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Abstract. Along with the rapid development of technology, the world of education is certainly directed to be able to create competent human resources who will play a role in creating new technologies in the future. For this reason, learning is expected to increase student motivation. Students who are motivated in learning will certainly easily spend their time honing their abilities. In addition to learning motivation, spatial ability is also very much needed as a basic skill that students must have in new days. Of course the two variables can be developed through several learning approaches. One of them is the use of virtual reality technology. This research aims to show why virtual reality can improve student motivation and spatial ability. Data was obtained through literature reviews from reputable scientific journals and books. From the results of the study, it was found that virtual reality increases student motivation and spatial ability. This is inseparable from the concept of virtual reality technology that combines virtual access that looks real so as to make learning more interesting.
Background
Development of new technology-based learning media. One of the latest technology products that make changes to the world of education is Virtual Reality (VR)[1]. Virtual reality is defined as a technology that enables users to connect and can do this with spatial data in real time[2, p. 3]. he environment is an environment that is true or really an environment that only exists in access[3]. VR has the ability to present a three-dimensional environment, it is even possible to interact in 360o space. Since the use of these technologies, education offers fantastic things, where learning is not limited to space and time, even angles [4]. Based on a survey conducted by infographics of one thousand K-12 teachers in America, it was stated that 85% of teachers agreed that VR could have a positive impact on student learning. Meanwhile, only 2% of teachers are new to using VR in learning [5]. The survey above shows that VR has a good chance to be used as a learning medium. The process of learning abilities is an important thing in the teaching and learning process[6].
Ability is the ability to perform specific tasks under predetermined conditions. The learning process to achieve abilities is the goal of learning. These abilities are abilities that are described specifically stated and in terms of behavior. According to NCTM, one of the abilities a student must have is problem management [7][8]. In line with the suggestion, the ability of problem problems is very important for students to have because it becomes the basis for students to learn mathematics [9].
 ecording to Lies Andriani, problem ability is part of high-order thinking skills [10] Meanwhile, according to Risnawati, problem solving ability is a skill which includes the ability to information, situations, and identify problems with the aim of producing alternatives so that they can take decision actions to achieve goals [11]. One of the triggers for maintaining the ability of the problem manager is students' understanding of the conditions of the given problem. For example, in geometry problems, students are required to understand the situation of geometric shapes in order to solve these geometry problems. For that students must have good spatial skills. Where spatial ability is the ability to manipulate and present spatial visual information. The spatial abilities of "Visualization" "the most complex multi-step tasks"[12], "Spatial Relations" includes "simpler tasks such as accelerated mental rotation of rather simple stimuli", and "Orientation" includes "tasks- tasks in which one has to change perspective changes. ”In addition,“ These spatial abilities are important for map reading and navigation, as well as skills necessary for fields such as pilot training, engineering (eg drafting), architecture (eg, 3D modeling), chemistry / physics / biology (eg, molecular structure) "[13].
Apart from spatial abilities, motivation also affects student learning outcomes [14]. Motivation is one of the factors in students that affect the effectiveness of learning in class. Schunk suggested that motivation has a relationship with learning ability [15]. Motivation brings a reciprocal relationship between the learning process and learning abilities. That is, motivation affects the learning process and the learning process also affects the motivation of students. The ideal learning process also depends on the ability of educators to motivate their students. Slavin suggests that teachers can increase intrinsic motivation by arousing student interest, maintaining curiosity, using various means of presentation, and the use of technology [16]. Based on the above background, it will be very interesting to know how VR can improve spatial abilities and learning motivation.
Method
[bookmark: _GoBack]The method used in this research is literature study by collecting various information needed and related to research topics regarding the relationship between virtual reality and spatial abilities and learning motivation. The information needed is collected from searches on Google Scholar to obtain 97,000 articles for the keyword "virtual reality spatial ability" and 89,100 for the keyword "virtual reality learning motivation". From the data that has been collected, only 41 articles were taken that meet the information needed and also take into account reputable journals. The information obtained is then analyzed by looking for the relationship between virtual reality and spatial abilities in learning and the relationship between virtual reality and learning motivation. Lastly, conclusions are drawn from the results of the analysis.
Result and Discussion 
3.1 Virtual Reality in Learning
Virtual reality (VR) is a term used in graphics systems that produce interactive simulations in the form of a visible environment created from a combination of three-dimensional computers and various interference devices where the environment presented provides an immersive experience where users can explore and interact with that environment or in other words, VR can visualize abstract concepts so that they appear concrete[17]. VR technology is divided into two main types which are based on immersive environment and level of interaction. In an immersive environment, VR uses a stereoscopic unit that is useful as a interface for user interaction and visual environments that are mounted on the head such as the use of glasses. besides that VR is also displayed on space-sized screens. As a support tool to maximize interactions that feel real, tools such as gloves, coats, and others are used[18]. 
Alen et al.[19] Classified immersive VR into:
i. Partially or semi immersive VR where the user can still feel the interaction with the real world or in other words the user is not completely immersed in the world created by VR
ii. Fully immersive VR takes the user completely into the visual world created by this technology.
iii. Augmented Reality, namely the collaboration of VR and the real world through three-dimensional visuals displayed in the real world.
Currently, VR technology is widely used as a learning tool / media in the knowledge domain. Some non-immersive VR technologies that are utilized in learning include the Wearable Head-Mounted Display (HMD) which is useful for providing experiences to students such as application in architectural spatial design [17], the use of VRML (Virtual Reality Modeling Language) which is used by Song and Lee[20] in learning geometry, VR Physic Simulation (VRPS) by Kim, Park, Lee, Yuk, & Lee  in studying wave propagation , namely relative optical rays contained in physics material, and VR also used in the visualization of earth science phenomena in geoscience learning developed by Li at al [18]. The immersive VR developed by Liu, Cheok, Lim and Theng [21] is in the form of a mixed reality classroom to study the solar system using tools such as glass which are used as objects that the user can touch as if they were monitoring the solar system, while studying the system Inocative plant visualization of plant activity can be filled, seed sowing and germination, to photosynthesis where the user must set the right conditions for the seeds to grow.
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Figure 1. VR in Geometry

3.2 Spatial Ability
The spatial ability of a person greatly affects his performance in fields that require good spatial abilities. For example, people who work as architects, IT experts, astronauts and many more. In classroom learning, this ability is needed in many fields of science. Like studying geometry in mathematics, geosciences, architecture, or physics. Spatial cognitive abilities are the ability to obtain and utilize spatial information on objects or the environment [22]. It contains a perspective of understanding visual space, geometric shapes, the ability to transform mental images from visual images [20]. Spatial ability refers to a group of cognitive functions and talents that are essential in solving problems that involve the manipulation and processing of visuo-spatial information. The ability to visualize a 3-D object mentally is the main structure of spatial ability where a person can store, maintain, construct observations or mental processes on 3-D objects that may have been moved [23]
In learning, spatial abilities can also be assumed as a person's ability to transfer 3-D information into two-dimensional forms. For example in learning geometry, students are able to describe the shape of a pyramid and can imagine what shape will be formed if there is a change in the position of the pyramid. In learning mathematics, students who have high spatial abilities will find it easier to complete tasks related to spatial shapes [24]. Some researchers compose spatial abilities into three components, namely visual spatial, spatial orientation and spatial relationships. however, it is mapped again into spatial orientation and spatial relationships [25]. The ability to mentally arrange an object on its axis is defined as a spatial relationship while the ability to change and manipulate an object into another state is a spatial orientation [26].

3.3. learning Motivation
In doing something, sometimes someone needs encouragement both from within and from outside himself so that the thing that is done gives good results. These urges are often termed motivation. Motivation comes from the word motive, which is the driving force of a person to do something in order to achieve a goal [27]. However, motive is not the same as motivation. According to [15], a motive is a desire that encourages someone to initiate an action. Meanwhile, motivation itself is a process that fosters this desire which is sustainable. That is, it is motivation that moves someone to do something and continues continuously to achieve certain goals. As stated by Scunk & Benedeto [27] that motivation is the process that is instigated by a goal and is trying to be sustained. In addition, Garon & Carier [28] stated that motivation is grown by increasing cognitive ability or in the other hand the situation og cognitive ability can give much inpact. Similarly, Middelton & Spanias explains that “motivation are reasons individuals have for behaving in a given manner in a given situation”. This statement means motivation as a reason that is in a person to behave in an appropriate manner and situation.
In motivation, there are several elements that influence it, such as perceptions, beliefs, interests, and values ​​[19]. The elements that are mentioned as driving and driving a person are certain things. For example, students who have a tendency to certain lessons. Talk about learning motivation, all about how the learning prosses in the class rus effectively. Some condition that effect the intrinsic motivation are cognitive behaviour and interesting learning. How student can be motivating in learning is depend on how the class is running [29].
3.4 How VR can improve spatial skill and Learning Motivation
As a technology that is tied to visual depiction, VR has contributed to many studies in improving students' spatial abilities and learning motivation. Research conducted on technical students where students were divided into two groups treated with manipulation of geometric virtual pieces and virtual orientation games, showed that these two activities increased the components of spatial abilities (mental rotation, spatial visualization, and spatial orientation) in the form of abstraction abilities [30]. In research conducted by Dunser at al, using a personal interaction panel (PIP), a tracking table and a pen that allows direct user and content interaction where the development of spatial abilities is found in problem visualization and dynamic interactions with objects. Students can modify models in real time in 3-D space and travel around in their virtual environment. [31]
Perspective taking is suitable for evaluating the effect of real VR interfaces on spatial cognition because: 1) The ability to take perspective has been shown to be associated with body movements, and these movements form the basic interaction conditions of the visible interface; 2) Many tests of perspective-taking ability are available, thus enabling robust evaluation in context with other studies; 3) Perspective taking as a cognitive ability remains malleable, that is, it can change or increase beyond a certain age instead of remaining fixed after childhood, this suggests that intervention can lead to changes in this ability [17], [22]
One of the goals of virtual reality technology is to make users feel the experience of being spatially in a digital environment or it can be called a spatial presence [32]. In some cases, the use of virtual reality shows different results when tested on students with low initial spatial abilities and high ones where students with high spatial abilities show a significant increase in spatial abilities, but for students with low spatial abilities. increases with low presentation. Likewise with the gender category where the results of the study showed that men felt the effect of increasing spatial abilities more than women [33][34].
 According to Chung, VR technology in the form of images, animation, video, and text can maximize a person's sensory. This can support increased spatial visualization and geometric reasoning [34]. Basically, the spatial cognitive principle is adopted by VR as a form of visualizing something abstract to something that appears sharp even though it is not real [35].
Talking about student learning motivation, in several studies, VR has been shown to increase student motivation. [36] explains that in learning physics the use of VR improves students' problem-solving and literacy abilities so that this triggers an increase in student learning motivation. In children with cerebral palsy, attractive VR presentations such as color degradation, images arouse children's interest in sports programs with VR. Every child enjoys the process that is running or in other words, they are more motivated to follow the program than just using conventional methods [37]. In addition, Burkhardi explained that virtual reality has the potential to increase student motivation because of the playful aspects contained in this technology. This is influenced because VR can bridge misconceptions from conventional visualization [38]
So is the use of VR in medical students, students can observe certain parts or certain processes more carefully than only when the explanation is completed with 2-D pictures which of course triggers the desire to know more [39]. In line with this, research conducted by Mei & Sheng [16] on human anatomy learning shows that students show more activity during learning and significantly increase their learning motivation. The existence of virtual reality which can be a substitute for indirect objects stimulates someone's interest to explore more of their knowledge. Coupled with interactive images that will bring users to mental experiences that will make an impression on their cognitive and psychological abilities [40]. 
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Figure 2. Dalgarno and Lee’s elaborated model of learning in a 3-D VLE[41]
Conclution
The explanation above shows how Virtual Reality can improve spatial abilities and learning motivation. Virtual reality as a 3-dimensional space technology is able to provide mental experiences to users in the form of glorious visual captures where abstract perceptions are transformed into forms that are like reality. In other words, VR combines the abstract world with the real world so that it trains users to abstract concepts as if they seem real. This is what supports the increase in spatial abilities where as we know that spatial ability is the ability to capture, process, and use visual capture or concept abstraction. The appearance of VR content is attractive because it gives users the opportunity to explore knowledge through 3D images, color degradation, interactive videos and the ability of users to interact in a virtual reality environment, which will certainly provide an interesting experience. This interesting experience will trigger someone to be motivated in learning.
In learning at school, geometry in mathematics is the material that most needs visual abstraction. For this reason, it is hoped that in the future there will be further research on the use of VR in more in-depth geometric materials.
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dimensional objects in space, making them ideal tools to
study spatial ability. These technologies allow users to
dynamically interact with three-dimensional objects and
perceive their spatial properties. Objects can be changed
and viewed directly and alterations can be undone easily.
This should help people to understand spatial concepts
more easily and to practice their spatial skills. Thus there
seem 1o be a lot of advantages in using VR and AR to
design training applications for spatial ability. However,
until now no large-scale user studies have been conducted
to investigate training effects of a training using AR on
different aspects of small-scale spatial ability.

STUDY ON TRAINING SPATIAL ABILITY WITH AR
The main research question addressed by the study was
‘whether spatial ability can be trained by an AR application
and which aspects of spatial ability can be trained
specifically. Additionally we were interested in gender-
specific training differences. We investigated the effects of
a training using AR-technology on different aspects of
spatial ability with a focus on small-scale aspects.

Participants
In this training study data was analyzed from 215 high
school students attending 5 grade (technical high school)
and 11" grade (high school) in Vienna, Austria. One
hundred and four (48.4%) were female, and the average age
was 17 years 0 months (minimum 14 years 2 months,
‘maximum 20 years 3 months).

Materials and methods

Construet3D that was used to design and conduct the AR-
based trainings [22, 23]. Construct3D is a 3D geometric
construction tool that uses a collaborative AR setup with
see-through head mounted displays, allowing the user to see

-+
g Imeracuon — tecnmques); — BooICa —operauons;
transformation in space, combination of Boolean operations
and transformation in space, and modeling objects.

Figure 1 Top (Construct3D): Students working with
Construct3D (Ieft) and model (right); Bottom (CAD3D):
‘model (left) and students working with CAD3D (right)

In order to work on these tasks, students in the training
groups had to have knowledge in geometry and thus only
students with geometry education were cligible for the
training. The tutors explained the tasks to the students and
supported them if they needed some help. Interaction
between students was not analyzed in this study.

In a pre and post-test spatial ability was assessed with four
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