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Abstract 

Learning geometry became one of the subjects that are very 

complicated for students at the University of PGRI Semarang 

because it requires high cognitive abilities and spatial skill 

from students, it takes a learning medium that is capable of 

displaying 3D objects and specifically customized in learning 

geometry, one of them is mobile augmented reality media, 

that able to issue a nice and interesting three-dimensional 

object. The purpose of this study is to make Mobile 

Augmented Reality Media Applications with Waterfall Model 

in the subject of Geometry. As for the specific targets to be 

achieved in this research is generating Mobile Augmented 

Reality applications that is valid to use in learning geometry 

courses for students in Mathematics Education Study Program 

of University of PGRI Semarang. 

The model of this media creation application software uses the 

waterfall model, by systematic as the following : (1) 

requirements, (2) design, (3) Implementation, (4) Verification, 

(5) Maintenance, after the mobile augmented reality media 

design done. it is then validated by subject matter experts and 

media experts with an average score of 93 and 92.75, meaning 

that the Augmented Reality mobile media has been 

categorized as very feasible to use in the learning process. 

Keywords: Mobile Augmented Reality, Waterfall Model, 

Geometry Learning 

 

INTRODUCTION 

The Rapid technological advancements have now made a 

significant impact to the learning process, both in schools and 

universities. The effects of renewable technologies such as 

mobile phones, tablets and other communication media has 

influenced their learning style. As today, there are various 

mobile phone features offered. Mobile Phone features are now 

even more diverse and sophisticated, for example, mobile 

phone are now supported with camera, Short Message Service 

(SMS), music, video player, games, voice and video recorder, 

radio, web portals, video calls and Multimedia Message 

Service (MMS). These features are also supported with 

Internet capabilities that allow the user to show some kind of 

digital media (images, sound, animation, and video) to be 

used as a learning tool for students wherever and whenever 

they are. (Herrington: 2009). 

In accordance to the development of technology to help the 

learning process should be changed to fit the student's 

character and the characteristics of the subjects studied. in a 

cluster of math courses in college, there are several cluster of 

course that is very difficult to be understood its material by 

the students, one of which is a family of geometry. geometry 

is part of the mathematical sciences field that need a strong 

delicate and abstraction analysis on both field, space and 

analitical thinking, in which according to Travers (1987) that: 

"geometry is the study of the relationships Among points, 

lines, angles, surfaces, and solids. "Geometry is a science 

which deals with the relationship between points, lines, 

angles, fields and 3D Objects. 

In United States, there are only about half of the students there 

who took lessons of formal geometry (Bobango, 1993: 147). 

In addition, the achievement of all students in issues related to 

geometry and measurement is still low (Bobango, 1993: 147). 

Furthermore, Hoffer states that the students in United States 

and the Soviet Union both have difficulty in learning 

geometry (Kho, 1996: 4). the Low mastery of geometry are 

not only happened to students, but also happens to the 

teachers of middle schools who participates in preservice and 

inservice in Illinois USA (Swafford, Jones, & Thornton 1997), 

and many universities there also got a tendency of a decline in 

interest in geometry (Perry: 1992) 

The student's low achievement in geometry are also occurred 

in Indonesia. Empirical evidence on the ground shows that 

based on experience, observation and research conducted 

found out that the students' ability to see three-dimensional 

objects are still low (Madja, 1992: 6). Even from various 

studies, they found out that some students still consider the 

geometry image as 2D Objects, and still having difficulty to 
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determine the difference between intersect and intersecting 

lines, and having unable to use the acquisition geometry to 

solve the problems of the geometry of spatial in high school 

level (Budiarto, 2000: 440). Later research conducted by 

Muin et al (1997) showed that the mastery of the concept of 

geometry of space for new students of Faculty of Mathematics 

and natural sciences (FPMIPA) on Teachers' Training 

College, Faculty of teaching and science education in 

University, and Public and Private teaching and science 

education profession school on East Java resulted on a range 

from 7.14% to 80% which means that the mastery of 

geometry concepts of students are still not optimal. Then 

Suparyan study (2007) showed that the Semarang State 

University's math students are weak in mastering  geometry of 

space material course and especially in spatial abilities. 

In contrast, based on the results of interviews with professors 

of literature cluster of geometry and Academic Information 

System data of PGRI Semarang University discovered that the 

average results of student learning of mathematics education 

courses in 2014 in the subject of geometry is 66 point. The 

low value is due to several things: ( 1) the weak students skill 

in sketching both flat and geometry, (2) the provision of 

student knowledge about 2D material geometry and space is 

very weak esecially at the middle school level, (3) lecturers 

that teach geometry are still only using the media for simply 

sketching or drawing, and there is still few lecturers who use 

software-based media which facilitate the abstraction of 

subjects for students (4) the student are still weak in solving 

problems related to the geometry which arrives from daily 

life. This shows that both the faculty and students of the 

University of PGRI Semarang experiencing similar problems 

with other college-related in learning geometry. In order to 

solve the lack of mastery of geometry requireds a 

breakthroughs in learning in order for the students to obtain a 

maximum spatial ability, Nemeth (Nemeth: 2007) explains in 

his research finding that the importance of real spatial ability 

is needed in the engineering sciences and mathematics, 

especially geometry. This ability was found to be inherited but 

as a result of a long learning process. For that the need of an 

instructional media to help students in mastering the material 

in a practical and effective geometry is a must. 

As for the learning media mentioned which is suitable with 

the characteristics of geometry subjects are augmented reality 

media. Augmented reality media is a learning media that 

combines printed and computer technology (Craig: 2013). 

Augmented Reality which also called augmented reality 

technology is used to combine objects 2D / 3D  from virtual 

world to the real world in real-time (Kauffman: 2000). While 

Mobile Augmented Reality is based on Augmented 

instructional media where some pages are marked so that it 

can display a three-dimensional models through webcamera 

by integrating the applications that have been designed 

previously in cell phones or computers. 

Based on the results of research on the effects of augmented 

reality geometry media on learning outcomes and student 

motivation and student in Indonesia and in abroad acquired by 

Subagyo et al (2015) showed that the introduction of formulas 

of 3D objects by augmented reality in primary schools around 

Kudus  Regency really assist students in the process of 

abstraction or spatial abilities greatly so that students are more 

enthusiastic in following the study, this was confirmed by 

Estapa's research (2015) that using the augmented reality 

media shows a very significant impact on motivation and the 

learning outcomes of primary school students in the United 

States, while according to Yingprayoon (2015), augmented 

reality geometry in secondary schools and higher education in 

Thailand is able to improve the ability of pupils and students 

in understanding the geometry material, it is then supported 

by Coimbra et al (2015) which shows that the use of 

augmented reality geometry in college Portugal was very 

helpful for engineering students to understand the material of 

spatial geometry. Among the various products of augmented 

reality whether it is in the outside or inside the country still 

has not yet been packaged as a whole in an application for 

learning the courses of geometry in the classroom, therefore it 

is necessary to develop a geometry materials based on mobile 

augmented reality that can be used for students flexibly 

whenever and wherever he or she is. 

In the making this design of mobile augmented reality media 

refers to the waterfall model based on the assumption of the 

analysis of the problems and needs through and thorough 

interviews and direct observations to obtain a perfect 

problem-solving in the learning process of geometry. Based 

on the background explained above and this very reason, it is 

necessary that Mobile Augmented Reality Media Design with 

Waterfall Model on the subject of Geometry at the University 

of PGRI Semarang become valid to use. 

 

METHOD 

Type Of Research 

In developing the mobile augmented reality applications, we 

use the Waterfall Model development method. This model is a 

systematic approach and sequence starting from the system of 

level requirements and then headed to the stage of analysis, 

design, coding, testing / verification, and maintenance. it is 

called waterfall because it consists of stage by stage  sequence 

through which must wait for the completion of the previous 

stage in order to start the next stage. For example for the 

design stage to be able to start must wait the completion of the 

previous phase ie the requirements stage. In general, the 

stages in the waterfall model can be seen in the following 

figure: 
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Picture 1. Waterfall Model Process 

 

Below is an explanation of the steps taken in the waterfall 

model according to Pressman (2007): 

1. Requirements. In this stage, the search process is intensified 

and focused on the needs of the software. To know the 

nature of the program to be made, the software engineer 

must understand the information domain of the software, 

for example, the functions needed, user interface, etc. This 

2 activity (search the system requirements and software) 

must be documented and presented to the customer. 

2. Design. This stage process is used to change the above 

necessities as a  representation in the form of "blueprint" 

software before the coding begins. The design must be 

able to implement the requirements mentioned in the 

previous stage. Like the two previous activity, this process 

must also be documented as the configuration of the 

software. 

3. Implementation. To be understood by the machine, in this 

case a computer, the design had to be transformed into a 

form that can be understood by machines, ie into the 

programming language through the coding process. This 

stage is the implementation of the technical design phase 

which will be done by the programmer. 

4. Verification. As anything made must be tested first. 

Likewise with software. All software functions must be 

tested, so that the software is free from error, and results 

should be strictly in accordance with the needs that have 

been defined previously. 

5. Maintenance. A software maintenance is required, 

including the development, because the software that 

being made are not always just like that. When it runs, it  

may still have some small errors that are not found before, 

or if there is the rise of the needs of an additional features 

that did not exist in the software before. a Development is 

required when a change of external companies such as 

when there is a change on the operating system, or other 

device. 

Reasons to Use Waterfall is its advantages of the method for 

the application of this model which is easy to use, also by 

using this model, when all the system requirements can be 

defined as a whole, explicit, and right at the beginning of the 

project, then the products can run well and without problems. 

Although the often needs of the system can not be defined as 

explicitly as desired, but at least, the problem on the system 

requirements in the early project are more economical in 

terms of money (cheaper), effort, and time wasted when 

compared to the problems that arise at later stages , 

 

Subject  

The subject to try of this research is student of mathematics 

education of (FPMIPATI) of University PGRI Semarang on 

their first semester, in the course of Geometry which consists 

of 245 students, and then use a randomly selected sampling 

from 1E class of 32 students. 

Instrument Data Collectors 

This development instrument uses tools such as 

questionnaires, observations and interviews which developed 

by the researcher 
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Data analysis 

The data gathered through this study is a data on: (1) the 

attractiveness of the program offered to students; (2) the 

relevance of the material being studied; (3) the usefulness of 

media and materials to study; and (4) the suitability of the 

material to be examined with the ease of access to materials 

for students. (5) The questionnaire responses by subject matter 

experts and media experts to the Mobile Augmented Reality 

media. 

 

 

RESULT AND DISCUSSION 

The result of this research is about the mobile augmented 

reality media designon geometry subjects course which has 

been suited in to waterfall model as seen below :  

1. Requirements.  

In order to support the development of the mobile 

augmented reality media on  geometri subjectsit is 

then use the corel draw, software Unity 3D, Vuforia 

development andBlender software.As for the step by 

step of this development of the Mobile Augmented 

Reality MediaAs seen below: 

 

 

Picture 2. Stages of Mobile Augmented Reality MediaDevelopment 

 

2. Design.  

The making of the design is done in a systematic way 

and is validated by subject matter experts and 

instructional media professors and doctors in the 

field of mathematics and technology-based learning, 

so that the mobile augmented reality product can be 

used in the real learning process for subjects of 

geometry, as for the initial design is as the following 

:

 

Choosing the geometry Subjects cource which corresponds with spatial geometry  

Creating aspatial geometry material designusing corel draw and adobe photoshop 

softwarein a JPEG extension file 

Creating the spatial geometry material using blender software which resulted in an 

output of a blend file 

The output which is unity page is then submitted in to unity 3D software which resulted 

in an output that is marker file 

The JPEG File thensubmittedto vuforia development online which resulted an unity 

package as its output 

Putting the marker and blend file in to unity 3D software to buold ti in to APK filefor 

android 

This Application in form of APK file is theninstalled in to android mobile phoneto be 

used in the marker shown in thepaper/computer/Phone 
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Picture 3. Mobile augmented reality design for geometry material  

 

In figure 3, the related materials describes the angles and 

distances in three-dimensional space, where students are 

expected to describe the location of the position of points, 

lines and areas properly, the design is then added with corel 

draw software design in order to look more attractive and 

elegant.Then the product was validated by experts in their 

fields, the validation results are : the subject matter experts 

provide a total value of 93 and media experts give 92.5. it 

means that the two experts stated that the product is fit for 

usein the classroom, while the input of experts is the needs of 

an instrumental music in mobile augmented reality application 

to make the learning atmosphere more fun and also the 

augmented reality view of the 3D objects instudent 

smartphones and mobile augmented reality cards should be 

larger. Here are the results of expert assessment of materials 

and media experts : 

 

 

Picture 4. Bar Chart of Material Expert Validaton result 

 

The result of material expert's assessment of the material 

showed that the material presentation of the material is 

already good, the language used is also good, while the 

drawing of the material are well-structured. 
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Picture 5. Bar Chart Of Media Expert Validations Result 

 

The results of media expert assessment of the media showed 

that the design of the display is good, color grading is already 

good, object of three dimensions that appears on the 

smartphone can also be seen clearly, while it still need 

improvement in the mobile augmented reality card design and 

the needs of instrumental music on the application to make it 

more attractive to students. 

 

3. Implementation.  

To be understood by the smartphone, in this case is the 

student's, the design had to be transformed in to the form 

of APK so that it can be understood and usable by 

smarthphone that is android-based, ie into the 

programming language through the coding process. In the 

implementation of mobile augmented reality media, 

lecturers provide technical way of use the media details, 

so students can use them properly, the easy way is to 

install APK in student's smartphone and directing the 

smartphone to MAR Card Geometry, so the 3D objects 

output can be helpful that the students understand the 

material abstraction of spatial geometry. 

 

 

Gambar 5. Explanation on how to use the MAR Card Geometry 
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4. Verification.  

In this stage of verification of the Mobile Augmented 

Reality (MAR) Card Geometry product conducted 

after an observation in the classroom and interview 

after the use of MAR Card media, in order to know 

all the functions MAR Card that is free from error, 

and the result is totally in keep with the needs that 

have been defined in previous stage. The results of 

verification of the product showed that the MAR 

Card Geometry media are already eligible for use in 

the learning process geometry course, this is 

demonstrated by the success of all smartphones used 

by the students and all students easily understand the 

purpose of the three-dimensional objects that shown 

in student's smartphone. 

 

Gambar 6.The verification of MAR Card Geometry interface 

 

5. Maintenance.  

In the maintenance of an application stage, require a check on 

the card MAR geometry Card that is the necessity to reprint 

the card so that the paper used was supportive to the 

smartphones used, because if the card MAR Card broke the 

smartphone can not detect the 3D object in MAR Card, 

including the possibility that there is small errors that are not 

found before, or are there additional features that did not exist 

before in the augmented reality mobile application. 

 

CONCLUSION  

From the research results related to the development of mobile 

augmented reality media design on geometry course shows 

that : 

1. The mobile augmented reality Products in the 

geometry course are eligible for use in the learning 

process, especially at the University of PGRI 

Semarang 

2. There has been made improvements related to the 

card view where the card size is now larger MAR 

Card 

3. It is now added an instrumental music in the 

application which helps students in their learning 

atmosphere to be more interesting and more fun. 

4. The needs of further development in order for the 

MAR Card media product in geometry can fit for use 

not only in Indonesia in particular but also the world 

in general. 
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