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Abstract

Computational thinking is mandated as a cross-curricular requirement in the current
Portuguese mathematics curricula from primary to secondary levels, and the guidelines ad-
vocate the use of technology. Official documents propose strategies to foster computational
thinking through dynamic geometry environments, including GeoGebra, internet applets,
Scratch, and Python. This study examined how prospective teachers interpret these tools,
focusing on first-year students enrolled in the Master’s programme in Teaching Mathe-
matics for Basic and Secondary Education, a course with a long tradition in preparing
mathematics teachers to use technological pedagogical tools. The work of twelve students
was analysed through a design-based research methodology, attending to their activities over
two academic years and the adjustments made between the first and second intervention
cycles. Qualitative analysis indicates that integrating content knowledge with technological
knowledge is complex. The inclusion of pedagogical content knowledge alongside these do-
mains poses further challenges in initial teacher education. The study offers insights for
refining the course unit in subsequent iterations and identifies considerations for ongoing
teacher professional development in Portugal.

Keywords: Mathematics Curriculum, Computational Thinking, Technology Education,
Pre-service Teacher Training

1 Introduction

Considerations regarding the integration of Information and Communication Technologies (ICT)
into mathematics education can be traced to 1985. The mathematician Jean-Pierre Kahane,
then President of the International Commission on Mathematical Instruction (ICMI), initiated
the first ICMI Study on the use of informatics in mathematics teaching because “at that time
it seemed evident that informatics was likely to have an important influence on mathematics
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education but many professional mathematicians were not already convinced that informatics
would have a substantial influence on their mathematical practices” [1, p. 463-464]. A second
ICMI Study was launched twenty years later, mainly because no one would deny the influence
of informatics and digital technologies on the professional practices and life of mathematicians”;
yet, in mathematics education “the situation is not so brilliant and no one would claim that
the expectations expressed at the time of the first study have been fulfilled” [I}, p. 464].

Since the beginning of the twenty-first century, the integration of ICT into mathematics
education has been reported to benefit teachers and learners by increasing motivation and
performance and by supporting lifelong learning [2], 3], [4].

Official Portuguese mathematics curriculum guidelines, in force since 1991, have progres-
sively incorporated technological tools: initially scientific calculators, later graphing calculators,
and currently a systematic use of digital resources (excluding computer algebra systems). The
most recent documents explicitly refer to computational thinking and to the use of programming
algorithms |5, [6]. Computational thinking (CT) now functions as a cross-curricular theme, and
the guidelines recommend the systematic use of dynamic geometry environments, programming
tools, and internet applets to enrich mathematics instruction [7, 8, 9].

The shift from traditional methods to technology-mediated pedagogies positions learners
in more active roles, although difficulties related to teacher preparation, technical support,
and limited ICT knowledge remain [2, B]. Recent studies indicate the potential of CT to
strengthen mathematical reasoning and problem solving, equipping students with competences
required in a digital era [10, 11}, 12]. Teachers, however, meet obstacles when integrating CT,
including inadequate preparation and unfamiliarity with programming, pattern recognition, and
algorithmic approaches [13| [14]. Addressing these challenges calls for strategies that develop
the capacity of future mathematics teachers to use such tools in their practice.

This study investigates the perceptions and practices of twelve pre-service teachers enrolled
in the first year of a Master’s programme in Teaching Mathematics for Basic and Secondary
Schools in Portugal. Their work in a Computational Means in Mathematics Education course
was examined through a design-based research approach over two academic years. The analysis
exposes the complexities of aligning content knowledge, technological skills, and pedagogy,
suggesting that developing CT within mathematics curricula introduces novel demands for
teacher education. The paper discusses implications for refining the course unit and identifies
considerations for continuing teacher professional development in Portugal.

2 Framework

In this section, a review of theoretical foundations is provided to situate the investigation. The
discussion centres on the integration of computational thinking and technological tools in the
preparation of in-service and pre-service mathematics teachers, drawing on several established
models and theories.

2.1 Rogers’ Model of Innovation in Education

Rogers’ diffusion of innovations theory [15] offers a conceptual lens for examining how educators
adopt new technologies. The model describes successive stages—knowledge, persuasion, deci-
sion, implementation, and confirmation—that occur when an innovation is introduced into in-
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structional settings. Teacher beliefs and attitudes influence each phase of the adoption process.
Although professional organisations, such as the National Council of Teachers of Mathematics,
have long promoted technology integration, scholars have identified a marked gap in published
research addressing technology-focused professional development in mathematics education be-
tween 1975 and 2015 [I]. This gap limits teachers’ opportunities to acquire the knowledge
needed to integrate ICT.

Over the same period, lesson study gained recognition as a productive approach for col-
laboration, reflection, and the improvement of mathematics teaching [16], 17, [18]. Broader
initiatives, including cluster models and large-scale continuing education programmes, have
been successful when teacher training aligns with local leadership and collective efforts [19, 20].

Pre-service teacher education has likewise benefited from the purposeful use of a variety of
technologies [21, 22]. Such experiences foster favourable attitudes among prospective teachers,
enabling them to envisage digital tools as means of enriching mathematical understanding rather
than of reinforcing established practices [23]. Researchers note, however, that bridging peda-
gogical content knowledge and technological capabilities remains demanding [24], 25] [16], 26].
Sustained innovation appears to require extended support and collaboration among educators,
technical staff, and mentors, together with alignment with organisational leadership [27]. Ef-
forts to link mathematics teacher education to Education for Sustainable Development further
underscore the need for contextualisation and for competencies that connect mathematics with
environmental concerns [28]. UNESCO observes that mathematics underpins sustainable de-
velopment and provides an essential foundation for critical citizenship and lifelong learning in a
rapidly changing world [29, p. 15]. It accordingly argues that teachers must possess awareness
of connections with more advanced mathematical ideas, such as mathematical modelling [29]
p. 16].

2.2 Instrumental orchestration in pre-service mathematics teachers

Instrumental orchestration refers to teachers’ systematic use of technological tools to organ-
ise classroom activity and guide students’ learning [30]. The concept has evolved through
research that examines how teachers manage instructional complexity, design resources, and
facilitate interaction with digital environments [31]. Drijvers etal. identified several whole-class
orchestration strategies, including Technical-demo and Discuss-the-screen, which enable teach-
ers to manage technology-based tasks effectively and to promote mathematical understand-
ing [32]. More recently, nine forms of orchestration have been distinguished (Table [I)). Qi
Tan and Zhiqgiang Yuan [33] subdivide the Work-and-walk-by orchestration [34] into cate-
gories such as Technical-demo, Guide-and-explain, Link-screen-paper, Discuss-the-screen, and
Technical-support.

Recent studies have adapted these approaches for online contexts and have extended the
framework, for example through instrumental meta-orchestration, within teacher education
[35, [36), 37]. Integrating instrumental orchestration into training programmes obliges pre-service
teachers to plan coherent lessons, align technological resources with curricular objectives, and
evaluate pupil work in real time. Research on dynamic software, including GeoGebra, indicates
that thorough integration enables teachers to broaden opportunities for active exploration of
mathematical concepts [38, B3, B4, 39]. Instrumental orchestrations are often employed in
ICT-supported settings, particularly those involving GeoGebra [39] [40)].
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Table 1: Descriptions of nine whole-class orchestrations (adapted from Drijvers et al. [34] in
[33, p. 13])

Orchestration Description

Technical-demo The teacher demonstrates tool techniques.

Explain-the-screen The teacher explains mathematical content to the whole class,
guided by what appears on the screen.

Guide-and-explain The teacher poses closed questions based on the screen, with inter-
action so limited and guided that it cannot be regarded as an open
discussion.

Discuss-the-screen The whole class discusses what is happening on the screen.

Link-screen-board The teacher emphasises the relationship between the technologi-

cal environment and representations in conventional media (paper,

book, blackboard).

Spot-and-show The teacher foregrounds student reasoning by selecting notable
work produced in digital environments.

Sherpa-at-work A pupil (the “Sherpa”) uses the technology to present work or to
execute actions requested by the teacher.

Board-instruction The teacher teaches the whole class in front of the board, which is
used solely for writing.

Work-and-walk-by The teacher circulates through the classroom, offering tailored guid-

ance to individuals or groups.

2.3 Integrating technology in teaching mathematics within a favourable
curriculum

International research has investigated how technology adoption in mathematics education im-
pacts pupil achievement, teacher professional development, and classroom practice [40]. Find-
ings suggest that continuing professional support and the development of teacher identity facili-
tate effective ICT use [41]. New pedagogical approaches, however, frequently demand additional
planning, time, and materials, which some educators regard as burdensome [42], 43].

In Portugal, the development of computational thinking is not confined to a single subject,
yet mathematics courses provide the clearest guidance on its use. The current official syllabus
combines a unified mathematics course for Basic Education (Years 1-9) with a diversified set
of courses for Secondary Education (Years 10-12).

For Basic Education, the syllabus (approved 2021) stipulates that “all students must be able
to access calculators, robots, internet applications, and software for statistics, geometry, func-
tions, modelling, and visual programming environments” in order to “promote more meaningful
learning and broaden the contexts in which pupils engage with mathematical objects” [5].

For Secondary Education, the syllabus (approved 2023) calls for the “systematic use of
technology” to encourage “the exploration of ideas and concepts, using technology as a lever for
understanding and solving problems” [6].

Thus, in Basic Education pupils are expected to “develop and mobilise computational think-
ing” [5], while in Secondary Education a wide range of resources is recommended to foster “al-
gorithmic processes, structured thinking, and logical reasoning”, thereby “genuinely involving
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problem formulation and solution and fostering computational thinking” [6], 29].

Recent curriculum guidelines, therefore, encourage the development of computational think-
ing across essential mathematics standards from primary to secondary levels [44]. They enable
mathematics teachers to employ new technologies, such as programming environments and
applications, across multiple topics.

Exposing pre-service teachers to these experiences is critical, as they often enter teacher
education programmes with beliefs shaped by their own schooling. Systematic integration of
technology throughout the mathematics curriculum and a deliberate focus on computational
thinking necessitate careful design and intentional scaffolding during teacher preparation. Yet
only a small proportion of pre-service teachers devise lesson plans that reflect technological,
pedagogical, and content knowledge (TPACK) by balancing mathematical reasoning, techno-
logical knowledge, and appropriate pedagogy [45]. This study therefore seeks to understand
the challenges and benefits that arise when teacher-education curricula are devised to foster
these intersections in ways aligned with national requirements.

2.4 Historical overview of the course “Computational Means in Math-
ematics Education” (MCEM)

This second-semester unit, MCFEM, directed to prospective mathematics teachers, was intro-
duced in 1987. Initial teacher preparation has always extended over five years, even before the
current structure of bachelor (three years) plus master (two years). Although the content has
evolved, the goal remains: “If future teachers become comfortable doing mathematics with the
computer, then they will be prepared to use it in their ordinary teaching” [46]. Programming
languages are studied from the perspective of using computers in the teaching of mathematics
and in relation to applications and mathematical modelling. LOGO was the principal language
for a number of years. The course has moved from exclusive reliance on computers, through the
introduction of graphing calculators, to the present inclusion of 3-D printers and educational
robots. The software employed has been varied and has included David Smith’s MATHPRO-
GRAM and Harley Flanders’s MICROCALC. Dynamic geometry software has been adopted
as soon as it became available, beginning with Cabri-Géometre and now GeoGebra.

3 Methods

This study employed a design-based research (DBR) methodology, which is appropriate when
the intention is to examine educational interventions in authentic settings and iteratively refine
pedagogical strategies based on empirical evidence. Design-based approaches allow for the
integration of theory with practice, and have been recommended for investigating complex
learning environments involving digital tools and teacher education [47, 48]. Within the scope
of this inquiry, the DBR framework served to examine and adjust the pedagogical design of a
course unit focused on computational tools in mathematics education.

The course Computational Means in Mathematics Education (MCEM) is preceded by two
units on specific didactics of mathematics and a unit on the history of mathematics; in the
same semester students also attend two further modules on didactics. The present investiga-
tion covered two academic years: 2022-2023 (Cycle 1) and 2023-2024 (Cycle 2). It addressed
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two research questions: (i) How do students, as prospective teachers, perceive the use of tech-
nology in the teaching and learning of mathematics? (ii) Which strategies foster more effective
practice?

In each cycle, students’ work in MCEM was examined. Cycle 1 comprised eight projects
(ST1-ST8); Cycle 2 comprised four (ST9-ST12). During both years students engaged with
technology in first-semester modules on analysis and geometry didactics, using GeoGebra,
Scratch, Python Blocks, graphing calculators, ASYMPTOTE, and MathCityMap. The tasks
were designed for application in primary and secondary classrooms. All technological engage-
ment was embedded within tasks derived from national curricular expectations and aligned with
learning objectives for both primary and secondary education. The selection of these tools and
the nature of the tasks correspond to current policy guidelines in Portugal, which mandate
the development of computational thinking and encourage the integration of technology as a
cross-curricular competency |5, [6].

In the first academic cycle (2022-2023), participants were individually responsible for creat-
ing structured digital portfolios, incorporating a range of activities combining artistic, cultural,
and mathematical content. These portfolios were examined qualitatively to determine how
students articulated the intersection of technological and mathematical understanding. Portfo-
lios was presented in a web page created by each participant, containing: (i) a brief academic
profile; (ii) evidence of completion of a MOOC; (iii) examples linking mathematics and art
drawn from https://www.europeana.eu/pt; (iv) a mathematical cartoon for International
Mathematics Day; (v) software they intended to employ as teachers; and (vi) a trail designed
with MathCityMap; (vi) completed collaboratively, the remainder individually. The result-
ing pages were analysed and informed modifications to the Cycle 2 assignment. The format
of these assignments was informed by the theoretical perspectives of technological pedagogi-
cal content knowledge (TPACK)[24], which address the confluence of content, pedagogy, and
digital tools in teacher preparation. However, limitations in the coherence and depth of techno-
logical integration were observed. In particular, the capacity to align computational thinking
with curricular objectives and lesson design was found to be underdeveloped among several
participants. These observations substantiated the need for more structured collaborative and
reflective components in the subsequent iteration.

Accordingly, the second cycle (2023-2024) adopted a refined approach, consistent with the
iterative logic of DBR. Participants worked in dyads to develop thematic lesson portfolios and
to conduct simulated classroom sessions. Each dyad addressed one designated topic and devel-
oped lesson sequences grounded in computational tools — for example, Topic 2: visualisation
with Python in real and complex analysis (upper secondary); Topic 3: Scratch for geometry
and algebra (essential learning). The portfolio included (a) collaborative materials and (b) in-
dividual lesson-planning and reflection tools. Each student delivered two 45-minute simulated
lessons, observed by a course instructor and peers. Post-lesson, a discussion was followed by
completion of an evaluation rubric known to all participants in advance. Thematic working
sessions supported the preparation of plans (see Table 2, . The instructional simula-
tions were presented in 45-minute sessions, which were observed by peers and course instructors.
Evaluative discussions followed each session, supported by pre-defined rubrics made available
beforehand. These rubrics focused on the integration of digital tools, clarity of mathematical
reasoning, anticipatory teaching strategies, and classroom orchestration. This structure reflects
established practices in lesson study and research on professional noticing in teacher education
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[16, [18§].

The data collection for both cycles occurred after the conclusion of coursework and summa-
tive evaluation. The analysis focused on the lesson designs, teaching simulations, and reflective
components provided in the portfolios. Ethical protocols were observed in the anonymisation
and handling of all data.

This methodological structure aligns with calls in the mathematics education literature for
approaches that embed professional learning within authentic and sustained contexts, particu-
larly when digital technologies and computational thinking are involved [21], [32].

4 Results

4.1 First cycle

The work of the eight students (ST1-ST8) reveals recurrent themes in their use of computational
tools and in the projects developed for the final assignment. Each student constructed a web
page containing the required elements; the content analysed is summarised below.

e ST1 employed GeoGebra, Desmos, Kahoot, and Poly, selected visual materials from
Furopeana, and produced a comic to mark International Mathematics Day.

e ST2 focused chiefly on Poly, created mathematics-related comics and images, and com-
pleted an online course on active learning.

e ST3 used Desmos, contributed to the Furopeana project, created a comic, and completed
an e TWINNING course.

e ST4 integrated GeoGebra, Desmos, Kahoot, and Poly, contributed to Europeana, devel-
oped a MathCityMap trail, and undertook social-network training.

e ST5 combined GeoGebra, Desmos, Kahoot, and Poly, engaged with Europeana, and
created a comic.

e ST6 presented applications employing the same four tools, contributed to Furopeana,
and completed an e TWINNING course.

e ST7 extended application by designing a new MathCityMap resource, creating a comic,
and drafting a detailed lesson plan incorporating Python.

e ST8 produced detailed lesson plans centred on Python and contributed to Furopeana
and MathCityMap, alongside participation in an e TWINNING project.

Across the cohort, students demonstrated the capacity to integrate multiple ICT tools—GeoGebra,

Desmos, Kahoot, Poly, and video resources—into prospective teaching practice. Participation
in interdisciplinary initiatives such as Furopeana and MathCityMap suggests an intention to
employ real-world contexts. The creation of comics and involvement in e TWINNING indicate
creative and collaborative engagement. Completion of online courses (e TWINNING, NAU) evi-
dences commitment to continuing professional development. The lesson plans produced by ST7
and ST8, which incorporate Python, represent a deeper integration of computational thinking
within mathematics education.

114



The Electronic Journal of Mathematics and Technology, VVolume 19, Number 2, ISSN 1933-2823

4.2 Second cycle

Given the aims of the study, the analysis concentrated on the two dyads that produced port-
folios: ST9&ST10 and ST11&ST12. Each portfolio documents collaborative planning and
individual reflection centred on the use of specific computational tools—Python in the first
dyad and Scratch (with GeoGebra) in the second.

4.2.1 Portfolio produced by dyad ST9&ST10

The collaborative section justifies lesson plans on the following topics: ST9 — “Functions
Defined by Branches” and “Cubic and Quartic Functions”, ST10 — “Quadratic Functions” and
“Complex Numbers”. Individual reflections evaluate the simulated lessons, drawing on peer and
supervisor feedback.

The sequence of lessons progresses from elementary to more advanced content, beginning
with block-based programming (EduBlocks) to introduce Python and moving to activities that
require text-based coding. Figure [I]illustrates an introductory task on quadratic functions.

Atividade 1

Figure 1: Task 1 of the first simulated lesson by ST10; full solution included in the lesson plan.

The plans integrate technological tools (Python), pedagogical strategies (graded complexity,
visual aids), and mathematical content (functions, polynomial equations, complex numbers).
Hypothetical learning trajectories anticipate difficulties—e.g. defining piecewise functions—and
suggest targeted interventions. Reflections acknowledge the need to align computational objec-
tives with mathematical aims and to provide precise programming guidance.
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Overall, the portfolio demonstrates thoughtful use of Python to support computational
thinking, algorithmic reasoning, and logical problem-solving.

4.2.2 Portfolio produced by dyad ST11&ST12

The collaborative component outlines lesson plans that employ Scratch (and, for ST11, Ge-
oGebra) to teach Year 8 topics. ST11 addresses linear functions; ST12 develops lessons on the
Pythagorean theorem and isometries.

For ST11, Scratch scripts and GeoGebra applets are combined to promote exploration of
gradients and intercepts through guided discovery and collaborative problem-solving. For ST12,
Scratch scenarios place the Pythagorean theorem in narrative contexts and use the Scratch cat
to discuss planar movements; Figure [2[ shows two examples.

Eixor
Eixo t

£, fros

Figure 2: Scratch scenarios employed in the lesson plans of ST12.

Hypothetical learning trajectories identify likely misconceptions (e.g. proportional reasoning
in linear functions) and propose scaffolds. Reflections discuss the efficacy of interactive tools in
fostering engagement and reasoning and recognise areas for refinement suggested by peers and
supervisors.

4.2.3 Computational thinking across the two portfolios

Dyad ST9&ST10. Computational thinking is embedded through:
o Algorithmic processes: explicit step-by-step procedures in Python.

e Decomposition: division of complex tasks into manageable sub-tasks.

Abstraction: modelling mathematical objects within code.

Automation: use of scripts to perform repetitive calculations and visualisations.

Data representation: dynamic displays of functions and loci.

Dyad ST11&ST12. Computational thinking is advanced via:
e [Interactive problem-solving: Scratch projects requiring iterative refinement.

o Visualisation: GeoGebra and Scratch animations to render abstract notions.
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e Decomposition and abstraction: stepwise modelling of geometrical situations.
e Pattern recognition: identification of regularities through multiple Scratch scenarios.
e [terative development: debugging and improving scripts in response to feedback.

Both portfolios confirm that well-designed computational activities can deepen learners’
mathematical understanding. Whereas ST9&ST10 prioritise algorithmic structures and sys-
tematic coding, ST11&ST12 emphasise interactive exploration and visual modelling. In each
case the pre-service teachers exhibit reflective practice and a willingness to refine instruction in
response to evidence.

5 Discussion

The purpose of this section is to interpret the findings from both research cycles in light of the
conceptual framework and the existing literature on teacher education, computational thinking,
and the integration of technology into mathematics pedagogy. The discussion is organised to
examine the development of professional knowledge, the integration of computational thinking,
and the orchestration of digital tools in simulated practice.

5.1 Concerning to 1st Cycle

The first cycle revealed partial engagement with technological and computational tools, despite
the availability of digital resources and the inclusion of computational thinking within national
curricular documents |5, 6]. While the students demonstrated familiarity with applications such
as GeoGebra, Desmos, and MathCityMap, only a minority formulated teaching sequences that
showed alignment with the principles of technological pedagogical content knowledge (TPACK)
[24]. Most submissions were task-oriented and exploratory rather than grounded in pedagogical
intent. The absence of collaborative planning and structured simulation likely limited oppor-
tunities for participants to connect digital tools with instructional strategies in a sustained
manner. This finding is consistent with previous studies indicating that short-term exposure to
technology does not suffice to support the formation of integrated teaching knowledge [25] 23]

The redesign implemented in the second cycle introduced collaborative planning, struc-
tured simulation of lessons, and systematic reflection. The resulting portfolios demonstrated
improved alignment with curricular aims and more deliberate integration of computational
thinking strategies, including abstraction, algorithmic reasoning, and decomposition. These
developments are in line with international recommendations for supporting novice teachers
through iterative design, critical reflection, and peer collaboration [42] [49).

5.2 Concerning to 2nd Cycle

A more refined approach was introduced in the second cycle. Students worked collabora-
tively on lesson design that applied programming and dynamic environments to mathematical
content, which reflected recommendations from teacher education research [I, 20]. Each pair
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produced a reflective portfolio containing carefully structured lesson plans and analyses of sim-
ulated classroom activities. This design aligned with the call for systematic teacher professional
development to address the complexity of integrating new technologies [24, [16].

5.2.1 Results of ST9&ST10 dyad

The collaborative efforts of ST9 and ST10 reflect a methodical approach to teaching advanced
topics in secondary mathematics, specifically functions and complex numbers. Their lesson
plans demonstrate a clear alignment with curriculum standards and a thoughtful justification
for the selection of topics. This aligns with Rogers’ Diffusion of Innovations theory [15], which
highlights the importance of understanding how new educational practices and technologies are
adopted within teaching contexts. By incorporating Python programming into their plans, these
students exemplify a commitment to integrating innovative tools into their teaching practices.

The structured progression from simpler functions to more complex concepts illustrates the
pedagogical strategies outlined in the TPACK framework [24]. The inclusion of hypothetical
learning trajectories indicates a proactive approach to addressing potential student misconcep-
tions, which is essential for effective teaching practice. For instance, ST9 and ST10’s focus on
the vertex of piecewise functions as a critical learning point aligns with educational models that
advocate for anticipatory teaching strategies.

The portfolio of dyads ST9 & ST10 also reflect the principles of instrumental orchestra-
tion, particularly the Technical-demo and Guide-and-explain orchestrations. By demonstrating
Python techniques and guiding students through complex mathematical concepts, they en-
hance students’ understanding and engagement. This approach is consistent with findings that
emphasize the importance of careful planning and arrangement of digital artifacts in teaching
environments [37].

Also, The reflective practices displayed in portfolio of dyads ST9 & ST10 further enhance
their pedagogical development. Both students engage in critical self-assessment, identifying
strengths and areas for improvement. This reflective process is vital, as research indicates that
teacher beliefs and attitudes significantly impact the adoption of educational technologies [49].
By emphasizing the alignment of computational goals with mathematical learning objectives,
ST9 and ST10 highlight the necessity for clarity and coherence in lesson planning.

The dyad ST9 and ST10 focused on upper-secondary mathematics content using Python
and EduBlocks to support functional reasoning and operations with complex numbers, and also
were used to foster logical processes and systematic problem-solving, which supported research
associating programming with enhanced mathematical understanding [11], 12, [50]. Their plan-
ning included explicit modelling of concepts and attention to hypothetical learning trajectories,
demonstrating awareness of potential misconceptions and the sequencing of conceptual progres-
sion. Their use of Python as both a mathematical and didactic tool illustrates a shift from task
performance to instructional orchestration, as conceptualised in Drijvers et al.’s instrumental
orchestration theory [32].

They anticipated student misconceptions by outlining learning trajectories and designing
progressive activities. Lesson reflections revealed how Python’s potential for visualising abstract
concepts stimulated the integration of computational thinking with curriculum standards. The
dyad employed forms of orchestration such as Technical-demo and Guide-and-explain, managing
classroom activity through pre-planned coding tasks and structured questioning sequences.
These strategies align with existing models for supporting the integration of computational
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tools in instructional design [33].

5.2.2 Results of ST11&ST12 dyad

In contrast, the dyad ST11 and ST12 addressed lower-secondary content and employed Scratch,
in conjunction with GeoGebra, to develop lessons on linear functions, the Pythagorean theorem,
and isometries. Their lesson designs featured narrative-based tasks and visual simulations to
foster engagement and reasoning. Although their portfolios contained less emphasis on formal
algorithmic structures than those of ST9 and ST10, their activities showed strong alignment
with principles of exploratory learning and embodied modelling. The Scratch tasks incorpo-
rated iteration, decomposition, and visualisation, advancing computational thinking through
interactive and accessible representations of mathematical ideas. The use of the Discuss-the-
screen and Work-and-walk-by orchestrations promoted interactive learning while maintaining
mathematical focus. The integration of Scratch and GeoGebra into their lesson plans showcases
a dynamic approach to teaching, facilitating student engagement through interactive problem-
solving. This approach align with the findings of recent studies indicating that engaging with
various technologies can enhance pre-service teachers’ subject knowledge and attitudes towards
technology [22].

The emphasis on collaborative learning strategies in ST11’s lesson plans is indicative of a
pedagogical philosophy that values active participation. The use of Scratch to visualize linear
functions allows students to interact with mathematical concepts in a tangible way, thereby
fostering deeper comprehension. This aligns with the educational theories advocating for the
integration of technological tools to enhance student learning experiences.

Similarly, ST12’s focus on the Pythagorean theorem and isometries reflects an innovative
pedagogical approach. The incorporation of storytelling in conjunction with Scratch fosters
an exploratory learning environment, encouraging critical thinking and problem-solving skills.
The application of Socratic dialogue not only promotes student engagement but also aligns
with current educational theories that advocate for dialogue-rich classrooms.

These students concentrated on linear functions, the Pythagorean Theorem, and isometries
for lower secondary education. Scratch and GeoGebra were employed to create interactive
activities. The lesson plans presented opportunities for students to explore geometric and
algebraic structures in a visual manner, which aligned with research indicating that interactive
and dynamic tools promote reasoning and engagement [2]. The reflections addressed possible
misconceptions and emphasised the importance of precise instructions, clear objectives, and
guided discovery.

5.2.3 Integration of Computational Thinking

Both portfolios underscore the significance of computational thinking in mathematics educa-
tion, albeit through different lenses. The emphasis on algorithmic processes and systematic
problem-solving in ST9 and ST10’s work illustrates their understanding of the cognitive pro-
cesses involved in programming and mathematics. Their approach aligns with the TPACK
framework, as they effectively integrate technology to foster students’ logical reasoning and
problem-solving skills [51].

Conversely, ST11 and ST12 highlight interactive problem-solving and visualization, utiliz-
ing tools that encourage students to engage deeply with mathematical principles. Their work
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exemplifies the key components of computational thinking, including decomposition and pat-
tern recognition, which are essential for mastering complex mathematical concepts. This is
consistent with recent findings that suggest integrating technology in teacher education can
significantly enhance pre-service teachers’ professional knowledge and teaching effectiveness
[21].

The results in second cycle demonstrated greater alignment with computational thinking
principles, including algorithmic design, decomposition, and abstraction [10, 1T, 12]. The ST9 &
ST10 portfolio underscored systematic approaches through Python coding, while ST11 & ST12
capitalised on interactive tasks in Scratch to encourage iterative refinements. These strategies
exemplified the ways in which digital tools can deepen learners’ reasoning in mathematics and
help foster competencies required in contemporary curricula [50, [13], [14].

5.2.4 Integration of Instrumental Orchestration

The lesson plans revealed evidence of strategies consistent with instrumental orchestration
[30, 31, 32], which describes how teachers design and manage technology-rich lessons. Stu-
dents adopted orchestrations such as “Technical-demo,” “Discuss-the-screen,” and “Guide-and-
explain,” and these approaches illustrated a structured use of digital environments to direct
student thinking [33, B34]. These findings confirmed the importance of lesson planning that
connects pedagogical goals with suitable technology, as advocated in previous studies [21], 22].
Reflective discussions, both written and oral, indicated that the integration of these orchestra-
tion methods encouraged the ongoing adaptation and refinement of instructional strategies.

Both dyads demonstrated evidence of reflective practice, including post-lesson evaluation,
consideration of feedback, and re-examination of teaching strategies. The inclusion of hypothet-
ical learning trajectories and anticipatory scaffolding confirms that simulation-based learning
environments can contribute meaningfully to teacher development. This is consistent with
Vermunt et al. [I8], who argue that the quality of teacher learning is enhanced when profes-
sional development activities are sustained, contextually embedded, and include opportunities
for dialogue and feedback.

The comparative analysis of both cycles indicates that structured simulation and collab-
orative design processes support deeper integration of technology and foster the development
of professional teaching knowledge. While the first cycle enabled technological exploration,
the second cycle facilitated pedagogical refinement and theoretical grounding. This evolution
demonstrates the utility of design-based research as a methodological approach for the develop-
ment and analysis of complex educational interventions involving technology [48]. The results
thus offered evidence that well-designed interventions can promote pre-service teachers’ adop-
tion of ICT in ways that align with national guidelines and support the growth of computational
thinking [44].

Further investigation is warranted to determine the extent to which these design principles
translate to authentic classroom environments during the induction phase. Simulated settings
provide important data on pedagogical intent and planning processes, but cannot replicate the
full complexity of live teaching, including student diversity, time constraints, and institutional
demands. Longitudinal studies are needed to trace the persistence and transformation of these
practices as pre-service teachers transition to professional contexts.
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6 Final Remarks

This two-cycle investigation examined how pre-service mathematics teachers engage with com-
putational thinking and technological tools within the framework of a design-based research
methodology. The comparative analysis of both implementation cycles evidenced a develop-
mental trajectory in the articulation of technological, pedagogical, and content knowledge.
The first cycle revealed exploratory engagement with digital resources, with limited alignment
between technological tools and pedagogical design. While students demonstrated basic oper-
ational competence with platforms such as GeoGebra and Scratch, few produced instructional
materials that systematically addressed computational thinking or reflected coherent instruc-
tional trajectories.

The subsequent revision of the course design in the second cycle introduced structured
collaborative planning, simulated teaching episodes, and guided reflection. These modifica-
tions were informed by theoretical constructs associated with instrumental orchestration and
TPACK, and enabled participants to more effectively coordinate digital tools with curricular
objectives. The analysis of student portfolios and teaching simulations confirmed that design
tasks requiring anticipatory reasoning, peer feedback, and iterative refinement support the
development of instructional competence involving computational technologies.

Findings suggest that the cultivation of computational thinking in mathematics teacher
education cannot be realised through technological exposure alone. Rather, such development
necessitates structured pedagogical interventions that are embedded in authentic learning envi-
ronments and that engage prospective teachers in designing, enacting, and critically evaluating
teaching practices. The results also underscore the importance of integrating simulated class-
room practice into coursework, not as an ancillary component, but as a central mechanism for
fostering pedagogical reasoning and reflective practice.

Given the growing prominence of computational thinking in national and international
curricular frameworks, including its designation as a transversal competence in Portuguese
mathematics education, the role of teacher education in supporting this integration warrants
continued attention. The present study demonstrates that coherent and theoretically grounded
interventions within teacher education programmes can enhance pre-service teachers’ capacity
to mobilise digital tools in ways that are pedagogically productive and aligned with curricular
aims.

Future research should focus on tracing the transfer and adaptation of these practices into
authentic classroom environments, particularly during the induction period. While simulation
enables approximation of teaching practice, it remains limited in its capacity to capture the
contingent and contextual demands of school-based instruction. Longitudinal research is there-
fore required to document how early professional experiences mediate the sustained use and
adaptation of digital tools and computational thinking in mathematics classrooms.

Finally, this study reaffirms the value of design-based methodologies in mathematics ed-
ucation research. Such approaches provide a productive framework for iteratively refining
pedagogical practices, generating situated knowledge, and informing institutional development
in teacher preparation.
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Appendix - Plan used in Second Research Cycle

Table 2: Plan of MCEM course in 2023/2024

Session Themes Time
(1) (1)
1 Computational means to support proof in Geometry: GeoGebra and 2
GeoGebra Discovery.
2 The impact and uses of the computer in the teaching and curriculum 3
of Mathematics Part I
3 Computational means of proof support in Analysis and Algebra: Math 2

Solver (https://www.geogebra.org/solver?i=2Y,20x%2B17,3D5),
Wolfram Alpha.

4 Presentation of the Assymptote platform and exploration of the differ- 2
ent types of automatic feedback available.

5 The Impact and Uses of the Computer in the Teaching and Curriculum 3
of Mathematics Part II

6 Exploring the potential of various platforms for student assessment. 2
Virtual classes: GeoGebra Classroom and other similar platforms.

7 Exploration of tools for learning Mathematics Part 1. 3

8 Brief Introduction to Scratch Programming. 2

9 Computational Thinking. Computing and Education. The program- 3
ming language is logo.

10 GeoGebra commands and tools for Statistics and Probabilities. The 2
spreadsheet, in particular in GeoGebra.

11 The vision of the renewal of the curriculum in Basic and Secondary 3
Education regarding the use of technological resources.

12 Introduction to programming in Python. Python by blocks. Explo- 2
ration of Visual Python and Python in GeoGebra.

13 The vision of the renewal of the curriculum in Basic and Secondary 3

Education regarding the use of technological resources. The role of
Computational Thinking.

14 Python programming: in online compilers and in the graphing calcu- 2
lator.

15 Exploration of tools for learning Mathematics Part II. 3

16 3D Modeling and Printing 2

17 Presentation of 1st simulated classes - Theme 3 3

18 Presentation of 2nd simulated classes - Theme 3 2

19 Tasks involving technology for teaching and learning Mathematics, 2

connections between various intra and extra Mathematics domains.
Augmented reality as a feature.

20 Presentation of 1st simulated classes - Theme 2 2

21 Planning a Task that uses educational robotics for teaching and learn- 2
ing a mathematical topic.

22 Presentation of 2nd simulated classes - Theme 2 3

23 Analysis and self-hetero evaluation of the work carried out by the stu- 2
dents.

24 Subjects related to the pedagogical internship and the year of induc- 3
tion.
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