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Abstract— This article presents a study carried out with two 

grade 1 classes, in the context of implementing the new Mathematics' 

curriculum. A sequence of tasks was carried out with the purpose of 

developing computational thinking, practices articulated with 

learning about the topic Numbers, and an attempt was made to 

identify the five practices of computational thinking in the students' 

activities. We ascertained that the students mobilized all the 

practices, the emergence of algorithmics coming to the fore and, at 

the same time, these practices allowed them to delve deeper into their 

mathematical knowledge in the content explored in the topic 

Numbers. 

Keywords— Computational Thinking, algorithmics, new 

Mathematics’ curriculum, Numbers 

I. INTRODUCTION  

Computational thinking is presented as a cross-sectional 
skill in the elementary school mathematics curriculum for the 
first time in Portugal. The new curriculum, in the format of 
Essential Mathematical Learnings for Basic Education 
(Canavarro et al., 2021), henceforth referred to simply as new 
curriculum, integrates both mathematical knowledge and six 
transversal mathematical skills, including computational 
thinking, as learning content.  

Considered as a problem-solving process, computational 
thinking is defined in the new curriculum through a set of five 
cornerstone practices: abstraction, decomposition, pattern 
recognition, algorithmics and debugging. In this article we will 
focus on the deployment of these practices in the development 
of a sequence of tasks implemented in two 1st grade classes, as 
part of the operationalization of the new curriculum. Through 
the activities that the students carried out while exploring the 
tasks in the sequence, we will try to identify the practices of 
computational thinking and present evidence of their 
mobilization, reflecting on how the students developed their 
computational thinking, in conjunction with the mathematical 
learning framed in the Numbers topic.  

II. THEORETICAL FRAMEWORK  

According to Wing (2006), computational thinking skills are 
fundamental and should be developed by any student, alongside 
with other essential skills such as reading, writing or arithmetic. 
Computational thinking goes far beyond the ability to program 
"because it focuses on conceptualization" and requires "thinking 
at multiple levels of abstraction" (Wing, 2006, p. 35), being a 
form of thinking that humans use, not computers. It can be 
regarded as a thought process that involves formulating 
problems and finding solutions, solutions that can be represented 
in a way that can be effectively carried out by an information 
processing agent, such as a computer, but not necessarily (Wing, 
2010). Thus, it is assumed that the use of technology or even 
programming is not an essential condition for the development 
of computational thinking, although their relevance and purpose 
are recognized. Similarly, it is also considered that the use of 
technology does not necessarily imply that the development of 
computational thinking is being promoted. 

The new curriculum presents the development of 
computational thinking skills as one of the eight general learning 
objectives, assuming that this "presupposes the development, in 
an integrated way, of practices such as abstraction, 
decomposition, pattern recognition, analysis and definition of 
algorithms, and the development of debugging and process 
optimization habits" (Canavarro et al., 2021, p. 3), practices 
already referred to as characteristics of this type of thinking by 
authors such as Angeli et al. (2016) or Yadav et al. (2019). The 
document also states that these practices "are essential in 
mathematical activity and provide students with tools that allow 
them to solve problems, especially those related to 
programming" (idem). Also, one of the authors of the new 
curriculum, Espadeiro (2021) frames and systematizes the 
understanding bestowed upon each of these practices.  

• Abstraction aims at reducing the complexity of a task or 
problem, or at identifying general principles that can be 
applied to similar situations or problems; 
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• Decomposition deals with managing complex tasks or 
situations by breaking them down into smaller, more 
manageable parts; 

• Pattern recognition involves recognizing regularities 
and relationships; 

• Algorithmics allows one to develop a step-by-step 
solution to a given problem (resolution steps) or 
establish rules (conditions) to be followed to solve the 
problem; and,  

• Debugging involves looking for and correcting errors, 
as well as testing, verifying, refining and optimizing the 
solution presented (p. 6). 

For students to develop computational thinking, it is 
essential that they mobilize and interrelate these practices 
(Angeli et al., 2016) when exploring a mathematical task. 
However, their natural interrelationship and dependence does 
not make it easy to recognize each one in isolation, nor is it 
considered necessary from the student's perspective. On the 
other hand, it will be important for the teacher to recognize each 
of these practices in the students' work so that they can 
intentionally promote the development of all of them in an 
integrated manner. Thus, in this article, we recognize the 
importance of trying to identify the presence of each of these 
practices in the activity that students build up when considering 
a mathematical task, in order to be able to understand the 
development of this mathematical ability as a whole, in line with 
the objectives defined in the new curriculum. We also believe 
that although all these practices may be present in the 
exploration of a task, this is not an essential condition for 
promoting the development of computational thinking. For 
example, one of the practices that might be considered less 
accessible to students in the first years of school is the practice 
of algorithmics and, in fact, this is not essential for students to 
develop computational thinking. 

Even so, there are several studies that show the relevance of 
introducing algorithmic thinking in the early years of schooling 
(e.g. Mittermeir, 2013; Voronina et al., 2016; Figueiredo et al., 
2021). For example, Voronina et al. (2016), in a study with 6- 
and 7-year-olds, introduced the practice of algorithmics through 
game-related activities. During said study, they developed a 
conceptual framework that allows us to understand the 
development of algorithmic thinking through three stages that 
represent a progression in the development of algorithmics in 
pupils of these ages. Thus, while in the first stage students learn 
to apply given algorithms, in the second they are confronted with 
a greater diversity of algorithms and already carry out activities 
to complete these algorithms, rather than just applying them. In 
the third and final stage, according to the authors, students are 
already capable of transferring learned algorithms to other 
similar activities, modifying them to achieve different results, 
and are even capable of producing new algorithms. 

As already mentioned, the use of technology is not a 
prerequisite for the development of computational thinking. 
This also applies to the practice of algorithms, which can be 
worked on using paper and pencil and/or non-digital 
manipulatives. However, the role of technology is undeniable 
when used appropriately to promote learning. One example of a 

technological resource with recognized potential is the visual 
programming language Scratch. Considering that the 
development of algorithms requires the use of some kind of 
language, whether textual or graphical (Mittermeir, 2013), being 
easy to use and very appealing even to those who have never 
experienced programming (Resnick et al., 2009), the use of 
Scratch can enable the development of this practice. Using this 
resource, students can develop algorithmic thinking in a 
progression that can include the three stages presented by 
Voronina et al. (2016). Thus, they can start by experimenting 
with existing projects from a user-only perspective, then they 
can reuse them and make small modifications to the 
programming of these projects until, hopefully, they can create 
their own projects. Therefore, this technological tool seems to 
us to have important potential for the development of 
algorithmic thinking and is even proposed in the teaching 
guidelines for teachers in the new teaching document. 

III. METHODOLOGY 

This section briefly describes the methodological options, 
the participants, the sequence of tasks that was the subject of this 
study and presents the analytic categories used. 

A. Methodological options 

This study draws on a qualitative methodology, with the 
main purpose of describing and interpreting the computational 
thinking practices that emerged from the students' work in the 
exploration of a sequence of tasks developed in the two 1st grade 
classes that were operationalizing the new mathematics 
curriculum. The data was collected during the classroom work 
through field notes, photographic recording of the students' 
productions and audio recording of the moments of autonomous 
work and collective discussion. 

B. Participants 

The participants in this study were the students in the two 1st 
grade classes that were working on the new curriculum in the 
2021/22 school year, before the nation-wide implementation 
phase. In this context, the four authors of this article formed a 
collaborative work team where the first two had the task of 
supporting the class teachers (the other two authors of the 
article) in the implementation of the new curriculum document. 
The collaborative work took the form of weekly meetings to 
plan tasks and analyse their implementation in the classrooms, 
reflecting on the different aspects of implementing and 
conducting the lesson, focusing on the task and the work of the 
teachers and students and the learning and difficulties they both 
experienced.  

The first two authors of this article also monitored the classes 
on a more regular basis, attending and participating in some 
lessons. The two 1st grade classes belonged to public schools in 
different regions of the country, one in the municipality of 
Bragança and the other in the municipality of Setúbal. The 
classes numbered 22 and 24 students respectively, all of whom 
were attending 1st grade for the first time. The data was 
collected in the 3rd term of the school year and the average age 
of the students was 7. 

Authorized licensed use limited to: b-on: Instituto Politecnico de Braganca. Downloaded on June 24,2024 at 13:52:07 UTC from IEEE Xplore.  Restrictions apply. 



C. The sequencing of mathematical tasks 

The sequence of tasks presented in this article is made up of 
three interrelated tasks, which we call: 1) How many numbers 
can the Numi robot write? 2) Complete and correct instructions; 
3) Get inside Numi's head. In the first task, a picture of a robot 
appears in the task statement. This robot was presented to the 
students as someone who obeyed the orders given to it, which 
had to be very clear and precise. The following tasks were built 
on this first one. 

D. Data analysis 

To identify the Computational Thinking practices that 
emerged from the students' activity while exploring the 
mathematical tasks, the categories of analysis shown in Table 1 
were created. 

TABLE 1 – ANALYTIC CATEGORIES OF THE COMPUTATIONAL THINKING 

PRACTICES IN STUDENTS’ ACTIVITY 

CT Practices Indicators in the exploration of tasks 

Abstraction - Identifies essential information  
- Mobilizes essential information 

Decomposition - Divides into smaller parts 
- Mobilizes this division for intermediate 
solutions  

Pattern recognition - Recognizes regularities 
- Mobilizes regularities in generating 
solutions  

Algorithmics - Recognizes needed steps 
- Recognizes order of needed steps 
- Mobilizes the sequence of steps 

Depuration - Identifies mistakes 
- Corrects mistakes  
- Optimizes correct solutions 

 

The tasks were developed within the collaborative working 
group and implemented in both classes. Each task was explored 
in the classroom using an exploratory model, characterized by 
the following three phases: 1) presentation of the task; 2) 
autonomous work by the students in pairs; and 3) collective 
discussion with the whole class and systematization of learning. 
This article presents evidence of the students' work on the three 
tasks, and does not identify any of the two classes, as it is 
considered that the students' performances were not 
significantly different. 

IV. PRESENTATION OF RESULTS 

The following is a description and analysis of the students' 
activity in each of the three tasks of the sequence mentioned 
above. This analysis provides evidence of the five computational 
thinking practices. 

A. Task “How many numbers can robot Numi write?” 

In this task (Figure 1) students were given three digits and 
asked to write down all the possible two-digit numbers, given 
those three. In addition to the task statement, each pair of 
students was given a set of cards with the digits written on them, 
so that they could easily move them around and discover all the 
possible numbers. 

In both classes, the students were able to discover and record 
the six possible numbers very easily. To achieve this, it was 
noticeable that the students focused on the given digits and the 

construction of two-digit numbers, identifying and mobilizing 
the essential information, thus revealing the use of the practice 
of abstraction. This practice was therefore easily and naturally 
mobilized by the students in both classes. 

 

Fig. 1. Wording of the task “How many numbers can robot Numi write?”. 

The second question of this task proved to be more 
demanding and was the one that intentionally promoted the use 
of some algorithmic thinking, as it asked the students to show 
"How should the Numi robot think so that it doesn't forget any 
numbers?". In order to answer this question, the students had to 
mobilize the procedure they had previously carried out when 
they discovered all the possible numbers. Moreover, they had to 
translate this procedure very clearly and precisely so that they 
could "convey" it to the Numi robot, and it was desirable for 
them to define a strategy so that no possible number was 
forgotten. In the first approach to this second question, the 
students did not mobilize the knowledge and procedures they 
had easily used in the first question. It was difficult for them to 
understand the importance of the completeness and precision of 
the instructions to be given to the Numi robot. Naturally, this 
question required them to "go back" and think about how they 
had proceeded, which, of course, is not immediate for students 
at this level of schooling. At this time, the role of the teachers 
was very important, leading the students to focus their attention 
on the need to identify the different steps and the importance of 
their accuracy. The following quote is an example of a moment 
in class, during the students' autonomous work phase, where the 
teacher tries to get the students to understand the need for 
instructions to be clear and complete. 

Teacher: You must give Numi orders. Numi first does like 
this... with these numbers, first Numi can do what? 

Student: He must pick up the numbers. 

Teacher: But does he pick them all up? 
Teacher: Then what? Tell Numi... Numi first takes the card 

with the number on it... 
Student: One. And then you take the card with the number 2 

on it. 
Teacher: And what does he do? 
Student: And he makes the number 12. 
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Teacher: But he can take it like she did [put the 2 card under 
the 1 card]. So, what does he have to do with the 2 card? 

Student - Put it next to 1. 
Teacher: Which side? 
Student - On the right. 
 

In the last stage of this lesson episode, the clear translation 
of the instructions given by the student through the movement 
of the cards led him to recognize not only the necessary steps, 
but also the need to be precise in the instructions he gave. In fact, 
in this quote, the teacher's action of placing one card under the 
other led the student to need to indicate exactly where each card 
should be placed. In a very intuitive way, both teachers felt the 
need to incorporate Numi, playing the robot and strictly 
following the orders that the students were giving them, leading 
them to check whether they were effective. These actions on the 
part of the teacher covered the two aspects identified as 
indicators for practicing algorithmics: recognizing the necessary 
steps and the order of those steps.  On the other hand, the fact 
that they exactly reproduced the instructions given by the 
students, showing them the result of those instructions, also 
allowed them to immediately recognize their ineffectiveness and 
incompleteness. This moment thus exemplifies the mobilization 
of debugging practice, leading students to identify and correct 
errors. It should also be noted that the manipulation of the cards 
facilitated this process, as it made the faithful reproduction of 
the instructions given by the students’ tangible, leading them to 
identify faults and errors and correct them. 

We believe that the difficulties presented by the students are 
centred around the practice of algorithms, more specifically 
round the recognition of the necessary steps and their order and 
are not related to knowledge about laterality or other concepts 
of spatial orientation. The students were able to recognize or 
differentiate between left and right, up and down, but they didn't 
immediately and naturally use these concepts to construct the 
instructions for writing the numbers. They assumed that these 
instructions weren't necessary because they translated them into 
actions very naturally when manipulating the cards. In other 
words, the difficulty lay in the complete and exact construction 
of the algorithm.  

When they were led to the necessity of using lateralization 
concepts to construct the instructions, the students easily 
realized that they only needed to supply the instructions to 
change the positions of the cards to obtain new numbers with the 
same digits, as shown in the following excerpt: 

Student: Here's 12, now we swap the numbers, 2 goes here 
and 1 goes here and we make 21. 

Teacher: And how many numbers can you build with this 
strategy? 

Student: Two. 

Teacher: And then can you build others or not? 

Student: Yes, then 25, 52. 

This quote shows how the students began to use a strategy to 
solve the problem, obtaining different numbers by swapping the 
order of the cards, thus using the regularities of the decimal 
numbering system, specifically regarding the position of the 
digit in the number. Therefore, as far as computational thinking 

practices are concerned, we can note the practice of pattern 
recognition, with the students having recognized and mobilized 
the regularities of the decimal numbering system. To show their 
thinking processes, the students used finger movements, 
manipulated the cards directly or used arrow diagrams to write 
the numbers, thus using different representations (Figure 2). 

 

 

Fig. 2. Strategy of swapping digit position in the numbers. 

The students also used other strategies, such as writing down 
the possible numbers in ascending or descending order or 
writing down all the numbers that "started" with the same digit, 
i.e. exhausting all the possible numbers with the digit in a given 
position (Figure 3). These regularities made it possible to divide 
the problem into smaller parts, mobilizing this division in 
smaller partial resolutions, i.e., for example, when starting by 
writing down all the numbers that had a certain digit in the tens 
position, the problem was subdivided into minor parts, using the 
practice of decomposition. In the same way, we proceeded with 
ordering the numbers. 

 

 

 

Fig. 3. Students’ solutions showing other strategies used.  

B. Task “Complete and correct instructions” 

In this task of the sequence, the aim was for the students to 
continue to develop their algorithmic thinking in an intentional 
way. They were asked to complete and correct instructions.  

Initially, students were given cards with unfinished 
instructions to complete. The students began to use the cards, 
but they very naturally began to create other equally valid 
instructions, different from those already formulated on the 
cards given to them. So, apparently, the cards provided the 
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students with a model, but quickly and very autonomously, they 
were put aside, and the students were able to formulate other 
instructions, already revealing an understanding of what was 
intended and showing some creativity in such formulation. 
Later, in another part of the task, the students were asked to 
correct wrong or incomplete instructions, not restricting them 
to a previous formulation and allowing them more freedom in 
reworking the instructions (Figure 4). 

 

    

Fig. 4. Students’ solutions in the task “Correct and complete instructions”. 

Regarding computational thinking practices, we present 
what we consider to be evidence of the mobilization of these 
practices. When the students needed to identify whether the 
information in the instructions was sufficient or correct, 
focusing their attention on the essentials, they mobilized the 
practice of abstraction. They used decomposition when they 
differentiated between correct and incorrect instructions and 
identified the missing elements by analysing the instructions 
presented to them in slices. They used the recognition of 
patterns already identified in the previous task and used all of 
them to complete or correct the instructions given. They clearly 
worked on algorithmic practice, recognizing which steps were 
presented, which were missing or incorrect and validating their 
order. Debugging was used to identify and correct errors in 
incorrect instructions and to detect their incompleteness. 

C. Task “Get inside Numi’s head” 

The third and final task in this sequence was intended as an 
introduction to the visual programming language Scratch. To 
this purpose, a program was created around a number game in 
which the students were asked to indicate a number and next 
another number would be presented by Numi (in Scratch). The 
students had to find out what instructions Numi had been given 
to produce the new number. When the game was played in both 
classes, the students were able to immediately figure out the 
instructions given to Numi, which consisted of commands such 
as adding or subtracting 1 or 10 from the numbers they had 
indicated (Figure 5). 

 

Fig. 5. Student’s activity in task “Get inside Numi´s head”. 

After that, the teachers said that they were going to get inside 
Numi's head, in other words, to understand how Numi had 
thought. Naturally, at this stage, the programming done in 
Scratch was presented and explained in a simple way (Figure 

6). 

 

Fig. 6. Scratch programming presented to the students, which they modified. 

After that, the students were given access to the Scratch 
programs on their tablets and were challenged to create new 
instructions themselves, resulting in new number games that 
they would play in pairs. All the pairs managed to modify the 
instructions given, using new commands such as adding or 
subtracting numbers other than 1 and 10. 

In this task, the students mobilized computational thinking 
practices at different times. For example, by focusing their 
attention on the number they obtained in Scratch, they 
mobilized the practice of abstraction. When they identified, in 
the given algorithm, the parts they had to change to produce 
new instructions, they did so by decomposing the given 
algorithm. They used patterns when they recognized the rules 
presented in Scratch programming and used debugging when 
they recognized errors in both the rules they identified and those 
they created. And, of course, they clearly practiced algorithmics 
when they addressed the given algorithm to discover the rule 
and when they altered it to produce new rules. 

V. DISCUSSION OF RESULTS 

Considering the indicators relating to computational thinking 
practices presented and the evidence reflected in the students' 
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activity when exploring the tasks, we present Table 2, which 
summarizes this evidence over the three tasks analysed. The 
five practices were present in all the tasks in the sequence 
described and mobilized aspects related to understanding the 
subject of Numbers. For example, pattern recognition rendered 
the regularities of the decimal numbering system evident, both 
by recognizing the position of a digit in the number and its 
value, and by recognizing the order of numbers. Abstraction 
also allowed students to deal with specific digits and numbers 
or to focus their attention on the instructions to be completed or 
corrected, as did the numbers requested and obtained from the 
programming in Scratch. Decomposition allowed for different 
approaches to the same problem, also enhancing other aspects 
of the mathematical content, such as the ordering of numbers. 
The practice of debugging, which is extremely important in 
mathematical activity, was evident in the three tasks described, 
when the students corrected or improved presented instructions. 

In the students' work, the three stages identified by 
Voronina et al. (2016) regarding the practice of algorithmics 
were evident, showing progressive situations of completing and 
changing algorithms. Regarding the use of the Scratch visual 
programming environment, it should be noted that, in addition 
to the factors relating to the motivation and interest of the 
students, it was possible to work with the mathematical 
operators of the environment itself to discover or change the 
rules given, which explored arithmetic regularities. It should 
however also be noted that the practice of algorithms was not 
only evident in the task where Scratch was used, but also in the 
previous ones which did not use any technological tool. 
Although we don't consider it essential to work on the practice 
of algorithmics in all tasks that promote computational 
thinking, as Wing (2010) points out, this practice seems to be 
the aggregating pillar of all the others and, in this study, we 
show how it summarizes and makes evident the mobilization of 
all other practices. Thus, it seems possible to develop tasks in 
which the other practices are mobilized, without intentionally 
leading to the practice of algorithmics, but the opposite is not 
so obvious, i.e. the development of algorithmics seems to 
require the presence of all the others. 

 

 

 

 

 

 

 

 

 

 

 

TABLE 2 – EVIDENCE OF PRACTICES OF COMPUTATIONAL THINKING 

EMERGING FROM THE WORK OF STUDENTS IN THE THREE TASKS OF THE 

SEQUENCE  

 

It should also be noted that, in the case of this study, 
working with numbers seems to be conducive to the emergence 
of algorithms, as it allows the regularities of the decimal 
numbering system to be thus translated. Other mathematical 
topics or subtopics may not be so easy, especially in the early 
years of schooling. 

We conclude by mentioning the relevance of exploring 
computational thinking in an integrated manner with other 
mathematical topics and reinforce the importance of 
intentionally working on each of its practices and looking for 
evidence in the students' work to understand how they mobilize 
and develop such practices. 
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