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Abstract

Objective: Cognitive diagnostic assessment has been introduced as a new issue in
educational measurement. In this approach, more information was examined about how
people learn and master cognitive attributes in school. There are several data modeling
issues in cognitive diagnostic assessment due to differences with another statistical
modeling.

Methods: In the present study, science data of grade eight in TIMSS was analyzed by
cognitive diagnostic assessment, as an empirical example, and the problems were
entitled as modeling challenges. Each challenge has been explained in order to highlight
differences from the usual statistical modeling.

Results: The challenges included; unidimensionality versus multidimensionality,
number of attributes, correlation between attributes, number of items in each attribute,
operationalization of attribute, reliability of attribute, validity, item parameters, fit of the
model, identification and specification, convergence, and complex sampling.
Conclusion: Each topic was discussed in the context of modeling TIMSS data in a
science course and the experience of solving these challenges was shared.
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Extended Abstract

1. Introduction

Cognitive Diagnostic Assessment (CDA) as a new assessment approach attempts
to provide rich information about the learning of individuals as well as mastery
or non-mastery over cognitive competencies. The assumption of CDA is to
succeed in an item, a set of unobserved sub-skills should be mastered, therefore,
it is tried to model the response probability of an item as a function of latent
attributes of an examinee. A CDA is designed to measure an examinee’s
knowledge and skills. By measuring these competencies, the examinees’
cognitive strengths and weaknesses can be identified, and, thus, diagnostic
inferences about their competencies is determined in response to items (Gierl,
Alves & Majeau, 2010).

The objective of the diagnostic model is to draw attribute profiles (Finkelman,
Kim, Roussos & Verschoor, 2010; von Davier, 2007). The simplest model is the
unidimensional model that is used more commonly in Item Response Theory
(IRT) which reports the performance of a student in the ability dimension. In
addition, multidimensional models are used when the dimensions are calibrated
simultaneously and the associations of latent variables are estimated directly.
The cognitive diagnostic models are to be considered multidimensional models.
Considering objectives, perspectives, and specific characteristics of modeling of
CDA, the common procedure of modeling cannot be used and we encounter
specific challenges and difficulties. In the present article, we explain the major
challenges of modeling in CDA

2. Results

Many of the problems in common modeling are true for the modeling CDA.
However, there are more challenges in CDA due to complexities of structure,
factor loadings, the interaction of attributes, shortage of proper software, and
using time-consuming estimation methods.

Unidimensiality versus multidimensionality: The main problem of cognitive
diagnostic modeling into TIMSS data is, like many scaling, it is designed
basically upon a unidimensional approach, but the objective of CDA is to extract
multiple dimensions. If the purpose is mainly to rank examinees along a single
competency scale, a unidimensional continuous model may be the best solution.
The challenge of CDA is whether extraction of multiple dimensions can enable
it to state richer information about the performance of the examinee. It is an
important issue because it is possible that a unidimensional model considers an
acceptable fit like the k-dimension model.

In order to solve this problem, in the first step, the unidimensional model was
modeled and then more complex models were obtained by adding more
dimensions. This process continues when the more complex model is not
adequate rather than the simpler one based on fit indices.
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The number of attributes: Whereas the CDA hope to extract more dimension,
the question is how many dimension is adequate? In the case of identifying
many attributes, they highly correlate to each other and they are not as separate
as to discriminate and also a danger of non-identifiability. This leads to non-
accuracy estimations (DiBello, Roussos & Stout, 2007). Despite recommending
models with low dimensions, these models cause the attributes to losing their
utility and interpretability. Therefore, it is essential to make a balance between
the number of attributes in the case that not so many which not estimated
statistically and not so little to lose the diagnostic interpretation.

In the TIMSS cognitive diagnostic modeling, the first 19 attributes were
recognized by literature review and adaptation with TIMSS items, but 7
attributes were confirmed as required skills. In addition, some attributes were
integrated and added to the model.

Correlation between attributes: If there are many attributes that are perfectly
correlated, then reporting these attributes separately provides no real information
not already provided by a single composite score (Haberman and von Davier,
2007). Also, a large degree of correlation between attributes is likely due to the
large number of them (Rupp, Templin, and Henson, 2010). In our modeling of
TIMSS data, the correlations between attributes were considerably low, partially
because the first dimension (basic knowledge) explained much of the variances.
The number of items in each attribute: The number of items issue is related to
reliability, but it should be examined more because the reliability of the subscale
is lower than the composite score. There are a number of recommendations that
each attribute had to be included in at least three or four items (Haberman and
von Davier, 2007; Chen, et al., 2008b). However, in an international large-scale
assessment like TIMSS, the number of items should be more because of matrix
sampling used in the study which leads to the unbalanced number of items in the
attributes. In our cognitive modeling 8 items were considered in each skill as a
rule of thumb.

Grain size: Grain size refers to both the depth and breadth of knowledge and
skills measured and consists of fine and coarse grain size. Cognitive models are
recommended that contain attributes that are specified at the fine grain size
(Leighton and Gierl, 2011), however, their appropriateness depends on the
objective of the diagnostic assessment and diagnostic complexities (Rupp,
Templin, and Henson, 2010). In our diagnostic model the coarse grain size
attributes were used because of poor literature in science education.

Reliability of attributes: Attribute reliability refers to the precision of score
decisions about examinees’ attribute mastery. However, standard reliability
coefficients as estimated for assessments modeled with a continuous
unidimensional latent trait do not translate directly to discrete latent space
modeled CDA, because there are a few items in attributes and also, for items that
measure more than one attribute, each attribute only contributes to a part of the
total item-level variance. In our diagnostic model, we used the output of General
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Diagnostic Model's software (von Davier, 2008) which provides the reliability of
attributes.

Items Parameters: The estimates for the item parameters should be evaluated
for internal consistency, reasonability, and concurrence with substantive
expectations in order to reach convergence in the parameter estimation. If an
attribute turned out much harder or easier than expected, the Q matrix should be
revisited. In our diagnostic model the Q matrix has been changed somewhat the
item parameters are estimated reasonably.

Model fit: Although parsimony is important in CDA, the aim is not to achieve
the simplest model that fits the data, but rather the simplest model that
accomplishes the diagnostic purpose and fits the data reasonably well. Thus, one
could choose a more complex model, even if some traditional fit measures were
lower (DiBello, Roussos, and Stout, 2007). In our model, we used Akaike’s
Information Criterion (AIC) and Bayesian Information Criterion (BIC) as well
as Q-matrix revising to get the proper fit.

3. Discussion

Analysis CDA needs modeling, however, the modeling process in CDA is quite
different from other assessment methods that relate to the nature of CDA
especially categorical variables, multidimensional scaling, and so on. In this
paper, we discuss some of the challenges of modeling in CDA.
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1. Grain Size

2. Coarse

3. Fine

4. Reliability

5. Stone, Ye, Zhu & Lane
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1. Attribute hierarchy method (AHM)

2. General Diagnostic Model (GDM)

3. Reparameterized unified model (Full- UM)
4. Reasonability
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1. Jang
2. He
3. Jacknife Standard Error (JRR)
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1. Akaike’s Information Criterion (AIC)
2. Bayesian Information Criterion (BIC)
3. Hierarchy Consistency Index (HCI)
4. Cor

5. identifiability

6. specification
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1. Misspecitied

2. Convergence

3. Bayesian Inference network (BIN)

4. NC-RUM

5. Expectation- Maximization algorithm (EM)
6. Markov Chain Monte Carlo (MCMC)
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