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Abstract 

Due to the popularity of video games in various applications, including both commer-

cial and social marketing, there is a need to assess their content in terms of player 

satisfaction, already at the production stage. For this purpose, the indices used in EEG 

tests can be used. In this publication, a formula has been created based on the player's 

commitment to determining which elements in the game should be improved and for 

which graphic emblems connected with social campaigns were more memorable and 

whether this was related to commitment. The survey was conducted using a 2D platform 

game created in Unity based on observations of 28 recipients. To evaluate the elements 

occurring in the game at which we obtain a higher memory for graphic characters,  

a corresponding pattern was created based on player involvement. The optimal Index 

for moving and static objects and the Index for destruction were then selected based on 

the feedback. Referring to the issue of graphic emblems depicting social campaigns 

should be placed in a place where other activities such as fighting will not be distracted, 

everyone will be able to reach the level where the recently placed advertisement is. This 

study present the developed method to determine the degree of player's engagement in 

particular elements in the game using the EEG and to explore the relationship between 

the visibility of social advertising and engagement in a 2D platform game where the 

player has to collect three keys and defeat the ultimate opponent.  

1. INTRODUCTION 

Since the time of the mass market entry, computer games have been used as an 

advertising tool. In the 1980s, they were based on modifications of available games and 

served to entertain a small, limited group of people. In those days, product placement in 

computer games was limited by technological possibilities. However, over time, the 

attractiveness of games, their quantity, the graphic possibilities have improved and the 
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number of players around the world has increased, which has attracted potential advertisers. 

Initially, computer games were aimed mainly at computer enthusiasts, but now they have 

become a mass product, aimed at different types of players, in different age ranges, with 

different interests. A breakthrough product that changed the player's profile was The Sims, 

launched in 2000, which attracted women and girls. This has opened up a new space for 

advertising activities (Lokowanie produktów w grach komputerowych – Prawo własności 

intelektualnej, b.d.). 

In 2015, profits from game advertising alone amounted to $2.75 billion. Profits are 

expected to increase to $5.05 trillion in 2020. (Statista, 2017). We distinguish two groups of 

promotion tools that can be used in computer games (Gałuszka, 2016): 

 IGA (in-game advertising) means using the game as an advertising medium; 

 Advergaming (advertising + games) are advertising games created specifically to 

advertise a particular product or service. 

 

There are different ways of using the game as a means of advertising. The easiest way is 

to place advertising billboards. In 3D games, advertising billboards are placed according to 

the same rules as in the real world. An example is the 2008 advertising campaign of President 

Barack Obama, which used 18 games, including Need for Speed: Carbon. In the game, the 

player drives a car and the presidential candidate's ads are displayed on large billboards along 

the road (Yenigun, 2012). 

Advergaming, on the other hand, is a custom-made game that aims to advertise certain 

goods or services. In 2006 Burger King launched the Sneak King game created by Blitz 

Games. The game was sold with a meal at a special price of 3.99$. In total, three games were 

created, which were not well received by critics, but generated huge revenues. They made a 

significant contribution to the company's sales growth. The main character of the game was 

the royal toy Burger King, and his task was to deliver burgers to hungry people (Hyman, 2007).  

The discussed ways of presenting content in games also apply to social campaigns. 

Advergaming is a more common method used because among the benefits of this approach 

we can mention (The motion monkey, 2017): 

 combining advertising and entertainment, 

 interactivity – the recipient of an advertising message is a participant, not a passive 

viewer, 

 creating positive associations, 

 long life of the computer game (compared to standard advertising). 
 

Besides, it is important that all the elements in the game are associated with the goal  

of the campaign. As a result, the recipient can memorize most of the presented material  

in a shorter time. An example of such a game created for a social campaign is Food Force. 

It was published by the UN World Food Programme (WFP) in 2006. Players take part in 

hunger prevention missions. In this way, they learn about the problems associated with 

hunger and WFP activities (United Nations World Food Programme, 2017).  

A campaign does not always have to involve spectacular ventures like the Food Force 

game – sometimes even a small element, if well prepared, can make a difference. Regardless 

of the scale of the actions taken, the overriding goal of each campaign is to change attitudes 

or behaviour among its recipients. To achieve this goal, it is extremely important to prepare 

the visual identification of the campaign. One of the important elements of such identification 
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may be the campaign emblem – a simple image (sign or graphic), clearly linked to the 

promoted views or behaviours, which will be easy to remember. This method is used in in-

game advertising. 

Therefore, in the case of the in-game advertising method, it is necessary to place static 

ads appropriately and the player should reach such a level of commitment to the game that 

he plays it for as long as possible. Playing the game longer will give us a higher probability 

that social advertising will be noticed and thus remembered. The situation is similar in the 

case of TV commercials - once displayed, an advertisement will be remembered by a handful 

of people, but if it is repeated several dozen times, the number of recipients who will 

remember it will increase. What matters in the game is “its life expectancy”. The number of 

views of the advertisement depends on the player's engagement, because the more the player 

gets involved, the longer he plays it, and consequently, the longer he plays it, the more often 

he watches the advertisement (Hofman-Kohlmeyer, 2017). The second aspect is the location 

of advertising (Gałuszka, 2016). It should be placed in such a way that it is well visible and 

at the same time does not affect the game. Besides, social campaign placement in the game 

attracts attention and makes the virtual space closer to reality - the game is more realistic 

(Kiedy reklama flirtuje z gamingiem..., 2015). The research presented in the article concerns 

the player's engagement, while the second problem concerning the placement of adver-

tisements requires separate research. 

1.1. Measuring Engagement 

Player engagement is one of the dimensions of gaming experience and can be associated with 

many concepts, such as (Filsecker & Kerres, 2014; Schoenau-Fog, 2011): flow (Chen, 2007; 

Csikszentmihalyi, 1990), gameflow (Sweetser & Wyeth, 2005), presence (Lombard & Ditton, 

1997; Tamborini & Skalski, 2006), immersion (Brown & Cairns, 2004; Jennett et al.., 2008; 

Mcmahan, 2003), pleasure (Costello & Edmonds, 2009), motivation (Iacovides et al., 2011; 

Przybylski, Scott Rigby & Ryan, 2010; Yee, 2006), enjoyment (Ijsselsteijn et al., 2008), 

arousal (Ravaja et al., 2006) and fun (Koster & Wright, 2004). Therefore, for the recipient to 

feel as many positive emotions as possible, it is necessary to maintain the player's commitment 

and concentration at a certain level, e.g. by introducing unexpected action phrases that will 

encourage him to continue exploring further areas of the game. First of all, to assess whether the 

game does not discourage the participant, it is necessary to conduct research on the participant's 

engagement in the game. Also, the growing community of video players creates demand among 

game developers or researchers for examining player engagement.   

It may seem that evaluating a player's engagement in a video game is quite an easy task.  

We can think that, because there are ready-made tools on the market, such as Unity Analytics 

(Unity - Analytics, b.d.) and Game Analytics (GameAnalytics, b.d.), that analyze players 

behaviour. Thanks to them we are able to monitor, among others: 

 Onboarding – whether players use mechanisms such as tutorials or initial levels? 

 Progression – whether players pass the game levels? 

 Economics – does the game economy work as expected? 

 Design accuracy – does the designed game work the right way? 

 Application accuracy – are all areas of the application used as expected? Are there 

elements that players ignore or do not notice? 

 Earnings – are the strategies for making money optimal?  
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However, they are not able to check in real-time e.g. what the player is looking at and what 

emotions accompany him.  

It is necessary to look for such methods of engagement research that will allow determining 

the level of engagement at any time in the game, while not being dependent on other factors. 

This would be possible with the use of cognitive neuroscience techniques. They are becoming 

more and more useful because they allow us to get to know the current state of the brain. This 

task is facilitated by the indexes calculated based on the recorded signals. In the literature on the 

subject, numerous indices of engagement can be found, which will be presented later in this 

chapter. They allow us to know the level of human engagement in a given activity in a given 

moment. 

New developments in Brain-Computer Interfaces (BCI) using wireless electroencephalo-

graphic systems (EEG) provide recording and access to neuronal activity, enabling the computer 

to retrieve and analyse information from brain waves. It has been demonstrated that EEG has the 

ability to determine the engagement of the user. The frequency bands are determined from the 

EEG signal using the spectral method. Besides, the EEG can be used to change the game scenario 

for the player (Hondrou & Caridakis, 2012). For example, the detection of boredom will cause 

changes in the game to make it more challenging whereas the detection of anxiety will cause the 

game to slow down or decrease the levels of difficulty. 

Using the EEG and eye tracker device we can determine the preferences of the player, as well 

as the moment of the game which is not very interesting, and we can improve it to make the 

player fully active in the game. New EEG devices are increasingly being used outside of 

medicine and are finding more and more new applications.  

1.2. Related works 

Using the EEG to measure the commitment of tasks is not a new concept. Pope (Pope, Bogart 

& Bartolome, 1995) built a system to control the level of automation of tasks based on whether 

the operator had increased or decreased his engagement. Freeman (Freeman et al., 1999) 

extended this system by evaluating the performance of each task with the use of absolute values 

of commitment. Berk (Berka et al., 2007) has invented a more accurate and effective method 

for people to interact with technology, with the ability to develop more productive work 

environments that increase motivation and productivity. The results suggest that the commitment 

measured using the EEG reflects information gathering, visual processing, and attention 

allocation. Smith and Gevins (Smith & Gevins, 2005) used a flight simulator to study the 

reactions of the human brain to low, medium, and high difficulty exercises. Studies have shown 

increased activity of the frontal lobe waves together with decreased activity of parietal lobe alpha 

waves during demanding tasks. In turn, Yamada (Yamada, 1998) measured the activity of theta 

waves along with blinking of the eye and discovered that children playing video games had 

higher activity of theta waves during more frequent blinking. These results suggest that 

interesting tasks cause higher activity of theta waves, while the task inhibits the activity  

of blinking eyes. Kamzanova (Kamzanova et al., 2011) compared the sensitivity of a series of 

EEG engagement indices by examining time pressure individuals performing tasks of varying 

degrees of stress to determine which one was most effective. McMahan (McMahan, Parberry 

& Parsons, 2015) investigated in Super Meat Boy game whether there is a connection between 

engagement and arousal in events of death and general entertainment. The results of their 

research suggest that by combining engagement data with arousal data, we can establish 
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thresholds indicating when a player has left the flow state. On the other hand, Ewing (Ewing,  

Fairclough & Gilleade, 2016) investigated the sensitivity of EEG power in the (front) theta and 

(parietal) alpha bands to changing levels of demand for play. Besides, he also conducted a study 

that assessed the adaptive performance of Tetris in terms of system behavior and user experience. 

Vourvopoulos's (Vourvopoulos i in., 2017) research focuses on the impact of how gaming 

experience has on modulating brain activity, as an attempt to systematically identify elements 

that contribute to high BCI control and that can be used in the design of a neurogame. 

The above-mentioned research (McMahan, Parberry & Parsons, 2015; Vourvopoulos et al., 

2017) is examining player engagement, but it focuses on topics related to dependencies or BCI. 

Therefore, the article attempts to solve the following problems:  

 to examine which elements in the game should be modified on the basis of the 

developed method based on the engagement index 

 whether placing banners next to engaging elements affects their memorization  

 

The aim of the article is to present the developed method to determine the degree of player's 

engagement in particular elements in the game using the EEG (engagement indexes) and to 

explore the relationship between the visibility (an Eye Tracker was used to check visibility) of 

social advertising and engagement in a 2D platform game where the player has to collect three 

keys and defeat the ultimate opponent. This will allow determining at which obstacles the 

advertisement was more memorable and what should be improved in the game so that the player 

can spend more time in it. 

2. MATERIALS AND METHODS 

The experiment was attended by 32 people, but only 28 people joined the main survey. Four 

people were not taken into account because the specified target group had to be mainly 

occasional players and those who liked 2D platform games. The results of survey are presented 

in Tab. 1. In addition, respondents had to list three things that they like in playing games (story 

– about 70%, collecting items – about 40%), and also whether they like 2D platform games – 

everyone answered positively. 

Tab. 1. Results of the survey 

Question Answers Number of people 

How often do you play computer 

games? 

Every weekend 8 

Occasionally 7 

Rarely 13 

What player would you describe 

yourself? 

Commonly known gamer 3 

Reactional player 25 

What’s your preference for the 

way you play? 

Single Player 21 

Multiplayer 7 
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2.1. Description of game 

The game was downloaded from the Unity Asset Store (“2D Game Kit”) (2D Platformer - 

Asset Store, b.d.) and adapted for testing in the Unity engine. Before the start of the game, there 

were instructions on how to move (using arrows or WASD and key space for jumping) and on 

the goal that need to be achieved, i.e. three keys had to be collected, which guaranteed the 

entrance to the room where the last opponent  was located, the so-called the boss (Fig. 1).  

 

Fig. 1. A screenshot of the game showing the fight with the boss 

In addition, the game also features emblems that show the various real situations to be 

prevented (see   
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Tab. 2). The emblems were in the background, so the player did not have to avoid them. They 

were used in the experiment because often in computer games, due to the resolution of the 

graphics, very complex advertisements are not clear enough to be noticed properly (Chang et 

al., 2010; Yang et al., 2006). There are also social campaigns, using simple symbols to promote 

their activities (Rubin, b.d.). 

The purpose of the emblems’ placement is to examine whether such signs in a typical game 

are noticeable and whether this type of advertising is effective for use in a social campaign. 
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Tab. 2. Description of signs 

Name of sign Emblem Description 

Pregnant woman 

 

Prohibition of drinking alcohol during 

pregnancy 

Key 

 

No driving on alcohol 

Alcohol 

 

Prohibition of drinking alcohol 

Stop 

 

Shows the inability to drive under the 

influence of alcohol 

Bottle 

 

Ban on drinking alcohol 

Syringe 

 

Ban on using drugs 

Tap 

 

Ban on drinking tap water 

Drug 

 

Ban on using drugs 

Key2 

 

Prohibiting drinking when driving 

Selfie 

 

Prohibiting taking pictures 

 

On the first level (Zone 1) there is a sign – “pregnant woman” (Fig. 2) when moving on 

to the next level. 
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Fig. 2. Social advertisements on level 1 – Zone 1 

On the second level, there are two graphic emblems (Fig. 3): the “key” and “alcohol” – 

at the doorway to the last level of Zone5 where the boss is waiting to be defeated. You have 

to collect three keys to getting there. Each key collected is followed by a close-up on the 

door.  

 

Fig. 3. Social advertisements on level 2 – Zone2 

On the third level, there are two signs – “stop” and “bottle” (Fig. 4) –  the first one (a) 

was located near water and the second one (b) near column destruction. 
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(a) 

 

(b) 

Fig. 4. Social advertisements on level 3 – Zone 3 

On the fourth level, there are three graphics (Fig. 5). The first one – “syringe” was placed 

in a safe place when opening the door (a), the second – “tap” in the danger of spikes (b), and 

the third – “drug” when fighting the Chomper monsters (c). 

 

 

(a) 

 

 

(b) 

 

(c) 

Fig. 5. Social advertisements on level 4 – Zone4 

Two prohibitions have been placed on the last level – “selfie” and “key2” immediately 

after entering the level (Fig. 6). 
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Fig. 6. Social advertisements on level 5 – Zone5 

2.2. Test procedure of the experiment 

EEG data were collected from 28 healthy people (4=female, 24=male), the average age 

was 23 years. The persons were informed about the course of the examination. They then 

signed their consent to participate in the study and were seated in a comfortable chair with 

access to the keyboard and mouse. The next step was to put on the cap and connect the electrodes 

to the participant's scalp and connect them to the data recorder of the participant's brain.  

The cap (g.Nautilus Research Wearable EEG Headset) with 24 electrodes placed in 

AF3, AF4, F3, F4, F7, F8, FC5, FC6, P7, P8, T7, T8, O1, O2, P3, C3, C4, Pz, Fz, Cz, FPz, 

Fp1 P4, POz, and 3 reference electrodes: AFz, FCz, CPz was used (see: Fig. 7). The channels 

have been distributed according to the 10–10 system, the international EEG electrode 

distribution system (Jurcak, Tsuzuki & Dan, 2007). The electrodes required a dampened 

socket to improve conductivity. In order to check whether the EEG electrodes are in good 

contact with the scalp, impedance values were measured with the g.Recorder program.  

The sampling frequency was 500 Hz. 

 

Fig. 7. Sensor location on headsets 
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After the above steps have been taken, a study was started. Before the game, there was 

information shown what the game will be about, its goal, and how to move around. Then, 

after clicking the “Play” button, a black screen appeared, lasting 60 seconds, during which 

the participant silenced himself (see: Fig. 8). The recorded signals during the play were used 

to calculate the EEG indicators. On the basis of the respondent's engagement, concentration, 

and response (in relation to the game and the remembered ads), a comparison of responses 

and indicators was made. This made it possible to create a pattern based on engagement, 

more precisely specifying the relationship between engagement for a given element and the 

engagement that accompanied the whole level. The difficulty in defeating monsters or 

obstacles) in the game needs to be improved to keep the engagement in the game at a certain 

level. Also, it made it possible to investigate which social advertisements have been remem-

bered and whether this is related to engagement. the effectiveness of social advertising 

placed.  

 

Fig. 8. Chronological order of events while playing a computer game 

Each participant's game was recorded at a resolution of 1920×1080 using programmed 

in-game registration. During the game, screenshots were taken at a frequency of 3 shots per 

seconds. Each screenshot generated a timestamp for the EEG data to determine the start and 

end position of each section. Screenshots were saved for later use during the data analysis 

phase. In addition to the EEG, the study used the Eye Tracker (Eyetribe eye-tracker with  

a frequency of 30 points per second) to track image elements that were particularly important 

to the respondent. 

2.3. Game survey 

After the game was finished, an interview was conducted about the impressions of 

playing the game, which stage in the game was the hardest, which elements should be 

improved, what was the engagement during the levels and the fight. The last questions 

focused on remembering the social advertisements emblems. 
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2.4.  Measures 

Measuring the level of engagement and memory of a player is one of the elements 

determining their experience while playing a computer game. In particular, it can be used to 

determine player preferences. For this purpose, the relevant indicators have been calculated, 

as indicated in Tab. 3.  These indices were selected for the study because they were used by 

their developers to study player engagement in computer games or simulations. They were 

then normalized against the reference image - the black screen, and the spider that appeared 

on the screen. 

Tab. 3. Description of the indices used in the test 

Index number Formula Counting method 

Index 1 

(McMahan et al., 

2015) 

Beta-3 / (Alpha-2 + Theta)  Average registration value of all 

electrodes on the head. 

Index 2  

(McMahan et al., 

2015) 

Theta / Alpha-2 Average registration value from electrodes 

placed on the frontal lobe of Theta and 

parietal lobe of Alpha. 

Index 3  

(McMahan et al., 

2015) 

Theta The average value of registration from 

electrodes placed on the frontal lobe of 

Theta. 

Index 4 

(Kamzanova et al., 

2011) 

Beta-4 / (Alpha-3 + Theta) Average registration value from 

electrodes: F3, F4, F7, F8, Cz, P3, Pz, P4. 

Index 5 

(Kamzanova et al., 

2011) 

Beta-5 / (Alpha-4 + Theta) Average registration value from 

electrodes: F3, F4, F7, F8, Cz, P3, Pz, P4. 

Index 6  

(Chaouachi & 

Frasson, 2012) 

Beta-6 / (Alpha-5 + Theta) Average registration value from 

electrodes: P3, C3, Pz, Fz, Cz, FPz. 

Index 7  

(Lee et al., 2010) 

(SMR + Mid Beta) / Theta Power index from electrode Fp1. 

3. RESULTS 

All data were analysed using Matlab R2019a. The analysis of the EEG signal started with 

filtering the bandwidth removing the disturbances of the power network, i.e. frequencies 

above 50 Hz. In addition, the signal was detrended and filtered using the Fieldtrip library. 

The EEG spectral signal was then analysed using a Morse wave, which calculated an average 

peak frequency of half a second in a frame (Lilly & Olhede, 2010, 2012; Wachowiak et al., 

2018). However, in order to calculate the Alpha, Beta and Theta frequencies, the signal has 

been divided into appropriate bands (Tsipouras, 2019), see Tab. 4. 
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Tab. 4.  Representation of frequency bands Alpha, Beta, Theta 

Bandwidth Frequency [Hz] 

theta 4–8 

alpha2 7–13 

alpha3 8–13 

alpha4 8–10.9 

alpha5 11–13.9 

SMR 12–15 

Mid beta 15–20 

beta3 13–25 

beta4 13–22 

beta5 14–19.9 

beta6 20–29.9 

 

The next step was to analyse the variance to see if there is a significant difference 

between player engagement and concentration. The ANOVA statistical test was used for this 

purpose. The engagement was divided into seven subgroups - Index1, Index2, up to Index7. 

This creates different conditions and allows to use repeated ANOVA. The results of repeated 

ANOVA measurements using the indicator as an object factor for the general concentration-

dependent variable showed a significant difference between the engagement indices 

(F(6,580)=18.37; p= 1.42*10^-19; p < 0.05). The Turkey-Kramer statistical test was used to 

investigate between them. The test showed that there is a statistically significant difference 

between all groups (Tab. 5). 

Tab. 5. Results of Tukey-Kramer statistical test 

Index 

Number 

Index 

Number 

Lower limit 

for the 95% 

confidence 

interval of 

the true 

difference  

in average 

The difference 

between the 

estimated 

averages 

Upper limit 

for the 95% 

confidence 

interval of 

the true 

difference in 

average 

Value of p 

1 7 0.1234 0.2980 0.4725 1.0058e-05 

2 7 0.1755 0.3501 0.5247 1.0565e-07 

3 7 0.0637 0.2383 0.4129 0.0011 

4 7 0.1498 0.3244 0.4989 9.2470e-07 

5 7 0.3331 0.5077 0.6822 3.7064e-08 

6 7 0.3635 0.5380 0.7126 3.7064e-08 
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In addition, it was examined whether there is a dependence of the commitment on 

concentration ( 

 Tab. A1), using the CHI-Squared independence test. The analysis showed six 

engagement indices that there is no relationship between engagement and concentration 

(Tab. 6). The statistical value for each index is greater than the value of the Chi-Squared 

distribution for 4 degrees of freedom, which is 𝜒4
2 = 9,48773. 

Tab. 6. Results of the CHI-Squared statistical test. 

Index Statistical value CHI Square Number of degrees of freedom 

Index1 150,0472 4 

Index2 142,0259 4 

Index3 130,8962 4 

Index4 126,3576 4 

Index5 121,7529 4 

Index6 152,8122 4 

 

The results obtained from the analysis made it possible to create a formula (1), which 

is based on the engagement index 

𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 =
𝐸𝑛𝑔𝑎𝑔𝑒𝑚𝑒𝑛𝑡 𝑡𝑜 𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑣𝑒𝑛𝑡𝑠
∗

1

𝐸𝑛𝑔𝑎𝑔𝑒𝑚𝑒𝑛𝑡 𝑎𝑡 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑙𝑒𝑣𝑒𝑙
 (1) 

First, the player's level of engagement with the item in the game is determined. The result is 

then divided by the amount of engagement that accompanies the test person at a given level 

of the game in order to determine what was the average engagement at that particular 

moment. And finally, it was divided by the number of occurrences of a given element. This 

resulted in an average engagement for a particular element in the game. Taking into account 

whether the engagement level is low/medium/high (as will be determined later in the article), 

we can determine whether a given element in a 2D platform game should be corrected or 

removed. 

Then, appropriate thresholds for low, medium and high levels of engagement (the 

breakdown that was used in Tables 7 to 14) were determined for each of the engagement 

indices. The intervals were calculated as follows: 

1. The 10th and 90th percentile have been calculated for the engagement observed for 

each player at Zone1, Zone3, Zone4 and Zone5 levels. 

2. The arithmetic mean was determined for all players from the results obtained in step 1. 

3. For each level (Zone1, Zone3, Zone4 and Zone5) the difference between the 90th 

percentile and the 10th percentile has been calculated. 

4. The obtained range was divided into 3 in order to obtain three ranges – for low, 

medium and high engagement 

 

Zone2 level was not included in the calculation because there were no obstacles or enemies 

– it was the so-called interim. 
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Formula created and calculated thresholds (Błąd! Nie można odnaleźć źródła 

odwołania.) of the engagement at a given level allowed for the evaluation of the following 

elements in the game: 

 Moving Platform moving up and down, sideways, with spikes (Tab. C1). In most 

cases, the indices indicate average engagement. Index4 is the most distinct. 

 Spikes - a static object, the hero loses his life if he enters it ( 

    Tab. C2). All the indices are consistent and indicate the average engagement when 

spike-bypassing players. 

 Destruction of the column - a static column which, after being destroyed, leads to the 

next stage in the game (       Tab. C3). Only Index2 indicates low 

exposures during the destruction of the column, the others indicate medium. 

 Moving a box - moving an item triggers an action in the game, e. g. closure of the 

water gap (Tab. C4). Index4 indicates low engagement when moving the box, others 

indicate medium. 

 Standing in a designated place causing the platform to move ( 

 ). As with moving a box, only Index4 indicates low engagement when standing on a 

platform that is moving. 

 Attack from “gun” – Key Down O ( Tab. C6). Nearly all the indices indicate average 

engagement on shooting. The exception is the Zone4 and Index4 level, where it 

indicates high engagement. 

 Attack by monsters – Boss ( 

        Tab. C7), Chomper, Spritter ( 

 Tab. C8). The indices for the attack by regular Chomper show mainly high level of 

engagement, while for Spritter mainly medium level. Referring to the last opponent, 

the so called “Boss” – you can see that attacking by Ball is at a medium level, Light 

at a high level, while Throwgranade is hard to say. 

 
The final stage was to examine the visibility and memory of the social campaign’s 

emblems placed in the game. For this purpose, the number of times an average person looked 

at a banner was calculated (Tab. 7). For the analysis of this objective, the eye-tracker and 

Matlab software were used, with the following scheme: 

1. The eyesight of the test person was traced using EyeTracker. 

2. File in txt format was generated, containing the viewing coordinates x, y and time unit 

3. The Matlab program analyzed where: 

a. first of all, the emblem was found in every screenshot, 

b. secondly, within the designated area, it was calculated how many times the person 

looked and how much time person spent looking at the sign. 

 

This made it possible to determine which location for the emblem in the game is the 

best and how much time it takes to remember the social campaign (Tab. 7), as well as 

whether we pay more attention to banner ads in case of greater engagement.  This shows that 

most people noticed the emblem representing a pregnant woman – 25 people and the average 

time of looking at the advertisement was 2 seconds.  
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Tab. 7. Average time of looking at the sign. 

Name of the 

advertisement 

Average 

number of 

glances at 

the emblem 

Average time 

of glances at 

the emblem 

How many 

people have 

seen the sign 

on the basis 

of the survey 

Level 

How many 

people have 

reached the 

level 

Pregnant woman 72 2,311378 25 Zone1 28 

Key 27 0,879667 14 Zone2 28 

Alcohol 13,73077 0,44902 10 Zone2 28 

Stop 17,23077 0,565488 12 Zone3 28 

Bottle 16,80769 0,527995 17 Zone3 28 

Syringe 2,538462 0,081886 10 Zone4 22 

Tap 47,26923 1,539069 20 Zone4 22 

Drag 9,692308 0,323447 11 Zone4 22 

Selfie 2,576923 0,08306 5 Zone5 9 

Key2 5,153846 0,173572 13 Zone5 9 

 

In addition, the memorization rate ( Tab. 8) was calculated by dividing the number of 

people who saw the mark by the total number of participants in the study (see: formula (2)). 

 

𝑀𝑒𝑚𝑜𝑟𝑎𝑏𝑙𝑒 =   
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒 𝑠𝑒𝑒𝑛 𝑡ℎ𝑒 𝑠𝑖𝑔𝑛 𝑜𝑛 𝑡ℎ𝑒 𝑏𝑎𝑠𝑠𝑖 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑢𝑟𝑣𝑒𝑦

28
  (2) 

 Tab. 8. Emblem memorization rate expressed as a percentage 

Name of the advertisement 
Memorization 

rate 

Pregnant woman 89% 

Key 50% 

Alcohol 36% 

Stop 43% 

Bottle 61% 

Syringe 36% 

Tap 71% 

Drag 39% 

Selfie 18% 

Key2 46% 
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4. DISCUSSION 

The main aim of the study was to develop a method to determine the degree of player 

engagement in the individual elements of the game. In addition, additional objectives have 

been achieved, among which we can mention: 

 to investigate which obstacles to social advertising have been more memorable, 

 indication which elements in the game should be corrected. 

 

It was helpful to create a formula (1) to evaluate the elements in the game and to 

determine which index should be used on the basis of comparing the results obtained with 

the opinion of the respondents. The constructed formula is based only on the engagement 

itself, because examining the engagement ratio for a given element to the engagement that 

is at a given level allows to determine whether a given element contributes significantly to 

the player's engagement. As a result, we have the answer as to whether we should correct  

or remove an item in the game. The ratio itself, by mathematical definition, is the quotient 

of one value to another, which is intended to indicate the identity or relative size difference 

of the two quantities. Therefore, the formula created seems to be quite good enough in 

mathematical as well as functional terms, as will be discussed later in this chapter. 

Matlab software and survey data were used for analysis. As a result, the engagement in 

elements such as up-and-down, sideways, spiked moving platforms, for which Index4 should 

be used (Tab. C1,  

   Tab. C2), was assessed, as it is the only one reflecting the correct opinions according to 

the respondents. Interestingly, the only biggest difficulty in the game for people participating 

in the survey was jumping from platform to platform. The low engagement turned out to be 

the case with PushableBox, PreasurePad and Column Destruction. And these elements 

should certainly be improved, or their placement limited because there were too many of 

them - PushableBox and PreasurePad. For these two elements Index4 (Tab. C4,  

), should be used for the assessment and for Column Destruction Index2 (     

  Tab. C3). In the game, it was the only item that had to be destroyed and it did not cause 

any difficulties, as evidenced by the commitment obtained. It seems that this element should 

be removed and not corrected, because some of the people surveyed about 40% were wrong 

in this case or wasted time because they did not know if they could destroy it. For the 

remaining elements, it was not clearly indicated which Index should be used, and this is the 

case for an object with a medium level of engagement ( 

   Tab. C2) – all Indexes indicated this way. A similar situation is for the attacking 

monsters - Chomper, Spritter ( 

Tab. C8) and the final opponent, the so-called final boss (       Tab. C7), who 

attacks with different powers. And the same is true to indicate which method of fighting is 

the best - even or with firearms. According to the respondents, the melee fight was better 

than shooting, but the engagement in both cases was the same, i. e. average, as shown by the 

formulated formula. From the results, it is not possible to determine which index should be 

used for this purpose, because in case of melee combat all indexes fit, and for shooting all 

but 4.  
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Referring to the results of social advertising, it was found that most people, because 

almost 90% of the respondents remembered the sign on which the pregnant woman was 

placed. The reason for this is to place the sign when jumping from platform to platform 

when, as confirmed by the survey, the player's engagement was high. In addition, from the 

platform where the sign was located, the next level was moved to the next level, which could 

also affect the memory. Moreover, the average time of looking at the sign was 2 seconds, 

which could also be relevant. In addition, the majority of respondents, i.e. 70% remembered 

the sign showing the ban on using drinking tap water, which was in the place where you 

jumped on the platform to avoid spikes. It can be assumed that the combination of medium 

engagement in the case of a spike element in the game and high for a moving platform helps 

to remember social advertising. On the other hand, the characters located on the horizontal 

Zone2, which was a transition level, were remembered by 43% of people on average.  

It would seem that there will be many more because each time the key is lifted, there is a 

close-up on the door and the graphic emblems next to it. This fact may also be influenced 

by the short time of looking at the advertisements, but also by the lack of action at this level. 

Least people, because only 5 remembered the sign representing the ban on taking pictures. 

He was at the door on the last level. This is because only 9 people have reached this level. 

On the other hand, 13 people indicated an advertisement with a ban on driving under the 

influence of alcohol on Zone5, which is apparently not true, but this may be due to the fact 

that a fairly similar sign was placed at the door, but on Zone2 level. Low memorization 

efficiency is also for a sign representing drugs at Zone4 level. Probably because the monsters 

absorbed more attention than the sign in the background that didn't stand out. 

5. CONCLUSIONS 

The results of research aimed at evaluating the elements in the game are presented, and 

at which we obtain greater memory of graphic emblems. In this achievement, it was decided 

to create an appropriate pattern based on the player's commitment. Then, on the basis of the 

opinions, the optimal Index4 for moving and static objects and Index2 for destruction were 

selected, as they best represent the opinion of the respondents. 

It should be taken into account that these findings are based on one type of game and that 

further research will be needed to extend the results of the methodological approach to 

assessing which elements in the game need to be improved and at which ads need to be 

placed, not only by analysing the player's engagement but also by adding further indicators 

from other categories, such as emotions. However, these results support the view that Index 

2 and 4 can be judged to be the best index to illustrate these elements in the game and for  

a high level of commitment, ads should be placed on the item to be remembered. 

Additionally, graphic emblems depicting social campaigns should be placed in a place where 

other activities such as fighting will not distract attention, everyone will be able to reach the 

level where the last placed advertisement is and the graphics of each advertisement should 

stand out from the others. As a result, we will get a better result for remembering among the 

respondents. 

Conclusions on graphic emblems should be understood in the context of certain 

constraints. This is due to the fact that not all respondents have reached the final level and 

therefore the analysis is in some cases based on low sample size. At this point, a formula 
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was created for evaluating in-game elements based on the player's engagement and it was 

checked which index should be used for moving elements, static objects, and when 

destroying objects. The next step will be to prepare a revised game to establish the reliability 

of the selected Index in order to ensure that current performance is not an anomaly due to 

the current number of people who have reached a given level. 
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Appendix A 

 

 Tab. A1 Distribution of engagement by the group 

Index1 

    Low Medium High 

    <= -0,64 (-0,64; -0,02] > -0,02 

High > 0,69 0 1 7 

Medium (-0,17; 0,69] 4 33 5 

Low <= -0,17 5 25 3 

Index2 

    Low Medium High 

    <= -0,64 (-0,64; -0,02] > -0,02 

High > 0,34 0 6 12 

Medium (-0,33; 0,34] 4 48 3 

Low <= -0,33 5 5 0 

Index3 

   Low Medium High 

    <= -0,64 (-0,64; -0,02] > -0,02 

High > 0,34 0 4 9 

Medium (-0,34; 34] 3 46 6 

Low <= 0,34 6 9 0 

Index4 

    Low Medium High 

    <= -0,64 (-0,64; -0,02] > -0,02 

High > 0,23 0 11 6 

Medium (-0,27; 0,23] 5 41 9 

Low <= -0,27 4 7 0 

Index5 

    Low Medium High 

    <= -0,64 (-0,64; -0,02] > -0,02 

High > 0,53 7 4 1 

Medium (0,06; 0,53] 2 40 4 

Low <= 0,06 0 15 10 

Index6 

   Low Medium High 

    <= -0,64 (-0,64; -0,02] > -0,02 

High > 0,65 8 0 1 

Medium (0,08; 0,65] 1 49 2 

Low <= 0,08 0 10 12 
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Appendix B 

Tab. B1 Distrubution of engagement by level in game 

 Zone1 

 Index1 Index2 Index3 Index4 Index5 Index6 

High > 0,35 > 0,39 > 0,35 > 0,38 > 0,69 > 0,70 

Medium (-0,45; 0,35] (-0,42; 0,39] (-0,47; 0,35] (-0,41; 0,38] (-0,16; 0,69] (-0,14; 0,70] 

Low <= -0,45 <= -0,42 <= -0,47 <= -0,41 <= -0,16 <= -0,14 

       

 Zone3 

 Index1 Index2 Index3 Index4 Index5 Index6 

High > 0,38 > 0,46 > 0,35 > 0,39 > 0,70 > 0,68 

Medium (-0,40; 0,38] (-0,36; 0,46] (-0,44; 0,35] (-0,38; 0,39] (-0,13; 0,7] (-0,10; 0,68] 

Low <= -0,40 <= -0,36 <= -0,44 <= -0,38 <= -0,13 <= -0,10 

       

 Zone4 

 Index1 Index2 Index3 Index4 Index5 Index6 

High > 0,43 > 0,46 > 0,36 > 0,45 > 0,76 > 0,71 

Medium (-0,32; 0,43] (-0,33; 0,46] (-0,45; 0,36] (-0,35; 0,45] (-0,10; 0,76] (-0,11; 0,71] 

Low <= -0,32 <= -0,33 <= -0,45 <= -0,35 <= -0,10 <= -0,11 

       

 Zone5 

 Index1 Index2 Index3 Index4 Index5 Index6 

High > 0,64 > 0,62 > 0,56 > 0,51 > 0,90 > 0,75 

Medium (-0,08; 0,64] (-0,14; 0,62] (-0,27; 0,56] (-0,20; 0,51] (0,0012; 0,90] (-0,08; 0,75] 

Low <= -0,08 <= -0,14 <= -0,27 <= -0,20 <= 0,0012 <= -0,08 
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Appendix C 

Tab. C1 Assessment of engagement for the Moving Platform 

 

MovingPlatform 

 Zone1 Zone3 Zone 4 Zone5 

Index1 high medium medium medium 

Index2 high medium medium medium 

Index3 średnie medium medium medium 

Index4 high high low medium 

Index5 medium medium medium medium 

Index6 medium medium medium medium 

 

Zone4 

 MovinPlatform – sideways MovingPlatform with spikes 

Index1 medium medium 

Index2 medium high 

Index3 medium medium 

Index4 medium high 

Index5 medium medium 

Index6 medium medium 

 

   Tab. C2 Assessment of engagement for the Spikes 

Zone4 

 Spikes 

Index1 medium 

Index2 medium 

Index3 medium 

Index4 medium 

Index5 medium 

Index6 medium 

 

       Tab. C3 Assessment of engagement for the destruction of the column 

Zone1 

 

CollisionEnter – 

DestructibleColumn_Whole 

Index1 medium 

Index2 low 

Index3 medium 

Index4 medium 

Index5 medium 

Index6 medium 
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Tab. C4 Assessment of engagement for   

               PushableBox 
 Tab. C5 Assessment of engagement for  

               PreasurePad 

Zone4  Zone4 

 PushableBox   PreasurePad 

Index1 medium  Index1 medium 

Index2 medium  Index2 medium 

Index3 medium  Index3 medium 

Index4 low  Index4 low 

Index5 medium  Index5 medium 

Index6 medium  Index6 medium 

 

 Tab. C6 Assessment of engagement for attack from the gun 

 KeyDown – O 

 Zone3 Zone4 Zone5 

Index1 medium medium medium 

Index2 medium medium medium 

Index3 medium medium medium 

Index4 medium high medium 

Index5 medium medium medium 

Index6 medium medium medium 

 

       Tab. C7 Assessment of engagement when the monsters Boss attacked 

 Zone5 – Boss 

 Ball Ligh Throwgrandae 

Index1 medium high high 

Index2 medium high high 

Index3 medium high medium 

Index4 medium high high 

Index5 medium high medium 

Index6 medium high high 

 

Tab. C8 Assessment of engagement when the monsters Chomper, Spritter attacked 

 Attack Chomper Attack Spritter 

 Zone3 Zone4 Zone4 

Index1 high high medium 

Index2 high high medium 

Index3 low low medium 

Index4 high low low 

Index5 high high medium 

Index6 high high medium 

 


