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Abstract—This study aims to design an action-arcade 

web-based picture card matching video game for 

memory improvement. Picture cards to be matched are 

animals that usually exist in zoos and farms, like 

monkey, cow, dog, pig, chicken, zebra, elephant, owl, 

and mouse. This research uses the prototyping process 

model with the communication stage, quick planning, 

modeling, construction, and launching. The results of 

this study are web-based video games for memory 

improvement training. From the results of the user 

experience testing, 68% of respondents informed that 

they felt it was easier to remember. 

Index Terms—action-arcade; memory improvement 

training; picture cards matching; prototyping;                 

video game 

I. INTRODUCTION 

Video games are proven to increase social 

development and cognitive abilities. However, too 

much video game playing can cause some negative 

aspects, such as negative social traits, addictions, and 

health problems [1]. Research in [2], state that video 

games also give motivational benefits to the players. 

The action-arcade game could stimulate cognitive 

abilities. Action-arcade games are a type of game that 

is played without the need to think hard, but fast, so it 

requires specific techniques to solve problems. Arcade 

games can take place on one screen or several [3]. 

Research in [4] [5] [6], state that action-arcade games 

have the potential to train someone’s                      

cognitive abilities. 

Arcade games have sub-genres including the maze, 

pong, shooter, puzzle, or platformers. Arcade games 

also allow players to unite visual vocabulary learning 

that can be used to train memory [7]. Arcade games 

are more interesting if they have a theme and adapted 

to the location of the players. This theme referred to as 

localization. Localization is a simple process, which 

translates text or terms into the local language where 

the game is released. Localization is also done to 

accommodate cultural differences in each place where 

the game is released [8]. 

Digital video games make learning more fun and 

exciting and help players to retain and recall 

information [9]. Video games could have a massive 

effect on living and learning [10]. Video games can 

trigger social development and cognitive abilities, Too 

much video game playing might resulting in negative 

social traits, addiction, even health problem [1] [11]. 

Web-based games are widely used to teach reading, 

mathematics, and science. Web-based games are 

games with a specific purpose [12]. The learners' 

motivation and confidence can be enhanced in the 

process of playing a game when they achieve learning 

goals in a relaxing environment [13], as cited                    

in Temaja [14]. 

Cognitive abilities such as memory can be 

enhanced with video games, such as a memory matrix 

training game. In this game, players were shown a 3×3 

matrix in which tiles lit up in a sequence [15] [16]. 

Players were then instructed to reproduce the series by 

touching the location of each tile sequentially in the 

matrix. There are four principles of memory 

improvement: process material actively, practice 

retrieval, use distributed practice and use metamemory 

[17]. Matching activities such as matching game 

improves language, concentration, and memory [18]. 

Based on this background, this research aims to 

build a web-based image matching video game for 

memory improvement. The game design in this 

research is based on the principles of memory 

improvement, especially practice retrieval and use 

distributed practice principles. The players must match 

the same image card to get a score. The position of the 

picture is initially closed, if the player chooses the card 

with the same picture, they will get a score, and the 

map will be opened. The image that will be used is the 

characteristic fauna in Indonesia. The game has four 

difficulty levels: easy, normal, hard, and extreme. This 

study uses prototyping model process because it 

requires suggestions from the users for further work 

and development. 
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II. LITERATURE REVIEW 

A. Video Game 

According to Salen & Zimmerman [19], the game 

is an activity with some rules engaged in for an 

outcome. The video game is the application of human 

and computer interaction [20]. Another definition of a 

video game is a game we play thanks to an audiovisual 

apparatus and which can be based on a story [21]. 

Every video game has “bricks” which are [22]): 

“game”: if the rule is directly related to the goal of the 

game, mainly as feedback within the rule effects and 

“play”: if the rule template is independent of the goal. 

The rule is then characterized by a trigger based on the 

video games input.  

The video game has several goals: collect 

something, gain territory, get somewhere first, remove 

a series of obstacles, discovery, and eliminate other 

players [23]. A video game can be an integral of 

modern pedagogy [24]. There are three game elements 

in a working memory training: progress bar, level 

indicator, and thematic setting [25]. Video game 

training increases memory in different aspects, such as 

visuospatial, episodic memory short-term memory, 

and mnemonic discrimination [26]. 

B. Action-arcade Video Game 

An action video game is a video game that offers 

the intensity of some action as the primary attraction 

and interaction [27]. Action game is a response-based 

video game [28] [29]. Action game involves lots of 

frantic button pushing [23]. An arcade game is a video 

game that are not focused on the game's storyline, but 

only for a moment of fun and chasing the highest score 

[30].  

Action-arcade game is video games that require a 

fast reaction from the players and can be a useful 

exercise for cognitive improvement [31]. The focus of 

the action-arcade game is on the user’s responses and 

reflexes. The game often features puzzle-solving, 

image matching, complex thinking, or strategy [32]. 

The action-arcade game has the potential to be an 

exciting learning tool by adding educational gameplay 

features. Playing an action-arcade game can improve 

cognitive abilities, improve visual-spatial resolution, 

and creativity [33]. 

C. Memory 

Memory is the section of the brain by which data is 

encoded, stored, and retrieved when needed, then 

influencing future action [34]. Memory is defined as 

the application of learning over time [35]. There is 

four principles memory improvement defined broadly 

as follow [17]:  

 Process material actively. It means to 

emphasize and elaborative processing, 

sometimes also known as a meaningful 

process [36]. 

 Practice retrieval. It means to learn by 

recalling information from memory. Retrieval 

practice can lead to more learning than 

restudying [37] [38]. 

 Use distributed practice. It means the learning 

process is spread out across relatively long 

periods. The distributed practice may be the 

most powerful method for people to improve 

their memory without changing the amount of 

time spent studying [39]. 

 Use metamemory. It refers to judgement and 

decisions about learning and memory [40] [41] 

[42]. 

D. Matching Game 

A matching game, as cited in [43] is a game that 

the player turns over two cards at the same time to turn 

over a matching pair by using their memory [44]. 

E. Prototyping Model Process 

Prototyping model process can be used to develop 

software or game. According to Pressman [45], the 

prototyping model process is consists of five stages: 

 Communication. In this stage, we define the 

overall game objectives and identify the 

requirements. 

 Quick plan. We are planning the game feature 

briefly and quickly. 

 Modelling quick design. Performing game 

design using modelling tools such as flowchart 

and mockup interface design. 

 Construction of prototype. Coding the game 

prototype and testing the game. 

 Deployment delivery & feedback. The game is 

launched to the user and asks for feedback. 

 

Fig. 1. Prototyping model process [45] 
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F. Related Works 

There are some similar works that form the 

foundation of this research. Research by Temaja [14], 

the result is an e-matching game can be used for 

creating fun and productive learning activity for 

young learners. The study by Dirgantara & Marselino 

[46], the result is a web-based learning media that is 

accessible to the public. Based on this research, 97% 

of respondents stated the learning media is succeeding 

for study.  

Research by Khenissi et al. [47], the result is a 

memory match game to render the learning 

experience with more fun, to engage learners and to 

keep them motivated. Research by Dirgantara et al. 

[11], the result is a quiz video game for learning 

mathematics with the theme of wizard battle. The 

theme makes a fun and pleasant learning 

environment. These research are the foundation of 

this research to develop a web-based game for 

learning media. 

Research by Buschkuehl et al [48] and Loosli et al 

[49] as cited in Deveau et al [50], state that if animal 

pictures are presented sequentially and participants 

respond to the each of image would be a good training 

approach to promote learning. This research is the 

reason to using animal object as game assets. 

Research by Hartshorne [51], state that the speed 

in processing information reaches its peak at the age of 

18-19 years old, then gradually decreases thereafter. 

Short-term memory continues to develop and builds 

up until around age 25, then starts to stagnate and 

eventually declines slowly starting at age 35. This 

research is the reason why the respondents are 18 

years old or older. 

III. RESEARCH METHODOLOGY 

A. Communication Stage 

At this stage, it was carried out between the 

research team and prospective respondents. 

Communication is carried out to obtain input features 

or displays that are easy to use. From the 

communication results obtained by the user 

requirements as follows: 

 The player who correctly matches the picture 

gets a score. 

 The player who correctly matches images at 

least 2 times in a row will get an additional 

bonus score. 

 The game consists of 4 difficulty levels. 

 High score leaderboard menu. 

 There are sound effects. 

 Help menu. 

 Cards are arranged randomly each time the 

game starts. 

 The main target audiences for the game is the 

general public aged 18 years or older. 

The gameplay derived from the user requirements 

is adapted to use distributed practice principle for 

memory improvement. The system requirements to be 

able to play this game prototype are as follows: 

 The latest browser application, preferably 

Google Chrome or Mozilla Firefox. 

 It is connected to the internet. 

 Minimum of 2GB RAM. 

B. Quick Plan Stage 

At this stage, resource planning and features in the 

designed game are carried out. The flow of this game 

is displayed in Fig. 2. The game starts with the player 

choosing the difficulty level of the game: easy, 

normal, hard, or extreme. At the easy difficulty level, 

the number of picture cards is 16 with 4 rows and 4 

columns. At the normal difficulty level, the number of 

picture cards is 24 with 4 rows and 6 columns. At the 

hard difficulty level, the number of picture cards is 32 

with 4 rows and 8 columns. At the normal difficulty 

level, the number of picture cards is 40 with 4 rows 

and 10 columns. 

If the cards are not all open, then the player can 

choose a card to be matched if the cards opened are 

matched, then the player gets ten scores. If the cards 

are not matched, the player does not get a score. If the 

player managed to match the picture cards, then the 

player will get a score by calculating the formula: 

(consecutive matches * 10). When all the cards have 

been opened then the game is finished and will be 

directed to the high score menu. 

The resources used to design this game are Game 

Maker Studio 1.4 and various open-source assets that 

are used as game objects. The list of assets is shown in 

Table I. The assets used are pictures and sound. 



 

 

 

 

4 IJNMT (International Journal of New Media Technology), Vol. 8, No. 1 | June 2021 

 

ISSN 2355-0082 

 

Fig. 2. The game prototype flowchart 

TABLE I.  THE GAME ASSETS 

Assets Description 

  

 

Menu button 

 

back picture 
of the card 

image 

 

front picture 
of the card 

image 

 

Theme 

background 

sound_dog 
sound_chicken 

sound_pig 

sound_elephant 
sound_cat 

sound_monkey 

sound_owl 
sound_cow 

sound_mouse 

sound_zebra 
sound_bgm 

Sound effect 

sound_fantastic 

sound_mantap 

sound_wow 

Consecutive 

match sound 

effect 

The game assets are consist of images and sounds. 

The images are divided into four categories: menu 

button image (credit, easy, normal, hard, extreme, 

help, menu, quit, and restart) credit to Poconk Game 

Artist [52], back picture of the card image credit to 

Get4art [53], front picture of the card image (dog, 

chicken, pig, elephant, cat, monkey, owl, cow, mouse, 

and zebra) credit to Dansie [54], and the game theme 

background image. The sounds are divided into two 

categories: the sound effect (dog, chicken, pig, 

elephant, cat, monkey, owl, cow, mouse, zebra, and 

background music) credit to Soundbible [55] and the 

consecutive match sound effect that will sound if the 

player manages to match the card in a row credit to 

amateur voice actress Benedikta Prava Krista              

Galuh Jiwantari. 

C. Modelling Quick Design Stage 

At this stage, the application modelling is carried 

out using Balsamic application to illustrate the 

application's display design. The interface designs of 

the game are shown in Fig. 3 to Fig. 5. 
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Fig. 3. The game main menu 

Fig. 3 shows the initial game layout design 

contains menus that can be selected by the player. 

There is menu 1 - menu 4, which is the choice of 

difficulty level, high score menu, credits, help and 

quit. After the player chooses one of the difficulty 

level menus, it will be directed to the game screen. 

 

 

Fig. 4. The gameplay screen 

Fig. 4 displays the appearance of the game page 

on the easy difficulty level. 16 cards are still closed, 

and players can start to open cards to be matched, if 

they are matched, they will get a score of 10. Fig. 5 

displays a high score screen that contain the player's 

name and the score. 

 

Fig. 5. The high score screen 

D. Construction Stage 

At this stage, the game development is carried out. 

Coding is done using Game Maker Studio 1.4. The 

game construction used the Drag n Drop (DnD) 

method and programming using the Game Maker 

Language (GML). This application development 

requires six rooms. These six rooms are used to 

execute the code that has been created. The rooms list 

is shown in Table II. 

TABLE II.  THE ROOM LIST 

Room name Description 

Room_start The game main menu 

Room_help The game description 

Room_game_easy The game room of easy difficulty level 

Room_game_normal The game room of normal difficulty level 

Room_game_hard The game room of hard difficulty level 

Room_game_extreme The game room of extreme difficulty level 

 

The game rooms are shown in Fig. 6 to Fig. 11. 

Fig. 6 shows the game’s main menu. It consists of six 

lists: Easy, Normal, Hard, Extreme, Help, and Quit. 

Fig. 7 shows the game description and how to play          

the game. 



 

 

 

 

6 IJNMT (International Journal of New Media Technology), Vol. 8, No. 1 | June 2021 

 

ISSN 2355-0082 

 

Fig. 6. Main menu 

 

 

Fig. 7. The help menu 

 

 

Fig. 8. The easy difficulty 

 

Fig. 9. The normal difficulty 

Fig. 8 to Fig. 11 shows the playroom for each 

difficulty level. The easy difficulty level has 16 cards 

to match which arranged in 4 rows and 4 columns. The 

normal difficulty level has 24 cards to match which 

arranged in 4 rows and 6 columns. The hard difficulty 

level has 32 cards to match which arranged in 4 rows 

and 8 columns. The extreme difficulty level has 40 

cards to match which arranged in 4 rows and                    

10 columns. 

 

 

Fig. 10. The hard difficulty 
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Fig. 11. The extreme difficulty 

Fig. 12 shows the notification “You Win!” after all 

the cards opened. 

 

 

Fig. 12. Win notification 

E. Deployment Delivery and Feedback Stage 

At this stage, delivery and application execution is 

carried out to prospective computer game users. The 

specific testers are asked to provide feedback. The 

tester criteria is familiar with playing a game. The 

respondents are aged 18 to 20 years old. There are 31 

respondents to test the game prototype. The list of 

user experience testing questions is shown in              

Table III. 

TABLE III.  USER EXPERIENCE TESTING QUESTION 

Number Question 

1 Is the game easy to understand? 

2 Are the images in the game clear and easy to 
distinguish from other cards? 

3 After playing this game, do you find it easier to 

remember? 

The user experience participants were the first 

year Informatics students. The user experience testing 

results shown: all of the respondents stated that the 

game is easy to understand, easy to understand 

images, easy to distinguish from other cards, 21 

respondents said that after they play the game, they 

felt it was easier to remember. 

IV. CONCLUSION AND FUTURE WORKS 

This study can be concluded as follows: 

 Based on the game prototype, 21 respondents 

(68% from 31 respondents) stated that after 

they play the game, they felt it was easier             

to remember. 

 If this game is accessed using Google Chrome, 

sometimes the sound effect doesn't work 

according to its function, whereas in Mozilla 

Firefox, the sound effects run according to           

its purpose. 

 The matching game activities are aligned with 

the use distributed practice principles to 

enhance memory. 

 There are four difficulty levels add challenges 

to the game. 

The future works of this study are to add a timer in 

each difficulty level, combining the variation of the 

card, adding punishment system, release the game to 

the public and add public respondents to measure the 

memory enhancement. 
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