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Abstract 

Nelson Mandela has stated that Education is the most powerful weapon which you can use to 

change the world. As the world is evolving, the education system is evolving too. With the advent 

of superfast and affordable technologies, the education system is adopting new methods of 

teaching. This paper is a blend of psychology and human-computer interaction. Both are very 

important factors to consider because without understanding the human’s thought, emotions, and 

behavior we cannot design the best tools for them. Augmented reality has that power which when 

used effectively can be boon for the education system. There are many researchers who are 

working to explore the use of augmented reality in the field of education. There are few AR 

(Augmented Reality) applications, for example, Science AR, Chemistry101, Anatomy 4D etc. 

which has tried to simplify and visualize the concepts. Most of the tools or applications which are 

built are either sequential which goes non-stop like a movie or like a demonstration of concepts 

where the human interaction is not very active. The human-interaction is active in terms of 

controlling the augmented 3D where the human can resize the 3D object, replace the 3D object, 

place the 3D object, make the 3D object to narrates the concepts, make the 3D object 

communicates with notecards or markers, and make the 3D object to simulates the real-time object 

behavior. It still feels like one ended interaction or we can say interaction is partially passive. In 

this paper, the approach has designed where both the students and 3D object will be able to interact 

with each other.  

Motivation 

The motivation for this research came from two aspects one is my dream to contribute for the 

education systems and the other from my love for the technologies and how best we can utilize the 

technologies to serve the societies in the different fields. Before starting I would like to talk about 

the education systems. The education system has two folds: one is the ability to learn and the 

another is the ability to teach. The ability to learn differs from person to person. Some can grasp 

 

Figure 1, Education System[1] 



the complex concepts just by reading the text, some needs flowchart, some needs diagrammatic 

illustration, some needs audio, and some have some other different ways to learn the concepts. As 

from the Figure 1, we can depict that we are treating every animal (which are the reference to show 

different abilities of human beings) same and we are measuring the skills by the same exams. 

There is a gap because we are not trying to understand the psychology behind the ability to learn. 

The gap can be filled when we will adopt something which has the same ability to teach different 

students. Augmented Reality has that power to become the super set of teaching medium because 

it has that real feel where the 3D objects are augmented in the real world. The complex concepts 

when explained through visually via 3D objects interaction (where we have a similar control as 

we have in the real world), we can overcome the different ability to learn factor. There is a fact 

that the brain processes visual information 60,000 faster than text and when the visual 

information[2] is interactive 3D where you can not only just interact by tapping but also via voice 

then the learning and cognitive process will improve. 

 

Figure 2, Power of Visuals[3]
 

Introduction 

What is Augmented Reality (AR)? It is an interactive experience where the computer-generated 

objects are placed into the real world which only the user can see. It is displayed on a wide variety 

of displays, from screens and monitors to handheld devices or glasses. Due to advancement in the 

field of AR, the amount of hardware required for the device is getting reduced gradually.  

 

Figure 3, Augmented Reality[4] 



The AR devices are controlled by a touchpad or voice commands. In touchpad, the devices work 

by sensing the pressure changes that occur when the user taps or swipes a specific spot. In voice 

command, devices use microphones to enable the augmented reality. Here the voice commands 

don’t control the 3D objects which are augmented in the real world. They just control the devices. 

There are various types of augmented reality: Marker Based Augmented Reality, Markerless 

Augmented Reality, Projection-Based Augmented Reality and Superimposition Based Augmented 

Reality[5]. These categories are getting effectively used while developing the AR-based 

educational application.  

 

 

 

 

 

 

 

 

 

 

These ways of interacting with AR devices are very intuitive in many fields including education. 

But education demands more active human-computer interaction. In addition to tapping the 3D 

objects for getting textual information, placing the screen on 3D objects to get pop-up information, 

or hearing the audio when the 3D objects are encountered on the screen, the students want to 

interact with the objects through voice and want the object to response. This will give a sense of 

collaboration. The communication will become two ways where the AR is not only giving the 

visual representation but also it is interacting with the users(students). By which, the students will 

learn better. Why the paper is stressing more on the interaction between the 3D objects and the 

 

Figure 4, Marker Based Augmented Reality[5] 

 

 

Figure 5, Markerless Based Augmented Reality[5] 

 

 

Figure 6, Projection-Based Augmented Reality[5] 

 

 

Figure 7, Superimposition Based Augmented Reality[5] 

 



users? Why there is a need for voice interaction with the 3D objects? We learn better when we ask 

questions. Asking questions and participating in a discussion keeps us engaged. If we can extract 

similar things from the AR-based educational tools, we will be able to enhance the learning 

experience. Below is the cone of learning designed by Edgar Dale during 1960 where he theorized 

the amount of information retained by different learning ability. Here we can see that participation 

increases the acquisition of knowledge by 70%[6]. Therefore, the usability of AR educational 

application will increase if we will be able to participate more naturally through voice (by talking 

to rendered 3D objects).   

 

 

Figure 8, The Cone of Learning[6] 

 

Existing Systems 

Marker-based and markerless (location-based) augmented reality is extensively used in developing 

the educational application. EduPARK[7] is one of the examples for marker-based AR which was 

developed to promote authentic learning in outdoor environments. It is image-based AR, with 

marker-based tracking, to display mainly botanical content. The users for this application are 

students and teachers from basic to higher education. The existing approach is powerful where the 

users were motivated and engaged to explore the app and learn but still, the interaction is not yet 

complete. It is like watching a 3D movie. How does the existing marker-base AR system work? 

The marker-based AR works as follows[8] (shown in Figure 8): 

1. The camera of mobile devices searches for the markers (QR code or 2D barcode)  which is 

nothing but an image. The images get converted into a readable format and the marker 

frame is identified. 

2. Once the marker frame is identified the AR device determines the position and orientation 

of the marker relative to the camera. 



3.  After that symbol inside the marker is matched with the templates in memory to find the 

marker id. 

4.  The next step is the alignment of the virtual object with respect to the marker. 

5. Finally, the virtual objects are rendered in the video frame. Then the object does what it is 

intended for. 

 

 

Figure 9, Work flow of Marker Based AR[8] 

 

Vortex Planetarium[9] – Astronomy is one of the examples for Markerless Location Based AR 

developed by Magic Torch Software. This application identifies a user’s location in order to show 

detailed information about star constellations visible from the current point. How does the 

markerless AR work?[10] When the camera of the AR devices having location-based AR 

application is pointed towards a real scene, the inbuilt GPS software recognizes the location of the 

device. The sensors like accelerometer and gyroscope will recognize the orientation of the device. 

Based on the recorded location and the orientation of the device the application gives information 

relevant to that specific location, towards which application is looking for.         

 

Figure 10, Workflow of Location based AR[10] 



These digital data are then superimposed on the real scenes which are visible with the device 

camera. The problem with the superimposition of data is that the screen gets flooded with a lot of 

text data which is not very convenient for the users (students). If the information on the screen is 

controlled via human voice, the application will give better usability. And if the information is 

delivered in a speech when asked for it will be more convenient and fun. The Vortex Planetarium 

flood the data about star constellation on the screen and navigating it through slider is not a very 

user-friendly and active interaction. If the students ask, “Hey Vortex App, tell me about the Sun?”. 

And the app replies, “The Sun is the star at the center of the Solar System”. Then the AR application 

will give more active experience and keeps the users engaged.  

 

Figure 11, Vortex Planetarium[11] 

Proposed Approach 

The proposed approach is to connect the three pieces together and apply it in the field of education. 

One of the pieces are existing AR types (Marker-based, or Location based) which are already 

discussed above. And the other piece is the voice interaction using Gaussian Mixture Models for 

Augmented Reality applications which have word recognition capability[12]. The Gaussian Model 

can be enhanced with the integration of Stanford CoreNLP Natural Language Processing 

Toolkit[13]. The goal of this approach is to replace the tangible interface with Natural User Interface 

(NUI) which offers natural interaction with AR 3D objects. The control here is performed by 

human voice for interacting with the augmented 3D objects. This will replace the visible control 

elements to the greatest possible extent. Speech is the most natural form of communication. The 

core challenge of the natural human-to-computer interaction is the Automatic Speech Recognition 

(ASR). In the paper voice interaction using Gaussian Mixture Models for Augmented Reality, the 

researchers have developed a voice interface using an isolated word recognition system based on 

Gaussian Mixture Models (GMM). The goal of the GMM is to produce voice commands for 

controlling the virtual object in the AR application by speech understanding using speech 

processing techniques. This model can be more robust if we integrate another module called 

Natural Language Processing Toolkit. Stanford CoreNLP is an integrated NLP toolkit with a broad 

range of grammatical analysis tools. It is a fast, robust annotator for arbitrary texts and support 



number of major languages. The last piece is the Speech synthesizer[14] like Google TTS or eSpeak 

which will help to convert the text response into voice and will help to build the two ways voice 

communication. 

 

Proposed AR Application Architecture 

The architecture of the proposed approach is shown below where the human interacts with 

augmented 3D objects using the three tools in the following ways: 

1. The human voice will get recognized using Automatic Speech Recognition (ASR) system 

based on GMM. 

2. The automatic voice recognition system is powered by CoreNLP for enhancing the 

language processing system. 

3. The 3D object which is augmented in the real world will be getting controlled by the voice 

recognition system. 

4. The text responses for the human commands will be synthesized to speech using speech 

synthesizer. 

 

Figure 12, Proposed Architecture 

 

Basic Structure of Automatic Speech Recognition System (ASR) 

Speech recognition is the process of extracting the speech characteristics information from the 

human’s voice and phrase in spoken language and converts them to machine-readable format. 

Automatic Speech Recognition (ASR) system is used to convert spoken words into text. The basic 



structure of an ASR system is shown below. It consists of three processes: 1. feature extraction, 2. 

training and 3. matching. 

 

Figure13, ASR[12] 

 

Integrating ASR with Stanford CoreNLP Natural Language Processing Toolkit 

Stanford CoreNLP is Java annotation pipeline framework[13] which takes raw human language text 

input and give the base form of words, their parts of speech, whether they are names of companies, 

people, etc. It is a well-tested natural language processing tools, widely used by various groups in 

academia, industry, and government. The voice recognition model developed using Gaussian 

Mixture Model recognizes just 16 commands for manipulating the virtual object likes rotation, 

move, zoom, color roll, pitch, yaw, horizontal etc. Adding the CoreNLP will enhance the language 

processing and it will be beneficial to use it for educational application. 

 

Figure 13, CoreNLP Architecture[13] 

 

Integrating the Speech Synthesizer  

The speech synthesizer[14] produces artificial human speech. It is also known as a text-to-speech 

system which converts normal language into speech. It is composed of two parts: a front-end and 

back-end. The front-end convert raw text into written out words. This process is called text 



normalization or tokenization. The back-end is known as synthesizer which converts the text into 

sounds.  

 

Figure 14, Typical TTS System[14] 

 

Conclusion 

This research paper is an attempt to connect several pieces together and build a teaching 

methodology which will attack every student with a similar effect and help them to understand the 

complex concepts. In this paper, the interactive approach is proposed to make Augmented Reality 

more usable in the field of education. Visual 3D presentation and collaboration with the AR 

application will keep students engaged and enhance their learning capability. The process of this 

paper began with understanding the student psychology and later the changes have been proposed 

in AR applications which are getting used currently. The already existing voice interaction 

interface built for AR applications is enhanced with integrating the CoreNLP to improve the 

language processing. The speech synthesizer has been utilized to deliver the response in the form 

of speech rather than displaying it on the screen. This is a very feasible approach which doesn’t 

require many changes in terms of software and hardware. The current smartphones are already 

capable to handle this approach. 
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