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Designing Automated Scoring Approach to Diagnose Scientific Competency
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Abstract

Designing automated scoring to diagnose misconceptions in scientific competencies
through machine leaming is a scoring method for a mixed-format diagnostic test to assess
scientific competency levels through a scoring machine in a single step. This innovation can
report results and provide real-time feedback to learmers. Therefore, to design the prototypical
innovation, the objectives of the present study were defined as follows: (1) to analyze the
students’ response patterns to the design of the prototypical innovation, including identifying
types and levels of misconceptions in scientific competencies, defining cut scores based on
response patterns in the scientific competency diagnostic test, and determining variables to
create the predictive equation based on students' background data; and (2) to design automated
scoring for diagnosis of misconceptions in scientific competencies through machine learning. This
study drew on secondary data of a sample of 847 grade 7 students. The data were analyzed
using a multidimensional random coefficients multinomial logit model (MRCMLM) while cut
scores on the Wright map were defined. The results are reported below.

(1) There were 5 types of misconceptions in scientific competencies. Besides, on

determining cut scores of 3 scientific competencies, it was found that the competency to explain
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phenomena scientifically had the cut scores of -0.49, 0.27 and 0.83; the cut scores of the
competency to evaluate and design scientific enquiry were -0.09, 0.54 and 1.72 respectively; and
those of the competency to interpret data and use evidence scientifically were -0.78, 0.47 and
2.98 respectively. In addition, the important independent variables were discovered as follows:
(1) the total GPA of the previous semester; (2) the GPA in the science subject of the previous
semester; and (3) the number of hours of self-study on a science subject per week.

(2) The designed scoring to diagnose scientific competencies in subjective tests
employed identified keywords and converted answers from the synthesis of response patterns
in the secondary data into choices to allow for scoring, processing scientific competency levels,
and reporting the levels of misconceptions automatically and in real time. The results also
showed that, based on five experts’ evaluation, the design of automated scoring was found to

cover 5 standards, namely utility, feasibility, propriety, accuracy and accountability.

Keywords: machine learning, automated scoring, misconception, scientific competency,

multidimensional random coefficients multinomial logit model
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