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This research purports to find out the characteristics of Korean students cognitive attributes and compare
it with that of high-achieving countries who took TIMSS 2011 based on the Cognitive Diagnostic Theory.
Based on TIMSS 2011 Science framework, nine cognitive attributes were extracted and the researcher
analyzed that 216 of the TIMSS 2011 science items require these attributes. This analysis was conducted
to come up with a Q-matrix. After producing the Q-matrix, multi-level IRT was used to figure out each
countries' characteristics for each of the cognitive attribute. According to the study results, four attributes,
such as ‘Use Models,” ‘Interpret Information,” ‘Draw Conclusions,” and ‘Evaluate and justify’ were easier

Keywords: attributes for Korean middle school students. However, the other five attributes such as ‘Recall/Recognize’,
scientific attributes, ‘Explain’, ‘Classify’, ‘Integrate’, ‘Hypothesize and Design’ were considered as harder attributes compared
Q matrix, to other countries. Korean students also considered ‘Interpret Information’ as the easiest attributes, and
cognitive diagnosis theory, ‘Explain’ as the hardest attributes of all. For Korean students, those attributes considered to be easy
cognitive attribute were the easiest and hard attributes as the hardest compared to other countries, showing very extreme

cases. Therefore, to give students more meaningful learning experience, it is better to use all the attributes
altogether rather than use specific attributes while constructing Science curriculum or textbooks.
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Table 1. Cognitive attributes extracted using cognitive elements
of TIMSS 2011 science framework
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Figure 1. Examples of TIMSS 2011 items(S042304 and S042017)

Table 2. Example of Q-matrix
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Table 3. International comparison of cognitive attributes that are
difficult to Korean students according to analysis result

Table 4. Percentage of theme that students of each nation
learned among science theme in TIMSS 2011
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Table 5. International comparison of cognitive attributes that
are easy to Korean students according to analysis
result of multi-level IRT
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