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Chapter 2 Literature Review

2.1 Fraction Learning in Mathematics

Fractional learning is one of the essential topics that students must understand in the 

elementary school level. The reason is that understanding fractions is a success key for students 

in algebra topic and beyond (Van de Walle, 2008). Hannich (2009) also revealed that fractional 

learning is one of the first experiences of students with mathematical concepts beyond 

necessary skills such as addition, subtraction, multiplication, and division. Simplify, learning, 

and mastering fraction topics is needed very much for a student to succeed with more complex 

and advanced mathematical topics (National Mathematics Advisory Panel, 2008). 

In Taiwan, fraction learning learned by the students since the third grade until the tenth 

grade (Ministry of Education in Taiwan, 2014). They learned the fraction concept, fraction 

comparison, fraction simplification, and fraction operation. However, even this topic learned

by students since the third grade, fractions still one of the most challenging skills for students 

to master (Ni, 2001). This finding is supported by several studies that show that many 

elementary school students often experience a misunderstanding of the concept of fractions. 

Most of these elementary school students suffer when learning fractions because they are 

always confused with the basic concept of fractions (Empson, 2003; Yang, & Reys, 2002). The 

difficulties that students face with the topic of fractions are primarily due to the complex 

relationships between different representations and basic arithmetic operations (Kieren, 1988). 

A previous study conducted by Li (2006) on Taiwanese students’ conceptual and procedural 

knowledge of fraction shows that there are differences in the procedural and conceptual 

development of Taiwanese students on the topic of fractions. Many of them can use algorithms 

to perform various operations regarding fractions, but they do not understand the concepts 

underlying the operation.

Some studies provided solutions to solve this problem. For example, the fraction 

learning study from Cramer, Post, & DelMas (2002) show that the use of several physical 

models and translations in and between modes of representation: pictorial, verbal, real-world, 

and symbolic successfully increase the students learning achievement. Another study proposed 

training the creativity of elementary school students using problem solving-based learning 

(Widhitama, Lukito, & Khabibah, 2018). In this study, we combine these two solutions to solve 

the fraction learning problem in elementary school. The combination of several physical 
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models and translations in and between modes of representation, and creativity training using 

problem solving-based learning expected to improve the quality of fraction learning.

2.2 Meaningful Learning in Mathematics Learning

Meaningful learning defined as the knowledge learned by the learner is fully 

understood, and they know how specific facts relate to other facts (Purdue University). In other 

word, (Novak, 1994). In making learning more meaningful, Relojo-Howell (2017) stated some 

elements that must be fulfilled: meaningful content for the students, student-centered approach, 

promote the self-knowledge, connect the real world to the classroom, and share knowledge and 

resources.

Levenberg & Patkin (2015) conduct a study to apply meaningful learning to 

mathematics learning. In their study, they used traffic signs as the object for their mathematics 

meaningful learning. Based on their study, by connecting the real world to the learning 

activities can make the learning more meaningful. Moreover, it can develop the students’ 

mathematical thinking, logical thinking skills, spatial orientation, and acquaintance with the 

environment in reality.

Another study conducted by Lam (2014) has a conclusion that scaffolding that has a 

function to facilitate the students’ learning can enhance students’ meaningful learning. The 

teacher use scaffolding to engage students in the problem-solving process, especially when 

they got difficult situations such as, they have difficulty in understanding problems, or they 

have difficulty in solving problems. Based on their study, the role of the teacher is crucial in 

choosing mathematical problems that students must solve especially problems that can enrich 

students' learning experiences. The more learning experience students receive, the more 

meaningful learning.

In this study, we applied some method that already mentioned above. By connecting 

the real world to the students’ learning activity, applying a student-centered approach, and 

applying share knowledge and resources. This method applied directly to system features. 

Finally, because the system features that are applied are features that support meaningful 

learning, students will get a better learning experience.
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2.3 Google Maps in Mathematics Learning

Whatis (2013), defined Google maps as “a Web-based service that provides detailed 

information about geographical regions and sites around the world.” Based on the survey 

conducted by Panko (2018) to the five hundred smartphone user, in general usage, the Google 

Maps was the most popular application used by smartphone users with a percentage of 67%. 

The reason is that the amount of the information provided by Google Maps better than the 

others. Besides, Google Maps has many advantages on the side of the information offered to 

users; Google maps also have special features for education. In their site (GoogleMaps, 2019), 

they mention a particular feature, namely “Google Maps Education” that let the students’ easy 

access to the world’s visual information. They also mention, with Google Maps, the students 

can investigate the world and think spatially. 

With student data located on the map, digital education platforms can use data to find 

the best ways to help students achieve their goals (Horn, 2018) because by taking advantage of 

digital education data from student learning records, it is possible to find students location in 

real-time, and then map where they are and where they go. Not only student locations, but 

digital education data can be used to evaluate potential efficacy and learning activities to find 

out the various pathways they take. 

In mathematics learning, a website that applied one of the Google Maps features: 

Google Earth already developed in order to help the students apply actual math concepts in the 

real-world situation (Maxwell, 2015). Application of this website, at first, the teacher put some 

checkpoints in the maps, and in the next, the teacher conducts the active learning by letting the 

students have a trip along with the checkpoint and they should calculate the time it takes for 

each trip to arrive at each stop. The result of this approach was the students can learn new skills 

like problem-solving and critical thinking.

Another study conducted by Fessakis, Karta, & Kozas (2018) which combine the 

pedagogical m-learning model with the approach of Realistic Mathematics Education (RME). 

In this study, “math trail” are used as learning activities. Students got the guidance through 

Google Maps to a sequence of previously selected park sites where they solve mathematical 

problems using data from an environmental context. Students measure the dimensions of real 

objects using the measurement application on a tablet. Based on the results of this study, 

students solve problems by applying mathematical knowledge, discussion, and collaboration. 

Also, students applied and strengthen their knowledge through useful and exciting learning 

activities.
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Based on the previous study that already conducted using Google Maps, we also apply 

Google Maps as one of the features in our system. The Google Maps we applied to the system 

has the same function to the previous study by Fessakis, Karta, & Kozas (2018); to guide the 

students to solve a fraction problem based on the previously selected location. Moreover, In 

Google Maps that we applied to the system; we also display all students’ learning record and 

let them have a peer sharing.

2.4 OpenCV in Mathematics Learning

Based on their documentation site, OpenCV stands for Open Source Computer Vision 

Library, which is an open source software library for computer vision and machine learning 

(OpenCV, 2019). This library has more than 2500 algorithms that can be used to identifying 

objects, track camera movements, track moving objects, and so on.

Many studies in mathematics learning using OpenCV as a tool. For example, the study 

conducted by Beşevli et al. (2019). In this study, they developed a system that makes the 

children of 3- to 5-year-old possible to learn nonsymbolic number representation. They used 

an Android platform along with the OpenCV library to process the image captured by the 

camera. From the processed image, it will display animations that can help the children to learn 

nonsymbolic number representation. 

Another study that implemented OpenCV as a tool conducted by Marichal et al. (2017). 

In this study, they developed a system for learning essential mathematics skill: additive 

composition. They also use the same platform and also use OpenCV as a tool to manipulating 

images that detected and captured by the camera. The difference from the previous study, in 

this study they manipulated the image first to get the pattern of the image and changed to a 

kind of object that can be used by the user to train their ability in additive composition.

As in the two studies mentioned earlier, in this study, we also applied the OpenCV as a 

tool. We applied OpenCV as a tool that can help the students to recognize rectangle and circular 

shape from an object while they are taking a picture to solve the fraction problem in an 

authentic context. The rectangle and circular object from the captured image then will be 

manipulated by the students to create a fraction representation in bar or pie form.

2.5 Multiple Representation in Mathematics Learning

Representation is a common way in the delivery of information to the user. Hall (1997) 

defined representation as a production of meaning through language. He also added more 

definition that has the closest meaning from Oxford English Dictionary: (1) to describe or 
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depict it, to call it up in mind by description or portrayal or imagination; (2) to symbolize, to 

be a specimen of, or to substitute for. In the mathematics field, Goldin (2014) in his book 

“Encyclopedia of Mathematics Education” defined representation as visible or tangible 

production that encodes, stand for, or embody mathematical ideas or relationship. Goldin 

(2014) also divided a mathematical representation into two categories: inscription, the aim is 

to focus on a particular example without referring, even tacitly, to any interpretation; and 

external which are outside the individual who made it, and can be accessed by others for 

observation, discussion, interpretation, and/or manipulation. There are five categories of 

representations used in mathematics (Nakahara, 2007); the first is representation in number, 

letters, and symbols form which can be termed as symbolical representation, the second is 

representation using daily language which can be-be termed as linguistic representation; the 

third is representation using illustrations, figures, graphs, and so on which termed as illustrative 

representation, the fourth is representation using teaching aids that work by adding dynamic 

operations from the objects that have been artificially created or modeled which can be termed 

as manipulative representation, and the fifth is representation based on actual states and objects 

which can be termed as realistic representation. 

The application of multiple representations in mathematical learning proved that it 

could help the students achieve mathematical concept process in problem-solving more deeply 

(DeBellis & Goldin, 2006; Hitt, 2002; Hwang, Su, Huang, & Dong, 2009). A study conducted 

by Spiro, Feltovich, Jacobson, & Coulson (1991) also revealed that delivering information by 

multimedia representation can make students easier to apply the knowledge and skills they 

already have to new situations because each representation has a unique and different view. 

Moreover, another study conducted by Kara & Incikabi (2018) also proved that students 

learning achievement in fraction operation are higher when using the different representation: 

number, number line, text-explanation, and model. 

So, based on the success of several studies mentioned above in the application of 

multiple representations in mathematics learning, we also applied multiple representations for 

our authentic u-fraction study. We applied symbolical representation, linguistic representation, 

and pictorial representation in an authentic context. We let the students take a picture with our 

system, manipulate it, and explain it in the symbolical and linguistic representation. Through 

this way, it can enhance the students’ mathematics learning, especially in their experience and 

motivation because they connect the real world to their learning activity.
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2.6 Mathematics Learning in Authentic Contexts

Mathematics learning (Verschaffel, Van Dooren, & De Smedt, 2012) defined as the 

acquisition of the new knowledge, skills, and influences related to quantity, space, and 

structure. Meanwhile, the authentic contexts (Taylor, 2015) defined as a physical or virtual 

environment that reflects the way the knowledge will be used in real life. So, using authentic 

contexts, it connects mathematical concepts, skills, and strategies to purposeful, relevant, and 

meaningful (Koh & Low, 2010). 

Ofsted report (2008) revealed that student participation and achievement significantly 

increase when they are involved with activities outside the classroom. By getting the students 

learned outside the classroom, it facilitates authentic or experimental learning and gives the 

students better access to the main pathways to learning (NCETM, 2008).

Some studies that apply authentic contexts in mathematics learning done by many 

researchers. Giardini (2016) applied authentic context to mathematics learning for fractions. In 

the study, students learning fractions by using authentic games. The games require competition 

between two students to roll a dice and coloring the equivalent fraction in the game board. The 

students who color the entire game board wins. In the end, this activity can encourage students’ 

cognitive, operative, and affective engagement.

Another study conducted by Reddy & Bruyns (2016) by applied authentic context in 

mathematics learning to the first-year engineering students in South Africa. The researcher 

introduced an authentic context in a multidisciplinary environment to assist the students in 

transferring useful mathematical knowledge to their real-world activities. The impact of 

authentic context that applied in the multidisciplinary environment on the enjoyment of 

mathematics has been very encouraging.

So, based on the report and some previous study mentioned above, it has been proven 

that applying authentic context especially in mathematics learning can encourage students’ 

cognitive, operative, affective engagement and enjoyment of mathematics. Because of that, we 

also applied authentic context to our study using Authentic U-Fraction. 

2.7 USE (Usability, Satisfaction, and Ease of Use)

The usability questionnaire is used to collect user self-reported data about their 

experience with a product or system. The questionnaire helps researchers and practitioners to 

understand the usefulness of a product or system by revealing user perceptions related to the 

outcome and their interaction with the product or the system (Hornbæk, 2006). Many 

questionnaires have been developed to measure usability, specifically in the computer-based 
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system. For example, SUMI; the Software Usability Measurement Inventory that developed by 

Kirakowski & Corbett (1993), CSUQ; the Computer System Usability Questionnaire that 

developed by Lewis (1995), the SUS; System Usability Scale that developed by Brooke (1996). 

Most of the previously mentioned instruments were developed to evaluate limited types of 

interfaces, but exceptions to SUS instruments that have been used in various types of products 

such as (Kortum & Bangor, 2013) DVRs, ATMs, microwave ovens, telephone landlines, and 

(Lutes, Chang, & Baggili, 2006) medical devices. Technology-agnostic surveys such as SUS 

are beneficial for practitioners and researchers because these surveys facilitate easy 

comparisons between products (Gao, Kortum, & Oswald, 2018). 

The Usability, Satisfaction, and Ease of Use are a questionnaire designed by Lund 

(2001) has similarity to the SUS in the in terms of the wide range of applications. The 

questionnaire is also non-ownership, which means anyone can access it for free (Gao, Kortum, 

& Oswald, 2018). Furthermore, based on their study, the USE is a valid and reliable instrument 

that can measure the usability of the product or system. Lund (2001) designing this 

questionnaire with one goal: to measure how efficient and effective an application can help the 

user achieve his goal and whether the user is satisfied with the application being used. Because, 

the usability, satisfaction, and ease of use of a system are crucial for the end user experience 

(David, 2011). 

This questionnaire has thirty items in four dimensions: usefulness, ease of use, ease of 

learning, and satisfaction. The metric in this questionnaire also can be applied to various 

scenarios of usability assessment because it is non-proprietary and technology-agnostic (Gao, 

Kortum, & Oswald, 2018). The following are 30 USE questionnaires with four dimensions.

Table 1. USE Questionnaire Item

Question Dimension
1. It helps me be more effective Usefulness
2. It helps me be more productive
3. It is useful
4. It gives me more control over the activities in my life
5. It makes the things I want to accomplish easier to get 

done
6. It saves me time when I use it
7. It meets my needs
8. It does everything I would expect it to do
9. It is easy to use Ease of Use
10. It is simple to use
11. It is user-friendly
12. It requires the fewest steps possible to accomplish what 

I want to do with it
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Question Dimension
13. It is flexible
14. Using it is effortless
15. I can use it without written instructions
16. I do not notice any inconsistencies as I use it
17. Both occasional and regular users would like it
18. I can recover from mistakes quickly and easily
19. I can use it successfully every time
20. I learned to use it quickly Ease of Learning
21. I easily remember how to use it
22. It is easy to learn to use it
23. I quickly became skillful with it
24. I am satisfied with it Satisfaction
25. I would recommend it to a friend
26. It is fun to use
27. It works the I want it to work
28. It is wonderful
29. I feel I need to have it
30. It is pleasant to use

To measure how efficient and capable of our system, we applied this questionnaire with 

five-scales Likert to our study. The result of this questionnaire will reveal how efficient and 

capable the Authentic U-Fraction to help the user achieve his goal and whether the user is 

satisfied with it.


