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ABSTRACT

This study examines the performance expectations (PEs) and clarification statements of each PE in the 2022 revised
national science and mathematics education standards from a data visualization competency perspective. First, the authors
intensively reviewed data visualization literature to define key competencies and developed a framework comprising four
main categories: collection and pre-processing skills, technical skills, thinking skills, and interaction skills. Based on the
framework, the authors extracted a total of 191 mathematics and 230 science PEs from the 2022 revised science and
mathematics education standards (Ministry of Education Ordinance No. 2022-33, Volumes 8 and 9) as the main data set.
The analysis process consisted of three steps: first, the authors organized the data (421 PEs) by the four categories of the
framework and four grade levels (3-4th, 5-6th, 7-9th, and 10th grade); second, the numbers of PEs in each grade level were
standardized by the accomplishing period (1-3 years) of each PE depending on the grade level; lastly, the data set was
represented by heatmaps to visualize the relationship between the four categories of visualization competency and four grade
levels, and the differences between the competency categories and grade levels were quantitatively analyzed using the
Mann-Whitney U test and independent sample Kruskal-Wallis tests. The analysis results revealed that in mathematics, there
was no significant difference between the number of PEs by grade. However, on average, the number of PEs categorized
in 'thinking skills' was significantly lower than those in the technical skills (»p = .002) and interaction skills categories (p
= .001). In science, it was observed that as grade level increased, PEs also increased (pairwise comparison: Grades 5-6 vs.
7-9, p = .001; Grades 5-6 vs. Grade 10, p = .029; Grades 34 vs. 7-9, p = .022). Particularly, the frequency of PEs in
'thinking skills' was significantly lower than in the other skills (pairwise comparison: technical skills p = .024; collection
and pre-processing skills p = .012; interaction skills p = .010). Based on the results, two implications for revising national
science and mathematics standards and teacher education were suggested.
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Table 1. Characteristics of the Data Visualization Process
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Table 2. Core Competency Categories of Data Visualization
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Table 4. Categorization of Core Competencies in Data Visualization
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Table 6. Analysis Results of Mathematics/Science Achievement Standards from a Data Visualization Perspective
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Table 7. Comparison Results of Correspondence Between Mathematics Subject Competencies and Achievement

Standards
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Table 8. Comparison Results of Correspondence Between Science Subject Competencies and Achievement Standards
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Table 9. Comparison Results of Correspondence Between Grade Levels and Achievement Standards in Science
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