
 
 
 
 
 
Novel communication systems in Minecraft 
Player strategies and the requirements for the emergence of a referential symbol system  

 

 

 

 

 

 

Jeroen Bun 

ANR: 119436 

 

Master thesis 

Communication and Information Sciences 

Specialization Human Aspects of Information Technology 

 

School of Humanities 

Tilburg University, Tilburg 

 

Supervisor: Dr. P.A. Vogt 

Second reader: Dr. Ir. P.H.M. Spronck 

 

July 2016  



1 

 

Table of Contents 

Abstract ........................................................................................................................................... 3 

1. Introduction ................................................................................................................................. 3 

2. Theoretical Background .............................................................................................................. 6 

2.1 Evolution of language ........................................................................................................... 6 

2.2 Experimental Semiotics ........................................................................................................ 7 

2.3 Strategies in (ES) games ..................................................................................................... 10 

2.4 Existing video games as a research environment ............................................................... 10 

2.5 Research questions and expectations .................................................................................. 13 

3. Method ...................................................................................................................................... 14 

3.1 Participants .......................................................................................................................... 14 

3.2 Materials ............................................................................................................................. 15 

3.2.1 Tutorial Section. ........................................................................................................... 16 

3.2.2 Challenge Section. ....................................................................................................... 18 

3.2.3 Survey. ......................................................................................................................... 20 

3.3 Procedure ............................................................................................................................ 21 

3.4 Analysis............................................................................................................................... 22 

3.4.1 Motivations and understanding. ................................................................................... 22 

3.4.2 Actions. ........................................................................................................................ 23 

3.4.3 Tactics and strategy...................................................................................................... 25 

4. Results ....................................................................................................................................... 27 

4.1 Emergence of communication ............................................................................................ 27 

4.2 Requirements for communication ....................................................................................... 28 

4.3 Understanding of communicative efforts............................................................................ 28 

4.4 Strategy in relation to the emergence of communication ................................................... 29 



2 

 

5. Discussion ................................................................................................................................. 33 

5.1 (Requirements for) Emergence of referential Symbol Systems ......................................... 34 

5.2 Strategies and emerging communication systems .............................................................. 35 

5.3 Limitations and recommendations for future research ....................................................... 36 

5.4 Conclusion .......................................................................................................................... 38 

References ..................................................................................................................................... 39 

Appendix I Plugins on the Minecraft Bukkit Server .................................................................... 41 

Appendix II Transcript of tutorial instructions ............................................................................. 42 

Appendix III Example Instruction Sheet ...................................................................................... 44 

Appendix IV Survey ..................................................................................................................... 45 

 

  



3 

 

Abstract 

This Experimental Semiotics study utilizes the videogame Minecraft as a virtual lab environment 

to investigate the evolution of human language. A cooperative game where four players 

participated was set up in which players had to communicate with limited communication methods 

at their disposal. Players collected different types of resources and shared them amongst team 

members to achieve a common goal. Afterwards, player communication and strategies were 

examined by analyzing gameplay videos and motivations for communication as indicated by the 

players in a survey.  This allows for the examination of emergence of referential symbol systems 

in a controlled environment. Data found in this study points towards the requirements for the 

emergence of such symbol systems. Players expressed a need for referential symbols when 

communicating about concepts such as resources, location, people, and numbers when non-verbal 

communication proved insufficient. The relation between (effective) team strategy and the 

emergence of communication systems could not be assumed as of yet, but the analysis of different 

communicative behavior that occurred between teams employing different team strategies pointed 

towards a requirement for players to communicate with other team members when they were out 

of sight. 

1. Introduction 

How language has evolved throughout the ages is a very complex question that requires 

interdisciplinary collaboration between experts in a wide array of fields (Aitchison, 2000). One of 

the most prominent points of contention among experts is the order in which our communicative 

systems have evolved (Christiansen & Kirby, 2003). According to Gentilucci and Corballis (2006), 

there is strong evidence that suggests that early hominids first developed a manual gesture based 

system before our capabilities for vocal representations evolved. The emergence of vocalization 

and referential symbol systems can be attributed to several different factors. The first factor is the 

need to overcome the limitations of a gesture based system such as the requirement for line of sight 

and poor effectivity at night (Dunbar, 2003). A second factor is the encounter of increasing 

economic needs: early hominids needed methods to refer to different times and locations and they 

had to keep track of resources at these times and locations (Sterelny, 2014). 
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One relatively new field of study that might be able to provide some observable evidence for 

these claims is Experimental Semiotics (ES). In this line of research, controlled experiments are 

performed to increase the understanding of the emergence of novel communication systems 

(Galantucci & Garrod, 2011). The majority of ES studies deploy (video-) games that are 

specifically designed for these studies (Galantucci, 2005; Scott-Philips, Kirby, & Ritchie, 2014; 

de Ruiter et al., 2010; Roberts, 2008). These studies prove that the emergence of communication 

systems can be observed in a controlled laboratory environment. 

There is a lot of potential in the use of existing (video-) games in (ES) research instead of 

utilizing games that are specifically designed for a certain study. Various studies in the social, 

behavioral and economic sciences have proven this potential of utilizing existing virtual worlds 

(Bainbridge, 2007). These games can be used as virtual laboratory environments that allow for 

manipulations that are difficult to implement outside of these virtual environments. 

One game that is especially suited as a research environment is Minecraft (Mojang, 2011). 

Minecraft is a multiplayer sandbox game that revolves around the creativity of the player. The 

game is relatively accessible due to its simple graphics and the low learning curve. A major benefit 

of Minecraft is that it is very open. The game allows for the creation of personal worlds and 

implementation of customized rules, modifications and plugins. The game is also suitable for 

various ES studies due to the diverse communicational tools the players have at their disposal: 

gestures, text chat and voice chat.  

The first ES study that was conducted using Minecraft was performed by Irvine & Roberts 

(2016). Two players cooperated in the construction of a building using deictic gestures that where 

taught by the researchers. In a second condition players where given the added ability to use a 

sound cue to use as a communicational tool. Irvine & Roberts (2016) showed that a referential 

symbol system did not emerge in their study. Players did not require additional referential symbols 

and where able to complete the task by solely utilizing the deictic gestures. 

This study will expand on the research conducted by Irvine & Roberts (2016) by introducing 

a more complex task in the Minecraft environment in order to find what the requirements are for 

a referential symbol system to emerge. This leads to the first research question and hypothesis that 

will be addressed in this study: 

RQ1: What are the requirements that constitute the emergence of a referential symbol system? 
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H1: A referential symbol system will emerge when deictic gestures are no longer sufficient as the 

sole method of communication. 

Furthermore, in order to explain the emergence of a communication system, researchers should 

take the context of the game into consideration. Players have a need to communicate about the 

individual actions that need to be taken in order to complete a task. To determine which actions 

should be taken, players need to develop certain tactics. Tactics are short-term goals that have to 

be met by the group to book progress in the game. The combination of tactics that are employed 

to achieve the long-term goal is classified as the overall strategy (Bakkes, Spronck, & van 

Lankveld, 2012). This leads to the following research question that will be explored in this study: 

RQ2: How do actions, tactics and strategies as employed by the players relate to the emergence 

of a communication system? 

H2: Participants that develop a strategy together and are able to communicate and execute this 

strategy through the utilization of a referential symbol system will outperform participants that 

do not adopt referential symbols to communicate. 
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2. Theoretical Background 

2.1 Evolution of language 

Although we have a vast understanding of the origin and evolution of life, we have comparatively 

little knowledge about how language (and communication in general) evolved into the complex 

linguistic toolset we have at our disposal today (Christiansen & Kirby, 2003). Our lack of 

understanding in this field is mainly caused by the absence of tangible evidence and the complexity 

of the problem. Indicative of this complexity is that the evolution of language is not merely an 

internal linguistic problem to be tackled by linguists (Aitchison, 2000). There is also a necessity 

for external (non-linguistic) interdisciplinary collaboration among a wide array of fields like 

biology, neurology, anthropology, archeology, computer science, philosophy, and more 

(Bickerton, 2007). 

 One of the most prominent debates in the field of language evolution among experts is the 

question whether communication originated from deictic gestures or in the vocal domain 

(Christiansen & Kirby, 2003). Gentilucci and Corballis (2006) argue that language had to emerge 

from manual gestures rather than from vocal communication because of the discrepancies between 

the referential representation and physical properties or features of objects and actions. In other 

words, the absence of relations between the vocal representation and the physicality of objects and 

actions suggests that language did not originate from vocalizations. Because gestures do offer 

obvious iconic links to physical objects and actions, it is likely that communication originated from 

these deictic gestures instead.  

 The subsequent emergence of vocalization and referential symbol systems can be attributed 

to several different (co-existing) factors. The first factor is that the increased utilization of tools 

began to conflict with the use of hand based gestures for communication (Christansen & Kirby, 

2003). Secondly, there where disadvantages in the sole use of hand gestures that had to be 

overcome, namely the requirement of direct line of sight and the fact that gestures could not be 

used at night (Dunbar, 2003). Thirdly, early hominids encountered various economic needs that 

required emergence of more complex referential systems. They needed methods to refer to 

different locations and times, and they had to keep track of a range of different resources at these 

various times and places (Sterelny, 2014). 
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 This study will take an external (non-linguistic) approach to explore and verify these 

various reasons and requirements as argued by Christiansen & Kirby (2003), Dunbar (2003), and 

Sterelny (2014) by looking at the strategies participants utilize during the establishment of 

communication systems. 

 

2.2 Experimental Semiotics 

A relatively new field of study that contributes to our knowledge of the evolution of language is 

Experimental Semiotics (ES). In this line of research, controlled lab experiments are performed in 

order to increase the understanding of (novel) forms of human communication (Galantucci & 

Garrod, 2011). The main benefit of practicing experimental semiotics is that the entire process of 

the emergence of a (novel) communication system can be observed due to its controlled nature. 

The ability to analyze the different steps that are being taken during the development of a 

communication system in a controlled environment gives researchers a better understanding into 

the development of our complex communication capabilities. Another benefit of performing 

controlled experiments is that very specific hypotheses can be tested through manipulations that 

are difficult to realize outside of the laboratory. For instance, the composition of groups (Fay, 

Garrod, Roberts, & Swoboda, 2010) or the available communicative signals (Galantucci & Garrod, 

2010) can easily be manipulated inside the lab but difficulty outside of it. 

 Most ES studies utilize (video-) games that are specifically designed and developed for the 

study that is being performed. In the remainder of this section four different ES studies are 

discussed. This selection was made because they describe player strategies and their relations 

between strategy and the emergence of communication systems.  

 Galantucci (2005) developed a game that required communication between two players in 

order to complete the game. Two players meet in a virtual environment where the only means of 

communication is through a medium that supports graphical communication (drawing), but that 

prevents the usage of common graphic symbols such as numbers and letters. 
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The virtual environment consists of several rooms that 

are marked with a symbol (Figure 1). Each player 

randomly starts in one of the rooms and their goal is to 

get to the same room. In order to achieve this they each 

can change rooms once, and they can utilize the graphical 

medium to communicate with one another. Galantucci 

(2005) conducted three different versions of the 

experiment, each consecutive experiment consisting of a 

virtual environment with an increased number of rooms 

(experiment 2 featured a 9 room environment and 

experiment 3 a 16 room environment). In most of the 

trials the players where successful in completing the game and they developed a communication 

system within a few iterations. Participants that completed the task the fastest (most successful) 

created strategies to communicate about locations: they introduced a structured method for naming 

the various rooms. 

 A similar experiment was conducted by Scott-Philips et al. 

(2014): two players, each represented by a stick figure, are 

randomly placed in a box on a 2x2 grid (Figure 2). Both players 

have their own grid with differently colored boxes (red, green, 

yellow or blue), they cannot see the color configuration of the 

other player’s grid. The goal for each round is for both players to 

stand on a box with the same color. The only means of 

communication they have is through the movement of their stick 

figure on the grid (players can see the other player move from box 

to box). Scott-Philips et al. (2014) show with this study that shared 

communication systems emerge despite the very limited 

communicational methods. Participants that were most successful 

in their cooperation developed a strategy to complete the task. 

They figured out to go to a specific square by default and only 

deviated from this standard when they did not have that square 

 

Figure 1: Representation of a virtual environment 

in Galantucci’s first experiment (Galantucci, 

2005) 

 

Figure 2: Representation of the 

virtual environment in 

experiment by Scott-Philips et 

al. (2014 
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available in the round. They developed symbols to communicate when this was the case and 

conveyed to what other color they were moving that round. 

 The third study worth mentioning is performed by de Ruiter et al. (2010). In this task two 

players, one sender and one receiver, have to position their own game pieces on a tile within a 3x3 

grid (Figure 3.1) according to a certain goal configuration. This goal configuration is randomly 

generated and is only shown to the sender (Figure 3.2). When the sender is ready he gets placed 

on the middle on the board (Figure 3.5) and gets limited time to move around the board (Figure 

3.4). These movements can be seen by the receiver and thus act like a method of communication 

between the two. After the sender finished the receiver is placed in the middle of the board (Figure 

3.5) and he now has to move to the goal location as signaled by the sender (Figure 3.6). They get 

feedback after every trial to indicate success or failure (Figure 3.7). Important here was that the 

sender had to communicate to the receiver what actions needed to be performed. In order to do so, 

the sender had to come up with a method of communicating the goal to the receiver.  

 

Figure 3: Sequence of events during a trial with the game in the study by de Ruiter et al. (2010) 

  

 The fourth study, performed by Roberts (2008), has a more linguistic approach. Players 

played an online game where they had to accumulate points by exchanging various resources. 

Before players started the game, they were asked to learn a simple made-up “alien language”. 

Players could only communicate through a chat function in-game by using this newly learned 

made-up language. The players where divided in two different teams and they had to negotiate in 

pairs to exchange resources. Points could be earned through these exchanges. Resources were 

worth twice as much to the receiver of a resource than to the sender of a resource. Therefore, in 

order to accumulate the most points, players want to send as many resources to fellow team 

members as possible, and receive as many from their competitors. This dynamic led to the 

emergence of a communication system focused around identifying (or misguiding) the other 
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players’ team. Multiple different approaches led to the successful completion of the task. Some 

pairs developed a form of grammar to communicate with one another and other pairs came up with 

a more arbitrary symbol system. 

 These four studies all show that referential symbol systems can emerge when cooperating 

in order to complete a certain task in a virtual environment. Furthermore, they show that the tasks 

are performed more successfully (faster or with a higher success rate) when the players develop a 

strategy and are able to communicate this strategy. The referential symbol system that emerges is 

heavily influenced by these strategies the players want to convey to one another. 

 

2.3 Strategies in (ES) games 

Players of games in ES studies need to communicate with each other about the actions they need 

to take. The ES studies outlined in the previous section all showed the adaptation of (different) 

strategies in order to successfully complete the task. However, all four studies lacked a structured 

analysis of the various game strategies. 

A reason for the lack of a structured approach might be because there has been little 

research into the examination of player strategies in games (Bakkes, Spronck, & van Lankveld, 

2012). In order to fill this gap, Bakkes et al. (2012) propose a taxonomy that focusses on four 

different approaches: modeling strategy, modeling tactics, modeling actions, and player profiling. 

Bakkes et al. (2012) define strategy as the long-term plan that is developed and 

implemented in order to successfully achieve a goal or complete a task. A strategy is developed 

by linking different tactics, where tactics are behaviors of small groups that want to achieve a short 

term goal. These tactics are executed by the actions of all the individuals involved. In other words, 

in order to achieve a long-term or overall goal, a group of players need a strategy. This strategy is 

executed through a set of tactics, which are short-term goals that have to be achieved by (a subset 

of) the group. The actions and behaviors of the individuals in the group is what leads to these 

tactics. 

 

2.4 Existing video games as a research environment 

The studies mentioned in section 2.2 all utilized games that where developed specifically for those 

studies. However, there is a large potential in the usage of existing (video-) games and virtual 

worlds for research in social, behavioral and economic sciences (Bainbridge, 2007). The use of 
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existing games can be approached in multiple ways: existing player data can be collected and 

analyzed in order to gain insights into player behavior (Tekofsky et al., 2015), or the game can be 

adopted as a virtual laboratory where experiments can be conducted. Added benefits of adopting 

existing games for lab experiments are the possible familiarity players have with the gaming 

environment and the recruitment potential of a large number of research subjects and the ability to 

manipulate aspects that are difficult to manipulate outside of virtual worlds (Bainbridge, 2007). 

 One game that is very suitable for virtual laboratory experiments is Minecraft (Mojang, 

2011). Minecraft is an immensely popular video game that provides players with a multiplayer 

sandbox in which they can use their creativity to build structures and survive in the hostile 

environment. Minecraft has a very open nature: players can create their own online worlds where 

they can set the rules and add modifications and plugins. The game is also very accessible due to 

its simple graphical style (Fig. 4) and easily learnable controls. This low learning curve coupled 

with the openness of the games makes it an ideal environment for virtual laboratory experiments. 

 Minecraft is also very suitable for experimental semiotics experiments because of the 

various communicational tools the game provides. The game supports voice chat and text chat 

(global and local) and players have various options to use manual gestures for communication. 

Players can see where other players are looking, they can point at objects, show each other objects, 

and throw object, they can hit each other, and they can jump and crouch. Figure 4 shows how 

players see each other in Minecraft. 
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Fig 4.: A player showing a yellow block to another player in front of a simple, multi-colored structure in Minecraft  

 

 The first ES study that took advantage of the communicative opportunities in Minecraft 

was performed by Irvine & Roberts (2016). They gave two players the task to cooperatively build 

a structure using different colored blocks. Both players each only had two of the four available 

colors and they each only had a part of the building plan for the structure. Irvine & Roberts (2016) 

implemented two different conditions. In the first condition they taught players before the task 

how to communicate using deictic gestures: players learned a pointing convention which consisted 

of gazing at a certain block and then jumping. In the second condition players were taught the 

same pointing convention, but they were also given the opportunity to use an additional sound cue 

(hitting the table). The study was performed to explore whether a symbol system would emerge 

through the use of the additional sound cue. 

 Irvine & Roberts (2016) showed that none of the participating players developed a 

communication system by using a sound cue. The pointing convention offered sufficient 

communication opportunities to the players in order to successfully complete the task. They argue 

that this is supporting evidence for late development of referential symbol systems used by early 

hominids and that these systems only emerge in certain tasks where they improve efficiency and 
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success of said task. When a referential system can be utilized to improve efficiency and success 

rate, and what the requirements are for the emergence of this system will be examined in this study. 

 

2.5 Research questions and expectations 

This ES study will expand on the research performed by Irvine & Roberts (2016). A similar virtual 

laboratory experiment will be conducted in Minecraft where a group of players need to cooperate 

in order to complete a common goal. In order to achieve this goal the players can communicate 

with one another by using deictic gestures (moving, looking around, pointing, and manipulating 

objects) and a limited graphical symbol system (chatting with non-preexisting, non-referential 

icons). This study will investigate whether a novel communication system will, and more 

specifically, if any of the requirements for the emergence of referential symbol systems as 

suggested by Christiansen & Kirby (2003), Dunbar (2003), and Sterelny (2014) (see section 2.1) 

can be verified in a lab experiment. 

RQ1: What are the requirements that constitute the emergence of a referential symbol system? 

H1: A referential symbol system will emerge when deictic gestures are no longer sufficient as the 

sole method of communication. 

Because players have to communicate about the actions that each individual needs to take, 

it is important to explore and document the different tactics (actions of a group to achieve short-

term goals) and overall strategy (tactics employed by a group to achieve long-term goals). 

RQ2: How do actions, tactics and strategies as employed by the players relate to the emergence 

of a communication system? 

H2: Participants that develop a strategy together and are able to communicate and execute this 

strategy through the utilization of a referential symbol system will outperform participants that 

do not adopt referential symbols to communicate. 
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3. Method 

The method in this Master thesis was devised and executed together with two other students: J. 

Mulders and C. Galimo. The experiments and parts of the data analysis (coding the videos) were 

conducted collectively, but each thesis had an individual approach and has a distinctly different 

research question. 

 

3.1 Participants 

In total, 48 people signed up for this experiment. These participants1 were partly derived from the 

“Participant Pool” provided by the faculty Communication and Information Sciences at Tilburg 

University. Participants signed up for a certain timeslot, forming groups of four (for a total of 12 

groups). Whenever less than four people signed up for a timeslot, the researchers recruited 

participants personally to ensure all groups contained the required four participants. Participants 

that signed up where required to have some prior experience with video games. This requirement 

was not verified in a pretest, but relied on the self-assessment of the participants. The participants 

that signed up through the Participant Pool were rewarded with one “Participant Point”. 

Obtaining 15 “participant points” is a requirement in a methodology course for Bachelor 

Communication and Information Sciences students. Additionally, the group with the best team 

performance could win Starbucks gift cards. 

 Out of the 12 groups that signed up four the experiment, 4 were excluded from analysis. In 

one of the groups a participant did not show up, the required four persons was therefore not met. 

In three other groups, (part of) the gameplay was not captured on video. Analysis was carried out 

on the data of the remaining 8 groups with a total of 32 participants. Out of these participants, 19 

were male and 13 were female, with an average age of 22.91 (SD = 3.13). 

                                                 
1 People participating in this study will be referred to as ‘participants’ or as ‘players’ interchangeably. 
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3.2 Materials 

Five laptops were placed in a room at Tilburg University. One 

laptop for each of the four participants and one for the 

researcher. The laptops were placed on tables facing the wall, 

preventing the participants from looking at each other (Fig. 5). 

An external keyboard and mouse were connected to the player 

laptops. Each player laptop ran screen capture software. For 

performance reasons, two different programs were utilized: 

three laptops ran Fraps2 and one laptop ran Open Broadcaster 

Software3. 

 All five laptops connected to an external Bukkit 

Minecraft Server4 through the Minecraft client. A Bukkit 

Minecraft Server was used because it allows adding 

functionality to Minecraft through the use of plugins. Plugins 

were added for area protection and adding the ability to warp 

(teleport) to certain places in the Minecraft world. An overview of the plugins used can be found 

in Appendix I.  

 A game was programmed in Minecraft through the use of Command Blocks. Command 

Blocks can be used, among others, to send messages to the player, check their inventory and warp 

them to certain places when preset requirements are met. The researcher connects to the Minecraft 

Server to give the initial command that starts the game and to intervene whenever unexpected 

situations occur.  

 The game that was played by the participants in the Minecraft world was divided into two 

parts: the tutorial section where they received instructions and got familiar with the Minecraft 

environment, and a challenge section where they cooperated with each other to complete a task.  

 

 

 

                                                 
2 As found on http://www.fraps.com/ 
3 As found on https://obsproject.com/ 
4 As found on https://bukkit.org/ 

 

Fig 5: Room layout in 

experimental setup 
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3.2.1 Tutorial Section. The tutorial section was made up out of four isolated contiguous corridors 

and one common area. Each player started in one of the corridors and could see the other players 

in the adjacent corridors through windows (Fig. 6). The tutorial section was made up out of four 

parts: navigation, resource gathering, symbol use, and a small trading task. The transcript of all 

instructions that were given in the tutorial section can be found in Appendix II 

 

Fig 6. Starting view from one of the players. Player gets instructions in an isolated corridor and 

can see the other participants’ progression through the windows that connect the contiguous 

corridors. 

 

 In the navigation section the players received instructions on how to move through the 

environment with the mouse and keyboard. They were made aware that they could see their fellow 

players in the other corridors through the window. The navigation part was concluded by 

instructions on how to jump over objects. 

 After the navigation part, the players received instructions on how to obtain resources. 

Players had to mine four different resources: Dirt, Wool, Coal, and Wood. Each resource could 

only be mined with one specific tool, respectively: a shovel, shears, a pickaxe, or a wood axe (Fig. 

7). These tools were placed in a chest next to the particular resource. 
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Fig 7. Overview of the four different resources and the appropriate tool required to mine them 

 

 When the players were familiar with resource collecting, they were introduced to the 

various ways of interaction. They familiarized themselves with the eight non-referential symbols 

they could send to the other players through the chat function in Minecraft. The symbols have been 

derived from Vai script (a Liberian language) and were chosen because they do not resemble the 

alphabet, yet are still recognizable and distinctive from each other. These symbols were mapped 

to the keyboard (Y, U, I, O, H, J, K, and L keys), and were drawn on stickers applied to the 

appropriate keys. An overview of these symbols can be seen in Fig. 8.  

 

 

Fig 8. Symbols available to the players 

 

 When the player had received all these instructions, and the Command Block verified that 

the player collected the four different resources, the player was teleported to the common area. In 

the common area they were instructed on how to exchange resources. Every player received an 

individual task at this point: each player had to collect all resource from one specific type (one 

player has to collect all four wool among players, one has to collect all the coal, etc.). Whenever 

all players had the proper resources in their inventory, they had completed the tutorial section and 

were warped to the second part of the game: the challenge section. 
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3.2.2 Challenge Section. The challenge section was a more complex variation on the trading task 

from the tutorial section. Each player received an individual goal on an instruction sheet. Besides 

the individual goal, the sheet also gave a brief overview of the control scheme of the game, the 

available symbols, and which tools were needed to mine a certain type of resource. (Appendix III). 

Every player needed a large quantity of one type of resource, and a small quantity of resources 

from the other three types. The four different goals can be found in Table 1. The individual goal 

was met when the player had (at least) these numbers of resources in their inventory. When every 

player met their personal goal, the group had finished the challenge. 

 

Table 1 

Individual goals per player 

 Type of resource 

Player    Coal Dirt Wool Wood 

Player 1 41 5 4 7 

Player 2 2 42 8 3 

Player 3 5 3 44 4 

Player 4 7 6 2 43 
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  The resources that needed to be collected 

and the tools to collect them with could be found in 

one of four different color coded rooms. Each room 

was connected to the starting area (spawn room) by 

a long corridor. It took a player 30 seconds to get 

from the spawn room to one of the rooms 

containing resources. These long corridors were 

introduced to discourage visiting every room, and 

rather to motivate them to communicate about their 

findings in the rooms they visited. 

In front of every room, a chest was to be 

found that contained one of the four different tools. 

Only one of every tool was made available in the 

challenge section. Inside the room, they could find 

a large pile with one type of resource, and three small piles with the other three types (Fig 10). 

Figure 9 shows a map of the challenge section, the resource that is shown is the resource that is 

available in a large quantity in that room. The tools players could find in front of the rooms were 

deliberately placed not to match with the type of resource available in a large quantity in that 

specific room. This was done purposefully to ensure the players had to put effort into finding and 

subsequently mining the large pile of resources. 

All four individual goals could only be met when the large pile and at least one small pile 

are mined by the players. Only mining the three small piles from one resource yielded too little 

resources to meet all individual goals. This was done to encourage players to communicate about 

the whereabouts of large quantities of a certain resource. The Command Blocks kept track of the 

team progress and sent out a message whenever all individual goals (and therefore the team goal) 

were met. 

 

Fig 9. Schematic overview of the challenge 

area 
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Fig 10. Screen capture showing the blue room. The wood axe can be obtained near the entrance 

of the room. A large pile of wool (43 blocks) and small piles of wood, coal and dirt (14 blocks 

each) can be collected inside. 

 

3.2.3 Survey. A survey after completion of the challenge was conducted in order to obtain 

information about the players, their explanation of the communication methods they have used, 

their understanding of the communication used by the other players, and to get their evaluation of 

the team performance.  

Players were requested to fill in some demographic information and to supply some 

information regarding their experience with video games they play. 

They were asked if they used symbols and non-verbal communication during the challenge, 

and they were requested to specify what symbols and other communication methods that they have 

used and what meaning they attached to them. 

Finally they were asked to evaluate the communication in the team. They were asked how 

many players they believe have understood them and how many other players they understood 

themselves. The full survey can be found in Appendix IV. 
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3.3 Procedure 

When participants arrived at the experiment location, they were welcomed by at least one 

researcher. They were assigned to one of the four player laptops and were requested not to start 

until all participants had arrived. At their desks they were asked to read and signed a consent form, 

agreeing that the data collected during the game could be used for academic purposes. 

When all four players were ready, one of the researchers gave a short introduction. Players 

were told they were going to play a team based cooperation game in Minecraft, and that they could 

win a price (Starbucks gift cards) whenever their team completed the challenge in the fastest time 

compared to the other teams. They were told the game would start with a tutorial section, where 

they would learn how the game worked, how they could navigate, and how they could interact 

with each other. Participants were told they could ask questions to the researcher during the tutorial 

section. At this point they were also told not to communicate with the other participants outside of 

the Minecraft environment. 

After the short introduction, the researcher pressed a button in-game that gave the initial 

command to start the game, sending a chat message welcoming them in the Minecraft environment 

and instructing them on how to navigate through the world. While the players were playing the 

tutorial section, the researcher went around the room, answering any questions the players and 

providing hints when it was clear the participant was struggling with something in the game. 

At the end of the tutorial section, when all the players are warped to the challenge section, 

the researcher told the players to look at their instruction sheets were they could find their 

individual goals. The players were told that this was the last time they could ask questions. When 

all players were ready, the researcher told the group had a maximum of 30 minutes to complete 

the task, and they were once more reminded that the group with the best time could win a price. 

At this point the players were allowed to start the challenge. 

During the challenge section, the researcher mostly sat behind the control laptop, not 

interfering with the game that was taking place. He made sure the participants were not (non-

verbally) communicating and saw to it that the screen capture software was running on all laptops. 

When the players had finished the challenge section or the 30 minute mark was past, the 

game was ended and the participants were asked to fill in a short survey. After filling in the 

participants they were thanked for their participation. 
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3.4 Analysis 

To draw conclusions about the emergence of a referential symbol system and the relation between 

this emergence and the player’s actions, tactics, and strategies, the gameplay videos that were 

captured and the surveys that were conducted have been analyzed. Emphasis was put on the general 

purpose of the utilization of symbolic and non-verbal communication and how often these 

communicative tools were employed. The analysis could be broken down into three distinct parts: 

determining motivation and understanding of used communication, determining actions and 

interactions, and deriving tactics and strategies from these actions and analyzing the relation 

between them and the emergence of symbol systems. 

 

3.4.1 Motivations and understanding. In order to examine the requirements that constituted the 

emergence of referential symbol systems, the motivations for using certain methods of 

communication (non-verbal or symbol usage) was determined. By analyzing the data gathered 

from the surveys, the player’s motivation for using certain communication methods was derived. 

Players indicated for what purpose they used each individual symbol, and why they used non-

verbal communication. Possible options that were given to them were: Location, Resources, 

People, and Numbers. Players were also allowed to indicate a purpose not available in the list. 

 To determine whether a novel communication system emerged in the games, the player’s 

understanding of the different communicative efforts was examined. Players indicated in the 

surveys how many people they understood, and how many people they thought had understood 

them. This was verified by looking at the meanings that the players assigned to every individual 

symbol. A referential symbol system had been established when multiple players within a group 

assigned the same meaning to at least one symbol.  
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3.4.2 Actions. The actions and interactions that occurred during the games were coded for each 

player by the three researchers. The Inter-Rater Reliability was determined by calculating Cohen’s 

Kappa for one video that was coded by all three researchers. The resulting Kappa was 0.504, which 

represents a moderate level of inter-observer reliability (Landis & Koch, 1977). In response to the 

moderate Inter-Rater Reliability, the researchers decided to refrain from coding chest usage 

without interactions (when players merely peeking into a chest to see if there is anything in it) and 

from coding accidental pickups of resources when they are placed back immediately. To further 

increase the Inter-Rater Reliability, compounded actions were separated into individual actions 

(instead of coding ‘Nodding + Showing Resource’ together, they were separated into two 

individual actions).  

 Three distinct (inter)action categories were defined before reviewing the videos: 

communication, item gathering and exchange, and travelling. For evaluation purposes of the tactics 

and strategies, a distinction was made in the item gathering and exchange category between 

individual actions (dropping excess resources in the spawn room for instance) and interactions 

(throwing a resource purposefully to another player). An overview of the different actions and 

interactions can be found in Table 2. 
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Table 2 

Overview of the coded actions and interactions 

Category Sub-category (Inter)action 

Communication Non-Verbal Communication Jumping 

  Hitting 

  Indicating direction with body 

  Indicating direction with head 

  Show resource 

  Show tool 

 Referential symbol usage Using symbol 

 

Item gathering &  Individual actions /  interactions1 Throw resource 

Exchange  Collect resource 

  Throw tool 

  Collect tool 

   

Individual Actions Travelling Traverse corridor 

 Mining Mining Coal 

  Mining Dirt 

  Mining Wood 

  Mining Wool 

1In the category item gathering & exchange, each action is either categorized as an individual 

action (when the action is performed alone), or as an interaction (when the action is performed 

together with someone else). 
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3.4.3 Tactics and strategy. To relate the emergence of communication systems to the tactics and 

strategies employed by the players, a number of comprehensive tactics and strategies had to be 

defined. Due to the explorative nature of the study, the tactics and strategies used were not 

predefined before conducting the experiments, but afterwards instead by deriving them from the 

gameplay footage and coded (inter)actions. 

Besides coding the actions in the gameplay videos, short summary on the player’s actions 

and tactics were written. The summaries focused mainly on the decisions players made during the 

challenge section. Another summary was written for the entire group that pinpointed the overall 

performance of the group. From these summaries, supported by the coding data, a few distinctive 

tactics were derived that recurred among multiple players. Noticeable tactical decisions were made 

regarding two different objectives in the game: mining resources and trading resources. 

 Players showed two distinct tactics regarding the mining of resources. Players would either 

focus mainly on their individual goals, mining only the number of resources they needed 

personally and then looking to exchange tools with other players to mine the remainder of 

necessary resources. Other players favored the strategy of mining one type of resource for the 

entire team, exchanging goods rather than tools. Whenever a summary explicitly mentioned the 

deployment of either one of these tactics, the player was assigned this tactic. If nothing was 

mentioned regarding the mining method of the player, the coded gameplay videos were consulted. 

When players performed multiple tool manipulations (exchanging them) and mined multiple types 

of resources, the player was deemed as focused on their individual goals. When players did not 

perform any tool manipulations, they were classified as a team miner. 

 The second objective that yielded noticeably different tactics was the trading of resources. 

Some players favored direct exchange of resources, trading with individual players. Other players 

bothered less with direct exchange but instead piled excess resources in piles at a certain location 

(most of the times in the spawn room). Whenever a player summary mentioned deployment of any 

of these tactics, he was categorized as such. If the summary did not state anything about their 

trading tactics, the coded gameplay videos were consulted. When players had twice the number of 

individual item actions, they were assigned to the piling resources category. When players had 

twice the number of exchanges however, they were assigned to the exchanging category. In case 

the ratio between piling and exchanging resources was smaller than 2, the players were assigned 

to a mixed strategy (they utilized both strategies). 
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 The utilized group strategies were derived from the mix of individual tactics within the 

group. When the majority of players utilized the individual mining method or the team mining 

methods, the group was assigned that strategy. The same went for the trading strategies, when 

most players in the group utilized the piling tactic, the group was assigned to the piling strategy. 

When the majority of players favored the exchanging tactic, the group was assigned to that 

strategy. 
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4. Results 

4.1 Emergence of communication 

Analysis of the gameplay videos showed that all eight groups used communication methods in 

order to tackle the group challenge. On average, each group utilized 3.46 communicative actions 

per minute (SD = 1.87). All groups used methods of non-verbal communication, 2.74 actions per 

minute related to non-verbal communication (SD = 2.02). Seven out of the eight groups sent chat 

messages with the available symbols. This was done 0.72 times per minute on average (SD = 0.39). 

Given the small sample size of this experiments and large variability between groups, it is 

sometimes instructive to present results per group, Table 2 shows an overview of all individual 

groups and their communicative behavior. 

 

Table 2 

Emergence of communication, both non-verbal and symbol utilization, in each individual group 

Group Communication / min Non-Verbal / min Chat messages / min 

1 1.53 0.62 0.90 

2 4.14 3.90 0.24 

3 5.36 5.36 0 

4 6.47 5.47 1.00 

5 2.80 1.68 1.12 

6 2.71 1.85 0.86 

7 3.73 2.87 0.87 

8 0.92 0.17 0.75 

Average 3.46 2.74 0.72 
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4.2 Requirements for communication  

The purpose for which non-verbal communication and utilization of symbols were employed was 

examined by analyzing the data obtained from the surveys. In the surveys, the players indicated if 

they required communication about locations, resources, people, or numbers, and what type of 

communication they used to disclose messages about any of these topics. Table 3 shows the 

number of people (out of the total 32) that indicated which of the two methods they employed to 

communicate about a certain topic.  

Players utilized both methods to communicate about all four topics. Non-verbal 

communication was favored over all topics except for indicating numbers (or quantities). Although 

multiple people indicated that they used the communication methods for other purposes, this 

yielded no distinctly different topics. 

 

Table 3 

Number of players that utilize non-verbal or symbolic communication per conversational topic 

Topic Utilization of symbols Non-Verbal Communication 

Location 3 13 

Resource 17 27 

People 3 5 

Numbers 8 4 

Other 8 4 

 

4.3 Understanding of communicative efforts 

In order to determine whether a mutually understandable communication system emerged from 

the utilization of symbols, data obtained from the surveys was examined. Players indicated how 

many players they had understood during the challenge, and how many players they thought had 

understood them. On average players understood 1.5 other players while they believed 1.69 other 

players understood their communicative efforts. Table 4 indicates percentages of how many team 

members the players thought understood them and the percentage of team members that 

understood them. Few players believed that none of their team members understood their 

communicative efforts (9.4%), while at the same time a higher percentage of players indicated that 

they had no understanding of the communication of others (15.6%). 
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Table 4 

Indication of number of players that where understood by the player and understood the player 

Number of players (N) Percentage of players that 

believed to understand N 

others  

Percentage of players that 

believed were understood by N 

others 

0 9.4% 15.6% 

1 28.1% 28.1% 

2 46.9% 46.9% 

3 15.6% 9.4% 

 

 Players also noted what they believed was the meaning of each individual symbol that 

could be used in the game. Out of all the players, only two pairs within two different teams gave 

the same meaning to one of the symbols used. All other meanings assigned to the symbols by the 

players are different from the definition given by their other team members.  

 

4.4 Strategy in relation to the emergence of communication 

Teams were categorized based on their mining strategy and their trading strategy. These strategies 

were assigned to them by looking at the tactics employed by every individual player in the team. 

The tactics employed by the majority of the players determined the overall team strategy. 

Whenever strategies were equally employed within a team, they were categorized as using a mixed 

strategy. 

 The average time teams spent on the challenge was 21 minutes and 36 seconds (SD = 6 

min 23 sec.). Out of the eight different teams, six groups were able to complete the challenge 

within the allotted time whereas two teams did not manage to finish. The two groups that did not 

finish were stopped at the 30 minute mark. Table 5 shows the completion time, mining strategy, 

and trading strategy for each individual group. To reiterate: two distinct different mining strategies 

(team and individual mining) and three trading strategies (piling, exchanging, and mixed trading) 

were defined. In teams that adopted a team mining strategy, the majority of players mined only 

one type of resource and shared it with the team. Players in teams that adopted an individual mining 

strategy generally mined multiple types of resources for their individual goal and preferred to 

exchange tools. Teams that utilized a piling strategy shared their resources by placing their excess 
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resources in a central place, whereas teams with an exchange strategy utilized a more personal 

trading approach. The utilization of both trading strategies in a team was classified as a mixed 

trading strategy. 

 

Table 5 

Mining and trading strategies per team paired with the time spent in the challenge. 

Group Completion time Mining Strategy Trading Strategy 

1 17:41 Team Piling 

2 12:19 Team Mixed 

3 24:26 Individual Exchange 

4 30:00 (D.N.F.) Individual Mixed 

5 17:50 Individual Piling 

6 23:13 Team Mixed 

7 30:00 (D.N.F.) Individual Exchange 

8 17:20 Team Exchange 

 

 From these team strategies, the influence of strategy on emergence of communication is 

examined. Table 6 shows the average time it took teams with a certain strategy to complete the 

challenge and what their communicative behavior was. It becomes apparent that teams that employ 

team mining and / or pile trading achieve the best completion times. They also have the least 

number of non-verbal communications per minute compared to teams employing other strategies. 

Utilization of the chat function is similar between teams deploying either team or individual 

mining, but is slightly more frequent in groups with a piling trade strategy compared to exchange 

or mixed trade. 
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Table 6 

Communication utilized by groups adopting different strategies, paired with average time spent  

Strategy Average time (mm:ss) Non-Verbal / min Chat messages / min 

Team Mining 17:38 1.64 0.69 

Individual Mining 25:34 3.84 0.75 

Pile Trading 17:45 1.15 1.01 

Exchange Trading 23:55 4.11 0.43 

Mixed Trading 21:51 3.74 0.70 

 

 

 To examine whether requirements for communication differed between players employing 

different strategies, the survey data was analyzed. Table 7 shows the percentages of players that 

indicated that they used any of the two available communication methods to converse about one 

of the four topics (location, resource, people, and numbers). This data shows that players 

employing a team mining strategy had more need to communicate about location (out of the 17 

players employing the team mining strategy, 52.9% of them indicated that they utilized non-verbal 

communication and 11.8% indicated they utilized symbols, in contrast to the 26.7% out of 15 

employing an individual mining strategy that indicated they utilized non-verbal communication 

and 6.7% that utilized symbols to communicate about locations) and less about resources 

compared to groups employing a more individual mining strategy. Players employing exchange or 

mixed trading strategies put more emphasis on non-verbally communicating about resources 

compared to groups employing the piling strategy. 
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Table 7 

Percentage of players  that utilize different communication  methods per topic, grouped by the 

strategies they employed 

  Mining Strategy (%) Trading Strategy (%) 

Method Topic Team 

(N=17) 

Individual 

(N=15) 

Piling 

(N=8) 

Exchange 

(N=9) 

Mixed 

(N=15) 

Symbols Location 11.8 6.7 12.5 11.1 6.7 

 Resource 52.9 53.3 62.5 55.6 46.7 

 People 17.6 0.0 0.0 22.2 6.7 

 Numbers 29.4 20.0 37.5 22.2 20.0 

       

Non-Verbal Location 52.9 26.7 37.5 22.2 53.3 

 Resource 76.5 93.3 75.0 100.0 80.0 

 People 23.5 6.7 25.0 11.1 13.3 

 Numbers 17.6 6.7 0.0 11.1 20.0 
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5. Discussion 

In this experimental semiotics study, the requirements that constitute the emergence of a referential 

symbol system were investigated by conducting an experiment using the game Minecraft as a 

virtual laboratory.  

The first research question that was posed in this research was: “What are the requirements 

that constitute the emergence of a referential symbol system?” It was hypothesized that a 

referential symbol system would emerge when gestural communication would no longer suffice 

as the sole method of communication. Evidence that points in the direction of this expectation was 

found in this study. While a fully developed referential system did not emerge in any of the groups, 

all but one group attempted to communicate through the use of symbols. Their indication of a 

requirement to converse about resources, numbers, locations and people can be seen as supporting 

evidence that early hominids developed referential symbols system to keep track of resources at 

various locations as argued by Sterelny (2014). 

Secondly, this research looked into actions, tactics and strategies as employed by the 

players, and how they relate to the emergence of communication systems. By deriving team 

strategies from player tactics and actions as suggested by Bakkes et al. (2012), and examining 

utilization of different communication methods (non-verbal and usage of symbols), this study 

showed that groups employing successful strategies (strategies that lead to the fastest completion 

of the challenge) make slightly more use of symbols than other groups. However, this does not 

mean that participants that developed a strategy together and were able to communicate 

successfully using symbols and execute this strategy through the utilization of a referential symbol 

system would outperform participants that did not adopt referential symbols to communicate. This 

is simply because none of the groups actually developed a functioning referential symbol system.  
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5.1 (Requirements for) Emergence of referential Symbol Systems 

A full-fletched referential symbol system did not emerge in any of the eight groups that 

participated in these experiments. None of the groups established consentient meanings for any of 

the symbols. A possible reason for this is that the establishment of such a symbol system is rather 

difficult and time consuming, especially among four players. The gameplay videos showed that 

symbols are generally used when players are communicating in pairs, or when no other players are 

around. When players realized it was difficult to convey anything meaningful through the use of 

symbols, they fell back on non-verbal communication. Non-verbal communication proved less 

complicated because players could use commonly known conveniences like head nodding and 

shaking, pointing, and showing objects. 

However, it should be noted that early signs of the emergence of such a referential symbol 

system did surface in all but one group. Although these players were not successful communicating 

using the available symbols, they did try to utilize them to communicate about various different 

concepts. Players indicated that they tried to communicate about Resources (53% of the 

participants), Quantities (25% of the participants), Locations (9% of the participants), and People 

(9% of the participants) through the use of the available symbols. This adds credibility to the 

arguments by Sterelny (2014) that early hominids developed referential symbol systems born out 

of the need to refer to different locations, and that they had to keep track of a range of different 

resources at these various places. 

 Furthermore, this study adds to the arguments made by Irvine and Roberts (2016) that 

referential symbol systems developed late in the process of evolution of early hominids. In this 

study, non-verbal communication offered sufficient opportunities to players in order to 

successfully complete the task. Irvine & Roberts (2016) suggested that referential symbol systems 

would only emerge when they improved efficiency and success rate of tasks. This study supports 

those claims by showing that utilization of symbols starts to occur when participants require 

communication methods other than non-verbal communication. This study was more complex than 

that of Irvine and Roberts (2015), the experiment involved more participants and required more 

diverse (inter)actions. Moreover, non-verbal communication conventions were not taught to the 

participants in this experiment. Because of this added complexity, participants began testing out 

communication through the use of symbols to improve their chances of success in the task. 
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5.2 Strategies and emerging communication systems 

Two distinctive strategic decisions were made among players. One concerned how the team went 

about mining the resources. In some teams, players collected all resources of one type and shared 

excess resources among their team mates. This strategy was labeled as team mining. Other teams 

favored a strategy where each team member tried to mine resources for their individual goal. Once 

they had a sufficient amount of one resource, they would exchange tools with other team members. 

 The other tactical decision regarded the trading of resources. Some groups made piles of 

excess resources they wanted to trade in a central place in the environment. This strategy was 

labeled ‘pile trading’. Other groups preferred to trade directly with other individuals, exchanging 

resources by throwing them to their team members, this strategy was categorized as ‘exchange 

trading’. When teams utilized a mix of these two strategies they were assigned the ‘mixed trading’ 

strategy label. 

 Teams that employed the team mining strategy were more successful compared to teams 

that employed the individual mining strategy. They completed their tasks more quickly in general. 

Communicative behavior only differed between these groups in quantities of non-verbal 

interactions used. Teams with an individual mining strategy used non-verbal interactions much 

more frequently than teams employing the team mining strategy. This is because teams that 

employed an individual mining strategy relied on the exchange of specific tools and resources. 

Each member wanted a turn with a specific tool to achieve their personal goal. This strategy 

requires more interactions between individual players in contrast to the team mining strategy, 

where less exchanges had to be made. The utilization of the symbol system did not vary between 

these strategies however. 

 Looking at differences between teams employing different trading strategies, teams that 

favored the pile trading strategy did make more use of the symbol system more frequently and 

were more successful than competing teams that preferred the exchange or mixed trading strategy. 

 However, although it seems that the teams that used symbols more frequently were also 

the most successful teams, a definitive conclusion on the relation between the performance of 

teams and the development of a team strategy and communication of this strategy through a 

referential symbol system cannot be drawn as of yet. This is because of the simple fact that the 

differences between the strategies are marginal and the sample size was too small to conduct 

statistical analyses. Moreover, none of the groups actually established a functioning symbol 
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system. The relation between team performance and communication of strategies through 

referential symbol systems can only be examined in a future study when a fully-fledged symbol 

system emerges and the sample size is sufficiently large enough. In this study, the reason why 

teams adopted this piling strategy was probably because they mimicked the tactics from other 

players in their groups instead of communicating about this strategy. Once one of the players 

started to pile resources, others followed suit.  

 Nonetheless, investigating the relation between strategy and emergence of a referential 

symbol system did prove fruitful. When looking at the frequency of non-verbal communication 

among team members employing the pile trading strategies, it is clear that they have less frequent 

non-verbal interactions compared to other teams. Because of the nature of this strategy, players 

have a lot less face-to-face interactions, making it more likely that they utilized symbols when they 

were not around other people. Speculating, this could support the arguments made by Dunbar 

(2003) about the necessity of early hominids to develop referential symbol systems to overcome 

limitations of non-verbal communications like the requirement of line of sight. 

 

5.3 Limitations and recommendations for future research 

Only the early signs of the emergence of referential symbol systems were observed during the 

experiments in this study. Although this was sufficient to categorize some of the requirements for 

the emergence of a referential symbol system, a full-fledged referential symbol system did not 

emerge. This was probably caused by the difficult and time consuming nature of the emergence of 

such referential symbol system. Rather than pursuing the establishment of meaningful symbols to 

communicate about different topics, teams fell back on non-verbal communication instead. This is 

because it was more convenient to communicate through pre-established conventions like head 

nodding and shaking, pointing, and showing objects instead of devising new conventions through 

the use of symbols 

This limitation can be overcome in future studies in two different ways. Both suggestions 

relate to the ability to complete the challenge in this study without the need for symbols with 

agreed upon meanings. Even though this was useful in this study to show that players start to use 

symbols even when deictic gestures are available, future research could focus more on the 

emergence of an actual functioning symbol system.  
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The first possibility to overcome this limitation would be to devise a new and more 

complex task that requires the emergence of a symbol system in order to complete it. The task in 

this experiment could be completed by only utilizing non-verbal communication. In future 

research, an experiment should be set up that requires the establishment of a non-referential symbol 

system. This research shows that when players use symbols, they try to link them to resources or 

to numbers. Future research can make use of these findings by introducing an experiment that 

relies (heavily) on communicating about exact quantities of different types of resources. This could 

possibly be achieved by introducing a (time) penalty when players mine more resources than the 

team actually needs. 

A second possibility to overcome this limitation would be to limit the options players have 

to communicate through non-verbal gestures. For instance by removing observable head 

movements, removing the ability to show objects, or by utilizing a completely different resource 

exchange method. This will inevitably lead to a challenge that would take much longer to solve, 

because developing a symbol system takes a lot of time. It should be noted that removing too many 

options for non-verbal communication could potentially threaten the ecological validity of the 

experiment. The results in the experiment should still be relevant to a real life situation. 

 The second limitation of the study is that the experience with games and level of play 

(ability to control modern first person video games) might have influenced team performances. 

Observations during the tutorial section brought to light that some participants had a lot of trouble 

navigating the Minecraft environment. This was caused by their lack of experience with video 

games, despite the entry requirements for participation. It’s not clear in this study if this had a 

negative impact on the findings, but for future studies it is advised to verify level of play before 

admitting participants to the experiment. 

 The third limitation is that due to time constraints and technical difficulties the number of 

players that participated in this study was fairly low. Although this study is explorative in nature 

and it did provide plenty of useful data, the statistical power of the data is relatively low. Because 

only eight groups could be analyzed, no significant differences can be attributed to the 

communication methods used among the different strategies for instance, they merely point in the 

direction of a possible difference. To overcome this problem, future studies that investigate these 

(and other) differences should be performed on a larger scale. 
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5.4 Conclusion 

Early stirrings of the emergence of a referential symbol system were observed by letting players 

tackle a challenge cooperatively in the game Minecraft. Although a novel communication system 

were players communicated through the use of symbols never emerged, players started to utilize 

symbols and attached meaning to them. They indicated they required symbols to converse about 

different concepts like resources, locations, people, and numbers. This (partly) confirms the first 

hypothesis: players resorted to the utilization of referential symbols when deictic gestures were no 

longer sufficient as the sole method of communication. These findings add credibility to arguments 

made by Sterelny (2014) for the requirements of early hominids to develop referential symbol 

systems.  

Even though a conclusion on the relation between team strategies and the emergence of 

referential symbol systems could not be drawn as of yet, investigating these relations proved to be 

useful. In accordance with the second hypothesis, the most effective strategy also yielded the 

highest frequency of symbol utilization. Due to the non-communicative nature of this strategy 

(players had few direct contacts compared to other strategies), it could be argued that they sent out 

symbols when not in the vicinity of other players. This acts as supporting evidence for arguments 

made by Dunbar (2003) that state that early hominids required referential symbol systems to 

overcome limitations of non-verbal communication like the requirement for line of sight. 
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Appendix I Plugins on the Minecraft Bukkit Server 

Plugin Description 

ChunkUp Prevents items on the ground from despawning 

(disappearing). Regular Minecraft removes 

items from the ground after 5 minutes to 

reduce latency. ChunkUp disables this so items 

stay in the world indefinitely 

Command Delay Delays commands (from Command Blocks) 

by a specified time. Is used to add a delay in 

the tutorial section between the completion 

message and warping the players to the 

challenge section. 

Essentials Essentials adds a large number of commands 

that can be used by the server or 

administrators. Essentials is used to warp 

players from the tutorial section to the 

challenge section. 

SpecifiedBreak Let’s the administrator determine what block 

can be mine with a certain tool. In regular 

Minecraft, dirt can be mined with a shovel, but 

also by hand. SpecifiedBreak allows resources 

to be mined only with a specific tool. 

SpecifiedBreak was also used to prevent 

players from breaking the structures (rooms 

and corridors) 

WorldEdit Is used to copy sections of the map, making 

sure every corridor and room is an exactly the 

same 
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Appendix II Transcript of tutorial instructions 

Welcome message 

Welcome and thank you for your participation! You can walk around the world with the WASD 

keys and move the camera with the mouse. The grey pressure plates in front of you will give further 

instructions. 

Look around 

Take a moment to look around, you can see the other participants going through the tutorial section 

in the corridors next to you. 

Jumping 

You can jump in the air by pressing SPACE while walking in order to get over an obstacle 

Mining coal 

Open the chest by right clicking it and drag the pickaxe to the first slot in your active item bar (the 

bottom left slot). Now you can mine the black coal block by holding the left mouse button until 

the block breaks. 

Mining wood 

Every block requires the use of a different tool. In order to gather wood you need to use a wood 

axe. Drag the axe to your active item bar and select it by using your mouse wheel. Now try to 

collect the wood. 

Mining dirt 

The third resource you will encounter is dirt. Dirt can be collected by using a shovel. Take the 

shovel out of the chest and try to collect the dirt now. 

Mining wool 

The final resource you encounter in this experiment is wool. Wool is collected by using the shears 

that you find in the chest. Collect the wool before you proceed. 

Communication 

In order to succeed in the tasks ahead, you might want to communicate with the other participants. 

You can try to use your body movement but you also have access to several different symbols. 

You can bring up the chat function by pressing T. The symbols that are available to you are: ꔃ ꗦ 

ꔢ ꔺ ꕇ ꕨ ꘑ ꖐ 
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Tutorial task 

To complete the tutorial section, you have to obtain all the Dirt/Wood/Coal/Wool the other 

participants have collected in their corridor. You can throw objects to other participants by 

selecting the item with the mouse wheel and pressing Q. Make sure you have collected all four 

resources in your corridor before you can proceed! 

Tutorial finished 

Good job! You have completed the tutorial section and you will be teleported to the next challenge. 

Your personal goal can be found on the instruction sheet you have received. 
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Appendix III Example Instruction Sheet 

In the challenge it is your personal goal to collect the following resources in these amounts. Your 

goal differs from the goals of the other participants. 

Coal Dirt Wood Wool 

  

 

  

5 3 4 44 

Control Scheme 

Control Keybind 

Move forward W 

Move backward S 

Strafe right D 

Strafe left A 

Move camera Mouse 

Jump Space 

Open chest Right mouse click 

Select block or tool Mouse wheel 

Open chat T 

Throw selected item Q 

 

Available Symbols 

ꔃ ꗦ ꔢ ꔺ ꕇ ꕨ ꘑ ꖐ 
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Appendix IV Survey 

Our sincere thanks for participating in our experiment! We would like you to answer some 

questions about our experiment to give us some insight in what you did. To kick off, please fill in 

the following demographics: 

Age: 

 

Gender: 

 Male 

 Female 

 

Did you enjoy the task you just performed? 

 Yes 

 No 

 

Do you think the task you just performed was difficult to complete? 

 Very difficult 

 Slightly difficult 

 Not difficult, but not easy 

 Slightly easy 

 Very easy 

 

As what type of gamer do you classify yourself? (multiple answers allowed) 

 I tend to play solo player games 

 I tend to play with friends or with other people online 

 I tend to strive for the highest level possible while gaming 

 I play games purely for fun 

 I don't play games 

 

Have you played Minecraft before? 

 Never 

 Sometimes 

 A lot 
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I have played the following games in the past (multiple answers allowed): 

 Adventure Games (e.g. Legend of Zelda, Minecraft) 

 Roleplaying Games (e.g. Pokémon, Final Fantasy) 

 Platformers (e.g. Mario, Sonic) 

 MMO Games (e.g. World of Warcraft, League of Legends) 

 Shooters (e.g. Call of Duty, Counter-Strike) 

 Fighting Games (e.g. Street Fighter, Tekken) 

 Casual Games (e.g. Mobile Games, The Sims) 

 Sports Games (e.g. FIFA, Gran Turismo) 

 None 

 

Did you use communication using symbols during our experiment? 

 Yes 

 No 

 

If you used symbolic communication, what was your definition of each of these symbols? 

 Definitions 

ꔃ  

ꗦ  

ꔢ  

ꔺ  

ꕇ  

ꕨ  

ꘑ  

ꖐ  

 

 

Do you believe that the use of symbols made it easier to perform the task as efficiently as possible? 

 Yes 

 No 
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For what purposes did you use symbolic communication? (multiple answers allowed) 

 Location 

 Resources 

 People 

 Numbers 

 Other 

 

Did you use other means of communication during our experiment? 

 Yes 

 No 

 

If so, what types of communication did you use? (multiple answers allowed) 

 Pointing/waving 

 Dropping/Throwing items 

 Poking people 

 Head movement 

 Walking movement 

 

For what purposes did you use the other means of communication? (multiple answers allowed) 

 Location 

 Resources 

 People 

 Numbers 

 Other 

 

If you chose 'Other' for the previous question, please fill in what you did use it for. 

 

How many of your partners do you believe understood your communication techniques? 

 0 

 1 

 2 

 3 
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Of how many of your partners did you understand their communication techniques? 

 0 

 1 

 2 

 3 

 

What went well with the communication during the task? 

 

What went less well with the communication during the task? 

 

 

 


