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ABSTRACT 

The research paper aims to investigate how different types of Augmented Reality (AR) 

affect student-centered learning in science education. It will also explore why these types are 

used differently in a variety of contexts. Moreover, it is important to investigate how AR types, 

image-based AR, and location-based AR facilitate student-centered learning. To research AR-

related learning, it is necessary that the research in science education is up-to-date since AR 

technology is a new trend in educational technology. Thus, this paper analyzed 19 recent 

journal articles written from 2010 to 2017 regarding the use of AR in science education. The 

19 journal articles were selected from the reviewed papers by Ibáñez & Delgado-Kloos (2018). 

In the first section, a general comparison of AR types is analyzed with the following categories: 

subjects, educational level, AR platform, and educational context. The analysis of the scholars’ 

papers explains where AR types are commonly used. After the first section, what follows is a 

discussion on how AR types generate learning outcomes, such as; (1) improving students’ 

conceptual understanding, (2) creating positive attitudes, and (3) promoting student 

engagement. This section focuses on analyzing how scholars conduct AR-based learning in 

science education. Last, the paper will discuss the challenges of using AR types in science 

education. The argument in this paper is that various AR types may take a different role in 

science education so that when instructors want to use AR technology in their curriculum, this 

paper will be a guide to using AR types in a variety of science education environments.  
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GENERAL INTRODUCTION 

Background 

AR can be defined as a technology that allows computer-generated virtual imagery 

information to be overlaid onto a live direct or indirect real-world environment in real-time 

(Azuma, 1997; Zhou, Duh, & Billinghurst, 2008). These virtual objects or images appear 

through an AR-enabled device reflecting the real-world as a background. Johnson, Smith, 

Levine, & Haywood (2010) stated that “AR has strong potential to provide both powerful 

contextual, on-site learning experiences and serendipitous exploration and discovery of the 

connected nature of information in the real world” (p. 21). Today, the rapid development of 

smart mobile devices has also raised the potential for AR use. According to Statista's report 

(2019), many investigators or experts forecast the AR technology market size worldwide to hit 

$198 billion dollars by 2025, with an average 97% compound annual growth rate (CAGR) from 

2018. 

Recent advances in mobile technology make it feasible to use AR technology for 

learning (Specht, Ternier, & Greller, 2011). It has been widely used for practical training and 

education in fields such as medicine, astronomy, construction, and military training. During the 

1990s, airlines and Air Force pilots were trained using the first AR applications (Caudell & 

Mizell, 1992). Moreover, AR technology assists surgical and clinical procedures in improving 

effectiveness, safety, and efficiency (Samset, et al., 2008). Pietrzak, Arya, Joseph, & Patel 

(2006) created an AR application for medical training purposes using 3D imagery in 

laparoscopic surgery. Similarly, various AR applications have been applied in many industries.  

As mobile devices, such as handheld AR devices, AR glasses, tablet Personal 

Computers (PCs), and smartphones are integrating with AR technology, the extent of using AR 

for training and educational purposes is also expanding. 1AR is experimentally applied, not 

only in pragmatic training but also in academic venues. Johnson, et al. (2016) state that AR is 
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identified as an educational technology that brings new opportunities for learning and offers 

compelling applications. For example, in the traditional teacher-centered pedagogy system, 

some concepts such as atoms, galaxies, magnetic fields, and cosmic waves are difficult to 

explain to students because these concepts are too abstract to impossible to see. Time may also 

limit the ability of students to observe some concepts, such as how chemical reactions take 

place. These concepts end up being too abstract for learners, thus, inhibiting their understanding. 

According to Wu, Lee, Chang, & Liang (2013), the use of AR plays a significant role in helping 

the learners understand such concepts, as well as increasing motivation. 

With its advantages, AR use in science education has significantly increased. Dunleavy, 

et al. (2009) found that in the experiments of situated science learning, AR skills engross 

students in an immersive experience in which learners can interact and communicate with their 

peers. Moreover, the common challenges in science education, such as the abstract nature of 

some science concepts and conceptual understanding are likely to be mitigated. Linn (2003) 

highlighted that visualization helps spatial understanding. Spatial learning may be increasing 

in students as customizable environments in AR are used more frequently in science learning. 

With the increasing movement of autonomy in science education, many scholars have 

presented interactive and active pedagogies. These movements may more have benefits then 

teacher-centered and passive learning. McFarlane (2013) asserts that those who are teaching 

science have an immense role in making sure that learning does not involve teacher-centered 

control, but rather, encouraging student motivation and affecting the ability to apply knowledge 

and experience gained in their daily lives. These attempts can create a synergy effect with 

technology-enabled techniques, such as AR, which emphasizes active learning. 

Likewise, AR technology has many positive elements when used in science education. 

Therefore, it is necessary to deeply investigate which functions in AR technology make science 

education more effective for student-centered learning. One of the elements is AR types, which 

refers to how AR might work. Pence (2010) categorized augmented reality applications into 
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two types: marker-based and marker-less. Afterward, Cheng & Tsai (2013) re-coined the types 

and introduced two types of AR features: image-based and location-based to accommodate the 

broader feature of AR applications. Image-based AR requires a special marker that registers 

the virtual objects, whereas location-based AR detects the location information and recalls 

virtual images by using global positioning systems (GPS). These two types may play a different 

role in a variety of science subjects. 

Various scholars (Klopfer, Perry, Squire, Jan, & Steinkuehler, 2005) have researched a 

connection between AR types and the role they play in science education. For example, while 

Kerawalla, et al. (2006) pointed out that image-based AR can enhance conceptual 

comprehension or variations, location-based AR can be used in reasoning capabilities, and 

scientific inquiries (Klopfer & Squire, 2008). Moreover, because image-based AR and location-

based AR have different characteristics, such as mobility and marker/marker-less, they may be 

suitable for different science education scenarios. 

Therefore, in this paper, it is necessary to investigate how AR types can be used in 

science education for student-centered learning. It is necessary that this paper can perform a 

guiding role for instructors designing AR-based science education activities. In the future, 

instructors will be able to use this paper and effectively consider the topic, educational level, 

educational context, influences, outcomes, and challenges when designing a task. 

 

Constructivism and Student-Centered Learning  

In an attempt to identify the origins of student-centered learning, the driving force 

behind the use of AR in science education, most scholars have turned to constructivism and its 

earlier proponents. This theory emphasizes that learners tend to build upon their understanding, 

thus, creating a learning process of comprehension (Matthews, 2002). This theory asserts that 

learners tend to have prior knowledge and comprehension of the concepts based on prior 

experiences. Therefore, skilled teaching is active teaching, and creating provisions for a 
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learning environment characterized by opportunities, tasks, instructions, and interactions 

fosters deeper learning. 

According to Piaget (1976), one of the chief pioneers of constructivist theory, education 

is learner-centered and allows teachers to view students as individual learners. Afterward, 

social constructivism was influenced by Vygotsky (1980), who suggested that learners 

construct understanding via social interactions with other people. Thus, learners depend on one 

another for better understanding, which is possible via the use of interactive experiences of 

ARs (Greeno & Hall, 1997). 

The constructivist approach encourages active learning or learning-by-doing (Kirschner, 

Sweller, & Clark, 2006). Constructivism advocates student-centered learning, which requires 

more active learning (Alesandrini & Larson, 2002). In some cases, a teacher's role is primarily 

coaching students and allowing them the freedom to learn. Whereas a traditional class is 

passive, a teacher as facilitator helps learners increase their understanding. 

Students can learn science through problem-based learning (Hmelo-Silver, Duncan, & 

Chinn, 2007). Hmelo-Silver, et al. (2007) researched an inquiry-based science software 

application, a form of AR. According to their research, the results showed that AR software 

groups improved 14% of student performance on standardized tests. Based on the theory of 

constructivism, AR is a great tool for active learning. 

There are various study areas in which AR seems to be critical in ensuring active study. 

Some of the possible areas where AR may attribute to active study includes technical skills 

training programs, scientific experiments, simulation-based learning and game-based learning 

(Radu, 2014). In science education, because constructivist theory outlines that education is 

learner-centered. Instructors can incorporate a constructivist approach by designing scientific 

experiments, such as the Foucault pendulum experiment, which is learner-centered. However, 

ARs can be applied to memorize and visualize the pendulum's rotation by printing its 

successive movements on the ground (Zhang et al., 2018). Similarly, via the use of ARs, the 
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forces present in the pendulum can be represented and the trajectory visualized (Kerawalla, et 

al., 2006). 

In summary, according to Piaget (1976), a constructivist underscores the concepts of 

the following approaches: active learning, problem-based learning, and student-centered 

learning. These are important factors for scientific study. Particularly, student-centered learning 

makes students active learners and encourages them to think deeply about how to resolve 

scientific problems. Therefore, it is necessary to investigate how researchers or educators 

develop student-centered learning using AR technology in science education. 

 

Rationale for Selecting the Key Papers 

Since AR is cutting-edge technology, integrating with AR-enabled devices, the new 

trends in the use of AR in science education can be fast-paced and should be updated regularly. 

Thus, to investigate AR in science education, it is better to select recent research papers. 

Recently, Ibáñez & Delgado-Kloos (2018) published, “Augmented Reality for STEM [science, 

technology, engineering, and mathematics]: A Systematic Review.” In it, a set of 28 

publications from 2010 to 2017 were reviewed based on the following categories: a) using 

seven research databases that frequently used for searching education and technology (i.e., 

ACM Digital Library, ERIC, IEEExplore, ISI Web of Science, ScienceDirect, Scopus, and 

Springer), b) including peer-reviewed journal articles that deal with AR applications in science 

education, and (c) excluding virtual reality or mixed-reality studies. 

Through the search process, 1,358 results were found and then, 616 results, in which 

duplicate studies were eliminated. After the process, titles and abstracts were reviewed. Finally, 

only 28 publications were narrowed down as the papers related to AR STEM education (Ibáñez 

& Delgado-Kloos, 2018). While the paper by Ibáñez & Delgado-Kloos (2018) is focused on 

AR in STEM learning in general, this paper is reviewing AR specifically in science education. 

Thus, nine articles were excluded that were not relevant to science education. After the process 
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of narrowing down the scope of the AR articles, a set of 19 articles were selected for review. 

Table 1 shows the list of those 19 articles. 

 

Table 1. Background information on reviewed articles related to AR in science education 

AR 
types 

Primary author Article title 

I 
m 
a 
g 

e 
- 
b 
a 
s 

e 
d 
  

A 
R 

Akçayır et al. (2016) 
AR in Science Laboratories: The effects of AR on University Students’ 
Laboratory Skills and Attitudes toward Science Laboratories. 

Cai et al. (2017) 
Applications of Augmented Reality-based Natural Interactive Learning 

in Magnetic Field Instruction. 

Chen and Wang (2015) 
Employing Augmented Reality-Embedded Instruction to Disperse the 
Imparities of Individual Differences in Earth Science Learning. 

Chen et al. (2016) 
An Augmented Reality-Based Concept Map to Support Mobile 
Learning for Science. 

Dünser et al. (2012) Creating Interactive Physics Education Books with AR. 

Enyedy et al. (2015) 
Constructing Liminal Blends in a Collaborative AR Learning 
Environment. 

Frank and Kapila (2017) 
Mixed-reality Learning Environments: Integrating Mobile Interfaces 
with Laboratory Test-beds. 

Ibáñez et al. (2014) 
Experimenting with Electromagnetism Using AR: Impact on Flow 
Student Experience and Educational Effectiveness. 

Ibáñez et al. (2016) 
Support for AR Simulation Systems: The Effects of Scaffolding on 

Learning Outcomes and Behavior Patterns. 

Liou et al. (2016) 
Beyond the Flipped Classroom: A Highly Interactive Cloud-Classroom 
(HIC) Embedded into Basic Materials Science Courses. 

Wang et al. (2014) 
An Investigation of University Students’ Collaborative Inquiry 

Learning Behaviors in an AR Simulation and a Traditional Simulation. 

Yoon et al. (2017) 
How AR Enables Conceptual Understanding of Challenging Science 
Content. 

L 
o 
c 

a 
t 
i 
o 

Bursztyn et al. (2017) 
Increasing Undergraduate Interest to Learn Geoscience with GPS-
based AR Field Trips on Students’ Own Smartphones. 

Chiang et al. (2014) 
Students' Online Interactive Patterns in Augmented Reality-based 
Inquiry Activities. 

Huang et al. (2016) 
Animating Eco-education: To See, Feel, and Discover in an 

Augmented Reality-based Experiential Learning Environment. 
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n 
- 

b 
a 
s 
e 
d 

  
A 
R 

Kamarainen et al. (2013) 
EcoMOBILE: Integrating AR and Probeware with Environmental 
Education Field Trips. 

Tarng et al. (2015) 
Development of a virtual Butterfly Ecological System based on AR 
and Mobile Learning Technologies. 

Tarng et al. (2016) 
Development of a Lunar-Phase Observation System Based on AR and 
Mobile Learning Technologies. 

Zimmerman et al. (2016) 
Using AR to Support Children’s Situational Interest and Science 
Learning During Context-Sensitive Informal Mobile Learning. 

 

Guiding Research Questions 

In this paper, 19 journal articles regarding AR in science education will be analyzed and 

discussed. Since there are different types of AR, the way the educator or researcher approaches 

and uses AR technology in science education can be varied. Thus, it is important to get an 

overview of which science subject and age group are mostly used, the learning strategies, 

learning outcomes as well as any challenges or issues in the various AR types. In this paper, 

the three guiding research questions will be investigated: 

1. In scholarly literature, how are AR types used in science learning? 

2. In scholarly literature, how do AR types impact on student-centered learning? 

3. In scholarly literature, what are the challenges of AR types in science learning? 

KEY CONCEPTS 

The Definition of AR 

AR emphasizes the actual environment as a platform where virtual and real objects are 

added. In other words, AR is a real-time visual of the physical world environment. According 

to Klopfer & Squire (2008), AR is referred to as, “a situation in which a real-world context is 

dynamically overlaid with coherent location or context-sensitive virtual information” (p. 205). 

Other scholars, such as Carmigniani & Furht (2011), defines AR as a direct or indirect real-

time view of the natural environment, which is enhanced by adding virtual information created 
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by a computer. The way each scholar defines the term “AR” is slightly different. Azuma (1997) 

presents the commonly accepted core properties associated with the definition of AR as: 

• A combination of the virtual and real objects in a real environment, 

• The alignment of virtual and real objects with each other, 

• Runs in real-time and interactively. 

While scholars provide detailed definitions and categories of AR, many people are 

confused by the concept of virtual reality (VR) and AR since both can present immersive 

content. Thus, Milgram, Takemura, & Utsumi (1995, p. 283) proposed a “reality-virtuality [sic] 

continuum” to determine the scope of the mixed reality when comparing the level of the real 

and virtual environment. According to this continuum, AR lies closer to the real environment, 

which allows for the transplantation of digital content into a real environment. In contrast, 

augmented virtuality refers to VR as closer to a virtual environment, where primarily computer-

generated content is placed in a virtual environment (see Figure 1). Ni, et al. (2006) argued that 

VR is a completely computer-generated environment, whereas AR adds virtual entities onto 

real surroundings. Thus, AR can be seen as a medium through which to bridge education in 

virtual environments with the real world (Bower, Howe, McCredie, Robinson, & Grover, 2014). 

 

Figure 1. Presenting the reality-virtuality continuum of different levels of AR and VR 
(Milgram, et al., 1995). 
 

AR Platform 

AR takes digital or computer-generated information of either images, audio, video, 

touch, or haptic sensations, and overlays them into a real-time environment. Many platforms 

can present AR. Today, the majority of AR applications are based on mobile devices, such as 

smartphones and tablet PCs. However, the use of AR is not limited to one specific device (Broll, 
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et al., 2008). Thus, it is necessary to review the various platforms that can be used for AR. 

Kipper & Rampolla (2012) categorized four AR-enabled devices as core platforms: 

1.  Personal computers (PCs) with webcams: Most recent PCs are installed with webcams. 

In this method, the marker labels are placed in front of the webcam, and an AR live 

feed can be shown on a computer monitor. This is easy to use in education because of 

the universality of PCs. Even though a PC is big and heavy compared to a smartphone 

or tablet, instructors tend to use a PC in the classroom. When using a portable marker 

label, the PC creates an augmentation on the screen and students can interact with 

virtual objects. 

2.  Kiosks, digital signage, and window displays: These AR-enabled devices are mostly 

used in public, such as museums, stores, squares, or plazas. With a large screen, people 

can interact with augmentation with a maker label, product, or humans as triggers of a 

pattern. For example, Sylaiou, Mania, Karoulis, & White (2010) developed the 

Augmented Representation of Cultural Objects (ARCO) system to visualize museum 

information through AR-enhanced educational kiosks. The learners use an AR book or 

marker to understand historical heritage. Another example is that Yoon, Anderson, Lin 

& Elinich (2017) introduced AR kiosks to help students understand one of the physics 

concepts, the Bernoulli Principle. Similar to in the examples, kiosks, digital signage, 

and window displays are used as virtual galleries and learning kiosks. 

3.  Smartphones and tablets: The advantage of using smartphones and tablets is their 

portability. Kipper & Rampolla (2012) mentioned the use of smartphones today as the 

most common method for accessing AR. A smartphone can use not only markers to 

generate AR, but also GPS to recall virtual objects based on location. Dunleavy, Dede, 

& Mitchell (2009) developed an AR application called, Alien Contact! The students 

have different roles and play the game using AR simulation. Smartphones and tablets 
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can be used because they can access high-speed internet and fit the certain 

specifications required to play AR. 

4.  AR glasses and head-mounted displays: This platform is cutting-edge technology; thus, 

it is expensive and not yet commonly used. Most AR-enabled glasses today are 

Microsoft HoloLens and Google Glass. These platforms are suitable for outside 

classroom education because they use GPS to recall the AR. However, since it is very 

expensive to buy one of these, creating smartphone-like AR glasses is also an option 

for location-based AR. 

 

Types of AR 

The recognition technique (e.g., maker label, QR code, and certain patterns) and 

augmented assets such as video, audio, text, or 3D objects are main concepts that demonstrate 

how AR works. Once AR-enabled devices recognize the recognition technique, they recall the 

augmented assets and overlay them into the real environment on the screen (Cheng & Tsai, 

2013). Depending on the process of recognition, AR types can be different. There are two types 

to AR: image-based and location-based (Cheng & Tsai, 2013). The biggest difference between 

the two types is whether they use a marker label or GPS. Using a marker label is categorized 

as image-based AR, whereas using location information (GPS) instead of markers is defined 

as location-based AR. The primary features of image-based AR are the recognition of the 

artificial labels, while location-based AR uses GPS or a wireless network to employ the 

recognition technique that applies the registration of the learner's position to gain real 

information. More detailed information on the definitions will be discussed in the following 

sections. 

 

1. Image-Based AR 

Image-based AR needs a special marker to synchronize 3D objects and visualize them 
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in the actual world. An example picture of an image-based AR is shown on the screen if the 

AR-enabled device scans the marker label. Because image-based AR does not use location 

information, less mobile AR-enabled devices, such as PCs with webcams or kiosks, digital 

signage, and window displays are suitable for image-based AR. Also, using mobile devices 

with image-based AR applications is increasing (Cheng & Tsai, 2013). 

According to Bacca, Baldiris, Fabregat, Graf, & Kinshuk (2014), most augmented 

reality studies in learning are based on image-based AR (59.3%). The advantages of using 

image-based AR are its stable tracking techniques (Bacca, et al., 2014) and it is easy to create. 

Image-based AR is easy to create because it simply requires a marker (target image) and an AR 

content (virtual image). Moreover, many AR companies, such as Zappar, Vuforia, Aurasma, 

and Theroar provide simple AR studios to create image-based AR. On the other hand, the 

disadvantage is its lack of mobility. It does not seamlessly work within a real environment. 

When teachers want to use AR in out-of-class settings, the teachers must prepare marker labels, 

as image-based AR does not do that itself. Thus, it is less efficient to use for an outside class 

task. 

Still, image-based AR can still be used as a supportive educational teaching tool in a 

traditional class setting (Núñez, et al., 2008). As seen in Figure 2, an AR book is incorporated 

to read a story, or show overlaid 3D objects by using a computer webcam (Lin, Hsieh, Wang, 

Sie, & Chang, 2011; Martín-Gutiérrez, et al., 2010). Another example is that students use AR 

labels to take control of the 3D objects that are projected on a screen or a whiteboard (Núñez, 

et al., 2008; Unspecified, Kerawalla, Luckin, & Seljeflot, 2006). Overall, image-based AR is 

usually used in an environment where it does not require location information. 
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Figure 2. Example of how image-based AR works 

 

2. Location-Based AR 

Unlike image-based AR, location-based AR can generate computer-generated 

information from geographical information. In other words, using a GPS or network, mobile 

devices identify location information and reveal the 3D objects on the mobile device. As seen 

in Figure 3, once an AR-enabled device detects the GPS information, it calls the virtual content 

that is already programmed in that location. Thus, AR-enabled devices for location-based AR 

can be smartphones, tablets, AR glasses, and head-mounted displays, which can receive GPS 

data. 

Due to the advantage of mobility and being marker-less, location-based AR is an easier 

way to acquire field concepts (McCall, Wetzel, Löschner, & Braun, 2011). Many educators use 

the mobile application to simulate location-based AR. For example, Huang, Chen, & Chou 

(2016) created a mobile application for location-based AR to teach ecological education. 

Likewise, teachers often use location-based AR outside of the classroom in environments, such 

as parks, zoos, or museums. 

In addition, one of the benefits of using location-based AR is getting real-time 

information on the mobile screen. However, mapping the GPS in location-based AR is difficult 
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to develop and use. According to Ibáñez & Delgado-Kloos (2018), among the 28 studies they 

reviewed, 25% of the research discussed location-based AR and 71.4% dealt with image-based 

AR technology. One of the reasons location-based AR is less popular in education is because 

instructors are required to have greater computer programming skills to develop AR software, 

such as AR Core or Unity. 

 

Figure 3. Example of how location-based AR works 

 

INFLUENCE OF AR TYPES IN SCIENCE EDUCATION 

 In this section, the influence of AR types in science education is investigated. Among 

the 19 publications analyzed, 12 papers are related to image-based AR and seven are related to 

location-based AR. The analysis consisted of the science domain, education level, device types, 

educational context, impacts, learning outcomes, and challenges comparing image-based AR 

and location-based AR. The first section on image-based AR will discuss the science domain, 

education level, AR platform, and educational context. The second section will present an 

intensive analysis of how researchers or educators use AR to achieve effective outcomes. The 

third section will investigate the answer to the question: What are the challenges of using AR 

in science education? The section will discuss the concerns that are most often addressed in the 
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19 papers. This may help instructors who want to design their science classes using AR. 

 

1. Overview of AR Types in Science Education 

This section concentrates on investigating the first research question: In the scholarly 

literature, where are AR types used in science education? Thus, it examines the comparison of 

AR types (i.e., image-based and location-based) in science education, educational levels, AR 

platforms, and educational context. Each small section will present the results of the analysis 

of the 19 journal papers with charted graphics. 

 

1.1. Subjects in AR Types 

As noted, 12 papers were related to image-based AR. These papers deal with image-

based AR in physics, chemistry, biology, and earth science. Among these four subjects, physics 

was the one that most often used image-based AR. Nine papers have physics-themed image-

based AR. Cai, Chiang, Sun, Lin, & Lee (2017) address the challenges in physics education 

using invisible or abstract concepts. The invisibility of certain physics principles or sensory 

waves increases insufficient understanding for physics students. Thus, there is a large gap 

between the information the teacher provides and the student’s understanding. Image-based AR 

can help to close the gaps, as it allows for the visualization of those invisible objects. 

Moreover, physics, as well as chemistry, do not typically require many outdoor 

activities. Many chemistry classes use pictures to help students understand the molecules of 

chemistry. For example, in the research by Liou, Bhagat, & Chang (2016), 3D crystal structure 

pictures and AR animation were used to teach chemistry in the classroom. Hence, while, the 

students did not go outside of the classroom to find the 3D representations, instructors could 

maintain a traditional classroom. According to Núñez, et al. (2008), image-based AR is more 

suitable for a traditional classroom setting because it can be used with books or projectors in 

the classroom. 
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However, unlike the papers studying image-based AR, in the papers related to location-

based AR, the analysis presented is only on biology and earth science using location-based AR. 

In particular, the majority of location-based AR was used in biology (five of seven papers). 

This is because location-based AR can support outdoor activities in biology. For example, 

Huang, et al. (2016) developed an ecological experimental learning environment. The students 

walked around on their own and used AR technology to learn about a botanical garden. It is 

possible to tour the botanical garden using AR technology. Tarng, Ou, Yu, Liou, & Liou 

(2015)’s research showed a similar situation. The students used AR in a campus butterfly 

garden to study insect ecology. Thus, location-based AR is suitable in science subjects that 

incorporate out-of-class activities. 

  

Figure 4. The comparison of AR types in science domains 

 

1.2 Education Level 

In this section, the question of which age group is most suited to either image-based 

AR or location-based AR is addressed. The results indicated the educational levels of the 

participants in the research. First, while image-based AR seems equally distributed by 

educational level, notably, none of the research showed location-based AR in higher education. 

Ironically, the elementary level in image-based AR education ranks nearly last, but the 

elementary level in location-based AR is the highest portion. This may relate to the 
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aforementioned result of the science domains: Location-based AR was more often used in 

biology, whereas, image-based AR was more often used in physics and chemistry. According 

to Next Generation Science Standards (2011), middle school begins to focus more on studying 

physics. 

In particular, the location-based AR in much of the research was used as a guiding tool 

for field trips. However, while college students study in autonomous learning environments, in 

which they may or may not use AR technology, they rarely participate in field trips. Whereas, 

in the research of image-based AR, the second biggest group was higher education. In fact, this 

higher education is occupying the percentages in mainly either physics or chemistry. This is 

because augmented 3D objects help students improve conceptual understanding (Frank & 

Kapila, 2017). Thus, image-based AR, in which it is relatively easy to create an in-class 

curriculum is widely used to teach physics and chemistry in higher education. 

  

Figure 5. The comparison of the use of AR types in different educational levels 

 

1.3. AR Platform 

 This section presents which AR-enabled devices are most used with AR types. This is 

the most distinguishable section for differentiating AR types because which AR platform is 

most suitable is affected by which AR type is used. As seen in Figure 6, location-based AR 

relies 100% on a mobile device. This can be explained by the fact that location-based AR needs 
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a lot of mobility to work outside of the classroom.  

Moreover, even though school activities related to image-based AR do not require lots 

of mobility, mobility is commonly distributed in image-based AR. It is because image-based 

AR is easy to implement in a mobile device. Kamarainen, et al. (2013) asserted that mobile 

devices provide the greatest benefits for the use of AR because, in pedagogical approaches, it 

enhances student-centered learning and increases problem-solving skills. Therefore, the 

majority of instructors or researchers use a mobile device for both AR types. 

  

Figure 6. Comparison of AR types in AR platform 

 

1.4. Educational Context 

In this section, AR types are compared by educational context. What is investigated is 

which AR type is most appropriate in-class and out-of-class situations. The interesting result 

was that 11 of the 12 image-based AR research were conducted out-of-class. The research in 

location-based AR shows the same ratio, with one research (Tarng, Lin, Lin, & Ou, 2016) 

conducted in-class. This result suggests that image-based AR is appropriate for in-class activity 

and location-based AR is appropriate for the out-of-class activity. As previously mentioned, the 

reason for this may be due to mobility because even image-based AR research by Yoon, et al. 

(2017) was not an outdoor activity. It used the kiosk in a science museum. 
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Figure 7. Comparison of AR types in an educational context 

 

2. AR types Impact on Student-Centered Learning in Science Education 

This section will address the impact on student-centered learning by AR types. Each 

section will be discussed the most common outcomes, such as improving conceptual 

understanding, positive attitude, and higher engagement. In detail, it will investigate how AR 

affordances, such as visualization, spatial cognition, collaboration affects student-centered 

learning in science education. The following Table 2 shows the results of the analysis. 

 

Table 2. Analysis of how AR types impact science education 

AR 
types 

Primary 
author Effects of AR Learning outcomes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
I 
m 
a 

Akçayır et al. 
(2016) 

·Simulation 
·visualization of invisible 
objects 
·Inquiry learning 

·Enhanced science learning capabilities 
·Positive attitude  
·Improved students' laboratory skills 
·Higher motivation, enjoyment, and satisfaction  

Cai et al. 
(2017) 

·Simulation 
·Visualization of invisible 
·Natural interaction 
technology 
·Inquiry learning process 

·Higher magnetic knowledge quiz score in AR 
group (including an understanding of magnetic 
fields) 
·Active learning  

Chen and 
Wang (2015) 

·Simulation  
·Spatial cognition 
·Cooperative/collaborative 
·Blended learning 

·Enhanced instruction adaptiveness  
·Enjoyment 
·Self-evaluation progress 
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g 
e 
- 
b 
a 
s 
e 
d 
  

A 
R 

Chen et al. 
(2016) 

·Visualization of invisible 
·Scaffolding 

·Increased motivation 
·Improved students' attitudes 
·Easier to understand on concept-mapped AR  

Dünser et al. 
(2012) 

·Visualization of invisible 
·Spatial cognition 
·Constructivist learning theory 
·Exploration 

·Effective in teaching complex  
·Remembering information 

Enyedy et al. 
(2015) 

·Simulation 
·Visualization of invisible 
·liminal blends 
·Learning Physics through 
play 

·Engagement  
·Creating knowledge 

Frank and 
Kapila (2017) 

·Exploration 
·Inquiry-based learning 

·Improved conceptual understanding  
·positive student perceptions 

Ibáñez et al. 
(2014) 

·Simulation 
·Visualization of invisible 
·Spatial cognition 

·Higher flow experience 
·More Effective than web-based application in 
promoting knowledge 

Ibáñez et al. 
(2016) 

·Scaffolding 
·Simulation-based learning 
·Visualization of invisible 
objects 

·Positive inquiry learning behavior 
·Decreasing cognitive load 

Liou et al. 
(2016) 

·Spatial cognition 
·Observation 
·Exploration 

·Spatial knowledge 
·Enhancing knowledge, comprehension and 
application skills 
·Active learning (engagement) 

Wang et al. 
(2014) 

·Simulation 
·Collaborative inquiry 
learning 

·AR is more supportive 
·Authentic environment  

Yoon et al. 
(2017) 

·Simulation  
·Spatial cognition 
·Scaffolding 

·Improved understanding of the concept 
(Bernoulli's principle) 

 
 
 
 

L 
o 
c 
a 
t 
i 
o 
n 
- 
b 
a 

Bursztyn et 
al. (2017) 

·visualization the invisible 
·Game-based learning 
·Lab vs. AR field trip 

·Higher motivation and engagement  

Chiang et al. 
(2014) 

·Collaboration (Inquiry-based 
learning) 
·Immediacy 
·Immersion 

·Engagement 
·High immersion level 
·High phases of knowledge construction  
·High-level thinking and cognition 

Huang et al. 
(2016) 

·visualizing the invisible 
·Experimental learning theory 
·Immediacy 
·Immersion 

·Engagement  
·More pleasure from learning 
·Positive emotion and ecological experimental 
experience 
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s 
e 
d 
  

A 
R 

Kamarainen 
et al. (2013) 

·Visualization the invisible 
·Situated learning theory 
·Collaboration  
·Immersion 

·Self-efficacy 
·High engagement and deeper understanding 
(collaboration) 
·Positive attitude 
·Student-centered learning 

Tarng et al. 
(2015) 

·Visualization the invisible 
·Situated learning 
·Interaction 

·Increasing motivation and interest  
·Improving learning effectively 
·Helping to understand 
·Suitable assistant tool 

Tarng et al. 
(2016) 

·Visualization the invisible 
·Situated learning 
·Interaction 

·Retaining knowledge in long-term memory 
·Easy to use 
·Like to use  

Zimmerman 
et al. (2016) 

·Collaboration 
·Context-Sensitive Learning 
·Place-based education 

·Engagement 
·hands-on experiences 
·Highly enjoyable activity  

 

2.1. Improving Students’ Conceptual Understanding 

AR is an effective tool in enhancing students' understanding of abstract concepts (Wu, 

et al., 2013) as it can be used to demonstrate abstract concepts (Rutten, Van Joolingen, & Van 

Der Veen, 2012). AR overlaps virtual objects in a real environment, thus, enabling the 

visualization of abstract models (Arvanitis, et al., 2009; Dunleavy, et al., 2009). Kozma (2003) 

contends that the visualization of science courses is important to facilitate a deeper 

understanding of the context. For example, if students see abstract concepts, such as a 

molecular atom in chemistry or electricity in engineering (Wu, et al., 2013), they will 

understand the concepts properly and precisely. As conceptual understanding is the primary 

concept of student-centered learning, it is necessary to investigate which elements increase the 

students’ comprehension skills in AR-based learning. 

Visualization is one of the essential characteristics that make AR more effective. Both 

image-based and location-based AR actively use it in different situations. In the research of 

image-based AR by Akçayir, Akçayir, Pektaş, & Ocak (2016), the researchers measured science 

laboratory skills and attitudes by comparing watching an animation or AR simulation in the 

physics labs. The results presented that the AR group improved not only the student’s 
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laboratory skills but also their attitudes. The authors assert that the provision of AR components 

(video, animation, images) helped the students to easily understand complex and difficult 

physics experiments, thus, acquiring better laboratory skills (Akçayir, et al., 2016). 

Moreover, in research from Cai, et al. (2017), they measured the scores of magnetic 

knowledge in a quiz after conducting an experiment in the traditional method and then using 

AR Kinect-based learning, which connects with the motion-sensing device. The results showed 

that the average scores on the quiz in the AR group were higher than the quiz scores in 

traditional learning. The more interesting result was that, after they checked the test after one 

week, the score of the AR group was still much higher than the average score of the traditional 

group. This suggests that visualization affects longer-term memory retention. 

In addition, visualization works in location-based AR as well. Interestingly, most of the 

location-based AR is used for biology education, as analyzed in the above section (Chiang, 

Yang, & Hwang, 2014; Huang, et al., 2016; Kamarainen, et al., 2013; Tarng, Ou, Yu, Liou, & 

Liou, 2015). A possible reason for this result may be that biology requires visualizations to 

comprehend the out-of-class context. For example, Tarng, et al. (2015) studied the virtual scene 

of a butterfly garden., using the dynamic visual effects of butterflies and life cycle simulation. 

To measure the learning effectiveness of location-based AR in butterfly ecology, life cycle, and 

natural enemies, they experiment with a control group that had observed real moths versus the 

experimental group that used tablet PC’s to breed virtual butterflies. After they tested using a 

pretest and posttest, the learning effectiveness of the experimental group was significantly 

higher than that of the control group. They concluded that location-based AR supported 

enhanced understanding and classification of the content. 

Furthermore, many AR studies discuss students’ spatial abilities and spatial cognition. 

These concepts are concerned with knowledge or belief of spatial properties, such as shape, 

location, and direction of the object in the actual world (Squire & Klopfer, 2007). This AR 

technology supported developing students’ spatial abilities as cognitive advantages for science 
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learning due to advanced possibilities for spatial visualization (Shelton & Hedley, 2004). This 

concept of spatial cognition is frequently used in image-based AR, rather than location-based 

AR. 

One of the examples using spatial visualization in image-based AR is the research by 

Liou, et al. (2016). They conducted an AR-related experiment in chemistry which allowed 

students to learn about molecules by using image-based AR. The students benefited by seeing 

3D structural representations that are otherwise invisible. Liou et al. (2016) concluded that 

spatiality supports a deeper understanding of complex concepts, resulting in the development 

of scientific skills. Moreover, in the research by Enyedy, Danish, & DeLiema (2015), they 

measured three tests (i.e., pretest, middle test, and retention test) to investigate whether AR 

helped students better understand the physics concepts as a result of improved spatial 

visualization. They compared the learning effectiveness of a non-AR book and an image-based 

AR book. As a result, in the pretest, the AR group had a lower score than the non-AR group, 

but after the AR simulation, the scores in the middle test and retention test for the AR group 

surpassed those of the non-AR group. Enyedy, et al. (2015) assert that spatial visualization 

contributes to increasing test scores with a deeper conceptual understanding. Unexpectedly, 

few location-based ARs have been used for the improvement of spatiality visualization that can 

increase understanding of the content. 

 

2.2. Changing to Positive Attitude 

Attitude is an important factor for student-centered learning. In their work, “Attitudinal 

Effects of a Student-Centered Active Learning Environment,” Oliver-Hoyo & Allen (2005) 

introduced the importance of attitudes toward science, which can sustain or decrease student 

interest in the sciences, as well as their motivation and sense of responsibility or accountability. 

In fact, attitude toward science education for student-centered learning is critical. Motivation 

or enjoyment toward science can be a factor that creates a positive attitude and sustains student-
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centered learning (Chen & Wang, 2015; Huang, et al., 2016) In both image-based and location-

based AR, they commonly report how attitudes to learning have become more positive through 

AR experiments. 

There are several factors to contribute to a positive attitude. One of these factors is 

satisfaction and enjoyment of the experience. In the research from Cai, et al. (2017), they used 

image-based AR using natural interaction technology for students learning physics. They 

measured students’ satisfaction and acceptance level of AR-based experiences. The students 

were strongly interested in and willing to learn with AR technology.  

In particular, a positive attitude was presented in the location-based AR. Huang, et al. 

(2016) conducted an experiment to investigate how AR-based learning may develop a positive 

emotional attachment using situated cognition, while the students used location-based AR in 

field learning. There were three groups during a botanical garden outdoor ecological learning 

environment: an experimental field AR group, an experimental field AR with a commentator 

group, who discussed with friends and listened to the guide lecture, and a control group, which 

used a traditional learning method that students followed by listening to the garden guidance. 

Among these groups, the two AR-based learning presented positive emotions, meaning that 

learners derived more pleasure from learning than did the control group. Both groups used AR 

to provide a situation or instruction to enhance students learning. 

Attitude can be affected by AR-based scaffolding. In the research by Chen & Wang 

(2015), they used a knowledge-building scaffold to investigate the most effective stage in 

scaffolding. The result found that most students prefer learning with AR. During the interviews, 

the majority of the students noted that using the AR toolkit was fun. Moreover, research from 

Chen, Chou, & Huang (2016) introduced the AR-based concept map, which is learning the 

food chain in biology. This is an AR application where students are required to solve the food 

chain by themselves. They compared this AR application with general image-based AR, which 

is watching a video when the image-based AR is recognized as the marker label. Notably, the 



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 24 

participants who conducted the scaffold AR application had a more positive attitude toward the 

course than the general image-based AR group. 

Motivation is also significantly related to student-centered learning. An AR approach 

improves the learner’s motivation since the technology ensures the learner's positive attitude 

toward learning being satisfied. AR contributes positively to the learner's outcome in various 

ways, such as motivation and learning achievements. The more the learner completes a 

challenge, the more confidence and motivation are gained. AR offers a replicated context so 

that students can use or manipulate the content until they solve the problems (Muñoz-Cristóbal, 

et al., 2015). 

For example, Bursztyn, Shelton, Walker, & Pederson (2017) proposed student-centered 

learning in geoscience courses using location-based AR. Of the 371 students who participated 

in this research and used AR for mobile smart devices during a Grand Canyon field trip. It was 

revealed that the location-based AR increased student motivation for the geoscience field trip. 

The authors point out that the use of accessible and inexpensive location-based AR increases 

motivation. Also, Akçayir, et al. (2016) proved in their research that image-based AR increase 

students’ laboratory skills and attitudes toward science laboratories. The above examples and 

experiments of motivation demonstrate how AR types can positively change the students’ 

attitudes toward both image-based and location-based AR. Overall, AR technology increases 

positive effects, such as satisfaction, enjoyment, and motivation in science education. 

 

2.3. Promoting Student Engagement 

AR is effective in ensuring collaborative learning, which improves science education. 

According to Billinghurst & Duenser (2012), computer-supported collaborative learning 

constitutes one of the pedagogical approaches of successful integration of AR in science 

education. Vygotsky (1980) introduced social constructivism, which is developing the students’ 

knowledge of each other during social interaction. Thus, social constructivist learning may be 
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germane to collaborative and inquiry learning. Cheng & Tsai (2013) asserted that social 

constructivist learning requires rich visual and verbal-based learning through social interaction. 

They also commented that social constructivist learning may be more suitable to location-based 

AR. Interestingly, in the analysis of the 19 papers in this paper, the majority of social 

constructivist learning also posited in location-based AR. 

AR tools have been used to support engagement in science inquiry practice. According 

to Birchfield & Megowan-Romanowicz (2009), AR use during social constructivist learning 

can generate the benefits of developing social skills, a sense of responsibility, and constructing 

knowledge with each other through the inquiry-based learning process. The researchers state 

that social interactivity is likely to be higher when students collaborate using AR. This is 

because, while students use the AR devices, they still must communicate to complete the 

collaborative task. In the process, the students independently figure out the tasks or share with 

their peers. The students will then gain a sense of responsibility and construct knowledge 

(Birchfield & Megowan-Romanowicz, 2009). 

For example, in the research from Chiang, et al. (2014), they compared a conventional 

in-class mobile learning approach with an AR-based inquiry through the theoretical lens of 

inquiry learning, a five-stage learning strategy: ask, investigate, create, discuss, and reflect. 

The experimental group (i.e., the AR-based inquiry) engaged in outdoor field inquiry by using 

mobile devices and location-based AR. The students learned the content by interacting with 

peers while moving around in a real-world environment. They found that the AR-based 

learning activity was able to engage the students in more interaction for knowledge 

construction. Dünser (2008) explained that interactions in AR enable engagement in learners 

with the content, allowing for knowledge to be acquired through the students’ own 

manipulation. Chiang, et al. (2014) also commented that since location-based AR integrates 

virtual information into the real environment, there are more opportunities to observe objects 

and engage in face-to-face discussion to promote context awareness and learning outcomes. 
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Another example was the research by Zimmerman, et al. (2016). They studied social 

constructivist learning with location-based AR with 42 boys and girls in pairs. The students 

used an AR application called Tree Investigators, developed by Pennsylvania State University’s 

Center for Online Innovation team, using iPads in the Shaver’s Creek Environmental Center. 

The authors believe that place-based education engages the students in learning activities that 

have strong community connections. They found that using location-based AR can encourage 

social engagement. The students’ engagement in nature and with AR technology, as well as 

with each other, support outdoor exploration and enjoyment. Zimmerman, et al. (2016) 

concluded that collaborative AR can trigger an increase in learning outcomes in science 

education. 

Furthermore, situated learning supports an increase in engagement. In an AR system, 

students are presented with an environment that encourages them to actively participate since 

they have various distinct roles to play in the learning process. Location-based AR makes it 

possible for the learners to take part in role-playing and gaming activities as a way of learning 

science, thus, providing an interesting and fun environment for scientific inquiry. Kamarainen, 

et al. (2013) used location-based AR for middle school students to teach the ecosystem. They 

combined AR and the use of environmental probes during field trip experiences. As the students 

continuously received the missions and feedback from the probes, the students actively worked 

on the tasks. The results of this experiment showed that students’ self-efficacy and engagement 

were increased. 

However, the definition of engagement is slightly different between image-based AR 

and location-based AR. While much of the research in location-based AR discusses 

engagement as a connection between person to person, the papers on image-based AR focused 

on the engagement between technology and the human (Enyedy, et al., 2015; Liou, et al., 2016). 

This is because the use of image-based AR is ultimately for an individual user. Liou, et al. 

(2016) claimed that computer simulations engaged the students to explore and investigate the 
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scientific phenomena, which were difficult and impossible to examine in a laboratory. 

Furthermore, Enyedy, et al. (2015) asserted that after the research experiment, the collaborative 

AR supports to engage students in the virtual and the real environment. Overall, most of the 

engagement of learners by social interaction is attributed to location-based AR, and most of the 

research in image-based AR deals with engagement between the student and technology. 

 

3. Challenges of AR types in Science Education 

In this section, challenges of AR types will be addressed in the following small section: 

technology issues, cognitive issues, and pedagogical issues. The analysis of the following 

sections may be considered challenges for instructors who want to develop their curriculum 

using different AR types.  

 

3.1. Technology Issues 

3.1.1. Unstable System 

The AR system is not always stable. AR technology overlaps virtual objects in real 

surroundings. To work this simulation, AR puts a higher demand on the PC’s functionality. 

Also, the gyro sensor, identifying motion and gestures, receiving GPS data, and recognizing 

instructional information may put extra burdens on the PC’s performance (Cai, et al., 2017). 

Thus, the system sometimes causes sudden pauses during the application. This is a common 

problem in education technology (Roblyer, 2004). 

In particular, because AR needs a signal to use the application, a common technology 

problem is related to the network. Akçayir, Akçayir, Pektaş, & Ocak (2016) stressed the 

importance of Wi-Fi internet services when instructors want to use image-based AR in school. 

The internet reliability of the technology can also be a critical problem in location-based AR 

since the students rely on AR devices to navigate the AR trigger locations to explore and learn 

(Kamarainen, et al., 2013). Technical barriers often happen, particularly in outdoor spaces 
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when using mobile devices (Zimmerman, et al., 2016). Location-based AR may need a more 

stable system because most of it is based on independent study, which often occurs on a field 

trip. 

Maintenance of the stability of the various devices used in the study is, thus, very 

critical. Akçayir, et al. (2016) warn that the stability of technology may affect learning 

outcomes such as satisfaction and confidence. According to Dunleavy, et al. (2009), errors in 

GPS may result in student frustration, one of the biggest challenges identified by teachers. It 

may cause the students to develop a negative attitude toward the subject (Dunleavy et al., 2009). 

Therefore, the instructors should assure whether the technology works properly before they 

release the AR application to their students. 

 

3.1.2. Difficulty Using AR 

AR requires at least one device to be able to visualize objects. Moreover, if the students 

or teachers do not have experience with AR, they will have a difficult time using it (Squire & 

Jan, 2007). Without guidance, AR technology is very difficult to use for some students. It may 

be the reason that the devices such as head-mounted displays, are heavy and complicated to 

control (Yu, Jin, Luo, Lai, & Huang, 2009). 

Furthermore, as location-based AR is based on a GPS system, it is difficult to develop 

and manage the application. Kamarainen, et al. (2013) found that teachers expressed concern 

about the ability to manage the technology and devices of location-based AR. In addition, 

similar to the effect of an unstable system, it may affect the student’s learning experience. 

According to Cai, et al. (2017), the AR student group reported during the interviews that 

sometimes the AR was difficult to use. They concluded that a not-so-user-friendly interface 

may negatively affect the learning experience. It is important to provide guidance on how to 

use AR technology properly. 
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3.1.3. High Cost of AR Devices 

 To simulate AR, extra devices, such as a mobile head-mounted display, kiosk, or 

webcam are needed, which are expensive for students to purchase. Due to the high cost of such 

equipment, there is difficulty requiring all learners to prepare devices with similar 

specifications. In the research by Huang, et al. (2016), they mentioned that few students have 

used tablet computers to simulate location-based AR. This is not an exceptional case in the real 

classroom. Many educators complain about the cost-burden to prepare for AR-based learning 

(Chen, et al., 2016).  

 

3.2. Learner Issues 

3.2.1. Being Overwhelmed by the Task 

By placing students in a multi-tasking AR learning environment, a student has a higher 

risk of being overwhelmed by the task. According to Dunleavy, et al. (2009), when the student 

takes part in multi-user AR simulation, due to the fact they are subjected to multi-user 

simulations, they are overwhelmed in most cases. Students may also experience cognitive 

overload if they do not know how to use AR(Dunleavy et al., 2009; Klopfer & Squire, 2008; 

Perry et al., 2008; K. D. Squire & Jan, 2007). They might need to learn how to control AR at 

the same time they are learning the subject. As a result, the students take extra time on learning 

the AR technology rather than learning actual content. 

Moreover, AR makes provisions for a situation in which reality and fantasy are blended, 

which may result in confusion. According to K. D. Squire & Jan (2007), learners lose focus 

and end up with undesired results. For example, some learners tend to forget how far the game 

goes and when to engage in the learning process. Kamarainen, et al. (2013) state that 

overwhelming technology distracts from the learning content in location-based AR. They 

added the comment that this is a common concern among teachers when they create AR 

application of location-based AR. 
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3.2.2. Novelty Effect 

Another concern about AR use in education is the novelty effect (Gavish et al., 2015). 

In image-based AR, the novelty factor of augmented reality could act as a distracting factor 

(Ibáñez, Di Serio, Villarán, & Delgado-Kloos, 2014). Cai, et al. (2017) used the AR-based 

Kinect device in their research. Since AR is new for students, they are more interested in the 

AR devices and technology. Thus, it is necessary to take more time to reduce the novelty effect 

and provide appropriate guidance for students on how to use AR. Otherwise, the unfamiliarity 

of the AR platforms will affect learning results (Cai, et al., 2017).  

Second, in location-based AR, Kamarainen, et al. (2013) were concerned with the 

novelty of the social and physical context of the experience. They mentioned that due to this 

novelty effect, it is difficult to focus on relevant learning tasks. Thus, they have attempted to 

frequently use AR platforms to reduce the novelty effect by using location-based AR for social 

interaction. The novelty effect may be similar to cognitive overload; however, the problem with 

novelty is that the students concentrate more on AR technology, and do not always consider 

AR devices as educational tools(Gavish, et al., 2015). In other words, students consider 

immersive content as gaming (Dunleavy, et al., 2009). Moreover, this is common to both AR 

types, and many educators and researchers are trying to attenuate the novelty effect before they 

teach students how to use AR. 

 

DISCUSSION 

 The overarching research focused on how AR types impact science education for 

student-centered learning. Throughout the analysis of 19 research papers regarding AR types 

in science education, meaningful information was extracted. When instructors want to develop 

an AR-related curriculum in science education, they should consider the types AR first. Due to 

the limitations of mobility, image-based AR is more suitable for physics and for middle school 

students or higher. This is because much of image-based AR utilizes in-class activity.  
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On the other hand, the majority of research in location-based AR focuses on biology 

for elementary students. Location-based AR is frequently used on a field trip or outdoor activity. 

Location-based AR makes it possible to conduct out-of-class activities creating an opportunity 

for the students to make inquiries on scientific concepts with the help of the virtual information 

based on real phenomena or a real-world environment Thus, location-based AR was not 

incorporated with a PC or kiosk. However, both were used on mobile devices. 

In addition, through the analysis, it was found that AR can increase conceptual 

understanding, change create a positive attitude toward AR and the subjects it teaches and 

promote engagement. The advantage of AR is that it can supplement the lack of science 

education; for example, insufficient visualization to explain an abstract concept, lack of 

motivation, interactivity, and collaboration (Somsak & Prachyanun, 2016). These are important 

factors for developing student-centered learning in science education (Piaget, 1976; Vygotsky, 

1980). These outcomes of each AR types are affected in slightly different ways in a variety of 

situations. 

For example, image-based AR is more helpful for increasing conceptual understanding 

and that of location-based AR. It can make science content clearer and comprehensively 

engaged in the learning process (Billinghurst & Duenser, 2012). The components that image-

based AR can activate for science education are visualization and spatial cognition. These 

factors with marker labels can develop science education and make it easier to understand. 

 On the other hand, location-based AR is more specialized in promoting engagement 

by using scientific inquiry learning or collaborative learning. Due to the free mobility of AR 

(Dunleavy, et al., 2009), location-based AR can be freely used outside of class, especially on a 

field trip. During outdoor activities, students often study by themselves. In that case, the most 

advantage of location-based AR is that AR can overlay a virtual image into a real-world. Thus, 

it is appropriate for outdoor student-centered learning. 

Last, both AR types affect students’ attitudes. Based on the analysis of the papers, most 



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 32 

of the research mentioned how AR impacted students’ enjoyment, satisfaction, and motivation. 

These are the important elements in student-centered learning (Watters & Ginns, 2000). 

Through the analysis of the 19 papers, it seems clear that AR types affect positive attitudes 

toward studies. 

Despite the associated benefits of the use of AR in scientific studies, it is also associated 

with some drawbacks. Common challenges include technological drawbacks wherein the use 

of the devices may be a problem for either the learner or the teacher. Another common 

challenge with the use of AR in education encompasses the learner’s cognition. In the use of 

educational augmented reality, the student must learn how to control the AR device to reduce 

the novelty effect. 

Lastly, since AR is a new technique to adopt into science education, pedagogical issues 

of AR should be considered for future research. Typically, the pedagogical problem of AR 

technology is related to communication between teachers and students. For example, in the 

research by Kamarainen, et al. (2013), using location-based AR on the field trip causes 

difficulty for teachers to reach the students in an outdoor learning environment. If the student 

starts the field trip, the teachers find it hard to keep track of where and what the students are 

doing. They are not able to precisely evaluate how much the students are participating in the 

class. 

Field trips may be a special case, but AR technology itself can block communication 

between teachers and students. If the students are more concentrated on the AR play, they often 

miss the teacher’s instructions. In this process, students are distracted by the AR technology 

and have difficulties completing the activities (Ibáñez, Di Serio, Villarán-Molina, & Delgado-

Kloos, 2015). Thus, for conducting AR-based activities, it is imperative to consider how to 

reduce distraction and provide smooth communication while using in both image-based AR 

and location-based AR. For future studies, a more pedagogical improvement in the use of AR 

in science education that must be investigated. 
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Overall, this paper is constructed as grounded guidance for instructors that want to use 

AR technology in science education. It includes an analysis and discussion of empirical AR 

studies to deduce the impacts of AR in science learning. This paper argued that, depending on 

AR types, the way educators use AR may vary. AR is currently in a nascent stage in the 

education field and must be quickly updated as a new trend of education technology. From the 

scholarly literature, the advantages and challenges of using AR in science classes were 

discussed, as noted above. Therefore, AR has an overall important role in science education as 

it facilitates conceptual understanding, positive attitude, and engagement, fostering a student-

centered learning environment. 

 

  



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 34 

References 

Akçayir, M., Akçayir, G., Pektaş, H. M., & Ocak, M. A. (2016). Augmented reality in science 

laboratories: The effects of augmented reality on university students’ laboratory skills and 

attitudes toward science laboratories. Computers in Human Behavior, 57, 334–342. 

https://doi.org/10.1016/j.chb.2015.12.054 

Alesandrini, K., & Larson, L. (2002). Teachers bridge to constructivism. The Clearing House, 

75(3), 118–121. 

Arvanitis, T. N., Petrou, A., Knight, J. F., Savas, S., Sotiriou, S., Gargalakos, M., & Gialouri, 

E. (2009). Human factors and qualitative pedagogical evaluation of a mobile augmented 

reality system for science education used by learners with physical disabilities. Personal 

and Ubiquitous Computing, 13(3), 243–250. 

Azuma, R. T. (1997). A survey of augmented reality. Presence: Teleoperators & Virtual 

Environments, 6(4), 355–385. 

Bacca, J., Baldiris, S., Fabregat, R., Graf, S., & Kinshuk. (2014). International Forum of 

Educational Technology & Society Augmented Reality Trends in Education : A 

Systematic Review of Research and Applications. Educational Technology, 17(4), 133–

149. https://doi.org/ISSN 1436-4522 (online) 

Billinghurst, M., & Duenser, A. (2012). Augmented reality in the classroom. Computer, 45(7), 

56–63. 

Birchfield, D., & Megowan-Romanowicz, C. (2009). Earth science learning in SMALLab: A 

design experiment for mixed reality. International Journal of Computer-Supported 

Collaborative Learning, 4(4), 403–421. 

Bower, M., Howe, C., McCredie, N., Robinson, A., & Grover, D. (2014). Augmented Reality 

in education – cases, places and potentials. Educational Media International, 51(1), 1–15. 

https://doi.org/10.1080/09523987.2014.889400 

Broll, W., Lindt, I., Herbst, I., Ohlenburg, J., Braun, A.-K., & Wetzel, R. (2008). Toward next-



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 35 

gen mobile AR games. IEEE Computer Graphics and Applications, 28(4), 40–48. 

Bursztyn, N., Shelton, B., Walker, A., & Pederson, J. (2017). Increasing undergraduate interest 

to learn geoscience with GPS-based augmented reality field trips on students’ own 

smartphones. GSA Today, 27(6), 4–10. https://doi.org/10.1130/GSATG304A.1 

Cai, S., Chiang, F. K., Sun, Y., Lin, C., & Lee, J. J. (2017). Applications of augmented reality-

based natural interactive learning in magnetic field instruction. Interactive Learning 

Environments, 25(6), 778–791. https://doi.org/10.1080/10494820.2016.1181094 

Carmigniani, J., & Furht, B. (2011). Augmented Reality: An Overview. In Handbook of 

Augmented Reality (pp. 3–46). New York, NY: Springer New York. 

https://doi.org/10.1007/978-1-4614-0064-6_1 

Caudell, T. P., & Mizell, D. W. (1992). Augmented reality: An application of heads-up display 

technology to manual manufacturing processes. In Proceedings of the twenty-fifth Hawaii 

international conference on system sciences (Vol. 2, pp. 659–669). IEEE. 

Chen, C. H., Chou, Y. Y., & Huang, C. Y. (2016). An Augmented-Reality-Based Concept Map 

to Support Mobile Learning for Science. Asia-Pacific Education Researcher, 25(4), 567–

578. https://doi.org/10.1007/s40299-016-0284-3 

Chen, C. ping, & Wang, C. H. (2015). Employing augmented-reality-embedded instruction to 

disperse the imparities of individual differences in earth science learning. Journal of 

Science Education and Technology, 24(6), 835–847. https://doi.org/10.1007/s10956-015-

9567-3 

Cheng, K. H., & Tsai, C. C. (2013). Affordances of Augmented Reality in Science Learning: 

Suggestions for Future Research. Journal of Science Education and Technology, 22(4), 

449–462. https://doi.org/10.1007/s10956-012-9405-9 

Chiang, T. H. C., Yang, S. J. H., & Hwang, G. J. (2014). Students’ online interactive patterns 

in augmented reality-based inquiry activities. Computers and Education, 78, 97–108. 

https://doi.org/10.1016/j.compedu.2014.05.006 



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 36 

Dunleavy, M., Dede, C., & Mitchell, R. (2009). Affordances and limitations of immersive 

participatory augmented reality simulations for teaching and learning. Journal of Science 

Education and Technology, 18(1), 7–22. 

Dünser, A. (2008). Supporting low ability readers with interactive augmented reality. Annual 

Review of CyberTherapy and Telemedicine, 6(1), 39–46. 

Dünser, A., Walker, L., Horner, H., & Bentall, D. (2012). Creating interactive physics education 

books with augmented reality, 107–114. https://doi.org/10.1145/2414536.2414554 

Enyedy, N., Danish, J. A., & DeLiema, D. (2015). Constructing liminal blends in a 

collaborative augmented-reality learning environment. International Journal of 

Computer-Supported Collaborative Learning, 10(1), 7–34. 

https://doi.org/10.1007/s11412-015-9207-1 

Frank, J. A., & Kapila, V. (2017). Mixed-reality learning environments: Integrating mobile 

interfaces with laboratory test-beds. Computers and Education, 110, 88–104. 

https://doi.org/10.1016/j.compedu.2017.02.009 

Gavish, N., Gutiérrez, T., Webel, S., Rodríguez, J., Peveri, M., Bockholt, U., & Tecchia, F. 

(2015). Evaluating virtual reality and augmented reality training for industrial 

maintenance and assembly tasks. Interactive Learning Environments, 23(6), 778–798. 

Greeno, J. G., & Hall, R. P. (1997). Practicing representation: Learning with and about 

representational forms. Phi Delta Kappan, 78, 361–367. 

Hmelo-Silver, C. E., Duncan, R. G., & Chinn, C. A. (2007). Scaffolding and achievement in 

problem-based and inquiry learning: a response to Kirschner, Sweller, and. Educational 

Psychologist, 42(2), 99–107. 

Huang, T. C., Chen, C. C., & Chou, Y. W. (2016). Animating eco-education: To see, feel, and 

discover in an augmented reality-based experiential learning environment. Computers and 

Education, 96, 72–82. https://doi.org/10.1016/j.compedu.2016.02.008 

Ibáñez, M. B., & Delgado-Kloos, C. (2018). Augmented reality for STEM learning: A 



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 37 

systematic review. Computers and Education, 123(November 2017), 109–123. 

https://doi.org/10.1016/j.compedu.2018.05.002 

Ibanez, M. B., Di-Serio, A., Villaran-Molina, D., & Delgado-Kloos, C. (2015). Augmented 

Reality-Based Simulators as Discovery Learning Tools: An Empirical Study. IEEE 

Transactions on Education, 58(3), 208–213. https://doi.org/10.1109/TE.2014.2379712 

Ibáñez, M. B., Di Serio, Á., Villarán, D., & Delgado Kloos, C. (2014). Experimenting with 

electromagnetism using augmented reality: Impact on flow student experience and 

educational effectiveness. Computers and Education, 71, 1–13. 

https://doi.org/10.1016/j.compedu.2013.09.004 

Johnson, L., Becker, S. A., Cummins, M., Estrada, V., Freeman, A., & Hall, C. (2016). NMC 

horizon report: 2016 higher education edition. The New Media Consortium. 

Johnson, L., Smith, R., Levine, A., & Haywood, K. (2010). Horizon Report: 2010 K. ERIC. 

Kamarainen, A. M., Metcalf, S., Grotzer, T., Browne, A., Mazzuca, D., Tutwiler, M. S., & Dede, 

C. (2013). EcoMOBILE: Integrating augmented reality and probeware with 

environmental education field trips. Computers and Education, 68, 545–556. 

https://doi.org/10.1016/j.compedu.2013.02.018 

Kerawalla, L., Luckin, R., Seljeflot, S., & Woolard, A. (2006). “Making it real”: exploring the 

potential of augmented reality for teaching primary school science. Virtual Reality, 10(3–

4), 163–174. 

Kipper, G., & Rampolla, J. (2012). Augmented Reality: an emerging technologies guide to AR. 

Elsevier. 

Kirschner, P. A., Sweller, J., & Clark, R. E. (2006). Why minimal guidance during instruction 

does not work: An analysis of the failure of constructivist, discovery, problem-based, 

experiential, and inquiry-based teaching. Educational Psychologist, 41(2), 75–86. 

Klopfer, E., Perry, J., Squire, K., Jan, M.-F., & Steinkuehler, C. (2005). Mystery at the museum: 

a collaborative game for museum education. In Proceedings of the 2005 conference on 



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 38 

Computer support for collaborative learning: learning 2005: the next 10 years! (pp. 316–

320). International Society of the Learning Sciences. 

Klopfer, E., & Squire, K. (2008). Environmental Detectives—the development of an 

augmented reality platform for environmental simulations. Educational Technology 

Research and Development, 56(2), 203–228. https://doi.org/10.1007/s11423-007-9037-6 

Kozma, R. (2003). The material features of multiple representations and their cognitive and 

social affordances for science understanding. Learning and Instruction, 13(2), 205–226. 

Lin, H.-C. K., Hsieh, M.-C., Wang, C.-H., Sie, Z.-Y., & Chang, S.-H. (2011). Establishment 

and Usability Evaluation of an Interactive AR Learning System on Conservation of Fish. 

Turkish Online Journal of Educational Technology-TOJET, 10(4), 181–187. 

Linn, M. (2003). Technology and science education: Starting points, research programs, and 

trends. International Journal of Science Education, 25(6), 727–758. 

Liou, H.-H., Tarng, W., Liou, F.-L., Ou, K.-L., & Yu, C.-S. (2015). Development of a virtual 

butterfly ecological system based on augmented reality and mobile learning technologies. 

Virtual Reality, 19(3–4), 253–266. https://doi.org/10.1007/s10055-015-0265-5 

Liou, W. K., Bhagat, K. K., & Chang, C. Y. (2016). Beyond the Flipped Classroom: A Highly 

Interactive Cloud-Classroom (HIC) Embedded into Basic Materials Science Courses. 

Journal of Science Education and Technology, 25(3), 460–473. 

https://doi.org/10.1007/s10956-016-9606-8 

Martín-Gutiérrez, J., Saorín, J. L., Contero, M., Alcañiz, M., Pérez-López, D. C., & Ortega, M. 

(2010). Design and validation of an augmented book for spatial abilities development in 

engineering students. Computers & Graphics, 34(1), 77–91. 

Matthews, M. R. (2002). Constructivism and science education: A further appraisal. Journal of 

Science Education and Technology, 11(2), 121–134. 

McCall, R., Wetzel, R., Löschner, J., & Braun, A.-K. (2011). Using presence to evaluate an 

augmented reality location aware game. Personal and Ubiquitous Computing, 15(1), 25–



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 39 

35. 

McFarlane, D. A. (2013). Understanding the challenges of science education in the 21st century: 

New opportunities for scientific literacy. International Letters of Social and Humanistic 

Sciences, 4(1), 35–44. 

Milgram Paul, Takemura Haruo, Utsumi Akira, K. F. (1995). Augmented reality: A class of 

displays on the reality-virtuality continuum. Spiedigitallibrary.Org, 283. 

Muñoz-Cristóbal, J. A., Jorrín-Abellán, I. M., Asensio-Perez, J. I., Martinez-Mones, A., Prieto, 

L. P., & Dimitriadis, Y. (2015). Supporting teacher orchestration in ubiquitous learning 

environments: A study in primary education. IEEE Transactions on Learning 

Technologies, 8(1), 83–97. 

Ni, T., Schmidt, G. S., Staadt, O. G., Livingston, M. A., Ball, R., & May, R. (2006). A survey 

of large high-resolution display technologies, techniques, and applications. In IEEE 

Virtual Reality Conference (VR 2006) (pp. 223–236). IEEE. 

Núñez, M., Quirós, R., Núñez, I., Carda, J. B., Camahort, E., & Mauri, J. L. (2008). 

Collaborative augmented reality for inorganic chemistry education. In WSEAS 

International Conference. Proceedings. Mathematics and Computers in Science and 

Engineering (Vol. 5, pp. 271–277). WSEAS. 

Oliver-Hoyo, M. T., & Allen, D. (2005). Attitudinal effects of a student-centered active learning 

environment. Journal of Chemical Education, 82(6), 944. 

Pence, H. E. (2010). Smartphones, smart objects, and augmented reality. The Reference 

Librarian, 52(1–2), 136–145. 

Perry, J., Klopfer, E., Norton, M., Sutch, D., Sandford, R., & Facer, K. (2008). AR gone wild: 

two approaches to using augmented reality learning games in Zoos. In Proceedings of the 

8th international conference on International conference for the learning sciences-Volume 

3 (pp. 322–329). International Society of the Learning Sciences. 

Piaget, J. (1976). Piaget’s theory. In Piaget and his school (pp. 11–23). Springer. 



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 40 

Pietrzak, P., Arya, M., Joseph, J. V, & Patel, H. R. H. (2006). THREE‐DIMENSIONAL 

VISUALIZATION IN LAPAROSCOPIC SURGERY. BJU International, 98(2), 253–256. 

Radu, I. (2014). Augmented reality in education: A meta-review and cross-media analysis. 

Personal and Ubiquitous Computing, 18(6), 1533–1543. https://doi.org/10.1007/s00779-

013-0747-y 

Roblyer, M. D. (2004). If technology is the answer, what’s the question? Research to help make 

the case for why we use technology in teaching. In Society for Information Technology & 

Teacher Education International Conference (pp. 27–38). Association for the 

Advancement of Computing in Education (AACE). 

Rutten, N., Van Joolingen, W. R., & Van Der Veen, J. T. (2012). The learning effects of 

computer simulations in science education. Computers and Education, 58(1), 136–153. 

https://doi.org/10.1016/j.compedu.2011.07.017 

Samset, E., Schmalstieg, D., Vander Sloten, J., Freudenthal, A., Declerck, J., Casciaro, S., … 

Gersak, B. (2008). Augmented reality in surgical procedures. In Human Vision and 

Electronic Imaging XIII (Vol. 6806, p. 68060K). International Society for Optics and 

Photonics. 

Shelton, B., & Hedley, N. (2004). Exploring a cognitive basis for learning spatial relationships 

with augmented reality. Technology, Instruction, Cognition and Learning, 1(4), 323–357. 

https://doi.org/10.1021/om990262d 

Somsak, T., & Prachyanun, N. (2016). The Learning Process of Scientific Imagineering 

through AR in Order to Enhance STEM Literacy. International Journal of Emerging 

Technologies in Learning, 11(7), 57–63. https://doi.org/10.3991/ijet.v11i07.5357 

Specht, M., Ternier, S., & Greller, W. (2011). Dimensions of mobile augmented reality for 

learning: a first inventory. 

Squire, K. D., & Jan, M. (2007). Mad City Mystery: Developing scientific argumentation skills 

with a place-based augmented reality game on handheld computers. Journal of Science 



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 41 

Education and Technology, 16(1), 5–29. 

Squire, K., & Klopfer, E. (2007). Augmented reality simulations on handheld computers. The 

Journal of the Learning Sciences, 16(3), 371–413. 

Standards, N. G. S. (2011). California | Next Generation Science Standards. Retrieved March 

17, 2019, from https://www.nextgenscience.org/california 

Statista. (2019). Global augmented reality market size 2025 | Statistic. Retrieved from 

https://www.statista.com/statistics/897587/world-augmented-reality-market-value/ 

Sylaiou, S., Mania, K., Karoulis, A., & White, M. (2010). Exploring the relationship between 

presence and enjoyment in a virtual museum. International Journal of Human Computer 

Studies, 68(5), 243–253. https://doi.org/10.1016/j.ijhcs.2009.11.002 

Tarng, W., Lin, Y.-S., Lin, C.-P., & Ou, K.-L. (2016). Development of a Lunar-Phase 

Observation System Based on Augmented Reality and Mobile Learning Technologies. 

Mobile Information Systems, 2016(3), 1–12. https://doi.org/10.1155/2016/8352791 

Tarng, W., Ou, K.-L., Yu, C.-S., Liou, F.-L., & Liou, H.-H. (2015). Development of a virtual 

butterfly ecological system based on augmented reality and mobile learning technologies. 

Virtual Reality, 19(3–4), 253–266. 

Unspecified, A., Kerawalla, L., Luckin, R., & Seljeflot, S. (2006). Making It Real Exploring 

the Potential of Augmented Reality for Teaching Primary School Science. 

Vygotsky, L. S. (1980). Mind in society: The development of higher psychological processes. 

Harvard university press. 

Wang, H. Y., Duh, H. B. L., Li, N., Lin, T. J., & Tsai, C. C. (2014). An investigation of university 

students’ collaborative inquiry learning behaviors in an augmented reality simulation and 

a traditional simulation. Journal of Science Education and Technology, 23(5), 682–691. 

https://doi.org/10.1007/s10956-014-9494-8 

Watters, J. J., & Ginns, I. S. (2000). Developing motivation to teach elementary science: Effect 

of collaborative and authentic learning practices in preservice education. Journal of 



IMPACT OF AR TYPES IN SCIENCE EDUCATION 

 42 

Science Teacher Education, 11(4), 301–321. 

Wu, H. K., Lee, S. W. Y., Chang, H. Y., & Liang, J. C. (2013). Current status, opportunities and 

challenges of augmented reality in education. Computers and Education. 

https://doi.org/10.1016/j.compedu.2012.10.024 

Yoon, S., Anderson, E., Lin, J., & Elinich, K. (2017). How augmented reality enables 

conceptual understanding of challenging science content. Journal of Educational 

Technology & Society, 20(1), 156. 

Yu, D., Jin, J. S., Luo, S., Lai, W., & Huang, Q. (2009). A useful visualization technique: a 

literature review for augmented reality and its application, limitation & future direction. 

In Visual information communication (pp. 311–337). Springer. 

Zhang, M., Zhang, Z., Chang, Y., Aziz, E.-S., Esche, S., & Chassapis, C. (2018). Recent 

developments in game-based virtual reality educational laboratories using the Microsoft 

Kinect. International Journal of Emerging Technologies in Learning (IJET), 13(1), 138–

159. 

Zhou, F., Duh, H. B.-L., & Billinghurst, M. (2008). Trends in augmented reality tracking, 

interaction and display: A review of ten years of ISMAR. In Proceedings of the 7th 

IEEE/ACM International Symposium on Mixed and Augmented Reality (pp. 193–202). 

IEEE Computer Society. 

Zimmerman, H. T., Land, S. M., Jung, Y. J., Peña-Ayala, A., & Cárdenas, L. (2016). Mobile, 

Ubiquitous, and Pervasive Learning. Advances in Intelligent Systems and Computing, 

406(December), 55–100. https://doi.org/10.1007/978-3-319-26518-6 

 

 


