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How can national curricula that generically endorse “the use of technology” be converted into
concrete pedagogical frameworks for integrating Computer Algebra Systems in upper secondary
mathematics? This talk addresses this question through a curriculum and pedagogical design
case study grounded in the Portuguese Aprendizagens Essenciais (Essential Learning Standards)
for Mathematics A — the science-track upper secondary course (grades 10–12, 2023 revision) [6].

Curricular analysis and four signals. A systematic document analysis of the three curricular
documents, guided by five analytical dimensions (explicit technology reference, nature of targeted
competence, CAS/symbolic potential, white-box/black-box suitability, and content anticipation
potential), reveals four curricular signals that jointly support a pedagogically grounded CAS
integration. The first is an implicit legitimation of symbolic computation: the curriculum refers
to GeoGebra and “symbolic computation” as technological possibilities, yet the Ações Estratégicas
de Ensino do Professor that accompany each topic remain confined to graphical and numerical
use [6] — a pattern consistent with the international gap documented by Clark-Wilson et al. [2].
The second is a concentration of CAS potential on core topics: functions, derivatives, sequences,
analytic geometry, and complex numbers — precisely the topics with the highest curricular weight
— score highest on symbolic potential and white-box/black-box suitability. The third is a vertical
anticipation chain: CAS-mediated exploration at each grade level opens mathematically coherent
windows onto concepts from subsequent years or from university mathematics (e.g., rates of
change in grade 10 anticipating derivatives in grade 11; partial sums anticipating integrals; n-th
roots of unity anticipating complex analysis). The fourth is Python and Computational Thinking
as a gateway : the curriculum explicitly prescribes Python across all three years, but the examples
provided are exclusively numerical and procedural; we propose the SymPy library [7] as the
natural symbolic extension of this existing curricular strand.

Design framework and illustrative tasks. Building on these signals and on the theoretical
foundations of the white-box/black-box principle [1] — adapted here for the secondary level fol-
lowing Lagrange [5] —, instrumental genesis [4], and the integration of Computational Thinking
in mathematics [8], we derive five design principles — anchor integration in existing curricular
openings; sequence exploration before automation (white-box → black-box); combine visual and
programmatic CAS; use anticipation only when mathematically coherent; privilege interpreta-
tion over routine execution — that organise a three-stage integration framework aligned with
the three years of Mathematics A. In Stage 1 (grade 10), the CAS serves as a transparent tool
for guided symbolic exploration — for instance, students discover the factor–root relationship by
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using Factor and Solve in GeoGebra CAS before the formal treatment. In Stage 2 (grade 11),
the CAS generates conjectures that the student then formalises: derivatives of x2, x3, x4, . . . are
computed via diff in SymPy so that the power rule nxn−1 emerges inductively; after formulat-
ing and verifying the rules manually, the student transitions to legitimate black-box automation.
In Stage 3 (grade 12), the CAS is used autonomously for modelling and for explicit anticipation
of university content, such as computing n-th roots of unity or applying De Moivre’s theorem.

The framework is operationalised through five illustrative tasks, each with parallel imple-
mentations in GeoGebra CAS and Python/SymPy: (T1) Factorisation and Zeros of Polynomial
Functions (grade 10); (T2) Average Rate of Change and Anticipation of the Derivative (grade 10);
(T3) Sequences and Anticipation of Limits (grade 11); (T4) Construction of Derivative Rules by
CAS (grade 11); and (T5) Complex Numbers, Rotations, and Roots of Unity (grade 12). Each
task specifies curricular context, white-box/black-box phase, and anticipation target. The dual
implementation — visual CAS and programmatic CAS — bridges mathematical exploration with
the Computational Thinking practices already prescribed in the curriculum.

Contribution and transferability. Although rooted in the Portuguese case, the contribution
is designed for international transferability [3]. The talk offers an analytical grid for reading any
curriculum in terms of CAS integration potential, a set of explicit pedagogical design principles,
and a staged framework adaptable to other national contexts. It concludes with a mixed-method
quasi-experimental design for future classroom validation (grade 11, experimental vs. comparison
groups, conceptual tests and process indicators), addressing the main limitation of the study
while arguing that the curricular signals identified already justify the proposed framework as a
starting point for implementation and research.
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