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Chapter 2 Literature Review 

This chapter contains various research theories related to this study. The focus of this 

study is to investigate student learning behavior in authentic learning, learning achievement 

and students' perceptions. 

2-1 Authentic Learning Design 

Authentic learning is a type of pedagogical approach that has real meaning so students 

can solve real problems in the world. Lam (2013) explain the advantages of using authentic 

learning for students are: (1) increase student motivation; (2) knowing learning opportunities; 

(3) preparing for a better future; (4) simplifying complex concepts; (5) include elements of 

learning theory into learning. The basic foundation of authentic learning in constructivism 

theory which helps students to build understanding independently without support from the 

teacher. Gulikers (2005) also highlights that learning is not only in the classroom, but can be 

done in different places to motivate students and to build perceptions of their relevant 

knowledge with the required competencies that are relevant for the future and for everyday 

life. 

In authentic learning, there are several scenario learning designs for connect real-time 

problems with new experiences to prepare students to be ready when graduate from school 

(ACEL, 2016) and have more knowledge, skills and values (Gürgil, 2018) like using a 

problem based learning (PBL) scenario that has been done by Gunter (2017) with the effect of 

student learning outcomes on the experimental group increases that are compared with other 

and students have a deep understanding the concepts based on problems in real life. The level 

for solving problems in life is increasing in the twenty-first century, which makes one of the 

disciplinary sciences such as mathematics an important tool for dealing with problems in real 

life (Bhagat & Huang, 2018).  

Implementation of authentic learning by Howland (2012) can also use  technology to 

facilitate student to: (1) helping student learning in the real environment; (2) make learning 

activity design; (3) facilitate assessment; (4) as a cognitive tool because it can help students to 

explore knowledge; (5) solve real-world problems in an authentic environment, and (6) to 

collaborate and communicate between groups.  

David (2018) combines the scenario design definition and the digital interaction 

definition using technology assistance to implement authentic learning with the examples 

such as automated systems that can provide quality feedback, social systems to accommodate 

collaborative activities and digital systems to increase teacher participation and learning 
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methods. Teacher participation in authentic learning to support student's learning by 

understanding students independently is not only limited to providing learning material 

(Wiggins & Mctighe, 2011). The design and implementation of authentic learning in the 

design of a scenario or task can provide opportunities for students to relate the relevance of 

the task to problem-solving with an academic learning material (Brophy, 2010).  

Based on some theory of authentic learning, this study can apply authentic learning 

using technology assistance that can facilitate in the process of building students' knowledge 

independently and authentically with authentic task or scenario based on real problems. 

Building knowledge based on authentic problems or real problems makes students ready for 

future life, especially problems related to mathematical disciplines, such as the concept of 

measurement problems in line segments and angle measurements for school children as a 

basis for estimating distance calculations and the angle estimation of an object found in the 

surrounding. 

2-2 Ubiquitous Geometry Learning in Mathematic 

The use of technology, especially mobile technology in the field of education, enables 

the learning process on outside the classroom to access and share knowledge in various 

learning scenarios. Mobile technology has properties that can be carried anywhere and can be 

used by anyone to use the hand that allows individuals to do learning activities in it in daily 

life, which can be called ubiquitous learning, but the definition of ubiquitous learning is not 

clear when it has changed in the learning environment (Hwang, Tsai, & Yang, 2008). 

2-2-1 Ubiquitous Learning 

Lyytnen and Yoo (2002) positioning ubiquitous learning in the classification of high 

mobility and high level of embeddedness in a device as in Figure 1, ubiquitous learning can 

be defined as a learning paradigm that can make better learning in the right place and in the 

right way wherever and whenever using embedded technology such as sensors, and interfaces. 
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Figure 1. Learning classification at the level of mobility and embeddedness 

According to Yahya (2010) a learning media can be defined as ubiquitous learning if it 

has five characteristics: (1) permanence, that the information will remain  stored and always 

can increase every day, except students delete the information; (2) accessibility, indicating 

students can access different sources of learning materials from anywhere according to 

student needs; (3) immediacy, that information on the media can be learned directly by 

students, so students can understand or finish quickly; (4) Interactivity, meaning that students 

can interact directly with teachers, friends, and experts effectively through different media; (5) 

situation of instructional activities, that the media and the environment can relevant to the 

problems of life that can provide information for students. 

Grabe (2007) mention that a media can be defined as ubiquitous learning if has 

additional characteristics: (1) active,  the students interact directly with the surrounding 

environment which can be monitored so that students have active freedom to carry out 

learning activities; (2) authentic, study in an authentic environment with learning assignments 

that related to real problems; (3) constructive, the learning method can accommodate students 

to find new ideas or new knowledge based on prior knowledge and prior experience; (4) 

cooperative, students need assistance or provide assistance to other students in the process of 

building knowledge; and (5) integrated, that the combination of content and technology can 

facilitate learning. 

The ubiquitous determined by character and classification of learning but also 

determined by the dimensions of the environment. There are five elements that can support 

the environment in the ubiquitous learning, namely: (1) the surrounding environment, (2) 

regulating system work, (3) conditioning the situation in learning, (4) providing the same 

atmosphere with the real environment, and (5) stages of the process when making knowledge. 

2-2-2 Geometry Learning in Mathematic 

Geometry is one of the topics that found in mathematic learning for elementary schools. 

The first step to learning geometry is to recognize types, descriptions, measurement of line 

segments, positions and changes in direction. In addition to measuring line segments, 

measurement of an angle is an important fundamental in geometry because the lines segment 

and angles are the basic concepts of geometry (Doug, 2004). Learning geometry begins from 

the survival of experimental problems to find solutions by taking measurements and 

calculations that aim: (1) add spatial awareness to students to recognize and manipulate 

geometric objects, (2) can develop skills in reasoning the forecast calculation of size, and (3) 
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stimulate students to imagine various kinds of objects that are around because many aspects 

that are in the world have elements of geometry. 

In the fourth-grade elementary school, the curriculum contains geometry learning in 

daily life which has a focus on the study on the concept of line, the concept of angles and 

polygons using traditional methods on the blackboard or paper. In addition, students must also 

be able to understand the size of cm to the meter as an actual measurement to estimate the 

length of an object. The teacher gives real questions about geometry problems on learning 

topics such as the topic line, angle, combine, triangle and quadrilateral that exist in daily life, 

then students try to find solutions or geometric objects that are suitable in the surrounding  

(Wei, 2019). 

Therefore, in the development of Authentic-UG as a media innovation to learn 

mathematics with the application of technology has several requirements according to the 

theory above. Authentic-UG development must be able to be integrated between geometry 

learning topics with a curriculum that focuses on the fundamentals of line concepts and angle 

concepts by using digital technology that has the ability to: (1) data that can be stored 

permanently that can be managed; (2) easy use of geometry learning with learning material 

that can facilitate students to measure line segments and angle; (3) efficient processing so that 

it can be used for learning outside the classroom and can stimulate student motivation; (4) 

interactive communication with peers and teachers to provide feedback in the process of 

building knowledge; (5) authentic learning situations such as the surrounding environment 

with active and autonomous learning scenarios to solve problems. 

2-3 Augmented Reality with ARCore Technology 

The development of Augmented Reality (AR) technology is growing along with the 

increasing use of smartphones in this century. Greg (2012) describes that AR is a combination 

of software and technologies in hardware, such as using digital cameras, accelerometer, GPS, 

gyroscope, compass, and sensors that work together in a virtual environment to make digital 

information into visual perception with characteristics: (1) able to combine real situations 

with virtual information situations; (2) has a good level of interactivity with the real-time 

system; (3) operation using the 3D model. 

Many technological combinations found in AR have great potential to be used as 

ubiquitous learning media via smartphones because they have high levels of mobility and 

level of embeddedness. Tobar (2015) explained that the use of AR technology in education 

can enable students to learn independently and interact with the real world and virtual objects 
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to increase motivation and mathematical skills. The application of AR technology allows 

mathematics learning in geometry material to be increasingly easy to understand because it 

directly applies geometric for experiments in the real world (Kaufmann & Schmalstieg, 2003). 

There are two main challenges while implementing AR, particularly social challenges 

and technical challenges. Social challenges in the kind of human unfamiliarity in using new 

technology that makes the lack of attraction to learn and for technical challenges is a high 

level of complexity to create content that applies AR technology. (Mekni & Lemieux, 2014).  

Besides increasing smartphone usage, Piao (2017) explaining the growth of research in 

the field of computer vision about Simultaneous Localization and Mapping (SLAM) makes 

the level of complexity of AR decreases which makes many technology companies begin to 

develop AR technology through the Software Development Kit (SDK) to facilitate content 

creation using AR technology, for example the Apple company developing ARKit, then 

Google developed ARCore and PTC developed Vuforia. Zhang (2018) argues that the 

difference between the three SDKs is the implementation environment. ARKit can only be 

used in the iOS operating system environment, ARCore can only be optimized for the 

Android and Vuforia operating system environment, which can be used in both operating 

system environments. Each SDK has advantages and disadvantages according to the needs 

and development of AR. 

Data on digital world developments collected by Hootsuite (2019) shows the dominance 

of smartphone usage by 81% with the use of the Android mobile operating system in Taiwan 

and the PokemonGo application the top of the active users. This shows that AR technology as 

embedded in PokemonGo has great potential that can be used to make educational media 

based on AR. Therefore, this study will focus on developing AR technology using Google's 

ARCore SDK because it has the same environment found in Taiwan and the ARCore 

technology allows developers to easily create AR content, which can be used on smartphones 

with Android operating systems with minimal systems. version 7.0 that has been determined 

by Google (2019). ARCore has three advantages to be able to combine virtual content with 

the real world, including (1) motion tracking, that smartphones can understand the 

surrounding environment through track position in the real environment; (2) environmental 

understanding, that smartphones can recognize sizes and locations in different fields such as 

horizontal fields, vertical fields, tables, and walls; (3) light estimation, that allows 

smartphones to have the ability to estimate the environment with light conditions. 

 ARCore SDK is a beta product from Google that has various features such as the 

interaction between the virtual world and the real world, can understand certain points in the 
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surrounding environment, make 2D and 3D augmented, and system sharing. The ARCore 

work system starts from the stages of tracking virtual points on a smartphone when it moves 

to detect surfaces, estimates light, determines the position and orientation of a smartphone by 

using sensors and the next stage makes understanding the real environment in order to place 

objects, annotations and other information that can be integrated with real world. Virtual 

objects with ARCore technology can interact easily using the touch of a hand to the 

smartphone screen to manipulate real-time 3D virtual objects. 

 The capability of ARCore to study the surrounding environment makes possible to 

make the measurement system because ARCore can understand high accurately the real size. 

The use of ARCore to create virtual geometry content such as line segment measurement and 

angle measurement that can be integrated with the real environment. 

2-4 Learning Behavior on Authentic-UG 

In addition to the development of media technology for education, in this study we also 

analyze the student learning about learning angle concepts using Authentic-UG so that 

contributions to this study can be useful for technological developments in education to 

facilitate students' understanding of geometry concepts. Interactions when learning behavior 

on Authentic-UG like a sequences between activities in the learning process which can be 

analyzed using Lag-Sequential Analysis (LSA) as in the research conducted by Pohl (2016) 

and to record learning behavior using xAPI technology that allows recording every learning 

activity on detail to record every second such as the length of time to study, time to complete 

answers, frequently visited pages and student behavior activities towards each activity (Wang, 

2017). 

2-4-1 Geometry on Authentic  

Basically, the geometry is a measurement that is in accordance with the origin of the 

word namely earth "geo" and measurement of the measurement of "metry". Measurement 

skills and geometry concepts for students are material that not only become the basic essence 

of mathematics but can be used for everyday life, and geometry can also form numbers and 

arithmetic concepts when making geometry measurements through numbers that have 

important benefits for students (Cross, Taniesha, Woods, & Schweingruber, 2009). The 

experience of applying authentic learning in elementary schools about understanding numbers 

and types of geometry will make students have reasons for learning geometry and can 

estimate measurements that will later impact on future learning experiences when high school 

(National Council of Teachers of Mathematics, 2006). In line with this, Common Core 
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Standards Writing Team (2013) also stated that measuring skills and understanding to 

estimating of geometric concepts have future benefits for students, such as in engineering that 

requires the basis of geometry and in other sciences, requires a real measurement skill. 

Learning geometry on authentic learning has a better understanding process because 

geometry is essentially a measurement of the earth as a real object. In addition, authentic 

learning can also have good abilities when using annotations to mark the process of 

developing an understanding that finally has a direct impact on student learning achievement 

(Hwang, Chen, & Shadiev, 2011). In line with this, annotations are also needed to mark some 

important information related to geometry objects by adding layers of information (Ding, Ball, 

Matthews, McMahon, & Patel, 2009). 

2-4-2 Dimensional of Geometry Ability 

Learning geometry is very important for students to be able to imagine, construct and 

understand shapes to integrate with the real environment (Shadaan & Leong, 2013) Flores 

(2010) explaining to start learning geometry can be started with a concrete object, then 

explain to describe through images and in the end can be recognized in the construction of 

symbols or numbers. In line with this, Jones (2012) suggests that geometry learning for 

elementary school students includes drawing, constructing, identifying lines and angles and 

classifying shapes based on properties to solve real problems to understand concepts & angle 

measurements. Owens (2006) also explained that the measurement and content of geometry 

had the opportunity for students to explore visual, represent reasoning and learn directly using 

real objects. Measurements can be interpreted into shapes, quantity objects, and other quantity 

of attributes in geometry learning, students can begin to build understanding to measure 

objects in the surrounding environment such as measuring length, angle, area and volume 

with units (Cross, Taniesha, Woods, & Schweingruber, 2009). 

The student has several levels of learning that emphasize instructional methods for 

students by referring to the van Hiele level method if students' understanding can only 

function at the level below it can be interpreted that the student does not benefit from learning. 

Classification of levels based on Heile (1986) or Hiele level (2006) as follows: (1) the first 

level, students have a strong perception or can be recognized on the part or properties 

contained in an object, such as students can know the shape of a circle or square on a simple 

real object; (2) the second level it is almost the same as the first level that students begin to 

understand the properties of shapes and can describe properties, as in square objects have four 

sidelines and an angle at each end; (3) the third level, students have been able to define well 



 10 

to recognize various objects by connecting between the definitions of one shape with another 

shape; (4) the level four, students have the competency to feel and prove the estimation results 

of geometry assuming the information they have, such as being able to make geometric 

shapes and then know the types and describe them; (5) the last level, the fifth level, students 

can relate their understanding to each characteristic by connecting perceptions with existing 

geometry. 

Of the above theoretical understanding in the geometry in mathematics section, 

geometry in authentic and geometry ability and with the existing curriculum, it can be 

summarized that geometry learning contains four stages of learning in elementary school: (1) 

first stage geometry object that exists in the real world; (2) the second stage, students begin to 

make geometry shapes and try to make measurements; (3) the third stage, after knowing the 

information and making measurements, students begin to estimate the shape and size when 

looking at new geometric objects without having to take measurements; and (4) the last stage, 

students can identify various geometry elements with the understanding they have. Learning 

geometry is not only for identifying shapes but also can estimate on angles and lines as 

making elements of a geometry object and using AR technology, students have learning 

experiences that can improve thinking skills and increase knowledge to understand 

phenomena that are difficult to observe in order to correct conceptual errors for student (Wu, 

Lee, Chang, & Liang, 2013). 

2-4-3 Assessment for Learning 

Assessment for learning is an important thing that is designed to test the ability of 

learning outcomes in students which is generally a summative test and carried out at the end 

of each learning process, then in making the assessment must be logical and can be measured 

credibly (Earl & Katz, 2006). The key to success of geometry learning and measurement is 

not only from the experience of students when independent learning, the role and knowledge 

of teachers about geometry is also very important, and the role for assessment for learning can 

be done by teachers, experts or students in accordance with the context. The teacher is the 

most important feedback, but the expert, peer, and community can also provide direct 

feedback, and even peer assessment can motivate students to learn and be confident when 

conducting the learning process. Earl (2006) mentions that teacher assessment can be in the 

formation of evaluative feedback using the judgment of correctness or in the formation of 

descriptive feedback using suggestion. Therefore, in this study using assessments from the 

teacher also use assessments from students. In the assessment, the teacher uses evaluative 
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feedback to see the correctness of the answers to the work of students with the existing 

problem questions and by referring to the level of measurement that has been done. However, 

in the peer assessment of geometry learning situations conducted in elementary schools, the 

ability of students 'knowledge as well as students' skills to assess peers that are still limited 

can be use scaffolding that helps and facilitate students in conducting assessment activities by 

defining clear criteria (Panadero, Jonsson, & Sttrijbos, 2016). Peer assessment using 

scaffolding techniques has proven and direct effect on learning of mathematics using 

problem-based learning (Bayuningsih, Usodo, & Subanti, 2018). 

In mathematics, the making of scaffolding techniques refers to multiple intelligence 

theory that connects mathematical intelligence, verbal intelligence, and intelligence to 

construct (Gardner, 2011). The theory of student multiple profile intelligence according to 

Niroo (2012) contains eight aspects: (1) logical-mathematical; (2) verbal-linguistic; (3) 

naturalistic; (4) musical; (5) intrapersonal; (6) interpersonal; (7) body-kinesthetic; and (8) 

visual-spatial. In the study conducted by Martin (1998) indicates that verbal-linguistic and 

logical-mathematical are intelligence that can be increased and very important that must be 

immediately built to provide opportunities and facilities student to increase students' abilities 

and creativity. 

Referring to several theories of multiple intelligences to make scaffolding in learning 

assessment, there are only three intelligence that is directly related to authentic geometry 

activities: (1) logical-mathematical intelligence because students must be able to understand 

the type of geometry along with the results of correct measurement of existing problems and 

this intelligence is very important to increase students' measurement skills; (2) verbal-

linguistic intelligence, because students must be able to explain well the measurement results 

of geometry based on the problems in the question and intelligence is also very important to 

increase students' creativity in the argument; and (3) visual-spatial intelligence refers to the 

creation of geometry objects that relate to virtual or real and can use annotations to facilitate 

students. 

2-5 Student Perception and Motivation using Technology 

Students' perceptions of learning to use technology are important to explore so that 

students have a reason of joy and are always motivated to learn with use technology that has 

been built such as Authentic-UG that use AR technology. Students' perceptions of technology 

can be measured using the Technology Acceptance Model (TAM) questionnaire made by 

Davis (1986) used as in the study Guest (2018) and also research on the use of TAM by 

Perceived 
Usefulness 

(U) 
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Yuniarto (2018) which has measured the perceptions of students when using AR technology 

learning media which can be seen in Figure 2. 

 

 

 

 

 

Figure 2. Diagram of Technology Acceptance Model (TAM) 

There are four dimensions in the TAM questionnaire that can define acceptance 

technology for media development such as behavioral intentions (I), attitude towards use (A), 

perceived usefulness (U) and perceived of use (E). Based on TAM, behavioral intention plays 

an important role in defining acceptance technology because the dimensions of attitude 

toward use (E) and perceived usefulness (U) can jointly influence behavior intention to use (I). 

Attitude towards being influenced by internal factors, namely perceived usefulness (U) and 

perceived of use (E) and perceived usefulness directly influence perceived ease of use 

(Alharbi & Drew, 2014).  

 Furthermore, in several studies that have been done such as Chen (2014) explain that 

media that uses AR technology can motivate students in learning, also Zhao (2018) explain 

using mobile assisted geometry learning can motivate student to understand geometry 

concept, and Khan (2019) who concluded that the motivation for using Augmented Reality 

technology had a positive impact on academic performance. Measurement of student 

motivation in using AR technology can use the ARCS model questionnaire (Keller, 2010). 

 The ARCS model has four dimensions to determine the level of student motivation 

towards media that uses AR technology such as attention, relevance, confidence, and 

satisfaction. Great media with high motivation means that learning must be able to attract 

students who have relevance the need to learn so students feel confident when using the 

media which later students feel satisfied after using the media (Chiang, Yang, & Hwang, 

2014) . 
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Figure 3. ARCS model for measuring motivation 

 In addition to using the TAM questionnaire that show on Appendix 6 and the ARCS 

questionnaire that show on Appendix 7, we also built Authentic Learning questionnaires that 

can measure perceptions of students when learning to use media in the authentic learning with 

the dimension such as: learning by applying (Herrington & Oliver, 2000), healthy learning 

(Shadiev, Hwang, & Liu, 2018), collaborative learning (Huang, Chiu, & Chen, 2011), 

creativity (Sternberg, 2006), sustainability (Niederhauser, Howard, Voogt, & Agyei, 2018), 

and scalability (Clarke & Dede, 2009). The TAM questionnaire and the ARCS questionnaire 

and also Authentic Learning questionnaire that we developed used a Likert scale (1-5) in each 

dimension that can be analyzed using Cronbach’s alpha and descriptive analysis in each 

dimension compared to the interpretation score table in Table 1 (Thannimalai & Raman, 

2018). 

Table 1. Interpretation of mean score 
Mean Score Interpretation of Mean Score 

1.00 – 2.00 Low 

2.01 – 3.00 Moderately Low 

3.01 – 4.00 Moderately High 

4.01 – 5.00 High 


