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Abstract. We analyzed the main cloud services in the article. We also described 
the main contribution of mobile cloud technology to education. The article 
presents the author’s development from the field of mobile cloud education in 
higher mathematics. The design architecture of this application is described in 
detail: QR generator and scanner, authorization, sending tasks. Block diagrams 
and images are presented that clearly demonstrate the operation of the 
application. We showed an example of solving the integral from the section of 
integral calculus for higher mathematics and showed how to download the 
answer in the form of a QR code and find out whether it is correct or incorrect 
(this can be seen by the color on the smart phone screen). It is shown how this 
technology helps the teacher save time for checking assignments completed by 
students. This confirms its effectiveness. Such an application provides students 
and teachers with the ability to store and process data on a cloud computing 
platform. 
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1 Introduction 

Modern educational environments are aimed at providing quick learning, provide 
information richness and constantly update the information component of education. 
Students are in dire need of a new educational environment, as they have the ability to 
interactivity and accessibility of information, but do not have sufficient skills to search 
sources for training. Information and communication technologies lead to the 
transformation of the educational environment. The use of cloud technology at the same 
time is actively growing and becoming an integral part of education [3; 5]. 

Cloud computing is the generation of computing for the future [8]. The main benefits 
of cloud computing are flexibility, collaboration, cost-effectiveness, scalability and 
personalization. These features make mobile cloud computing important among users 
and organizations, including universities [11]. They are used in universities in advanced 
countries of the world and in developing countries. Each educational institution has its 
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own platform. The main characteristics, pros and cons of some of them are described 
in the article [17]. 

Universities face many problems: the need to change the infrastructure, improve and 
modernize education in order to be accessible to people of different categories. 

Now, some students are quickly accepting e-learning and m-learning, while some 
are not accepting [2]. So, in article [17], the main attention is paid to the factors that 
contribute to the adoption of m-learning among university students [19]. This enables 
teachers to choose the right methods and switch to the new generation of educational 
tools using universal tools for the gamification of learning [14]: quests, quizzes, 
intellectual games [7], virtual boards, tests, questionnaires, didactic games and classes. 
University teachers are working to make the learning process less costly, accessible in 
remote corners of the world and interesting [8]. Everyone tries to interest in their 
methods and enrich students with knowledge as much as possible. 

During one of the lessons in higher mathematics, the idea was proposed to create an 
application for working with tasks with a QR code and auto-checking the solution of 
problems hidden behind these QR codes, which would become an alternative to 
traditional methods of teaching and checking solutions and would be more perfect than 
existing ones applications [13]. Technologies used during application development 
were Unity engine [6] and PHP [9]. 

Their work is based on the use of cloud technology. Cloud technology has 
completely absorbed the computing environment of our planet [18]. The scope is 
growing every day. 

The following services can be implemented using cloud technology [10]: 
Storage-as-a-Service – makes it possible to save data in external storage, in the cloud 

[4]. 
Database-as-a-Service – gives the opportunity to work with databases [4]. 
Information-as-a-Service – makes it possible to remotely use any kind of information 

that can change every minute or even every second. 
Process-as-a-Service – represents a remote resource that can link together several 

resources to create a single business process. 
Application-as-a-Service/ Software-as-a-Service – the software is located on remote 

servers and each user can access it via the Internet. 
Platform-as-a-Service – the user is provided with a computer platform with an in- 

stalled operating system and some software [16]. 
Integration-as-a-Service – this is an opportunity to get a complete integration pack- 

age from the cloud, including software interfaces between applications and the 
management of their algorithms. This includes well-known services and features of 
centralization, optimization and integration of enterprise applications (EAI) packages, 
but provided as a cloud service [16]. 

Security-as-a-Service – quickly deploying products to ensure the safe use of web 
technologies, electronic correspondence, and local network. This allows users of this 
service to save on the deployment and maintenance of their own security system. 

Management/Governance-as-a-Service – allows you to manage and set the 
parameters of one or many cloud services. These are mainly parameters such as 
topology, resource use, virtualization [4]. 
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Infrastructure-as-a-Service – provides a computer infrastructure, usually virtual plat- 
forms (computers) connected to a network, which it independently configures for its 
own purposes [16]. 

Testing-as-a-Service – it enables the testing of local or cloud systems using test 
software from the cloud. 

Now let’s look at what cloud technologies are in the form of ownership. Here, there 
are three categories: 

 public; 
 private; 
 hybrid. 

The analysis made it possible to highlight the following advantages of using cloud 
technologies in the educational process [4]: 

 organization of joint work for a large team of teachers and students; 
 an ability, both for students and teachers to share and edit documents of various 

types; 
 quick engagement of created products into the educational process thanks to the 

absence of territorial binding of the user and the facility; 
 organization of interactive classes and collective teaching; 
 students are performing independent work, including collective projects, with no 

restrictions of time and audience type or size; 
 interaction and collaboration with peers, regardless of their location; 
 creation of web-oriented laboratories in specific subject areas; 
 organization of various forms of control; 
 moving to a cloud of used Learning Management Systems (LMS); 
 new opportunities for researchers to develop, provide access, spread and apply the 

models. 

We have developed a new model of computer program as an additional element of the 
teacher’s pedagogical toolbox. Auto Checker can be used as didactic material in 
classroom classes, and in online learning. Teachers are already familiar and take 
advantage of the classtools.net teacher app. Our application is different in that it is 
intended only for working with QR codes, it has a profile for each student and saves all 
points, and we will also ensure that it always works in free access. 

2 Methodology 

Auto Checker can be used to test students’ readiness to learn new material or to 
consolidate learned material. This is a new way to use QR code in lessons while in one 
place. We are widely aware of the use of QR codes during quests [7], when students 
move along a specified route in search of clues. In subjects such as mathematics, it is 
very difficult to travel long distances and write answers to assignments. Such a method 
cannot often be applied to physical and mathematical subjects. Our methodology is 
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aimed at the concentrated work of students in a playful way. The main idea is that 
students receive a task from the teacher as a QR code, scan it, decide, enter the answer, 
and immediately learn the answer is correct or incorrect. In addition, the teacher also 
sees students’ answers and can characterize their success. 

You can create QR codes using various free sites, but storing them in the cloud costs 
money. We offer a free option for storing information encrypted in QR code and 
methodological material, which can be updated, supplemented, improved without 
taking up space on the computer. Our development is a symbiosis of a test with a QR 
code that can be used both in classroom classes and during online training. 

The main job of the teacher is to fill the bank with tasks and answers to them. To do 
this, follow these steps: 

─ Write a task and save it in the form of a picture or document with a different 
extension. Create a link to the task. (To do this, you can use the capabilities of the 
site [15] insert a photo and save.) 

─ A short link to this document is generated, paste it into the QR code generator, for 
example [12], and generate the QR code. 

─ Then create a link to this photo using the same site [15]. 
─ After that, you can proceed to work on filling the task bank in the application 

database. 
─ Open it at [1], register the task in the database: insert the generated link to the QR 

code into the task line, write the answer in the answer line using numbers and letters 
(Fig. 1). 

─ Save the result. 
─ Then you can create a new task on the same principle. 

The task in the database will be stored in a structure that contains 2 arguments. The key 
will be the first argument, and the value will be the second. 

 
Fig. 1. Adding answer 

When scanning the code, an instance is created that will first hold the URL of the task. 
After entering an (correct or incorrect) answer, a value will be added to this instance 
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that corresponds to the answer in the database. When the user confirms the response to 
the task, an SQL request to the database is created. As a result of a (successful or 
unsuccessful) request, you will get the result as a JSON file. 

If the parsing result contains the string “True” then the task will automatically 
become completed. Otherwise, the user makes a photo report. 

A student must use the following steps to use the full functionality of this application: 

─ Log in or register. 
─ Press the button “Scan”. 
─ Scan the QR code. 
─ Write the answer and press the button “Send”. 
─ If the answer is wrong – student makes a photo report. 

3 The main steps of the program 

Let us consider in detail the principle of the program that we developed for automatic 
verification of tasks in higher mathematics [9]. 

At the beginning, the program tests access to the Internet using a request link to the 
site where the database with user profiles is located. If there is no response from the 
web source, a corresponding message is issued to the user. The Retry Connection button 
retests the Internet, and the Exit button closes the application. This testing also occurs 
with every request to the database (registration, authorization, etc.). 

If everything is good with Internet access, the main menu of the application opens. 
Here we can either log in to our profile or create a new one. Clicking on the Registration 
button will bring you to the appropriate form of profile creation. 

Here we need to enter the user name, login name, password and with repeat it to 
prevent incorrect entry (password is closed with “*” for security), e-mail to confirm 
registration or password recovery; select the group and your option. The client-level 
application checks some fields before sending a request to the server: 

 Fill in all fields; 
 Incorrectly chosen variant (does not belong to a set of positive integers from 1 to 

33); 
 Password and password verification do not match. 

You can confirm the registration by clicking the Registration button. Then there is a 
request for a PHP script that checks the repeatability of login and email, as well as 
adding a new profile in the database with the relevant data. If the registration was 
successful you will be automatically returned to the main menu. You can cancel the 
registration by using the left arrow button or by pressing the Back button on the phone, 
as a result you will be returned to the authorization window. 

In order to log in to your profile and start completing tasks, you must enter your 
login and password, which we specified at registration and press the Authorization 
button. The client checks the fields and then sends a query to the database where the 
entered data is checked. If the login or password does not match, a corresponding 
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message is displayed. If the login was successfully completed at least once, the 
application saves the login of the last login for more convenient use of the program. 

If the login and password matches were found in the database and other errors did 
not occur then the menu for executing the tasks will automatically open. 

The Task Scan button allows you to read assignments from the QR code provided 
by the teacher in the classroom. The Reply button allows you to view the last of the 
scanned task and send your answer to the teacher (if no task is read then the button is 
not active). The QR code button allows you to generate a QR code with a response and 
show it to the teacher. Consider each item separately. 

Application Functionality: 
“QR code”. Opens a form to generate your own QR code. The task scans. Opens a 

form for reading QR code and sending to database. Sending result after scanning (if an 
error occurred). 

In the QR code text box (Fig. 2) you need to enter the data that you want to encode 
in the QR code, and then you will get a mediocre result on the screen. 

 
Fig. 2. The QR code text box 

In our program we used byte coding for creating QR codes. The essence of this method 
is that any characters can be encoded using this encoding method. The input character 
stream is encoded in any encoding that is convenient for us (recommended in UTF-8), 
then converted to binary, and then combined into one-bit stream. 

If you choose “Task scan” you can scan your task QR code using the camera of your 
phone (Fig. 3). QR codes prepared in advance by the teacher and attached to each 
specific student. After recognition and validation of the necessary QR code, the task 
condition will automatically open for you. Now you can start solving the task, after 
solving which click the “check” button, or postpone the decision by returning to the 
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menu. In the second case, in order to send the work, you must click on the send response 
button on the main menu. In the end, the response form will open. 

 
Fig. 3. The QR code detection algorithm 

The QR code detection algorithm presented in this paper consists of several stages: 

 Search for contours in the image; 
 Approximation of the contours; 
 Search for suitable quadrangles; 
 Checking the ratio of FP blocks. 

In the text box (Fig. 4) you need to enter your answer and press “check” button. If the 
answer matches the answer in the database, then you will receive the answer “success” 
(green letters) and the teacher will be notified of your result. 

 
Fig. 4. The text box “true” 

Otherwise, you will be notified of the negative result (in red letters) (Fig. 4) and will be 
able to send a response manually. To do this, write a solution on paper and take (Fig. 5) 
of it, then click the “photo report” button. An operating system file manager will open 
where you must select a previously created photo. Check the correctness of the selected 
photo and click “Check”. 
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Fig. 5. The text box “false” 

The main advantage of the Unity platform that we used to create this software product 
is its cross competency. This allows you to easily develop applications for Android, 
debugging it on a computer running Windows, and also without making any recent 
changes, port our product to other systems such as iOS. An obvious advantage is an 
easily accessible to ready-made as a set that allows us to optimize our work and speed 
up the development process. This platform allows auto directly access the hard ware 
capabilities of our device (such as a camera), which was necessary for our soft- ware 
product. Unity also has the ability to use the HTTP protocol to communicate with the 
database. 

 

Fig. 6. The main steps of the teacher and student 
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4 Architecture of the application 

Now we will show in block form how the program was created. 
Based on the generation, reading and work with the database, we have created 

software to automate the verification of students’ homework (Fig. 6). This flowchart 
describes the processes of recognition, decoding of QR code and displaying tasks 
(Fig. 7). 

 
Fig. 7. QR Scanner 
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And in the next flowchart, a visualization of the process of generating the QR code is 
presented (Fig. 8). 

 
Fig. 8. QR Generator 

5 Conclusions 

The use of automated checks of tasks of a new type is an alternative to traditional 
methods. There is the possibility of personal training and self-examination of the results 
of such training. 

Classes with this type of tasks and verification are interactive. The main advantage 
of using cloud technologies in this work is saving time on task verification, quick 
generation of options from the task bank. Such classes contribute to preparing students 
for life in the modern information society. 

If students are working with this program they are faced with unplanned new in- 
formation, in addition to the mathematical principles for solving integrals, as well as 
the ability to use a software product for working with the conversion of information 
into QR codes. This allows you to increase the student’s interest, and thereby 
transforming the form of education from academic to personality-oriented and playful. 
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Fig. 9. Sending tasks 
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