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Resumen 

El propósito del estudio es analizar el estado moderno y las perspectivas de uso de la tecnología 

para la creación y el reconocimiento de códigos QR y verificar experimentalmente la eficiencia y 

viabilidad de su aplicación en la formación de competencias profesionales de futuros químicos y 

economistas. Se usaron análisis de literatura científica y metodológica, asi como métodos de 

diagnóstico (observación, conversaciones, cuestionarios y pruebas) para determinar la eficiencia 
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del uso de la tecnología para la creación y el reconocimiento de códigos QR en la enseñanza de los 

estudiantes. Asimismo, se utilizó un experimento pedagógico para probar empíricamente la 

eficiencia y viabilidad de su aplicación para aumentar la motivación y el desempeño durante la 

formación de competencias profesionales de los futuros químicos y economistas; métodos de 

estadística matemática. El método propuesto de utilizar la tecnología de códigos QR en las 

actividades educativas, forma y desarrolla competencias profesionales, asegurando un incremento 

en los indicadores de calidad del proceso educativo. Por lo tanto, los códigos QR se pueden utilizar 

en el proceso educativo como una herramienta pedagógica interactiva, con lo que se organizan 

actividades educativas efectivas de los estudiantes. 

 

Palabras clave: Código QR, aprendizaje móvil, tecnología de código QR, proceso de aprendizaje, 

motivación, educación, tecnología. 

 

Abstract 

The purpose of the study is to analyze the modern state and prospects of using the technology for 

QR-code creation and recognition and experimentally check the efficiency and feasibility of their 

application in the professional competence formation of future chemists and economists. Analysis 

of scientific and methodological literature were used; also, diagnostic methods (observation, 

conversations, questionnaires, testing) were used to determine the efficiency of apply the 

technology for QR-code creation and recognition in teaching students. A pedagogical experiment 

to empirically test the efficiency and feasibility of their application in increasing the motivation 

and performance during professional competence formation of future chemists and economists 

were used, as well as methods of mathematical statistics. So, the proposed method of using the 

technology of QR codes in educational activities forms and develops professional competencies, 

ensuring an increase in the quality indicators of the educational process. Therefore, QR codes can 

be used in the educational process as an interactive pedagogical tool, with the help of which 

effective educational activities of students are organized. 

 

Keywords: QR-code, mobile learning, QR-code technology, learning process, motivation, 

education, technology. 

 

 
Introduction 

 

According to Ally (2013), mobile learning is a new, modern model of the structure of the 

educational process, which is characterized by the following components: methodological support 

for the study of subjects; a mobile-oriented environment for educational resources; teaching staff 

trained in the use of mobile technologies and familiar with the methodology of mobile learning; 

equipment and software. Each component is an integral element of the efficient use of mobile 

devices in the educational process and is the subject of active discussion in the academic community. 
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Let us focus our attention on the last component/equipment and software. One of the most 

relevant ways for using this component is the use of QR-codes: programs for scanning two-

dimensional bar codes (Chu & Liu, 2007; Liu et al., 2007; Okazaki et al., 2012; Latif et al., 2012). 

A QR code is a two-dimensional image in which certain text or numbers are embedded. Visually, it is 

presented in the form of a black and white square resembling a labyrinth (Fig. 1). 

 

 
Figure 1. An example of a QR-code 

 

 

Almost any mobile device easily recognizes and decrypts information encoded using a QR 

code. First, the program decrypts the code and then offers to perform a certain action provided by the 

content of the code (Coleman, 2011). The integration of mobile technologies into educational activities 

can radically modernize the educational process.  

The use of QR-codes is associated with some problems that should be considered when 

introducing this technology into the educational process. Thus, various researchers (Lai et al., 2013; 

Law & So, 2010; Monguillot et al., 2014) highlight the advantages and disadvantages of QR-codes. 

Advantages: storage of large amounts of digital and text data in any language; the speed of creating a 

QR-code using software tools; high recognizability, while the printed size of the code can be very 

small; the ability to scan in any direction; almost any surface is suitable for placement; resistance to 

damage (scanning when the code is damaged up to 30%). Disadvantages: the relatively high cost of 

mobile Internet; low awareness of QR-coding technology; technical difficulties. 

Some studies like Chang (2014) and Uluyol and Agca (2012) are devoted to possible ways of 

using QR-codes when creating textbooks through using additional digital resources. One can encode 
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the necessary web links to additional digital resources and insert the resulting QR-codes on the pages 

of the textbook (on the margins next to the mentions of the corresponding digital resources in the text 

or with the references given in the text of the textbook). When working with such a textbook, the 

student should only read the necessary QR-code with their own smartphone and immediately get the 

desired digital resource on the screen to start working with it; also, using animated illustrations. By 

using the QR-code, one can insert animated illustrations or a link to a short video into a printed book 

to help the student better understand the topic. 

Further, the matters of the efficiency of QR-codes and their use as a potential source of quality 

education for student youth remain unsolved. Therefore, a modern information technology that can be 

involved in the learning process is the QR-code technology. At the same time, the issues of the efficient 

and appropriate use of this technology, and, in particular, smartphones, in the educational process 

remain open, since there is an opinion that this distracts from the content of educational activities, 

promotes the formalism of knowledge (Goyal, Yadav, & Mathuria, 2016). 

Therefore, the purpose of the article is to analyze the current state and prospects of using the 

technology for creating and recognizing QR codes, experimentally testing the effectiveness and 

appropriateness of their use in the process of forming students' professional competencies. The study 

hypothesizes that the application of the technology for QR-code creation and recognition in the 

learning process helps to increase the motivation and learning achievements of students-future 

specialists. According to the results of the study, one can conclude that the goal set in the study was 

achieved. 

 

Methods 

 

Design of the research 

To achieve the goals of the research, a mixed study design was developed. A complex of 

theoretical and empirical research methods was used. The main research method was a pedagogical 

experiment (Creswell & Creswell, 2020). In this study, we used verification of tools for the validity 

and adequacy of the research objectives (validation). We used variations of criterion validity to 

understand how the results obtained for one indicator were consistent with the results obtained for 

another indicator. To build the model of the relationship between the selected criteria, we used 

construct validation. 
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Procedure and instruments 

At the first stage of the study 5 questions were asked: “Are you familiar with the technology 

of QR codes?”; “Do you use QR codes in your everyday life?”; “In what spheres of life do you most 

often use QR codes?”; “Have you used QR codes for educational purposes?”; “Would you like to 

use QR codes in the educational process?” 

The questionnaires were compiled by adaptation (modification) based on the tools that were 

used for similar studies in analyzing the current state and prospects of using technologies in the 

process of forming students' professional competencies. After preparing the questionnaires, we 

discussed their reliability and identified their strengths and weaknesses with other monitoring 

participants. Based on the results of the discussion, we made adjustments to the questionnaires 

before starting to collect data. 

The experiment involved 82 students of Chemistry and Economics in the second and third 

years. The experimental group included 40 students of the second or third year of studying 

Chemistry. For the control group, 42 students of Economics in the second and third years were 

selected. The students had the same number of hours to study the subject chosen for the experiment 

in the fields of Chemistry (Analytical Chemistry) and Economics (History of Economics), 

respectively. Students of the experimental and control groups were invited to strengthen their 

educational activities by using QR-code technologies during the lecture and practical support of 

chemical and economic subjects, respectively. 

An important component of the educational process is the pedagogical implementation and 

use of mobile technologies. In view of this, the purpose of the experimental study was to empirically 

test the efficiency and feasibility of using QR-codes as a means of increasing the motivation and 

learning achievements of students – future chemists and economists (Solovieva et al., 2020).  

At the second stage of the study, for experimental verification of the effectiveness and 

appropriateness of the use of QR codes in the process of increasing the motivation and educational 

achievements of future chemists in the formation of their professional competencies, a pedagogical 

experiment was carried out, including pre-experimental and post-experimental diagnostics of 

students' motivation to study in subject disciplines,  in the areas of "chemistry" (“Analytical 

chemistry”) and “economics” ("History of economics"), as well as diagnostics of the level of 

educational achievements. 
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The control of the formation of theoretical knowledge was carried out using tests that we 

specifically created for each of the studied disciplines (which were used at the beginning, during 

and at the end of the experiment). Each of the tests in the disciplines studied by the students 

(“Analytical Chemistry” and “History of Economics”) included 15 questions, of which 10 questions 

involved choosing one correct answer from several answer options and 5 questions – text input of 

the answer. 

The control of the formation of practical skills and abilities was carried out during the 

execution and grading of competence-oriented tasks in the process of studying subjects and skills as 

a result of evaluating extracurricular activities, during the study of the topic of QR-codes within the 

framework of a scientific club, in the form of a QR-quest, QR-quiz, etc. 

The levels of students' assimilation of theoretical knowledge and the formation of the ability 

to solve competence-oriented tasks were determined depending on the ratio of the number of 

correctly reproduced elements of theoretical knowledge (correct answers) and correctly reproduced 

elements of competence-oriented tasks (correct decisions) to the total number of questions and input 

(output) test tasks. It is considered that a student's academic achievements are at a sufficient level 

when they completed at least 70% of the tasks offered to them. 

 

Statistic analysis 

To determine the meaningful indicators in the samples of the examined students, the obtained 

data were calculated using Student’s t-test. This criterion reveals trends in changes in a feature when 

moving from one measurement condition to another. The final values of the experimental and 

control groups were also compared using the parametric Student's t-test and the total percentage of 

understanding the material and the degree of competence formation were compared according to the 

levels of students' understanding of theoretical knowledge and the formation of the ability to solve 

competence-oriented tasks. 

A survey of students in the experimental group conducted before and after work on the 

implementation of training using the QR-code technology demonstrated significant changes in both 

interest (temp = 3.725; p <0.01) and usefulness assessment (temp = 3.134; p <0.01) of the 

application of the QR-code technology. For the experimental group, the reliable level of differences 

in the results of the control and establishing stages (temp = 4.087, p < 0.01) identified. 
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Results 

 

The results of the preliminary questionnaire showed the following. When answering the 

question “Are you familiar with QR-code technology?”, 85% of the respondents gave an affirmative 

answer. 62% used it in everyday life (mainly for obtaining comprehensive information about goods 

and services, in the banking or tourism sector). Only 9% used QR-codes for educational purposes. 

100% of all respondents stated their desire to use them during the educational process. Considering 

the students' ability to work with modern information technologies and having discovered their 

willingness to use their own mobile devices in educational activities, we invited the students of the 

experimental group to take part in a scientific experiment. 

At the beginning of the experiment, we determined that in both control and experimental 

groups, the levels of motivation to study the proposed subjects, as well as theoretical preparedness 

and formation of practical skills with the requirements for a future chemist and economist, were 

practically the same. We established such differences at the level of arithmetic means using 

Student’s t-test. After the completion of the experimental work, a repeated study of the students' 

levels of motivation and learning achievements was carried out. The results of the questionnaires 

aimed at identifying the motivation of students in the experimental group are presented in Table 1. 

 
Table 1 

Results of identifying the motivation of students in the experimental group 

 

Stage 

 
Grade 

Interest scale, 

% of sample 

Importance scale, 

% of sample 

Before experimental 

work 

1 0 0 

2 10 0 

3 15 20 

4 50 55 

5 25 25 

After experimental 

work 

1 0 0 

2 0 0 

3 5 0 

4 35 15 

5 60 85 
 

Note: “1” on the Importance scale corresponds to minimum value (“completely uninteresting”, “completely 

unimportant”), “5” corresponds to maximum value (“very interesting”, “very important”).  

Table 2 shows the results of an experimental study of the level of educational achievements 

of students in the experimental and control groups. 
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Table 2 

The results of assessing the level of educational achievements of students 

 
№ Assessment criteria Indicator before 

experimental work,% 

Indicator after experimental 

work,% 

EG CG EG CG 

1 the level of assimilation by 

students of the theoretical 

material of the course  

(formation of theoretical 

knowledge) 

 

63.13 61.7 72.65 62.6 

2 the level of ability to solve 

competence-oriented tasks (the 

formation of practical skills and 

abilities) 

 

62.52 61.3 71.4 63.2 

 

Figure 2 shows the levels of students' understanding of theoretical knowledge presented to 

future chemists and economists, obtained through testing. 

 

 
 

Figure 2. The level of students' understanding of theoretical knowledge during testing  

(group average, %) 

 

At the same time, no reliable differences in the results of the control and establishing stages 

are present in the control group. Thus, the results obtained indicate an increase in the level of 

understanding of theoretical knowledge among students of the experimental group in the process of 
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studying “Analytical Chemistry” and “History of Economics” using the QR-codes technology at 

various stages of learning. Figure 3 shows the achievements of the students of the experimental 

group in solving competence-oriented problems. Due to the data comparison, we can state that there 

was a distinct increase in the level of the ability to solve such problems (temp = 4.158, p <0.01). 

From the experimental data, one can see that at the final stage, the level of the ability to solve 

competence-oriented tasks exceeds the critical limit of 70% (method of Bespalko). 

 

 
 

Figure 3. The level of ability to solve competence-oriented tasks in students of the  

experimental group (group average, %) 

 

The degree of mean value growth in the experimental group, which characterizes the quality 

of research, independent work, extracurricular activities of students and the level of general 

formation of professional competences, was checked during the final stage of the experiment. For 

this purpose, the method of expert assessments was used. We formed a group of experts consisting 

of four teachers whose specialty, qualifications and experience correspond to the purpose of the 

research. The experts analyzed research abstracts, articles and students' speeches during the defense 

of scientific projects and tracked the activity and productivity of the experiment participants during 

extracurricular activities such as QR-quests, QR-quizzes, QR-excursions, QR-dominoes, QR-lotto, 

etc. During the research period, students developed about five educational projects using QR-codes. 

As a result of data interpretation, it turned out that the experiment participants showed a significant 

increase in all subject competencies, and the final result exceeded the critical 70%. 
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Therefore, from the perspective of implementing the competence-based approach to the 

professional training of future chemists and economists, the use of this technology contributed to 

the formation of motivational-value, cognitive and activity-based components of professional 

competence. Moreover, students were actively developing information culture and the ability to use 

modern information technologies to ensure the quality of the educational process. 

 

Discussion 

The results of the experimental work showed that the possibilities of using QR-codes in the 

study of chemical and economic subjects are quite wide: due to the use of a scanning camera and a 

special passive visual marker, a certain interactive exchange of information takes place to 

significantly expand the horizons of productive processing of the material, supplement the 

information or improve perception (Mehendale et al., 2017; Ashford, 2010; Goldman, Pellegrino, 

2015). Two-dimensional bar codes are used in the educational process not only at different stages 

of study, explanation, generalization, systematization or checking the material (Liu, Tan & Chu, 

2010; Lin, Teng, 2018; Lizunkov, Politsinskaya, Malushko, 2021) but also during the assessment of 

students' educational achievements. During such work, traditional and interactive forms of 

organizing educational activities can be combined (Liao & Lee, 2010; Sharma et al., 2016). One 

should note that a working session with a QR-code is not limited by time because a student can save 

the scanned QR-code and continue work from the place where it was interrupted during the lesson 

(Almasalha & Hirzallah, 2014; Karia, Hughes & Carr, 2019).  

The main forms of organizing training using QR technologies, which were used in the course 

of experimental work, included lectures, laboratory workshops, assessment of educational 

achievements and extracurricular activities. This is compared with the research made by Ashford 

(2010), who, at its lectures, QR codes were used to provide advance information from the predicted 

lecture (with accompanying material in the form of articles, research, list of recommended literature; 

visual material: photographs, diagrams, graphs, tables, maps, etc.); for the presentation of lecture 

material; to link to the forum where the lecture topic is discussed, questions are posed both during 

the lecture and after its completion; for a link to the questionnaire, where the lecture results are 

summed up (reflection), as can be seen in Almasalha and Hirzallah (2014). Meanwhile, during the 

laboratory workshops, it was practiced to create QR codes for safety, instructions for completing a 

laboratory-practical task, tags for explaining flowcharts, pictures, diagrams, fragments of an 
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educational video, etc. This is supported by Sharma et al. (2016), when assessing educational 

achievements, the QR code was used to switch to test tasks, independent, control, examination work. 

In extracurricular activities, QR-quests, QR-quizzes, QR-excursions, QR-dominoes, QR-

loto, etc. were used. During the experiment, we used new forms of presenting educational material 

using the QR-code technology. In particular, a methodological support package was developed 

according to the previously described forms of organizing education using QR technologies, the 

main requirements for the creation and use of which were: (1) pedagogical feasibility and purposeful 

use of QR-codes; (2) active work of each participant in the experiment during learning, expansion 

and enrichment of the information capacity of studying the subject; (3) differentiated approach with 

the consideration of the individual characteristics of the participants in the experiment; (4) 

availability and provision of stationary means for processing QR-codes for students who have 

limited access to mobile phones. 

During the systematic work on the conceptual apparatus of the courses “Analytical 

Chemistry” and “History of Economics” with the involvement of a QR-dictionary, we could 

familiarize the students of the experimental group with the technology of creating and reading QR 

codes, analyzing the features and usability of a particular program (Almasalha & Hirzallah, 2014). 

Thus, we found out that the application QR-code scanner does not read the Cyrillic alphabet, 

although it is very effective when working with the Latin alphabet (Baxter, McEntyre, Woodruff, 

2011). The program IMGonline quickly and efficiently deals with the creation and decoding of QR-

codes while offering great variety in choosing the color of the code picture. Creambee only generates 

codes but very conveniently and beautifully (Sharma et al., 2016). At the same time, all the listed 

programs work online both on a smartphone and on a computer, but for offline work, one can use 

the Code Two QR Code Desktop Reader (Baik, 2012). In general, there are many high-quality 

programs for generating and decoding QR codes that one can choose according to one's own needs. 

In the process of teaching the professional courses “Analytical Chemistry” and “History of 

Economics”, we used, when appropriate, coding of links to homework assignments or independent 

work. In the same way, some studies of Rayisyan et al. (2020) and of Gadzaova et al., (2021) shown 

that the studying of some digital versions of modern textbooks was organized directly in practical 

classes and at home. We also used the possibilities of the QR technology to increase the interest of 

students, providing links to interesting information from the history of chemistry, chemistry facts, 

etc. The results of the study confirmed the hypothesis that the use of the technology of creating and 
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recognizing QR-codes in the learning process helps to increase the motivation and learning 

achievements of students – future specialists 

Finally, the limitations of the study include the limited sample (82 students), as well as the 

preparation of methodological support within the framework of only two training courses 

(Analytical Chemistry, History of Economics) with a limited number of test items and competence-

oriented tasks. The prospects for further research are the development of guidelines for the use of 

the QR-code technology in higher education institutions. 

 

Conclusion 

 

The experience of working with the use of the QR-code technology in teaching chemistry 

allows us to conclude that it is efficient when combined with traditional methods and contributes to 

the high-quality formation of students' skills and abilities. It allows implementing the ideas of 

individualization and differentiation of learning which are the main tasks of the modern education 

system. During the study, we managed to determine the essence of the QR-code technology and the 

possibilities of its use in the learning process; introduce the QR-code technology into the teaching 

process; confirm the usefulness of the work done in terms of increasing the motivation for learning 

and the growth of learning achievements during the professional training of future specialists in the 

context of a competence-based approach to this process.  

The results of the pedagogical experiment indicate that the proposed methodology for using 

the QR-code technology in educational activities forms and develops professional competences, 

ensuring an increase in the quality indicators of the educational process. In general, this practice 

allows one to state that QR-codes can be used in the educational process as an interactive 

pedagogical tool that helps to organize efficient educational activities of students. 
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