curve (ICC) be given by

PðYij = 1|yjÞ= expðyj − biÞ
1+ expðyj − biÞ

, ð1Þ

where Yij denotes the item response of the jth person to the ith item, yj denotes the (latent) trait

score of the person j, and bi represents the item difficulty parameter of item i, i= 1, 2, 3: We

assume that the values of b for the three items are, respectively, 0.2, 0, and –0.2. Therefore,

for a person with y= 0 (person index omitted), the probability of a positive response to Item 1

is given by P(Y1 = 1|y= 0)= 0:4158. Under the assumption of local independence, the prob-

ability of observing the pattern Y1 = 1, Y2 = 1, Y3 = 1 for this person is the product of the three

probabilities P(Yi = 1|y= 0), i= 1, 2, 3: However, under LID the joint probability of a speci-

fic pattern would be different from the value given by the product rule.

Table 1 shows how probabilities of response patterns change when LID, measured in terms

of the pairwise conditional odds ratio, is present. In Table 1, the three marginal probabilities

are constrained to the value given by equation (1) in the presence of LID. The term marginal

is used here to distinguish between probability distributions such as P(Y1 = 1|y= 0), which

we call marginal, and conditional distributions such as P(Y1 = 1|y= 0, Y2 = 0, Y3 = 0). The

marginal probability of the item response for Item 1 is the sum of the probabilities of the

four patterns (100), (110), (101), and (111), and it can be easily verified that under LID

in Table 1, P(Y1 = 1|y= 0)=P*(100)+P*(110)+P*(101)+P*(111)= 0:4158, which

exactly equals the value of the item response function of the locally independent model given

Table 1
Joint Probabilities of Response Patterns

of Three LID Items With Given Marginal ICCs

Response Pattern 100 110 101 111 000 010 001 011

Probability under local

independence

P(:) 0.0864 0.0864 0.1215 0.1215 0.1215 0.1215 0.1706 0.1706

Probability under LID

P*(:) 0.0247 0.0247 0.0734 0.2931 0.2931 0.0732 0.1088 0.1088

Note: Item parameter values b= (0.2, 0, –0, 2). Pairwise conditional odds ratios between item pairs (1, 2),

(1, 3), and (2, 3) are, respectively, 4, 8, and 4. LID= local item dependencies; ICC= item characteristic

curve.
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by equation (1): P(Y1 = 1|y= 0)= 0:4158. An invariant marginal model requires that such

agreement holds for all values of y. It is also easy to verify that under local independence,

P(100)+P(110)+P(101)+P(111)= 0:4158.

Thus, regardless of whether LID is present, and regardless of which subset of items is

under consideration, the interpretation of the item parameters remains the same under the

marginal model. The distinction between models that have invariant marginal interpreta-

tion and those that do not is a point of departure for the proposed LID-LLTM and other

existing item-response models. The marginal property is not shared by LID models such

as the RE testlet model. Nor is it shared by log-linear models.

In this article, the motivation for developing LID-LLTM is to properly model the item

attributes within a measure of verbal aggression, after controlling for LID and other perso-

nal characteristics. The application uses data from a situation-response (S-R) inventory

concerning verbal aggression. Several features can influence the probability of a person

becoming verbally aggressive in a situation, some of which are situational, whereas others

are related to personal characteristics (see, Infante & Rancer, 1996; Smits, De Boeck, &

Vansteelandt, 2004). Each hypothetical situation can be regarded as a random sample

drawn from a universe of real-life situations. Here, the marginal property of the item para-

meter becomes important because it allows the meaning of the person attribute parameters

to be independent of the specific item cluster (situation) to which the item belongs. The

dependency of different verbally aggressive behaviors within the same situation, after

accounting for the situational features and individual dispositions toward aggressiveness,

is considered as manifesting itself in the form of positive or negative associations between

item pairs within a situation.

Method

Data

The participants were 316 first-year psychology students (73 men and 243 women;

average age= 18.4, SD= 1.2). Three surveys (described below) were administered to

these participants at the Catholic University (K.U.) of Leuven, Belgium, and participation

in the study was a partial fulfillment of a requirement to participate in research. This data

set is a subset of a comprehensive data set described in Smits et al. (2004).

The data set contains item responses collected from three instruments. The first instru-

ment is a subset of an inventory concerning the presence/absence of two verbally aggressive

behaviors (cursing and scolding) in four frustrating situations. Each of the four situations

was presented to the participants and followed by two questions: (a) Would the participant

curse (the word is translated from Dutch, and the Dutch word literally means that the action

is not necessarily directed toward another party) when in that situation? and (b) Would the

participant scold (often directed toward another party) when in that situation? Thus, in the

data set there are, altogether, eight items (four situations times two questions per situation).

The four situation descriptions used in this article were taken from two existing situa-

tion-response inventories by Endler and Hunt (1968). They are situations with which stu-

dents are familiar and (a) are likely to evoke anger, or (b) represent what are considered to
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be personally frustrating events. The four situations, described in Table 2, were translated

into Dutch by two independent translators. Agreement across translators was used as a cri-

terion to select the current translations.

The four situations can be subdivided into two types: (a) two situations in which a per-

son is responsible for the frustrating event, and (b) two situations in which a material

breakdown causes the frustration. By consequence, two situation-specific attributes can be

identified: the type of situation, and a behavior-related attribute—whether the question is

about cursing or about scolding.

To disguise our design and to counteract response tendencies, the two behaviors were

mixed, for each situation, with 19 other behaviors, and the four situations were mixed with

11 other situations. In addition, the order of the items was randomized.

The collected data also contain person-specific features, which can influence the probabil-

ity of becoming verbally aggressive, a behavior that is widely considered to be related to

anger and its expression because anger is often conceptualized as the emotion that motivates

aggression (e.g., Averill, 1983). The two measures, respectively, for anger and anger expres-

sion were (a) the Dutch adaptation of the State-Trait Anger Scale (Spielberger, Jacobs,

Russell, & Crane, 1983), which is a measure of trait anger and (b) the Self-Expression and

Control Scale (SECS; Van Elderen, Maes, Komproe, & van der Kamp, 1997), which con-

tains the subscales Anger Out, Anger In, Anger In Control, and Anger Out of Control.

Model

A general formulation of LID-LLTM is presented followed by a description of the spe-

cific model used in the current application. The basic workhorse of LID-LLTM is the

Rasch model, as exemplified by equation (1), but clearly other logistic models, such as the

two-parameter logistic model (2PL), can also be accommodated without much modifica-

tion of the method.

The overall structure of the model and its components—item attributes, person charac-

teristics, and LID—are depicted in Figure 1, and each component is separately modeled as

Table 2
Four Situations in the Situation-Response Inventories
and Percentage of Positive Response in Data Situation

Item Covariate

Behavior Type

Item Covariate

Situation Type

Percentage of

Positive Response

Flat tire Curse Material breakdown 70.9

Scold Material breakdown 47.2

Awakened by loud noises Curse Person 41.7

Scold Person 27.5

Grocery store clerk gives

wrong information

Curse Person 45.9

Scold Person 24.4

Broken typewriter Curse Material breakdown 70.6

Scold Material breakdown 45.6

Ip, Smits, and Boeck / Locally Dependent Logistic Model 559

 at Katholieke Universiteit Leuven on December 16, 2009 http://apm.sagepub.comDownloaded from 

http://apm.sagepub.com


follows. First, the item attributes follow the linear logistic form of a fixed-effects model

(Fischer, 1973):

b=Xb, ð2Þ

where X is the design matrix specifying the structure of the items present in the test, and

b,b are, respectively, the vector-of-difficulty parameters and the vector of nonrandom

coefficients of item attributes. An intercept term b0, which is common to all items, is

included as part of b in equation (2). The marginal representation in equation (2) is critical

for the LLTM because such representation allows the b coefficient, which is indicative of

the extent to which each attribute affects item difficulty, to have a common and consistent

interpretation across items and clusters.

Person covariates, which are contained in the matrix Z, are incorporated as a separate

regression model for the latent trait. In other words, yj in equation (1) is conceptualized

as an unobserved person-specific factor that can either be explained by other observable

Figure 1

Schematic Display of the Structure of
a Hypothetical Example of the LID-LLTM Model

Person
attribute 1

Person
attribute 2

Person
attribute 3

Verbal aggression

Item 1
(cluster A)

Item 2
(cluster A)

Item 3
(cluster B)

Item 4
(cluster B)

Item 5
(cluster C)

Item 6
(cluster C)

Item
attribute 1

Item
attribute 2

LID
covariate 1

LID
covariate 2

LID
covariate 3

Note: In this example, there are three item clusters (A, B, and C), each with two items, three person attributes, and one cov-

ariate for the LID component. The LID covariate may or may not be the same across clusters. LID-LLTM= locally item

dependent linear logistic test model.
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measurements or influenced by background characteristics such as demographics. Formally,

such a relation can be expressed as

yj =ZT

j
g+ ej, ð3Þ

where Zj is a vector of observed personal characteristics for person j, g is a vector indicating

the linear effects of each personal variable, and ej is a random component that follows a

normal distribution. To identify the scale of the measured trait, we assume that ej follows a

normal distribution with zero mean. Finally, the LID component can be modeled as a func-

tion of the latent trait and other covariates that are expected to contribute to LID. The mag-

nitude of LID can be operationalized through a procedure called mixed parameterization

(Barndorff-Nielsen, 1978), and eventually it can be quantified as the pairwise conditional

odds ratios between item pairs within the same cluster (Ip, 2002; Ip et al., 2004). To avoid

fitting unnecessarily complex models of association, all higher-order interactions in the LID

model are set to zero.

The general formulation of the model for the conditional log-odds ratio between Item j
and Item k, oik, follows the form

oik = lðikÞ
0

+ lðikÞ
1

y+
XM

m= 2

lðikÞ
m

wðikÞ
m

, ð4Þ

where l(ik)
0 , l(ik)

1 , l(ik)
m are item pair-specific coefficients, and w(ik)

m is an item pair-specific

covariate. Here, the conditional log-odds ratio is a measure of residual association between

item pairs, given y, and all other item responses within the same cluster, typically all set at

the value of 0. The general form expressed in equation (4) allows the statistical testing of

hypotheses such as whether LID is related to the latent trait or other covariates. Accord-

ingly, it can be tested whether the dependency between the item pairs of cursing and scold-

ing in a specific situation can be explained by the person’s overall tendency toward being

verbally aggressive.

The setup in equation (4) also allows the testing of the hypothesis that anger measures

such as Anger Out of Control have an effect on the divergence of cursing (not toward any-

one) and scolding (toward others). When sample sizes are small, one may want to assume

some form of constancy of LID over the entire cluster and model LID as a function of clus-

ter characteristics rather than of characteristics of individual item pairs. For example, a sim-

ple model is to assume constancy in conditional log-odds ratios across all item pairs:

oik = l0: ð5Þ

In other words, l0 represents the uniform LID between any pair of items within a test-

let, at any level of y. An even stronger assumption would be to have constancy of LID

over all item clusters (situations in the current example).

The focus is now on several LID-LLTM models by comparing their goodness of fit to the

data. Because there exists a rather broad range of models that all have good face validity,

the model that was representative and consistent with psychological theory was selected.
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The model was used as the theory-based model and is referred to as the comparison model,

against which all other models were compared. The comparison model used the following

input variables: for item attributes—material breakdown versus person, curse versus scold;

for person attribute—Anger Out; and for LID—a different odds ratio for each situation, but

without covariates. The comparison model was then compared with other nested models.

The following competing families of models were fitted and compared with the com-

parison model:

1. Model A (item component): Added and deleted item-attribute variables, especially add-

ing an interaction term for Material Breakdown and Curse, as we expect respondents to

curse more when Material Breakdown is involved.

2. Model B (LID component): Added verbal aggressiveness and other predictors such as

Anger Out of Control and gender to the LID regression component.

3. Model C (person component): Used different anger measures (e.g., Trait Anger) as per-

son covariates.

4. Model D: Used a locally independent model.

The G2 statistic (–2× log likelihood) was used to assess how well the model fits the data

and to guide the selection of the final model. A lower G2 value implies a better fit. Under

general regularity conditions, the change in G2 follows as a chi-squared distribution with

n− 1− p degrees of freedom, where p is the number of additional parameters. The statisti-

cal significance of the change in G2 is often used for determining whether a more complex

model (one with more parameters) is better than a reference model. However, as many

authors have pointed out (e.g., Wang, Chen, & Wilson, 2005), experience has shown that in

many cases the G2 statistic gravitates toward more complex models. Although such models

generally give better fit to the data in terms of G2, it is often desirable to select models that

are parsimonious and meaningful but that still provide a reasonable overall fit. Following

Wang et al. (2005), we examined the goodness of fit through both the change in G2 and the

change in G2 per parameter fitted in competing nested models.

Estimation

An expectation–maximization (EM) algorithm (Dempster, Laird, & Rubin, 1977) was

used to estimate the model. The EM algorithm is a statistical method for making statistical

inferences in the presence of missing data. Following the work of Ip (2002) for the EM esti-

mation of marginal LID models, we developed additional features for estimating the pro-

posed model, which include the estimation of regression coefficients for both item and

person attributes. Because the basic algorithm for estimating LID models in Ip (2002) is

based on iterative estimation of one set of parameters given another, the modularity of the

algorithm makes the incorporation of the regression models into the item and the person

components relatively straightforward.

In brief, the proposed EM algorithm extends the EM solution for IRT estimation pro-

posed by Bock and Aitkin (1981). The algorithm consists of the expectation (E) and maxi-

mization (M) steps. In the E step, the latent variable y is treated as missing data, and

P(y|y, b, l, g), the posterior density given some provisional values of the parameters, is
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computed. The M step, on the other hand, solves the log likelihood equation for the para-

meters (b,l, g), and the procedure involves the posterior density obtained in the E step. To

maintain the invariance of the marginal ICC of item response in LLTM, the E step relies on

an iterative proportional fitting (IPF) algorithm (Deming & Stephan, 1940; for computation

in an IRT context, see Ip, 2002) to fit joint distributions of clustered item responses at quad-

rature points of the latent trait in such a way that the marginal distribution of each item fol-

lows a specific ICC for a given LID structure. The computer program for estimation was

developed in Splus and can be obtained from the first author.

Parameter Recovery

To assess the capacity of the above estimating algorithm for recovering correct para-

meter values, two small simulation experiments were conducted. The first simulation

experiment aimed at focusing on the recovery of parameters in the LID model, whereas

the second experiment aimed to provide evidence of parameter recovery for the LLTM

component, using simulated data that had a structure similar to that of the Anger survey

data. The metric for evaluating parameter recovery is the coverage probability of the 95%

confidence limits—that is, the percentage of times that the estimated confidence limits

produced by the proposed procedure include the true parameter.

In the first experiment, a total of 20 items were divided into 10 clusters in such a way

that the conditional odds ratio followed the model given by equation (4). It was assumed

that for cluster k, k = 1, � � � , 10, the odds ratio between the item pair within each cluster

followed the model o(12)
k = l(12)

0k
+ l(12)

1k y, with l0k generated from a uniform distribution

with end points (–2, 2), and l1k generated from a uniform distribution with end points

(1, 2). The difficulty parameter was generated from a uniform distribution with end points

(–1.5, 1.5), and the individual latent-trait parameter yj was assumed to follow a standard

normal distribution. One thousand individual yj’s were generated for this simulation

experiment. The data set was then analyzed using the LID model. The above procedure

was replicated five times to produce results for five sets of simulated responses. Figure 2a

and 2b show the coverage of the confidence limits for the true item parameters and the

LID parameters, respectively. The coverage probability for item parameters was 97%,

whereas that for the LID parameters was 91%. The results show that the proposed proce-

dure recovers both the item and LID parameters quite well. Compared with the standard

error of the item parameters, the standard errors for the LID parameters were much higher,

suggesting that the LID parameters, the weight parameters for latent trait in particular,

were not as accurately measured. For the item parameters, the mean deviation (mean dif-

ference between true and estimated values, a measure of potential bias) and the root mean

square error (RMSE) were, respectively, 0.004 and 0.089, whereas for the LID parameters

they were, respectively, –0.023 and 0.24.

In the second experiment, 50 data sets, each structured similarly to the verbal aggression

data (four situations, with two clustered items within each situation) were simulated in

accordance with the following conditions. For each simulated data set, two item-attribute b
parameters were generated from a uniform distribution with end points (–1.5, 1.5) and with

the intercept term b0 set to 0; the item-level design matrix values of X were randomly filled
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with 0 and 1; the person covariate was a randomly sampled integer in the same range as in

the Anger Out scale, which is (11, 39); the person parameter g was generated from a uni-

form distribution with end points (0, 0.005); and the situation-specific constant LID para-

meter o= l0 was generated from a uniform distribution with end points (–2, 2) for each

situation. For each data set, we generated n= 500 participants with y sampled from a stan-

dard normal distribution.

Figure 2

Graph of Point Estimate and 95% Confidence Interval of (a) Difficulty
Parameter and (b) LID Parameters λ0 and λ1 in Experiment 1
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Note: Points covered and not covered by the 95% confidence intervals are represented by dots and triangles, respectively.

LID= local item dependencies.
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This simulation experiment suggested that the 95% confidence intervals for the LLTM

parameter b, the person parameter g, and the LID parameter l0 all cover the population

values rather well. For b, of 2 (attributes)× 50 (data sets)= 100 parameter estimates, nine

were not covered, with five in one direction and four in the other. Figure 3 shows para-

meter recovery for b. The mean deviation between b and the estimate b̂ was –0.001, and

the RMSE for b was 0.075. For g and l0, the proportions of estimates not covered by

the 95% confidence interval were, respectively, 4% and 9%. For the sake of parsimony,

only the graph for parameter recovery for b in Figure 3 is included.

Results From Real Data Analysis

The results from the evaluation of competing models are reported followed by the

results from the best-fitted model. For models of person covariates (Model C), because the

correlations between the various anger measures were rather high, in each competing

model only a single anger measure was included as a predictor to avoid the problem of

multicollinearity. The range of correlations between the five anger measures—Anger Trait,

Anger Out, Anger Out of Control, Anger In, Anger in Control—have a range between 0.3

and 0.8, if the correlation between Anger Trait and Anger In (correlation= −.05) is

excluded. Hypothesis tests showed that except for the measure Anger Out none of the anger

measures was statistically significant at the 0.10 level.

Figure 3

Graph of Point Estimate and 95% Confidence Interval
of the LLTM Parameters β in Simulated Experiment 2

True Value of Beta

E
st

im
at

ed
 V

al
ue

–2 –1 0 1 2

–2
–1

0
1

2

Note: Points covered and not covered by the 95% confidence intervals are represented by dots and triangles, respectively.

LLTM= linear logistic test model.
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Space limitations preclude the comprehensive reporting of all of the tested families of

models in (A) to (D). Table 3 reports the results from the comparison model and the most

competitive model from each category: for (Model A), addition of Material Breakdown

by Curse interaction; for (Model B), verbal aggressiveness (latent trait) as covariate; and

for (Model C), Trait Anger as covariate. The locally independent Model D is also included

for comparison.

From Table 3, it can be seen that the comparison model used nine parameters and had a

G2 value of 3,053.6. Among the competing models, Model B had the best G2 value but used

the greatest number of parameters. There were 12 parameters, but the G2 change per para-

meter (3.7) over the comparison model was not substantial. However, the G2 difference per

Table 3
Parameter Point Estimates (Standard Errors) From

the LID-LLTM Analysis of Verbally Aggressive Behaviors

Comparison Model A Model Ba Model C Model D

bb (Item)

Materialc 1.09 0.59 1.09 1.09 1.12

(0.38)* (0.48) (0.38)* (0.38)* (0.40)*

Cursec 1.65 1.15 1.64 1.65 1.69

(0.38)* (0.47)* (0.38)* (0.38)* (0.40)*

Material×Curse 1.01

(0.68)

g (person)

Anger out 0.0034 0.0025 0.0041 0.0047

(0.0018) (0.0019) (0.0019)* (0.0020)*

Anger trait 0.0041

(0.0032)

Variance s2
y 1.85 1.83 1.83 1.85 2.10

(0.25) (0.25) (0.25) (0.25) (0.26)

λ (LID)

Situation 1 0.15 0.15 –0.72 0.05 0.15

(0.42) (0.42) (0.51) (0.43) (0.42)

Situation 2 1.98 1.99 0.22 1.89 1.98

(0.40)* (0.40)* (0.40) (0.40)* (0.40)*

Situation 3 1.58 1.58 –0.04 1.57 1.57

(0.37)* (0.38)* (0.37) (0.37)* (0.37)*

Situation 4 1.72 1.72 –0.77 1.61 1.72

(0.38)* (0.38)* (0.47) (0.40)* (0.38)*

Number of parameters 9 10 12 9 5

G2 3,053.6 3,053.0 3,038.8 3,056.2 3,245.2

�G2=�df d –0.6 –3.7 –47.9

a. The first column in LID refers to the coefficient of latent trait l1k, the second to the intercept l0k.

b. Intercept b0 not shown.

c. Person and Scold are, respectively, the reference categories.

d. change in G2 per degree of freedom as compared to the comparison model.

LID-LLTM= locally item dependent linear logistic test model; LID= local item dependencies.

*p< .05.
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parameter between the comparison model and the locally independent model was sizeable

(47.9). Also, adding an interaction term b for Material Breakdown×Curse did not signifi-

cantly improve the fit. Using Anger Out in the comparison model leads to the best fit among

models using different anger and anger-expression measures. In summary, based on consid-

eration of the preferred G2 per parameter criterion, as suggested by Wang et al. (2005), the

comparison model is the model of choice. Subsequent interpretation of the parameters will

be based on this model.

Except for the association parameter l for situation 1 (flat tire) and Anger Out, the para-

meter estimates in the comparison models are all significant at the 0.05 level. For the

item-attribute parameter b, the reference categories are, respectively, Person and Scold.

Thus, both Material Breakdown and Curse items will elicit significantly more aggressive

verbal behavior. For example, at the value of y= 0, if an item concerns material break-

down it has a probability of 0.73 of eliciting verbally aggressive behavior, compared with

a probability of 0.5 when an item concerns a person. This result is consistent with

the prevalence of the behaviors (observed frequencies in the last column of Table 2).

The anger-expression measure Anger Out is modestly related to the latent trait of verbal

aggressiveness (p= :06). For the LID component, all association parameters l0 are posi-

tive, showing a positive relationship between the pair of verbally aggressive behaviors.

The results from Model B suggest that there is little or no relationship between this asso-

ciation and latent trait (first column, Model B in Table 3). Additional analyses (not

reported) also indicated that other anger measures and gender do not have a significant

relationship with the extent of association between the two behaviors.

The computing time for the various LID models ranged from 3.6 to 6.5 minutes on a

shared, networked SunFire V880 server with a central processing unit (CPU) speed of

8,900 MHz and 16 GB of RAM. The largest computational overheads were derived from

fitting the ICCs using IPF.

Discussion

The findings from the previous section suggest that there is strong evidence to support

the claim that LID is present within a situation. Except for the first situation, the odds

ratios lie in the range from exp (1:58)= 4:86 to exp (1:98)= 7:24, which suggests that

inward and outward verbal aggressive behaviors are highly correlated, even after con-

trolling for individual differences. From a modeling perspective, this level of LID indi-

cates that ignoring LID may lead to biased estimates of item parameters (Tuerlinckx &

De Boeck, 2001) and to biased ability estimates and their associated standard errors

(Bradlow et al., 1999; Ip, 2000). The findings from the present study also suggest that LID

between the behaviors does not depend on the level of verbal aggressiveness.

The item attribute effects, breakdown and cursing, are both strong. However, no inter-

action effect between the two attributes was observed—whether the situation involves

materials breakdown and the type of verbal aggressive behavior. This was somewhat sur-

prising because it was expected that respondents would curse more when there was mate-

rial breakdown since there is no one to blame. Perhaps this can be explained by the fact
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that cursing, the nonoutward-directed form of verbal aggressive behavior, occurs more

frequently and regardless of situation. From results regarding the person submodel, it can

be seen that the person covariate Anger Out (p= :06) does not predict verbal aggressive-

ness very well. This is an indication that the construct, verbal aggressiveness, has only

moderate overlap with other anger and anger-expression measures.
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