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Abstract

The study aimed to (1) analyze students' response patterns for the design of the
prototypical innovation, including students' misconceptions, determining cut scores for
mathematical proficiency levels, and providing the automated feedback based on
misconceptions and variables used to make predictions through machine learning; and (2)
design the scoring system for the open-ended question test through machine learning. Design
research was applied in this study. The sample comprised 495 grade 7 students. The research
instrument was an open-ended test on the topic of Statistics and Probability through

diagnostic tools in an online testing system, “eMAT-Testing.” The collected data were
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analyzed using a multidimensional random coefficients multinomial model (MRCMLM).
The results are reported below.

1. Regarding the analysis of the students' response patterns based on the secondary
data, it was found that (1) the students had 4 types of misconceptions: 1) misused data;
2) distorted theorems, rules, formulas, definitions and properties; 3) unverified solutions; and
4) misinterpreted language and mathematical symbols. In both the mathematical process
dimension (MAP) and the conceptual structures dimension (SLO), the students’” most common
misconception among the 4 types was the misused data. (2) On determining cut scores with
defined criterion zones on the Wright map for diagnosing mathematical proficiency levels
through Machine learning, it was found that the mathematic proficiency of MAP was divided
into five levels based on four cut scores, ranging from the lowest to the highest as follows: -
0.99 ,0.26, 0.44 and 0.61 respectively. In the same manner, that of SLO was distinguished into
five levels according to four cut scores, including -0.70, 0.15, 0.76 and 1.39 respectively. Such
cut scores can be employed to determine proficiency level ranges, scale scores, and raw
scores as criteria for assessment of mathematical proficiency levels in each dimension. (3) And
regarding the variables from secondary data used to generate the equation to predict
mathematical proficiency levels through machine learning, the results showed that the
independent variables that would affect the generation of the predictive equation were the
mathematics GPA in the previous semester, the total GPA of the previous semester, the
number of hours of tuition, and that of hours of self-study on mathematics. In addition, the
dependent variables included raw scores of MAP, raw scores of SLO, and the total score of
both dimensions.

2. The results also showed that the design of the scoring system for the open-ended
guestion test through machine learning featured 5 parts, namely input, processing, output,
automated feedback, and assessment reporting. Based on the qualitative assessment of the
system design conducted by 5 experts through a focus group discussion, it covered 5

standards, including utility, feasibility, propriety, accuracy, and evaluation accountability.

Keywords: open-ended question scoring system, automated feedback, design research,

multidimensional item response model, machine learning
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