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ABSTRACT* 

A serious game application was developed to test the 

working memory of 40 subjects. The application is based 

on the well-known memory game "Pairs," using auditory, 

visual, and mixed modalities in different resolutions. 

Evaluation of completion times and error rates revealed no 

significant difference between auditory and visual memory. 

On the other hand, playing the game in the mixed modality 

resulted in better outcomes. Furthermore, speech samples 

and auditory icons were generally superior to measurement 

signals in the case of the highest resolution (24 pairs). 

Keywords: auditory memory, gamification, speech 

samples, auditory icon, modality  

1. INTRODUCTION 

The short-term or working memory refers to different 

functions of the memory responsible for retention of pieces 

of information for a relatively short time (usually up to 30-

60 seconds) [1, 2]. Humans have different memory 

capabilities depending on the modalities. The most 

important is the visual modality [3-7]. However, the 

auditory memory plays a significant role where audio 

information is critical for functionality [8-11]. Virtual 

Audio Displays (VADs) in general incorporate various 

types and amount of auditory information, usually for 

feedback [12-16]. More specifically, applications in 

assistive technology (i.e., for the visually impaired), 
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electronic travel aids (ETAs), simulators (military and 

combat applications), traffic safety systems (alarm sounds), 

or everyday gaming scenarios offer multiple sounds of 

different attributes (length, loudness, number, spatial 

directions, etc.) [17-20]. 

For increased usability and for optimization, it is important 

to test the difference between the visual and auditory 

memory, and how human subjects perceive, store and recall 

auditory events in the short term. With other words, how 

can we remember and process a number of sounds in an 

auditory scene.    

Serious gaming (also called gamification) is a development 

process in which software applications are designed to 

collect scientifically relevant data, but at the same time, 

maintaining motivation, increasing user experience, and 

making the process more entertaining [21-23].  

Figure 1 shows a well-known example of a memory game 

designed for the visual modality. The gameplay and rules 

are easy for every age groups, it can be played in 

multiplayer mode or single player mode (against the 

computer) online or offline.  

 

 

Figure 1. Example of the well-known memory 

game for the visual modality. 
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To address questions related auditory memory issues, a 

simple memory game was developed for scientific purposes 

[24, 25]. This paper presents the application in its current 

form, the measurement results with volunteers using the 

visual and audio modality, and discusses the outcomes. 

2. MEASUREMENT SETUP 

40 subjects participated in the experiment (20 males, 20 

females, mean age of 28.85). After a short introduction, 

every participant played the most difficult level (6x8) with 

24 pairs. First, the visual-only mode was used, followed by 

the audio-only mode and finally the mixed modality (audio 

and vision together).  

Error rates (total number of flips and individual number of 

flips for each pair) and completion time (in seconds) were 

recorded together with age and gender data in .json files. 

These were then converted to CSV. ANOVA and post-hoc 

data processing (Tukey-test) were performed in Excel for 

statistical analysis. 

 

 

Figure 2. Screenshot of the game at start. After 

setting the user data, the modality can be selected 

followed by the resolution corresponding to the 

number of pairs. 

 

Visual icons have the same size of 80x80 black-and-white 

pixels. Sounds can be grouped in three different sub-groups: 

human sounds (male, female voice sample and a kiss 

sound), auditory icons (everyday sounds of ringtone, 

musical instruments, vehicles, etc.); and unfamiliar 

measurement sounds (noise samples, sinus and square 

signals, sweep, etc.). All samples are iconic, between 2-4 

seconds. Fig.2. shows a screenshot of the main menu of the 

game.  

The game contains 24 different sound-pairs at the highest 

resolution and only 5 at the lowest resolution. Every level 

introduces new sounds and/or icons, extending the 

collection of the previous level (hierarchic setup). Figure 3 

shows a completed game example on the most difficult 

level, showing all 24 pairs of visual icons. Icons and sounds 

have a semantic connection. 

 

 

 
 

Figure 3. Screenshot of a completed game in the 

highest resolution (6x8) in which 24 pairs of visual 

and/or auditory samples were presented. Total time 

and number of flips were recorded. In case of 10 

seconds of inactivity or manual exit, the game will 

be aborted without saving the result. 

 

3. RESULTS 

Data was collected and evaluated within and between 

groups (visual, audio, mixed). 

The mean value for total flips to complete the game was 

171 for audio, 177 for vision and 135 for the mixed 

modality. The statistical evaluation at the 5% significance 

level showed no significant difference between audio and 

visual (p=0.4), but proved the mixed modality to be better 
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than either audio and visual (p=5,14E-09). The average 

number of flips/pair is about 7 in audio and visual, but only 

5.6 in mixed mode.  

In vision-only mode, there was no difference among the 

visual icons, mean flip values ranged from 6.68 to 8.08. 

Using the audio-only mode, three sound signals labeled as 

“human sounds” - the female and male voice samples and 

the kiss sound - have mean flip values of 5.45; 5.55; and 

5.65, respectively. All other sounds have means in the range 

of 6.30 to 7.98. The paired t-tests in the Tukey-test 

supported significant differences in the case of these three 

sounds. Furthermore, sounds labeled as everyday sounds 

(real auditory icons) generally outperformed unfamiliar 

measurement signals, but not in every paired t-test. In the 

mixed mode, the ANOVA suggested significant differences 

among the pairs, but there was no difference in the Tukey-

test. However, there were some paired t-tests in favor of the 

human sounds, especially contrasted with the measurement 

signals.  

Regarding completion time, the mean values needed for 

completing the task were 466 sec. for audio, 260 sec. for 

vision, and 363 sec. in the mixed modality. 

  

4. DISCUSSION 

 

The main motivation of the experiment was to compare the 

different modalities, and to compare different sound types. 

Some results of former experiments support the visual 

memory to be superior to the auditory, while others found 

no difference. The research questions were: is the visual 

short-term memory better than the auditory memory, and 

can we recall different sound types better than others [6, 

26]? Furthermore, differences among various resolutions 

(number of sound types), age or gender groups could be 

evaluated. 

4.1 Comparison of modalities 

 

The most informative comparison between the modalities 

can be made in the highest resolution. Having 24 pairs, 

there was no significant difference between the mean error 

rates, showing no advantage for the visual short-term 

memory in this scenario. Interestingly, the mixed modality 

outperformed both the audio-only and the vision-only 

mode. The joint presentation of audiovisual information 

decreased the average number of total flips significantly.  

 

 

Figure 4. 24 sound samples merged into one file in 

a wave editor. The total length of the 24 samples is 

51 sec. This file can be used to present all the 

samples prior to the experiment.  

 

Although there was a significant difference between the 

mean times for completion, this was due to the fact that 

playback of the audio samples needed 2-4 seconds each, in 

contrast to the immediate display of the visual icons. The 

total length of the 24 sound samples is 51 seconds (Fig. 4.). 

For a correct comparison, display times should have been 

set equally (by delaying the visuals). This can be also a 

reason for better results in the mixed mode: subjects have 

some time to “think about” and reconsider the position of 

the visual icon during the playback time of the audio 

sample. The average completion time for mixed mode is 

between the audio and visual modality, almost exactly 

halfway. Participants are slower than in vision-only as they 

waited for the playback to be finished, but faster than in 

audio-only, as they actually made their decision based on 

the visual icon, supported by the audio information. To get 

conclusive results, idle time between card flips and clicks 

must be set equally in all modalities in the future. This 

allows for checking whether subjects use the semantically 

connected audio information to recall the location of the 

visual icons or they just use the extra time for considering. 

 

4.2 Evaluation of sound types 

 

Similarly, the evaluation of inter-modal differences, the 

intra-modal analysis for the audio modality is optimal for 

the highest resolution. Statistical analysis showed that 

“human sounds”, including male and female samples and a 

“kiss” sound performed best (lowest mean number of flips), 

followed by familiar everyday sounds (auditory icons, 

earcons). The worst performance could be detected for the 

unfamiliar, unpleasant measurement signals. This is also 
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supported by informal feedback from the subjects. As 

expected, there was no difference among the visual icons.  

Inter-individual analysis showed that there were subjects 

who were significantly better than others. Half of the men 

were significantly better than the others, but there were only 

1-2 participants among females with better results.  

The effect of training was not tested directly, but we can 

assume subjects getting better in the task (becoming 

familiar with the user interface, gameplay, sounds etc.). 

 

4.3 Effect of resolution 

 

As expected, the difficulty increases with the number of 

pairs. Although the first experiment included only the 

highest resolution, some levels were completed by 

participants at lower resolutions with limited number of 

pairs. The game was relatively easy up to 5-6 pairs, but 

became difficult above 8 pairs. This was also supported by 

the increasing number of flips and completion times.  

Regarding age and gender, a more detailed and 

representative group of subjects have to be recruited. 

Results for flips indicated no significant difference between 

genders in the mixed mode. There was no difference 

between the genders based on the mean time spent for the 

game either. Similarly, “young” individuals performed 

significantly better, but this result may be different if we set 

other age limits or if we have more age groups. Currently, 

the age limit was only 25 years. 

5. CONCLUSION 

This paper presented a serious game application for testing 

the short-term working memory of 40 subjects. The audio, 

visual and mixed modalities were contrasted in the memory 

game “Pairs” based on total completion time and error rates 

(number of flips). Results indicated no significant 

difference between the audio and visual modality, but 

showed superiority of the mixed mode. Regarding iconic 

audio signals, speech samples outperformed other sounds. 

Speech samples and auditory icons are recommended for 

audio displays if short-term recalling of the information 

plays a significant role. On the other hand, unfamiliar 

artificial sounds, such as sinus, square or noise samples 

cannot be remembered efficiently. An increased number of 

participants is needed for confirmation of the role of age 

and training. 
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