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1 Introduction - Interconnected Games 

During the last decade, game industry has gone through a massive growth and the competition on 

the markets is fierce. More and more sequels are created for game series, as players already know 

the background and the concept of the game. It is much easier to take up a sequel of a familiar 

game, than to start a completely unknown game from the scratch. A good example of how 

familiarity can be transferred by mixing up familiar concepts is the Kingdom Hearts Franchise, 

where characters from both Disney and Final Fantasy series are joined together in one game.  

Would it be possible and take the concept further and enable transferring of familiar game 

contents from one game to another? The motivation behind our research is to find out, whether it 

would be possible to create technology that enables connecting games to each other. In the 

presented research, we want to answer to the following questions: 

 What research has been done on connecting games or virtual worlds together? 

 What technical solutions exist for connecting virtual environments together? 
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The concept of connecting multiple games and virtual worlds together is fundamental for the 

creation of a new gaming paradigm, where games turn from separate products into continuity 

between multiple products. This can have powerful business opportunities, for example in 

discovery of new games and deeper immersion for players.  

This research will be interesting to the following three communities; software developers, game 

& media researchers and business people. For software developers, our research describes 

approaches on how games could be connected together and influences how new technology 

should be developed. For the game & media researchers the study gives a good starting point on 

how to construct and design studies in order to understand interconnected games. By having a 

vision of how games and virtual worlds could be connected together, the researchers can also 

understand the behavior of gamers in virtual worlds. For business perspective, our research gives 

an idea of the different levels of connectivity and helps to design new business studies, for 

example evaluating the economical possibilities of connected virtual environments.  

The article continues as follows. In chapter 2 describes the planning of the study, explaining how 

we contacted experts for removing researcher bias and selecting the databases and queries for the 

literature evaluation process. Chapter 3 gives an analysis of the selected articles and answers to 

the stated research questions. Finally, chapter 4 concludes the study, giving a short overall 

description of the complete study.  

 

2 Mapping Study 

The purpose of our research was to understand the current state of the art in academic research on 

connecting games together. In order to carry out the study in a rigorous and repeatable manner, 

we decided to use Systematic Mapping Study [1] as our research methodology. It provides a 

framework for creating a research strategy that can be systematically followed to perform a 

literature study.  

Systematic Mapping Studies tend to have a wide perspective on the research field and to have 

multiple research questions, as the goal is to map out a certain research area. In addition, the goal 

of a systematic mapping study is to classify existing research, conduct a thematic analysis and to 



Accepted manuscript. Please refer as: “Janne Parkkila, Jouni Ikonen, Jari Porras, Where is the 
research on connecting game worlds? - A systematic mapping study, Computer Science 
Review, Volume 18, 2015, Pages 46-58, ISSN 1574-0137, 
https://doi.org/10.1016/j.cosrev.2015.10.002”  

3 
 

identify publication forums [2] related to the research area. As the purpose of this research was to 

understand the field of connecting games and the related research as well as the overlapping 

research areas, such as the field of virtual world research, the systematic mapping study suited 

our purposes. Our research questions for the research are the following  

 Research Question 1: What previous research has been done on connecting game worlds 

together and with what results? 

 Research Question 2: What are the overlapping fields of study that deal with connecting 

games together?  

 Research Question 3: What terminology is used by the researchers? 

2.1 Consulting the Experts 

In order to gain deeper understanding of the search strategy, we contacted 45 experts, explaining 

our research objectives for the mapping study, the topic of connecting game worlds. The goal was 

to ask for most important publication forums in their opinion as well as to assess possible 

keywords to use in the search.  

The selected experts were editors of the academic journals in the field of game studies and virtual 

world studies. We contacted the experts by email, explaining the research topic and asking to 

answer to following three questions: 

1. What do you consider as the most important publications (journals, magazines, 

conferences) on your field of expertise in games? Please, do not consider your own 

publications here. 

2. What keywords would you associate to the theme “connecting game worlds”  

3. Have you come across studies/projects related to “connecting game worlds”? If so, please 

elaborate 

Of all the 45 experts, only 7 answered, leaving us with a quite small amount of results. We sent a 

second email to those who had not answered within two weeks of the first email. Even after the 

second contact we did not receive any more responses from the researchers. 

Despite the small number of answers received, the responses were helpful. Figure 1 shows a 

compilation of the answers received from the experts. We received a number of publication 
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forums that would be relevant to our searches. However, not even one of the respondents had 

come across with studies on the matter of connecting games. Some also expressed their concern 

on the terminology, asking to explain terms 'game world', 'virtual world' and 'connecting game 

worlds' clearly, as they are somewhat ambiguous and can be used describe multiple different 

things. 

 

 

Query Results 

Publication Forums ACM, IEEE, SAGE, Digra, Game Studies, Elsevier, Springer, 

EdLib, Games & Culture, Simulation & Gaming, Journal of Virtual 

Worlds Research, Journal of Gaming and Virtual Worlds, 

International Journal of Role-Playing, Game Developers 

Conference, SIGGRAPH, Eludamos, Loading 

Articles, Books Celia Pearce : Communities of Play 

Keywords Networking, Community, Transmedia, identity management, 

authentication, seamless integration, metaverse, extended universe, 

fanon, Mass Effect, intertextuality 

Notes No clear definition on what is a game world. "Connecting Game 

Worlds" is a not a familiar term.  

Search from Virtual worlds research.  

Look for similarities in Mass Effect, Eve Online - Dust 514 

connections, Facebook credits, Raptr & Avatars United 

Figure 1 - Expert consultation results 

2.2 Selecting Databases for Queries 

In addition to asking from the experts, we also consulted literature for major game-related 

publication forums. A listing for game research forums was found in the book Introduction to 

Game Studies [3], containing entries such as Digital Games Research Association, DiGRA 
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Conferences (http://www.digra.org) and Game Studies Journal (http://gamestudies.org). These 

were used as a starting point for gathering information on game studies. However, as one of the 

goals of this systematic mapping study is to identify research fields that are closely related to the 

topic of connecting games together (research question 2), the research needs to be done on a 

wider range of libraries, outside of the focused game areas. Thus we decided to include the 

databases such as IEEE Xplore and ACM Digital Library in order to cover a wider area of 

publications. In addition, we conducted the search on publications that were listed both in the 

book of Introduction to Game Studies as well as in the responses of the experts. 

For carrying out the research, we had to decide on search strings to use. In the beginning, the 

main goal is just to carry out a pilot search and then modify the search phrases according to the 

pilot results. We decided to start with quite overall search terms that seemed to fit the topic in 

question. The pilot search string to be used were the following:  

 games AND (unifying OR connecting)  

 game interoperability  

 hypercontext  

 game AND (“literature review”) 

 

2.3 Deciding on Selection Criteria 

In order to keep the mapping study structured, a selection criteria for inclusion and exclusion of 

articles had to be formed. In our research, the goal was to find articles, which answered to our 

research questions, displaying existing technological solutions or discussing the topic in a more 

theoretical level. Forming a very strict criteria on such a new research topic as connected game 

worlds is very hard, as there is no common vocabulary and some relevant research can use 

completely different terminology than expected. Thus we decided to use quite abstract 

definitions, in order not to miss vital information on the first round of search (when reading the 

titles, keywords and abstract for inclusion of papers). For example, we decided to include articles 

that talk about merging virtual world and the physical world together. The full inclusion and 

exclusion criteria can be found in Appendix A - Procedure for Systematic Mapping Study. 
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2.4 Procedure for Study Selection 

When making searches in the selected databases and publications, a certain procedure needs to be 

followed. This same procedure is applied to all the searches and enables researchers to follow the 

same steps when going through the search process. Once the searches have been done, the 

inclusion and exclusion criteria are used to select the appropriate studies. The study selection 

procedure is divided into following steps:  

1. Removing duplicates  

2. Excluding obviously irrelevant studies according to title  

3. Going through the abstracts and conclusions, while removing the irrelevant studies  

4. Reading the full papers and deciding the final inclusion or exclusion based on them 

 

2.5 Carrying out the Pilot Search 

Before starting the actual search in all the accepted publication forums, a pilot search was carried 

out in April 2014. The goal was to see the results of the search terms and the validity of the 

search criteria, in order to adjust them to get better results. The pilot study was only carried out in 

couple of the databases, just to test out the effectivity of the search. The results of the pilot study 

are shown in Figure 2. The numbers in the table show the total number of articles found with the 

given terms and the number of included articles according to our inclusions criteria. 

As can be seen from Figure 2, most of our searches gave us zero articles. This confirmed even 

more our expectations of not finding too much research on the area of connecting games. 

However, ACM Digital Library seemed to produce some results with game interoperability. Thus 

we were certain something would be found, once we managed to define our search terms 

properly.  

Of the used terms none really produced valuable results. Searching solely for hypercontext 

resulted in less than 10 results in all databases. The largest amount of results seemed to come 

from ACM Digital Library with the terms game AND “literature review”. However, after the first 

few pages of going through these results, it was quite clear that the search engine returned 

irrelevant results. We needed to further define the search terms to find more exact results. 
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Search Terms IEEEXplore ACM Digital 

Library 

Total 

games AND 

(unifying OR 

connecting) 

0 / 12 1 / 185 1 / 197 

game 

interoperability 

0 / 62 - 0 / 62 

(game OR "virtual 

world") AND 

interoperability 

- 5 / 134 5 / 134 

hypercontext 0 / 1 0 / 6 0 / 7 

((game) AND 

"literature review") 

0 / 27 0 / 1066 0 / 1093 

games AND unifying 

AND "virtual 

worlds" 

0 / 5 2 / 57 2 / 62 

Figure 2 - Results of the pilot search 

 

After seeing the results produced by the search engines and reading the articles, we decided to 

change the search terms to reflect the wanted results better. For example, the term 

'interoperability' did not really appear in the accepted pilot results, even though the search terms 

gave us some results. In order to search really both wide and narrow, the search terms were 

changed into the following four queries: 

 Connecting virtual worlds  

 games AND (unifying OR connecting) AND (virtual worlds OR game worlds OR game 

universes)  
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 unifying games  

 games AND unifying AND "virtual worlds" 

2.6 Results of the Actual Search 

The full-scale literature search was carried out in June 2014 and later updated in February 2015 

to include possible new articles. The actual search was done in five different databases (IEEE 

Xplore, ACM Digital Library, Springer Link, Science Direct & SagePub) and in five different 

publications (International Journal of Computer Game Research, DiGRa Digital Library, Journal 

of Virtual World Research, Eludamos Journal for Computer Game Culture & Loading Journal of 

Canadian Game Studies). The database queries were done against the document titles, keywords 

and abstracts, as full-text search gave irrelevant results due to games, virtual worlds and 

interoperability being quite general terms that are found in a wide variety of articles. The 

searches in publication journals were done with the search tool available on the site or with 

google site search. 

After doing the searches, removing duplicates and filtering the results based on our inclusion and 

exclusion criteria, the structured literature study resulted in 23 unique research papers, as shown 

in Figure 3. Some of the publication forums, such as Eludamos, had no matching results with any 

of the search queries. However, the use of structured approach allowed to go through a large 

number of articles within a reasonable time, thus confirming the initial assumption of connecting 

games together being a little researched area.  

 

 

Search Place 

/ Search 

Terms 

Connecting 

virtual 

worlds 

games AND 

(unifying OR 

connecting) AND 

(virtual worlds OR 

game worlds OR 

game universes) 

unifying 

games 

games AND 

unifying AND 

"virtual worlds" 

Total 
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IEEEXplore 6 / 361 0 / 54 2 / 224 0 / 6 8 / 645 

ACM Digital 

Library 

0 / 3 1 / 45 0 / 50 3 / 135 4 / 233 

Springer 

Link 

0 / 40 0 / 0 2 / 70 0 / 70 2 / 180 

Science 

Direct 

1 / 16 1 / 335 0 / 44 0 / 81 2 / 476 

SAGEPub 0 / 3 0 / 0 0 / 5 0 / 25 0 / 33 

International 

Journal of 

Computer 

Game 

Research 

1 / 137 0 / 10 0 / 1 0 / 2 1 / 150 

DiGRa 

Digital 

Library 

2 / 239 0 / 1 0 / 1 0 / 25 2 / 266 

Journal of 

Virtual 

World 

Research 

3 / 34 0 / 2 1 / 5 0 / 5 4 / 46 

Eludamos, 

Journal for 

Computer 

Game 

Culture 

0 / 5 0 / 1 0 / 3 0 / 1 0 / 10 

Loading, 

Journal of 

Canadian 

Game 

Studies 

0 / 7 0 / 0 0 / 3 0 / 0 0 / 10 
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Total 13 / 845 2 / 448 5 / 406 3 / 350 23 / 2 049 

Figure 3 - Results of the actual mapping study 

3 Findings & Discussions 

Following the previously defined study selection procedures gave us 23 academic articles. A 

summary of the mapping study results is shown in Appendix B - Included Research Articles in 

the Systematic Mapping Study. The focus and the viewpoints of the articles varied considerably. 

Several of the articles focused on presenting specific technological solutions, such as how to 

enable messaging across multiple virtual worlds and the real world [4] and how to teleport items 

from one virtual world to another [5]. Some of the articles discussed the possibilities and 

problems of standardization in virtual worlds on theoretical level, for example criticizing 

deterministic approach in standard creation [6].  

Next, we look at how well the results answer to the initial research questions and explain the 

findings in more detail. 

 

3.1 Research Question 1: What previous research has been done on connecting game 

worlds together? 

The first research question covers the main results and describes the research done previously on 

the topic. The articles were grouped into four different categories and are referenced here 

according to the topics of the study. The categories found are 1) Standards and interoperability, 2) 

Technological solutions for connecting virtual worlds, 3) Semantics in virtual worlds and 4) 

Social perspective of virtual worlds. 

3.1.1 Standards and Interoperability 

The most thorough article, “3D virtual worlds and the Metaverse: Current status and future 

possibilities” [7], gives a good overview on development of virtual worlds. The article surveys 

the current status of computing and how it applies to 3D virtual spaces and outlines what is 

needed for integrating 3D virtual worlds together. The study looks at creation of a common 

Metaverse through four different factors: realism, ubiquity, interoperability and scalability. The 
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history and advancement of virtual worlds is well presented, giving a proper overview on the 

influences and trends in the introduction and development of virtual worlds. 

The authors [7] state that the major challenges for creating a Metaverse of multiple virtual worlds 

are related to technological challenges (e.g. how to model real world objects in virtual worlds) 

and to economic and political barriers. Even though technological development is seen as a major 

challenge, the pace of advancement in virtual world technologies is hard to be predicted 

correctly. Currently the virtual worlds are dominated by proprietary platforms, such as Second 

Life and World of Warcraft. The dominance of closed platforms can eventually become a 

problem for the development of virtual worlds, similar to AOL and CompuServer in the early 

days of the internet. The companies played an important role in the first steps of development and 

in gaining acceptance for the technology, but ultimately became a hindrance to the development 

of the World Wide Web. 

Transferring virtual 3D-objects between two separate virtual worlds was demonstrated by [5]. 

The article presents a case study on how to motivate elderly people to exercise with the help of 

virtual biking. Pedaling a gym bike translated to movement in a virtual world, while Second Life 

contents were used to populate the virtual world designed for exercising. The authors conclude 

that interoperability among virtual worlds could lead to completely new concepts, such as World 

of Warcraft characters visiting Second Life. However, the dominance of proprietary platforms 

and lack of globally accepted standards for virtual object geometry, capability, interaction and 

exchange, make truly interoperable systems impossible. 

Looking from another perspective, [8] studied how the MMORPGs could support better 

pervasiveness by enabling certain parts of the game to be played with mobile phone. The research 

states that such “parallel reality” gaming that mixes both real-life and game events together could 

bring new possibilities. However, player interviews resulted in mixed results. First, it was hard to 

imagine games where real-life events would influence gameplay. In addition, the older players 

were not really interested in the concept, whereas the younger age groups considered such games 

as a good idea. As the feedback was quite varied, the authors suggest further research on the 

topic.  
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Overview on how to control avatars and virtual objects with real world devices using MPEG-V 

standard for virtual worlds, was given by [9]. The study points out the need for strong 

connections between virtual and real world, especially when creating services that react to 

changes in the environment. Such services require standards of interoperable metadata. 

The use of MPEG-V to enable interoperability was not without criticism. [6] Examined current 

efforts to create standards across virtual worlds, using material from the MPEG-V working group 

as a case study. The paper states that standardization is not the ultimate solution to virtual world 

interoperability. The authors argue that better metrics should be developed to determine real costs 

and benefits with respect to other realms of life. The article states that creating strict and very 

specific standards will threaten the adaptability of virtual worlds and will significantly decrease 

players' freedom of choice. A good standards should be flexible and take into account the rather 

broad diversity of synthetic, discrete ecosystems.  

One perspective by [10] takes a completely different look at common existence of virtual worlds, 

by looking at unification of virtual currencies. The researchers argue that virtual currencies 

cannot be exchanged freely, reducing the purchasing power of the users. In addition, the 

existence of multiple currencies is a risk to users, as virtual currency can suddenly become 

worthless because of collapse of the community or game. To take on these challenges, the authors 

suggest creation of a single, unified virtual currency that can be used and bought freely from 

different places on the web, allowing the wealth to flow freely and to further the development of 

virtual worlds. However, the authors point out that creating a unified virtual currency that is 

neutral seems to be possible only through government influence, making it a difficult task to 

create.  

 

3.1.2 Technological Solutions for Connecting Virtual Worlds 

Almost half of the included articles describe different technological solutions on how virtual 

worlds or virtual and physical worlds could be connected together. The articles vary a lot, from 

mirroring real world in a virtual world to enabling communication from virtual world with any 

existing telecommunication systems. The articles in the technological solutions category can be 

divided into sub-categories of 1) enabling movement and interaction between virtual worlds, 2) 
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enabling interaction between virtual and the physical world, 3) enabling communication between 

virtual worlds and physical world and 4) enabling use of affect-awareness and sharing it among 

virtual worlds. 

In the first category, of movement and interaction between virtual worlds, [11] described how 

multiple avatars from different worlds can share common locations, for example an auction 

house. The authors propose an architecture of Virtual Institutions middleware, which is based on 

multiagent systems to enable participation of avatars from different worlds. From another 

perspective, [12] presented a tool called SEAMS, for distributed development of continuous 

virtual environments without the need for central authority. The tool allows travelling to other 

virtual worlds through a door or a portal, enabling “seamless” continuity between multiple virtual 

worlds. 

The second category of interaction between virtual and the physical world takes a step into 

another direction. [13] Proposed an integration architecture for blurring the gap between real and 

virtual objects. The article describes how day-to-day metaphors, for example use of mobile phone 

features, could be included in virtual worlds. In their scenario, a virtual world avatar could use 

the features of the physical world mobile phone. In addition, the authors state that cross-

community standards are required to allow technologies to communicate universally. A similar 

idea, was taken a little bit further by [14]. The authors created a Second Life client-add-on for 

controlling physical home devices that where connected to the web. The add-on enables control 

of physical home from a virtual world that is modelled to look like a copy of the original one. For 

example, when a user opens a door in the real world, it is opened in the physical world as well. 

And vice-versa, thus enabling mirroring of physical world in a virtual world setting. 

The third category of communication between virtual worlds and virtual and physical had been 

an interest to multiple authors. [15] Presented a solution on how to tackle the problem of 

communicating with friends and relatives that are not in the same virtual environment. They 

explained, that calling to a mobile phone from Second Life could be made possible with the use 

of certain “hyperlinks”. These "hyperlinks" enable the use of any owned telecommunication 

method via the available Unique Resource Identifiers (URI). In their technical solution, every 

mechanism could be an URI, painted on a 3D object, which connects to different communication 

methods. Another approach to incorporating messaging between multiple devices and virtual 
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worlds was presented by [4]. The authors proposed design of an application called Plug, for 

keeping contact with friends across many connected 3D virtual worlds. The proposed application 

creates an personalized, self-acting avatar of the user, that can interact on behalf of the user when 

he/she is not online enabling the user to communicate with the users of the virtual world in a 

more immersive way, even though the user could be messaging from a regular messaging client. 

The authors suggest that if virtual environments could be accessed in Internet Messaging –style, 

the environments would be more useful and accessible.  

The fourth and final category contains approach for including affect into virtual worlds and 

games. [16] Introduced a service-oriented middleware called Koko for incorporating affect into 

games and other entertainment applications. The goal of the architecture is to improve developer 

productivity and to yield better user experience by allowing applications to collaborate and 

enables affective communication in multiplayer and social games. [17] Further elaborated how 

emotional engagement between the game and player could be enhanced with the use of Koko. 

The authors also stated that there is no interoperability of continuity between affect-aware games. 

Also, incorporating affect into games would help to create better guidance in games, as the virtual 

characters could understand players better. 

 

3.1.3 Semantics in Virtual Worlds 

Another often appearing topic in connecting games and virtual worlds together is the use and 

modeling of semantic data in virtual worlds. Many of the authors propose semantic modeling of 

data as a solution for creating interoperability among different virtual world systems. 

A good analysis on the role of semantics in games and simulations was presented by [18]. The 

article suggests three levels of semantic modelling for virtual worlds; 1) The physical and 

functional properties of virtual world objects, 2) The relationships between elements and 3) The 

high level concepts, such as time, weather and climate properties. The authors of the research 

explain, that with this three level modeling, it is possible to enhance development of large virtual 

worlds as well as to produce more lifelike experiences. Semantics could for example speed up 

edition process of game worlds, enable more realistic virtual worlds and to allow more interaction 

between objects in virtual worlds. The article concludes that use of semantic information has 
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numerous and rather promising uses in virtual worlds. However, a lot of effort has to be placed 

on designing generic and powerful vocabulary and it needs to be seamlessly integrated in 

development tools. 

A conceptual modeling approach was introduced by [19] to facilitate and shorten the 

development process of Virtual Reality applications. The conceptual specification enables better 

description of virtual worlds, the objects and the relation between them. This conceptual 

modeling phase also enables inclusion of automatic semantic annotations in virtual worlds. 

Combining semantic searching of the web with the manipulation possibilities of 3D worlds 

discussed by [20]. The articles suggests, that having visually appealing virtual world content that 

is easily manipulated could have great potential. Realistic and at the same time searchable and 

retrievable virtual 3D world will open door to significant possibilities. The authors describe this 

paradigm as giving virtual world users a sense of “Data-in-Depth”. 

Two ontology description papers were also included in the search. Both of these present an 

ontology related to games, but from a different perspectives and use purpose. [21] created a list of 

elements which form a metadata schema for describing video game. The ontology research aims 

to create a standardized metadata schema and encoding scheme that provides an intelligent and 

comprehensive way to represent video games. The other ontology presentation [22] constructed 

an example of an ontology in the domain of mobile video games. The main purpose of the 

ontology is to work as a tool to inform and guide the analysis of games as well as provide a 

framework for the discussion and exploration of game design space. 

 

3.1.4 Social Perspective of Virtual Worlds 

One interesting and vital part of the virtual world unification research is the social perspective of 

virtual worlds. Often interoperability and integration of virtual and game worlds is seen only as a 

technological challenge. However, [23] argued against drawing of artificial boundaries that are 

caused purely by technological distinctions. The author argues very well, that when considering 

virtual worlds from social world perspective, social reality as a whole is seen as consisting of 

numerous social worlds of varying size, which overlap, intersect and segment into sub worlds. 
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Thus virtual world cannot be seen as a separate place just because it happens inside a computer 

screen. 

The social perspective of cyberworlds was studied by [24]. The article looked from the player 

perspective, asking what happens when a cyberworld ends? The closing of virtual world 

there.com led into interesting situation of users feeling like they lost their home. The study 

revealed that players do not simply disappear and stop playing when a cyberworld ends but they 

actively work to form groups and relocate their activities elsewhere. The author explain the users 

feeling like they lost part of themselves, thus stating that virtual worlds are indeed “real” worlds, 

containing real friends, houses, community and even the entire world. In many ways, the 

“virtual” was considered to be a “real” world. 

The author [24] continues, that there has been a tendency across cyberworlds research to look at 

virtual worlds as places that are “as singular and somehow separated, in the same way that 

anthropologists once viewed “primitive” or “native” culture”. However, the results of the study 

show that a flow of activity and connectivity takes place all round the internet: in other virtual 

worlds, social networks, forums, blogs and video sharing sites. Thus it cannot be said, that virtual 

worlds are ever separate from one another, but continue living outside the technological system 

as well. 

The social perspective of virtual worlds was further elaborated by [23] with an example of EVE 

Online, explaining that participating in massive multiplayer games can be a very complex and 

involved activity, giving rise to sub-activities, organizations and even new technologies arranged 

around the central activity of playing the game. Even though participants cannot all share unity 

and intimacy, they form a sphere of “effective communication” that connects them together. 

Their communications are mediated not only by EVE’s servers and discussion forums, but by 

third-party sites, online radio broadcasts, video streams and a quarterly print magazine, engaging 

EVE users in a “universe of discourses” centered around the play activity." 

Finally, [23] states, that “one server, one people” virtual world perspective should be substituted 

with a social world perspective where people are uncoupled from technology. This mindset 

allows to point out shortcomings of the current MMO research, the most obvious point being that 

an MMO server does not enclose a “world” or “society” separate from the Earth. A MMO server 
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may be at the center of a social world, a universe of activity and discourse so deep that it feels 

like a different reality. But to a greater or smaller extent, the same individuals are simultaneously 

part of numerous other social worlds, which shape their identity and regulate their behavior. 

 

3.2 Research Question 2: What are the overlapping fields of study that deal with connecting 

games together? 

One of the goals of this literature study was to map the research areas that are related to 

connecting games and virtual worlds together. Based on the comments by the experts and the 

publication places and topics of the articles, a few research fields pop out. As the research deal 

with games, game studies is understandably a part of the research area. Another quite 

straightforward field of study is the virtual reality studies. Some of the articles mentioned also 

term 'Metaverse study' which can be considered being part of virtual reality studies. In addition, 

ontology and semantic technology studies seem to play a role in the interoperability of virtual 

worlds. Many of the articles discuss and suggest the use of semantics in creating more realistic 

and engaging virtual worlds that could exchange information with other virtual worlds and the 

real world. For the sake of clarity, a listing of found fields of study is shown below: 

 Virtual reality studies  

 Metaverse studies (basically same as previous)  

 Ontology engineering & studies on semantic technologies 

 Game studies 

 Computer Science 

 Media studies 

On top of all the listed research fields, other areas of research should not be forgotten. One 

driving factor in realization of connected virtual worlds is definitively money. The economical 

studies of producing value and new opportunities, such as the virtual unification of currency [10] 

will appear eventually. Also, security and privacy in connected worlds is quite likely a growing 

topic, once technological barriers of implementing interoperable worlds have been taken down. 
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3.3 Research Question 3: What terminology is used by the researchers? 

One important issue in fields with little research is the colorful use of terminology. As the 

research of connecting virtual worlds and game worlds is quite cross-disciplinary and done by 

scholars with multiple backgrounds, the used terminology can be vague and ambiguous. This 

problem of terminology was also stated by the experts during the initial expert survey at the start 

of this systematic mapping study. In order to map better the used terminology, we went through 

all the articles included in this study, trying to identify the key concepts used by the authors. The 

results of the terminology mapping are shown in Figure 4, listing the used terms in alphabetical 

order, displaying the amount of appearances in different papers and the term definition by the 

authors.  

Looking at the figure confirms the problem of multitude terms, as was already a concern of the 

surveyed experts. The total number of included articles in the systematic mapping study was 23, 

yet the only common term was “Virtual World”, by appearing in 16 different research papers. 

Even though no straight explanation was given by all the authors, the term can be considered as a 

common concept, covering both game worlds and virtual worlds altogether.  

A second common concept among the authors is the unification of virtual worlds into one large 

continent, which allows users to interact among each other without any restrictions. This concept 

is described with terms “Metaverse” and “Cyberspace”, with little differences. 

One noticeable problematic issue is, that when a term was used, 16 times out of 50 (32%), they 

were not explained by the authors. Most often this was related to the terms “Virtual World”, 

“Virtual Environment” and “Metaverse, which all were the most used terms among the research 

articles.  

Term Appearances Definitions 

Adaptive virtual 

worlds 

1 "These are worlds that adapt to global parameters (e.g., 

weather conditions and time) or evolve based on the 

user interaction (e.g., clearing forests and constructing 

buildings) in strategy games." [18] 

Cyberspace 3 1. From William Gibson's Neuromancer [12]  
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2. In Internet discourse, use of terms such as “IRL” 

and “cyberspace” illustrates thinking where 

network-mediated communication is 

conceptualized as activity and space distinct and 

separate from the affairs of the “meatspace” [23] 

3. Not clearly stated, but refers to the whole web 

with all forums, websites and cyberworlds [24] 

Cyberworld 1 To distinguish, that virtual worlds are really cyber (as in 

Greek: skilled in steering or governing) because 

cyberworlds are businesses governed by companies that 

have total control over almost everything that happens 

inside. [24] 

Inter-virtual Object 

Teleportation 

1 Moving objects from one virtual world to another [5] 

Interactive Virtual 

World 

1 Same as virtual world [5] 

Interoperable pivot 1 Using a third platform (here: web technologies) as a 

pivotal platform, that links multiple services/worlds 

together [15] 

Metaverse 3 1. Not explained [5] 

2. No explanation given [15] 

3. Integrated network of 3D virtual worlds [7] 

Metaverse of Worlds 1 Virtual worlds connected together with standards [6] 

Multi-User Virtual 

Environment 

1 Any Virtual world, game or not. Same as Virtual World 

[4] 

Normative 

Institution 

1 Previously used term for Virtual Institutions [11] 

Online Synthetic 

Worlds 

1 Used in mix with online virtual reality & virtual world 

[6] 

Online Virtual 

Worlds 

1 Same as virtual world [4] 
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Parallel Reality 1 In a parallel reality, the game takes place in two 

different worlds: the real world and the virtual world. 

Real-life events can have an effect on the events in the 

virtual game world and vice versa. [8] 

Parallel Universes 1 No explanation given [15] 

Pervasive Games 1 a game that is always present, available to the player. 

These games can be location sensitive and use several 

different media to convey the game experience [8] 

Social Virtual World 1 E.g. Second Life [4] 

Social Worlds 1 No explanation given [23] 

Virtual 

Environment 

5 1. No explanation given [15] 

2. No explanation given [12] 

3. No explanation given [13] 

4. MMO [23] 

5. No explanation given [18]  

Virtual Game World 1 No explanation given [8] 

Virtual Hybrid 

Telecommunications 

1 Enabling use of legacy telecommunication 

infrastructures, in both physical and virtual worlds [15] 

Virtual Institutions 1 Combining Electronic Institutions with virtual worlds. 

Electronic institution provides the rules and virtual 

world facilitates the human participation. [11] 

Virtual Reality 3 1. Used in mix with online synthetic worlds & 

virtual world [6] 

2. For the context of this research, VR is defined as 

a three-dimensional computer representation of a 

space in which users can move their viewpoints 

freely in real time [19] 

3. "General term that refers to computer-generated 

simulations of three-dimensional objects or 

environments with seemingly real, direct, or 

physical user interaction." [7] 
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Virtual Universe 1 Combination of all virtual worlds that are connected 

with SEAMS (technology presented in the article) [12] 

Virtual World 16 1. Any virtual 3D environment, such as Second 

Life [5] 

2. No explanation given [15] 

3. Persistent online computer-generated 

environments [9] 

4. No explanation given [11]  

5. "A 3D virtual world is a computer based 

simulated multimedia environment usually 

running over the Internet, where a user can 

access and interact with the other users by using 

a 3D virtual persona called avatar." [14]  

6. 3D Web Environment [20] 

7. Used in mix with online synthetic worlds & 

virtual reality [6] 

8. No explanation given [13] 

9. No explanation given [23] 

10. Same as Cyberworld. Comments, that virtual 

world has a bad sound to it, stating that 'virtual' 

worlds would not be real or somehow worse than 

real world [24] 

11. Any virtual world, game or not [4] 

12. No explanation given [10] 

13. No explanation given [16] 

14. No explanation given [17] 

15. Virtual worlds of games and simulations [18] 

16. "Virtual worlds are persistent online computer-

generated environments where multiple users in 

remote physical locations can interact in real 

time for the purposes of work or play" [7] 
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Virtual-Real inter-

human 

communication 

1 Communication between humans, between virtual and 

real worlds [15] 

Figure 4 - Terminology definitions as found in the mapping study articles 

4 Conclusions 

Our goal was to identify existing research on the topic of connecting game worlds together and to 

understand what other fields of research are related to the topic. Our main contribution to 

research is the mapping of the current state of the art in connecting games together. In addition, 

we gathered the terminology used by the researchers and showed that there does not seem to be a 

commonly agreed vocabulary among the scholars.   

Carrying out the systematic mapping study was not straightforward, as there are no clear 

definitions for the core concepts and terminology. We suspected the topic of connecting games 

not to be a widely researched topic and the systematic study proved the assumption true. Even 

though there are some good examples of connecting games together from the industry, such as 

the connection between Eve Online and Dust 514 by CCP Games, only a small amount of 

academic literature was found in the conducted study. However, virtual world research 

community has done some studies on how to merge virtual worlds together and even attempts to 

create common standards for virtual worlds. Altogether, the expert enquiry on the topic of 

connecting game worlds together and the research articles found in this study suggest that there is 

a significant research gap - especially in research of connecting games together. 

A number of technical articles were found in this study and they seem to suggest that multiple 

technological limitations can be surpassed, such as teleporting items between virtual worlds. The 

biggest issue related to interoperability of virtual worlds seems to be the lack of standards or 

widely accepted mechanisms for information exchange between different systems. Even though 

technology-wise many problems can be solved, there needs to be a common accepted standard, 

instead of multiple case-by-case solutions. Many researchers point out the possibilities offered by 

semantic modeling of data and using it to enable and enhance virtual world interoperability. 

Especially creation of immersive and more diverse virtual worlds could be achieved with use of 

semantics.  
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Quite interesting findings were the discussions of social aspects and the boundaries of virtual 

worlds. Technology is often seen as the dominating part in interoperability discussions, yet the 

greater value of virtual worlds and massive multiplayer games lives in the communities. The 

communities around the virtual environments use different tools to stay in contact, making the 

games and virtual worlds to continue existing outside their boundaries, in forums, videos, 

magazines and fan meetings. Thus, the importance of social world cannot be neglected when 

discussing the issues related to connecting games or virtual worlds together. Even though 

something can be technologically possible, whether it will bring any real value is another issue. 

Altogether, the systematic mapping study resulted in a good overall view on what has been 

researched on connecting game worlds and virtual worlds together. A lot of issues remain 

unexplored, for example how to semantically model games and their contents, what approaches 

for interoperability could be used, what are the political, security and social aspects of connecting 

game worlds together and how players would perceive interoperability among games. 
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Appendix A - Procedure for Systematic Mapping Study 

 

1. Protocol preparation which included defining  

a. the process  

b. the research questions  

c. the inclusion and exclusion criteria  

d. the analysis procedure  

2. Consulting the experts in the field to  

a. find better research terms and keywords  

b. find publication forums to include in the search  

c. select keywords for pilot study based on expert opinion  

3. Conduct of a pilot study  

a. defining the search queries  

b. choosing the digital libraries and other sources of materials  

c. searching the chosen databases 

d. reviewing the results  

e. summarizing and analyzing the results  

f. refining the queries for the actual search  

4. Conduct of the actual search  

a. selection of databases and search queries based on the pilot study results  

b. searching the chosen databases 

c. removing duplicates  

d. application of inclusion and exclusion criteria  

e. classification of excluded articles  

f. summary and analysis of results  

5. Data extraction  

a. review of articles  

b. gathering information from the articles  

c. classification of the articles  

d. identification of primary studies  
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6. Analysis of the results  

7. Development of conclusions  

8. Reporting  

 

Exclusion criteria for the articles 

 Studies about player behavior in massive multiplayer games and/or the player 

communities involved in them  

 Studies about UI design  

 Studies about teaching or learning in virtual worlds  

 Social media studies  

 Studies about designing games, game engines or game content 

 Studies about dialogues or storytelling 

 Studies discussing use of a specific sensors to enhance gameplay, such as GPS-based 

games or augmented reality studies 

Inclusion criteria for the articles 

 Studies about connecting game worlds together  

 Studies that aim at understanding contextuality or transferable abilities between game to 

other games or other media 

 Any systematic literature reviews on connecting games 

 Studies where digital games have been merged with real world  

 Studies where multiple virtual worlds have been connected together 
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Appendix B - Included Research Articles in the Systematic Mapping 

Study 

 

Topic / Units of 

Analysis 

Research Questions Research Approach Publication Type, 

Reference  

Realism, ubiquity, 

interoperability & 

scalability of 3D 

virtual space 

technologies 

What is current status 

of computing in 3D 

virtual spaces and 

what is needed to 

move from a set of 

independent virtual 

worlds to a 

Metaverse? 

Literature Survey Journal, [7]  

MPEG-V 

Standardization, 

Real world to virtual 

world adaptation 

- Technology 

presentation 

Journal, [9] 

Virtual Institution 

Execution 

Environment, 

Virtual World 

Interoperability 

- Technology 

presentation 

Journal, [11] 

Connecting Virtual 

Worlds 

Not clearly stated, 

but "How to 

construct a 

mechanism for 

navigation in 

Technology 

presentation 

Journal, [12] 
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complex virtual 

environments" 

Game Ontology "Identify important 

structural elements of 

games and their 

relationships, 

organizing them 

hierarchically" 

Technology 

presentation 

Conference, [22] 

Semantics in Games 

and Virtual Worlds 

Not clear, but "How 

semantics contribute 

to virtual worlds?" 

Literature study, 

technology mapping 

Journal, [18] 

Conceptual 

modeling in Virtual 

Reality 

Not clear, but "How 

semantically rich 

Virtual Reality 

applications can be 

done with conceptual 

modeling" 

Technology 

presentation 

Conference, [19] 

Metadata schema 

for describing video 

games 

Not clear, but "How 

to expand existing 

metadata schema" 

Player Interviews, 

domain analysis of 

catalogue systems 

and popular game 

websites 

Conference, [21] 

Virtual Currency 

Unification 

Not clear, but "How 

virtual currency 

unification could be 

implemented?" 

Questionnaire study, 

Idea presentation 

Conference, [10] 
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Integrating virtual 

and physical objects 

- Technology 

presentation 

Conference, [13] 

Networking between 

virtual worlds 

- Technology 

presentation 

Conference, [25] 

Internet Messaging 

between virtual 

worlds 

- Technology 

presentation 

Conference, [4] 

Service-Oriented 

Architecture for 

Modeling Affect 

Awareness in games 

Not clear, but "how 

to reduce burden of 

incorporating affect 

into games?" 

Technology 

presentation 

Journal, [17] 

Modeling Affect 

Awareness in games 

How to share user's 

affective information 

cross-games 

Technology 

presentation 

Journal, [16] 

Constructing Web 

Service for 

Modeling Virtual 

Scenes 

- Technology 

presentation 

Conference, [26] 

Interaction between 

virtual world and 

home automation 

- Technology 

presentation 

Conference, [14] 

Blending of virtual 

world and real 

world 

- Discussion Journal, [23] 
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Player behavior 

after virtual world is 

closed 

What happens when 

a cyberworld ends? 

Multi-sited 

cyberethnography 

Conference, [24] 

Mobile features for 

improving 

meaningful 

gameplay 

How current 

MMORPG can 
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