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We suggest a new scaling tool for converting big amounts of qualitative data into quantitative
data based on the recent developments in the information theory. We believe that it can be
used with reasonable efficiency to monitor the development of students’ mathematical
competencies, and not only. Discussing advantages and shortcomings of this tool along with
the possibilities for further development, we invite to discussion of a new approach.
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Description of the methodology

We introduced mathematical modeling tasks with biological content to engage biology
students more actively into learning mathematics and created mathematical competencies
profiles for individual learners to follow their development from session to session. From a
wide selection of approaches to the notion of mathematical competencies reported in the
literature (MaaB, 2006, Boesen et al, 2014, Weinert, 2001), we chose a competency
framework from the Danish KOM project (Niss, 2003). Viewing a competency as an
individual’s ability to use mathematical concepts in a variety of situations, within and outside
of the normal realm of mathematics (Niss, 2003), we retain five basic groups of mathematical
competencies out of the eight suggested in KOM: thinking/acting mathematically, modeling
mathematically, representing and manipulating symbolic forms, communicating/reasoning
mathematically, and making use of aids and tools. Fifteen competencies in five groups are
coded separately in a reliable manner. When the data collected in the sessions are coded, the
record of each competency frequency and strength (beginning, intermediate, developed,
exemplary) is being kept. This creates big data sets which we would like to analyze in order
to assess and monitor students’ competency development. To this end, we rely on a so-called
Shannon entropy (information entropy), one of the central concepts in the information theory.
Our approach to the competencies development evaluation combines Shannon’s entropy and
VIKOR method developed for finding closest to an ideal solution to decision problems with
conflicting and noncommensurable criteria. Our research questions in this study are: 1) How
can large amounts of qualitative data be converted into quantitative data by using the tools
from modern information theory? 2) How reliable and efficient is this new scaling tool?

Conclusions

We believe that a new entropy-based scaling tool opens new interesting opportunities for
researchers who need a consolidated evaluation for big amounts of data; it could be
efficiently used both to monitor the development of individual students’ competencies and to
compare their performance. It allows to assign different weights to competencies providing
thus possibilities for monitoring the progress in the development of particular skills.
However, using this method of data analysis inevitably leads to the loss of some essential
information, the risk we are willing to undertake in order to study the potential of this new
progress-tracking tool.
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