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1. Teaching and learning mathematical modelling

The learning of mathematical modelling, that is learning to translate between
mathematics and the real world (Pollak, 1979), is not easy. Acquiring math-
ematical modelling competency, that is the ability to carry out these transla-
tion processes for given real world situations and problems (Niss and
Hgjgaard, 2019), 1s equally difficult. Rich opportunities for students are nec-
essary for acquiring and practicing such competencies by solving modelling
tasks by themselves. For an overview about the learning and teaching of
mathematical modelling see Niss and Blum (2020), and for recent findings
see Carreira and Blum (2021), Kaiser and Schukajlow (2022), Schukajlow,
Kaiser and Stillman (2022), and Siller, Kaiser and Geiger (2024).

For the teaching of mathematical modelling to be effective, a permanent bal-
ance between instructional elements (well-designed modelling tasks and
units, meta-cognitive support of students, adaptive teacher guidance) and
constructional elements (self-directed modelling activities of students, use of
suitable strategies) seems to be most promising (Schukajlow and Blum,
2023). Further empirical research is needed, in particular comparative stud-
ies (Schukajlow et al., 2018). One example of such a project is the German
DISUM project (for details see Blum and Schukajlow, 2018), with a classical
pre/post-test research design for a ten-lesson modelling unit at the lower sec-
ondary level. Three teaching designs (an independence-oriented design
called “operative-strategic” teaching, a teacher-directed design called “di-
rective” teaching, and a blend of both designs called “method-integrative”
teaching) were implemented. The results from this project show significant
progress in mathematics for all designs, but significant progress in modelling
only for the two independence-oriented designs, substantially higher for the
method-integrative design.

Another example, that followed broadly the design of the DISUM project, is
the CoOSTAMM project (Comparative Studies into Teaching Approaches for
Mathematical Modelling), directed by a South African/ German research
team since 2019. Two teaching designs (“method-integrative” and “teacher-
directive” teaching) were implemented in a modelling unit, developed in
2019 for South African first-year tertiary students (see section 2 for more
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details). So far, three studies at the tertiary level (all in South Africa) and one
study at the secondary level (in Germany) have been carried out as part of
the project, all with the same unit, the same teaching designs, and the same
test instruments. Essential results from the tertiary studies show substantial
competence growth for both teaching designs in mathematics and signifi-
cantly higher growth in mathematical modelling for the method-integrative
design (see Durandt, Blum & Lindl, 2022a, 2023 & 2024). The aim of this
paper is to report on the effects of the two teaching designs in our study at
the secondary level, conducted in Germany from May to August in 2022.

2. Research design of the study

Like all CoSTAMM studies, the study at the secondary level followed a
pre/post-test design. The modelling unit consists of ten modelling tasks or-
ganised in five lessons (45 minutes each; for details of the lessons see Du-
randt, Blum and Lindl, 2022b). The study was implemented in four grade 9
German classes (Gesamtschule A-/B-Kurse). Two classes (together 36 stu-
dents, one Kurs A and one Kurs B) followed a “teacher-directive” (TD) de-
sign, and two classes (together 35 students, again one Kurs A and one Kurs
B) followed a “method-integrative” (MI) design. Main characteristics of the
TD design is that students follow the teacher, who develops a common solu-
tion for the class oriented towards the average student. In the MI design the
teacher aims at a permanent balance between students’ independent work
and guidance from the teacher by adaptive interventions and by encouraging
individual solutions. The “Solution Plan” (originally developed for the DI-
SUM project, see Schukajlow, Kolter and Blum, 2015) formed an integral
part of the MI design and was used as a meta-cognitive tool.

3. Test instruments and methodology of the study

The pre- and post-test (45 minutes each) are aligned with each other and with
the modelling unit. Both tests consist of three sections: Section A on model-
ling (2 tasks), Section B on mathematics contained in some modelling tasks
(3 tasks), and Section C with multiple choice modelling tasks (5 tasks taken
from Haines, Crouch and Davis, 2001). Both tests were administered in two
versions with parallel items, following a rotation design, and were distrib-
uted randomly and equally to groups (for further details see Durandt et al.,
2022a). Analyses were conducted using the statistical software R and the
effects of the teaching intervention were examined by linear mixed regres-
sion models (for advantages regarding their statistical power for small sam-
ples see Lindl, Krauss, Schilcher & Hilbert, 2020).

4. Results of the study

As can be seen in Table 1, the average achieved scores increase between the
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pre-test and the post-test in all test sections, except for the TD group in sec-
tion B. The MI group performed slightly better than the TD group in section
A and significantly better than the TD group in Section B (p <.01), mostly
due to an unexpected decrease in TD's performance there. In section C no
significant progress can be seen, but comparatively more positive results for
the MI group. Overall, we can report substantial progress through the mod-
elling unit, and significantly bigger progress for the MI group (p <.01).

Test Number of Internal Teacher directive Method integrative
(section) items consistency (N =36) (N =35)
Omega (w) M (SD) M (SD)
Pre-test (total) 12 62 8.38 (2.91) 8.43 (3.51)
A: Modelling tasks 2 35 1.35 (1.25) 2.17 (1.36)
B: Mathematical tasks 6 .60 4.12 (1.20) 3.23(1.63)
C: Multiple-choice tasks 4 .39 2.91(1.76) 3.03 (1.64)
Post-test (total) 12 74 8.96 (3.58) 11.43 (4.30)
A: Modelling tasks 2 54 2.32(1.56) 3.21 (1.60)
B: Mathematical tasks 6 .70 3.21(1.83) 3.64 (1.87)
C: Multiple-choice tasks 4 49 3.41 (1.64) 4.57 (1.99)

Table 1: Descriptive comparison between the TD and MI groups
5. Discussion and perspectives

The CoOSTAMM project is a continuation of the DISUM project with studies
at both the tertiary and secondary level. Results from the 2022 secondary
school study in Germany show interesting similarities with previous studies,
but also some unexpected peculiarities. Globally speaking, the teaching unit,
originally developed for first-year tertiary students, worked also at the sec-
ondary level and the two designs were again effective for fostering mathe-
matical and modelling competency, with advantages for the MI design. Con-
sidering certain limitations (e.g., sample size), the results still show that im-
plementing aspects of quality teaching such as cognitive and meta-cognitive
activation of students is promising. Similar studies with larger samples will
be implemented in the future, also with investigating teacher competencies.
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