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Abstract  
Recent years' research has highlighted the benefits of using AR (Augmented Reality) applications in 
teaching and learning of different school subjects. In our contribution we want to point out to the 
possibilities of using AR in teaching and learning mathematics. We conducted research on the use of 
AR applications for smartphones which are used to measure length, circumference and area. We 
proceeded from the principles of constructionist teaching / learning and STEAM education principles. 
STEAM is an educational approach to learning that uses Science, Technology, Engineering and 
Mathematics to access points for guiding student inquiry, dialogue, and critical thinking. The study is 
also based on the European Framework of Key Competencies, which, among others, are the key 
competencies needed, as well as the core competencies in science and technology, digital 
competence and learning how to learn. One of the main tasks of school mathematics is to create a 
connection between school mathematics and the real world, by transforming different real-life 
situations from the mathematical point of view and creating mathematical models. Connecting 
mathematics to real life is one of the reasons students learn to estimate in mathematics. We focused 
on the possibilities of using available AR applications in order to develop the learners’ ability to 
estimate measurable quantities (length, area, volume, angle, etc.). The research was conducted with 
the participation of pre-service teachers (students of teaching) at The Comenius University in 
Bratislava (Slovakia) and the University in Ostrava (Czech Republic). The research design is a 
quantitative (questionnaire). Via the questionnaire, we researched the views and attitudes of students 
on this kind of teaching. 
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1 INTRODUCTION  
One of the main tasks of school mathematics is to create the connection between school mathematics 
and the real world by viewing different real situations from a mathematical perspective and creating 
mathematical models. In real life we rarely need a precise calculation, most of the time an estimation 
is enough. Linking school mathematics to real life situations is one of the reasons for teaching 
students to estimate in mathematics. The State Education program for "Mathematics and the work 
with information" (ISCED2 and ISCED3) contains many references about "estimation". In the 
educational standard of the aforementioned document is stated that students should be able to 
estimate the length, surface and volume of solids, estimate the size of an angle, characterize 
something based on an estimation (even in circular diagrams), estimate the result of mathematical 
operations and estimate the result based on graphical presentation (tables, diagrams). Teachers have 
to achieve their goal with few available materials and their lack of time causes that mathematical tasks 
for estimation are mostly ignored. Nowadays students live in a digital world and digital technologies 
are getting more common even in schools therefore e-tests should be designed to develop the 
competencies of estimation in students. 

2 TYPES OF ESTIMATION TASKS 
Tasks in the teaching of mathematics designed to develop the students’ competence in estimation are 
divided into several groups. Concerning the purpose, we can divide tasks to obtaining a particular 
knowledge (estimations of extent, count) and to tasks where using logical thinking the student 
estimates correctly. 

Estimation tasks according to Samkova [1] could be divided to: 

- Numerosity estimates, which can be divided also to: 
o 1-dimensional (estimation of the number of beads on a string) 
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o 2-dimensional (estimation of the number of people in a square, the number of cars in the 
parking lot) 

o 3-dimensional (the estimated number of candies in a jar, the number of bricks on a pallet) 
o computational estimates 

- measurement estimates which can be also divided to: 
o 1-dimensional (estimation of length, distance, height, size, time) 
o 2-dimensional (estimation of content, surface, angle size) 
o 3-dimensional (estimation of volume, mass). 

In terms of integration tasks into themes we can divide estimation tasks to: 

- Numbers and variables 
- Relations, functions, tables, charts, 
- Geometry and measurements 
- Combinatorics, probability, statistics. 

According to Eszter Herendiné-Kónya: "The estimation capabilities are not only essential in our daily 
lives but are also a great help in solving mathematical problems, because knowing the approximate 
value makes the verification process easier [2]. 

The four dimensions of understanding the concept of area measurement: 

• Skill-algorithm understanding is choosing an appropriate algorithm to calculate the area 
depending on the plane figure and the given sizes.  

• Property-proof understanding includes derivations of the basic formulas for the areas of 
triangles and other polygons, relations between area and perimeter of the same figure etc. 

• Use-application understanding includes area measurement in everyday life, applications in 
complex problems etc. 

• Representation-metaphor understanding includes area measurement with congruent tiles, 
cutting and rearranging polygons, area representation with an array of dots etc [3]. 

Levine in [14] and Herendine-Konya in [2,3] are dedicated to the issue of the estimation skills in school 
mathematics. Corresponding applied research can be seen in [4]-[22]. 

3 AUGMENTED REALITY APPLICATIONS AND ESTIMATION ABILITY 
Measuring tools hidden in AR applications have also become very popular recently. They enable to 
measure the length, area, volume, angle, and so on. These applications are very useful also in the 
lessons of mathematics and physics. Developers declare that the accuracy of the measurement is not 
yet perfect but they continue working on increasing the accuracy of measurements. 

  
Figure 1 – ARuler – AR Ruler app, 

https://play.google.com/store/apps/details?id=com.grymala.aruler&hl=sk 
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The application has the following tools:  

- Ruler – measurement of linear dimensions in cm, m, mm, inches, feet, yards 
- Distance –  from the camera of a device to a fixed point in real surroundings 
- Protractor – measures angles in real surroundings 
- Area and Perimeter – calculates the area and perimeter of polygons (after vertexes have been 

marked) automatically  
- Volume – enables to measure the size of 3D objects using a designated base  
- Route – calculates the length of a trajectory 
- Height – measures the height with respect to a detected surface 
- Layout – creates the layout of a marked object and exports it into the PDF format 

 
Figure 2 – Prime Ruler https://play.google.com/store/apps/details?id=com.grymala.photoruler 

This application differs just a little from the previous one. It is primarily intended to measure small 
dimensions, such as lengths in photos, pictures and small objects. 

4 RESEARCH AND ITS STATISTICAL ANALYSIS 
Students worked in groups for one lesson. They had the task of estimating the dimensions (height, 
length, etc.) of the various objects in their surroundings. Then the necessary data was measured by 
application with AR. The students in the groups compared the estimated and the measured values 
and discussed. 

In the frame of the realized online questionnaire method, answers from university students when using 
their mobile devices with AR application were identified. The questionnaire was located on websites: 

https://forms.gle/5m7UqEvBusy8tMkN7 

As key research questions, following assumptions were declared: 

„Do students use mobile devices for learning and AR applications? 

What are the views of students on using AR applications to develop estimation skills? What do 
students think about using ARuler to teach mathematics at primary schools? What are the opinions of 
students on that ARuer can develop the spatial imagination, motivation and cooperation of children in 
primary schools? Is there a difference in the purpose of using the tools for students from the Czech 
Republic and Slovakia? Do students say their teachers are encouraging the use of mobiles and AR 
applications in the classroom?” 

For purposes of assumed analysis of applied mobile technologies in university math education, the 
quantitative research methods were applied on collected data from 185 respondents from the Czech 
Republic and Slovakia. According to the research aims, following hypotheses were declared, as can 
be seen in Table 1. Statistical rules were applied with regards to procedures [23]-[24]. 

 
Definition of Statistical Hypotheses 
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Hypothesis 1:    

1H0: "There are not statistical significant important dependences between approaches to using the 
augmented-reality applications generally in education at elementary school and the country of 
respondents.” 

1H1: "There are statistical significant important dependences between approaches to using the 
augmented-reality applications generally in education at elementary school and the country of 
respondents.” 

Hypothesis 2:    

2H0: "There are not statistical significant important dependences between approaches to using the 
augmented-reality applications in math education and the country of respondents.” 

2H1: "There are statistical significant important dependences between approaches to using the 
augmented-reality applications in math education and the country of respondents.” 

Hypothesis 3:    

3H0: "There are not statistical significant important dependences between approaches to using the 
augmented-reality applications in math education and the graduated type of school of respondents.” 

3H1: "There are statistical significant important dependences between approaches to using the 
augmented-reality applications in math education and the graduated type of school of respondents.” 

Hypothesis 4: 

4H0: "There are not statistical significant important dependences between the frequency of using the 
mobile technologies generally in education and type of generally used device.” 

4H1: "There are statistical significant important dependences between the frequency of using the 
mobile technologies generally in education and type of generally used device.” 

Hypothesis 5: 

5H0: "There are not statistical significant important dependences between the frequency of using the 
mobile technologies in math education and type of generally used device.” 

5H1: "There are statistical significant important dependences between the frequency of using the 
mobile technologies in math education and type of generally used device.” 

Table 1 – Results of Testing Statistical Hypotheses 

Hypotheses Results of Testing Hypotheses Conclusion of Testing Hypotheses 

1H 
p>0.05 

Mann-Whitney Test 
Zero hypothesis 1H0 is failed to reject. 

2H 
p>0.05 

Mann-Whitney Test 
Zero hypothesis 2H0 is failed to reject. 

3H 
p<0.05 

Kruskal-Wallis test 
Zero hypothesis 3H0 is rejected in favour of 3H1. 

4H 
p<0.05 

Kruskal-Wallis test 
Zero hypothesis 4H0 is rejected in favour of 4H1. 

5H 
p>0.05 

Kruskal-Wallis test 
Zero hypothesis 5H0 is failed to reject. 

5 CONCLUSIONS 
Various properties of analyzed questionnaire data were proved using the quantitative research. All 
assumed hypotheses were tested on the significance level 0.05.  

Currently, schools have various mobile technologies that should be used mainly to support the 
education of children, these technologies should serve as a source of motivation or a learning tool with 
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an intended educational goal, so that interaction between teachers and children lead to a certain 
change in the learner (see also in [15], [15]). According to students' opinions mobile technologies with 
AR applications develop communication and collaboration, creativity, social-dramatic games, and they 
teach children to learn.  

Augmented reality is a term that is becoming increasingly popular in various works and private 
environments. It is used both for commercial and educational purposes. It is available in the form of 
applications also for school children, even in books. It is used mostly for playing, development of 
fantasy and creativity. We think that this topic offers space for creative exploring activities to teach and 
learn mathematics, to develop the ability to estimate with resulting data and also testifying about the 
real condition in this area at present. 
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