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Abstract

In the twenty-first century, four important different and intertwined domains 
for children’s skills have been identified: cognitive, interpersonal, intrapersonal and 
technical. In the cognitive domain, key terms such as critical thinking, problem-
solving and computational thinking have been highlighted. Although these terms 
have been identified as fundamental for preschool children, the literature draws 
attention to early childhood teachers’ difficulty in including them in curriculum 
activities, which can therefore hinder children’s learning. This chapter aims to analyse 
the similarities and differences in the characteristics of the three terms computational 
thinking, problem-solving and critical thinking. Such analysis of the terms will be of 
importance, both for further research in the area and for clarification in communica-
tion with teachers. In this way, the concepts may be more accessible for teachers. In 
particular, in this chapter, the concepts will be analysed and explained through an 
example from an educational setting where a group of children and a teacher play 
together with a digital toy.

Keywords: computational thinking, problem-solving, critical thinking, ECEC, 
teachers’ competence

. Introduction

In a rapidly changing world, supporting children in developing specific skills that 
help them understand and make choices in various situations has been recognised as 
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essential. These skills have been identified as twenty-first-century skills [1]. Amongst 
the skills classified as cognitive competencies, critical thinking, problem-solving and 
computational thinking have been highlighted and considered part of higher-order 
thinking skills [2–4]. These terms have been identified as fundamental for preschool 
children [1, 5, 6], especially when mathematics is the learning goal [7, 8]. Granone 
et al. conducted a study in Norway on early childhood education settings (ECECs), 
where some terms, such as problem-solving and critical thinking, are known and 
well-introduced [8, 9], whereas computational thinking at an educational level is only 
mentioned in the curriculum for schools [10].

Wing, who introduced for the first time the term “computational thinking” [11], 
stressed the importance of making this term accessible, to allow teachers not only 
to use it but also to understand its meaning in all its parts without only carrying 
out procedures [12]. Some attempts have been made in the literature to analyse the 
similarities between the constituent characteristics of the three terms computational 
thinking, problem-solving and critical thinking [13] but never through a detailed 
analysis of the different elements that characterise each of them. Moreover, each of 
these terms has been analysed through Bloom’s taxonomy [14] or the revised Bloom’s 
taxonomy [15], but never all together [16–18]. However, the taxonomy seems to be a 
possible key for analysing all these terms together.

This chapter intends to present this analysis to identify any common aspects. Such 
an analysis of the terms will be of importance, both for further research in the area 
and for clarification in communication with teachers. In this way, the concepts may 
be more accessible for teachers, and this will help them to support children’s acquisi-
tion of problem-solving, critical thinking and computational thinking skills more 
effectively [7, 8]. In this chapter, the concepts are analysed and explained through an 
example from an educational setting.

. Problem-solving, critical thinking and computational thinking

The three skills that we analyse (problem-solving, critical thinking and compu-
tational thinking) can all be enhanced in different ways; they can also be enhanced 
through technology [7, 19]. Children’s learning of these skills is considered funda-
mental, and teachers’ roles have been highlighted in the literature as essential [20–22]. 
Hence, we explain these terms through an example taken from an educational setting 
where a group of children and a teacher play together with a digital toy.

A possible way to compare these terms seems to be offered, as anticipated, from 
the revised Bloom’s taxonomy [15].

This taxonomy is a framework elaborated by Bloom [14] and modified by 
Anderson and Krathwohl for expressing skills through verbs. It consists of six major 
categories for describing learning skills: three defined “lower-order skills” (remem-
ber, understand and apply) and three defined “higher-order skills” (analyse, evaluate 
and create). Each category contains subcategories:

 Remember

 ○ Recognising: Locating knowledge in the long-term memory that is consistent 
with the presented material.

 ○ Recalling: Retrieving relevant knowledge from long-term memory.
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 Understand

 ○ Understand: Changing from one form of representation (e.g. numerical) to 
another (e.g. verbal).

 ○ Exemplifying: Finding a specific example or illustration of a concept or principle.

 ○ Classifying: Determining that something belongs to a category.

 ○ Summarising: Abstracting a general theme or major point(s).

 ○ Inferring: Drawing a logical conclusion from the presented information.

 ○ Comparing: Detecting correspondences between two ideas, objects and the like.

 ○ Explaining: Constructing a cause-and-effect model of a system.

 Apply

 ○ Executing: Applying a procedure to a familiar task.

 ○ Implementing: Applying a procedure to an unfamiliar task.

 Analyse

 ○ Differentiating: Distinguishing relevant from irrelevant parts or important 
from unimportant parts of the presented material.

 ○ Organising: Determining how elements fit or function within a structure.

 ○ Attributing: Determining a point of view, bias, value or intent underlying 
presented material.

 Evaluate

 ○ Checking: Detecting inconsistencies or fallacies within a process or product; 
determining whether a process or product has internal consistency; detecting 
the effectiveness of a procedure as it is being implemented.

 ○ Critiquing: Detecting inconsistencies between a product and external criteria; 
determining whether a product has external consistency; detecting the appro-
priateness of a procedure for a given problem.

 Create

 ○ Generating: Coming up with alternative hypotheses based on criteria.

 ○ Planning: Devising a procedure for accomplishing some task.

 ○ Producing: Inventing a product.
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. Problem-solving

Children’s problem-solving is presented as a key element in Norwegian ECECs [9].
The term problem-solving has been used for identifying a cognitive activity (what 

problem-solvers do), a learning goal (something to be taught) and an instructional 
approach (something to teach through) [23]. Furthermore, it has also been high-
lighted that problem-solving is a quite complex term that presents many nuances and 
that has been described according to many interpretations [24].

For example, the literature presents problem-solving from different points of 
view, referring to it as a cognitive process. It has been presented as a process that has 
as a goal to find a way out of difficulties or as a variety of cognitive processes, such as 
attention, memory, language and metacognition [25–27].

If we consider problem-solving as a learning goal, it has been described as a com-
petence that children can reach through very different approaches, such as technology 
[7], or during outdoor activities [28].

However, problem-solving can also be identified as an instructional approach for 
helping children learn, for example, mathematics [29].

If we look at the evolution of the problem-solving framework [30], it is possible 
to see that it has been a development from the original definition introduced by 
Polya [31]. For example, we can find a model that identifies six steps instead of four 
[32] or a model that focuses more on the solver than on the process [33]. Because we 
are more interested in the process than in the solver and because Schoenfeld phases 
can be related to Polya’s phases, we choose Polya as a reference for the analysis in 
our study. The three first phases of Schoenfeld (“read”, “analyse” and “explore”) can 
be related to Polya’s phase “understand the problem”, whereas the other phases are 
clearly similar.

In addition, recent literature still uses Polya as the main reference [7, 25–29]. 
Hence, we analyse Polya’s problem-solving process, aiming to increase accessibility to 
this term.

Polya describes problem-solving through four phases: understand the problem, 
make a plan, carry out the plan and look back. Each phase is important because it 
leads to a different understanding of the problem and the process [31] (Table ).

. Critical thinking

Children’s critical thinking is another key element presented in ECECs [9].
Critical thinking has been defined in different ways in the literature, and a consen-

sus has not been reached [34]. In particular, some authors consider the terms critical 
thinking and problem-solving components of separate domains, whereas others 
include problem-solving in the term critical thinking or vice versa [34]. The term 
problem-solving has also been used as a synonym for thinking and as related to cre-
ative thinking and critical thinking [35]. This is because creative thinking is described 
as the ability to generate an idea that can be used to solve a problem, whereas critical 
thinking is more on evaluating ideas that can be used to solve a problem.

With the aim of describing in more detail critical thinking through the roots that 
he has in academic disciplines, three separate academic strands can be identified: the 
philosophical approach, the cognitive psychological approach and the educational 
approach [34].

The focus of the philosophical approach is on the critical thinker rather than on 
the actions that a critical thinker performs. This approach describes a critical thinker 
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as a person who is open-minded, flexible and interested in being well informed and in 
understanding other perspectives [36]. Some researchers have defined this approach 
as not always in accordance with reality [37].

The cognitive psychological approach is instead more focused on the thoughts 
and mental processes used to solve problems [37], identifying the critical thinker by 
the action or behaviour that they have [38]. An important element recognised is the 
ability to see both sides of an issue [39].

The educational approach is based on years of experience and observations 
and has Bloom’s taxonomy as a key element [40], where the three highest levels are 

Polya’s 

subphases

Description

Understand 

the problem

Getting 

acquainted

The problem has to be understood, identifying what is known and 

unknown and what is allowed.

The problem has to be seen as a whole without concerning the details 

too much.

The problem should stimulate memory and prepare for the 

recollection of previous knowledge.

Working 

for better 

understanding.

The principal part of the problem can be isolated. Then, each part has 

to be considered in turn in various combinations and in relation to the 

main problem.

The problem’s details can be identified.

Make a plan Generalisation The phase “making a plan” means understanding the steps, at least 

in a rough way, that leads to determining what is unknown. This 

“bright idea” needs to be based on past experience, formerly acquired 

knowledge and formerly solved problems.

Generalisation refers to seeing the problem more generally to find if

there are similar aspects, in some related problems.

Specialisation This implies that a possible answer or a possible solution can be tried 

out if we know that it is incomplete. In any case, this leads to a new 

situation that must be reanalysed to elaborate a new strategy for 

finding the solution.

Analogy Analogy is used to identify connections amongst various problems, 

identify similar elements and determine how they can help in solving 

similar problems.

Dropping a part 

of the condition.

All elements are not considered, and the problem is seen as a similar 

but simplified one.

Carry out the 

plan

Insight The plan must be carried out carefully, checking each step.

The correctness of each step can be checked intuitively.

Formal proof The correctness of each step can be checked formally.

Look back Solution 

improvement

The results and the process have to be checked.

The solution can always be improved (a solution that can need less 

time, fewer steps, …).

Understanding 

improvement

The understanding of the solution will improve.

Re-examining both the solutions and the process (results and 

arguments) will consolidate knowledge and develop the ability to 

solve problems because they will use the same process for solving 

other problems.

Table 1. 
Polya’s phases. Ref: Polya [31].
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related to critical thinking. However, this approach has been criticised for being too 
undefined [34].

Because these approaches are quite different, we refer to the definition presented 
in Lai’s literature review [34], where critical thinking is identified through skills that 
include both cognitive skills and dispositions. In this article, we focus only on cogni-
tive skills (abilities) for analysing which common aspects can be identified amongst 
problem-solving, computational thinking and critical thinking (Table ).

. Computational thinking

Even if the term computational thinking is not explicitly present in the.
Norwegian Framework Plan for Kindergartens [9], other similar concepts, such as 

digital practice and the use of digital tools, are presented.
The term computational thinking was introduced by Wing as “a fundamental 

skill […] that involves solving problem, designing systems and understanding human 
behavior, by drawing on the concepts fundamental to computer science” [11].

The definition has evolved, and the literature presents various models that can be 
used to describe the computational thinking process. A framework is presented by 
Angeli [41], where computational thinking is described as a process where various 
steps occur, such as algorithmic thinking, modularity, debugging, pattern recogni-
tion, generalisation and abstraction.

In contrast, another framework points out abstraction, decomposition, debug-
ging, remixing and productive attitudes against failure as the elements that should be 
considered for describing computational thinking [42].

Another model describes computational thinking as composed of the ability to 
think algorithmically in terms of decomposition, generalisations, abstractions and 
evaluation [43].

The models presented have some common aspects but also some differences. 
The description presented originally by Wing is broader and contains all the aspects 
presented later in various models [11]. The step “reformulating or reduction/transfor-
mation” is in relation to “remixing” [42]; “decomposition or thinking recursively” is in 
relation to “modularity” and “algorithmic thinking” [41, 43]; “choosing a representa-
tion” is in relation with “pattern recognition” [41]; and “learning” is in relation with 
“debugging” [41, 42], “productive attitudes against failure” [42] and “evaluation” [43].

Hence, we analyse the description of the different phases of computational think-
ing, starting from Wing’s definition (Table ).

. Method

Four stages that compose a content analysis method have been followed in content 
analysis [44]. These stages are “decontextualisation”, “recontextualisation”, “categori-
sation” and “compilation”. Decontextualisation is the stage in which meaningful units 
are identified. After reading a whole text to understand its meaning, a small part is 
identified and coded. Each researcher wrote a coding list to avoid changing during the 
analysis. The articles were analysed through an inductive approach, identifying the 
keywords that describe the various steps of each term. On the contrary, the practical 
example was analysed deductively, trying to identify the different parts in the tran-
scription used as an example. The decontextualisation process was conducted repeat-
edly to guarantee stability.
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Recontextualisation is necessary to ensure that all aspects of the content have been 
covered. This foresees that the text is read in its whole again, and that all the uncoded 
parts are evaluated with attention to understanding if those can also be coded. If 
those parts are evaluated again, not in relation to the aim of the study, they are then
definitively excluded.

The categorisation process indicates when the codes are condensed and assembled 
into categories and themes. The themes should be chosen to avoid data that fit into 
more than one group or that fall between two themes.

Compilation is the process of choosing the appropriate units for each theme.
As suggested in the content analysis, each stage was performed several times to 

guarantee the quality and trustworthiness of the analysis. To draw realistic conclu-
sions, different authors checked the keywords identified, as well as the connec-
tions amongst them. This is necessary for maintaining the quality of the process, 
assuring both the validity and the reliability of the study and avoiding mistakes or 
biases.

A content analysis of a vignette from an educational setting, including a group of 
children and a teacher playing together with a digital toy, was the basis for developing 
a comparison of the three terms. The play situation was in an early childhood setting, 
with four children aged 4–5 years and their teacher. They were all participants in the 
larger project DiCoTe “Increasing professional digital competence in early childhood 
teacher education with a focus on enriching and supporting children’s play with 
coding toys”, which the present study is a part of. The teacher and the parents of the 
children gave written permission to participate.

A second comparison starts from the results of the previous analysis and discusses 
a possible explanation of those results through the revised Bloom’s taxonomy [45].

Steps in computational thinking Description

Stating of the difficulty of a 

problem.

To understand if the problem can be understood and solved and how 

approximate the solution can be.

Reformulation or reduction/

transformation.

The ability of describing the same problem in a different way (more 

understandable) or to transform the problem into another problem.

Decomposition or thinking 

recursively.

The process of dividing a problem into smaller problems so that they 

can be solved one by one, in sequence. This is connected to what is 

called modularisation.

Choosing of a representation. To choose a representation (a pattern) that can be identified as a model 

for describing a possible solution/procedure.

Generalisation To identify the common elements amongst various patterns or 

problem-solving situations.

Abstraction The process of eliminating information that is not fundamental in 

order to shape a procedure that can be used in another problem-solving 

situation.

Heuristic reasoning The approach of solving a problem through shortcuts, strategies and 

through estimation.

Planning Following the different steps described before for reaching the goal.

Learning A result of applying computational thinking is learning how to solve a 

problem.

Table 3. 
Steps in computational thinking. Ref: Wing [11].



9

Critical Thinking, Problem-Solving and Computational Thinking: Related but Distinct?…
DOI: http://dx.doi.org/10.5772/intechopen.110795

. Results and discussion

Given that the purpose of this study was to highlight any similarities and 
 differences between the terms problem-solving, critical thinking and computational 
thinking in an understandable way, we made two types of comparisons.

As indicated in the methods chapter, the analysis shows a comparison of the three 
terms based on practice, that is, on an example from an educational setting, where a 
group of children and a teacher play together with a digital toy. The use of technol-
ogy is useful for having a greater chance to identify all three terms. The results are 
reported in Table .

The second comparison starts from the results of the previous analysis and dis-
cusses a possible explanation of those results through the revised Bloom’s taxonomy 
[45]. The results are presented in Table .

Example from the field of 

practice

Problem-solving Critical thinking Computational 

thinking

The teacher asks the children to 

remember what they did before 

with the arrows and how the robot 

moved on each arrow.

Getting 

acquainted.

Stating the 

difficulty of a 

problem.

The teacher asks the children to 

explain what they have understood 

in order to check if they know how 

to proceed with the activity.

Working 

for a better 

understanding.

Asking and answering 

questions for clarification.

Defining terms.

Reasoning verbally, 

especially in relation to the 

concepts of likelihood and 

uncertainty.

Reformulating 

or reduction/

transformation.

The teacher invites the child 

to look at each step, trying to 

exemplify how the robot can move 

on each arrow to go through the 

whole path.

Working 

for a better 

understanding.

Decomposition 

or thinking 

recursively.

To solve the problem, the teacher 

invites the children to observe the 

situation and try to understand 

if the present problem is similar 

to some situation previously 

encountered.

Analogy Analysing arguments, 

claims or evidence.

Making inferences using 

inductive or deductive 

reasoning.

Choosing a 

representation.

Having identified some

similarities, the teacher invites the 

children to use the same solution 

previously used, trying not to be 

too focused on the differences and 

observing if something has to be 

modified.

Generalising Generalisation

Abstraction

The teacher then asks the children 

to guess how to build a new path 

based on their experience.

Insight Predicting Heuristic 

reasoning

Then, the children must build a 

new path using the same approach 

previously used.

Analogy Making inferences using 

inductive or deductive 

reasoning.
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Example from the field of 

practice

Problem-solving Critical thinking Computational 

thinking

The children then try out the new 

solution.

Making a decision or solving 

a problem.

The teacher invites the children to 

apply the solution that they have 

learned to a new situation (a new 

starting point and arrival point).

Analogy

Formal proof

The teacher invites the children to 

observe the robot moving on the 

path that they have built.

Analogy

Formal proof

The children are invited to analyse 

the solution they have chosen 

and distinguish relevant from 

irrelevant parts or important from 

unimportant parts.

Dropping a part of 

the condition.

The teacher observes what the 

children have done in building the 

path and challenges them to think 

differently without following some 

unrevealed limitation that they 

have decided.

Specialisation Identifying an assumption.

The robot moves on the path but 

suddenly turns right when it is 

supposed to go forward.

The teacher asks the children 

if they identify some errors, if 

everything is how they thought, or 

if they think that another solution 

could have been better.

Formal proof Judging or evaluating.

Interpreting and explaining.

Learning

The robot moves on the path but 

suddenly turns right when it was 

supposed to go forward.

The teacher invites the children to 

observe each step in the path that 

they have built to see whether they 

can identify any errors. Then, she 

asks if someone can change the 

arrow that seems wrong and asks 

for an explanation of the error.

Formal proof Judging or evaluating.

Interpreting and explaining.

Learning

The teacher invites the children to 

find a new path that starts at the 

same point and arrives in the same 

arrival point but that is shorter.

Solution 

improvement.

Seeing both sides of an 

issue.

The teacher decides on a new 

starting point and arrival point 

and asks the children to explain 

to her the path that they want to

build, planning their strategy.

Planning

The teacher asks the children to 

invent a path and justify their 

choice.

Understanding 

improvement.

Table 4. 
Example from the field of practice analysed through the terms.
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Problem-solving Critical thinking Computational 

thinking

(Anderson & 

Krathwohl, [])

Getting acquainted. Stating the 

difficulty of a 

problem

Recognising

Getting acquainted. Recalling

Working for a better 

understanding.

Asking and answering questions 

for clarification.

Defining terms.

Reasoning verbally, especially in 

relation to concepts of likelihood 

and uncertainty.

Reformulation 

or reduction/

transformation.

Interpreting

Working for a better 

understanding.

Decomposition 

or thinking 

recursively.

Exemplifying

Analogy Analysing arguments, claims or 

evidence.

Making inferences using 

inductive or deductive 

reasoning.

Choosing a 

representation.

Classifying

Generalising Generalisation

Abstraction

Summarising

Insight Predicting Heuristic 

reasoning

Inferring

Analogy Making inferences using 

inductive or deductive 

reasoning.

Comparing

Making a decision or solving a 

problem.

Explaining

Analogy

Formal proof

Executing

Analogy

Formal proof

Implementing

Dropping a part of the

condition.

Differentiating

Organising

Specialisation Identifying an assumption. Attributing

Formal proof Judging or evaluating.

Interpreting and explaining.

Learning Checking

Formal proof Judging or evaluating.

Interpreting and explaining.

Learning Critiquing

Solution improvement. Seeing both sides of an  

issue.

Generating

Planning Planning

Understanding 

improvement.

Producing

Table 5. 
Discussion based on the revised Bloom’s taxonomy. Ref: Anderson and Krathwohl [45].
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. Comparison based on an example from practice

The present vignette is an example of a play situation in an early childhood setting 
with four children aged 4–5 years and their teacher.

The teacher is sitting on the floor in a circle with four children. They have a coding toy 

in the centre of the circle. The coding toy is a robot that can be programmed without 

a screen through tactile arrows that can be puzzled on the floor and on which the 

robot moves. It is not the first time that the group is playing with the coding toy, so 

the teacher asks the children to remember what they did the day before, when they 

observed the movement of the robot on each arrow. To ensure their understanding, the 

teacher asks the children to verbally explain what they have learned, step by step. The 

teacher asks the children to build a path from a decided starting point to an arrival 

point. The children start building the path, and the teacher asks them after each step 

why they are choosing those arrows. A child puts an arrow that is for a “forward” 

movement, but he says verbally that the robot is going to turn. The teacher asks the 

child to reflect on a similar situation that happened the day before to help him see the 

similarity of the two problems and invite him to use the same solution that he used 

the day before. Then, the teacher asks for a verbal explanation of the error and of the 

correcting process. To help them further, the teacher highlights that when they have 

to find a solution, it is wise to try to remember similar problems without focusing too 

much on details. The teacher points out that many solutions are good, but sometimes, 

some solutions are better, maybe because a solution needs fewer arrows or maybe 

because it is faster. The teacher asks them to build a path from the same starting point 

and to the same arrival point, but that is shorter.

The teacher challenges the children to build a new path but asks them to guess what 

they need before building the real path. The children suggest a solution and build it.

The teacher then challenges the children again to use the same building strategy, 

suggesting a new starting point and a new arrival point. Whilst the robot moves on 

the path, the teacher invites the children to observe the robot and asks them if some 

elements could have been different because not every arrow may not be necessary. 

Then, the teacher challenges the children to think differently, going beyond some 

decisions and limitations that were correct but not necessary.

As a last challenge, the teacher asks the children to decide on a new path, define the 

starting point and the arrival point, describe it verbally and justify how they will 

build it.

Each part of the vignette was analysed through the three terms to highlight how 
each step of each term can be visible in a practical situation. The results in Table  
present a clear explanation.

. Comparison based on the revised Bloom’s taxonomy

To understand the results presented in Section 4.1 more clearly, we focus on 
the verbs used in each description to analyse whether they can be put in relation to 
Bloom’s taxonomy in his revised form [45]. When the teacher asked the children to 
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remember and describe what they learned through a verbal explanation, she was 
clearly helping the children to understand the problem [31], to reason verbally [34] 
and to decompose the problem [11]. Looking at the verbs used, we can identify a 
connection with the thinking skills “remember” and “understand” from the revised 
Bloom’s taxonomy (Anderson and Krathwohl, [45]). In the same way, the teacher 
invited the children to think about similar problems and try out similar solutions. 
This can be seen as an invitation to think in analogy [31], making inferences [34] 
and choosing representation [11]. Then, she explained that the solutions could be 
different, that another solution can be better, and that it is important to reflect and 
analyse the situations to identify errors or possible improvements. This can be seen as 
a suggestion for a solution improvement [31], and a process of judgement and evalua-
tion [34] or a learning process [11]. The thinking skills that can be identified here are 
“apply”, “analyse” and “create”.

However, from a more detailed analysis based on the specific verbs used in 
each step of each term and on each thinking skill, important considerations can be 
deduced.

Table  presents a discussion about how computational thinking, problem 
 solving and critical thinking can be related to the educational goals that are relevant for 
the 21st-century skills [1], which are related to higher-order skills (Brookhart, [2]).

In our analysis, we can see that the three terms problem-solving, critical think-
ing and computational thinking have similar elements, but they do not completely 
overlap. For example, the element “identifying assumptions” [34] can be considered 
as a way for “understanding the problem” [31]. However, because of the specificity 
of the definitions, we did not include it in the first line of the table. This can, in our 
opinion, reduce the bias related to our point of view. The same consideration can 
be done for “planning” [11] and the step in problem-solving called “carry out the 
plan” [31].

The description that Polya gives on the step “make a plan: specialisation”, and that 
can be identified through the guiding questions reported in the second part of his 
publication [31], point to a quite creative approach. It is not an approach composed 
only of various steps that are compiled recursively (as in the step “decomposition or 
thinking recursively” [11]) or a heuristic approach, but is connected to the question 
“What can I do with an incomplete idea?” [31]. This means having a plan that may 
not be complete yet, but that can be tried out for developing a different plan when a 
partial answer is acquainted.

Similarly, we were not able to create a relation between the various steps of 
computational thinking and one element that composes the critical thinking defini-
tion. The element “seeing both sides of an issue” [34] implies a broader analysis of a 
situation than the one that is in the step “stating the difficulty of a problem” [11]. This 
is because a path must be chosen to apply a computational thinking approach. This 
means that it should not be possible to change the condition during the process or 
analyse both sides of an issue at the same time.

What can be highlighted is that some skills can be supported simultaneously 
through enhancing children’s problem-solving, critical thinking or computational 
thinking skills. However, some skills can be supported merely by enhancing chil-
dren’s problem-solving (recalling, executing, implementing, differentiating and 
producing), others by merely enhancing children’s critical thinking (explaining) 
and others by merely enhancing children’s computational thinking (exemplifying 
and planning).
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This provides evidence of the importance of supporting all these skills, for exam-
ple, by playing activities in ECEC. The analysis presents the key role of the teacher 
in supporting children’s learning through questions and guidance. What seems to be 
highlighted is that different skills can be supported depending on the type of ques-
tions or guidance that the teacher uses.

. Conclusions

The aim of the present article was to investigate the existing relationship 
amongst three important twenty-first-century skills: problem-solving, critical 
thinking and computational thinking. The results indicate a significant degree of 
congruence between the concepts but also highlight some differences. In particular, 
the analysis shows that all three terms can stimulate skills that can be described 
through Anderson and Krathwohl’s taxonomy [45], but those skills are different 
if problem-solving, critical thinking or computational thinking is enhanced. The 
analysis, based on a correlation amongst a practical example from a play situation 
in an early childhood setting with four children aged 4–5 years and their teacher, 
shows that all three skills can be stimulated. However, the role of the teacher and 
how she stimulates and supports children’s learning seem crucial. The example 
analysis suggests that a teacher’s questions and guidance can lead children to learn 
various skills. This points out the fundamental aspects of a teacher’s knowledge 
and awareness.

Acknowledgements

The present chapter is a part of the project “DiCoTe - Increasing professional 
digital competence in ECTE with focus on enriching and supporting children’s play 
with coding toys”, financed by the National Council of Norway, project number 
NFR-326667.

Conflict of interest

The authors declare no conflicts of interest.



Critical Thinking, Problem-Solving and Computational Thinking: Related but Distinct?…
DOI: http://dx.doi.org/10.5772/intechopen.110795



Author details

Francesca Granone*, Elin Kirsti Lie Reikerås, Enrico Pollarolo and Monika Kamola
University of Stavanger, Stavanger, Norway

*Address all correspondence to: francesca.granone@uis.no

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Teacher Training and Practice

6

References

[1] Ananiadou K, Claro M. 21st 
Century Skills and Competences 
for New Millennium Learners in 
OECD Countries (OECD Education 
Working Papers No. 41). Paris, 
France: OECD Publishing; 2009. 
DOI: 10.1787/218525261154

[2] Brookhart SM. How to Assess Higher-
order Thinking Skills in Your Classroom. 
Alexandria, VA: ASCD; 2010

[3] Collins R. Skills for the 21st century: 
Teaching higher-order thinking. 
Curriculum & Leadership Journal. 
2014;(14). Retrieved from: http://
www.curriculum.edu.au/leader/
teaching_higher_order_thinking,37431.
html

[4] Zaharin NL, Sharif S, Mariappan M. 
Computational thinking: A strategy for 
developing problem solving skills and 
Higher Order Thinking Skills (HOTs). 
International Journal of Academic 
Research in Business and Social Sciences. 
2018;8(10):1265-1278

[5] Soulé H, Warrick T. Defining 21st
century readiness for all students: 
What we know and how to get there. 
Psychology of Aesthetics, Creativity, and 
the Arts. 2015;9(2):178

[6] Chalkiadaki A. A systematic 
literature review of 21st century skills 
and competencies in primary education. 
International Journal of Instruction. 
2018;(3):1-16

[7] Granone F, Reikerås EKL. 
Preschoolers learning by playing with 
technology. In: Education in Childhood. 
London, UK: IntechOpen; 2021

[8] Pollarolo E, Størksen I, Skarstein TH, 
Kucirkova N. Children’s critical thinking 
skills: Perceptions of Norwegian early 

childhood educators. European Early 
Childhood Education Research Journal. 
2022:1-13

[9] Kunnskapsdepartementet. 
Rammeplan for Barnehagen: Forskrift 
om Rammeplan for Barnehagens Innhold 
og Oppgaver. Oslo: Udir; 2017

[10] Regjeringen. Overordnet del–Verdier 
og Prinsipper for Grunnopplæringen. 
Oslo: Utdanningsdirektoratet; 2017

[11] Wing JM. Computational thinking. 
Communications of the ACM. 
2006;9(3):33-35

[12] Wing JM. Computational thinking 
and thinking about computing. 
Philosophical Transactions of the 
Royal Society A: Mathematical, 
Physical and Engineering Sciences. 
1881;008(366):3717-3725

[13] Voskoglou MG, Buckley S. 
Problem solving and computational 
thinking in a learning environment. 
Egyptian Computer Science Journal. 
2012;6(4):28-46. Retrieved from: http://
arxiv. org/abs/1212.0750

[14] Bloom BS, Englehart MD, Furst EJ, 
Hill WH, Krathwohl DR. Taxonomy of 
Educational Objectives: Handbook I. 
Cognitive domain. New York: David 
McKay; 1956

[15] Anderson LW, Krathwohl DR. A 
Taxonomy for Learning, Teaching, 
and Assessing: A Revision of Bloom's 
Taxonomy of Educational Objectives. 
Longman; 2021

[16] Jewitt C. Multimodal methods for 
researching digital technologies. In: The 
SAGE Handbook of Digital Technology 
Research. 2013. pp. 250-265



Critical Thinking, Problem-Solving and Computational Thinking: Related but Distinct?…
DOI: http://dx.doi.org/10.5772/intechopen.110795

7

[17] Rahbarnia F, Hamedian S, 
Radmehr F. A study on the relationship 
between multiple intelligences and 
mathematical problem solving based 
on revised Bloom taxonomy. Journal 
of Interdisciplinary Mathematics. 
2014;7(2):109-134

[18] Bissell AN, Lemons PP. A new method 
for assessing critical thinking in the 
classroom. Bioscience. 2006;6(1):66-72

[19] Golding C. Educating for critical 
thinking: Thought-encouraging 
questions in a community of inquiry. 
Higher Education Research and 
Development. 2011;0(3):357-370

[20] Jouppila K. Supporting the 
Development of Critical Thinking 
in Early Childhood Education. 2021. 
Retrieved from: https://www.google.
com/ url?sa=t&rct=j&q=&esrc=s&sourc
e=web&cd=&ved=2ahUKEwjV5uq62bn
3AhWthv0HHUH6AYMQFnoECAgQAQ
&url=https%3A%2F%2Fwww. theseus.
fi%2Fbitstream%2Fhandle%2F10024%2
F502597%2FCritical%2520Thinking%25
20in%2520Early%2520Childhood.pdf%3
Fsequence%3D2&usg=AOvVaw2RPhZ2c
rskIaBK9Ik80OZO

[21] Davies C, Gibson SP, Hendry A,  
Archer N, McGillion M, Gonzalez- 
Gomez N. Early Childhood Education 
and Care (ECEC) Had Sustained 
Benefits for Young children’s Vocabulary, 
Communication, Problem Solving, and 
Personal-Social Development during 
COVID-19, Particularly for those from 
Socioeconomically Disadvantaged 
Backgrounds. 2022

[22] Bers MU, Strawhacker A, Sullivan A. 
The State of the Field of Computational 
Thinking in Early Childhood Education. 
2022

[23] Stanic G, Kilpatrick J. Historical 
perspectives on problem solving in the 

mathematics curriculum. The Teaching 
and Assessing of Mathematical Problem 
Solving. 1989;Vol. :1-22

[24] Liljedahl P, Cai J. Empirical 
research on problem solving and 
problem posing: A look at the state of 
the art. ZDM Mathematics Education. 
2021;(4):723-735

[25] Simamora RE, Saragih S. Improving 
students' mathematical problem solving 
ability and self-efficacy through guided 
discovery learning in local culture context. 
International Electronic Journal of 
Mathematics Education. 2019;(1):61-72

[26] Yayuk E, Husamah H. The 
difficulties of prospective elementary 
school teachers in item problem solving 
for mathematics: Polya’s steps. Journal for 
the Education of Gifted Young Scientists. 
2020;8(1):361-368

[27] Güner P, Erbay HN. Prospective 
mathematics teachers’ thinking styles 
and problem-solving skills. Thinking 
Skills and Creativity. 2021;0:100827

[28] Lossius MH, Lundhaug T, editors. 
Mathematical problem-solving visualised 
in outdoor activities. In: Mathematics 
Education in the Early Years: Results 
from the POEM4 Conference. 2018. 
pp. 127-141

[29] Brijlall D. Exploring the stages 
of Polya’s problem-solving model 
during collaborative learning: A case 
of fractions. International Journal of 
Educational Sciences. 2015;(3):291-299

[30] Voskoglou MG. Problem solving 
from Polya to nowadays: A review 
and future perspectives. Progress in 
Education. 2011;(4):65-82

[31] Polya G. How to Solve it: A New 
Aspect of Mathematical Method. NJ: 
Princeton University Press; 1971



Teacher Training and Practice

8

[32] Schoenfeld AH. Teaching problem-
solving skills. The American Mathematical 
Monthly. 1980;87(10):794-805

[33] Carlson MP, Bloom I. The cyclic 
nature of problem solving: An emergent 
multidimensional problem-solving 
framework. Educational Studies in 
Mathematics. 2005;8:45-75

[34] Lai ER. Critical thinking: A literature 
review. Pearson's Research Reports. 
2011;6(1):40-41

[35] Mayer RE, Wittrock MC. Problem 
solving. In: Handbook of Educational 
Psychology. 2006. pp. 287-303

[36] Association AP. Critical thinking: 
A statement of expert consensus for 
purposes of educational assessment 
and instruction. ERIC document ED. 
1990;:423

[37] Sternberg RJ. Critical thinking: Its 
nature, measurement, and improvement. 
In: Link FR, editor. Essays on the 
Intellect. Alexandria, VA: Association for 
supervision and curriculum development 
1985. pp. 45-65

[38] Lewis A, Smith D. Defining higher 
order thinking. Theory Into Practice. 
1993;(3):131-137

[39] Willingham DT. Critical thinking: 
Why is it so hard to teach? Arts Education 
Policy Review. 2008;09(4):21-32

[40] Forehand M. Bloom's taxonomy: 
Original and revised. In: Emerging 
Perspectives on Learning, Teaching, and 
Technology. Vol. 8. 2005. pp. 41-44

[41] Angeli C, Voogt J, Fluck A, Webb M, 
Cox M, Malyn-Smith J, et al. A K-6 
computational thinking curriculum 
framework: Implications for teacher 
knowledge. Journal of Educational 
Technology & Society. 2016;9(3):47-57

[42] Bers MU, Flannery L, Kazakoff ER, 
Sullivan A. Computational thinking 
and tinkering: Exploration of an 
early childhood robotics curriculum. 
Computers & Education. 2014;7:145-157

[43] Selby C, Woollard J. Computational 
Thinking: The Developing Definition. 
2013. pp. 74-77

[44] Bengtsson M. How to plan and 
perform a qualitative study using content 
analysis. NursingPlus Open. 2016;:8-14

[45] Krathwohl DR, Anderson LW, 
Merlin C. Wittrock and the revision 
of Bloom's taxonomy. Educational 
Psychologist. 2010;(1):64-65


