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Module II “The Use of Mobile Apps to Promote Pupils’ Critical Thinking and 
Creativity during Math Lessons” 
 

The aim: to develop teachers' didactic and digital competencies in order to increase engagement and 

motivation of pupils to learn math and other integrated STEAM subjects using mobile apps. 

The objectives: 

1. present the importance of developing of pupils' critical thinking and creativity in math learning; 

2. review the possibilities and necessity of integration math with other STEAM subjects; 

3. provide teacher with practical instructions how to operate "E-toolbox for developing of critical 

thinking and creativity" using mobile applications 

 

Theoretical part 

The World Economics Forum report “New Vision for Education” (2015) defines a set of 16 key 

competences necessary for the 21st century education. These include literacy, numeracy, scientific 

literacy, ICT literacy, financial literacy, cultural and civic literacy. The package also includes four key 

competences: critical thinking, creativity, cooperation and collaboration, which are necessary for solving 

complex life problems. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 21st-Century Skills  
(New Vision for Education: Unlocking the Potential of Technology, 2015, p. 5) 

 

The development of the above mentioned skills and competences outlines the direction for the modern 

21st century schools: preparing pupils for the future jobs that have not yet been created, technologies that 

have not yet been invented, and to solve unresolved problems in a rapidly changing world. To meet these 

challenges and overcome uncertainty the school should be responsible for shaping the pupils’ personality 

in arising their curiosity, initiative and flexibility, social and cultural awareness. 
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This module will cover only two competences- critical thinking and creativity, their impact on learning 

mathematics and the development of these skills using mobile applications in the 5-6 grade pupils’ 

teaching process. 

Firstly, it is important to find out whether mathematics can really contribute to pupils’ critical thinking 

and creativity and if that contribution can influence better learning outcomes? Secondly, can mathematics 

as a subject itself be creative? In order to answer these questions, the essence of the concepts "creativity" 

and "critical thinking" has to be understood. 

Despite many researches being done in critical thinking and development of creativity, we can‘t find the 

only definition of these concepts, because philosophers, psychologists, sociologists, educologists define 

them relying on different philosophical attitudes and methodologies.  

Creativity is assigned as a divergent type of thinking (separation, diversity, more choices), and critical 

thinking is a convergent type of thinking (a merger that requires precision, specificity, knowledge, correct 

decision). However, critical thinking and creativity are both equally necessary in the teaching process. No 

matter how paradoxical it may seem, math not only helps to think critically, but also allows realizing 

ideas, because it focuses on solving problematical questions and finding the connection. Creative and 

critical thinking is linked by their complexity, by being able to look at phenomena and problems in a 

diverse way, and finding more than one solution to the problem. At school level the approach to problem 

solving is a key link to the connection of creativity and critical thinking.  

Critical thinking is the process for justified decisions to be made. Having assessed the definitions of 

critical thinking formulated by various scientists, this type of thinking can be identified as a complex 

intellectual activity, which includes the formulation, reformulation, evaluation and sensitivity of problems 

(Maričić, 2009: 485; Maričić, 2011a from Maričića, Špijunovićb, 2015) according to Bloom's exact 

taxonomy, memorization and understanding is not critical thinking. This is just a necessary prior activity 

of critical thinking. Pupils need to learn a number of things in order to be able to think critically. Critical 

thinking begins when new ideas are perceived and the problems are checked and adapted. This type of 

thinking is a very important cognitive tool in mathematics and science and contributes to the quality of 

the teaching/learning these subjects. Therefore, it must be developed constantly: both at school and during 

after school activities. Critical thinking helps to transfer passive teaching based on memorizing facts, to 

meaningful and targeted learning. Investing in pupils' critical thinking education pays off in two ways: 

pupils learn to think and think how to learn mathematics. The academic literature distinguishes three steps 

in introducing critical thinking into teaching/learning process: stimulation, perception and reflection. At 

the first stimulation step pupils are encouraged to remember what they already know about the task. At 

the stage of perception, pupils consciously perceive new information by reading text, listening to lecture, 

or performing tasks, comparing the new information with the available. The reflection focuses on what 

had happened in the first steps and how had their perception changed. “Critically thinking” pupils: 

 develop deeper involvement and perception skills. Research shows that no matter how hard a 

teacher tries, he cannot think for his pupils. However, he can create conditions that encourage 

students to “turn on” their thinking and become actively involved in learning mathematics. Pupils 
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are able to choose strategies to make it easier to perform certain actions, to solve problems based 

on arguments why they have chosen one or another solution, as well as to “find” and use 

mathematics in real life situations; 

  strengthen autonomy and self-regulation. The teacher can offer pupils to use various thinking 

tools (thinking maps, De Bono thinking hats, etc.) as well as attractive, innovative learning tools, 

thus promoting their independent learning and self-reflection. 

Current standards in mathematics education require for more emphasis on problem solving, reasoning, 

representation, and communication. Each of these processes (or "mathematical practice") is reinforced by 

pupils’ critical thinking (Critical thinking in elementary mathematics: What? Why? When? and How?, 

2013). 

Researches show that pupils’ critical thinking skills can be developed if the right positive educational 

environment is created. The environment in which the teacher is not dominating in teaching /learning 

process, but is a facilitator of active pupils’ actions, promoting collaboration between teacher – learner 

and learner-learner (Swartz and Parks, 1994; Rajendran, 2010; Mason, Burton and Stacey, 2010, 

Henningsen & Stein, 1997 from Firdaus, Kailani, Bin Bakar, Bakry, 2015). 

Appropriate and attractive educational environment arouses the pupils’ curiosity and encourages them to 

find the right solution to the problem with the right mathematical justification. Therefore, when planning 

a lesson and assigning mathematical tasks, the teacher must take into account that they should be 

“friendly to the learner” and close to his / her environment, interests, needs, abilities. The topics, such as 

travelling, festivals, nature, safe environment, sport, adventures, relationship with friends etc. could 

arouse the pupils’ curiosity. Developing pupils’ critical thinking tasks should be applicable in everyday 

life. Critical thinking will be difficult to learn if it is separated from the daily life. For example, when a 

pupil completes a task with an equation, the teacher might ask: what does the equation mean? Where in 

real life can you meet a phenomenon that you could describe using quadratic equation?  

The concept of creativity is usually associated with art and literature, defined as the ability to discover 

new or original solutions by transferring existing knowledge to new situations.  

But nowadays, the discovery of meaningful science is also seen as a creative action. The only difference 

is that creativity in art and literature is understood as the creation of a new work and in mathematics and 

natural sciences, a creative idea is seen not only in novelty, but also in its usefulness to society. Creative 

mathematics consists of experimentation, construction, proofs, sequences, games, application/adaptation, 

analysis/ systematization, justification, statement, analogies and comparison. Researchers distinguish two 

levels of creativity in mathematics: professional and school.  

Laycock (1970) described mathematical creativity as an ability to analyze a given problem from different 

perspective, see patterns, differences and similarities, generate multiple ideas and choose a proper method 

to deal with unfamiliar mathematical situations (Nadjafikhaha, Yaftianb, Bakhshalizadeh, 2012, p.286). 

Ervynck (1991) considers that creativity is “solving an old problem in a new way as an example of 

creative mathematical activity and exemplifies solutions of a word problem of the real life at three various 

levels of mathematical creativity. At the first two levels, solutions to the problem are usual and 
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predictable, whereas at the third level, one is utilizing a much more sophisticated approach for solving the 

problem based on experience, intuition, perception, insight and several plausible guesses embedded in the 

intrinsic structure of the problem. At this level, some known information in the problem may not be used 

by one, but many plausible and reasonable assumptions embedded implicitly in the problem are 

considered, which could lead to an unusual and novel method at a high level of mathematical creativity”. 

It is an “eureka” moment of surprise and reassurance when a specific creative solution is found. Albert 

Einstein stated that “it is not difficult to find a solution to the problem, but it is more difficult to find a 

simple and clear solution to a problem”. Creativity and problem-solving are not necessarily perceived as 

identical, because not all problems require a creative solution or original thinking. In order these 

processes take place, pupils should work with real problematic situations that encourage them to explore 

and interpret. In addition, it is very important that pupils are given the opportunity to create their own 

problems for solving. By being engaged in such activities, pupils would "mathematize" their own world. 

A creative pupil is a pupil who wants to answer the questions “Why?” and “How?” 

Academics agree that the development of creativity as well as critical thinking depends on the teaching 

environment and the teacher’s ability to create that environment. A number of studies show that teachers, 

especially the older generation, teach pupils the way they were taught at school: without fostering 

creativity in math lessons (Shriki, 2010). Traditional teaching methods can influence pupils' reluctance or 

even fear to learn mathematics. Modern information technologies, developed mobile applications with 

gamification, racing, and teamwork aspects are very attractive to pupils. These tools not only empower to 

differentiate and personalize teaching math but also help to better consolidate the knowledge and apply it 

to other tasks. Teachers using interactive teaching tools can avoid repeating standard procedures. In this 

way pupils will get the opportunity independently and creatively construct mathematical concepts and 

ideas, reflect on them and their connections, and look for new ideas to solve the problem, based on their 

experience and acquired knowledge. Mathematics teachers need to design teaching in a way that 

encourages pupils research, make assumptions and hypotheses, analyze, deny, apply strategies, make 

plans, justify their conclusions, and reflect on them. “The essence of mathematics is not only giving 

correct answers, but it also includes creative thinking” (Ginsburg, 1996, p. 185). In this way, teachers 

should not only emphasize the promptness and accuracy of problem-solving procedures, but try to create 

a safe environment for pupils to go beyond the knowledge and think independently. The teacher has to 

fulfill his mission – lead pupils to discoveries. And learners, especially those with lower levels of 

achievement in math, need to be encouraged to learn, discover, take risks, make mistakes and find ways 

to solve a task or a problem more easily.  

Research by Cambridge University Professor J. Rudduck shows that teachers creating a supportive 

environment for creativity and critical thinking should take into account pupils' "desires" out of three 

"three" R's and three "C's" : 

• responsibility for learning; 

• respect – pupils want to be heard, their point of view on learning to be respected, and their 

suggestions taken into account; 
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• real things –they want to explore real things, those that have not been studied before, those that 

have real value in life; 

• choice – they want to choose what, when and how to study; they want to be involved in selecting 

tasks and foreseeing the problems to be solved. They also want to know what they have to do, 

what the evaluation criteria will be and, once that has been clarified, they want to start doing the 

tasks independently without monitoring; 

• challenge – they want to try things that are quite difficult and have the satisfaction of making real 

progress; 

• collaboration – they want to act, think, overcome difficulties, and learn together (Claxton, 2011, 

p. 94). 

In order to consolidate pupils’ knowledge and encourage them to use it creatively in other situations, it is 

appropriate to offer them as many challenges as possible on the given topic. A wider choice of tasks and 

their increasing level of complexity will give pupils a greater opportunity to look for the right solutions, 

get a tangible result and experience learning success more often, feeling the joy of discovery - "eureka". 

Pupils’ creativity and curiosity can be aroused by such math tasks, which are closely connected with real 

life situations. And this should be integrated with other subjects, as mathematics is an integral part of 

them. Mathematics is important in solving not only daily life problems, but also such as climate change, 

use of energy resources, digitization. Therefore, there is a necessity for a math teacher to plan and teach 

this subject flexibly, integrating with other STEAM subjects. STEAM education is an integral 

development of pupils' abilities in science, focusing on the complex cognition of real phenomena, 

application and problem solving in the context of mathematics, technology and engineering.  

STEAM education emphasizes creativity and critical thinking as an interdisciplinary approach, rationally 

combining it with other subjects. It is emphasized that content of mathematical education is closely 

related to objective scientific facts, laws and theories as well as to achievements of art and technology. 

The peculiarities of pupils' age, psychological and physical development based on optimal cognitive 

strategies must be taken into account too. Integrated teaching provides pupils with a much wider 

opportunity to get to know the world as an indivisible whole, to look at problems and their solutions more 

critically and creatively. 

To sum up, the theoretical part shows that mathematics is a subject which motivates pupils’ creativity and 

critical thinking and these two types of thinking can contribute to their motivation, improved inclusion 

and better learning outcomes. Mathematics can be attractive and interesting if the teacher, paying 

attention to students’ age group and their abilities, is able to create a suitable educational and teaching 

environment using innovative and interactive learning tools. For pupils in grades 5-6 curiosity is obvious 

and they are searching for new discoveries themselves. That‘s why teachers should look for the tasks 

from real and familiar life situations. This will capture pupils’ attention; raise their motivation to find 

creative and justified solutions. And this is really effective through STEAM subject integration, which 

makes learning clear, realistic and inclusive.  

  



6 
 
 

 
The European Commission’s support for the production of this publication does not constitute an endorsement of 
the contents, which reflect the views only of the authors, and the Commission cannot be held responsible for any use 
which may be made of the information contained therein. 

Practical part  

In today's modern and changing world, traditional teaching is moving towards integrated, open, 

innovative technology and problem based learning. Pupils tend to rely on their own experience analyzing 

problems affecting people’s lives and they transfer knowledge from one subject to another. They are also 

motivated to look for new ideas, evidence, and interpret various situations more critically and creatively. 

There is a noticeable and growing independence of learners in choosing teaching materials and tools. 

Smart devices have already become an integral part of pupils' daily life. They use them for learning, 

socializing, entertainment, games. Children are at their fingertips to get to know the world and get any 

information at any time or place. Mobile apps for smartphones or tablets help them concentrate, 

encourage them looking for more complex solutions, consolidate their knowledge and deepen their 

understanding of the essence of the task. Mobile apps can help pupils solve problems in a short time, 

without much effort enabling them to play, correct and be active in the learning process at the same time 

(Drigas, Pappas, 2015). The intellectual output “E-Toolkit for Developing Pupils’ Creativity and Critical 

Thinking” developed by the Erasmus+“ Smart Math Teacher“ (SMART-MT) project will help teachers 

not only to develop pupils’ critical thinking and creativity in mathematics, but also to integrate subjects, 

personalizing math tasks according to the individual abilities, needs, and interests. Teachers, using the 

mobile application‘s created program developed during the SMART-MT project (more 

https://smart.erasmus.site), can independently or together with learners prepare tasks relevant not only to 

the field of mathematics, but to intellectual and social context of learners as well. Exercises could also 

include maps and various concepts of STEAM subjects that would encourage pupils to search for the 

meaning themselves, e.g. “Bodies of spatial geometry of Plato, Archimedes, Sierpinski triangle“, etc. 

The project SMART-MT has produced "E-Toolbox for developing pupils' critical thinking and 

creativity" consisting of two structural parts: E-directory and a new created app Eureka. The aim of this 

intellectual output – to strengthen the capacity of math teachers to develop pupils’ critical thinking and 

creativity through integration of innovative mobile apps based exercises into teaching process.  

The E-directory presents a collection of existing mobile apps tailored to be used both inside and outside 

the classroom to enhance pupils’ critical thinking and creativity through integration the math with other 

STEAM subjects. The mobile apps will help differentiate and personalize the educational process 

according to pupils’ abilities and interests. The STEAM mobile apps will enable teachers to make the 

traditional lesson more attractive by integrating innovative, pupils’ friendly and playful learning tools. 

How to use the E-directory? 

To start using e-directory of existing mobile apps to develop pupils’ critical thinking and creativity, the 

teachers need to visit the webpage: https://smart.erasmus.site/e-toolbox-pupils/# 

https://smart.erasmus.site),
https://smart.erasmus.site/e-toolbox-pupils/#
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The next step will be to run E-Directory (marked with a black rectangle). The teachers will be taken to the 

page where the selected applications are located. 

 

Here they will find applications divided into 5 categories. Teachers are free to choose the mobile app 

which suits the teaching/learning needs best according to the integrated subject in focus: 

 Science (Biology, Chemistry, Physics) 

 Technology 

 Engineering 

 Art 

 Varied (mixed) 
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All mobile apps include a short description of the content, purposes of using the app in math according to 

the Bloom’s taxonomy (provide knowledge, comprehend knowledge, apply knowledge in new or familiar 

situations), also by the cognitive abilities which pupils need to strengthen (for example, “to be able to 

draw a proper geometrical figure (e.g, to draw a right-angle triangle with legs of 3 cm and 4 cm); to be 

able to write, present, explain the task solution). The teacher will find out which STEAM subject is 

integrated with math.  Besides, teacher can learn on which operating system she/he can run the 

application, whether it is paid or not, or in which languages it is available. These features are shown in the 

picture below. 

 

Below are described and presented some examples of applications available in e-directory of existing 

mobile apps to develop pupils’ critical thinking and creativity. 

 Brain it on! 

Description. In this App, the user has to draw different shapes in order to solve challenging physics 

puzzles. There is no unique solution to the puzzles! Each user can come up with a different solution, 

based on their creative way of thinking. There is, also, the opportunity to compete online with other users 

and share and compare the solutions. 

Operating system: 

 Android: https://smart.erasmus.site/e-directory-2/ 

 iOS: https://apps.apple.com/us/app/brain-it-on/id985367692 

Source: https://play.google.com/store/apps/details?id=com.orbital.brainiton&hl=en 

 

 

 

https://smart.erasmus.site/e-directory-2/
https://apps.apple.com/us/app/brain-it-on/id985367692
https://play.google.com/store/apps/details?id=com.orbital.brainiton&hl=en


9 
 
 

 
The European Commission’s support for the production of this publication does not constitute an endorsement of 
the contents, which reflect the views only of the authors, and the Commission cannot be held responsible for any use 
which may be made of the information contained therein. 

Instruction. To start working with the application you must first download it to your smartphone (or 

other device you are using). Then run it and click on the "play" button. You will be shown a map of 

possible levels to start. To unlock more, you have to solve riddles. The game award you with stars 

depending on how you solve the task (number of moves performed in the game, time). Premium (paid) 

game allows you to create your own riddles. This can allow both pupils and teachers to use their potential 

to create challenges. 

Use of applications in class. The game provides a lot of entertainment and allows users to use their 

creative potential. It is worth using it to practice creativity and critical thinking. The application works 

very well as a tool to present how creative thinking allows solving problems that seem to be unsolvable at 

first sight.  

Skills 

 

  

 

  

Creativity: The application develops creative thinking skills, thanks to the 

necessity to think outside the box in order to solve the riddles 

Critical thinking: Each level requires players to use their knowledge (for 

example: physics), to solve problems contained in the application 

Integration of Math and other STEAM subjects: Science (Physics), 

Engineering, Art 
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Bridge Construction Simulator 

Description. During the game, the users can show his engineering skills – build a bridge to withstand the  

vehicle and not fall down. There is an opportunity to build increasingly complex bridges. This app 

requires logic. Graphics are a pretty realistic, attractive environment. 

Operating system:  

 Android: https://play.google.com/store/apps/details?id=pl.aidemmedia.RealisticBridge 
 

 

 

 

 

 

 

Instruction. To start working with the application you must first download it to your smartphone (or 

other device you are using). The application in the free version allows you to play only on the level – 

normal.  The game starts with the presentation of instructions how to build bridges. The guidance system 

helps in case of difficulties during level transition. 

Use of applications in class. This mobile game is fun and is a great combination of learning, creative 

thinking and entertainment. The game can arouse pupils' interest in engineering. Due to its features, the 

game can be used rather as a form of fun, so it can be a good example in the process of presenting mobile 

applications for self-study to pupils. Since it is a great fun to play with, it can convince pupils to take the 

first step towards m-learning.  

Skills 

 

 

 

Creativity: The application allows users to use their creativity when building 

customized and innovative bridges 

Critical thinking: Each of the subsequent levels requires players to use their 

knowledge to solve problems contained in the application. That's why the game is 

good training for problem-solving thinking 

Integration of Math and other STEAM subjects: Engineering 

https://play.google.com/store/apps/details?id=pl.aidemmedia.RealisticBridge
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A new developed „The Eureka App” – Joy of Discovery! 

The Eureka APP 

Description. The Eureka APP is a part of the SMART-MT mobile application, which includes also Math 

APP that focuses on developing mathematical skills. The Eureka App is devised for pupils aged 10-13, 

who are in elementary/basic school (grades 5-6). The Eureka App is easy to use, playful and practical, 

with some gamification elements. 

The aim of „The Eureka App” is to promote pupils’ creative and critical thinking in Mathematics 

through integration with other STEAM subjects - Science, Technologies, Engineering, and Art. The 

Eureka App is based on the concept that math should not be taught separately but rather through 

integration with STEAM. Through building new knowledge of relationships and making connections 

among different subjects, pupils develop a greater understanding in math and improve their critical 

thinking and creativity which enables them to effectively apply the accumulated knowledge in the real-

world situations. Eureka App contains 25 mathematical exercises based on pupil’s real life situations: the 

trip by boat, climbing to Kilimanjaro mountains, an environmental pollution, meetings with nature, birds, 

animals, birthday dinner, trip to Dracula’s castle, sport and health, shopping, painting and etc. 

Instruction. To start working with the application teacher must first download it to his/her smartphone 

(or other device you are using).  

Link: https://play.google.com/store/apps/details?id=com.vizuali.smart&hl=en&ah=1_kEtv-

q0tI_drb3Ci3Pf9O0JZg.  

All of the exercises and the instructions of how to use the app are available in 6 European languages: 

English, Greek, Latvian, Lithuanian, Polish and Romanian.  

After starting the application will appear panel where user can choose between Math APP  and Eureka 

APP   

 

 

 

 

 

 

 

 

 

 

 

 

https://play.google.com/store/apps/details?id=com.vizuali.smart&hl=en&ah=1_kEtv-
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In the introductory part of “Eureka” teachers and pupils will find “E-Guide how to use SMART 

application Eureka” .When teachers or pupils choose Eureka app; they will see a list of 25 exercises they 

can do. There is no need to solve tasks in succession; the name of the task or the picture next to it will 

help users to choose the right topic. The application allows them to enter values and make calculations. In 

case the pupils don't know how to solve the task, they can always get help by clicking on question mark 

icon.  

Examples of exercises: Temperature Changes in the Mountains 

  

Example of a task (left) and its solution (right) 

As we can see, this is a task that involves pupils because they can relate to a possible real situation. The 

aim of the task is to answer 3 questions: 

- How many km are in 4000 m?  

- How many degrees does the temperature drop in the height of 4000 m? 

- How many degrees will be in the height of 4000 m? 

The solution to the task is marked by winning an award in the form of a star for each well completed 

field. 
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The exercise: Sports and Energy 

 

Example of a task (left) and its solution (right) 

This example refers to exercise and calorie burning. The pupil's task is to calculate how many calories 

they will burn by doing various exercises. As we can see in both cases, at the bottom there is a numeric 

keypad for entering solutions. It is worth noting the 3 icons above: the first one is used to view the result 

if we are not able to solve the task (for the icon to activate you need to make a mistake 3 times in the 

calculation); the next one allows us to re-enter the value; the last one is used to confirm the answer. 

Use of applications in class. Eureka app is an excellent example of an application that can be used to 

teach mathematics to pupils (especially, to low-achievers from 5-6 grade, aged 10 -13) through 

integration with other STEAM subjects. The Eureka thematic variety of the exercises with different tasks 

(calculate the length or height, the expenditure for birthday dinner or making cookies, the speed of river, 

the pulse of heart) will help teacher by personalized learning in order to support each learner according to 

his/her abilities, interests and learning possibilities. Thanks to its versatility, pupils will be able to repeat 

tasks many times and experience success. This success is the best motivator for pupils by learning of 

math.   
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Skills 

 

 

 

 

 

 

  

Creativity: A variety of Eureka App exercises allows pupils to look at the issues 

raised in a complex way, from different teaching subjects’ positions, and 

encourages them to look for differences and similarities. The increasing level of 

exercises gives pupils a greater opportunity to look for the right solutions. The 

three attempts to find the easiest way to find a solution to foster the skills of the 

comprehension, application skills and creativity. 

Critical thinking: The Eureka App supports the process of critical thinking, 

requiring the student to be able to analyze data correctly. By performing various 

mathematical exercises, pupils solve real-life problems related to nature pollution, 

human responsibility for well-functioning activities, clean environment and their 

own health and values. By solving tasks, pupils to reflect on the relevance of the 

problem, draw conclusions and argue why they chose this particular path of 

solution. 

Integration of Math and other STEAM subjects: Science (Bio logy, Chemistry, 

Physics), Technology, Engineering 
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