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Abstract

QR codes are usually discussed in the context of mobile learning. In our article,
we show other opportunities of their use with special focus on mathematics and
informatics education and its methodology. Appropriately placed QR codes can,
for example, be applied to create a feedback for both students and teachers, as
an additional source of problems in a problem solver or a worksheet, or as an
input gate to a didactic game. The addressees use their smartphones to read their
selected QR code. The code refers to a file containing the data files predesigned
and stored by their educator or the author of learning materials. The data are then
used in accordance with their educator’s instruction. Similarly, a QR code can
link additional information sources in a worksheet or open the student’s gate to
the course/instructor evaluation. In the paper, we portray such an approach using
examples from various fields of mathematics, statistics, and databases. Finally, we
discuss advantages and disadvantages of this approach.

Keywords: QR code, educational technology, mobile learning, distance edu-
cation



34 Evolution of Education, and Internationalisation of Education and Competences

Introduction

Schools have to respond to the development of technology. In our article, we
study the application of QR codes in education. Various forms in which they may
add a value to teaching and learning processes are identified and exemplified.

According to Andrew Ramsden (2008, p. 2), under the QR (Quick Response)
code we understand “a two dimension bar code that can be read on devices such as
a mobile device (camera phone) or a laptop computer which, once accessed, will
allow you to complete an action.” The code, therefore, primarily serves as an input
to a mobile device — a smartphone or a laptop. The device reads and encodes it.
As a final result, the message hidden in the QR code activates the receiving device
and ignites its activity. The activity is usually stored on the Internet.

From a general point of view, the entire process consists of three basic steps:

* The mobile phone contains an application capable of recognising and reading
QR codes. When the application is running and the device’s camera is pointed
to a QR code, the encoded information enters the device.

* The device accesses the file specified by the code. (The file must be available
on the Internet and its URL address must coincide with the result of decoding.)
The application opens the file. In accordance with the type of the file, it may
display its data (text, pictures, videos, etc.) or start executing the stored
programme.

* Inthe latter case, the programme takes control over the device (over its screen,
keyboard, etc.) If the programme is interactive, the user can communicate
with it.

For educators, it means that they can exploit the QR codes in two basic ways.
First, they can prepare data files in which announcements of any kind (time
schedules, notices, assignments, and so on) are stored. This approach exploits
only first two steps specified above. The gained information is static and can be
used primarily in the read-only mode.

In our article, we concentrate on the second option — the QR code activates
interactions between the programme and its user. This option makes it possible
to form an educational environment for active learning. When properly designed
and implemented, learners can be instructed by means of, for example, strategies
typical of constructivist methodologies i.e. they can be guided to collaborate in
building their knowledge (Silberman, 1996; Tothova, Kostrub, & Ferkova, 2017).
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Using QR Codes in Educational Applications:
A Brief Overview

The authors support the standpoint of Hsin Chih Lai et al. (2013), who
understand the use of QR codes in education as a potential expansion of the learning
space. The expansion moves to all directions: time, space, and type of the delivered
“lessons.” Moving in time and space means that anyone reading the barcode can
reach its content. The type of delivered material is only limited by the available
IT. It can consist of text, sound, video, interaction with the user, etc. Advanced
versions can ignite procedures like augmented reality, virtual environments, etc.
According to Sabrina Leone (2015, p. 2628), “since learning takes place in many
contexts, formal, non-formal and informal, inclusive and quality education become
synonyms and are vital for the development of more inclusive societies.”

Traditionally, education is performed in classrooms. Even in this environment,
QR-based approaches have a quite long tradition (see, for example, Curtis et al.,
2002). However, their intensive exploitation is a recent phenomenon related to the
widespread use of needed technology. Teaching and learning are moved beyond
their traditional limits, and the reasons for it are obvious: appropriate technology
is now easily available and less expensive, and with its wider saturation in schools
the educators are learning its capability, including its advantages and drawbacks.

However, the technology itself does not suffice. The concept is not well
known yet (Chicioreanu, Bilal, & Butnariu, 2015). The educators must be not
only willing to use it (Abas, Yahya, & Kamaruddin, 2015), but also adequately
prepared, that is, trained. The instructions like that of Ramsden (2008) explain
the process of the implementation, but do not motivate teachers enough to create
their own applications. Below we show how such environments can be prepared
by professionals or passionate laymen and later exploited by anyone. We are
supporters of the idea that — similarly to the textbook preparation — QR code based
applications should be made by highly qualified individuals and teams to ensure
their quality. Teodora Daniela Chicioreanu, Essaid Bilal, & Monica Butnariu (2015)
exemplify parts of learning processes which can be transmitted using QR codes:

 the educator’s contact information;

* access to required or additional resources;

* syllabi, course handouts, assignments, and tutorials;

* tests and their sample solutions; and

* social and community activities (team-building, invitations to school events,
polls and voting, virtual tours, ...).

The last item illustrates how outdoor activities can be promoted using QR
codes. A typical example is posting QR code based information at historical
monuments or other points of interest (Bohumelova & Hvorecky, 2015). Their
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activation delivers relevant information to the visitors, often in several forms and
formats. The educational value of such an approach is indisputable and presents
QR codes as a considerable tool for life-long education.

QR Codes as Links to Learning Materials

The main feature of QR codes is their ability to refer to distant (Internet-
based) information sources. This attribute can be utilised by educators in various
situations. The authors employed the access to Internet information via QR
addressing different categories of audience. Below are typical examples.

Teacher Manual

The book by Lilla Korenova (2015) explores the use of QR codes for addressing
external information that can hardly be reached in traditional textbooks. Her book
addresses in-service and pre-service mathematics teachers. Due to QR codes,
she can consider animation as a supportive tool in her explanations — something
impossible in standard textbooks. Because of low familiarity with this concept
among older teachers, the book introduction also explains ways of purchasing and
implementing relevant software for mobile phones. It addresses two most popular
systems — Android and iPhone — as well as a desktop QR code reader.

The book also discusses a variety of external educational software products for
pupils and students. Due to their easy reach via QR codes, the teachers can quickly
access them and test their relevance to their educational aims and methods.

For a full use of textbook ideas, Geogebra software is required. The text
contains instructions on reaching and implementing it, too. The process can be
done using a QR code (see Figure 1).

E E Na otvorenie GeoGebra suborov treba nainstalovat softvér GeoGebra alebo
i spustit cez webovské rozhranie https//www.geogebra.org/
[E]zks

[T
=]

Materialy Start GeoGebra Downloads

Figure 1. QR code support for installing Geogebra.

Source: Korenova, 2015.



Applying QR Codes in Facilitating Mathematics and Informatics Education 37

Geogebra itself contains many problems which can be incorporated by teachers
in their education. The textbook refers to them, too (see Figure 2).
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Figure 2. An animated construction problem in Geogebra.

Source: Korenova, 2015.

The QR codes may also address links on the portal GeoGebratube. One can
benefit from these ready-to-apply applets.

Using a Graphic Calculator as a Student’s Individual Display

The teachers can prepare their own problems by themselves. In this case,
they also need a QR code generator — the software encrypting a text (usually an
URL address) into its QR code. The CASIO Classwiz calculator includes it in its
standard software. First, the teacher prepares the problem by himself or herself to
a state in which his or her students’ activity should begin. Then, he or she produces
its QR code. After its encoding, the data file stores the current status of the Classwiz
screen. As CASIO Classwiz is not a graphic calculator, the problem is “frozen”
in its numerical format. It can be unfrozen and transferred to a graphic device by
anyone who reads it by his or her smartphone or tablet. The file is restored in its
memory, and the user can continue its solution from the given moment.

Figure 3 shows a solution of the cubic equation x* + 507x* + 62370x = 0. Then,
the user presses SHIFT+OPTN to read the code. The screen shows the graph (see
Figure 3).
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The same approach can be applied for various purposes. As mentioned above,
Figure 3 shows a graphic solution of the cubic equation. The solution can continue
by determining values of the roots, by finding a local maximum and a local
minimum of the function within a specified interval, etc. The partially solved
problems can be used during tests and exams. In these situations, the prepared
files allow all students to use the same data sets. This is important when a file is
extensive e.g. in problems in statistics.

10000000

5000000
1~V
=5000000 //

-10000000

-15000000

-80 20 120 220 320
— ax3+hx2+Cx+d H

Figure 3. Use of a QR code in Classwiz.

Source: Own work.

Sets of QR Codes: Towards Complex Solutions

As has been indicated above, there are many ways of applying QR codes to
facilitate education. All examples were one-purpose. Their only role is to deliver
its corresponding content and to evoke an educational activity. At the same time,
sets of QR codes can form a complex environment addressing an entire subject.
Then, the individual files address a learning unit but their contextual meaning
is changing because it builds the course context. We illustrate the idea with the
following example — the use of a complex system of self-supporting electronic
tools including QR code based access as its part.

The educational process is formed around a textbook (Hvorecky, 2013a).
It addresses an introductory database course for students of management. The
course is taken by both regular and external students. While the regular students
attend lectures and work in laboratories under lecturers’ guidance, the external
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students miss these interpersonal contacts. Preparing the textbook came up as the
very traditional step to enhance their learning — to write a supplementary text.
Then, a question rose: The students need their computer (or at least a regular access
to it) to study a database course. Can we find additional computer-based methods
to facilitate their study? The implemented solution is complex; access using QR
codes is just a part of it.

As a result of these considerations, the textbook contains several hundred
problems. In order to make the basic text shorter (it has got almost 300 pages),
unsolved problems are collected in a separate booklet (Hvorecky, 2013b). The
problem solver itself is about 100 pages long because it contains more than 200
problems of different levels of difficulty.

Database problems require large data sets. Typing them would be time-
consuming. There certainly would appear unintentional errors as a result of manual
typing. To avoid the danger, a USB memory key has been attached to the problem
solver. It contains databases necessary to all problems.

£ Dalabdzové technoligie

alebe —41. Te s samezrejme nezmysly. Datbazy by sme mali chranif 3 pred akjmie
chybami v tdajoch. W 3. kapitole sa preto vemyjeme striktnejsim formam ochrany wshipa.
2.6, Primérny kFoé m E

Pocitatove dafabézy mie si priamym obrazom madich maditmych
manualne spracovavanych databaz. Keby boli taks, nemusali by sme sa 1
trapit’ 5 navrhovym zobrazenim Mohli by sme zostat ma Hemej srane E
tabulky a ihned wkladat ndaje. Ale nie vSatke, Co platl ¥ hefnom Zivote, sa da mechanicky
premisst do pofitafovich datibdz Nizlende Sni mie s .47, platia af Jaliie meobviki
zasady. fedna z najdodeZitejiich znie:

Ziadne dva ziznamy (Hadne dva riadky) v tej istej tabu¥le mesma byt totoiné.

Ead sa nad fou zamyshime. je to logické a priredzens. Tym, 2= pre amibi stnovime
datovy typ. wriine odber jehe bedndt. pie konkreme hodmoty zasmamew. Opakovamie
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tabulkes objavili povedzme dve Fabie od whe istehe majitela s rovnakymi ndajmi. ake
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Rlavmy kFec). Ak =0 dva zamamy vo vistkom ostatnom rhodné, hiia sa prave hodnotou
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Opakovanie hodndt v rozmych zimmamoch je beimé. Ako priklad wvedme nikup
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Figure 4. A textbook page with a QR code to a video.
Source: Hvorecky, 2013a.
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The USB key contains more than just necessary data. The solutions are “partially
complete” to the degree that allows the students to concentrate exclusively on their
final parts — the study material delivered in the given chapter. For example, when
they are asked to build a user-friendly communication, the “raw” database is
formally complete but it would require a database specialist to exploit it. As a result,
the student can concentrate on building the particular “clearly isolated” task —
building a user-friendly communication of a completed database. The problems
can be solved using analogy with comparable problems presented in the textbook.
The chapter numbering in the textbook and in the problem solver are identical,
i.e. finding relevant solved problems to unsolved ones is easy.

The database courses are generally accepted as difficult ones. It is based
on the fact that working with the database management system (an authoring
tool for building databases) is difficult. The solution requires a lot of attention;
the probability of unintentional errors is rather high. All detailed steps must be
done with caution and tested using large input data sets. The number of these
technicalities can overwhelm their readers, and they can easily become lost. To help
our students understand the problem at both formal and intuitive levels, new
knowledge is also delivered using two formats. The explicit, exact, and detailed
description is done in the textbook. Less formal (tacit) knowledge is provided
via video lectures. The reference to the particular video is made by a QR code.
Its encoded link refers to YouTube (see Figure 5).

In total, thirty videos done by the author were shot and posted on YouTube.
In the videos, the author demonstrates slides and speaks about the particular
problem in a rather informal style. The videos cover the course sections which — in
accordance with the author’s experience — represent the most difficult sections of
the course. Their duration is four to ten minutes. All videos are stored on YouTube
and their corresponding slides at the USB memory key together with the “half-
completed” databases.

Vkladanie udajov

Video is on the site:
http://www.youtube.com/watch?v=gGOyUZxPtFA

Figure 5. The title slide of PowerPoint file with the QR code and URL address of
video lecture.

Source: Own work.
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The list of course supporting materials is as follows:

* a textbook with thirty QR codes: the code is placed next to the piece of
knowledge the lecture explains;

* a problem solver: a booklet with about two hundred problems to be solved
using MS Access;

* a USB memory key: a standard device with two file folders — the first one
contains databases needed for problems presented in the problem solver, and
the second one contains PowerPoint slides used in the videos;

* two hundred MS Access databases (one for each problem): for users’ quick
orientation, their names are based on the numbering of problems in the problem
solver; and

* thirty PowerPoint files with slides: their names are based on the page number
in the textbook with the relevant QR code (the first slide contains the same QR
code and the URL address at YouTube — see Figure 5).

All this indicates that the set of material can be used for any cohort of novices
who are interested in database design and implementation. The methodology was
also tested on a group of pre-service students of informatics (Hvorecky, Drlik, &
Munk, 2010). The outcomes were highly positive.

Conclusion

QR codes offer numerous ways in which the teaching and learning materials
can be facilitated. Many positive examples in the previous sections demonstrate
it. At the same time, no technology has been — and will ever be — the saviour of
education. For that reason, we would like to point to the potential risks of using
QR codes.

First, the success in education strongly depends on the personality of the
teacher. He or she has to know when to use this technology and when not to. There
are moments during the learning process when the support from a knowledgeable
person is irreplaceable. As Hvorecky and Korenova (2018) show, there are ways of
reducing them and letting the learner go alone. Again, there has to be a sufficient
amount of learning material of good quality.

Then, there can be problems with technology. The work with QR codes
presumes the access to the Internet. Without a fast connection, the communication
can be limited, with can have negative consequences for the learners’ motivation.
In addition to that, the quick development of information technology can result
in some application’s inability to run on the newest devices (due to the updates
of hardware, software, operating system, programming languages, and/or
other factors).
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It also means that the authors of QR-using applications must pay attention to
these innovations, and upgrade their teaching and learning materials, too. As the
upgrading process is time-consuming, they should discuss the advantages and
drawbacks of technology use, especially when they plan to design and develop
their applications for long-time exploitation.

All of it implies that QR codes are excellent tools but — as everything in
our contemporary society — keeping them alive requires regular and cau-
tious maintenance.
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Lilla Korenova, Jozef Hvorecky
Stosowanie kodéw QR w stymulowaniu edukacji matematycznej i informatycznej
Streszczenie

Temat kodow QR porusza si¢ w kontekscie uczenia si¢ z wykorzystaniem aplikacji mobilnych.
W artykule przedstawiono inne mozliwosci wykorzystania tych kodow z podkresleniem edukacji
matematycznej i informatycznej oraz ich metodologii. Kody QR, wlasciwie umiejscowione, moga
by¢ na przyktad uzyte w tworzeniu informacji zwrotnej dla zarowno ucznidw, jak i nauczycieli, jako
dodatkowe Zrodto zadan problemowych w aplikacjach nauczajacych rozwigzywania problemow lub
kartach zadan, lub tez jako bramka informacji w grze dydaktycznej. Uczniowie uzywaja smartfondw,
by przeczyta¢ wybrany kod QR. Kod odnosi si¢ do katalogu zawierajacego pliki z danymi wczesniej
przygotowanymi oraz zapisanymi przez nauczyciela lub tworce materiatow dydaktycznych. Dane te
sa nastepnie wykorzystywane zgodnie z instrukcja nauczyciela. Kod QR moze réwniez stuzy¢ do po-
wigzania zrodet dodatkowej informacji na karcie pracy lub otworzy¢ uczniowi bramke umozliwiajaca
ewaluacje kursu lub wydanie oceny przez instruktora. W artykule przedstawiono przyktad takiego
podejscia z roznych obszaréw matematyki, statystyki oraz baz danych. Na zakonczenie omowiono
zalety 1 wady takiego podejscia.

Stowa kluczowe: kod QR, informatyka, uczenie si¢ z wykorzystaniem aplikacji mobilnych,
uczenie si¢ na odlegtosé¢
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Lilla Korenova, Jozef Hvorecky
Ipumenenne QR-ko10B B 00yueHUM MaTeMaTHKe U MH(popMaTuKe
AHHOTANUA

QR-Ko1pI 00BIYHO 00CYXIAIOTCS B KOHTEKCTE MOOMIIBHOTO 00y4eHus. B Hamieli npeseHTamnu
MBI ITOKa3bIBae€M JPYrHe BOSMOKHOCTH MX HUCIOJIb30BAHUS C aKIIEHTOM Ha 00pa30BaHUH B 00nacTH
MareMaTHKH ¥ MHPOPMATHKHU U ero Metogonoruu. Haanexarmm o6pa3oM pa3menienHbie QR-kozp
MOT'YT, HalIpuMep, UCIIOIB30BATHCS JUIS CO3JaHust 0OpPaTHOM CBSI3M, KaK JUIsS YYaI[UXcsl, TaK U UL
IIperoaBaTelie, B KaueCTBE JOIOIHUTEIEHOTO HCTOYHUKA IIPOOJIEM JUTS PEeNIeHHs Ha JINCTE WIN
B KayecTBE Hayasja JUIaKTHYECKOM MIPbl. AJipecaTbl HCIOIb3YIOT CBOM cMapT(OHBI, 4TOOBI TIPO-
yutath BeIOpanHblid QR-kon. Kox otHOcuTCs K daiiny, conepxkamiemMy TaHHBIC, TPEABAPUTEIHHO
pa3zpaboTaHHBIE U COXPAHEHHBIE NPETIOIaBaTeIEeM WIIH aBTOPOM YUEOHBIX MaTePHAIIOB. 3aTEM JIaHHBIC
HCIIOJB3YIOTCS B COOTBETCTBHHU C MHCTPYKIMEH mpenoaaBaress. AHaJIOTHYHBIM 00pa3oM, QR-kox
MOXKET CBSI3BIBATh JJOIOJIHUTEIbHBIE NCTOYHUKHM HH(POPMAIUK HAa paboueM JIMCTEe WIH OTKPBIBATh
JIOCTYTI CTYAEHTA K OIEHKe Kypca / mperofaBarelst. B craTbe MBI HIUTIOCTPHPYEM TaKOH ITOAXOM, UC-
TOJTb3Ys IPUMEPBI U3 Pa3IMYHbIX 00JIaCTeH MaTEMaTHKK, CTAaTUCTUKU U 0a3 IaHHBIX. B 3aKkitoueHun
MbI 00CYK/1aeM [PEUMYIIECTBA H HEAOCTATKU JAHHOTO TTOXO/IA.

KnrwueBbie ciaoBba: QR-kox, O6pa3oBareibHbie TeXHOIOTUH, MoOmibHOE 00y4yeHue, Jluctan-
OUOHHOE 00y4YeHne

Lilla Koreniova, Jozef Hvorecky

Aplicacion de codigos QR en la adquisicion de la Educacion Matematica
e Informatica

Resumen

El debate de los codigos QR suele tener lugar generalmente en el contexto del aprendizaje mo-
vil. En nuestro trabajo, mostramos otras oportunidades de su explotacion poniendo el acento en la
Educacion Matematica e Informatica y su metodologia. Los codigos QR empleados apropiadamente
pueden, por ejemplo, ser explotados para crear una retroalimentacion tanto para estudiantes como para
docentes, como una fuente adicional para la resolucion de problemas o una hoja de trabajo o como una
puerta de entrada a un juego didactico. Las personas destinatarias usan sus teléfonos inteligentes para
leer el codigo QR seleccionado. El codigo se refiere a un archivo que contiene los archivos de datos
predisefiados y almacenados por su profesorado o el autor o autora de los materiales de aprendizaje.
Los datos se explotan de acuerdo con las instrucciones del docente. De manera similar, un codigo
QR puede vincular fuentes de informacion adicionales en una hoja de trabajo o para abrir la puerta
del estudiante a la evaluacion del curso / instructor. En el documento, ejemplificamos este enfoque
utilizando ejemplos de diversos campos de Matematicas, Estadisticas y Bases de datos. Finalmente,
se discuten las ventajas y desventajas de este enfoque.
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