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Executive Summary

Phase 3 of the CT&MathABLE project focusses on benchmarking Computational and
Algebraic thinking skills in school systems in the project partner countries'. The CO-
MATH suite of test items are designed to evaluate Computational and Algebraic Thinking
competence in three age groups of pupils (COMATH 1 [9-10 years], COMATH 2 [11-12
years], COMATH 3 [13-14 years]) in the compulsory school systems of the participating
countries. Forty one items have been assigned in two categories, and stratified into three
dificulty levels based on summaries of expert evaluations. The result is a robust instrument

that is currently under final evaluation in test populations in all partner countries.

1 Introduction

The COMATH instruments are developed to benchmark the performance of the educational
components of the CT&MathABLE project. The other work packages develop theoretical and
pedagogical guidelines for the development of learning pathways and principles for using Al-
based learning analytical methods to tailor interaction with tasks to support individual learner
development in CT and AT skill-sets appropriate to the different age groups involved.

One of the major aims of the project in the long term is to be able to assess learning gains
in student populations and also the compare student performance levels across countries. This
will enable us to establish hypotheses linking student performance to Al supported learning
support and differences in national curricular structure. We are especially interested in explor-
ing the potential impact of curricular innovations associated with the introduction of computa-
tional thinking and programming competencies into school curricula, as well as potential links
between algebraic thinking capability and computational thinking skills.

2 Method

The COMATH items in the Computational Thinking (CT) Dimension of the scale are derived
from items developed for the 2022 International Bebras Challenge [Dagiene and Stupuriene(2016),
Kaarto et al.(2025)]. These items are chosen as their use in the Bebras Challenge gives us ac-
cess anonymised population response answer data for thousands of pupils in each age group.

A sample test item which tests ability to analyse sequences of operations linked to the compu-
tational concept of a ”stack” is shown in Figure 1°.

IFinland, Hungary, Lithuania, Spain, Sweden, and Tiirkiye.
2This task was initially developed as Bebras Task 2022-CA-06 copyright Troy Vasiga, licensed under a Creative
Commons Attribution-ShareAlike 4.0 International License.



Algebraic Thinking (AT) items were developed at University of Turku by staff in the Turku
Research Centre for Learning Analytics during Autumn of 2023 and Spring of 2024 and are
currently undergoing a final pilot phase. Development of the AT items involved an initial
development and translation effort, since the items needed to be piloted in seven languages,
Finnish, Hungarian, Lithuanian, Spanish and Catalan, Turkish, and Swedish. Once the items
were translated an initial pilot data collection was conducted resulting in several thousand item
responses from the partner countries. Analysis of the discriminatory ability of the individual
items was performed through statistical analysis and item response theory to arrive at a smaller
number of items that constitute the current pilot.

At the Beaver Construction factory, Ben works at the nuts and bolts assembly line. Which of these sequences of elements will not cause things to go wrong?

His job description is as follows:

« Ben stands at one end of a long conveyor belt, which contains a line of nuts @

and bolts é

« Ben's job is to take each element, either a nut or a bolt, off of the conveyor
belt.

o If Ben takes a nut from the conveyor belt, he puts it in the bucket beside him.

o If Ben takes a bolt from the conveyor belt, he grabs a nut from the bucket
beside him, attaches the nut and bolt together, and places the assembled part

onto large box.
However, things can go wrong for Ben in two different ways:
1. If Ben takes a bolt from the conveyor belt, and there is no nut in the bucket to
attach.

2. If there are no more nuts or bolts on the conveyor belt, and there are still nuts
in the bucket.

Figure 1: Nuts and Bolts: A sample CT assessment task

3 Project Progress to Date

CT&MathABLE is expected to deliver: (1) personalized learning paths in CT and Mathemati-
cal problem solving which combine a learning architecture with cutting edge learning analytics
technologies to enable interactive CT learning; (2) competency frameworks for integrated and
automated assessment of learning in CT and Algebraic Thinking; (3) large scale libraries of
interactive tasks designed explicitly to hone CT and AT skills in many languages.

We have analysed the mathematics education literature in detail in order to derive a defini-
tion of the cognitive development areas defined as Algebraic Thinking in the research literature.



We have applied this definition, together with a higher order definition of Computational Think-
ing to the coding of statements in the mathematics curricula of six European nations. We find
considerable similarity, but also interesting differences when we perform a statistical analysis
of the frequency of reference to certain codes.

Learning pathways have been identified based on the curriculum analysis and test items
and interactive tasks have been developed to exercise thinking skills in the necessary areas.
These items have also formed a part of the basis of the CT and AT assessment suite COMATH
described in this white paper.

The text suite is in the final stages of validation and we expect to conduct our first measure-
ments of AT and CT in chosen learner demographics across the consortium during the Spring
of 2025. Results of these assessments will be a part of the CT&MathABLE Learning Summit
event at KTH Royal Institute of Technology in Stockholm, June 2nd to 4th 2025.
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