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Abstract—Mathematics in primary school is difficult to understand, boring, 
formal, theoretical, and book-based learning, which makes students tired of 
listening and paying attention. The purpose of this study is to create a learning 
prototype based on QR codes, especially mathematics learning in primary 
schools. Using the QR code, students can access math games related to the 
course. This learning model could encourage students to learn mathematics. The 
research included seven steps in research and development named after Borg & 
Gall, such as need assessment, plan, early product development, first test, revise 
early product, field test and revise product. The object of the research is QR 
code-based learning, and the respondents are primary school students and 
teachers. After analyzing data in the first and field test, researchers found the 
result. QR code-based learning could support children for learning mathematics. 
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1 Introduction 

Semiawan said that learning is important for everyone in the whole life. People 
learns, and they can get the knowledge and skills to adapt many changes in 
environment [1]. In primary school, learning mathematics formally and theoretically, 
as well as learning from books [2]. The subject of mathematics is not fun for them, 
because it is a hard subject that children cannot learn in an interesting situation. 
Children learn mathematics in school that falls into some part of subject, for examples 
numbers, geometry, and shape [3]. Students consider that it is not easy to understand 
mathematics. While teachers try to make students understand mathematics, but their 
effort does not succeed easily [4]. Because math is a difficult topic for many children, 
playing game is fun and supports to learn math. These tips for playing with math in 
primary school is worth to be done. 

The huge development of information and communication technologies (ICT) 
changed the lifestyles, including the method of learning. There are many methods of 
learning using ICT, i.e. computer-assisted learning, e-learning, distance education, 
and others, that can be accessed using tablet and PC [5]. The implementation of 
computer-assisted learning in the process of learning using multimedia increases 
student creativity and innovation [6]. Multimedia means integration of word, pictures, 
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audio, and video played through a computer or digital devices [7]. By combining the 
multimedia elements such as text with pictures, animations with audio, text and video, 
those in need of it can gain a clear meaning. Vaughan said that multimedia make the 
learning process changes, from teacher-center to student-center learning. When 
information technology is used to facilitate students with new teaching methods, it 
can enhance the meaning of content to be understood. Students can find all 
information easily, using pictures, sound and text to convey the learning material they 
have got in class. Dynamic development of mobile devices increase technology for 
designing mobile application [8]. Using mobile technologies educator can display 
science in natural environment. Mobile phones are used increasingly in schools, at 
home, and anywhere, that makes information technology is used increasingly. 
Children are born in the surrounding technologies and can use the mobile phone 
independently. The disadvantage is accessing to many movies, games that are not 
worth for children [9]. Teachers should think about creating an interesting model of 
learning that is used to play by children. 

1.1 Millennials generation 

Youth profiles change over time, and the nature of the care and commitment of the 
community deviates. However, teachers teaching in schools and universities are 
almost the same, with little attention being paid to generations of youth [10]. How 
young people learn depends on their opportunities and their well-being in the future. 
That is why it is important to identify each generation in the way they process the 
world around them, how they work together with authority, how it affects families 
and communities, and what to do to improve their chances maximize their goals. A 
number of concepts have been put together to find teaching options with different and 
complex influences in the learning process of 21st century students. The student 
generation is divided into three generations, such as Generation X (1965-1985); 
Generation Y (1978-2000), also known as Millennium; and Generation Z (1995-2012) 
[11]. 

An interesting mathematics learning can be made for primary and middle school. 
The teacher will give students the web address they can access. Then students enter 
the web address on their smartphone. The teacher does not do everything as far as 
possible to automate the students and take responsibility, but teacher wants to be 
learning facilitators. Smartphones are a kind of devices used by most young people 
and have really become an extension of their hands [12]. It is not easy to write long 
characters in a web address, because sometimes typing errors occur. Accessing the 
subject can easily be done via QR codes. 

1.2 QR code 

There are several reasons in using a QR code. The main reason, however, is that it 
is easy to give students web addresses and allow them to be more independent. QR 
codes reduce the frustration of students entering web addresses. Although they can 
use shorter links, even seven-year-olds find it is difficult to get the right touch. With a 
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QR code, students can save time without typing, and students will get it right the first 
time. It is rare for students to enter the web address incorrectly on their smartphones. 
[13]. 

Using computer-aided learning provided with multimedia become widespread in 
schools, and is adapting into the mobile environment. Children are born while the 
mobile phones are used by people, so children can learn quickly to use them [14]. QR 
codes have the popularity of classic barcodes in many areas due to numerous benefits 
such as increasing capacity, reducing size, etc. Combining with the variety and 
enhancement offered, the use of QR codes makes it more attractive than barcodes. QR 
codes can symbolize the same amount of data by one-tenth of the conventional 
barcode. 

The advantages of QR code over traditional barcode as can be seen in Table 1, are 
described as follow: 

• If not a QR code, the only way to connect students to online content is using a 
URL. A barcode cannot be used to access an online content [15] 

• With QR codes, students can get a way to access unlimited information 
• A QR code holds hundreds of times more information than a barcode. QR is a two-

dimensional barcode widely used for many purposes 
• Using QR codes, students can link to multimedia content of learning, as text, image 

or video 
• When scanned, the QR code redirects the students to many information that present 

as text, image, or video. While a barcode as visual representation of machine-
readable information about the product to which it’s attached. To put it down for a 
layman, a barcode is that small box printed on the packaging of a product, that has 
a small collection of black parallel lines of varying widths [15]. A barcode only 
stores information such as type, size, factory, number of product and country of 
origin [16] 

• A QR code can be scanned using a smartphone [14], while a barcode can only be 
read by a dedicated barcode reader machine 

• Codes that are found in magazines, brochures, store shelves, and billboards can be 
scanned using phone's camera at a long distance, while a barcode is usually 
scanned at a short distance [17]. 

Table 1.  Advantages QR Code over Traditional Barcode 
   QR code Barcode 

1 Connect to web page Yes No 
2 Access information Unlimited Limited 
3 Using purpose Many Product information 
4 Access to multimedia object Yes No 
5 Get product information Yes Yes 
6 Device to scan Mobile phone Bar code reader 
7 Distance where it is scanned At a distance Near 
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2 Research Method 

Research and Development (R&D) according to Borg and Gall [18][19] uses in 
this research, as can be seen in Figure 1, which consists of ten stages: 

• Need Assessment 
• Plan 
• Early Product Development 
• First Test 
• Revise of Early Product 
• Field Test 
• Revise Product 
• Operational Test 
• Revise Final Product 
• Implementation 

This research only involved seven stages, according to the requirements of the 
course material in primary school. These include: 

• Need Analyzing: In this stage the information of learning is collected, and 
searching literature 

• Planning: Now that researchers have the information needed, plan to build an 
application 

• Early Product Development: After creating a plan, the next stage is to develop 
early product. Reviews and suggestions from colleagues in fields of education, 
visual communication design and computer science are needed 

• First Test: The first reviews of experts are carried out after the product developed 
was fully related to education, visual communication design, and computer science 

• Revise Early Product: After conducting the first test, the product is revised in the 
next stage according to the comment of respondents 

• Field Testing: After revising the original product, a field test is conducted to 
evaluate the product. Students and teachers fill the questionnaires to give feedback. 
During the test stage, interviews will be conducted with several students and 
teachers 

• Revise Operational Product: After conducting field test, the next stage is revising 
the product based on the feedback in Field Test. 
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Fig. 1. Model of Research and Development according Borg and Gall [11] 

The research subject is mathematical applications, especially mobile games, and 
the location of the study is a primary school in Jakarta, Indonesia. Respondents 
consists of children who study in the school and experts in the fields of education, 
visual communication design and computer science. 

3 Results and Discussion 

3.1 Need assessment 

The object of the research was QR code-based learning, and the research was 
conducted in a primary school in Jakarta with students and teachers as the 
respondents. Analyzing and processing data carried out with seven stages including 
need assessment, plan, early product development, first test, revise early product, field 
test and revise product [18]. 

The goal of this stage is to get information that students and teachers need to 
develop QR code-based learning. The research was conducted at a primary school in 
Jakarta, Indonesia, where children and teachers participated. Data of the research were 
collected from the instruments with details: (1) Open-ended questionnaires were used 
to find useful information to support the theory, information needed for system 
development, information about what kind of system to be developed; and (2) Open-
ended interviews were used, then the respondents gave answers that was not restricted 
from a general point of view. In addition, extensive interviews were conducted to get 
data on the math learning. The following questionnaires were distributed to the 
respondents. 

Questionnaires used in the first stage: 
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• If you compare digital learning resources with book learning resources, can you 
explain which ones are interesting and easy to use? 

• How do you find other sources for learning mathematics? There are many methods 
such as in classrooms, in groups, in libraries or on the internet. 

• People need interactive media through smartphones, play augmented reality, and 
play games, but some people still like reading books. How about you? 

• Which math topics are difficult for you to understand? 
• Which math topics are interested for you? 

Data that were collected by students and teachers, were processed using software 
for qualitative data processing. As a result of answering the questions above, the 
majority of respondents gave the following statement as follows. 

Need assessment results: 

• Most of the respondents liked internet and social media more than book and printed 
media. 

• Most respondents found mathematics resources from internet. 
• Most of respondents used smartphones for everyday activities, getting information 

and enhancing their knowledge. 
• Almost all respondents agreed that fractions and geometry would be the most 

difficult to understand. 
• Many respondents were fond of number and measurement. 

Multi-step analysis and data processing involves collect data, prepare data, read 
intention, create code, display data, and analyze data [20]. 

The audience's goals and desired influence the style of the application. Based on 
research findings after discussions with students and teachers, QR code-based 
learning were described in Table 2, about users, modules consisting of several topics, 
and applications that explain how and what types of devices were used. 

Table 2.  The concept of QR Code-based and competency learning 

Object Description 
User Primary school students and teachers 

Module 

Module: 
Topics of learning 
Source of learning 
Competency gain on learning 
Process of learning 
Evaluation of learning 

CR code QR code is printed on a book page that links to learning resource 
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3.2 Plan 

After the Need Assessment stage had been conducted, the next stage was Plan with 
creating design that consisted of instructional design, conceptual design and book 
design. 

Instructional Design: Organization of learning how the instruction was 
developed. This process included deciding objectives of learning, the best of the 
learning methods, and action for guidance of the learning. Learning methods included 
classroom learning. Table 3 shows the instructional design. 

At this stage, the learning organization was made as a master plan for providing 
instructions. This process involved choosing the optimal teaching method and 
creating useful subject of learning, action-oriented and focused learning goals that 
guide learning. Possible teaching methods included classroom learning. 

Table 3.  Instructional design 

Object Description 
Course Id MA-01 
Title Fundamental of Mathematics 
Duration 48 hours 

Module 

Module: 
1. Introduction 
2. Number 
3. Shape 
4.  Geometry 
5. Fractions 

CR code QR code is printed on a book page that links to a math game 

Description 

During the learning in class, teacher asks students to access a math game in 
website by scanning a QR code that is printed in the book using their 
smartphones. 
 

 
Conceptual Design: The first step was creating Course outline, as part of learning, 

that was the first display of a learning. The learning was divided into three subjects as 
Course Outline, Course Plan, and Assignment. In Course Outline, user could find 
information about course title, duration of course, teacher identity, and name of 
teacher. Teacher could see the teaching schedule and entry the score of students, and 
download the instruction guide. 

Learning resources must be accessed via a smartphone as needed by the user [21]. 
The design of the learning course integrated into the design of QR codes. This 
concept was the concept of application development and must be considered in all 
aspects. Creating a design must be considered a simple and generic design. Design 
described application functionality and methods such as the relationship between 
learning objects, QR codes and learning source URLs, as can be seen in Figure 2. 
Functional design could reduce the possibility of implementation errors. 
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Fig. 2. Relationship between the subjects, the QR code, and URLs 

Book Design: Book design consists of three book parts, are front matter, main 
matter and back matter. Design of front matter included France title, Book title, 
Copyright page, Preface and Table of content, while main matter included the main 
content of the subject of the book, and back matter consisted of index, and word lists. 
[22]. Figure 3 shows the book design that guided developing the instructional content 
to be a good book. After the design stage had been conducted, the next stage was 
development that consisted of development of instructional content, resource learning, 
and QR code. 
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Fig. 3. Book design of math instructional design 

3.3 Early Product 

After the Plan stage had been conducted, the next stage was Early Product with 
creating book of math instruction, resource learning and qr code. 

Instruction Content: The first step was creating Course outline as the first display 
of a learning. The learning outline consisted of Course Outline, Course Plan, and 
Assignment subject. In Course Outline, user could find information about course title, 
duration of course, teacher identity, and name of teacher. Teacher could see the 
teaching schedule and entry the score of students, and download the instruction guide. 
Figure 4 shows Course Plan, that identified competency, topic, learning method, 
duration, and references. 
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Fig. 4. Figure 4 Course plan 

Resource Learning: In this stage, learning resources from various formats such as 
text, images, sounds, and animations were created or collected. This study used 
mobile games as a learning resource [19]. It can be one or more of the multimedia 
elements that was could make a clear meaning. Students can find information, use 
pictures, sounds and texts to communicate what they have learned. The growth of 
mobile devices made possibilities for people to reach many information using mobile 
phones [23]. 

QR Code: However, as shown in Figure 2, QR codes have many advantages over 
traditional bar codes [15][16]; The main advantage is that up to one hundred times 
more information can be stored in a QR code than on a standard horizontal bar code . 
Another major advantage is that the appearance of the code is unique and interesting 
from a marketing perspective, which increases the likelihood that customers will be 
involved in any campaign where the code is used. [14]. 

There are many websites where instructional designers can produce QR codes, and 
most of them are free. The researcher can then download it to print on the computer. 
Google search for "QR code makers" leads to countless results with different options. 
So this is just about choosing an option that works well [14]. QR code readers can be 
downloaded by anyone to smartphone, and most of them are free. This means that 
each student can scan the QR code with smartphone. Android users can use a QR 
code reader, and iPhone users can download the Quick Scan application. 

3.4 Testing 

Through the development of QR code-based learning methods, books were 
provided with printed QR codes. During the study, the teacher asked students to open 
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the book page on which the CR code was printed. Students first scanned the QR code 
to access the mathematics game on the Web site, as can be seen in Figure 5. Once the 
QR code had been tested, the entire game and the book must be tested by students and 
teachers. 

The math game could be accessed by students anytime and anywhere, so they 
could remind the math knowledge that teachers delivered in class. Many kinds of 
math game can be created as learning resources, and of course they can increase 
students learning outcome using mobile technologies in education [24]. Figure 5 
shows the relationship between the subject, the QR code, and the game. Figure 6 
shows the math game that can be accessed anytime and anywhere [19]. 

 
Fig. 5. Relationship between the subject, the QR code, and the game 

 
Fig. 6. Math mobile game [19] 

4 Research Limitation 

The research was limited in developing prototype of learning, especially QR code-
based learning: 
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• This study was conducted from first stage to third one in accordance with the needs 
of creating prototype of QR code-based learning in the particular primary school in 
Jakarta Indonesia. It should be evaluated by experts in education, mathematics and 
information technology 

• The tested subject was not all the content of math book. 

5 Conclusion 

The results of this research are: 

• Need assessment in which students take information needs for QR code-based 
learning prototypes. The initial investigation information serves as a guide for 
developing QR code-based learning 

• Development of QR code-based learning was conducted and organizes according 
the Borg and Gall model 

• QR code-based learning supported teachers in learning process [25], since it can 
access a math game, children can be motivated to learn mathematics. The math 
game as learning resource can be accessed by students anytime and anywhere, so it 
can increase students learning outcome [26]. 

The learning model can used be for practice in especially teachers and educational 
technology developer for learning improvement. The point of future research is 
continuing the stage of QR code-based learning in operational test, revise final 
product and implementation. In addition, the QR code-based learning process must be 
able to run on any platform, product, and resolution of mobile device. 
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