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Abstract—Augmented Reality research in mobile learning systems so far 

have not especially to improve Preservice Students Teachers' (PSTs) geometry 

understanding in mathematical development. Studies conducted in this study ba-

sically use a case study. This research aims to develop a mobile augmented reality 

system for PSTs learning so that it can be used to improve PSTs understanding 

of mathematics development includes doing, image-making, an image having, 

property noticing, formalizing, observing, structuring and inventing. In this de-

velopment, PSTs can understand the understanding of the geometry transfor-

mation is a translation, reflection, rotation, and dilatation. 

Keywords—Mobile systems, augmented reality, understanding mathematics, 

geometry transformation. 

1 Introduction 

In PISA 2015 mathematics assessed as minor domains, providing the opportunity to 

make comparisons of student performance over time. The results of preliminary field 

studies, mathematical understanding of geometry Preservice Student Teachers (PSTs) 

20 of 36 in Universitas Muhammadiyah Sidoarjo have difficulty in solving mathemat-

ical understanding of geometry. 

The development of learners by understanding participants [1] includes doing, im-

age-making, an image having, property noticing, formalizing, observing, structuring, 

and inventing, linking concepts, ideas, facts, or mathematics procedures. Results of re-

search by [2], [6] shows the importance of understanding the development problems of 

geometry PSTs that many of the teachers or prospective elementary school teachers do 
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not have the concept of a strong understanding of geometry. While the PSTs' under-

standing relies on teachers' understanding of their own, therefore, the problem of un-

derstanding the development of geometry at PSTs should look for solutions. 

For PISA 2015, the computer is the primary model for various domains, including 

an understanding of mathematical geometry. In the 4.0 era, as now, the development of 

Mobile-based Augmented Reality into learning technology revolution by providing a 

virtual information display geometry objects are more real in view space (spatial) [7], 

[8], The results showed Application of Augmented Reality in learning shown to im-

prove the development of the learning outcomes of PSTs [9], [11], However, studies 

have not been especially Augmented Reality to improve PSTs understanding of the 

development and mobile learning systems that have not been made systematically de-

veloped according to the needs of PSTs. Therefore, researchers are interested in devel-

oping mobile learning system based on Augmented Reality, so understanding the math-

ematical geometry PSTs better suit the development of the industrial revolution 4.0 that 

demanded all aspects of fieldwork including in the field of education to develop learn-

ing-based "concept of the Internet of Things (IoT) ". 

From the background that has been described can be taken the formulation of the 

problem underlying this study, namely: 1. How is the development of mobile-based 

learning with augmented reality to the understanding of mathematical geometry PSTs? 

2. How PSTs discover mathematical understanding through the process of making me-

dia augmented reality? 

2 Methods 

The participants of this study were 36 PSTs at Muhammadiyah University, Sidoarjo, 

Indonesia. The data collected are taken from a survey of lecturer and PSTs, focus 

groups, classroom observations of teaching sequence of tasks, and samples of PSTs’ 

work. Studies conducted in this study basically uses a case study.  

Qualitative methods in this study use a case study [12] and can be viewed as a "case 

study instrumental" because in this study wanted to gain more insight into how devel-

opment and yield enhancement of understanding of mathematics when using mobile 

media system, especially on the transformation geometry. The level of understanding 

of PSTs is categorized by Pirie-Kieren's theory [5]. 

The study design using video recording as a means of data collection, and use the 

footage as the data to be analyzed. Video data is equipped with paper and record obser-

vations, to help have a more complete record of what is observed (and recorded) in each 

session. Several small groups of PSTs were recorded on video during a certain time 

span when they work mathematically. 

Pretest and posttest standards-based mathematics developed by a team of researchers 

awarded with pencil and paper to each PSTs before and after the implementation of 

each unit. Pretest and posttests developed through the iterative process involving a re-

view of lessons, consultations with the author of the lesson, the collection of assessment 

items that exist after the review state standardized tests, textbooks, and revision. PSTs 

performance on the math test WISEngineering state standards and samples collected 
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for a random PSTs from the same district. We conducted semi-structured interviews of 

PSTs and teachers after the implementation of each unit to investigate attitudes towards 

engineering and the WISEngineering unit. The following sections describe in more de-

tail the content ratings. 

3 Results and Discussion 

3.1 Development of mobile systems 

This research aims to develop a mobile augmented reality system for PSTs learning 

so that it can be used to improve student understanding of mathematics development 

includes doing, image-making, an image having, property noticing, formalizing, ob-

serving, structuring and inventing. In this development, PSTs can know the understand-

ing of the geometry transformation is a translation, reflection, rotation, and dilatation. 

 

Fig. 1. A preliminary overview of the 3d on XYZ axes 

Figure 1 shows a preliminary overview of 3d on XYZ axes for a higher PSTs made 

they can more understanding. In the process of translation, a translated object used by 

several provisions in accordance with the PSTs worksheets were prepared. At the PSTs 

worksheet, PSTs was asked to translate the object with the provisions. 

Let us assume that we want to translate the point P δx assistance in parallel with the 

X-axis, and the distance δy in parallel to the Y-axis. This transformation is accom-

plished by the addition. The results of the transaction are illustrated in Figure 2. 
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Fig. 2. Use media during the translation process 

Figure 2 shows the translation of one picture. After explaining why it works in favor 

of homogeneous coordinates, we proceeded to the 3D space using this representation. 

Thus, the translation of the point P by the vector must show in Figure 3 performed by 

defined below T3t following matrix shown in Figure 4. 

d =  |
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Fig. 3. The point P on the image translation process 
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Fig. 4. The Test of transform 

In the process of reflection, the object that is used is reflected by several provisions 

in accordance with the PSTs worksheets were prepared. At the PSTs worksheet, PSTs 

is required to object to the provisions reflected. In the process of using the tools of 

reflection mirrors to get a good reflection result by looking at the object of reflection in 

the mirror. 

In the dilation process, an object used by the dilatation process several provisions in 

accordance with the PSTs worksheets were prepared. At the PSTs worksheet, PSTs is 

required to object to the provisions dilatation. 

The matrix Ts defined by Equivalent (1) performs scaling about the origin. When Sx 

= Sy, we say that the scaling is uniform. An example is shown in Figure 6, object 1 and 

object 2 are similar. Other terms used for this particular transformation are homothety 

or homothecy. 
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 𝑇𝑠 = |
𝑆𝑥 0
0 𝑆𝑦

|          (1) 

 

Fig. 5. Use media during the dilatation process 

3.2 Analysis and exploration understanding of mathematics 

The results of the use of the mobile system in the mathematical understanding of 

PSTs increased from before to after using a mobile system using the mobile system. 

Explain and calculate mathematical understanding is a complex and challenging prob-

lem. This study extends the work of Pirie and Kieren in describing the growth of math-

ematical understanding and therefore helps to understand a little better understanding 

[5]. 

This study focuses on the use of mobile augmented reality-based system in the 

growth of mathematical understanding of PSTs and details of the action which consists 

of translation, rotation, and dilation. The results of the use of the mobile system can be 

seen in Figure 7 the difference between the two answers to PSTs by way of their re-

spective understanding of mathematical geometry. In the first answer, the PSTs do not 

show the level of image-making and image having. He directly answered the question 

with a formula that he knew without using a step by step according to the level of un-

derstanding of mathematical geometry. 

 

Fig. 6. Results answer PST of dilatation 
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As for the answer to both PSTs described the process of dilatation of the questions 

so that the PSTs does in order by level geometric mathematical understanding. Namely 

through doing by looking for known, then to the level of image-making and image-

doing. After carrying out image-making and image having founded the result of dilata-

tion of the wake. 

Thus, the presence of mobile augmented reality-based system as part of the actions 

of each PSTs is not surprising. The results of each PSTs in each activity showed satis-

factory results. So in this study with more emphasis on the mathematical understanding 

of each activity performed of translation, rotation, until dilatation of the transformation 

geometry by PSTs. Although beyond the scope here to regulate the relationship between 

every category, it is meant to discuss the relationships and links that have been shown 

by this study as very important in the process of refolding and the associated growth of 

mathematical understanding. 

3.3 Leveling mathematical understanding by pirie-kieren's theory 

Level 1 - Doing: The first level is a primitive knowledge that refers to previous 

knowledge of PSTs brought to the context. At this level, PSTs are using the system 

mobile to understand knowledge about the process initially where mobile use system if 

PSTs has difficulty beginning or not. 

Level 2 - Image-making: The second level is the making of the picture. PSTs make 

a difference in previous knowledge and use it in new ways. At the time of the mobile 

system are used PSTs also learns something new to learn about new ways of transfor-

mation geometry circuitry. 

Level 3 - Image having: The third level is to have a picture. PSTs makes a picture of 

a topic in mind. Overview of this topic written into the PSTs worksheet prepared so that 

PSTs do not forget about the image of the geometry transformation topics that have 

been previously contemplated by the PSTs. 

Level 4 - Property noticing: The next level is the attention to their properties; prop-

erties constructed image identified at this level. At this level represents the construction 

of an understanding of the geometry transformation to translation, reflection, and dila-

tion of the construction that has a different understanding. Moreover, the use of other 

tools during mobile use of the system is mathematical understanding PSTs. 

Level 5 - Formalizing: At the level of formalization, methods, rules, or property 

generalized from the property. 

Level 6 - Observing: Learners say and reveal about the concept of a formalized at 

the level observed. 

Level 7 - Structuring: PSTs organizes a formal observation and thinking about it as 

a theory at the level of the arrangement. 

Level 8 - Inventing. Level outermost creates: PSTs in inventory levels have "a full 

understanding of structured and therefore can break away from the prejudice that brings 

this understanding and creates new questions that grow into the entirely new concept". 
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Table 1.  The results of PSTs based on the average price level and the process of 

transformation geometry 

 Translational Reflection Dilatation Total % 

Level 1 2 2 2 6 50 

Level 2 2 3 2 7 58.3 

Level 3 3 3 2 8 66.7 

Level 4 2 3 4 9 75 

Level 5 4 3 2 9 75 

Level 6 3 4 3 10 83.3 

Level 7 3 4 4 11 91.7 

Level 8 2 3 3 8 66.7 

Sum 21 25 24   

 

The research results are described in Table 1 shows that the highest value on several 

levels seemingly at level 7 or structuring. These results explain the level of understand-

ing of the mathematical structuring level during the use of the media to be effective. So 

that an increase in those levels. While on level 1 or the doing of the table results can be 

seen is the lowest score of all levels. It can be said that the PSTs do not have any special 

preparation to further understand the concept of the use of the system's augmented re-

ality-based media. 

The results of this study as well as other research on mathematical understanding 

where the results of the PSTs scores are not the primary outcome in the study. Because 

understanding the math assessment results can not be measured only by researches will 

but by several studies. 

3.4 Discussion 

As shown by the various results of PSTs activities, not all of the action folded back 

should lead to sustained growth in mathematical understanding, and this is a significant 

contribution of this research to the Pirie-Kieren's theory, and to our understanding of 

mathematics. Data from this study showed that if the multiplying into effective action 

for the PSTs, and to allow for continued growth as a result of their understanding that 

there are two main components of this to consider. 

First, the actual form of the activity of the inner layer is used should be appropriate. 

In other words, a PSTs should be aware of (or help become aware through appropriate 

interventions) about the limitations of current understanding, in terms of mathematics, 

and the type of activity in the layers like what he did. or he must seek to extend this. 

For example, in striving to resolve a complex algebraic equation it may be necessary to 

fold back and collect his understanding of division of fractions to allow the equations 

to become simplified. However, if this understanding is not complete enough to be col-

lected and then folds back and works on topics that may use numbers, it may be neces-

sary to build a more complete understanding of fractions which can then be applied to 

the problem. 
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4 Conclusion 

This research aims to develop a mobile augmented reality system for PSTs learning 

so that it can be used to improve PSTs understanding of mathematics development in-

cludes doing, image-making, an image having, property noticing, formalizing, observ-

ing, structuring and inventing. In this development, PSTs can understand the under-

standing of the geometry transformation is a translation, reflection, rotation, and dila-

tation. 

The research results showed that the highest value on several levels seemingly at 

level 7 or structuring. These results explain the level of understanding of the mathemat-

ical structuring level during the use of the media to be effective. So that an increase in 

those levels. While on level 1 or the doing of the table results can be seen is the lowest 

score of all levels. It can be said that the PSTs do not have any special preparation to 

further understand the concept of the use of the system's augmented reality-based me-

dia. 
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