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Lesson planning is a complex and central professional practice in teacher 
education, requiring the integrated mobilization of different types of didactic 
knowledge in mathematics. The recent integration of Computational Thinking 
into the Portuguese Mathematics curriculum reinforces the need to prepare 
pre-service primary school teachers to design teaching practices that promote 
the development of this mathematical ability. This study aims to evaluate the 
didactic knowledge in mathematics of pre-service teachers at three moments 
(Pre-Intervention, Post-Intervention I, and Post-Intervention II) throughout a 
training program, through the planning of Exploratory Teaching Practices 
integrating tasks designed to promote the development of the Computational 
Thinking dimensions of abstraction, decomposition, algorithm, debugging, 
and pattern recognition. Nineteen female Pre-Service Primary School 
Teachers, aged between 20 and 54 years (M = 24.47; SD = 9.576), participated 
in the study, enrolled in an Initial Teacher Training during the 2023/2024 
academic year at a Portuguese higher education institution. Following a mixed 
methods design, the Levels of Suitability of the lesson plans and the Global 
Performance of the pre-service teachers were analyzed across the three 
moments. The results of the study show statistically significant differences 
both in the Levels of Suitability of the lesson plans for Exploratory Teaching 
Practices integrating Computational Thinking and in the Global Performance 
of the pre-service primary school teachers across the three moments. In 
conclusion, the present study provides evidence of how the didactic 
knowledge in mathematics of pre-service teachers can be evaluated through 
the planning of Exploratory Teaching Practices with the integration of 
Computational Thinking.
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1 Introduction

Initial Teacher Training is a complex process that integrates a 
set of experiences and learnings essential to the development of 
pre-service teachers’ didactic knowledge (Duarte et al., 2024). For 
students to learn meaningfully, it is essential that the teacher 
integrates content knowledge of the discipline with other types of 
knowledge that guide their practice (Giacomelli and Lopes, 2020). 
The pre-service teacher must articulate content knowledge with 
curriculum guidelines, students’ learning processes, and classroom 
teaching practices to be capable of designing a high-quality and 
purposeful lesson plan (Beckmann and Ehmke, 2023).

Lesson planning is a demanding professional practice and is 
recognized by several authors as one of the most important— 
but also one of the most challenging—tasks for pre-service 
teachers (Beckmann and Ehmke, 2023; Conceição et al., 2022; 
Tankiz and Atman Uslu, 2023). During periods of curricular 
change, lesson planning becomes even more complex, especially 
when essential teaching and learning resources, such as 
educational curricula, are being restructured and require 
adaptation by teachers (Pepin et al., 2025). This context 
reinforces the need to promote teachers’ professional autonomy, 
recognizing their role as critical and reflective agents in the 
construction of planned, contextualized, and pedagogically 
aligned practices with the specificities of school realities 
(Alarcão, 2020; Fonseca and Ponte, 2025; Nóvoa, 2021).

In 2021, the national mathematics curriculum for basic 
education in Portugal was updated, coming into effect in the 
2022/2023 academic year [Ministério da Educação (ME), 2021]. 
This document states that teachers must include in their lesson 
planning a set of mathematical competencies to be developed in 
an integrated way within the approach to mathematical topics. It 
also introduces a particularly relevant change: the inclusion, for 
the first time, of Computational Thinking as a competency to be 
developed in mathematics education—adding further complexity 
to a lesson planning process that is already challenging for pre- 
service teachers (Conceição et al., 2022). Among the 
methodological guidelines for mathematics teaching, particular 
emphasis is placed on providing students with time and space to 
explore mathematical tasks, discuss their solution strategies, and 
collectively systematize their learning (Freitas et al., 2025a; ME, 
2021). Collaborative working methods are also valued, where 
students can interact with one another under the teacher’s 
supervision, fostering autonomy, mathematical communication, 
and reasoning. These guidelines align with the reference 
framework for Exploratory Teaching Practices in mathematics, 
as defined in Canavarro et al. (2012) and Canavarro and Reis, 
2018. Such recommendations call for a reconfiguration of 
planning practices by both teachers and pre-Service teachers, 
ensuring effective articulation between the content of various 
topics and the competencies to be developed, while applying the 
proposed methodological guidelines (Pepin et al., 2025; 
Rodrigues et al., 2024).

It is essential that Initial Teacher Training enables pre-service 
teachers to plan teaching practices that respond to these guidelines 
(Alrwaished, 2024; Tadeu et al., 2025), in particular, it is necessary 
to provide specific training that allows them to develop the 
didactic knowledge to integrate Computational Thinking into 
their planning in an intentional and reasoned way (Tripon, 

2022). Within this context, and as part of a study aimed at 
developing the Didactic Knowledge in Mathematics (DKM) of 
Pre-Service Primary School Teachers (PSPST) required to 
integrate Computational Thinking into their teaching practices, 
in accordance with the guidelines established by the Portuguese 
Mathematics curriculum (ME, 2021), a training program was 
designed and implemented at a Portuguese higher education 
institution in the 2023/2024 academic year. This training 
program was developed with PSPST, in the context of master’s 
degree curricular units in teaching and structured in such a way 
as to promote the articulation between theory, practice and 
reflection in the planning of mathematics lessons integrating the 
development of the five Computational Thinking dimensions 
defined in the Portuguese curriculum: abstraction, 
decomposition, pattern recognition, algorithmic thinking, and 
debugging. In this context, the following research question was 
formulated for this study: did the training program influence the 
development of the didactic knowledge in mathematics required 
for Pre-Service Primary School Teachers to plan Exploratory 
Teaching Practices that integrate the development of 
Computational Thinking? This study aims to evaluate the 
Didactic Knowledge in Mathematics of the Pre-Service Primary 
School Teacher through the planning of Exploratory Teaching 
Practices that integrate Computational Thinking, developed in 
three moments throughout the training program. Based on the 
literature (Duarte et al., 2024; Zaragoza et al., 2023, 2024), it is 
understood that PSPSTs who demonstrate a higher Level of 
Suitability and Global Performance in the planning of teaching 
practices show greater DKM, so the evolution of the 
development of the DKM of the PSPST is analyzed based on the 
assessment of the adequacy of the planning of Exploratory 
Teaching Practices that integrate Computational Thinking. Thus, 
the following hypotheses were formulated: 

H1. There are statistically significant differences in the Levels 
of Suitability of the Exploratory Teaching Practices plans that 
integrate Computational Thinking carried out by pre-service 
primary school teachers between Pre-Intervention, Post- 
Intervention I and Post-Intervention II;

H2. There are statistically significant differences in the Global 
Performance of pre-service primary school teachers when 
planning Exploratory Teaching Practices that integrate 
Computational Thinking between Pre-Intervention, Post- 
Intervention I and Post-Intervention II.

The main contribution of this study is an approach to evaluating 
the Didactic Knowledge in Mathematics of the Pre-Service 
Primary School Teachers through planning Exploratory 
Teaching Practices that integrate Computational Thinking.

2 Literature review

The present study examines the Didactic Knowledge in 
Mathematics of Pre-Service Primary School Teachers as 
evidenced in the planning of Exploratory Teaching Practices 
integrating Computational Thinking. Therefore, the literature 
review first presents the curricular framework that justifies the 
integration of Computational Thinking in mathematics 
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education, followed by the theoretical framework underpinning 
Didactic Knowledge in Mathematics and, finally, the 
characteristics of Exploratory Teaching Practices that guided the 
planning analysed in this study.

2.1 Computational thinking

Recent curricular reforms in mathematics education have 
emphasized the integration of Computational Thinking as an 
ability to be developed by students. The Joint Report of the 
Council of the European Union and European Commission 
(Council of the European Union and European Commission, 
2015) highlighted the importance of adopting innovative 
approaches in teaching, with a focus on developing digital and 
social skills in line with the demands of society. According to 
Trocado et al. (2022), these guidelines may have been the 
starting point for the introduction of Computational Thinking 
into the curricula of several countries, aimed at developing 
digital skills and adopting pedagogical practices centered on 
problem-solving. In some countries Computational Thinking 
has been included in the general curriculum (Santos et al., 
2025), in Portugal it appears as an integral competence of the 
official Mathematics curriculum (ME, 2021) from primary to 
secondary education (approximately 6–18 years of age) and 
involves the development of a set of practices that are 
indispensable in mathematical activity and provide students with 
tools that allow them to solve problems (ME, 2021).

The effective integration of Computational Thinking into 
mathematics teaching requires teachers and pre-service teachers 
to be aware of how it is defined and of the indications for 
operationalization defined in the official educational curriculum 
(Amante et al., 2023). The Portuguese curriculum (ME, 2021) 
resents a structured definition of Computational Thinking and 
defines five dimensions to be developed in an integrated way: 
abstraction, decomposition, algorithm, debugging and pattern 
recognition. These definitions are in line with the literature 
(Angeli et al., 2024; Machuqueiro and Piedade, 2024; Santos 
et al., 2025; Wing, 2006). The development of Abstraction 
involves situations in which students must focus on the essential 
aspects of tasks in order to simplify their solutions (Candeias 
et al., 2025). In the development of Decomposition, it is 
necessary to create opportunities for students to break down a 
problem into simpler parts in order to make solving it more 
accessible (Chaabi et al., 2025). To develop the Algorithm 
dimension, situations are used in which students need to 
structure the necessary steps to solve a task in a sequential 
manner (Yun and Crippen, 2025). The development of 
Debugging involves situations in which students must try to 
identify inaccuracies, errors or steps to be revised, with the aim 
of optimizing the resolution proposals (Macann and Hartnett, 
2025). In order to develop the Pattern Recognition dimension, it 
is essential to encourage students to identify regularities and 
similarities in the processes of solving tasks, allowing them to 
use previously developed and understood strategies in new tasks 
(Palop et al., 2025). In this sense, the Computational Thinking 
dimensions (Macann and Hartnett, 2025; ME, 2021; Palop et al., 
2025) are the reference framework for the practices to be 
developed in the classroom and are therefore fundamental for 

guiding the planning of teaching practices that promote the 
development of Computational Thinking integrated with 
mathematical topics.

However, recent literature shows that significant gaps in initial 
teacher training remain regarding Computational Thinking. 
Espinal et al., 2024 identify that many programs prioritize 
conceptual understanding but offer few opportunities for Pre- 
Service Primary School Teachers to learn how to design, plan, 
and evaluate tasks that foster the development of Computational 
Thinking. Tariq et al., 2025 reinforce this perspective by noting 
an insufficient focus on the integration of Computational 
Thinking within higher education, precisely where initial teacher 
training takes place. Complementarily, Tadeu et al., 2025
highlights the scarcity of clearly identified and implemented 
methods that effectively enhance Pre-Service Primary School 
Teachers’ skills in Computational Thinking. Taken together, 
these gaps underline the need to investigate training approaches 
that support the development of didactic knowledge and the 
ability to plan teaching practices that integrate Computational 
Thinking in an intentional and appropriate way.

2.2 Didactic knowledge in mathematics of 
the pre-service teacher

Teachers’ Didactic Knowledge in Mathematics (DKM) is a 
central element of professional practice, integrating specific 
knowledge about content, students, the curriculum and teaching 
practices (Duarte et al., 2024; Ponte, 2012). This knowledge, 
which is essential for effective teaching practice, is evident in 
lesson planning, a demanding task that requires the articulated 
mobilization of these different types of knowledge (Beckmann 
and Ehmke, 2023; Rodrigues and Ponte, 2020; Serrazina, 2017). 
In the context of Initial Teacher Training, planning is a 
particular challenge, given that the DKM of the pre-service 
teachers is still under development (Duarte et al., 2024). 
However, this knowledge is central to planning a math lesson. 
Thus, it is necessary to have a thorough understanding of the 
concepts to be taught, to interpret the curriculum guidelines 
rigorously, to know the students, their difficulties and the most 
appropriate strategies for the group (Cardoso et al., 2025; 
Noviyanti et al., 2025).

One framework that helps understand the different types of 
knowledge that make up the didactic knowledge of teachers who 
teach mathematics is Ponte’s (Ponte, 2012) which includes the 
following components: Knowledge of Mathematics for Teaching 
(KMT), Knowledge of the Curriculum (KC), Knowledge of 
Students and their Learning Processes (KSLP) and Knowledge of 
Teaching Practice (KTP). KMT refers to the in-depth 
understanding of mathematical concepts, their connections and 
representations and their applicability in school contexts (Ponte, 
2012; Serrazina, 2017). It is known that pre-service teachers have 
gaps in this type of knowledge, which leads to difficulties in 
planning lessons and defining concrete actions aligned with the 
tasks to be implemented (Bezerra and Quaresma, 2023; Vieira 
et al., 2022). Pre-service teachers need to have developed this 
component in order to be able to define learning objectives and 
pedagogical actions aligned with the mathematical content or 
specific mathematical skills to be developed (Kurt and 
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Çakıroğlu 2025; Zaragoza et al., 2023). KC is related to the domain 
of curricular guidelines, both for defining learning objectives and 
the pedagogical sequence to achieve them, and for selecting and 
using relevant resources for learning (Duarte et al., 2024). Njiku, 
2025 found that pre-service teachers have difficulty mobilizing 
specific resources that are properly aligned with the content to 
be covered, thus compromising teaching effectiveness. In order 
to plan a lesson effectively, pre-service teachers need to mobilize 
knowledge that allows them to articulate the curriculum 
guidelines with the content of the tasks to be developed, as well 
as being able to select and integrate appropriate teaching 
resources that promote learning (Martin and Jamieson-Proctor, 
2022; Rodrigues and Ponte, 2020). For pre-service teachers to 
develop the knowledge necessary to adequately define learning 
objectives and coherently integrate teaching resources, it is 
essential that they receive feedback on their pedagogical 
decisions (Karalar and Aslan Altan, 2018). In this context, the 
implementation of micro-teaching sessions can be an effective 
strategy, as it allows pre-service teachers to experiment, reflect 
and adjust their planning and practice based on the 
recommendations they receive from both colleagues and trainers 
(Täschner et al., 2025). KSLP is defined as the teacher’s 
knowledge of the students, their interests, characteristics, 
difficulties and ways of learning (Fonseca and Ponte, 2025). 
Given pre-service teachers’ limited teaching experience, it is 
common to observe gaps in this type of knowledge (Cardoso 
et al., 2025). Hourigan and Leavy (Hourigan and Leavy, 2019) 
state that for pre-service teachers to develop knowledge, contact 
with students is not enough; it is essential that they observe, 
reflect and have the opportunity to adapt and refine the lesson 
based on the evidence gathered during practice. In the context 
of lesson planning, the KSLP is essential for pre-service teachers 
to anticipate learning difficulties, define strategies to overcome 
them and promote approaches that encourage students to 
develop and share different types of reasoning when solving 
tasks (Copur-Gencturk and Li, 2023; Martins et al., 2024). In 
addition to the three components of knowledge mentioned 
above, KTP is the core of the teacher’s DKM and relates to all 
the essential points of lesson planning (Ponte, 2012). This type 
of knowledge occupies a central place in lesson planning, as it is 
essential for defining the structure of the lesson, time 
management and the definition of forms of assessment and 
feedback, reflecting an integrated and operational vision of the 
didactic knowledge needed to effectively conduct teaching 
practice (Rodrigues and Ponte, 2020). With regard to KTP, it 
should be noted that pre-service teachers tend to have 
difficulties in planning lessons in a coherent way, namely in 
articulating learning objectives, strategies for achieving them and 
ways of evaluating (Beckmann and Ehmke, 2023).

In this framework, knowledge should not be seen in a 
fragmented way, but as an articulated whole, aimed at 
promoting meaningful mathematical learning (Silva and Ponte, 
2025). Despite the centrality of planning in teaching practice, 
pre-service teachers’ planning skills remain under-researched, 
especially with regard to how they mobilize knowledge in lesson 
planning (Beckmann and Ehmke, 2023; Zaragoza et al., 2023). 
Although research on professional knowledge focuses on 
classroom observation, lesson planning offers a privileged 
context for analyzing pedagogical decisions and the knowledge 

mobilized (Zaragoza et al., 2024). Duarte et al. also identify, in 
the field of research into teacher training, the scarcity of studies 
that specifically explore the development of didactic knowledge 
in the context of Exploratory Teaching Practices, highlighting 
this as a relevant gap to be investigated. It is therefore 
important to investigate how Exploratory Teaching Practice 
plans can be analyzed to evaluate DKM.

2.3 Exploratory teaching practices

Exploratory Teaching Practices are an approach focused on 
the active construction of knowledge by students, through the 
resolution of challenging tasks that promote exploration, 
questioning, argumentation and reflection (Canavarro et al., 
2012; Freitas et al., 2024). A lesson planned according to 
Exploratory Teaching Practices is generally organized into four 
phases: Task introduction phase, Task development phase, Task 
discussion phase and Mathematical learning systematization, 
allowing for meaningful and progressive learning (Canavarro 
et al., 2012; Rodrigues et al., 2025). The development of the 
whole lesson is intrinsically linked to the tasks presented to the 
students. These tasks often take the form of problems or 
investigations, requiring students to work collaboratively, 
mobilize prior knowledge and develop different strategies for 
solving them (Azevedo, 2020; Ferreira and Ponte, 2017). The 
teacher’s role in these practices is that of mediator and 
facilitator: observing, listening, relaying ideas, asking intentional 
guiding questions and managing discussions in order to 
promote students’ mathematical thinking (Freitas et al., 2025b; 
Oliveira et al., 2013).

Several studies have highlighted the potential of Exploratory 
Teaching Practices to promote essential mathematical skills and 
student learning success (Freitas et al., 2025a; Silva et al., 2024). 
However, it is important to understand how this approach 
challenges pre-service teachers, particularly in terms of their 
ability to plan lessons that require in-depth DKM and 
intentional management of each phase of the lesson (Martins 
et al., 2021). Planning a lesson centered on Exploratory 
Teaching Practices requires more than selecting content or 
tasks, it involves anticipating students’ contributions, setting 
clear objectives, anticipating difficulties and being able to 
structure the discussion productively (Duarte et al., 2024; 
Ferreira and Ponte, 2017). Recent studies show that, when 
planning these practices, the main difficulties identified by 
pre-service teachers relate to formulating learning objectives, 
selecting and adapting suitable tasks, as well as predicting 
students’ work and possible unforeseen events that may arise 
during the lesson (Duarte et al., 2024; Quaresma et al., 2024). 
Täschner et al., 2025 argue that one of the ways to improve 
pre-service teachers’ self-efficacy and, consequently, their 
performance, is through experiences in which they have the 
opportunity to observe teaching models and good practices 
from other professionals. Thus, considering the importance of 
training pre-service teachers to implement Exploratory 
Teaching Practices with their students, it is pertinent that this 
approach is also integrated into Initial Teacher Training 
programs (Henriques and Martins, 2022).
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3 Methodology

3.1 Study design

This study adopted a convergent mixed methods design, as 
defined by Cohen et al. (Cohen et al., 2018), integrating 
quantitative and qualitative approaches in a complementary way. 
The quantitative component aimed to compare the Levels of 
Suitability and Global Performance of Pre-Service Primary 
School Teachers (PSPST) at three different moments: before the 
intervention (Pre-Intervention—M1), after the first phase of the 
intervention (Post-Intervention I—M2) and after the second 
phase (Post-Intervention II—M3). At the same time, the 
qualitative component involved an inductive and exploratory 
content analysis of the lesson plans produced by the PSPSTs 
during the same three data collection moments, allowing the 
identification and interpretation of evidence related to the 
development of Didactic Knowledge in Mathematics. The 
quantitative and qualitative data were analyzed independently 
and subsequently integrated during the interpretation of the 
results through data triangulation, providing a more 
comprehensive understanding of the effects of the training 
program on the development of the PSPSTs’ Didactic 
Knowledge in Mathematics (Cohen et al., 2018; Creswell and 
Creswell, 2017).

3.2 Participants

Nineteen female PSPSTs took part in this study, aged between 
20 and 54 (M = 24.47; SD = 9.576), all enrolled in the 2023/2024 
academic year at a Portuguese higher education institution. 
Among the participants, twelve were attending the Master’s 
degree program in “Primary School Teaching [Grades 1–4; 
approximately 6–10 years old] and 2nd Grade School Teaching 
[Grades 5–6; approximately 10–12 years old] in Mathematics 
and Experimental Sciences”, and seven the Master’s degree in 
“Primary School Teaching and 2nd Grade School Teaching in 
Portuguese and History and Geography of Portugal”. During 
that academic year, as part of their master’s degree, the PSPSTs 
completed a year-long curricular internship in a Primary School, 
spanning both semesters of the academic year, organized in 
groups of two or three. These groups were maintained 
throughout the training program to ensure continuity between 
the teaching practice and the development of the proposals, 
allowing for more effective adaptation to the specificities of the 
school contexts involved.

The sample was selected using a non-probabilistic 
convenience sampling strategy. All PSPSTs enrolled in the 
above-mentioned master’s programs who voluntarily expressed 
an interest in participating were included in the study. PSPSTs 
who did not give their consent to participate, who were absent 
from the most important practical sessions of the training 
program, or who did not complete tasks essential to the 
development of the intervention, such as drawing up lesson 
plans or solving the proposed tasks, were excluded from the 
study. It should be noted that the participants had a bachelor’s 
degree in basic education, which is the compulsory qualification 
for access to Initial Teacher Training master’s degrees. This 

course includes curricular units on elementary mathematics and 
the didactics of elementary mathematics for the first years of 
school, providing knowledge of the Portuguese mathematics 
curriculum and elementary notions of planning.

3.3 Ethical statement

The Declaration of Helsinki’s ethical guidelines were closely 
followed in this study, which placed a high priority on 
safeguarding the rights and welfare of participants. The 
Polytechnic University of Coimbra’s Ethics Committee granted 
prior clearance (reference 101_CEIPC/2022, issued on June 24, 
2022), guaranteeing that all procedures adhered to ethical 
standards. After receiving a thorough explanation of the study’s 
objectives, the voluntary nature of their involvement, and their 
freedom to discontinue participation at any moment without 
facing consequences, participants gave their informed consent.

3.4 Instruments

To evaluate the development of the PSPSTs’ Didactic 
Knowledge in Mathematics (Ponte, 2012; Rodrigues and Ponte, 
2020), tasks were applied at three moments (see Figure 1): Pre- 
Intervention (M1), Post-Intervention I (M2, between Phase 1 
and Phase 2) and Post-Intervention II (M3). The focus of the 
tasks analyzed in this study (Part II) was the development of 
Exploratory Teaching Practice plans that integrated 
Computational Thinking and allowed for a comparative analysis 
of the Level of Suitability of the solutions presented and the 
Global Performance of the PSPSTs in the construction of 
these plans.

The tasks applied are structured in two parts (Table 1): Part 1 
consisting of six tasks and Part 2 of four and are based on the 
Framework of the Didactic Knowledge of Teachers who Teach 
Mathematics (Ponte, 2012; Rodrigues and Ponte, 2020).

In Part 1, the Pre-Service Primary School Teachers, at each of 
the three moments (M1, M2 and M3), first solved a problem- 
solving situation (see Table 2) and then completed five 
additional tasks designed to promote the different dimensions of 
Computational Thinking (see Table 1). The three problem- 
solving situations presented in Table 2, adapted from Canavarro 
et al., 2022, addressed objectives within the same mathematical 
topic [Numbers (ME, 2021)], while ensuring the diversity of 
mathematical concepts addressed at each moment. Subsequently, 
the PSPST completed Part 2, which consisted of developing an 
Exploratory Teaching Practices plan by adapting the tasks 
completed in Part 1. Since the aim of Part 2 was to plan an 
Exploratory Teaching Practice integrating Computational 
Thinking, the present article focuses exclusively on the analysis 
of this part at each of the three moments (M1, M2 and M3), in 
order to evaluate the Pre-Service Primary School Teachers’ 
Didactic Knowledge in Mathematics through the lesson plans 
they developed.

Table 3 shows the purposes of the Part 2 tasks carried out by 
the PSPSTs.

The tasks were developed by the research team and validated 
by five external researchers with relevant experience in the field of 
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Mathematics Education. These experts work directly in Initial 
Teacher Training, both in national and international contexts, 
and have recognized experience in the development of didactic 
Knowledge in mathematics and the didactics of mathematics, 
including in the specific field of the development of 
Computational Thinking.

3.5 Pedagogical intervention program

Below is a summary of the training program implemented, the 
general structure of which is shown in Figure 1 (Rodrigues et al., 
2025) and which shares similar characteristics with the programs 
implemented by Piedade et al., 2018, Silva et al., 2024 and 
Tadeu et al., 2025.

The main purpose of the training program was to promote the 
development of the PSPSTs’ Didactic Knowledge in Mathematics 
(DKM), with a focus on the integration of Computational 
Thinking, and it took place over the course of the 2023/2024 
academic year. The intervention was organized into two phases, 
with three stages each, spread over two semesters. In stage 1 of 
Phase 1, the PSPSTs deepened their knowledge of 

Computational Thinking, the lesson planning template and 
Exploratory Teaching Practices. In stage 2, experimented with 
solving tasks integrating Computational Thinking and 
mathematical topics, and then developed lesson plans that 
included these tasks, following the model presented in Table 1
(see Section 2.4. Instruments). In stage 3, they developed and 
shared with the other participants an intervention plan to be 
applied in the internship context, following the same template. 
Each group also prepared a written assignment describing the 
design and planning of the intervention plan. This written 
assignment included a reflective conclusion in which the 
participants summarized the main learning outcomes and 
reflected on the development of the intervention plan. In Phase 
2, the participants carried out micro-teaching sessions (Step 4), 
implemented their intervention plans in their internship contexts 
(Step 5), and shared/reflected on these implementations with their 
colleagues and the researcher (Step 6). In Stage 6, each group also 
prepared a second written assignment describing the 
implementation of the intervention plan, which concluded with a 
reflective section discussing the main learning outcomes achieved 
during Phase 2. In addition, individual critical reflections were 
collected from the PSPSTs at the end of Phase 1 (M2) and again at 

FIGURE 1 

General structure of the training program. (Source: Authors own elaboration).
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the end of Phase 2 (M3), providing qualitative evidence of their 
learning throughout the training program.

3.6 Data collection

The qualitative data was collected through the tasks carried 
out individually in the three moments.

The quantitative data was obtained by analyzing the lesson 
plans using the criteria (see Table 4), which were subdivided 
into 11 categories, directly linked to the components of the 
Framework of the Didactic Knowledge of Teachers who Teach 
Mathematics (Ponte, 2012; Rodrigues and Ponte, 2020): 
Knowledge of Mathematics for Teaching (KMT); Knowledge of 
the Curriculum (KC); Knowledge of Students and their Learning 
Processes (KSLP); and Knowledge of Teaching Practice (KTP). 
The set of descriptors was validated by the same researchers 

who validated the tasks (see subsection Instruments). For each 
descriptor, one of four levels of suitability was assigned, 
considering the extent to which the evidence presented in the 
lesson plans met the specific characteristics defined for that 
descriptor. The suitability descriptors were applied using the 
following four levels: 1—Totally unsuitable; 2—Partially 
unsuitable; 3—Partially suitable; and 4—Totally suitable. Level 1 
of Suitability was assigned when it was not possible to identify 
the descriptor under analysis in the lesson plan or when it 
appeared in a totally unsuitable form, revealing a lack of 
pedagogical intent or incoherence in the proposal presented. 
Level 2 of Suitability was awarded when the descriptor under 
analysis could be identified in the lesson plan, but with 
significant flaws. Level 3 of Suitability was awarded when it was 
possible to identify the development of the descriptor in a 
reasonable way, although with some limitations that partially 
compromised the clarity of the proposal, making it incomplete. 

TABLE 1 General Structure of the tasks applied at Pre-intervention (M1), post-intervention I (M2) and post-intervention II (M3).

General structure of the tasks

Problem situation

Part I 

1. Solve the problem step by step using appropriate mathematical language. Explain your reasoning at each step of the solution using diagrams, drawings, or words, and 

provide a contextualized response to the problem situation.

2. Indicate all the elements of the problem situation that you considered essential to solving the task. (Abstraction)

3. For each element you indicated in Task 2, describe what you must do to fulfil it. (Decomposition)

4. Indicate the sequence of steps you need to follow to solve the problem situation. (Algorithm)

5. Could there be more solutions? Check that the solutions you have found follow all the steps in the sequence you indicated in Task 3. Justify your answer. (Debugging)

6. What characteristics do the solutions you found for the problem situation have in common? (Pattern Recognition)

Part II 

Draft a lesson plan (using the lesson planning model) of a session implementing your teaching practice, within the context of your practicum class, where you integrate the 

given problem situation. To do this, complete the following tasks. 

1. Indicate the mathematical knowledge that students need to have to solve the problem situation.

2. Define the learning objectives related to the mathematical knowledge and skills to be achieved.

3. Indicate the necessary resources and the expected duration and describe the assessment to be adopted for the intended session.

4. Describe the development of the lesson using Exploratory Teaching (Canavarro et al., 2012).

Lesson Planning Model

School year Subject area Duration

Prior knowledge Resources

Theme Topic Subtopic Learning objective Competence Areas of the Student Profile

Maths theme

Mathematical skills

Class assessment

Lesson phase (Time) Description of lesson development

Task introduction phase (__ minutes) Lesson development

Promoting mathematical learning Classroom management

Task development phase (__ minutes) Lesson development

Promoting mathematical learning Classroom management

Task discussion phase (__minutes) Lesson development

Promoting mathematical learning Classroom management

Mathematical learning  

systematization phase (__minutes)

Lesson development

Promoting mathematical learning Classroom management
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Level 4 of Suitability was awarded when it was possible to identify 
the descriptor clearly, coherently and effectively.

The development of KMT was evaluated based on the Level of 
Suitability of the plans in terms of the integration of Computational 
Thinking, considering its articulation with the objectives and 
mathematical content and the way in which its development was 
promoted throughout the lesson. The evaluation of KC was based 
on the lesson plans’ Level of Suitability regarding the alignment 
and pedagogical sequence of the content and the way in which 
teaching resources were selected and integrated into the 
development of the lesson. The KSLP was evaluated based on the 
Level of Suitability of the methodological strategies defined and 
the ability to establish connections between the content and the 
students’ reality, promoting active and inclusive learning. The 
KTP was evaluated based on the Level of Suitability of the lesson 
plans in terms of organizing the different phases of the class, 
managing the time available, anticipating possible unforeseen 
events and defining evaluation and feedback strategies, which are 
essential elements for effective teaching.

After applying the Levels of Suitability of the lesson plans 
considering each descriptor, the global Levels of Suitability per 
category were obtained by taking the median of the levels of the 
descriptors that make up each category. The Global Performance 

value of the PSPST was obtained using the criteria in Table 5, 
which shows the distribution of the percentage values attributed 
to each category and each level within the categories, 
considering the number of descriptors that make it up. The 
three tasks were analyzed according to the same analysis criteria, 
with the distribution of percentage values per category and per 
level being the same for the three moments (M1, M2 and M3). 
We also organized the Global Performance values into four 
classes: [0; 25[, [25; 50[, [50; 75[ and [75; 100].

3.7 Data analysis

3.7.1 Analysis of qualitative data

An exploratory content analysis was carried out on the 
qualitative data collected at the three moments when the tasks 
were applied (Pre-Intervention—M1, Post-Intervention I—M2 
and Post-Intervention II—M3). This analysis made it possible to 
observe and identify evidence of the evolution of the 
participants’ knowledge and the difficulties they encountered 
when drawing up lesson plans. In addition to the lesson plans 
produced at the three moments, the analysis also included the 

TABLE 2 Problem-solving situations presented in the Pre-intervention (M1), post-intervention I (M2) and post-intervention II (M3) tasks.

Moments when the tasks were applied Problem-solving situations

Pre-Intervention (M1) How many numbers can the Numi robot write? 

Numi is a robot who only writes numbers. 

You’re going to help Numi write numbers: using the digits 1-2-5 

1. How many two-digit numbers can Numi write?

Post-Intervention I (M2) Four numbers  

I. Using the digits on the cards, write down four different numbers, considering the following conditions: 

• All numbers must have four digits;

• You cannot repeat digits in the same number;

• All numbers must start with the same digit;

• At least three numbers must be even. 

II. In each of the numbers written above, choose two of the digits you used and write down the value they 

represent in each of those numbers.

III. Sort the numbers in ascending order.

Post-Intervention II (M3) Deci the Robot  

I. Use these cards to find different numbers. 

(Please note: you can swap the cards around, but you must always use all four to make up a number).

II. How many different numbers can you write down? Present them.
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individual critical reflections written by the PSPSTs after Phase 1 
(M2) and Phase 2 (M3) of the training program, as well as the 
reflective conclusions included in the written group assignments 
produced at the end of Phases 1 and 2. These qualitative sources 
were used to complement and support the interpretation of the 
quantitative findings regarding the evolution of the PSPSTs’ 
Didactic Knowledge in Mathematics.

3.7.2 Analysis of quantitative data

The statistical analysis was carried out using descriptive 
statistics, using relative and absolute frequency tables to 
describe and analyze the Levels of Suitability per descriptor of 
the planning carried out by the PSPSTs at the three moments. 
The Global Levels of Suitability by category and Global 
Performance were characterized using the mean (M) and 
standard deviation (SD). In each analysis criterion, 
evaluations with levels 1 and 2 were classified as inadequate 
and evaluations with levels 3 and 4 as adequate. In relation to 

the Global Performance of the PSPST, the intervals [0; 25[ 
and [25; 50[ were considered negative while the intervals [50; 
75[ and [75; 100] were considered positive (Freitas et al., 
2024). As the literature mentions (Duarte et al., 2024; 
Zaragoza et al., 2023, 2024), the Level of Suitability of the 
teaching practices planned by PSPSTs is directly related to the 
development of their Didactic Knowledge in Mathematics 
(DKM). Thus, it is understood that higher Levels of 
Suitability in lesson plans correspond to greater evidence of 
mobilization of DKM by PSPSTs. On the other hand, lower 
Levels of Suitability, such as level 1 (“Totally Unsuitable”), 
correspond to a lack of evidence of the mobilization of 
knowledge relating to the category under analysis, as defined 
by the respective descriptor.

A one-way repeated measures ANOVA test was used to 
compare the Global Levels of Suitability by Category of analysis 
of the plans made and the Global Performance of the PSPST 
between the three moments (Pre-Intervention—M1, 
Post-Intervention I—M2 and Post-Intervention II—M3), after 

TABLE 3 Tasks and purposes of part 2.

Tasks Purposes

Part 2

Assuming you want to implement a session in your teaching practice, within the context of your practicum class, where you integrate the given problem situation, solve the 

tasks.

1. Indicate the mathematical 

knowledge that students need 

to have to solve the 

problem situation.

The pre-service teacher is asked to mention the mathematical knowledge involved in the mathematical situation. This task allows us to 

analyse the pre-service teacher’s knowledge related to the component of Knowledge of Mathematics for Teaching, Knowledge of 

Students and their Learning Processes and Knowledge of the Curriculum, as we want to find out whether the pre-service teacher uses 

appropriate mathematical terminology (Knowledge of Mathematics for Teaching) and identifies the mathematical knowledge 

(Knowledge of the Curriculum) that pre-service teachers would need to have in order to solve the problem situation (Knowledge of 

Students and their Learning Processes).

2. Define the learning objectives 

related to the mathematical 

knowledge and skills to 

be achieved.

The pre-service teacher is asked to mention the learning objectives related to mathematical knowledge and skills for the school year in 

question. This task makes it possible to analyse the pre-service teacher’s knowledge related to the component of Knowledge of 

Mathematics for Teaching and Knowledge of the Curriculum, since the aim is to analyse whether the pre-service teacher identifies the 

learning objectives that can be achieved by solving the problem situation, within the framework of the curriculum (Knowledge of the 

Curriculum), using appropriate mathematical terminology (Knowledge of Mathematics for Teaching).

3. Indicate the necessary 

resources and the expected 

duration and describe the 

assessment to be adopted for 

the intended session.

The aim is for the pre-service teacher to describe the resources needed to integrate this problem situation into their practice, as well as 

how long they would anticipate implementing it and how they would assess the students. This task makes it possible to analyse the 

pre-service teacher’s knowledge in relation to the Knowledge of Teaching Practice component, since the aim is to find out whether the 

pre-service teacher identifies the resources that could favour learning the knowledge involved in the problem situation, whether they 

can predict the duration of the planned implementation and whether they are able to define a form of assessment that suits the 

implementation.

4. Describe the development of 

the lesson using Exploratory 

Teaching (Canavarro et al., 

2012).

The aim is for the pre-service teacher to draw up an outline of a session plan, as a pre-service teacher, to integrate this problem 

situation into their future educational practice, describing how it could be presented in the classroom. This task allows us to analyse 

the pre-service teacher’s knowledge related to the component of Knowledge of Mathematics for Teaching, Knowledge of Students and 

their Learning Processes, Knowledge of the Curriculum and Knowledge of Teaching Practice. Regarding Knowledge of Mathematics 

for Teaching, the aim is to analyse whether the pre-service teacher uses appropriate mathematical terminology when describing their 

proposal. For the Knowledge of Students and their Learning Processes component, the aim is to find out whether the pre-service 

teacher chooses strategies that favour learning the knowledge they want to develop and whether they identify the roles the pre-service 

teacher should play. For the Knowledge of the Curriculum component, the aim is to analyse whether the pre-service teacher can define 

tasks within the framework of the curriculum of the school year in which the intervention is to take place. The Knowledge of Teaching 

Practice component aims to analyse whether pre-service teachers can define their role as a pre-service teacher and whether they 

choose strategies and methodologies appropriate to the planning they intend to develop.
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validating its assumptions (Marôco, 2021; Pallant, 2020). The 
normality assumption for each dependent variable was evaluated 
using the Shapiro–Wilk test (Marôco, 2021; Pallant, 2020). In 
cases where normality was not found, the symmetry analysis 
was carried out using the following condition (Pestana and 

Gageiro, 2014; Tabachnick and Fidell, 2021):

skewness coefficient
standard error of the skewness coefficient

�
�
�
�

�
�
�
� � 1:96 

The assumption of sphericity was evaluated using Mauchly’s test 

TABLE 4 Analysis criteria for lesson planning and coding.

Framework component Categories 
Descriptors (code)

Knowledge of Mathematics for Teaching Computational Thinking

Promotion of situations for identifying the essential elements of a problem (abstraction) (d1)

Promotion of situations for breaking down a problem into simpler parts to facilitate its resolution (decomposition) 

(d2)

Promotion of situations for creating a logical sequence to solve the problem (algorithm) (d3)

Promotion of situations for analyzing the resolution process, identifying errors, and proposing improvements 

(debugging) (d4)

Promotion of situations for identifying and applying patterns in similar situations (pattern recognition) (d5)

Knowledge of the Curriculum Curricular Alignment

Level of alignment between the proposed objectives and contents and the official curriculum (d6)

Coherence in the pedagogical and curricular sequencing of the contents (d7)

Use and Integration of Resources

Quality and relevance of the selected resources (d8)

Integration of the resources into the learning process (d9)

Knowledge of Students and their Learning 

Processes

Methodological Strategies

Diversity and appropriateness of teaching strategies (d10)

Active promotion of participation and critical thinking (d11)

Connection with Students’ Reality

Relevance of content in relation to students’ context (d12)

Valuing students’ diversity and experiences (d13)

Creativity and Innovation

Originality and creativity in the approach to content (d14)

Encouragement of exploring different problem-solving strategies (d15)

Knowledge of Teaching Practice Clarity and Overall Coherence

Structure and organization of the lesson plan (d16)

Interconnection between learning objectives, content, and tasks (d17)

Lesson Structure

Clarity in the definition of lesson phases (Introduction, Development, Discussion and Systematization) (d18)

Adequate time distribution across the different lesson phases (d19)

Flexibility and Management of Unexpected Events

Ability to anticipate and address unforeseen situations expressed in the plan (d20)

Adaptation of strategies to unexpected situations expressed in the plan (d21)

Systematization and Reflection

Deepening of knowledge (d22)

Encouragement of reflection on learning processes (d23)

Evaluation and Feedback

Clarity and quality of assessment methods (formative and summative) (d24)

Relevance and quality of the feedback intended for students (d25)
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(Pallant, 2020; Tabachnick and Fidell, 2021). If sphericity cannot 
be assumed, the degrees of freedom obtained by the 
Greenhouse-Geisser criterion should be considered for the 
F-statistic of the one-way repeated measures ANOVA table 
(Tabachnick and Fidell, 2021). The multiple comparisons of 
means were performed using the Bonferroni post-hoc test (Field, 
2018; Pallant, 2020).

The effect size (ES) was presented as for the one-way repeated 
measures ANOVA test and interpreted using the following 
criteria: no effect (ES < 0.04), minimum effect (0.04 ≤ ES < 0.25), 
moderate effect (0.25 ≤ ES < 0.64), and strong effect (ES ≥ 0.64) 
(Ferguson, 2009). Apart from ES, the power (π) of the 
corresponding test is also presented (Pallant, 2020).

IBM SPSS statistics software (version 28, IBM USA) was used 
to perform the statistical analysis, for a significant level of 5%.

4 Results

The results of the study are presented in five subsections. The 
first four subsections present the analysis of the Levels of 
Suitability in relation to the components defined in the 
Framework of the Didactic Knowledge in Mathematics 
considered: Knowledge of Mathematics for Teaching (KMT), 
Knowledge of the Curriculum (KC), Knowledge of Students and 
their Learning Processes (KSLP) and Knowledge of Teaching 
Practice (KTP). The fifth subsection presents the analysis of the 
Global Performance of the PSPSTs at the three moments 
analyzed. English translations of all excerpts presented in the 
figures are available in the Supplementary Material S1.

4.1 Knowledge of mathematics for teaching 
(KMT)

Table 6 shows the distribution of the absolute and relative 
frequencies (%) of the Levels of Suitability that were determined 

in relation to the category that makes up the KMT, at the three 
moments when the tasks were applied.

Regarding the Computational Thinking category, the data 
presented in Table 6 shows that, in M1, all the resolutions, in 
all the descriptors (d1 to d5), were classified as inadequate, 
with 100% of the answers in Level 1 of Suitability. These 
results indicate that the PSPSTs showed no evidence of KMT 
mobilization. After the implementation of the first phase of the 
training program (M2), there was a trend towards 
improvement in all five descriptors, especially the improvement 
shown by the PSPSTs in integrating situations into their lesson 
plans in which students are asked to identify the essential 
elements of a problem (d1). This descriptor showed a 
reduction in inadequate resolutions (from 100% to 36.8%) and 
an increase in resolutions classified as adequate (63.1%). This 
trend of improvement can also be seen in M3, where all the 
descriptors show percentages of more than 84% in terms of 
resolutions classified as adequate (levels 3 and 4), with 
descriptors 2, 3 and 4 standing out with 84.2% of the 
resolutions evaluated at Level 4 of Suitability.

The data presented in Table 7, concerning the descriptive 
statistics and comparison of the KMT Levels of Suitability, 
reveal a consistent and statistically significant evolution in the 
Computational Thinking category over the three moments.

Table 7 shows a significant increase in the mean Levels of 
Suitability from 1.00 in M1, to 2.84 in M2, and reaching 3.92 in 
M3. This evolution was confirmed by a highly significant one- 
way repeated measures ANOVA (F = 123.869; p = 0.001), with a 
strong effect size (= 0.873). The results suggest that, over the 
course of the training program, the PSPSTs have become 
progressively more prepared to integrate learning objectives and 
evidence of the promotion of situations that enable the 
development of Computational Thinking in their students into 
their lesson plans. This evolution translates into a greater 
awareness and use of approaches that encourage, for example, 
the identification of essential elements of a problem, the division 
of a problem into small parts and the creation of a sequence of 
steps that allow that problem to be solved.

TABLE 5 Percentage values assigned to each level of the descriptors by category.

Categories Total percentage value Number of descriptors Percentage distribution 
by levels

1 2 3 4

Computational Thinking 25% 5 0% 1% 3.5% 5%

Curricular Alignment 7.5% 2 0% 0.75% 2.6% 3.75%

Use and Integration of Resources 7.5% 2 0% 0.75% 2.6% 3.75%

Methodological Strategies 7.5% 2 0% 0.75% 2.6% 3.75%

Connection with Students’ Reality 7.5% 2 0% 0.75% 2.6% 3.75%

Creativity and Innovation 7.5% 2 0% 0.75% 2.6% 3.75%

Clarity and Overall Coherence 7.5% 2 0% 0.75% 2.6% 3.75%

Lesson Structure 7.5% 2 0% 0.75% 2.6% 3.75%

Flexibility and Management of Unexpected Events 7.5% 2 0% 0.75% 2.6% 3.75%

Systematization and Reflection 7.5% 2 0% 0.75% 2.6% 3.75%

Evaluation and Feedback 7.5% 2 0% 0.75% 2.6% 3.75%
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The changes observed in the KMT are also confirmed by the 
qualitative evidence identified in the lesson plans prepared by 
the PSPSTs at the three moments. Figure 2 shows the excerpt 
from the resolution made by PSPST L in M1, regarding the 
definition of the mathematical skills he wanted to develop in the 
students through the given problem-solving situations.

The excerpt presented (Figure 2) shows that, although the 
problem-solving situations included five tasks directly related to 
the dimensions of Computational Thinking, PSPST L did not 
integrate the development of this skill into the lesson plan. For 
this reason, his resolution was classified as Level of Suitability 1.

Figure 3 shows two excerpts from PSPST L’s resolution in M2, 
the same field of lesson plan illustrated in Figure 2 and then the 
actions defined to promote mathematical learning during the 
discussion phase of the lesson.

In M2, PSPST L identifies Computational Thinking as the 
mathematical skill to be developed, describing the five 
dimensions mentioned in the curriculum. However, in the 
actions to promote mathematical learning, it only presents a 
guiding question for three of these dimensions. For this reason, 
its resolution was classified as Level of Suitability 3.

Figure 4 shows excerpts from the PSPST resolution in M3.
The PSPST L resolutions in M3 show KMT by defining 

Computational Thinking as a skill to be developed and by 

devising guiding questions that promote the development of the 
five dimensions. For this reason, its resolution was classified as 
Totally Suitable (Level 4 of Suitability).

These qualitative findings are further supported by the 
PSPSTs’ critical reflections written after completing the training 
program. For example, one PSPST reported that, during the 
microteaching sessions, “by receiving feedback from both the 
teacher and my classmates, I realized that some of the 
mathematical concepts we had used were not the most 
appropriate” (PSPST K), highlighting the refinement of her 
mathematical knowledge for teaching. The same PSPST also 
stated that “I developed my own mathematical knowledge and 
skills, learned how to implement Computational Thinking in the 
classroom, and how to design more meaningful lessons”, 
reinforcing the quantitative evidence that the training program 
promoted the development of KMT and supported the 
integration of Computational Thinking into lesson planning.

4.2 Knowledge of the curriculum (KC)

Table 8 shows the results of the distribution of absolute and 
relative frequencies (%) of the Levels of Suitability assigned to 
the categories associated with KC.

TABLE 7 Descriptive statistics and comparison of the KMT levels of suitability between pre-intervention (M1), post-intervention I (M2) and post-intervention II (M3).

Category M1 M2 M3 F p h2
p ES π

Computational Thinking 1.00 ± 0.00a,b 2.84 ± 1.01a,c 3.92 ± 0.15b,c 123.869 0.001 0.873 Strong effect 1.000

One-way repeated measures ANOVA: significantly different at p < 0.05 for the following comparisons aPre-Intervention vs. Post-Intervention I; bPre-Intervention vs. Post-Intervention II; & 
cPost-Intervention I vs. Post-Intervention II.

TABLE 6 Distribution of relative (%) and absolute frequencies of the KMT levels of suitability.

Category Descriptors M1 [%(n)] M2 [%(n)] M3 [%(n)]

Inadequate Adequate Inadequate Adequate Inadequate Adequate

1 2 3 4 1 2 3 4 1 2 3 4

Computational Thinking d1 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 36.8 (7) 26.3 (5) 36.8 (7) 10.5 (2) 5.3 (1) 5.3 (1) 78.9 (15)

d2 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 10.5 (2) 36.8 (7) 15.8 (3) 36.8 (7) 5.3 (1) 5.3 (1) 5.3 (1) 84.2 (16)

d3 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 21.1 (4) 26.3 (5) 15.8 (3) 36.8 (7) 5.3 (1) 5.3 (1) 5.3 (1) 84.2 (16)

d4 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 36.8 (7) 26.3 (5) 36.8 (7) 5.3 (1) 5.3 (1) 5.3 (1) 84.2 (16)

d5 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 5.3 (1) 42.1 (8) 15.8 (3) 36.8 (7) 5.3 (1) 5.3 (1) 10.5 (2) 78.9 (15)

FIGURE 2 

Excerpt from pre-service primary school teacher L’s resolution (Pre-intervention—M1). (Source: Authors own elaboration).
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The data in Table 8 shows that, in M1, all PSPST resolutions 
were considered inadequate in all descriptors (d6 to d9), with 
percentages at Level 1 of Suitability equal to or greater than 
94.7%. This pattern reveals the PSPSTs’ initial difficulty in 

aligning their lesson plans with the curriculum and in selecting 
and integrating resources in an informed way. After Phase 1 of 
the training program (M2), there was an increase in tasks 
classified as adequate, particularly in descriptor d8, which 

FIGURE 3 

Excerpt from pre-service primary school teacher L’s resolution (post-intervention I—M2). (Source: Authors own elaboration).

FIGURE 4 

Excerpt from pre-service primary school teacher L’s resolution (post-intervention II—M3). (Source: Authors own elaboration).
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analyzes the quality and relevance of the resources selected. 
This went from 100% of inadequate resolutions in M1 to 
78.9% of responses at levels 3 and 4, showing an 
improvement in the selection of quality and 
relevant resources for the intervention. In M3, compared to 
both M1 and M2, there was an increase in the number of 
answers considered adequate in all descriptors. The 
increase in level 4 answers observed in descriptor 7 
(from 21.1% to 42.2%) shows that the PSPSTs were able to 
mobilize their KC, presenting teaching sequences with 
greater coherence.

Table 9 shows the descriptive statistics and the comparison 
between the three moments when the tasks were applied 
regarding KC.

The results presented (Table 9) show improvements in the 
Levels of Suitability attributed to Curriculum Alignment and 
the Use and Integration of Resources over the three moments 
analyzed, with statistically significant differences in the two 
categories analyzed. Regarding Curriculum Alignment, the 
mean increased from 1.00 (SD = 0.01) in the pre-intervention 
(M1), to 2.61 (SD = 1.04) after Phase 1 of the training 
program (M2), reaching 3.34 (SD = 0.58) after Phase 2 of the 
training program (M3). This evolution was confirmed by the 
results of the one-way repeated measures ANOVA (F = 60.061; 
p = 0.001), with a strong effect size (h2

p = 0.769). These results 
suggest an improvement in the PSPST’s ability to plan more 
coherent teaching sequences and to articulate objectives and 
content in a way that is more consistent with the official 
curriculum. Regarding the Use and Integration of Resources, 
the results indicate an even more significant evolution. The 
mean went from 1.00 (SD = 0.00) in M1 to 3.29 (SD = 0.87) in 
M2, reaching 3.87 (SD = 0.23) in M3. The difference was 
statistically significant (F = 195.007; p = 0.001), also with a 

strong effect size (h2
p = 0.915). These results show that PSPSTs 

have improved their ability to select relevant resources and 
articulate them effectively in their practice. In summary, the 
results reflect an evolution in the KC, indicating that the 
training program contributed to the improvement of PSPST 
lesson plan practices, both in terms of curricular coherence 
and the strategic use of didactic resources in the teaching and 
learning process.

The qualitative analysis of the lesson plans over the three 
moments reveals greater coherence in both curriculum 
alignment and resource integration, confirming the 
improvements found in the quantitative analysis of the KC.

Figure 5 shows two excerpts from the lesson plan prepared by 
PSPST C in M1.

PSPST C defines an objective that doesn’t suit the problem- 
solving situations and, throughout the lesson description, 
doesn’t define any strategy to achieve it. It also doesn’t present 
quality resources or integrate them effectively into the lesson 
plan, so its resolution was considered Totally Unsuitable (Level 
1 of Suitability).

Figure 6 shows excerpts from solving the PSPST in M2, 
including the learning objective field and one of the 
resources created.

PSPST C defines two learning objectives that can be worked 
on through the proposed problem-solving situations. However, 
it only presents strategies for one of them, the achievement of 
which throughout the lesson is not clearly defined, and it is also 
the only objective systematized at the end. Therefore, its 
resolution was classified as Level 2 of Suitability in terms of 
curriculum alignment. Regarding the integration of resources, 
we can see that a systematization sheet suitable for one of the 
objectives was created, which justified the classification as 
Partially Suitable (Level 3 of Suitability).

TABLE 8 Distribution of relative (%) and absolute frequencies of the KC levels of suitability.

Categories M1 [%(n)] M2 [%(n)] M3 [%(n)]

Inadequate Adequate Inadequate Adequate Inadequate Adequate

1 2 3 4 1 2 3 4 1 2 3 4

Curricular 

Alignment

d6 94.7 (18) 5.3 (1) 0.0 (0) 0.0 (0) 21.1 (4) 15.8 (3) 47.4 (9) 15.8 (3) 15.8 (3) 5.3 (1) 42.1 (8) 36.8 (7)

d7 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 21.1 (4) 15.8 (3) 42.1 (8) 21.1 (4) 15.8 (3) 5.3 (1) 36.8 (7) 42.1 (8)

Use and 

Integration of 

Resources

d8 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 21.1 (4) 26.3 (5) 52.6 (10) 0.0 (0) 10.5 (2) 10.5 (2) 78.9 (15)

d9 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 5.3 (1) 15.8 (3) 26.3 (5) 52.6 (10) 0.0 (0) 10.5 (2) 15.8 (3) 73.7 (14)

TABLE 9 Descriptive statistics and comparison of KC levels of suitability between pre-intervention (M1), post-intervention I (M2) and post-intervention II (M3).

Categories M1 M2 M3 F p h2
p ES π

Curricular Alignment 1.00 ± 0.01a,b 2.61 ± 1.04a,c 3.34 ± 0.58b,c 60.061 0.001 0.769 Strong effect 1.000

Use and Integration of Resources 1.00 ± 0.00a,b 3.29 ± 0.87a,c 3.87 ± 0.23b,c 195.007 0.001 0.915 Strong effect 1.000

One-way repeated measures ANOVA: significantly different at p < 0.05 for the following comparisons aPre-Intervention vs. Post-Intervention I; bPre-Intervention vs. Post-Intervention II; & 
cPost-Intervention I vs. Post-Intervention II.
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Figure 7 shows excerpts from the resolution of PSPST C in 
M3.

In M3, PSPST C presents a learning objective that is clear and 
appropriate to the problem-solving situations. The lesson plan 
shows a lesson structured to achieve this objective. The PSPST 
also provides two relevant resources: an exploration sheet and a 
systematization sheet. As a result, its resolutions have been 
classified as Totally Suitable (Level 4 of Suitability).

These qualitative findings are further supported by the 
PSPSTs’ critical reflections written after completing the training 
program. For example, one PSPST acknowledged that “I used to 

define several learning objectives without realizing that, in 
practice, it would be completely impossible to develop all of them” 
(PSPST S), revealing an increased awareness of the need for 
coherence between lesson objectives and classroom practice. The 
same PSPST further stated that “I learned to focus on fewer 
learning objectives and to identify the potential of a single task 
and how knowledge could be developed through it”, highlighting 
the development of her ability to align learning objectives with 
mathematical tasks and to design more coherent lesson plans. 
These reflections reinforce the quantitative evidence that the 
training program promoted the development of KC, particularly 

FIGURE 5 

Excerpt from pre-service primary school teacher C’s resolution (Pre-intervention—M1). (Source: Authors own elaboration).

FIGURE 6 

Excerpt from pre-service primary school teacher C’s resolution (post-intervention I—M2). (Source: Authors own elaboration).
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regarding curricular alignment and the strategic integration 
of resources.

4.3 Knowledge of students and their 
learning processes (KSLP)

Regarding the KSLP, Table 10 shows the distribution of the 
relative and absolute frequencies (%) of the Levels of Suitability 
of the three categories at the three moments analyzed.

In the KSLP, there was a gradual decrease in the number of 
resolutions classified as inadequate, and it should be noted that 
in M1, all the resolutions were classified as inadequate in all the 
descriptors (Table 10). These results show that the PSPSTs were 
unable to mobilize their KSLP while solving the tasks. In M2, 
there was a significant reduction in all the resolutions classified 
as Totally Unsuitable (Level 1 of Suitability), highlighting the 
improvement observed in the PSPSTs’ ability to value the 

diversity of their students (d13). The reduction in resolutions 
classified as inadequate became even more evident in M3, with 
descriptor 15 registering only 2 resolutions classified as Partially 
Unsuitable. In this way, we can see that the PSPSTs were able to 
mobilize their KSLP, showing indications that encourage 
students to explore different problem-solving strategies.

Table 11 shows the descriptive statistics and the comparison 
between the three moments when the tasks were applied, of the 
three categories that make up the KSLP.

The KSLP data (Table 11) shows significant progress in the 
three categories analyzed, between M1, M2 and M3. Regarding 
the mean values of the three categories, it should be noted that 
all of them went from the lowest level in M1 (1.00) to values 
close to 3.00 in M2, reaching values equal to or greater than 
3.50 in M3. About the results of the one-way repeated measures 
ANOVA, it should be noted that all the categories showed 
statistically significant differences with a Strong Effect size, with 
a varying between 0.860 and 0.894, which shows that the 

FIGURE 7 

Excerpt from pre-service primary school teacher C’s resolution (post-intervention II—M3). (Source: Authors own elaboration).
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training program influenced the resolutions presented by the 
PSPSTs. The results obtained in the Methodological Strategies 
category indicate an improvement in the way the participants 
began to diversify and adjust their teaching approaches, 
promoting greater student involvement and stimulating critical 
thinking. As for the Connection with Students’ Reality, the 
results indicate that there has been an improvement in the 
PSPSTs’ ability to value the diversity of the students and adapt 
the proposals to the educational context. Finally, the results 
obtained in the Creativity and Innovation category suggest that, 
throughout M1, M2 and M3, the PSPSTs showed an evolution 
in the integration of creative, original approaches that promoted 
the exploration of different problem-solving strategies in their 
lesson plans.

The qualitative analysis identified evidence of the evolution of 
their KSLP in the lesson plans prepared by the PSPSTs, 
corroborating the quantitative results found.

Figure 8 shows excerpts from PSPST E’s lesson plan describing 
the task development phase.

PSPST E indicates that students will solve the task 
individually, which reveals a limited understanding of learning 
processes, as it does not promote active participation, the 
confrontation of ideas or the development of critical thinking. 
He also says that the sharing of solutions will be voluntary, 
which shows a lack of intent in the selection and exploration of 
relevant solutions. For this reason, his resolutions were classified 
as Level 1 of Suitability.

Figure 9 shows excerpts from the lesson plan made by the 
PSPST in M2.

In M2, PSPST E indicates that he will organize the students 
into pre-defined pairs, showing that he values diversity and 
intends to promote participation and the sharing of ideas, 

aspects that demonstrate knowledge of learning processes. For 
this reason, his resolution was classified as Level 4 of Suitability. 
He also mentions that he will accompany the students as they 
carry out the task and note down relevant aspects of the 
resolutions in order to organize the final discussion. However, 
he doesn’t explain which aspects will be recorded or how he will 
structure this discussion. Therefore, the PSPST’s resolution 
regarding methodological strategies was classified as Partially 
Suitable (Level 3 of Suitability).

Figure 10 shows excerpts from the PSPST resolution in M3.
In M3, PSPST E indicates that it will organize students into 

previously defined groups, considering their abilities and 
competences to form heterogeneous groups. He also mentions 
identifying different resolutions to organize the final discussion. 
This evidence demonstrates pedagogical intent and effective 
adaptation of teaching strategies, justifying the classification of 
the resolution with Level 4 of Suitability.

These qualitative findings are further supported by the 
PSPSTs’ critical reflections written after completing the training 
program. For example, the PSPST E explained that “…when 
implementing the lesson, I considered the characteristics of my 
placement class. Since the students were in the first grade, 
although they had already developed reading and writing skills, 
many still experienced difficulties. Therefore, I consistently 
adapted the tasks and the progression of the mathematical 
concepts, considering each student’s cognitive level and learning 
difficulties”. This reflection highlights the PSPST’s growing 
ability to adapt instruction to students’ characteristics, 
demonstrating the development of Connection with Students’ 
Reality. The same PSPST also stated that “I further developed my 
ability to understand students’ responses, solution strategies, and 
possible errors. Throughout my teaching practice, I sought to 

TABLE 10 Distribution of relative (%) and absolute frequencies of the KSLP levels of suitability.

Categories Descriptors M1 [%(n)] M2 [%(n)] M3 [%(n)]

Inadequate Adequate Inadequate Adequate Inadequate Adequate

1 2 3 4 1 2 3 4 1 2 3 4

Methodological 

Strategies

d10 84.2 (16) 15.8 (3) 0.0 (0) 0.0 (0) 10.5 (2) 15.8 (3) 36.8 (7) 36.8 (7) 0.0 (0) 26.3 (5) 10.5 (2) 63.2 (12)

d11 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 10.5 (2) 26.3 (5) 31.6 (6) 31.6 (6) 0.0 (0) 10.5 (2) 15.8 (3) 73.7 (14)

Connection with 

Students’ Reality

d12 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 5.3 (1) 15.8 (3) 47.4 (9) 31.6 (6) 0.0 (0) 15.8 (3) 21.1 (4) 63.2 (12)

d13 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 5.3 (1) 21.1 (4) 36.8 (7) 36.8 (7) 0.0 (0) 10.5 (2) 26.3 (5) 63.2 (12)

Creativity and 

Innovation

d14 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 5.3 (1) 26.3 (5) 26.3 (5) 42.1 (8) 0.0 (0) 10.5 (2) 5.3 (1) 84.2 (16)

d15 94.7 (18) 5.3 (1) 0.0 (0) 0.0 (0) 5.3 (1) 26.3 (5) 31.6 (6) 36.8 (7) 0.0 (0) 10.5 (2) 15.8 (3) 73.7 (14)

TABLE 11 Descriptive statistics and comparison of KSLP levels of suitability between pre-intervention (M1), post-intervention I (M2) and post-intervention II (M3).

Categories M1 M2 M3 F p h2
p ES π

Methodological Strategies 1.00 ± 0.01a,b 2.92 ± 0.99a,c 3.50 ± 0.73b,c 110.640 0.001 0.860 Strong effect 1.000

Connection with Students’ Reality 1.00 ± 0.00a,b 3.05 ± 0.83a,c 3.50 ± 0.73b,c 130.738 0.001 0.879 Strong effect 1.000

Creativity and Innovation 1.00 ± 0.01a,b 3.03 ± 0.90a,c 3.76 ± 0.42b,c 152.185 0.001 0.894 Strong effect 1.000

One-way repeated measures ANOVA: significantly different at p < 0.05 for the following comparisons aPre-Intervention vs. Post-Intervention I; bPre-Intervention vs. Post-Intervention II; & 
cPost-Intervention I vs. Post-Intervention II.
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support students’ reasoning by guiding them without validating 
their answers”, revealing an enhanced understanding of students’ 
learning processes and the use of more effective Methodological 
Strategies. Additional qualitative evidence is provided by the 
reflective conclusions included in the written group assignments 
submitted at the end of Phase 2 of the training program. Group 
2 (PSPSTs C, D, and E) stated that “we developed our ability to 
help students acquire better problem-solving methods in different 
everyday contexts. Furthermore, we improved the way we 
communicated with students by adapting our communication so 
that everyone could understand what we intended to convey.” 
This group reflection highlights the participants’ growing ability 
to adapt their teaching strategies to students’ characteristics and 
learning needs, reinforcing the quantitative evidence of the 
development of KSLP.

4.4 Knowledge of teaching practice (KTP)

For KTP, Table 12 shows the distribution of the relative and 
absolute frequencies (%) of the Levels of Suitability of the tasks 
applied at the three moments, organized by the five categories 
that make up this component.

As with the previous components, all the resolutions in the 
five categories that make up the KTP were classified as 
inadequate in M1 (Table 12). It is worth noting the increase 
from M1 to M2 in the number of answers considered adequate 
in the Lesson Structure category, which shows an improvement 
in the PSPSTs’ ability to clearly define the structure of the 
various phases of their classes, after implementing Phase 1 of 
the training program. As for M3, it should be noted that 100% 
of the resolutions were classified as adequate for descriptor 16. 

FIGURE 8 

Excerpt from pre-service primary school teacher E’s resolution (Pre-intervention—M1). (Source: Authors own elaboration).

FIGURE 9 

Excerpt from pre-service primary school teacher E’s resolution (post-intervention I—M2). (Source: Authors own elaboration).

FIGURE 10 

Excerpt from pre-service primary school teacher E’s resolution (post-intervention II—M3). (Source: Authors own elaboration).

Rodrigues et al.                                                                                                                                                      10.3389/feduc.2026.1918422

Frontiers in Education 18 frontiersin.org

https://doi.org/10.3389/feduc.2026.1918422
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/


This shows that, at the end of the training program, the PSPST 
were able to mobilize their KTP and present a well-structured 
and organized lesson plan.

Table 13 shows the descriptive statistics and the comparison 
between the three moments for the five categories that make up 
the KTP.

As in the previous components, the Knowledge of Teaching 
Practice (Table 13) also showed that the mean values for the 
Levels of Suitability in M1 were at the minimum (1.00) or very 
close to it (1.18 for the category of Systematization and 
Reflection). It is important to highlight that, across all 
categories, there was a significant increase in the mean values in 
M2, with the category of Flexibility and Management of 
Unexpected Events registering the highest mean value (3.37) 
among all the categories analyzed at that point. Although there 
was a further increase in the mean for this category in M3 
(3.47), no statistically significant differences were observed, as 
the mean was already at a high level in M2. For the remaining 
categories, all observed differences between the three moments 
were statistically significant, with a Strong Effect Size (ranged 
from 0.819 to 0.942). Thus, the results obtained for the category 
of Clarity and Overall Coherence indicate progress in the 
PSPSTs’ ability to better structure their lesson plans, ensuring a 

connection between objectives, content, and proposed tasks. 
Regarding Lesson Structure, the observed evolution suggests 
improvements in the organization of the different phases of the 
lesson and in the time, management defined by the PSPSTs in 
their planning. In the category of Flexibility and Management of 
Unexpected Events, the results suggest that participants became 
more effective at anticipating possible disruptions and planning 
how to adapt their strategies in response to unexpected events. 
Concerning Systematization and Reflection, the PSPSTs showed 
progress in defining strategies to deepen the knowledge 
addressed in the lesson and to stimulate students’ reflection on 
their learning. Finally, the results related to Evaluation and 
Feedback reveal an evolution in the definition of assessment 
methods and in the intention to provide relevant and 
appropriate feedback within the submitted lesson plans.

The qualitative analysis of the lesson plans developed by the 
PSPSTs reveals progress in the planning of pedagogical 
practices, which supports the changes identified in the KTP.

Figure 11 presents excerpts from the lesson plan developed by 
PSPST A in M1.

PSPST A did not describe the lesson phase related to task 
implementation and left other sections of the plan blank. This 
absence reveals the gaps in the knowledge required to develop a 

TABLE 12 Distribution of relative (%) and absolute frequencies of the KTP levels of suitability.

Categories Descriptors M1 [%(n)] M2 [%(n)] M3 [%(n)]

Inadequate Adequate Inadequate Adequate Inadequate Adequate

1 2 3 4 1 2 3 4 1 2 3 4

Clarity and 

Overall 

Coherence

d16 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 36.8 (7) 31.6 (6) 31.6 (6) 0.0 (0) 0.0 (0) 21.1 (4) 78.9 (15)

d17 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 5.3 (1) 42.1 (8) 31.6 (6) 21.1 (4) 15.8 (3) 0.0 (0) 42.1 (8) 42.1 (8)

Lesson Structure d18 94.7 (18) 5.3 (1) 0.0 (0) 0.0 (0) 0.0 (0) 10.5 (2) 57.9 (11) 31.6 (6) 0.0 (0) 0.0 (0) 15.8 (3) 84.2 (16)

d19 84.2 (16) 15.8 (3) 0.0 (0) 0.0 (0) 0.0 (0) 15.8 (3) 63.2 (12) 21.1 (4) 0.0 (0) 0.0 (0) 47.4 (9) 52.6 (10)

Flexibility and 

Management of 

Unexpected 

Events

d20 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 10.5 (2) 5.3 (1) 42.1 (8) 42.1 (8) 0.0 (0) 15.8 (3) 21.1 (4) 63.2 (12)

d21 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 10.5 (2) 5.3 (1) 42.1 (8) 42.1 (8) 0.0 (0) 15.8 (3) 21.1 (4) 63.2 (12)

Systematization 

and Reflection

d22 94.7 (18) 5.3 (1) 0.0 (0) 0.0 (0) 15.8 (3) 31.6 (6) 42.1 (8) 10.5 (2) 5.3 (1) 10.5 (2) 63.2 (12) 21.1 (4)

d23 68.4 (13) 31.6 (6) 0.0 (0) 0.0 (0) 15.8 (3) 31.6 (6) 42.1 (8) 10.5 (2) 5.3 (1) 10.5 (2) 42.1 (8) 42.1 (8)

Evaluation and 

Feedback

d24 94.7 (18) 5.3 (1) 0.0 (0) 0.0 (0) 15.8 (3) 5.3 (1) 68.4 (13) 10.5 (2) 0.0 (0) 5.3 (1) 31.6 (6) 63.2 (12)

d25 100.0 (19) 0.0 (0) 0.0 (0) 0.0 (0) 10.5 (2) 21.1 (4) 47.4 (9) 21.1 (4) 5.3 (1) 0.0 (0) 31.6 (6) 63.2 (12)

TABLE 13 Descriptive statistics and comparison of KTP levels of suitability between pre-intervention (M1), post-intervention I (M2) and post-intervention II (M3).

Categories M1 M2 M3 F p h2
p ES π

Clarity and Overall Coherence 1.00 ± 0.00a,b 2.82 ± 0.82a,c 3.45 ± 0.62b,c 110.513 0.001 0.860 Strong effect 1.000

Lesson Structure 1.00 ± 0.01a,b 3.13 ± 0.57a,c 3.68 ± 0.30b,c 295.017 0.001 0.942 Strong effect 1.000

Flexibility and Management of Unexpected Events 1.00 ± 0.00a,b 3.37 ± 0.60a 3.47 ± 0.77b 148.992 0.001 0.892 Strong effect 1.000

Systematization and Reflection 1.18 ± 0.30a,b 2.47 ± 0.90a,c 3.32 ± 0.42b,c 81.260 0.001 0.819 Strong effect 1.000

Evaluation and Feedback 1.00 ± 0.00a,b 2.92 ± 0.58a,c 3.55 ± 0.66b,c 168.698 0.001 0.904 Strong effect 1.000

One-way repeated measures ANOVA: significantly different at p < 0.05 for the following comparisons aPre-Intervention vs. Post-Intervention I; bPre-Intervention vs. Post-Intervention II; & 
cPost-Intervention I vs. Post-Intervention II.

Rodrigues et al.                                                                                                                                                      10.3389/feduc.2026.1918422

Frontiers in Education 19 frontiersin.org

https://doi.org/10.3389/feduc.2026.1918422
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/


structured lesson plan. Regarding assessment, only parts of the 
learning objectives are presented, with no criteria, strategies, or 
instruments, rendering the proposal completely inadequate and 
resulting in a classification of Level 1 of Suitability.

Figure 12 presents two excerpts from the lesson plan 
developed by this PSPST in M2.

In M2, PSPST A indicates that they will ensure the task is 
carried out and that they will ask students questions, showing 
an intention to adapt strategies according to students’ needs. 
However, the questions could be better aligned with the task 
objectives. As for assessment, the proposal is appropriate but 
incomplete, as it does not specify the parameters of the 
assessment rubric. During the lesson, the PSPST expresses an 
intention to provide feedback, demonstrating an effort to 
monitor student learning, although some aspects still require 
greater clarity and development. Therefore, the plan was 
classified as Partially Suitable (Level 3 of Suitability).

Figure 13 presents excerpts from the lesson plan developed by 
PSPST A in M3.

In M3, PSPST A states that, to support students’ progress in 
completing the task and in response to potential difficulties or 
unforeseen situations, they will use relevant guiding questions, 
demonstrating intentionality in adapting teaching strategies 
according to students’ needs. Regarding assessment, they 
propose a Formative Assessment Task that is appropriate for the 
lesson, showing quality in the instruments used. Therefore, their 
responses were classified as Level 4 of Suitability.

These qualitative findings are further supported by the 
PSPSTs’ critical reflections. For example, one PSPST stated that 
“I feel more competent in guiding students during task 
implementation and in identifying when pair or group work is 
more beneficial” (PSPST C), highlighting improvements in lesson 
management and instructional decision-making. The same 
PSPST also reflected that “I can provide guidance that helps 
identify students’ lines of thinking without taking away their 
autonomy, intervening only when necessary”, demonstrating a 
more intentional use of feedback to support students’ learning. 
Furthermore, the PSPST reported that “I improved the way 
I address students’ questions. Previously, I answered them 
individually, whereas now I realize it is more beneficial to discuss 
them with the whole class as a way of systematizing and assessing 
learning” (PSPST C), illustrating the development of strategies 
for whole-class discussion, systematization, and formative 
assessment. These reflections reinforce quantitative evidence that 
the training program strengthened the PSPSTs’ Knowledge of 
Teaching Practice by improving lesson management, formative 
assessment practices, and the organization of meaningful 
learning opportunities. Additional qualitative evidence is 
provided by the reflective conclusions included in the written 
group assignments submitted at the end of Phase 2 of the 
training program. Group 1 (PSPSTs A and B) stated that “By 
experiencing exploratory teaching, we were able to understand the 
appropriate role that the teacher should adopt in this type of 
lesson and how they should act. We also recognized the 

FIGURE 11 

Excerpt from pre-service primary school teacher A’s resolution (Pre-intervention—M1). (Source: Authors own elaboration).

FIGURE 12 

Excerpt from pre-service primary school teacher A’s resolution (post-intervention I—M2). (Source: Authors own elaboration).
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effectiveness of this approach in implementing different tasks and 
acknowledged its importance as an approach to be adopted in our 
future teaching practice.” This group reflection highlights the 
participants’ growing understanding of effective teaching 
practices and lesson implementation, reinforcing the quantitative 
evidence of the development of KTP.

4.5 Global performance

Table 14 presents the absolute and relative frequencies of the 
PSPSTs’ Global Performance across the three moments (M1, 
M2, and M3), distributed by categories.

Regarding the results presented in Table 14, it is noteworthy 
that in M1, all PSPSTs showed a negative Global Performance, 
with values below 25%. After Phase 1 of the training program 
(M2), there was a decrease in the percentage of PSPSTs with a 
negative Global Performance (from 100.0% to 31.6%), with 
31.6% of PSPSTs achieving a Global Performance above 75%. In 
M3, although one PSPST still showed a negative Global 
Performance (between 25% and 50%), it is important to 
highlight that the majority of PSPSTs (73.7%) reached a Global 
Performance above 75%.

Table 15 presents the descriptive statistics and comparison of 
PSPSTs’ Global Performance across M1, M2, and M3.

The results of the one-way repeated measures ANOVA 
(Table 15) reveal progress in the Global Performance of PSPSTs 
across the three evaluated moments. A substantial increase in 
the mean was observed between the Pre-Intervention phase 
(M1 = 0.67, SD = 0.79) and the Post-Intervention phases 
(M2 = 61.39, SD = 21.73; M3 = 82.04, SD = 16.97). The observed 
differences were statistically significant (F = 197.058; p = 0.001), 
with a Strong Effect Size (= 0.916), indicating that the training 
program had a significant impact on the PSPSTs’ Global 
Performance in lesson planning from M1 to M3, demonstrating 
positive progress over the course of the program. These results 
suggest that there was development in the PSPSTs’ ability to 
plan Exploratory Teaching Practices integrating Computational 
Thinking, reflecting greater mastery and mobilization of 
Didactic Knowledge in Mathematics. The improvement observed 

in Global Performance translates into consistent progress in how 
PSPSTs developed and articulated the different types of 
knowledge: Knowledge of Mathematics for Teaching, Knowledge 
of the Curriculum, Knowledge of Students and their Learning 
Processes, and ultimately, Knowledge of Teaching Practice.

5 Discussion

This section presents a discussion of the study’s results, taking 
into account the relevant literature, with particular focus on the 
initial difficulties demonstrated by the Pre-Service Primary 
School Teachers (PSPSTs) and the evolution of their Didactic 
Knowledge in Mathematics (DKM) when planning Exploratory 
Teaching Practices that integrate Computational Thinking.

Returning to the first hypothesis formulated, the study’s 
results confirm its validation: statistically significant differences 
were found in the Levels of Suitability of the Exploratory 
Teaching Practices integrating Computational Thinking planned 
by the PSPST between the Pre-Intervention, Post-Intervention I, 
and Post-Intervention II moments.

These results suggest significant progress in the development 
of the PSPSTs’ DKM, as evidenced by the evolution in the 
Levels of Suitability of their lesson plans. Therefore, it is 
important to discuss the findings in light of the four types of 
knowledge considered in this study: Knowledge of Mathematics 
for Teaching (KMT), Knowledge of the Curriculum (KC), 
Knowledge of Students and their Learning Processes (KSLP), 
and Knowledge of Teaching Practice (KTP).

The results obtained in this study corroborate the difficulties 
previously identified in the literature regarding lesson planning, 

FIGURE 13 

Excerpt from pre-service primary school teacher A’s resolution (post-intervention II—M3). (Source: Authors own elaboration).

TABLE 14 Frequency distribution of global performance.

Class M1 [%(n)] M2 [%(n)] M3 [%(n)]

[0; 25[ 100.0 (19) 10.5 (2) 0.0 (0)

[25; 50[ 0.0 (0) 21.1 (4) 5.3 (1)

[50; 75[ 0.0 (0) 36.8 (7) 21.1 (4)

[75; 100[ 0.0 (0) 31.6 (6) 73.7 (14)
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which is recognized as a complex task for pre-service teachers, with 
its demands increasing significantly in contexts of curricular change, 
as highlighted in Pepin et al. (2025). With regard to KMT, it was 
observed that prior to the implementation of the training program, 
the PSPSTs did not demonstrate the knowledge necessary to 
recognize the Computational Thinking capability within the 
context of the problem-solving situations, nor to define pedagogical 
actions aligned with the proposed task, in line with what was 
identified in Vieira et al. (2022). Throughout the training program, 
the PSPSTs were able to deepen their understanding of 
Computational Thinking (Stage 1), experience solving tasks 
integrating this capability (Stage 2), and plan lessons while 
receiving feedback from both peers and the research team (Stages 
3–6). The integration of theoretical, practical, and reflective 
components—where PSPSTs could develop knowledge about this 
capability and experience its implementation—resulted in 
improved ability to integrate it effectively into teaching, as also 
noted in Amante et al., 2023. In both M2 and M3, improvements 
were observed in the suitability of pedagogical actions aligned with 
the mathematical content to be developed, indicating a positive 
evolution in KMT, as suggested in Kurt and Çakıroğlu, 2025.

With regard to KC, the results of this study corroborate the 
difficulties highlighted in the literature, particularly in relation 
to the alignment between learning objectives, curriculum 
guidelines, and the selection of appropriate pedagogical 
resources (Duarte et al., 2024). Prior to the intervention, the 
PSPSTs demonstrated significant weaknesses both in the 
curricular alignment of their lesson plans and in the integration 
of resources, which compromised the coherence and 
effectiveness of their teaching proposals, as also mentioned in 
Njiku, 2025. The absence of clear objectives and relevant 
resources illustrates their difficulty in mobilizing KC in a well- 
founded manner. However, following the implementation of the 
training program, consistent and statistically significant 
improvements were observed in both M2 and M3, indicating a 
positive evolution in this type of knowledge. It is worth noting 
that throughout the training program—particularly during the 
preparation of lesson plans for school placements and 
microteaching sessions—the PSPSTs continuously received 
feedback on the lesson plans they produced. These training 
program approaches, which led to improved ability among 
the PSPSTs to plan lessons with coherence between defined 
learning objectives, selected resources, and applied strategies, are 
aligned with the recommendations found in the specialized 
literature (Karalar and Aslan Altan, 2018; Täschner et al., 2025). 
Thus, the presentation of coherent lesson plans—with objectives 
aligned with the curriculum and well-structured 
pedagogical sequences—by the PSPSTs after the 
implementation of the training program supports the conclusion 
that there was a development of KC, as noted by Rodrigues and 
Ponte, 2020.

Before the implementation of the training program, it was 
observed that the PSPSTs demonstrated very limited knowledge 
about Students and their Learning Processes, which hindered their 
ability to anticipate difficulties, promote meaningful interactions, or 
diversify pedagogical strategies, as noted in Cardoso et al., 2025. 
Both in the resolution and adaptation of problem-solving situations 
(during Phase 1) and in the development and implementation of 
intervention plans for the practicum context (Phase 2), PSPSTs were 
required to find strategies to adapt tasks to the realities of their 
classes. Thus, it was observed that through these approaches during 
the training program, the PSPSTs began to more explicitly value the 
diversity of their students and the appropriateness of learning 
processes, particularly by defining strategies that fostered teamwork 
and idea-sharing among students—corroborating the position of 
Hourigan and Leavy, 2019. Based on these evidences observed in the 
lesson plans, it is possible to state that KSLP was developed with the 
implementation of the training program, as indicated in Copur- 
Gencturk and Li, 2023.

The results of this study regarding KTP align with what is stated in 
the specialized literature. Before the implementation of the training 
program, it was observed that the PSPSTs could not develop 
coherent and structured lesson plans, evidencing weaknesses in their 
KTP. These findings reinforce the importance of training programs 
that develop the capacity to plan effective teaching practices, as 
advocated by Alrwaished, 2024. Both from M1 to M2 and from M2 
to M3, it was observed that the PSPSTs increasingly presented more 
coherent and complete proposals, defining strategies to manage 
unforeseen events and ensure task completion by students. The 
observed improvements demonstrate that KTP developed with the 
implementation of the training program, as noted in Beckmann and 
Ehmke, 2023.

Regarding the second hypothesis, it can be stated that there 
were statistically significant differences in the Global 
Performance of the pre-service primary school teachers when 
planning Exploratory Teaching Practices that integrate 
Computational Thinking between Pre-Intervention, Post- 
Intervention I, and Post-Intervention II.

The results of this study showed that, before the training 
program (M1), all participants had negative Global Performance 
scores, below 25%, revealing weaknesses in the mastery and 
mobilization of the different types of DKM necessary for 
planning Exploratory Teaching Practices, as mentioned in 
Duarte et al., 2024. The low Global Performance of the PSPSTs 
reflects gaps in the various types of DKM analyzed, whose 
development is essential for planning lessons focused on 
Exploratory Teaching Practices (Ferreira and Ponte, 2017).

The development of the various types of DKM of the PSPST 
throughout the implementation of the training program was directly 
reflected in the Global Performance of the PSPST, aligning with 
what Beckmann and Ehmke, 2023 mentioned. Additionally, the 
PSPST experienced the implementation of Exploratory Teaching 

TABLE 15 Descriptive statistics and comparison of global performance across Pre-intervention (M1), post-intervention I (M2), and post-intervention II (M3).

Measure M1 M2 M3 F p h2
p ES π

Global 0.67 ± 0.79a,b 61.39 ± 21.73a,c 82.04 ± 16.97b,c 197.058 0.001 0.916 Strong effect 1.000

One-way repeated measures ANOVA: significantly different at p < 0.05 for the following comparisons aPre-Intervention vs. Post-Intervention I; bPre-Intervention vs. Post-Intervention II; & 
cPost-Intervention I vs. Post-Intervention II.
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Practices during the training program. This experience allowed the 
PSPST to gain a deeper understanding of the demands of the 
approach and to apply it more effectively in their own lesson 
planning, which may explain the positive progression observed in 
their Global Performance, as noted in Henriques and Martins, 2022
and Täschner et al., 2025. The improvement observed in the Global 
Performance of the PSPST after the implementation of the training 
program thus evidences an effective development of DKM, which is 
fundamental to promoting meaningful mathematical learning 
aligned with the principles of Exploratory Teaching Practices.

In summary, the findings of this study suggest that the 
observed development of the pre-service primary school 
teachers’ Didactic Knowledge in Mathematics may be associated 
with the main characteristics of the implemented training 
program. In particular, these include the articulation between 
opportunities to deepen conceptual understanding and practical 
experiences involving the solving and adaptation of tasks 
integrating Computational Thinking, the progressive 
development of Exploratory Teaching Practice lesson plans, 
microteaching sessions, the implementation of these lesson plans 
during the school practicum, and the continuous formative 
feedback provided by both the research team and peers. These 
characteristics created opportunities for pre-service primary 
school teachers to critically reflect on their pedagogical 
decisions, revise their lesson plans, and progressively mobilize 
the different components of Didactic Knowledge in Mathematics 
in a more integrated manner. Taking together, these elements 
may explain the consistent improvement observed across the 
different components of Didactic Knowledge in Mathematics 
and, consequently, in the pre-service primary school teachers’ 
global performance throughout the three assessment moments.

6 Conclusion

This study presents a procedure to evaluate the Didactic 
Knowledge in Mathematics of Pre-Service Primary School Teachers 
through the planning of Exploratory Teaching Practices integrating 
Computational Thinking. The Levels of Suitability of the lesson 
plans developed by the pre-service teachers evidenced the 
development of their Didactic Knowledge in Mathematics across 
the four components of the Framework of the Didactic Knowledge 
of Teachers who Teach Mathematics, which was reflected in their 
Global Performance within the implemented training program. 
These results reinforce the importance of developing training 
programs in Initial Teacher Training that articulate theory, practice, 
reflection, and active methodologies, providing Pre-Service Primary 
School Teachers with sustainable development of didactic 
knowledge that will enable them to respond to the various 
challenges inherent in teaching and learning processes.

7 Strengths and limitations of the 
study

The study provides evidence of a positive evolution in the 
development of the Didactic Knowledge in Mathematics of the 
Pre-Service Primary School Teachers. Considering the statistical 
results presented, it is possible to confirm the formulated 

hypotheses. Based on the discussion of results grounded in 
recent literature, the credibility and relevance of this study 
within the scope of teacher education for mathematics teaching 
are highlighted. A limitation of this study is that the sample is 
one of convenience, non-probabilistic in nature, and 
predominantly female. Nevertheless, it is highlighted that the 
characteristics of the sample used in this study are consistent 
with the reality of Initial Teacher Training courses in Portugal. 
For future studies, it is suggested that the sample includes 
participants from different institutions and educational contexts 
to enhance the potential for generalizing the results.

8 Perspective for future studies and 
practical implications

As a practical implication, the importance of providing pre- 
service teachers with formative experiences that include the 
modeling of teaching practices, task-solving, and continuous 
feedback is highlighted, as these contribute to the development 
of their Didactic Knowledge in Mathematics. Such experiences 
promote a deeper understanding of current pedagogical 
approaches and enhance their application in real teaching 
contexts. For future studies, in addition to expanding the sample 
as previously mentioned, it is recommended to analyze the 
impact of these practices during the early years of teaching, to 
understand the sustainability and continuity of the learning 
fostered during initial teacher education.
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