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Abstract

Designing the interactive game system 

using camera and avatar for development

of children’s spatial perception

In this paper, we introduce an interactive game for the development of 

spatial perception that positively affects children's learning and cognitive 

ability. This interactive game, which consists of cameras and avatars, leads 

the development children's spatial perception based on two theories. First is 

the induction of spatial language use. This is to increase the spatial perception 

of the children by raising the frequency of spatial language use through a 

description of his or her answers in the game or using a spatial language card. 

The second is to solve the space problem for a specific space. We encourage 

children to think spatial thought as they progress the game by using play 

board and two cameras with real time view.

In order to investigate the increase of the spatial language use, the degree 

of engagement and interest in this game, we conducted a user test for 26 

children. As a result, the frequency of using the spatial language after the 

game was increased compared to before the game, and the degree of 

engagement and interest in this game analyzed through the questionnaire and 

video recording were also positive. Based on this, we verified the 
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effectiveness of this game as an interactive game for the development of 

children's spatial perception, and we have seen the possibility of being utilized 

as a more effective game system through complement and improvement.

Keywords: Interactive game, Spatial ability, USB Camera, Tangible interface
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1. Introduction 

1. Background

Generally, as the children growing up, they perceive the shape, location, 

and condition of the surrounding space with their eyes. Also the children may 

provide information about the perimeter space by saying or beckoning to 

others. The ability to visualize information about the space in mind and to 

establish and organize information about things is called“Spatial ability”.

For children, spatial ability is one of the most important skills while they 

are growing up and roles as STEM (Science, Technology, Engineering, and 

Mathematics) significantly [1]. Many studies have shown that spatial ability 

has a positive effect on children's learning ability, especially mathematical 

ability [2]. In preschool period (6~10 years), spatial ability can lead an 

enhancement in children's arithmetic skills by reinforcing knowledge related to 

numbers [3].

There are several ways to improve children's spatial ability. Among them, 

two ways are main focuses in this paper. The first is to be frequently exposed 

and used in the“Spatial language”to describe spaces and objects. Children 

who were frequently exposed to their parents' spatial language from childhood 
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had higher scores on the cognitive test than children who were relatively less 

exposed [4]. And also, given the spatial problem that shows the picture and 

finds the corresponding position on the map, it is better to explain the answer 

with a spatial basis and language than the common answer [5]. In this early 

stage of children's cognitive development, explaining and hearing a lot about 

space information is a way to positively influence to the spatial ability of 

children.

Figure 1. Translating Between Reality and Representation of that Reality, 

©Kim A. Kastens et al.

Secondly, comparing spatial relationships based on information about real 

space, and searching for a given goal through head visualization, also 

positively affects spatial ability improvement. The use of tools such as maps 

can lead to the development of children's spatial skills through spatial tasks 

and solving them [6]. In the process of finding problems with space and 

solving them, children can develop spatial thinking and abilities.
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In this paper, based on the above theories, we propose an interactive 

game system that can enhance children's spatial ability. With using USB

cameras and laptop screen, we tried to bring new experience, interest, and 

spatial cognitive development that children have not experienced before in this 

interactive game.

The child playing the game should place the given avatar within the play 

board with considering the range of view of the two USB cameras and uses 

the spatial word cards to tell the spatial explanation and reason about his/her 

choice. Through the use of such USB cameras and laptop, play board, avatars, 

and game using spatial word cards, the child will proceed with a process of 

spatial thinking about the size and positional relations between objects in the 

space that is considered to be the camera's viewing angle. And all of this is 

expressed in their spatial language.

This paper first introduces the related works about spatial ability theory 

and the type of educational game. Then, it will explains the structure and flow 

of the overall game system, and conclude the analysis of the user test 

conducted for children and quantitative / qualitative results thereof.
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2. Research Questions

There have been many studies on children's spatial cognitive development, 

but there have not been many cases in which children used actual tangible 

system based on theories. The purpose of this study is to propose a system 

with a mechanism for the development of children's spatial ability and to 

analyze them quantitatively / qualitatively.

In this paper, we have established the following hypothesis.

H1. Inducing children in the system to use more spatial language and 

explain their answers will improve spatial ability of children by increasing the 

frequency of children's use of spatial language.

H2. The use of tangible elements and camera images in this system will 

make the children more interested and engaged in the system.

In the following, we will introduce related works, composition of game 

elements, system flow, and quantitative / qualitative analysis through 

experiments.
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Ⅱ. Related Works

1. Enhancing the Spatial Ability

One of the most basic and effective method for developing spatial ability is 

to use“maps”. A map is a mediator that converts information about an actual 

3-dimentional space into a 2-dimentional plane and provides it to user. It 

provides the most basic, simple, and effective information on the space, and 

can be used to develop spatial skills through activities such as locating and 

identifying specific places using these maps.

Kalmpourtzis proposed a video game in which children divide their teams 

and seek a virtual animal called Jackalop [7]. The children team up with the 

Operations team and the Adventure team, and cooperating with each other in 

the game. The location of the Jackalop in any location on the digital map, the 

children of the Operations team, explain the spatial information about the 

location and how to go. According to the information, the children of the 

Adventure team go to find Jackalop in the real place.

Through the process of recognizing spatial information about the position 

of a Jackalop in a digital map and explaining it to others, this game improves 

children's ability to navigate and spatial explanatory. 
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Figure 2. “Find the Jackalop”

©George Kalmpourtzis

Another similar study is“Where are we?”This is also a program that 

uses map and actual space [8]. Explore a specific place, and move on to the 

place with the button on the screen.

Figure 3. “Where are we?”

©Kim A. Kastens et al.

Second, activities to construct structures such as LEGO, blocks, and 

geometric manipulative also contribute to spatial ability development [9].

Several constructive activities, including LEGO, are tools that help children 

improve their spatial ability easily and effectively, as people generally think. 

Considering in mind and making the form as intended using LEGO, geometric

manipulative, etc., it is effective for the development of the perceptual 

coherence to invisible sides and spatial relationship [10].
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Finally, it is the frequent use of spatial language in everyday life which is 

emphasized in this paper [4][11]. It is an effective way to use spatial 

language in the process of spatial thinking. When describing information about 

the size, shape, location, etc. of an object, use words that describe it more 

specifically(e.g.,“There is a ball behind the door”etc.) than 

simply(e.g.,“Here”,“There”etc.) helps to further strengthen and develop 

this spatial ability.

In this study, we applied previous described“solving spatial problems 

with spatial information”and“utilizing spatial language”to this interactive 

game.

2. Tangible Interface in Learning

Tangible interfaces can be successful mediator in learning, together with 

basic standards based on knowledge and experiences [12]. The difference of 

the tangible interface from other methods is that it can utilize both visual and 

tactile. Especially, this interactive game relates to the development of spatial 

ability, and allows the child to visually recognize information about the space 

by comparing the distances, positions and sizes of objects with eyes.

Therefore, the use of the tangible interface in this system can be 

expected to have a positive effect by inducing the engagement and spatial 

development through touching and manipulating the object directly.
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3. Gamification and Engagement

Engagement and interest in children education are inevitable factors. As 

children learn new things, they acquire various knowledge through

engagement and interest. The fundamental stimulant of children's behavior is 

interesting. The lack of fun is that children do not want to do it and want to do 

it first if they have fun. Therefore, education methods lacking engagement and 

interest may not show great utility to children. Utilizing gamification and play 

in education makes it possible for children to participate actively in education 

with willingness and joy. Motivate them and increase their participation and 

effectiveness in education [13].

In this study, the questionnaire was distributed to the children after the 

game. In the questionnaire, the children check how interesting the game is and

whether they are willing to do it again. In addition, through the recorded video

analysis, the behaviors of the children are classified into passive and active 

behaviors [14]. Based on this, we confirmed the engagement and interest of 

the game.
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Ⅲ. Overall System

1. System Elements

This interactive game consists of 4 main elements. 1) USB camera that 

shows the situation on the play board through the laptop screen, and 2) Play

board is that specifies the location of the cameras while providing a place to 

hide and show the avatars based on various objects such as trees, houses, and 

fences, and 3) Red riding hood and hunter avatars are that need to be placed 

in view of the camera, and last 4) Spatial word cards that the child will use for 

spatial language feedback.

Figure 4. USB mini cameras (Wolves)
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A. USB Cameras

At first, USB cameras are main part of this game system. As you can see 

in [Figure 4], USB cameras are wolves in the game. And the Wolves were 

painted “French Gray”acrylic paint, and those were designed by SolidWorks 

modeling program and laser cut with Kraft papers. The USB mini camera is a 

12 megapixel webcam worth KRW 12,000 and shows the USB camera image 

on the laptop display through a“Wolf's Eyes”program programmed with 

Open CV. Also, pressing a predetermined input key on the keyboard will show 

the number of red and blue pixels on the current screen reduced by one 

hundredth, to show how much the avatar looks [Figure 6].

In this game, the standard of Red color in RGB value is; R: above 120, G: 

under 65, B: under 75, and Blue color in RGB value is; R: under 40, G: under 

70, B: above 100. The aforementioned figures are obtained by several 

measures the color of avatars in a fixed laboratory environment in which the 

user test is conducted.

Figure 5. Laptop program “Wolf's Eyes”
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Figure 6. “Wolf's Eyes” Program (Red and Blue pixels)

The two wolf cameras have different heights. They are 3.7cm and 13.7cm 

high from the top of the play board to the center of the camera lens. And the 

higher wolf camera is looking down the play board with a 20°tilt. Due to the 

height difference of 10cm and the tilt difference of the cameras, the two 

cameras have different field of view. Through a different field of view between 

the cameras, the child is given a spatial task to consider two different fields of 

view.
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B. Play board

Figure 7. “Hide and Seek” Play board

Figure 8. Inside of Play board

Second is a Play board. It has an octagonal shape with a diameter of 38cm 

and 15.7cm length of one side. Inside of this, there are an octagonal tin plate 



13

for attaching magnets, an Arduino UNO, four AA size batteries, and eight RGB 

LEDs [Figure 8]. There are 6 trees, 5 houses, and 5 fences on the play board, 

all components made of the same material; Kraft papers, and the magnets 

attached to the bottom of the all components to free positioned at the desired 

location.

There are 8 RGB LEDs on the edge of the play board, so each time a child 

presses a button in the play board, the two places are randomly colored. A 

child who plays as Wolves places two wolf cameras at this location as desired.

All objects, including the play board, were not painted to reduce external 

influences, including color effects [Figure 7].

C. Avatars

Figure 9. Avatars (Hunter and Red Riding Hood)

The third is the Avatars. There are two kinds of avatars in this game. The 
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Red riding hood avatar has a size of 4 × 6 × 1.5 cm and is painted with 

Naphthol Red Light colored acrylic paints (RGB 196,0,38). As you can see in 

[Figure 9], it has the shape of a red riding hood. The hunter avatar has a size 

of 4.5 × 6.2 × 1.5 cm and is painted with Cobalt Blue acrylic paints (RGB 

0,71,171). It has also the shape of a hunter with a gun.

To ensure that the USB camera clearly recognizes the color of the avatar, 

we painstakingly color the avatar. And a neodymium magnet is attached to the 

bottom of the avatar for stable play.

D. Spatial word cards

Finally, the fourth is the Spatial word cards, a board game element within 

the system. In the game system consisting of two scenarios, a child in the 

second turn in each scenario must draw a spatial word card. Then use the 

word on the card to explain the location of the red riding hood or wolves 

he/she have just placed and explain why he/she placed it in that place.

“Spatial language”is a language that expresses the relative positional 

relationship between Figure object and Reference object. Figure object is 

basically what you want to describe, such as an object or a location, and 

Reference object is a relative criterion for describing the object or a location.

For example, in“Book is in the box”, the book is a figure object, and the box

is a Reference object to describe the location of the book.

The spatial languages that utilized in the spatial word cards are presented 

in previous studies [Table 1,2] [15][16].
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Reference Locational relationship Common language expressions

Above Top Above, Up, On top of

Below Bottom Below, Down, Under, Underneath

Front Forward Before, In front of

Behind Rear Behind, Back, In back of

Inside In Inside, Within, In

Table 1. Five reference objects for the orientation and corresponding language 

expression of Heine (Rhee SungHa, Koo HyunJeong, 2004)

Direction
Arrangement, 

Position, Shape
Distance

Left, Right Along Far, Near

East, West, South, North Across

Across, Other side Cross over

Diagonal direction Turn

Center, Around

Between

Table 2. Classification of spatial languages based on 'direction', 'arrangement, position, 

shape', and 'distance' (Lee, JongWon, 2008)

The play board is octagonal and has the same shape regardless of the 

viewpoint, without any clear reference direction such as east, west, south, and 

north. Also, it is difficult to use multi-layered spatial language such as 

"Above" or "Below" because it is simply putting the various components on the 

2-dimentional play board plane. On this basis, we have selected the basic 7 

spatial words that can be used in this game, as shown in [Figure 10].
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Figure 10. Spatial words

Figure 11. Spatial word cards
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2. System Flow

Figure 12. Overall system flow

The situation on the play board is transmitted to the laptop screen through

the two USB cameras. And that is processed by the "Wolf's Eyes" program 

and shown to the children.

When child presses the button on the play board, any two of the eight RGB 
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LEDs placed along the edge of the octagonal play board will light up. In these 

two places, a child who plays as wolf places the desired wolf cameras in the

corresponding place. In this game, it is avatars and wolf cameras that children 

touch and use by hand, and it is camera's image in laptop screen that children 

see and use by eyes.

Figure 13. Roles of each turn in this game
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A. Red Riding Hood Scenario

Figure 14. Red Riding Hood Scenario

1) The child who plays the Wolves, place the wolf cameras in two places 

that the LEDs arbitrarily designates after push the button. [Figure 15A]

2) The child who plays the Red riding hood (Human team) should consider 

the field of view of two placed wolf cameras. And put the red riding hood 

avatar to hide from the wolf cameras field of view. Then, draw a spatial word 

card and explain the location of the red riding hood avatar. [Figure 15B, 15C]

3) After the end of the process, press the enter key of laptop and check 

the results in screen whether the Wolves found the Red riding hood or not. 

[Figure 15D]
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Scenario Process

A. Turn of the Wolf role child (Girl)

B. Turn of the Red riding hood role 

child (Boy)

C. Explaining the location of the 

Red riding hood avatar using the 

word“Far”in spatial word cards.

D. After the Wolf turn and the Red 

riding hood turn, they are all 

checking the results together.

Figure 15. Scenario Example (3rd of 13 user tests)
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B. Hunter Scenario

Figure 16. Hunter Scenario

1) The child who plays the Hunter (Human team), places the hunter 

avatar in the play board. In this step, Hunter child should place the hunter 

avatar in the expected sight of the wolves so that the wolves can't escape 

from Hunter in any 8 positions of play board sides. [Figure 17A]

2) The child who plays the Wolves, place the wolf cameras in 

consideration of the position so that the Hunter is not visible to the wolf 

cameras as much as possible. Then draw a spatial word card and explain the 

location of the wolf cameras. [Figure 17B, 17.C]

3) After the end of the process, press the enter key of laptop and check 

the results in screen whether the Wolves found by Hunter or not. [Figure 17D]
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Scenario Process

A. Turn of the Hunter role child

(Right)

B. Turn of the Wolf role child (Left)

C. Explaining the location of the 

Red riding hood avatar using the 

word“Right”in spatial word cards.

D. After the Wolf turn and the 

Hunter turn, they are all checking 

the results together.

Figure 17. Scenario Example (13th of 13 user tests)
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Ⅳ. User Test

Through this interactive game, we designed a short-term user test to 

identify the form of the child's spatial language expression, its change, and 

how much children engaged in the game.

Our user test process consists of 1) Demonstrating and explaining a 

random village picture before the game, 2) Playing 1 practice game and 2 main

games, 3) Demonstrating and explaining a different village picture after the

games, 4) Post-questionnaire writing. All experiments were conducted in the 

same place, environment, and game sequence, and two children participated in 

each experiment time.

All the experiments were quantitatively / qualitatively analyzed through 

the expression of the child, language use, and how much children are engaged 

in the game, based on the video recording.

1. Participants

In the user test, 26 children participated. There was an age distribution of 

6 to 9 years (μ: 7.8, σ: 0.85), consisting of 16 boys and 10 girls. Before the 

start of the experiment, all the parents were informed about the purpose of 

the test, progress, and video recording.
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Children's Background

Gen Age F.T S L W R Gen Age F.T S L W R

M 7 2 5 4 5 5 M 8 5 5 5 4 5

F 6 3 4 4 4 4 F 8 3 4 4 4 4

M 7 4 5 5 4 4 F 8 1 3 3 3 3

F 7 5 3 5 5 5 M 8 3 3 4 3 3

F 8 3 4 4 4 4 M 9 4 5 5 4 4

M 8 4 4 4 4 4 M 8 3 3 4 3 4

M 6 3 3 3 3 2 M 8 5 5 5 5 5

F 9 4 4 4 4 4 M 9 3 4 4 4 4

F 8 3 5 4 4 3 M 8 2 4 4 4 4

F 8 3 4 5 4 3 M 7 3 5 5 3 4

M 9 3 5 5 4 5 M 7 3 5 5 4 4

F 7 3 4 4 4 4 M 6 4 4 4 4 4

F 7 2 4 4 4 4 M 6 4 5 4 1 1

Table 3. The demographics of participants

[Table 3] is background of the participant children based on the 

questionnaire written by the parents before the start of the user test. And 

each item was surveyed with a 5-point Likert scale. In the [Table 3], what 

F.T means is the Familiarity of Tangible game, S, L, W, and R mean the 

Korean language ability scale, which means Speaking, Listening, Writing, and 

Reading, respectively.
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2. User Test Process

Figure 18. Pre-Post question picture

Before starting the game, two children were shown different village 

pictures. Then we asked about what is in the village and what is visible to the 

people in the village. We showed the pictures of the pre / post questions 

alternately to the children, and when we showed the picture, the question was:

1)“Please describe the village shown in this picture”, 2)“Please explain 

what is visible to the person who standing in this picture”.

The Post-questionnaire showed a 5-step picture using SAM (Self-

Assessment Manikin) method so that the child could easily pick their thoughts 

[17]. This paper measure the children's engagement and interest with the 

above SAM questionnaire and behavior classification to be described later.
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3. Measures

A. Spatial language use

In order to measure the change in the frequency of spatial language use 

before and after the game, the types of words used in children's answers were 

classified into the following 3 categories: Objects, Expression, and Quantity.

Objects
Specific objects such as houses, trees, etc. 

(objects to be explained)

Expression
Spatial language representation 

(center, side, left, right, etc.)

Quantity Quantity of object

Table 4. Classification of the language in which children have used in Pre-Post answers

Among these, the category that most closely related to the development of 

children's spatial ability is the“Expression”. The focus this category was on 

the frequency of how the child uses the spatial language to describe the

location of objects in the village pictures.

B. Engagement

To determine the degree of engagement and interest, at first, we created 

a Post-questionnaire. After all the games, the child checked the Post-

questionnaire between 1 to 5 points and wrote down any feelings, good or bad 

points [Figure 19].
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Figure 19. Post-questionnaire.

Secondly, we classified the children's behavior and attitude by video 

recording and analyzed how much they engaged and interested during user 

test time. The criteria for the children's behavior can be seen in [Table 5]. As 

like the precious study [18], we set four criteria: 1) Attention (e.g., looking at 

other places vs. fixing eyes on the game), 2) Physical feedback (e.g., leaning 

on desk vs. pointing the game components by hand), 3) Verbal feedback (e.g., 

negative language expression vs. expressing their thoughts), 4) Emotional 

feedback (e.g., sighing vs. clapping) to know children's engagement and 

classified them into passive and active behaviors.
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Attention

Looking at other places

Lost attitude

Passive participation

Fixing eyes on the game

Concentrating on opponent's actions

Active participation

Physical Feedback

Leaning on desk

Meaningless actions

Moving around

Pointing game components by hand

Standing up

Nodding
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Verbal Feedback

Negative language expression

Unrelated words and questions

Expressing their thoughts

Game related words and questions

Emotional Feedback

Sighing

Negative facial expression

Clapping

Positive facial Expression

Table 5. Classification of children's behavior within the game

(Passive actions vs. Active actions)
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Ⅴ. Results

Using the camera, we recorded all the experiments, including how children 

play interactive game, and answers to pre-post question pictures. The 

recorded video focused on how much the children engaged in this game with

the spatial language use, attitude, expression, and posture.

The analysis was conducted in two ways: quantitative and qualitative 

analysis. In the quantitative analysis, we classified the words used in the

children's pre-post questions, and see the change in the number of times 

before and after them. Based on the questionnaires responses and the 

frequency of behavior in the video, we examined the children's interest, 

reusability, and game difficulty. In the qualitative analysis, we analyzed the 

attitudes of the child and the words during the game based on the video script.

1. Quantitative Results

A. Spatial language usage

In order to investigate the change of the spatial language use of the 

children before and after participating in this interactive game, we analyzed 

the use of pre-post spatial languages by Paired-samples T test method.
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On the average, the number of the spatial language use about pre 

question picture was 0.038 times (σ=0.19). As such, most of the children did 

not use the spatial language before this game. In contrast, in the post answer, 

the average number of times using the spatial language use is 1 time 

(σ=1.54), and the result of the analysis by T test is shown in [Table 7]. The 

pre-post correlation coefficient of “Expression” category was 0.518(95% 

confidence interval between 0.38~0.84), and there was a certain level of 

correlation. And the significant probability (2-tailed) was 0.003 (p<0.05), and 

it was concluded that there was mean difference within 95% range.

These results showed that the frequency of children's use of the spatial 

language increased significantly after this interactive game.

Paired Samples Correlations

N Correlation Sig.

Pair 1 Objects & Objects' 26 .426 .030

Pair 2 Expression & Expression' 26 .518 .007

Pair 3 Quantity & Quantity' 26 .600 .001

Table 6. T test result 1

Paired Samples Test

Paired Differences

t df
Sig.

(2-tailed)Mean
Std. 

Deviation

Std. Error 

Mean

95% Confidence Interval 

of the Difference

Lower Upper

Pair 1 -1.15385 1.99384 .39102 -1.95917 -.34852 -2.951 25 .007

Pair 2 -.96154 1.48272 .29079 -1.56042 -.36265 -3.307 25 .003

Pair 3 -.50000 1.70294 .33397 -1.18783 .18783 -1.497 25 .147

Table 7. T test result 2



32

Figure 20. Analysis of the children's answer to Pre/Post questions

B. Engagement

Self-Assessment Manikin based post-questionnaire was used to 

investigate the reusability, difficulty, and interest of the child felt about this 

interactive game. Each item is a 5-point Likert scale. The closer to 5 points, 

the higher the reusability and interest, and the more difficult it is.

As a result of the post-questionnaire, reusability was 4.81 (σ=0.48) and 

overall interest was 4.81 (σ=0.78). Specifically, when children playing the 

wolves (μ: 4.54, σ: 0.84) was slightly higher than when playing the human 

avatars (μ: 4.27, σ: 1.2). The experience of playing the game using the 

camera as wolves was more interesting to the children than playing with the 
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avatars without special functions. Especially, the children's interest was higher

when they using cameras as wolves. This shows that when using the cameras, 

it provides a better experience than using the avatar.

Figure 21. The frequency of children's each behavior in the game

Except for pre-practice games, post-questionnaire, and other parts, the 

number of children's engagement behaviors was counted only for 2 main 

games [Figure 21]. Behaviors were categorized by attention, physical 

feedback, verbal feedback, emotional feedback, and overall, the number of 

active behaviors was greater than the number of passive behaviors. In 

particular, the number of passive behaviors in Verbal Feedback and Emotional 

Feedback items was significantly lower than active behaviors.
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2. Qualitative Results

This qualitative results analysis used scripted and categorized video 

recording; dialogue among children, attitude in game, and other interactions.

A. Spatial language usage

We could found the children playing games considering things like houses 

and trees. Children expressed what objects would obscure and made it easy to 

hide. For example,“No! This house is blocking wolves”(since the both 

places designated by LEDs had a house in front of the wolves), another child 

said,“This wolf (the low-height wolf) should be here. If red riding hood hides 

in here, it's hard to see her to this wolf (the low-height wolf). And so I think 

this another wolf (the high-height wolf) should be here”

The children recognized the height difference of the two wolves and 

showed the process of thinking about which wolves would be most effective to 

seek the red riding hood in the play board when each wolf was placed at two

given positions.

When children used spatial word cards, they explained the location of the 

wolves, avatars, and etc. A child who picked the“Behind”word card

said:“There is a tree beside the red riding hood, it is little bigger than other 

trees, so I put the red riding hood here”, A Child who picked the“Far”word 

card said:“A big wolf (the high-height wolf) can see a thin tree faraway, and 

a little wolf (the low-height wolf) can see a round shape tree faraway”
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B. Engagement

Based on the children's words and behaviors in the game progress, we 

could found that they were engaged and concentrated in the game. The 

children participated in the game as like they were that characters. For 

example, a child said,“I will not be seen if I am here”, and“I think I will be 

caught by the hunter if I am here”

During the progress of the game, the conductor did not encourage the 

children to compete and win the opponent. Anyone who explains it with a 

spatial word cards would get 10 points equally, so there was no one to win or 

lose. However, the children showed a rivalry with their opponent“You can 

never find me”,“Oh yeah, if you put it there you will not see mine (red riding 

hood)”Like this, children showed confidence when the other child was playing 

a hidden or looking role.

The children also gave feedback about the length of the game. After 

finished the 1 time practice game and 2 times main games, some children 

expressed regret and said:“Yeah? Is this already over?”,“It ended too 

soon...”. In addition, after finishing the post-questionnaire, the children 

played their own new play with wolf cameras and avatars. 

The most central element of children's interest was the use of cameras. 

The camera showed different screens depending on where they were placed 

and helped keep children interested in the game. The following“C. Gesture 

and Behavior”part will focus on the behavior of the children with the cameras.
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Figure 22. Scene of interactive game playing children

C. Gesture and Behavior

During the game, the children looked for answers in various ways. The 

most remarkable step in observing the child's active actions was during the 

"wolf" role. The children moved the body to observe the play board from a 

different point of view, and observed the change of the camera image on the 

laptop screen whenever changing the Wolves position [Figure 23A]. 

Especially, when playing the role of wolf, most of the children directly 

adjusted their gaze to the eyes of different height wolves and confirmed 

whether the hunter was visible or not, and whether they could find the red 

riding hood as well as possible [Figure 23B].

Figure 23. (A) Observing the change of the image in laptop screen, 

(B) Comparing the wolf camera's gaze and his gaze, 

(C) Estimating the viewing angle of a wolf camera with his hands
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They also predicted the wolf's angle of view by hands and shifted body 

location to find the best place [Figure 23C]. Since the images of the wolf 

cameras are shown on the laptop screen and it becomes a stimulus for the 

children again, many positive behaviors are observed especially when the 

children are playing as wolves.

And there was a special behavior that children often did only in the Hunter 

scenario. When children have to place the Hunter avatar in well visible

position, some children put the Hunter avatar on the top of trees. They said 

that the hunter would look good at high place wherever it looked, and offed the 

rule to place the avatars directly above the play board. And this was a fairly 

new and funny“Rule breaking”for children [Figure 24].

Figure 24. The“Rule breaking”of placing the Hunter avatar on a tree

In this way, we have observed that children concentrated on their role in 

the game with various words and behaviors, competed with each other, 

entertained and participated in this interactive game.
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Ⅵ. Conclusion

1. Discussion

Based on this study, we found two interesting points. First, the 

application of tools such as small camera and laptop that are unusual in 

children's daily life has a significant impact on children's engagement and 

interest. Even before start the game, the children were interested in a wolf 

camera, and in game play, they moved the wolf camera back and forth and 

compared it to a laptop screen. Using the camera in the game was a new 

experience for children.

Figure 25. Overview
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Second, the children engaged in their roles (Wolves, Human) in the game. 

Basically most children knew the story of a fairy tale in which Red riding hood, 

Wolves, and Hunter appeared. As a result, the children recognized the

“Natural flow”of the story progression when they first encountered the 

game, and they tried to achieve the goal of their character in the game. Some 

children talked and acted as if they were characters in the game. With well-

known story, the children's engagement and concentration were good when 

they performed the role of characters in the story.

In conclusion, this paper has designed to spatial ability development 

interactive game for children aged 6 to 9 years. And it assumed that the 

frequency of talking spatial language will be higher than before this game and 

it will lead to more engagement and interest of the child through the game of 

the form of tangible not digital.

Through a short-term user test with 26 children, we found the change in 

the frequency of children's use of spatial language. Analysis shows that there 

is a greater tendency to use spatial language(1 time per answer, σ=1.54)

than before playing this game(0.038 times per answer, σ=0.19). This result 

shows that the game has positive effect on the improvement of the children's 

spatial ability. And based on the Post-questionnaire and video analysis, we 

found the children's engagement, interest, and feelings about the game. In 

Post-questionnaire, children expressed high scores in interest and reusability, 

and also the video analysis and the results showed that most of the children 

were engaged in the game and had fun.
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Based on this, we suggest an interactive game using camera and avatar for 

the development of children's spatial ability, and think that it can be developed 

as a better interactive game for children's spatial ability development based on 

various supplement and improvement.

2. Limitations and Future Works

There are some limitations in this study. The first is that there is a lack of

“ Reward ” in this interactive game, one of the important element of 

gamification. There was a lack of dramatic feedback when the children who 

participated in the game confirmed their results on the laptop screen, and the 

satisfaction with the results was less than expected. So we felt the need to 

develop this game into a game with more diverse feedbacks and rewards. For 

example, if the wolf camera is looking for a red riding hood avatar when 

checking the laptop screen, this game might be able to give feedback on LEDs 

in wolf cameras or animations on the laptop screen.

Second is the need of diversification of spatial language use through 

expansion of play board and other components. The components of the game's 

play board are limited to three elements: wood, house, and fence. In addition, 

the available spatial languages are not varied and limited to a few words. As a

result, the words used in the explanation tended to be monotonous. Therefore, 

we think if the play board added the concepts of“Layer”,“Height”, and

“East, west, south, north”by making various kinds of components in the 

game, children will be able to use more various spatial language.
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논 요약

아동 공간인지 달 한 카 라 아 타를 용하는

인 랙티 게임 시스 자인

균 학

ICT 합학과

이 태 양

본 논 에 는 아동 학습과 인지능 에 인 향 끼치는 공간능

달 목 한 인 랙티 게임 안한다. 카 라 아 타 구 본

인 랙티 게임 가지 이 탕 아동 공간능 달 이끌어낸다. 

첫 번째는 공간언어 사용 도이다. 게임 내에 자신 답에 한 명이나

공간언어 카드를 통하여 공간언어 사용 도 수를 높여 공간능 키우는 것이다. 

번째는 특 공간에 한 공간 를 하고 이것 해결해나가는 것이다. 

여 는 놀이 과 카 라 2 를 사용하여 아동들이 실시간 카 라 면

인하고, 게임 진행해 나가면 공간 생각 하도 도하 다.

본 인 랙티 게임 통한 공간언어 사용 증가 게임에 한 몰입도, 

미도를 알아보 하여 아동 26명 상 2명씩 스트를 진행하 다. 

그 결과 게임 진행하 보다 후 공간언어 사용 도가 증가하 고, 지

상 분 통하여 분 한 아동 몰입과 미도 역시 나타났다. 이를

탕 아동 공간능 달 한 인 랙티 게임 본 게임 효과를

검증하 며, 보 개 통해 욱 효과 인 게임 시스 용

가능 보았다.

주 어: 인 랙티 게임, 공간능 , USB 카 라, 인 페이스
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