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Abstract. The use of interactive white boards has become more and more popu-
lar in educational settings. Despite their superior features to traditional counter-
parts, it is known that they are very expensive. Therefore, in this study, a lower 
cost interactive whiteboard application is developed by using Microsoft’s Ki-
nect which provides a natural interaction mechanism that eliminates the need of 
various interaction devices. However it has some problems in transforming the 
real world coordinates into virtual environment in addition to its robustness 
problem in detection and recognition. A solution is developed for fixing the 
transformation of the coordinates and robustness of the image processing issues 
and implemented to provide a lower cost interactive whiteboard in this research.  
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1 Introduction 

Interactive whiteboards (IWB) are interactive tools that are begun to be used widely 
in educational settings currently. This technology gained popularity based on its 
promising benefits to the quality of education [1-2]. According to the data of Deci-
sion Tree Consulting, IWB technology had one billion dollar part of the market at  
2008 [3].   

IWBs can be defined as touch-sensitive boards operated through a computer with 
the aid of digital overhead projectors [4]. They commonly include four main compo-
nents; computers, digital projectors, an electronic board and a software package that is 
compatible with the hardware [5]. Interaction can be provided with different ways 
such as resistive, electromagnetic, capacitive, ultrasonic and optical based technolo-
gies [6]. In addition, these different techniques are mainly divided in two categories as 
active marker or a passive marker based on the signal source. Active markers are the 
source of signals and have better stability while passive markers are reflectors and 
they are unstable for signal detection. The former is mostly expensive while the latter 
has a low cost [7].  
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Most of the commercial IWBs are controlled by the use of pen, finger, stylus or 
other device. However, new techniques are developed for the interaction such as Nat-
ural Interaction. Natural Interaction can be defined as the capture of body movements 
or sounds by natural interaction devices such as Kinect or Wavi X-tion in order to 
interact with computers [8]. This can be adapted to the IWB domain easily. 

Recently, there are some studies that implemented Kinect in educational environ-
ments. Avancini [9] emulated an IWB using Kinect in his study. He applied nine 
point calibration technique for matching hand and mouse coordinates and enhanced 
the hand detection with finger detection.   Zhang et al. [5] proposed a low-cost IWB 
by the use of Kinect by applying machine vision theory with infrared scan technology 
by using an infrared LED pen. Cheong et al [10] developed a multi-touch IWB and its 
teaching module. Smorkalov et al [11] used Kinect to provide interaction with a vir-
tual IWB found in an educational 3D virtual environment. Özcelik and Sengul [12] 
used Kinect for the interaction in a 3D virtual learning environment for the teaching 
of physics concept.  

This paper presents an interactive learning environment that aimed to gather the 
benefits of enhanced learning opportunities provided by natural interaction [12]. The 
proposed system consists of three parts. These are IWB hardware, IWB software and 
interactive learning application (ILA). 

2 The Proposed IWB 

The interactive learning environment proposed in this study consists of three compo-
nents. IWB hardware part was developed with the use of Kinect. IWB software was 
developed for the detection of human body and recognition of hand for matching the 
real world hand coordinates with the virtual mouse coordinates. Finally ILA software 
was developed for the organization and presentation of the educational materials. 

2.1 IWB Hardware 

IWB hardware of the proposed system depends on the use of Kinect. It is a motion 
sensing input device to control and interact with a computer through a natural user 
interface using gestures and spoken commands [13]. Kinect environment was chosen 
since it had an easy setup and could be controlled the IWB without the need of any 
other devices like a pen, mouse or gloves.  

Kinect consists of four main components. The depth sensor consists of an infrared 
laser projector combined with a monochrome CMOS sensor. Kinect applications 
commonly depend on the passive markers for capturing an object or a moving person 
with depth sensor which can emit and receive infrared light simultaneously. The sens-
ing range of this sensor is adjustable and Kinect software is capable of automatically 
calibrating the sensor. Kinect also includes a regular 8 bit VGA camera, multi-array 
microphone for sound recognition and motorized tilt for positioning. 
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After the matching, it was possible to move the mouse cursor wherever on the pro-
jected display. Least squares (LS) technique was applied to prevent the random 
movement of the cursor in the projected display. With this technique hand coordinates 
are used. These coordinates are taken from the hand click period. 

Handling Mouse Events. Another issue to be solved was enabling mouse click 
events by hand. Therefore, another algorithm was developed as follows; 

begin 
  repeat 
    StoredDepth := getZfromCalibration(); 
    CurrentDepth := joint(hand).depth.z; 
    if CurrentDepth < StoredDepth 
    then 
      if MouseDown := 1; 
      then  
        MouseDown := 0; 
        ApplyLS(); 
        RepositionMouse(); 
        Click(); 
    else  
      MouseDown := 1; 
      StoreCoordinateForLS(); 
  until program end; 
end. 

Turn Around Detection. Kinect cannot recognize the turn of the user. When the user 
turns in front of the device, the current position of hands are missed. Kinect confuses 
the left and right hand positions. In order to overcome this, a face tracking mechanism 
via OpenCV was applied to the system. When face tracking fails, this means a turna-
round is occurred and left and right hand positions are switched.  

2.3  Interactive Learning Application (ILA) 

The final part of the learning environment is interactive learning application. The 
application was written with the Actionscript 3.0 on Adobe AIR® platform. Action-
script is a programming language to develop interactive application while Adobe 
AIR® provides to develop cross platform applications 

ILA provides a solution for the lecturers to manage and handle their learning mate-
rials such as images, videos, flash animations, 3D objects, power point presentations, 
PDF documents and access to the YouTube and Flickr. It provides a direct access to 
all of these materials over this environment as can be seen in Figure 2. 
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