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Abstract: The way in which the human being learns certain complex contents has always been a focus 

of interest and a challenge for researchers. Given the fact that children's cognitive abilities do not fully 

develop until a certain age, this topic is particularly important in the young children's learning scope 

as they do not correctly and easily learn some content of abstract nature, such as contents in math class. 

This work presents the results of the use of an application called "Mathematics Learning System with 

Augmented Reality based on Kinect" (SAM-RAK by its acronym in Spanish), which was designed to 

cover basic topics of mathematics in the Basic General Education level (EGB by its acronym in Spanish) 

in Ecuador. The research was carried out under an experimental quantitative approach with 30 chil-

dren (18 girls and 12 boys), who study in third grade of EGB level, from 2 different educational insti-

tutions in Riobamba city. In order to obtain the results that evaluate the developed application, a pre-

test and a post-test were applied, which were contrasted with the student’s t-test for paired samples. 

The statistical evidence suggests that the proposed computer system had a positive effect on children's 

performance, when it was used as a support tool in the classroom. The system was more effective in 

low performance children compared to those of high performance. It was also proved that children 

were motivated and showed positive attitudes when using the proposed System. 

Key words: education, human machine interaction, azure kinect, mathematics. 

1. Introduction 

Despite mathematical experiences are always present in our daily lives, learning some its 

abstract contents has been a challenging issue at all levels of the education system. This fact 

takes on greater relevance for school-age children, who have difficulty understanding some 

content of mathematics, delaying their learning. This scenario also occurs when working with 

Digital Educational Resources (RED by its acronym in Spanish) since most educational 

software developers do not consider the particular requirements that arise with this special 

type of user, who experience physical changes and all important changes in their cognitive 

abilities due to their age[1][2]. As a result, children cannot easily assimilate much of the content 
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of mathematics during the early stages of learning. 

Companies in the video game console industry have developed input devices that work on 

the basis of motion sensors. This type of devices allow users to interact with software using 

body movements and gestures generally performed with their hands, arms and legs. The 

interaction with the software becomes simple for users because it is like they were in their 

daily environment [2]. On the other hand, there is an urgent need to train teachers to handle 

these types of applications, including topics on behavior analysis strategies [3], and their 

application in an educational context. 

Researchers and application developers have focused in this type of technology and the 

possibility of having available historical information about the use of these types of resources 

with computers instead of video game consoles to carry out future research [4]. In fact, there 

are software tools that allow using these devices with desktop applications to support different 

areas of human labor. 

Replacement of the common input peripherals in a computer system (mouse and keyboard) 

by motion sensors (such as the one provided in Azure-Kinect) and their combination with 

augmented reality technology is a new option that can be used in the learning processes. 

Subjects such as mathematics, have been limited to the presentation of their contents (generally 

complex and abstract), through static and printed didactic materials, whose analysis requires 

the use of a high and unnecessary extrinsic cognitive load in students [5] [6]. This problem is 

even more noticeable in a kid, who perceives this type of educational material as boring and 

not very motivating. The main aim of this work is to introduce a computer system that 

improves the usability of digital educational resources and reduces the extrinsic cognitive load 

to learn mathematics contents for a group of students in third grade of EGB level, by the 

combination of Augmented Reality technology and the natural interaction mode provided by 

the Azure-Kinect depth camera. 

Students are forced to use the interaction mode that a computer system is equipped (usually a 

mouse and keyboard), when using Digital Educational Resources. In addition, they must 

familiarize themselves with managing windows, accessing to menus, learning console 

commands, specific interfaces of each application and other situations that can vary according 

to the operating system and the software used. As indicated in [5], an additional cost of 

learning is generated while students learn to carry out all these interactions by making them 

use their memory in tasks that are not the pursued objective. This extra and unnecessary load 

is known as extrinsic cognitive load. 

One of the most well-known, studied and important cognitive characteristics of the human 

being is its limited processing capacity [7]. According to this author, the educational didactic 

resources, which a student interacts, must be designed taking into consideration the extrinsic 

cognitive load that these resources generate in users. This evidence indicates the interaction 

between users and educational resources (digital or not), which transmit the information for 

the students, is an important aspect that can influence the success of learning processes. 

Therefore, It is important to reduce the extrinsic cognitive load as much as possible since it 

saturates, contaminates and affects the working memory of students  [8]. Thereby, the working 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2020                   doi:10.20944/preprints202009.0752.v1

https://doi.org/10.20944/preprints202009.0752.v1


memory necessary to process the intrinsic cognitive load[9], which is related to the inherent 

difficulty of the content that one is trying to learn would increase, cited in [10] [5][7]. 

As a contribution to achieve all mentioned above, this work presents SAM-RAK, a 

computerized learning system for basic mathematics, whose main strategy is using a gestural 

interface provided by the Azure-Kinect depth camera that takes advantage of the cognitive 

skills and previous knowledge that children have acquired through interaction with the 

physical world in the course of their lives, in order to reduce the extrinsic cognitive load 

generated by the use of didactic educational resources with traditional interaction modes (that 

use mouse and keyboard), [2]. SAM-RAK system combines this mode of interaction with 

Augmented Reality technology, where users can manipulate and interact with computer-

generated digital objects to be integrated into a real environment. This proposed computer 

system covers contents of basic mathematics and is aimed at children in primary education, 

specifically for those who are in the third year of EGB level, according to the Ecuadorian 

educational curriculum. 

This research also examines the effect the use of SAM-RAK system causes on the performance 

of the children participating in the study, also comparing the percentage of improvement that 

occurred between low-performing and high-performing students. 

2. Literature review 

Despite the fact that mathematics has been called "the language of the universe" [11], human 

beings generally experience anxiety when learning contents of this subject. This anxiety is 

largely attributed to the way these contents have traditionally been communicated to students 

(in a static and even “boring” textbooks). In addition, the abstract nature of their contents 

encourages more complexity to learning processes because it does not make sense for students, 

especially for children who are just at the beginning stages of learning of this type of subjects, 

defined as "complex" since these contents are perceived as a series of rules that must be 

memorized instead of being understood. Another fact is that learning mathematics is often 

perceived or even as a punishment, generating in the student demotivation and lack of interest 

when studying and becoming a difficult task. This lack of interest leads to high dropout rates 

in the areas of science, technology, engineering and other branches of training that have a 

strong mathematical basis [12]. 

Regarding the constructivist approach for learning, in [13], cited by [14], it refers to most of the 

students gain their knowledge through the sense of sight instead of other senses such as 

auditory or kinesthetic skills that human beings can use to abstract information from their 

environment. Seymour Papert (1928-2016), pioneer of technologies leading to current artificial 

intelligence, based his theory of constructionist learning on the foundations of constructivist 

theory [15], cited by [16] Under this approach, students develop their own knowledge while 

designing, constructing, and executing projects proposed in class. Papert used this approach 

to develop his proposal for a programming language called Logo [17], which he used in the 

first instance in learning geometry in a constructionist way. 
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Computer systems, which offer simulation schemes, are popular in the educational field, 

mainly because they facilitate the presentation and learning of certain contents that are 

difficult to understand due to their abstract nature because this property makes difficult to 

easily understand such contents (both in physical form and in their action and effect) in real 

life. 

Researchers consider that, if the target audience are study school-age children same as the 

target of this proposed system (specifically those who are in the third grade of EGB according 

to the Ecuadorian curriculum), the implementation of a learning system that displays 

mathematics content as a computer game can facilitate the understanding and therefore 

improve the mathematical learning process [18], cited by [19]. According to [2] this learning 

process could be further improved if some benefits are included such as the implementation 

of digital educational resources based on both constructivist educational theory and the 

combination with Augmented Reality technology and a gestural interface provided by the 

Azure-Kinect depth camera. In this sense, SAM-RAK was designed to allow General Basic 

Education children, immersed in an environment, learn in a playful way that, thanks to 

Augmented Reality, combines computer-generated virtual elements with a view of the real 

world. 

Several investigations have been carried out and indicate applications based on Augmented 

Reality for learning in mixed interaction environments. In accordance with [20], several factors 

affect educational effectiveness in solutions that use augmented reality for learning 

mathematics. In this analysis, a set of theories allows us to understand both the benefits and 

the limitations of the learning experiences using augmented reality. This research also 

introduces a framework of reference to understand and address learning based on augmented 

reality applications from three dimensions: 

a) Physical dimension: physical manipulation allows natural interaction with the computer 

system, and promotes the creation of representations embodied [21] for understanding 

educational concepts. 

b) Cognitive dimension: the right space-time alignment of the information displayed through 

AR experiences can help to improve the student's symbolic understanding, and 

c) Contextual technological dimension: Augmented Reality (AR) technology creates 

possibilities for collaborative learning (important in the constructivist learning approach), 

around virtual content. This feature facilitates and encourages meaningful and motivating 

personal experiences. The results of this work indicate although AR technology shows great 

potential to expand the resources used to educate there are still questions in this area that must 

be investigated. 

A case that deserves to be mentioned is Construct3D [22] cited in [23], which is a prototype 

that uses Augmented Reality technology for learning mathematics and geometry and can be 

used in a individually or in a collaborative mode. Its use improves the spatial skills of high 

school and university students through geometric constructions. This prototype uses a device 

mounted on user's head (Head Mounted Display) that integrates a video camera and a 

stereoscopic screen. It also includes a Personal Interaction Panel (PIP) that a user carries in 
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their hands to simplify their interaction modality with the 3D digital models displayed by the 

system. According to its developers, Construct3D was perceived as a simple tool that covers 

all the needs of basic geometry teachers. At this educational level, it is not necessary to have a 

wide variety of complex features such as those of a software of Computer Aided Design 

(CAD), which are very powerful tools but have a long and gradual learning curve that 

generates a large extrinsic cognitive load in learners. Construct3D overcomes these difficulties. 

2.1 Azure-Kinect and its applications. 

Azure-Kinect is an electronic device developed by Microsoft that captures human body 

movements through the RGB camera and the depth sensors it has. This device allows a human 

being to control a software application without the need for a device that limits their 

movement because is connected to the computer system. Thus, Azure-Kinect and its natural 

interaction mode disconnect the user from the hardware, reducing the extrinsic cognitive load 

using gestures to interact with a computer system. As it can be seen in figure 01, Azure-Kinect 

is capable of detecting and recognizing 28 anatomical points of a being human unlike previous 

versions of Kinect (v1, which detected 20 anatomical points and v2, which detected 25 

anatomical points) [24]. 

In general, Azure-Kinect can recognize up to 6 users at the same time. In contrast, its first 

version just detected and registered 20 anatomical points of the human body and was able to 

recognize two users simultaneously. Azure-Kinect has been successfully used in various fields 

of human behavior, including, for example: a) High-quality 3D scanning; b) Human-Computer 

Interaction; c) Medicine; d) Robotics; e) Sign language translation; f) Virtual Testers. 

  
Figure 1. Azure-Kinect recognized anatomical points 

Source: [24] 

According to studies in [25], [2], a special case that deserves attention due to the nature of this 

work is the use of Azure-Kinect in education, an area where emphasis is placed on the 

potential of devices that allow natural interaction, especially for K-12 education (elementary 

and middle school in the United States educational system). Likewise, in [26] cited in [27], 
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there is a discussion about the way in which certain commercial games can be used to educate. 

These studies indicate that using Azure-Kinect and other similar devices introduce new modes 

of interaction that improve the usability of computer systems that can be applied to support 

the learning process. 

In [28] the following benefits are mentioned by using devices that allow natural interaction of 

users to operate software: 

• Teachers interact with the displayed content through gestures, movements and even voice 

commands instead of the traditional way (keyboard and mouse). 

• The content can be manipulated by up to 6 people simultaneously. This fact stimulates the 

execution of collaborative activities between students. 

• This type of device allows the performance of physical activities, such as dance, martial 

arts, manipulation of objects that are not possible to performance in real life for any reason. 

• Students perceive Azure-Kinect as an interesting and stimulating tool that captures 

students' attention and keeps them motivated. 

The fast popularization of mobile devices and their massive use by people of all ages, by entire 

families, by educators of all around the world and in particular case by target users in this 

study, generate new research questions in the scientific community. Regarding to the maturity 

reached by the tools and technologies on which these proposals are based, these questions 

arise around the quality of this type of digital teaching resources, their suitability and specific 

adaptation for the group of users for whom that is directed. It is important to mention that the 

lack of adaptation in the group target has occurred because most software is developed 

thinking of a different target audience than children. In this sense, it is well known that the 

existing techniques and methodologies for software design (educational or not) do not 

consider the special, specific and changing characteristics children experience in each of the 

stages of their motor, cognitive, emotional and affective development [2]. 

This work presents a Learning System for Mathematics with Augmented Reality based on 

Kinect (SAM-RAK) for third year of Basic General Education to allow the children 

participating in the study to interact with digital didactic resources by means of hand 

movements, making use of their hand-eye coordination skills and exercising them at the same 

time. The system was evaluated through a field test, which consisted in using the system by 

the children working in pairs with a change of role, being at one point an observer of their 

partner's activities and at another time interacting with the system . 

The main objective of this study is to verify the effect that using this computer application 

based on Augmented Reality technology and the natural user interaction provided by Azure-

Kinect has on the academic performance of a group of children attending third grade of EGB 

in two Educational Units in Riobamba, Ecuador. It is expected that the motivation and 

stimulation provided by the technologies that SAM-RAK is developed, will improve the 

grades obtained by the group of students participating in the study after using the system. 
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3. Methodology  

According to [29], an appropriate choice of study makes easier to connect the stages of a 

research process such as the problem statement, the theoretical development and the 

hypothesis with the subsequent phases, which are more operational. With this consideration 

in mind, this work uses a quantitative, longitudinal and experimental approach that involves 

30 third grade children (18 girls and 12 boys) from 2 Educational Units EGB (Basic General 

Education in Spanish) level in Riobamba-Ecuador. Researchers evaluate the system developed 

by applying a pre-test and a post-test. Results were compared with the student's t-test for 

paired samples. It is important to mention that the samples used were obtained by non-

probability and discretionary sampling since researchers had to find where to carry out the 

field experiment, having to request the consent of both the authorities of the Educational Units 

and the children’s parents who would participate due to the laws in Ecuador require it when 

it comes to minors. 

3.1 Justification and preparation for the experiment 

The main objective of the proposed study is to analyze the effect that, using the SAM-RAK 

system as a support tool, has on the academic performance of the students in mathematics 

corresponding to the third year of EGB. This system considered three activities for analyzing: 

“Ordenar, Parear y Sumar” (Order, Match and Add in Spanish). Prior to the development, a 

meeting was held with the teachers of mathematics to understand and collect the system 

requirements that they considered SAM-RAK should have based on their experience. In this 

meeting, the teachers reported that their students were not motivated in math classes and as a 

consequence, they did not fully understand the contents referring to the topics “Ordenar, 

Parear y Sumar”. Therefore teachers were open and interested in using a technological tool 

with Augmented Reality technology and natural user interaction to stimulate, motivate and 

capture the attention of their students in order to improve learning processes. These results 

were the indicator that motivated the researchers to select and include these specific topics in 

the developed system. 

The results obtained in the stage of pre-test were provided by the teachers who, prior to this 

evaluation, used traditional resources (textbook and slides) to teach the topics “Ordenar, 

Parear y Sumar”. On the other hand, post-test results were obtained by applying this 

evaluation to the same group of students using SAM-RAK as a support tool for learning the 

contents displayed in the computer system. It is important to mention that the activities, 

evaluated in the pre-test or in the post-test, did not contain the exact items. This fact implies 

that the selection of the answers required children draw their own conclusions from their 

knowledge, deduction and exploration of the environment presented in SAM-RAK. These 

features are foundations of inquiry learning, posture on which the class, used by the system, 

was designed. It was necessary to make adjustments in the classroom to meet the defined 

objectives and properly implement the equipment used. These adjustments involved the 

mobilization of certain furniture to obtain an ideal area of action according to the 

characteristics recommended for Azure-Kinect (see figure 2). According to Microsoft, this area 
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of action was also marked with red adhesive tape to indicate to children that they should stay 

within the marked area.  

 

 
Figure 2. Recommended distance for using Azure-Kinect V2 

Source: [24] 

 

The experiment considered the execution of 4 stages, which constitute the experimental design 

of the study and are detailed in Table 1. 

Table 1. Experimental design executed 

Experiment 

phase 

Methods 

Phase 01. Pre-

test 

 

After receiving classes with traditional media on the contents “Ordenar, 

Parear y Sumar”, each student had to individually complete a written 

test (pre-test) that measured their performance with respect to these 

topics. 

Phase 02. 

Training of 

working 

partners and 

use of SAM-

RAK. 

After taking the pre-test, the children participating in the study again 

received classes on the topics “Ordenar, Parear y Sumar”, this time using 

the SAM-RAK system. They were randomly grouped into groups of 2 

children to form work teams and then invited to use the tool developed 

for a period of 30 minutes, where each child interacted with the activities 

proposed for 10 minutes, following the instructions from their teacher, 

who briefly (no more than 5 minutes) told them about the Azure-Kinect 

mode of interaction through an introductory activity that was prepared 

for this purpose. To avoid some kind of bias, the aforementioned 

instructions were reflected in a guide that the teacher had to respect and 

follow with each pair of children. In this phase, a member of the 

researchers was present as a mere spectator of the process carried out by 

the children while using and exploring the activities proposed in SAM-
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KAR. The teacher also had the role of indicating to each child when to 

change their role (when they were spectators and when they used the 

system). 

Phase 03. Post-

test 

After finishing phase 02, each child completed a written test (post-test) 

of the same complexity and on the same topics as the pre-test test. 

Phase 04. 

Analysis of 

results 

After pre-test and post-test were completed, the results were statistically 

contrasted to verify if there was an improvement in the performance of 

the participating children after using SAM-KAR and if the difference 

recorded was statistically significant. Likewise, the results of students 

with the lowest performance (14 points or less, where the maximum 

mark is equivalent to 20 points) were compared with those who 

demonstrated a better performance (14 or more) before using the system 

developed in this work. 

Made by: The authors 

3.2 Instruments used 

The experimental design, applied in pre-test and post-tests, has been used in many 

investigations that seek to compare the change of a certain metric that occurs as a result of the 

implementation of interventions or treatments. For this study, this experimental design was 

selected since researchers wanted to monitor the effect of using the SAM-KAR system has on 

children (attending the third year of GBS) participating in this experiment. To validate the 

tests, they were analyzed and evaluated by a group of 5 teachers with university degrees in 

mathematics that reviewed the items of both the pre-test and the post-test, evaluating the 

clarity, relevance and pertinence of the 32 questions that were part of both tests. In order to 

verify the consistency of the evaluations, a pilot test was carried out, considering the 

recommendations by the aforementioned experts. Twenty students, who attend the fifth year 

of EGB (12 boys and 8 girls), took the test, performing the following phases: 

• Construction phase. Despite the fact that the research initially considered using a test 

prepared by the classroom teachers, the researchers considered that it should be validated 

by other math teachers working in each participating Educational Unit. A secondary-level 

math teacher also joined this group of teachers for judging and validating pre-test and post-

test process. 

• Validation of the judges. The 32 items of each evaluation were organized by topic (Ordenar, 

Parear y Sumar) in a notebook and were submitted to the evaluating experts so that they 

could determine the clarity, relevance and pertinence of each questions through the 

criterion of the Content Validity Ratio (CVR) [30]. The use of this criterion allows obtaining 

the Content Validity Index (CVI) of the entire instrument. As indicated in [31] in order to 

determine that an item is acceptable, each item must be validated and the CVI index must 

be greater than 0.5823. Therefore, all those items with values lower than 0.5823 must be 

considered for their modification or elimination in order to take care of the quality of the 

test. 

• Test settings. According to the criteria presented in [32] cited in [33], Items, which reported 
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unsuitable CVR values obtained in the validation phase, were modified taking into account 

the recommendations of the judges. 

• Execution of the pilot test. One of the validated tests was given to 20 fifth-grade EGB 

students, who took the assessment in their classroom and had 80 minutes to complete it. 

• Reliability analysis. After analyzing the results in the pilot test, the researchers decided to 

run an internal consistency analysis since it was not possible to carry out a double 

application method. This analysis was conducted using the Split-Half method (split halves 

or binary partition), obtaining a reliability coefficient greater than 0.9. According to the 

interpretation of [34] this value indicates that if it were possible to apply the test for the first 

time to the same group of students for 100 occasions, hierarchical grading table, from 

highest to lowest grade using this method, would come out in the same order more than 90 

times. 

The results obtained in the instrument validation process confirm the clarity, relevance and 

relevance of the 32 objective questions of the pre-test as well as the post-test. In addition, both 

instruments had the same complexity without any repeated question, according to the criteria 

of the reviewing judges. This group of experts also reported that the tests appropriately and 

proportionally cover the three topics that were selected to develop the SAM-KAR system. 

3.3 System development 

SAM-KAR is a system that works with Augmented Reality technology and uses the Azure-

Kinect depth camera as an interaction mode, making possible for children to interact with 

virtual elements generated by computer without the need to use Augmented Reality markers 

or any electronic device that attaches them to the computer and restricts their movements. The 

system introduces three specific learning activities to cover the topics: “Ordenar, Parear y 

Sumar”, including one introductory activity, whose main objective was to guide children on 

how Azure-Kinect would allow them to interact with the software. In this sense, gestures made 

by the children (specifically, certain movements of their hands) were used for their interaction 

with the augmented virtual objects in the SAM-KAR system. 

• Design Considerations. The design of the system was based on an approach to the 

constructivist educational model centered on the student and the approach to inquiry 

learning [35] cited in [36], where the participating boys and girls were randomly grouped 

into 15 pairs for using the SAM-KAR system, as already mentioned in phase 02 of the 

experimental design, detailed in Table 1. It is important to mention that the interaction of 

the children with the activities, proposed in the system, was performed as if they were 

working with real world objects due to to the use of Augmented Reality and the natural 

interaction provided by the Azure-Kinect depth sensor. This combination takes advantage 

of the previous knowledge of children and reducing the extrinsic cognitive load in the 

execution of the proposed activities [37]. In another angle of the design of the system, the 

researchers decided to implement the games with simple functionalities that cover the most 

common contents of mathematics perceived as not correctly assimilated by the children 

according to their teachers. With this in mind, it was decided to implement three 
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educational activities at SAM-KAR, as detailed below: 

1. “Ordenar” activity: For this activity the child must order a set of objects that are 

presented in disorder according to their size. The order requested can be from larger to 

smaller or vice versa in order to complete the task. The child moves the objects by 

dragging (grabbing and moving) and placing them (place and drop) in the 

corresponding box (see figure 6 b). 

2. “Parear” activity: In this activity, each child had to associate several sets of elements with 

their respective numerical representation, drawing a line that adequately connects each 

number shown with the corresponding element (see figure 6 c). 

3. “Sumar” activity: This activity shows the child a set of elements placed on the left of the 

screen and there are two boxes placed one on top of the other on the right of the screen, 

where they can add elements by dragging and dropping and making the box, where 

they place an object, increases its numerical value by one and then the result of the 

addition of both boxes is displayed in a third box placed below the first two (see figure 

6 d). 

In the same way, it was also considered that the proposed system should have some flexibility 

in terms of the contents that shows, so that the teacher can adapt the system in a certain way 

according to their criteria. These options will be mentioned later. 

• Tools used for the development of the system: Options, used to develop the SAM-KAR 

system, were: Libfreenect (http://openkinect.org), OpenNI (https://github.com/OpenNI) 

and Azure Kinect DK (https://azure.microsoft.com / en-en / services / kinect-dk /). For the 

case study, it was useful to use Libfreenect for receiving raw data from Azure-Kinect. Open 

source software OpenNI allowed the recognition of children's hands, while Azure Kinect 

DK is a complete development framework that does everything else from processing raw 

information (audio, RGB images and depth images), to advanced processes such as 

simultaneous tracking of 6 users or face tracking and recognition. 

Table 2. Feature comparison of available tools for development with Azure-Kinect 

 Libfreenect Azure Kinect DK OpenNI 

License 
* Apache v2/GPL 

v2 

Privative * Apache v2 

Operative System 
* Linux, OSX, 

Windows 

Windows 10 * Ubuntu 12.04+, 

Linux Mint 12+ 

Programming 

Language 

* C++, C#, Python, 

Javascript 

C++. C, with wrappers 

for C++ and Java 

Recording Yes * Yes * Yes 

Skeleton Tracking No * Yes * Yes 

Gesture recognition 
No * It is possible to 

create gestures 

* Predefined 

gesture sets 

Calibration No * Yes * Yes 

Made by: The authors 
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After analyzing the tools as well as their technical features and the support for the 

development of the system, the set of technological tools, shown in figure 3, was decided to 

use for implementing SAM-KAR system. 

 

Figure 3. Technologies used for SAM-KAR system development 

Made by: The authors 

 

• Human-Computer Interaction: The tools selected for the development of the system do not 

define the manner of interaction between users and SAM-KAR. For this reason, the 

interaction mode must be considered and designed according to the defined scenario. As 

shown in figure 4, many applications, using gestures as a mode for human-computer 

interaction, operates with the movements of user's hands as a mouse pointer, which is 

represented on the display device used by each system. A natural interaction environment 

uses certain gestures and movements of the user to indicate actions and / or execute 

commands as well as in a traditional interaction environment that uses a mouse to move a 

pointer across the screen and click or double click to indicate an action and / or execute a 

command. For this particular case, the system works through detection and monitoring of 

both children's hands. 

 

Figure 4. PathSync Interaction Metaphor (Carter et al., 2016). 

Source: https://computerhoy.com 

The free software tool OpenNI supports certain predefined gestures, which were useful for 
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SAM-RAK. To initiate interaction with the system, the child must perform a “hello” gesture 

and to activate the different buttons on the interface. "Hello" gesture is performed by 

moving the hand horizontally several times and movement must travel at least 15 cm. On 

the other hand, the “click” gesture is performed by bringing the open hand towards the 

sensor and then moving it away. The movement must have a travel of at least 10 cm in both 

ways. In figure 5 shows several children interacting with a system whose mode of 

interaction is supported by a Kinect type motion sensor. 

 

Figure 5. Natural interaction based on Kinect 

 

• The system and its activities: SAM-RAK main screen, shown in figure 6 (a), has buttons that 

give access to the activities proposed by the system. These buttons are activated with the 

“click” gesture; Figure 6 (b) shows the “Ordenar” activity; Figure 6 (c) shows the screen of 

the “Parear” activity and Figure 6 (d) shows the screen that contains the “Sumar” activity. 

Each of the proposed activities includes two buttons on the top: the back button to return 

to the main menu while the restart button cancels any progress in the activity by starting it 

again. 

 

Figure 6. SAM-RAK system screens 

Made by: The authors 
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As previously mentioned, the developed system has the possibility of being configured in 

terms of different aspects. The options that can be configured in SAM-RAK are listed below: 

• The minimum and maximum ranges for the number of elements that are used in the 

activities. 

• The images that are loaded in each game (they must be in JPG format and have no 

background). 

Customization of these options is done by modifying some files that are read when the 

application runs. Each of the activities has its own characteristics and, therefore, each one has 

its configuration file. This file is displayed in the folder “/config” of the system installation 

folder. It should be noticed that for the “Ordenar” activity, software resizes the images so, to 

personalize them it is necessary to replace them only once. 

Evaluation: To perform the evaluation of the system, a field test was carried out in two Basic 

Education Units in Riobamba, Ecuador. Student’s t-test was used for related samples, which 

determined if there was statistically significant difference between average grades obtained 

by the children participating in the study when they learned “Ordenar”, “Parear” and 

“Sumar”, practicing on these topics in a traditional way (using their textbook) and the scores 

obtained by the same group of children, after using the SAM-RAK system (based on AR and 

natural user interaction). From collected data, the percentages of children improvement were 

also compared between low performance (less or up to 14 points) and high performance (more 

than 14 points) groups in the pre-test. 

4. Results and discussions 

After executing the tests, 60 scores were obtained (30 from the pre-test and 30 from the post-

test), where 32 points is the maximum achievable grade. The average of the scores, obtained 

by the children before and after using the SAM-RAK system, were compared by the student’s 

t-test for paired samples. Differences between the averages of the pre-test and the post-test 

were evaluated to verify the importance. The results obtained by the children in these tests are 

shown in Table 3. 

Table 3. Scores obtained in pre-test / post-test 

Subject N° 
Before 

SAM-RAK 

After 

SAM-RAK 
Subject N° 

Before 

SAM-RAK 

After 

SAM-RAK 

1 12 17 16 18 25 

2 23 31 17 21 29 

3 24 32 18 19 27 

4 20 24 19 21 28 

5 20 28 20 20 23 

6 34 28 21 21 30 

7 21 30 22 22 25 
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8 15 30 23 26 29 

9 22 27 24 23 27 

10 26 22 25 22 24 

11 17 22 26 23 32 

12 28 33 27 19 31 

13 28 29 28 18 24 

14 18 24 29 13 25 

15 23 25 30 25 24 

 

  

Before 

SAM-RAK 

After SAM-

RAK 
Difference 

Average 13,375 16,7708 3.3958 

Variance 7,9634 5,2016 2.7618 

Number of observations 30 30  

Pearson's correlation coefficient 0,4144   

Made by: The authors 

Before carrying out the statistical test, the set of data shown in Table 3 was analyzed. This 

analysis showed that the samples are continuous quantitative data, the samples have 30 or 

fewer elements, the population standard deviation is unknown, variances are considered 

equal since the samples come from the same population and the samples conform to a normal 

distribution, which was verified using the Shapiro Wilk normality test and the real 

complement statistics [38] for Excel (see table 4). 

Table 4. Shapiro Wilk test to verify normality 

Shapiro-Wilk test  Shapiro-Wilk test 

pre-test  post-test 

W-stat 0,96984629   W-stat 0,96073391 

p-value 0,53497754   p-value 0,32340501 

alpha 0,05   alpha 0,05 

normal yes   normal yes 

Made by: The authors 

Conclusion of normality tests. 

Before SAM-RAK: With a certainty of 95%, there is no statistical evidence that indicates data 

obtained in the pre-test are not normal. 

After SAM-RAK: With a certainty of 95%, it can be stated that there is no statistical evidence 

that indicates data obtained in the post-test are not normal. 

After the necessary conditions were verified in each sample, it was determined that the 

probability distribution would be the one-tailed student’s t-test for related samples with a 

confidence level of 95% (alpha = 0.05). This test allows determining if there is a statistically 

significant difference between the average scores obtained by children before and after using 

SAM-RAK. The results of the Student's t test are shown in Table 5. 
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Table 5. Student t-test results for related samples 

SUMMARY Alpha 0,05  

Groups Counting Average 
Standard 

deviation 

t-

calculation 
 

post-test 30 16.77 2.2807 6.6466  

pre-test 30 13.38 2.8219  

Difference 0 3.4 0.5412  

      

 p-value t-critical Inferior Superior Significance 

One tailed 1,3742E-07 1,6991 2,35090 4,4407 Si 

Two tailed 2,7485E-07 2,0452 Si 

Made by: The authors 

The data found in this statistical analysis for t-value calculated and critical t-value of one tailed 

(t-calculated = 6.6466; t-critical = 1.6991) and the p-value = 1.3742E-07, indicate that we must 

reject the null hypothesis of the test (Ho -> There is no difference between the average of the 

samples). Therefore, with a 95% confidence level, we can determine that the difference 

between the averages obtained before (13.38) and after (16.77) using the SAM-RAK system is 

statistically significant and the observed improvement is due to the use of the system 

presented and implemented by the study and that this difference is not a random result. 

This analysis allows comparing the importance of improvement of the group of children 

considered as low performing with the level of improvement of the group of high performing 

children. Table 6 shows the scores obtained by the children before and after using SAM-RAK, 

separated into two groups (low and high performance). These ratings are presented on a scale 

in which the maximum score, that is, 32, is equal to 20 points. 
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Table 6. Children separated into high and low performance groups 

SCORES   SCORES  

Before After   Before After 

H
IG

H
 P

E
R

F
O

R
M

A
N

C
E

 7,50 10,63 

L
O

W
 P

E
R

F
O

R
M

A
N

C
E

 

 14,38 19,38 

8,13 15,63  14,38 15,63 

9,38 18,75  14,38 16,88 

10,63 13,75  14,38 20,00 

11,25 15,00  15,00 20,00 

11,25 15,63  15,63 15,00 

11,25 15,00  16,25 13,75 

11,88 16,88  16,25 18,13 

11,88 19,38  17,50 20,63 

12,50 15,00  17,50 18,13 

12,50 17,50  21,25 17,50 

12,50 14,38     

13,13 18,75     

13,13 18,13     

13,13 17,5     

13,13 18,75     

13,75 16,88     

13,75 15,63     

13,75 15,00     

Made by: The authors 

The average obtained by the children of the low-performance group was 11.81 points before 

using the system and the average after using SAM-RAK was 16.22 points, with 20 points being 

the maximum score. Accordingly, the percentage of improvement (which was 4.41 points) in 

this group of children was 22.04%. On the other hand, the group of high-performance obtained 

an average of 16.08 points before using the system, while the average obtained after using 

SAM-RAK, as a reinforcement tool, was 17.73 points These results allow determining that the 

percentage of improvement (which was 1.65 points) was 8.23% for this group. Therefore, these 

results indicate that the computer tool implemented caused more significant gains in learning 

for the group of children with low performance than in the group with high performance. 

It was observed that most of the children did not have interaction problems with the software 

when using SAM-RAK, a fact that demonstrates the low extrinsic cognitive load generated by 

the applications that base their operation on natural user interfaces. This factor helped children 

have a better understanding of the purpose of each game. Despite this, on very few occasions, 

teachers had to intervene and help the children to complete any of the activities (it was never 

more than one). It is important to indicate that difficulties observed in these cases were errors 

executing commands, for instance, infants involuntarily activated one of the upper buttons on 

the screen when executing the gestures, causing the activity to restart or to abandon the 

activity they were trying to develop. 
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Using an alternative to replace the buttons on the top can solve this problem. An option may 

be to implement a screen that is showed in a separate window from the main application. 

Teachers could control the navigation and restart the activities from this new screen. 

In the "Ordenar" game, a direction was missing and children did not know which way they 

should order the virtual elements displayed, that is, if they should start from the left or from 

the right. Children were not very stimulated by The “Sumar” activity. This may be because 

this activity does not have an end goal like the other activities. A solution for this problem 

could be to include an objective for this activity. For example, the teacher could indicate the 

desired addends and the child would place the corresponding objects in the right boxes. 

Another alternative could be to indicate the number of addends by filling in the boxes that 

display the numbers. 

5. Conclusions 

The analysis of the data obtained in the experiment allowed determining the existence of a 

statistically significant difference between the scores obtained by the children in the test that 

measures their performance after using SAM-RAK compared to their scores obtained before 

using the proposed system. 

The analysis carried out also corroborated that there was a greater improvement in the 

children with low performance compared to the children of the high performance group. It 

has been considered that possible reasons for this finding may be: a) many of the scores 

obtained by the children in the high-performance group are very high. There was even a case 

in which the highest possible score was obtained. Thus, this makes the space for improving 

the performance quite limited and b) the test was quite basic and the children in the high 

performance group were fluent in these topics and it was very easy for them to achieve high 

marks before and after using SAM-RAK. 

During the execution of this study, it was possible to verify what was stated in Hsu (2011), a 

work that affirms an application based on this type of technology has a high motivational level 

in students. 

Azure-Kinect is an interaction device that presents several possibilities in terms of applications 

for the educational field. The present study has used the depth map, one of the forms of 

interaction that Azure-Kinect supports. This fact makes possible to improve certain 

characteristics such as gesture recognition and gesture tracking. Analysis of other interaction 

options that this device can offer is a pending task for future studies. 

There is a gap in terms of interaction standards with peripherals that do not use controls or 

commands. It was evidenced the scarce existence of guides, models, frameworks and / or 

conventions that lead the programmer in the design of applications that use this type of 

interaction. 

The need to study the usability of applications based on devices that use motion sensors 

instead of controls is highlighted. Applications, such as Azure-Kinect, that consider the 
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cognitive abilities of users (especially if they are children) to learn. This analysis must be 

carried out in order not to underestimate or overestimate users in terms of their abilities and 

prior knowledge in order to design an effective application. 

The potential of these types of systems for the field of education is introduced as a new 

opportunity for both research and development of future applications. Research can be done 

on the development of new educational games based on Azure-Kinect that contemplate other 

contents, other forms of interaction or another types of user. 

Heuristics should be developed to help in determining usability of educational games for 

children, since this group of users have differences if we compare them with users for whom 

commercial video games are designed.  
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