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Abstract 

Sense of presence is a widely assessed dimension of video game player experience. A systematic 

literature review and a meta-analysis were conducted to provide a more comprehensive view of the 

elements of game design that have an effect on the sense of presence, as well as its different 

dimensions studied and assessment techniques. The review revealed that many major categories of 

game design aspects were well represented. The meta-analysis revealed that several game design 

factors have significant effects on different dimensions of presence. The largest revealed effects 

were that playing games with a head-mounted display and motion controller rather than a monitor 

display and non-motion controller has a large effect on global presence. Also, playing with human co-

players rather than computer-controlled co-players and playing cooperatively rather than 

competitively have a very large and large effect on social presence, respectively. Implications for 

future research are discussed, such as investigating the effects of design factors on presence in a 

more targeted manner, systematically assessing presence with its most relevant sub-dimensions, and 

using more similar rating scales. Design recommendations, with their expected impact on players’ 

sense of presence, are proposed. 

Keywords 

Game user research, player experience, visual display, multiplayer, questionnaire, scale. 
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1. Introduction 

Presence is the feeling of being inside a virtual environment (see for reviews Felton & Jackson, 2022; 

Wilkinson et al., 2021). This psychological concept is a widely assessed dimension of a user’s 

experience interacting with a computer-generated environment. The sense of presence is usually 

described as a three-dimensional construct (Felton & Jackson, 2022; Terkildsen & Makransky, 2019). 

Spatial presence (or physical presence) is the dimension of presence that describes the user’s feeling 

of being physically in the virtual environment and the ability to interact with that environment and 

the objects in it as if it were real. Social presence is the dimension that describes the feeling of 

coexistence with other beings in the virtual environment. Self-presence is the dimension that 

describes the feeling of extension and prolongation of the user’s body in the avatar displayed in the 

virtual environment as if it were their own body. 

Presence can be particularly experienced by players interacting with video games (Terkildsen & 

Makransky, 2019). Video games are interactive systems in which users interact with a virtual 

environment for the primary purpose of fun and entertainment (Caroux et al., 2015). This virtual 

environment is usually displayed via an audio-visual terminal. The player sends commands to the 

environment via an artifact (gamepad, motion controller, etc.) and the environment evolves 

according to these commands. The sense of presence is one of the dimensions that can be assessed 

when studying the player experience (Caroux et al., 2015; Terkildsen & Makransky, 2019). Player 

experience is the individual, personal experience held by the player during and immediately after 

playing the game (Wiemeyer et al., 2016). Player experience includes dimensions related to 

enjoyment, such as flow and emotions, and engagement, such as immersion and presence. Note that 

presence and immersion are two concepts that are frequently studied to assess player experience 

and may be still used interchangeably in some studies. However, several authors have made efforts 

to differentiate these constructs (see for example Cairns et al. (2013) or Nilsson et al. (2016)). For 

example, immersion can be defined as “the sensation of being surrounded by the virtual 
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environment that increases proportionally with the number of modalities provided with artificial 

stimuli” (McMahan, 2003; Nilsson et al., 2016). Immersion is primarily relative to sensory perception, 

while presence, a feeling of being “in the game”, is a more mental, psychological perception. 

Although presence is a widely used construct for assessing player experience, it is not always clear 

how the sense of presence is influenced by game design choices. A previous systematic review of the 

literature by Caroux et al. (2015) showed that player experience can be influenced by various 

hardware and software aspects of video games. Three main categories of game design were 

highlighted in this previous review: input/output information (i.e. display and control modes), in-

game contents (i.e. gameplay mechanics, narrative and challenge), and multiplayer aspects (i.e., 

nature of the co-player, co-playing mode, and online gaming techniques). Presence was addressed in 

this previous review, but along with several other dimensions and without quantitative evidence on 

the specific impacts of game design factors. Therefore, the results may be of limited use to 

researchers and designers who wish to know the specific effect of each design choice on presence. In 

addition, the number of studies that have investigated presence in video games has increased 

significantly over the past decade. For example, the impact of recent technological innovations in 

video games, such as virtual reality (VR) systems (e.g., Marre et al., 2021), was investigated in a 

rather embryonic fashion in this previous review, due to the small number of published studies at 

that time. Some of these have subsequently been addressed in more empirical studies published in 

the interim. 

Furthermore, the effects of game design choices on player experience, including the dimension of 

presence, have been investigated in numerous experimental studies over the past two decades 

(Caroux et al., 2015). Several published articles have provided state of art, literature surveys or 

reviews of what we know about the influence of various design choices on a given dimension of 

player experience, such as enjoyment (Mekler et al., 2014; Schaffer & Fang, 2019; Segundo Díaz et 

al., 2022), flow (Khoshnoud et al., 2020), engagement (Boyle et al., 2012) or emotions (De Byl, 2015), 
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or on the influence of a given design characteristic on the overall player experience, such as 

affective-based game adaptation (Bontchev, 2016; Ng & Khong, 2014), personalization techniques 

(Karpinskyj et al., 2014), brain-computer interfaces (Marshall et al., 2013), or game accessibility (Spiel 

& Gerling, 2021). Their contribution is of course of great interest to the game user research 

community, including researchers and practitioners, but remains limited due to their solely 

descriptive nature. Their usefulness decreases when it comes to knowing the precise effect of each 

design choice or helping a game designer choose an element that would have a specific desired 

impact on dimensions of player experience like presence. We believe that the size of the body of 

experimental game user research literature is now large enough to allow more comprehensive and 

in-depth analyses of the data from this research such as meta-analyses. 

The purpose of the present study is to focus in depth on the concept of presence in the player 

experience in video games. The main objective is to provide a more comprehensive view of the 

elements of game design that have an effect on the sense of presence in video games. This study is 

based on a systematic review of literature that described the different categories of game design 

elements that have been studied, but also explored the different studied dimensions of presence and 

the different techniques to assess it. In addition, a meta-analysis was conducted to assess the impact 

of the specific game design elements that were evaluated in these studies. The goal is to quantify the 

effect of these game design choices on the sense of presence based on a combination of data from 

different experimental studies. The results of the meta-analysis can help to better understand the 

specific effect of each design choice on presence and thus optimize the player experience when 

designing video games. 

2. Methods 

2.1. Literature search 

The literature search and selection were performed in major online databases (Web of Science Core 

Collection, PsycInfo, Medline) to identify relevant studies for inclusion in this review. The search 
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covered published research articles written in English and published through 2021, with no minimum 

year. The first step of the literature search was to use keywords related to video games and player 

experience. The search topic was intentionally broader than just the concept of presence. The search 

also included other main dimensions of player experience in order to capture as many articles in this 

area as possible. Some articles might have studied presence as a secondary dimension and therefore 

did not mention it in the title or abstract. Similarly, this approach allowed for the inclusion of studies 

in which presence was assessed among other dimensions but did not show a significant effect. 

Therefore, the search query was performed with the following keywords related to video games 

(video games, digital games, computer games, electronic games, or videogames), player (play, player, 

or playing), and experience (experience, enjoyment, engagement, immersion, presence, flow, or 

emotion). A few articles were added manually after checking the databases of previous published 

literature reviews on player experience. The database search yielded 5,360 published articles after 

duplicate removing.  

The articles were included according to the following inclusion criteria. The articles had to investigate 

the influence of game design factors (software and/or hardware) on player experience. Because the 

main objective of the present study was to focus on the elements of game design that have an effect 

on the sense of presence in video games, this review was based on studies that compared one given 

modality of game design factor to another (e.g., a rather recent display mode such as head-mounted 

display vs. a more traditional mode such as a monitor display). Thus, the articles were required to 

include controlled experiments (i.e. randomized controlled trials or within-participant experiments) 

that assessed the efficacy of these design factors on player experience compared to a “control 

condition”. In addition, the objective of this review was to study player experience in a situation 

where entertainment was not competing with another user goal such as learning, training, etc. 

Games for which entertainment is not the primary goal (e.g., serious game, game-based learning, 

rehabilitation game, physical training exergame) are designed to help the user achieve a primary goal 

(e.g., academic learning, training, cognitive rehabilitation, skill enhancement, behavioral change, etc.) 
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that is not inherently related to the player-video game interaction (e.g., Krath et al., 2021; 

Shahmoradi et al., 2022). The present review aimed to focus on player experience data (including 

presence) collected in situations uniquely designed to achieve optimal player experience. Mixing data 

from studies with different user goals could bias the results of the review and meta-analysis. Thus, an 

excluding criterion was articles that studied games for which entertainment is not the primary goal.  

Each abstract in the search database was reviewed for compatibility between the article and the 

inclusion criteria. When the abstract was ambiguous, the whole text was screened. This review was 

done independently by two persons, including the author of this article. The two reviewers then 

compared their results. If there was a disagreement about an article, the two reviewers discussed 

their choice and together decided to include or exclude the article. A total of 215 articles, published 

between 2000 and 20211, met the inclusion criteria. 

The next step was to limit the search to articles that investigated the influence of game design 

factors on presence. Articles reporting studies that assessed presence, alone or among other 

dimensions of player experience, were included in the final database of this review. A total of 55 

articles, published between 2004 and 2021, met the final inclusion criteria and were included in this 

review. 

2.2. Data extraction 

The data extracted from the studies reported in the remaining 55 articles concerned the type of 

game design characteristic studied and the modalities manipulated, the different measures 

(presence and other dimensions of player experience), and the type of technique for measuring 

presence. 

                                                           
1 Note that while the first year of publication (e.g., online) of some of the included articles was 2021 or earlier 
(hence their inclusion in the literature search databases and in the current review), their final year of 
publication may be 2022. 
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2.3. Meta-analysis 

Next, another selection was made from the studies reported in the included articles to further 

quantitative analyses. The studies were selected based on the categories of game design factors and 

presence dimensions. A study was included if there were at least two studies in the database that 

investigated the effect of the same game design factor on the same presence dimension, and for 

which corresponding data were available. The data were generally directly available in the article. 

Where data were not directly available, the authors of the article were contacted to provide the data 

in question. If data were not available from the authors or if there was no response from them 

(mainly for older articles), the study was not included in the meta-analysis. A total of 38 studies, from 

31 articles, were included in the meta-analysis. 

2.4. Statistical analysis 

The means and standard deviations (SD) for dependent variables were used to calculate effect sizes 

(ES; Hedges’ g) for each outcome in the experimental and control conditions. The experimental 

condition typically involved the primary modality of the game design factor studied, and the control 

condition involved the classic modality of the game design factor or its absence (see the results 

section for the details of the different groups compared). Data were standardized using post-

intervention SD values. A random-effect model was chosen to analyze the effect of game design 

factors because the studies included in this meta-analysis used similar but not identical methods of 

measurement of presence (Deeks et al., 2019). The ES values are presented with 95% confidence 

intervals (CI). Calculated ES were interpreted using the following scale: < 0.2, trivial; 0.2–0.6, small; > 

0.6-1.2, moderate; > 1.2–2.0, large; > 2.0–4.0, very large; > 4.0, extremely large (Hopkins et al., 2009). 

Heterogeneity was assessed using the I² statistic (Higgins & Thompson, 2002). Statistical significance 

was set at p ≤ 0.05. The analysis was performed with Review Manager 5.4.1 software (The Cochrane 

Collaboration, 2020). 
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3. Results 

3.1. Dimensions of presence assessed 

The systematic review revealed that presence was assessed as a global concept (global presence) or 

according to one or more of its dimensions (spatial presence, social presence, self-presence). Table 1 

shows the repartition of the articles included in the systematic review according to the dimension(s) 

of presence assessed. Most articles (58%) studied presence as a global concept. Spatial presence was 

studied by 33% of the articles. Social presence (16%) and self-presence (7%) were studied by fewer 

articles. It should be noted that an article may aim to assess global presence and a specific dimension 

of presence, but also more than of one dimension at a time. The complete list of articles included in 

the systematic review is detailed in Appendix.  
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Table 1. Number of articles included in the systematic review database by game design factor and 

presence dimension assessed. 

Game aspect Game design factor 

Presence dimension assessed 
Total number 

of articles  
Global 

presence 
Spatial 

presence 
Social 

presence 
Self-

presence 

Input/output 
information 

Display mode 10 6 1 1 16 

Control mode 6 8 - 1 14 

Combined display & control device 3 - 1 - 4 

Visual interface 3 1 - 1 3 

Auditory interface 1 1 - - 2 

Sub-total 20 15 2 3 35 

Multiplayer 

Co-player nature 5 2 3 - 9 

Co-playing mode 2 - 3 - 5 

Online playing - - 3 - 3 

Sub-total 6 2 7 - 14 

In-game 
contents 

Avatar 4 - - - 4 

Narrative 2 2 1 1 3 

Gameplay 2 1 - - 3 

Reward 2 - - - 2 

Difficulty 1 - - - 1 

Sub-total 10 3 1 1 12 

Total number of articles  32 18 9 4 55 

Note. An article that studied more than one dimension of presence, and/or more than one game 

design factor was counted in multiple cells. Therefore, the total or sub-total numbers are not the 

sum of the corresponding column or raw. 

 

3.2. Techniques used to measure presence 

All the articles included in this review studied presence using questionnaires and scales. Table 2 

presents the details of the questionnaires and scales used according to the dimension of presence 

assessed. Most articles used standardized scales. A very small proportion used ad hoc questionnaires 

(i.e. designed by the article authors without prior validation). Some scales were designed entirely to 

study presence (e.g., Slater-Usoh-Steed Presence Questionnaire (SUS) (Slater et al., 1994)), while 

others are only sub-dimensions of a more general scale, which is designed to assess the whole user 

experience for example (e.g., Presence-Immersion dimension of the Player Experience of Need 

Satisfaction Scale (PENS) (Ryan et al., 2006)). Another discriminating feature of these scales is that 
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some are specific to video games (e.g., Social Presence in Gaming Questionnaire (SPGQ) (De Kort et 

al., 2007)), while other are designed to assess presence (or user experience) in more diverse systems 

than video games (e.g., Independent Television Commission-Sense of Presence Inventory (ITC-SOPI) 

(Lessiter et al., 2001)). 

It should be noted that presence is rarely the only one dimension of player experience that has been 

assessed in the included articles. Enjoyment, flow, or emotions are examples of other dimensions 

that may have been assessed in some articles. This review does not attempt to detail these elements 

since its purpose is to focus solely on presence.  
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Table 2. Questionnaires and scales used in the included articles to assess presence  

Presence 
dimension 
assessed 

Instrument 
Specific to 
presence 

assessment 

Sub-
dimension 
of a more 
general 

instrument 

Specific to 
video 
game 
player 

experience 

Number 
of 

articles 

Global 
presence 

Presence-Immersion dimension of the Player Experience 
of Need Satisfaction Scale (PENS) (Ryan et al., 2006) 

 X X 5 

Slater-Usoh-Steed Presence Questionnaire (SUS)  
(Slater et al., 1994) 

X   4 

Presence dimension of the Game Engagement 
Questionnaire (GEQ) (Brockmyer et al., 2009) 

 X X 4 

Verbal presence measure (Schneider et al., 2004) X  X 4 

Telepresence scale (Kim & Biocca, 1997) X   3 

Presence questionnaire (Witmer & Singer, 1998) X   1 

Igroup Presence Questionnaire (IPQ)  
(Schubert et al., 2001) 

X   1 

Independent Television Commission-Sense of Presence 
Inventory (ITC-SOPI) (Lessiter et al., 2001) 

X   1 

Pictorial Presence Self-Assessment-Manikins 
(SAM) questionnaire (Weibel et al., 2015) 

X   1 

Multimodal Presence Scale (Makransky et al., 2017) X   1 

Presence Scale (Persky & Blascovich, 2008) X  X 1 

Ad-hoc questionnaire    5 

Spatial 
presence 

Spatial presence dimension of the Independent Television 
Commission-Sense of Presence Inventory (ITC-SOPI) 

(Lessiter et al., 2001) 
X X  7 

Measurement, Effects, Conditions - Spatial Presence 
Questionnaire (MEC-SPQ) (Vorderer et al., 2004) 

X   4 

Spatial Presence dimension of the Temple Presence 
Inventory (TPI) (Lombard & Ditton, 2000) 

X X  3 

Spatial presence dimension of the Igroup Presence 
Questionnaire (IPQ) (Schubert et al., 2001) 

X X  1 

Spatial Presence Experience Scale (SPES)  
(Hartmann et al., 2016) 

X   1 

Spatial presence dimension of the  
Multimodal Presence Scale (Makransky et al., 2017) 

X X  1 

Physical presence dimension of the Sense of presence 
questionnaire (Lee et al., 2005) 

X X  1 

Ad-hoc questionnaire    1 

Social 
presence 

Social Presence in Gaming Questionnaire (SPGQ) 
(De Kort et al., 2007) 

X  X 9 

Self-
presence 

Self-presence dimension of the Sense of presence 
questionnaire (Lee et al., 2005) 

X X  2 

Self-presence dimension of the  
Multimodal Presence Scale (Makransky et al., 2017) 

 X  1 

Ad-hoc questionnaire    1 

Note. An article that studied more than one dimension of presence, and/or used more than one 

questionnaire or scale was counted in multiple cells. 
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3.3. Game design factors studied 

Table 1 shows that presence has been studied in articles that involve many different game design 

factors. These game design factors fall under the major aspects of video games studied in game user 

research, namely information input/output techniques (32 articles), multiplayer aspects (14 articles), 

and in-game contents (12 articles). The following paragraphs detail the different game design factors 

that were studied in the articles included in the review. 

3.3.1. Information input/output techniques 

Sixteen articles studied the effects of visual display type. These articles focused on innovative 

methods of visual information display, such as HMDs (7 articles) and 3D-stereoscopic displays (6 

articles). Other less studied concepts (one article) included screen size, fidelity, and image display 

quality. Fourteen articles studied the effects of control mode. Most of these articles studied motion-

based controllers (9 articles). These controllers include tangible controllers (e.g., Wiimote, PS Move, 

or steering wheel controllers) or full body controllers (e.g., Kinect sensor). Other means of control, 

through speech or brain activity, and concepts related to control, such as control fidelity or aiming 

type in a shooting game, were also studied, but in only one article. Four articles investigated the 

effects of systems that combine an HMD with motion-based controllers, such as in VR game systems. 

Other input/output information game design factors were studied by only one article per concept. 

Regarding visual interfaces, point of view (1st or 3rd person), diegesis (how contextual information is 

presented), and graphical fidelity were studied. Regarding auditory interfaces, the presence of music 

and the fidelity of sound were studied. 

3.3.2. Multiplayer aspects  

Nine articles investigated the effects of the nature of the co-players. The co-players are other players 

in a same game environment, which can be controlled by another human being or by the computer. 

Five articles studied the effect of the co-playing mode. In multiplayer games, the main goal may be 

shared among players and they must achieve the goal together (collaboration and cooperation), or 
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players may have to act against their rivals to achieve victory (competition). Three articles 

investigated the effect of online playing (i.e. interacting in the same game environment without 

being in the same physical location). 

3.3.3. In-game contents 

Four articles investigated the effect of avatar appearance (representation of the player in the game 

environment). Two of them focused on the possibility to customize the appearance of the avatar. 

One of them was about the choice between pre-defined appearances. The last one was about the 

possibility of having an avatar that physically resembles the player. Three articles investigated the 

effects of narrative in video games, which concerns how a context is included in the game 

environment. Two articles studied the effect of contextual in-game story on presence. One article 

studied the effect of a virtual agent (computer-controlled social entity) in the game environment. 

Several other aspects of in-game contents were studied, but in only one article each. The effects of 

the type and variety of rewards, which were given to players after completing an objective for 

example, the level of difficulty, and the game mechanics (e.g., rules, main goal, or social aspect of the 

game) were also studied. 

3.4. Meta-analysis 

The meta-analysis was conducted based on the influence of different game design factors on global 

presence, and on each sub-dimension of presence. A total of 16 analyses were conducted: 6 analyses 

for global presence, 7 analyses for spatial presence, 2 analyses for social presence, and 1 analysis for 

self-presence. Table 3 provides a summary of all effect sizes calculated in this article, which are 

detailed in the following paragraphs. Note that the values of all effect sizes reported in the following 

paragraphs and tables are positive, meaning that if there is a statistically significant effect, it means 

that the feeling of presence is greater in the experimental condition than in the control condition.   



15 
 

Table 3. Summary of effect sizes of the influence of different game design factors on each dimension 

of presence 

Game design 
factor 

Experimental 
condition 

Control 
condition 

Effect size and 95% interval confidence 

Global presence Spatial presence Social presence Self-presence 

Display mode 

HMD 
Monitor 
display 

.42 [.04, .80] * .80 [.60, 1.01] * - - 

3D-
stereoscopic 

display 
2D display .10 [-.20, .40] .21 [-.24, .65] - - 

Control mode 

Motion-based 
control 

Classic control .22 [-.13, .58] .12 [-.05, .30] - - 

Motion-based 
tangible 

controller 

Classic 
controller 

- .06 [-.12, .23] - - 

Body motion-
based control 

Motion-based 
tangible 

controller 
- .23 [-.22, .68] - - 

Combined 
display & 

control device 

HMD & 
motion-based 
control device 

Classic display 
and control 

device 
1.64 [.89, 2.40] * - - - 

Auditory 
interface 

Music 
presence 

Music absence - .20 [-.28, .68] - - 

Co-player 
nature 

Human  
co-player 

Computer  
co-player 

1.04 [.38, 1.70] * - 2.17 [1.62, 2.73] * - 

Co-playing 
mode 

Cooperation/ 
collaboration 

mode 

Competition 
mode 

- - 1.59 [-.04, 3.22] * - 

Avatar Avatar choice Default avatar .33 [-.01, .66] * - - - 

Narrative Story presence Story absence - .80 [.24, 1.36] * - 1.05 [.47, 1.62] * 

Note. * denotes a statistically significant effect 

 

3.4.1. Effects of game design factors on global presence 

Table 4 presents the results of the meta-analyses of the influence of game design factors on global 

presence. There was a significant small effect of HMDs vs classic monitor displays on global presence. 

There was a significant large effect of combined HMD & motion-based control devices vs classic 

devices (monitor display and classic controller, i.e. gamepad or keyboard/mouse set) on global 

presence. There was a significant moderate effect of human co-players vs computer co-players on 

global presence. There was a significant small effect of avatar choice vs no avatar choice (i.e. default 

avatar) on global presence. 
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There were non-significant effects of 3D-stereoscopic displays vs classic 2D displays, and motion-

based control (i.e. with a tangible or full body controller) vs classic control (i.e. with a gamepad or a 

keyboard/mouse set) on global presence. 

 

Table 4. Meta-analysis of effects of game design factors on global presence 

Game 
design 
factor 

Experimental 
condition 

Control 
condition 

Number 
of 

studies 

Effect 
size 

95% 
confidence 

interval 
Lower limit 

95% 
confidence 

interval 
Upper limit 

z-
value 

p-
value 

I² 

Display 
mode 

HMD 
Monitor 
display 

3 .42 .04 .80 2.16 .03 36% 

3D-
stereoscopic 

display 
2D display 3 .10 - .20 .40 .66 .51 28% 

Control 
mode 

Motion-based 
control 

Classic 
control 

2 .22 -.13 .58 1.24 .21 17% 

Combined 
display & 
control 
device 

HMD & 
motion-based 
control device 

Classic 
display and 

control 
device 

3 1.64 .89 2.40 4.25 <.001 61% 

Co-player 
nature 

Human co-
player 

Computer 
co-player 

5 1.04 .38 1.70 3.08 .002 90% 

Avatar Avatar choice 
Default 
avatar 

2 .33 -.01 .66 1.92 .05 0% 

 

 

3.4.2. Effects of game design factors on spatial presence 

Table 5 presents the results of the meta-analyses of the influence of game design factors on spatial 

presence. There was a significant moderate effect of HMDs vs monitor displays on spatial presence. 

There was a significant moderate effect of the presence of a contextual story vs the absence of story 

on spatial presence. 
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There were non-significant effects of 3D-stereoscopic displays vs 2D displays, motion-based control 

vs classic control, motion-based tangible controllers vs classic controllers, body motion-based control 

vs motion-based tangible controllers, and in-game music presence vs music absence on spatial 

presence. 

 

Table 5. Meta-analysis of effects of game design factors on spatial presence 

Game 
design 
factor 

Experimental 
condition 

Control 
condition 

Number 
of 

studies 

Effect 
size 

95% 
confidence 

interval 
Lower limit 

95% 
confidence 

interval 
Upper limit 

z-
value 

p-
value 

I² 

Display 
mode 

HMD Monitor display 3 .80 .60 1.01 7.77 <.001 0% 

3D-
stereoscopic 

display 
2D display 2 .21 -.24 .65 .91 .36 70% 

Control 
mode 

Motion-based 
control 

Classic control 6 .12 -.05 .30 1.36 .17 50% 

Motion-based 
tangible 

controller 

Classic 
controller 

5 .06 -.12 .23 .63 .53 42% 

Body motion-
based control 

Motion-based 
tangible 

controller 
5 .23 -.22 .68 1.00 .32 82% 

Auditory 
interface 

Music presence Music absence 2 .20 -.28 .68 .81 .42 49% 

Narrative Story presence Story absence 2 .80 .24 1.36 2.82 .005 0% 

 

 

3.4.3. Effects of game design factors on social presence 

Table 6 presents the results of the meta-analyses of the influence of game design factors on social 

presence. There was a significant very large effect of human co-players vs computer co-players on 

social presence. There was a marginally significant large effect of multiplayer 

cooperation/collaboration mode vs competition mode on social presence. 
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Table 6. Meta-analysis of game design factors on social presence 

Game 
design 
factor 

Experimental 
condition 

Control 
condition 

Number 
of 

studies 

Effect 
size 

95% 
confidence 

interval 
Lower limit 

95% 
confidence 

interval 
Upper limit 

z-
value 

p-
value 

I² 

Co-player 
nature 

Human co-
player 

Computer 
co-player 

2 2.17 1.62 2.73 7.65 <.001 0% 

Co-playing 
mode 

Cooperation/ 
collaboration 

mode 

Competition 
mode 

2 1.59 -.04 3.22 1.92 .06 93% 

 

 

3.4.4. Effects of game design factors on self-presence 

Table 7 presents the single result of the meta-analysis of the influence of a game design factor on 

self-presence. There was a significant moderate effect of the presence of a story vs the absence of a 

story on spatial presence. 

 

Table 7. Meta-analysis of game design factors on self-presence 

Game 
design 
factor 

Experimental 
condition 

Control 
condition 

Number 
of 

studies 

Effect 
size 

95% 
confidence 

interval 
Lower limit 

95% 
confidence 

interval 
Upper limit 

z-
value 

p-
value 

I² 

Narrative Story presence Story absence 2 1.05 .47 1.62 3.56 <.001 0% 

 

 

4. Discussion 

4.1. Main findings and research implications 

The first objective of the present research was to provide a more comprehensive view of the 

elements of game design that have an effect on the sense of presence in video games. The results 

showed that many major categories of game design aspects are well represented in the literature 
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that was reviewed. The impact of input/output information techniques, in-game contents, and 

multiplayer aspects on player presence have been investigated in numerous articles. However, the 

proportion of articles is not homogeneous within these categories. The most studied factors are 

mainly related to input/output information techniques and multiplayer aspects. The factors related 

to the in-game contents have been studied in a more disparate way. 

Regarding input/output information techniques, the way visual information is displayed was 

particularly studied. The meta-analysis showed that displaying visual information via an HMD (as 

opposed to a classic monitor display), had a small effect on global presence and a moderate effect on 

spatial presence. Interestingly, in combination with motion controllers in a VR game system, the 

effect size on global presence was larger, while the effect of motion controllers alone did not reach 

significance.  

In terms of the multiplayer aspects, the nature of co-player and the mode of co-playing were 

extensively studied and had some of the largest effects on presence in the meta-analysis. Playing 

with a human co-player (vs a computer-controlled co-player) had a moderate effect on global 

presence, and even a very large effect on social presence. The cooperation/collaboration mode (as 

opposed to competition mode) in a multiplayer game had a large effect on social presence.  

Factors related to in-game contents are much less represented in the included articles. Only the 

effects of in-game story presence and choice of avatar appearance were investigated in the meta-

analysis (intermediate effect of story presence on spatial presence and self-presence; small effect of 

player avatar choice on global presence). 

While the most essential game design factors have been addressed in this present research regarding 

input/output information and multiplayer aspects, this is not the case for in-game contents. 

Important elements of in-game contents, such as challenge and difficulty (e.g., Denisova et al., 2020; 

Vahlo & Karhulahti, 2020), have not been well addressed in the included articles. Other elements 

related to gameplay, such as game rules, game mechanics and functionality (e.g., Segundo Díaz et al., 
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2022) were also not addressed. Future research needs to study game design factors more broadly in 

order to gain a more comprehensive view of their influence on the sense of presence in video games. 

The second objective of this research was to explore the different dimensions of presence studied in 

player-computer interaction, as well as the different techniques used to assess it. The results showed 

that presence has mainly been studied as a global construct. Few articles have studied the separate 

dimensions of presence. Of the three dimensions of presence, spatial presence has been the most 

studied, primarily in relation to input/output information techniques. Social presence has been less 

studied, primarily in relation to aspects of multiplayer games. Self-presence has been studied even 

less. 

The fact that global presence was the most studied concept in the reviewed literature may be related 

to the fact that many articles have not focused on presence solely for the purpose of studying player 

experience. Global presence may be considered a sufficient assessment item when studying the 

overall player experience. However, this could be a real problem if the goal is to get a clear picture of 

the impact of a game design choice on presence. It may be crucial to know which dimension of 

presence is specifically impacted by a given design choice. As an example, the meta-analysis showed 

that the choice of avatar appearance has a significant effect on global presence. But it would have 

been more informative to study each specific dimension of presence. In particular, we could 

hypothesize that self-presence would be particularly enhanced in such a case since an avatar is a 

prolongation of the self in the virtual environment. Studies on multiplayer aspects illustrate this point 

perfectly. They showed that global presence was positively impacted by the nature of the co-player 

with a moderate effect size. However, when social presence is specifically studied, which could be 

considered as a naturally relevant dimension for this game design factor, the studies showed a very 

large effect size. In the same line, the meta-analysis did not reveal a significant effect of control 

mode on global presence or spatial presence. Given the nature of the different dimensions of 

presence, it would have been interesting to study the impact of these design factors on self-
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presence. It can be hypothesized that the mode of control is a type of prolongation of the self in the 

virtual environment and therefore has an impact on the sense of self-presence. Specific dimensions 

of presence should be studied more in future research, instead of, or at least in addition to, global 

presence. Targeting a specific dimension in relation to the nature of the game design factor would be 

particularly relevant. More generally, studies on social presence and self-presence are lacking and 

should be further explore in future research. 

In terms of techniques for measuring presence, this review found that numerous questionnaires and 

scales were used in the included articles. While it is good that validated scales were widely used, it is 

unfortunate that there are very diverse. Given their heterogeneity, this may limit the validity of the 

comparison of results to some extent. The results of meta-analyses may be more robust when the 

measurement instruments are homogeneous. Future research should attempt to use similar scales to 

assess presence in video games. For example, the use of some global, presence-specific scales, such 

as the MPS (Makransky et al., 2017), have the advantage of assessing global presence and each sub-

dimension at the same time. Unfortunately, the review did not reveal any such scales constructed 

specifically for video games. 

Finally, the results of the literature review showed that presence was exclusively assessed with 

subjective questionnaires and scales. This is not surprising given that presence is primarily a concept 

that the player can experience when playing video games. Declarative instruments seem to be the 

best for collecting the player’s impressions of their experience during their interaction with a game. 

However, other techniques based on the player’s behavior or physiological state exist and have been 

validated, included for video game situations (e.g., Terkildsen & Makransky, 2019). It may be 

worthwhile for future studies to include these techniques, instead of or in addition to subjective 

techniques, in order to have more varied data to characterize presence in video games. 
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4.2. Design recommendations 

One of the benefits of this meta-analysis is that the effects of game design choices on the sense of 

presence were quantified and their size calculated based on the combination of data from different 

experimental studies. Therefore, these results may help to better optimize player experience in video 

game design than the results from isolated studies. Some design recommendations with their 

expected impact on the players’ sense of presence, based on these results, are provided to game 

designers in Table 8. 

 

Table 8. Design recommendations based on significant effects from the meta-analysis. 

Game design 
factor 

Design recommendation 

Expected impact on presence dimensions  
(based on effect sizes of the meta-analysis) 

Global 
presence 

Spatial 
presence 

Social 
presence 

Self-
presence 

Display mode 
Display the virtual environment in an HMD device 
(vs. a monitor display) 

Small Moderate - - 

Combined 
display & 

control device 

Display the virtual environment in a VR device, i.e. an 
HMD combined with a motion controller (vs. a 
classic monitor display and controller) 

Large - - - 

Co-player 
nature 

Allow players to play with human co-players (vs. 
computer co-players) in a multiplayer game 

Moderate - 
Very 
large 

- 

Co-playing 
mode 

Allow players to play cooperatively or collaboratively 
with other players (vs. competitively) in a multiplayer 
game 

- - Large - 

Avatar 
Allow players to choose their avatar in the game (vs. 
imposing a default avatar) 

Small - - - 

Narrative 
Introduce a contextual story in the game (vs. no 
story) 

- Moderate - Moderate 

 

 

4.3. Limitations 

As with many systematic reviews and meta-analyses, the results of this study may be limited by the 

body of literature reviewed, while the total number of articles included in this review was quite large 

given the relative recency of the field of game user research. 
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The limitations of this review are reached when it comes to exploring some specific game design 

factors or presence dimensions in more detail. For example, several game design factors described in 

the review were not included in the meta-analysis because they were unique in their research 

question (e.g., visual interface or online playing). Similarly, the meta-analysis includes comparisons 

with a small number of studies (2 or 3 studies), while other included a large number (5 or 6 studies). 

This may limit the validity of the findings. 

In addition, as noted above, the variety of comparisons may be considered as a limitation of the 

meta-analysis. While many game design factors were investigated in the included studies, not all 

existing factors explored in the literature on player-computer interaction were investigated in 

relation to the sense of presence (e.g., challenge, game rules, etc.). Similarly, the influence of 

included game design factors has not been studied on all dimensions of presence (e.g., the effect of 

control mode on self-presence). This may also limit the validity of the results. 

4.4. Perspectives 

The present research focused solely on presence, which is only one dimension of player experience in 

video games. The goal was to isolate this concept to specifically study the effects of game design 

factors on it. Future research should then focus on other dimensions of player experience. Two 

directions can be explored by these future studies. 

First, future meta-analyses should be conducted on the other main dimensions of player experience, 

namely immersion, flow, and enjoyment for the most important ones. Some literature reviews 

already exist, such as general reviews on player-computer interaction (e.g., Caroux et al., 2015), but 

also more specific reviews on enjoyment (e.g., Segundo Díaz et al., 2022) or flow (e.g., Khoshnoud et 

al., 2020). But none of them provide quantitative evidence of the effects of game design choices on 

these essential dimensions of player experience. 

Second, the concept of presence should be studied in relation to these other dimensions of player 

experience. The connection between presence and other dimensions have sometimes been studied, 
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but mostly in a theoretical manner, such as the connection between flow and immersion (Michailidis 

et al., 2018). Most of the articles included in this review have studied each dimension in isolation. 

Future studies should examine the links between presence and other dimensions when investigating 

the effects of game design choices. 

5. Conclusion 

The present article reports a systematic review and metanalysis of the effects of game design factors 

on the sense of presence. The systematic review showed that many major categories of game design 

aspects are well represented in the reviewed literature. The most studied factors are mainly related 

to input/output information techniques and multiplayer aspects. Factors related to in-game contents 

have been studied in a more disparate manner. The meta-analysis showed that the way visual 

information is displayed, as well as the nature of the co-player and the mode of co-playing in 

multiplayer games have the largest effects on presence. The systematic review also showed that 

presence was primarily assessed using subjective questionnaires and scales, but that the wide variety 

of these instruments limits comparison across studies. This study revealed that future research 

should focus on investigating game design factors in a more targeted manner, systematically 

assessing presence with its most relevant sub-dimensions, and using more similar scales to assess 

presence. Finally, one of the benefits of this meta-analysis is that the effects of game design choices 

on the sense of presence were quantified and their size calculated based on combining data from 

different experimental studies. Therefore, these results can help to better understand the specific 

effect of each game design choice and thus optimize player experience in video game design than the 

results of isolated studies. 
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Appendix: List of articles included in the systematic review according 

to the game design factor studied and the presence dimension 

assessed 
 

Game aspect 
Game design 

factor 

Presence dimension assessed 

Global presence Spatial presence Social presence Self-presence 

Input/output 
information 

Display mode 

Chung & Gardner, 2012;  
Emmerich & Masuch, 2016;  
*Hogue et al., 2012;  
Hou et al., 2012;  
*Limperos et al., 2014;  
*Pallavicini et al., 2018;  
Rajae-Joordens, 2008;  
*Roettl & Terlutter, 2018;  
Weber et al., 2020;  
*Yildirim et al., 2018 

Bracken & Skalski, 2009; 
Emmerich & Masuch, 2016; 
*Lemmens et al., 2022; 
*Schild et al., 2012;  
*Seibert & Shafer, 2018; 
*Williams, 2014 

Emmerich & Masuch, 2016 Hou et al., 2012 

Control mode 

*Aymerich-Franch, 2010;  
Chung & Gardner, 2012;  
Gürkök et al., 2011;  
Peña & Chen, 2017;  
*Rachevsky et al., 2018; 
*Schmierbach et al., 2012 

*McGloin et al., 2011; 
*Seibert & Shafer, 2018; 
*Shafer, 2021;  
*Shafer et al., 2011, *2014; 
Skalski et al., 2011;  
*Williams, 2013, *2014 

- Williams, 2013 

Combined 
display & 

control device 

*Pallavicini et al., 2019;  
*Peng et al., 2019;  
*Rachevsky et al., 2018 

- Brondi et al., 2015 - 

Visual interface 
Gerling et al., 2013;  
Lim & Reeves, 2009;  
Marre et al., 2021 

Marre et al., 2021 - Marre et al., 2021 

Auditory 
interface 

Chung & Gardner, 2012 *Klimmt et al., 2019 - - 

Multiplayer 

Co-player 
nature 

*Johnson et al., 2015;  
*Lim & Reeves, 2010;  
Ravaja et al., 2006;  
*Vella et al., 2017;  
*Weibel et al., 2008 

Ravaja, 2009;  
Ravaja et al., 2006 

*Cairns et al., 2013;  
Gajadhar et al., 2008; 
*Kätsyri et al., 2013 

- 

Co-playing 
mode 

Gábana Arellano et al., 2017; 
Lim & Reeves, 2010 

- 
Chanel et al., 2012;  
*Mayer et al., 2018;  
*Spapé et al., 2013 

- 

Online playing - - 
Cairns et al., 2013;  
Gajadhar et al., 2008, 2010 

- 

In-game 
contents 

Avatar 

Birk et al., 2016;  
*Lim & Reeves, 2009; 
*Schmierbach et al., 2012;  
Wauck et al., 2018 

- - - 

Narrative 
Emmerich & Masuch, 2016; 
Schneider et al., 2004 

Emmerich & Masuch, 2016; 
*Park et al., 2010 

Emmerich & Masuch, 2016 *Park et al., 2010 

Gameplay 
Chung & Gardner, 2012;  
Wauck et al., 2018 

Balakrishnan & Sundar, 2011 - - 

Reward 
Johnson et al., 2015;  
Phillips et al., 2018 

- - - 

Difficulty De Simone et al., 2012 - - - 

Note. * denotes an article for which one or more studies are included in the meta-analysis. An article 

may be cited more than once in the table based on the game design factor and the presence 

dimension assessed.  


