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Abstract 
 

This thesis purpose is to compare the effectiveness of collaborative learning against individual 

learning applied at the context of environment awareness. The game consists in a treasure 

hunt for wastes: the wastes are hidden all over the world; the task is to find them and recycle 

them correctly. To study the aforementioned situation, the game has two versions: a single 

player and a multiplayer mode. The latter based on collaboration as essential element to reach 

the goal. The project idea is to sensitize the player by placing him in a world, which is coherent 

with his own environment. The world is set up from official sources of what world’s condition 

are in order to give an immersive sensation; this choice is due to the concept of situated 

learning for which the learning is set in an environment that is similar to where the learning 

material will be applied in future.  

Keywords: situated learning, collaborative learning, competitive learning, recycling. 
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1 Introduction 

There are various definitions for environmental pollution, all of which contain two key 

components. The first is that pollution involves some kind of change to the environment. The 

most obvious kinds of changes are the addition of manmade chemicals that do not occur 

naturally, even though equally important can be the additions of chemicals, which do occur 

naturally in the environment. The second criterion is that for the phenomenon to be described 

as pollution, the perturbation suffered by the environment must, in some way, be harmful 

(Harrison, 2006). 

In literature, there are some games aimed at the increase of awareness in term of ecology, but 

some of those games focus on an excellent simulation leaving the game apart (SmogCity2). 

While other, despite being challenging and precise in showing the cause-effect relations, bring 

a sense of alienation conferring the player a position of prestige (BBC Climate, The Clim’ Way, 

CEO2). On the other hand, games which are coherent with reality manifests poor or none 

simulation. The learning topic, in this thesis, is something quotidian, but essential in terms of 

environmental care – the recycling of wastes. The game has the format of a treasure hunter. 

The hunted items are the wastes, spread all over the world. The player (alone or in team) has 

to find as much wastes as he or she can and recycle them in the correct bin. Learning is a 

complex process that can be influenced by many factors, among which the social setting. It is 

debated whether people learn more and better when they interact with their peer (Vigotsky, 

1978; Bruffee, 1984) or perform better when they work individually (Leidner & Fuller, 1997). 

On the other hand, collaboration and competition can have an important role in the increase 

of engagement perceived by people (Fu, Wu, and Ho, 2009; Vorderer, Hartmann & Klimmt, 

2003).  Since an engaged user tends to keep focused on the game’s current challenge, it is more 

likely that the subject will learn about the topic being covered (Csikszentmihalyi, 1990). 

Therefore, the aim of the thesis is to study the outcomes of two versions of the same game, in 

which the only difference is the social setting – single player or multiplayer. In particular, the 

latter is structured as a competition of two players versus two, as a mechanism to increase 

engagement (Fu, Wu, and Ho, 2009; Vorderer, Hartmann & Klimmt, 2003) without affecting 

the learning process (Johnson, Maruyama, Johnson & Nelson, 1981). The aim is to study how 

and if, in comparison to the single player, the learners gain some advantages in the knowledge 

and engagement from collaboration and intergroup competition. In order to create the need 

of collaborating, without affecting the game dynamics and so the comparison with the other 

version, there is included just a new element, which is the strongest provider of collaboration. 

To recycle the teammates must agree on how to recycle a waste. The consequence is that the 

players must share knowledge in order to win.  
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2 Background  

Although a number of physical activities (volcanoes, fire, etc.) may release different pollutants 

in the environment, anthropogenic activities are the major cause of environmental air 

pollution. Hazardous chemicals can escape to the environment by accident, but industrial 

facilities and other activities release a number of air pollutants and may cause adverse effects 

on human health and the environment (Davis, 2002). Highly industrialized nations use lots 

of energy and natural resources to produce goods and services for global and domestic markets 

and have high domestic consumption levels. These activities generate a vast array of 

pollutants, many of which are deposited on land (Zimring & Rathje, 2021). Land pollution 

constitutes the degradation and contamination of the Earth’s surface. The thin layer of topsoil 

that covers the Earth’s landforms constitutes an important source of life, providing nutrients 

and support for the food and fibre needs of the world’s living creatures (Zimring & Rathje, 

2021). Land pollution encompasses an overall degradation of this life-supporting layer of soil. 

This degradation threatens the health and well-being of humanity around the globe and results 

in a number of environmental problems (Zimring & Rathje, 2021). Land pollution is largely 

caused by industrial production and human consumption. The protection and conservation of 

the thin layer of topsoil that covers the Earth’s landforms is essential for the support of life. 

Some sustainable efforts to protect the Earth’s lands are underway through the efforts of 

enterprising individuals and organizations (Zimring & Rathje, 2021). City governments, civic 

organizations, private corporations and environmentally conscious households are capable of 

adopting environmentally sustainable behaviours that reduce land and other forms of 

pollution. In the process of achieving this sustainability, the complex relationships between 

society and nature must be fully analysed and understood to encourage the best possible 

outcomes and visions for the future (Zimring & Rathje, 2021). 

Recycling is an industrial practice in which recyclers collect used or abandoned materials and 

transform them into their constituent parts to create raw materials for new objects. Recycling 

can reduce waste, the need for virgin materials, energy consumption, air pollution, and landfill 

leachates (Zimring & Rathje, 2021). Recycling involves turning materials that would otherwise 

become waste into valuable resources. It involves collecting recyclable materials that would, 

otherwise, be considered waste; sorting and processing recyclable into raw materials, such as 

fibres; manufacturing raw materials into new products; and purchasing recycled products. 

The recycling process begins by having a collection and processing system in place. Common 

household goods such as newspapers and paper towels, aluminium, plastic and glass soft drink 

containers, steel cans, and plastic laundry detergent bottles are made of recycled materials. 

Buying recycled products completes the recycling loop (Zimring & Rathje, 2021). Recycling of 

materials such as paper, cardboard, glass, plastic, steel and aluminium from municipal solid 

waste is high on the agenda in many countries because material recycling is considered 

superior to any other treatment alternative (Merrild, Larsen & Christensen, 2012).  

The process shown in Figure1 describe the Pollution prevention (P2) system, which is any 

practice that reduces, eliminates, or prevents pollution at its source (EPA, 2016). Pollution 

prevention protects the environment by conserving and protecting natural resources while 

strengthening economic growth through more efficient production in industry and less need 

for households, businesses and communities to handle waste (EPA, 2016).  
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Figure 1 Pollution Prevention System (EPA) 

For all stated before, it is important that people are active in the reduction of the amount of 

pollution produced, since the prevention starts in the domestic environment and only after 

that can be spread in other settings. The most helping and easy action that an individual can 

perform every day is recycling. The basic phases in recycling are the collection of waste 

materials. This simple action brings plenty of benefits (EPA, 2016): 

 Reduces the amount of waste sent to landfills and incinerators 

 Conserves natural resources such as timber, water, and minerals 

 Prevents pollution by reducing the need to collect new raw materials 

 Saves energy 

 Reduces greenhouse gas emissions that contribute to global climate change 

 Helps sustain the environment for future generations 

 Helps create new well-paying jobs in the recycling and manufacturing industries in the 

United States 

That is the reason for which people should be educated on how behave the best - education is 

an important step in changing people’s behaviour.  

2.1 Learning through games 

Learning is the act of acquiring new, or modifying and reinforcing, existing knowledge, 

behaviours, skills or values. Many times learning involves synthesizing different types of 

information (Schacter, Gilber & Wegner, 2009). Progress over time tends to follow a learning 

curve. It does not happen all at once, but builds upon and is shaped by previous knowledge. 

To that end, learning may be viewed as a process, rather than a collection of factual and 

procedural knowledge. Learning produces changes in the organism and the changes produced 

are relatively permanent (Schacter, Gilber & Wegner, 2009). 

Digital learning provides students with an environment that allows them to develop skills in 

self-initiated learning (Oliver & Herrington, 2001). This new type of environment has 

prompted a change in the role of students from passive receivers into active constructors of 

knowledge. E-learning gives to students a greater autonomy and control over knowledge 

construction, they result in a self-initiated willingness, which is a factor that strongly 

influences learning effectiveness (Fong-Ling, Rong-Chang & Sheng-Chin, 2009). Because of 

enormous progress in learning technologies, digital games have become a feasible e-learning 

tool. The underlying characteristics of these games, such as entertainment, feedback, mission, 

sense of triumph, and social interaction, encourage player immersion (Prensky, 2001; Rolling 
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& Adams, 2003), while the challenges they pose, their unpredictability and competition spark 

players’ curiosity and inner motivations. This may explain why online games have become the 

learning tool that best provides students with a form of enjoyment while increasing the degree 

of immersion (Ampatzoglou & Chatzigeogiou, 2007; Virou, Katsionis & Manos, 2005). 

According to Prensky (2007), digital game based learning works for three reasons: 

1. The first is engagement, which comes from putting the learning into a game context. 

2. The second is the interactive learning process employed. 

3. The third is the way the two are put together. 

2.1.1 Collaborative Learning 

The broadest definition of collaborative learning is a situation in which two or more people 

learn or attempt to learn something together. Each element of this definition can be 

interpreted in different ways (Dillenbourg, 1999):  

(a) "two or more" may be interpreted as a pair, a small group (3-5 subjects), a class(20-30 

subjects), a community (a few hundreds or thousands of people), a society(several 

thousands or millions of people) and all intermediate levels;  

(b) "learn something" may be interpreted as "follow a course", "study course material", 

"perform learning activities such as problem solving", "learn from lifelong work 

practice", etc.; 

(c) "together" may be interpreted as different forms of interaction: face-to-face or 

computer-mediated, synchronous or not, frequent in time or not, whether it is a truly 

joint effort or whether the labor is divided in a systematic way. 

Dillenbourg (1999) states that a more precise definition of the expression "collaborative 

learning" is: a situation in which particular forms of interaction among people are expected to 

occur, which would trigger learning mechanisms, but there is no guarantee that the expected 

interactions will actually occur. Hence, a general concern is to develop ways to increase the 

probability that some types of interaction occur. 

Collaborative learning is based upon the following principles (Panitz, 1999): 

1. Working together results in a greater understanding than would likely have occurred 

if one had worked independently. 

2. Spoken and written interactions contribute to this increased understanding. 

3. Opportunity exists to become aware, through classroom experiences, of relationships 

between social interactions and increased understanding. 

4. Some elements of this increased understanding are idiosyncratic and unpredictable. 

5. Participation is voluntary and must be freely entered into. 

According to a study conducted by Leidner and Fuller (1997), children working collaboratively 

in either small or large groups were more interested in the material and perceived to learn 

more than students that worked individually. However, students that worked individually 

outperformed students that collaborated in small or large groups. This result cannot assert 

that working individually enhance the learning, since collaboration is not simply a treatment 

which has positive effects on participants, but it is a social structure in which two or more 

people interact with each other and, in some circumstances, some types of interaction occur 

that have a positive effect (Dillenbourg, Baker, Blaye, & O'Malley, 1995). Moreover, those 
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observations refer to an environment where the learning is transferred from a foreign source 

(i.e. a teacher) and then elaborated by the learners, collaboratively or individually.  

Learning, both outside and inside school, advances through collaborative social interaction 

and the social construction of knowledge (Brown, Collins and Duguid, 1989). Compared to 

individual learning, research on traditional face-to-face collaborative learning revealed 

numerous benefits: better performance, better motivation, higher test scores and level of 

achievement, development of high level thinking skills, higher student satisfaction etc. 

(Johnson, Maruyama, Johnson, Nelson & Skon, 1981; Dansereau, 1983; Slavin, 1987; Sharan, 

1990). Researchers on computer supported collaborative learning has confirmed these 

benefits and has shown that they can be enhanced even further through adequate 

technological support (Alavi, 1994; Hiltz, 1995; Huynh, 1999). All those theories refer to the 

concept of zone of proximal development conceived by Lev Vigotsky (1978). His belief was that 

individuals achieve higher levels of learning and retain more information when they work in 

a group. As shown in Figure2, the amount of knowledge that a learner can reach, if unaided, 

is significantly smaller than the knowledge that he or she can acquire if learning 

collaboratively.  

 

Figure 2 Zone of Proximal Development 

Bruffee (1984) shares Vigotsky’s concept, for whom learning is a social and not an individual 

process, then he states that to learn is to work collaboratively to establish and maintain 

knowledge among a community of knowledgeable peers.  

 

2.1.2 Cooperation vs Competition 

While cooperation is working together to accomplish a goal; competitive learning is the 

focusing of people effort on performing faster and more accurately than others. People 

perceive that they can obtain their goal if and only if the other participants fail to obtain their 

goals. Being able to compete for fun and enjoyment is an important competence (Johnson & 

Johnson, 1999). Intergroup competition provides support and assistance through the 

competition, increases the enjoyment of the competition and diffuses responsibility (Bruffee, 

1984). Given the results of recent studies and the conclusion of these findings there appears 

to be strong evidence to support the superiority of cooperative learning strategies, in general, 

and cooperative learning strategies with intergroup competition in particular in promoting 

achievement (Reid, 1992). Whereas there is no difference in achievement between cooperation 
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without versus cooperation with intergroup competition (Johnson, Maruyama, Johnson & 

Nelson, 1981), competition increases enjoyment (Fu, Wu, and Ho, 2009; Vorderer, Hartmann 

& Klimmt, 2003), which can be an important factor especially for inexperienced learners 

(Chen, 2014). Moreover, motivation generated in competitive gaming may translate into 

increased achievement of the content. (Laveault and St-Germain, 1997). However, competitive 

learning will not reach its full potential unless it is used in a strong cooperative context. It is 

the integrated use of this types of goal structures that release their full power and makes each 

most effective (Bruffee, 1984). Consequently, competition appear to not affect the acquisition 

of information, but it seems to have an important role in the engagement of people in the 

activity. At the end of the day, competition can be used as an instrument to make people more 

interested and more willing to participate in the learning activity.  

2.1.3 Situated Learning 

Collaborative learning works well with an approach in which the learning is set in an 

environment that is similar or identical to where the learning material will be applied in future 

(McLellan, 1996), called Situated Learning (Prensky, 2007). Situated learning places the 

learner in the center of an instructional process consisting of content, context, values, beliefs, 

and environmental cues by which the learner gains and masters content. Community, the 

group with which the learner will create and negotiate meaning of the situation and 

participation, and the process, by which learners working together, are combined to solve 

problems related to everyday life circumstances (Brown, Collins & Duguid 1989). The model 

of situated cognition is based upon the notion that knowledge is contextually situated and 

fundamentally influenced by the activity, context, and culture in which it is used (Brown, 

Collins & Duguid, 1989). Another definition sees situated learning as a theory on how 

individuals acquire professional skills, extending research on apprenticeship into how 

legitimate peripheral participation leads to membership in a community of practice.  

Situated learning takes as its focus the relationship between learning and the social situation 

in which it occurs. At its simplest, situated learning is learning that takes place in the same 

context in which it is applied. Lave and Wenger (1991) argue that learning should not be 

viewed as simply the transmission of abstract and decontextualized knowledge from one 

individual to another, but a social process whereby knowledge is co-constructed; they suggest 

that such learning is situated in a specific context and embedded within a particular social and 

physical environment. The idea is to deal with how a person’s knowledge is developed over the 

course of an activity (Clancey, 1995). 

Situated learning integrates the concepts of content, context, community and participation 
(Stein, 1998). 

 Content: in situated learning, no importance is given for the retention of the content 

but it is more stressed on the reflective and higher order of thinking where the results 

got are used in solving the problems faced in daily life. It is more of application based. 

 Context: It is the usage of the product or the result at the right time, place and situation 

in the social, psychological and at material environment; it creates a platform to 

examine the experiences. 

 Community: It helps the learner to create, interpret, reflect and form the meanings. It 

gives opportunity to share the experiences among the learners and to interact. 

 Participation: It is where interchange of ideas, problem solving and engaging of the 

learners take place. This takes place in a social setting, which includes reflecting, 

interpreting and negotiating among the participants of the community.  
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One of the major criticisms of instruction today, to this type of learning process, is the low rate 

of knowledge transfer. However, the potential advantage of immersive interfaces for situated 

learning is that their simulation of real world problems and contexts means that students must 

attain only near-transfer (Dede, 2009).  

2.2 Feedback in Learning 

The term feedback is used to describe the helpful information or criticism about prior action 

or behaviour from an individual, communicated to another individual (or a group) who can 

use that information to adjust and improve current and future actions and behaviours. 

In other worlds, feedback occurs when an environment reacts to an action or behaviour. 

(Jacobs and Dempsey, 1993). Feedback is a valuable information that is used to make 

important decisions.  

Feedback could be used in a learning purpose since it is a very important component in giving 

the user information about whether or not their intended actions resulted in the expected 

outcomes (Norman, 1988). It could be seen as a tool to help the student reaching the goal 

submitting positive or negative input in response to the action performed by the student, 

providing the learner information regarding the correctness of their responses and to correct 

inaccurate information (Anderson, Kulhavy and Andre, 1971). The expected result is to build 

a light path to follow. Erhel and Jamet (2016) showed that if learners are given regular 

feedback about their performance, the entertainment instruction results in deep learning. In 

their experiment they used a positive feedback. The results of their experiment validated their 

hypothesis by showing that, in the presence of feedback, learners in the entertainment 

instruction condition performed significantly better on comprehension than those in the 

learning instruction condition. Sweller, Merrienboer and Paas (1998) showed that adding 

features such as feedback to an educational document could trigger deep cognitive processing 

that contributes to better learning. The usefulness of the present study therefore lies in its 

demonstration that feedback, coupled with an entertainment instruction, can promote deep 

cognitive processing during learning, all the while enhancing learners’ motivational 

investment. Leutner (1993) found that adding feedback in Digital Game-Based Learning 

enhances memorization. They are also consistent with cognitive load theory and, more 

particularly, with Sweller et al. (1998) research on germane cognitive load. 

2.3 Games 

Pollution and Environment Awareness are topics covered in multiple ways. On the market, 

many games have the purpose of teaching children, from their first stage, to be sensitive 

towards environment.  

SmogCity2 (U.S. Environmental Protection Agency & Sacramento Air Quality Management 

District, 2006). Smog City 2 allows you to simulate how air quality is affected by pollution 

from factories, cars, trucks and other sources. Players can also adjust weather conditions and 

see how the air quality changes. It includes both ground-level ozone (a primary ingredient in 

smog) and particle pollution (often an ingredient in smog and also causes haze in many 

national parks and cities). The ozone and particle pollution levels in Smog City 2 are estimated 

by simulating the air quality over an imaginary city using a computer model. The model creates 

a box over the area to represent the atmosphere above Smog City 2. Air quality conditions in 

the box are simulated to account for both human influences and natural factors that affect 
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ground-level concentrations of ozone and particle pollution. Each simulation represents one 

day. In the morning, the air in the box is usually healthy. With each passing hour, pollutants 

from human activities (such as industry and cars and trucks) and from natural sources (like 

trees and plants) are emitted into Smog City 2's atmosphere. The model takes into account 

variations in human activity, such as morning and evening rush-hour traffic. Emissions are 

subjected to movement, mixing, and dilution, which are influenced by weather characteristics 

such as wind speed, sunlight, and temperature. The computer model accounts for these 

meteorological effects to determine the rate of chemical reactions that cause ozone and 

particle pollution levels to increase or decrease. 

 

Figure 3 SmogCity 2 

BBC Climate (BBC, 2014). BBC Climate challenges players to make decisions to tackle global 

climate change for the millennium 2000-2100 choosing polices to try to persuade other 

international climate change representatives to reduce their carbon emissions during an 

international Roundtable on climate change attended by delegates from: North America, 

South America, Europe, North Asia, South Asia and Pacific. Players are faced with policy 

choice challenges such as: whether or not to invoke policy to invest billions to build bigger 

defence mechanisms to counteract floods in low lying vulnerable countries; building water 

treatment plants; installing solar panels; discouraging air travel; increasing emissions trading; 

switching from coal to gas. Players have to set polices for different aspects of government 

focusing on national, imports and exports, industry, local and household. Resources available 

include money, food, power, water. Those resources are evaluated by means of red and green 

effectiveness gauges. At the end of the game, the player will be evaluated by three percentage 

scores: environment, wealth, and popularity.  
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Figure 4 BBC Climate 

The Clim’ Way (Cap Sciences & Objectif Prod,2008). The main goals is to reduce greenhouse 

gas emissions by 75 percent, reduce energy by 40 percent, and increase the production of 

renewable energy by 60 percent between 2008 and 2058. Every year the player will be 

allocated points that will help you reach these goals. Public Authority Points (PA), Enterprise 

Points (EP), and Citizens Points (PC) can be used in order to carry out actions that reduce 

greenhouse gas emissions at every turn. This climate change game is extremely detailed and 

very difficult to play. The players have hundreds of separate choices at every single turn 

throughout the climate change game. The climate change game is extremely detailed because 

each category has many subcategories as well. Players will have a finite amount of points 

during every turn. It will be required to set strategies to select the sequence in which you will 

initiate certain events and upgrades. With hundreds of choices throughout the climate change 

game, players will receive a detailed description of each choice. They will get to receive a list 

of both advantages and disadvantages for each choice. An extremely detailed statistics window 

will allow players to monitor their progress throughout this climate change game. 

 

Figure 5 The Clim’ Way 
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CEO (Allianz & WWF, 2010). CEO2 is a climate change business management game that let 

the player take on the role of CEO and see if he can successfully run a company while reducing 

CO2 emissions. The goal is to maximize profit, significantly cut CO2 emissions and develop 

low carbon products by 2030. Players will be the leader of four different businesses. As leader 

of an automotive business, he could develop hybrid, flex fuel, all-electric and hydrogen cars 

and improve efficiency of products. As the leader of a chemical industry, he may choose to 

lobby against emission caps, engage in an electric battery recycling campaign and a green 

marketing campaign, use green electricity, develop super-efficient insulation, etc. As CEO of 

an insurance company, he may lobby for strong climate policy, provide incentives for solar 

power, etc. As leader of a utility company, he may want to retrofit existing plants, build wind 

farms and solar plants, expand electricity storage, begin smart metering, build nuclear power 

plants, build efficient new coal plants, extend the grid. 

 

Figure 6 CEO2 

WaterLife: Where Rivers Meet the Sea (National Oceanic and Atmospheric 

Administration, 2008). This serious game is based on the ecosystem of a United States west 

coast estuary and follows a human, Valerie, as she encounters Oscar the sea otter, and the 

Claminator, a geoduck clam. The friends are challenged to learn about the factors that produce 

healthy estuaries, food webs, and why estuaries are essential to ocean life and to humans. 

 

Figure 7 WaterLife: Where Rivers Meet the Sea 
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Dump Town (EPA, 20106). This is a very educational, thought-provoking and challenging 

game. The player have to take over as Dumptown’s new city manager and find out that it is 

littered and polluted, and that there is no recycling: all the trash in Dumptown is ending up in 

the landfill. The player will start off by encouraging citizens to recycle and reduce waste. He 

will be given a budget and must clean up the town with up to ten programs. Each time a 

program begin, the landscape will change. This feedback shows how the Dumptown landscape 

changes and how much waste is prevented from ending up in the landfill.  

 

Figure 8 Dump Town 

Some of those games focus on an excellent simulation leaving the game apart (SmogCity2). 

While other, despite being challenging and precise in showing the cause-effect relations, bring 

a sense of alienation conferring the player a position of prestige (SimCityEco, BBC Climate, 

The Clim’ Way, CEO) or placing him in an extremely unrealistic context (Noaa). On the other 

hand, games which are coherent with reality manifests poor or none simulation.  

In all the games taken into account, the multiplayer aspect is absent.  
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3 Problem 

In the previous section, it has been stated how pollution has become a big problem, the need 

of assuming behaviours aimed at the prevention of worse environmental conditions and how 

important is for people to learn how to recycle. 

Learning is a complex process that is developed through time (Schacter, Gilber and Wegner, 

2009), which can use digital tools (Oliver & Herrington, 2001). This provide an environment 

where student became active constructors of their knowledge, instead of passive receivers 

(Fong-Ling, Rong-Chang, Sheng-Chin, 2009). Different settings can be applied to this 

environment in order to reach an enhancement in terms of learning. The idea that the 

collaboration brings unique elements to the learning and, in some cases, produces knowledge 

unreachable for the individual, is a concept that was introduced by Vigotsky (1978). 

Collaboration gives opportunity to share the experiences among the learners and to interact 

(Stein, 1998).  This is one of the vital aspect of situated learning (McLellan, 1996), since it 

helps the learner to create, interpret, reflect and form the meanings. Situated learning is a 

learning condition that places the learner in an environment that is similar or identical to 

where the learning material will be applied in future (Prensky, 2007). It has been studied that 

a situated learning approach, compared with a similar, paper-based curriculum, results in an 

overall higher level of engagement in an immersive interface (Dede e al, 2009). Situated 

learning integrates the concepts of content, context, community, and participation (Stein, 

1998). A concept tightly related to collaboration is the competition. In terms of knowledge, 

there is no difference in achievement between cooperation without versus cooperation with 

intergroup competition (Johnson, Maruyama, Johnson and Nelson, 1981), competition 

increases engagement (Fu, Wu and Ho, 2009; Vorderer, Hartmann and Klimmt, 2003). An 

increase in engagement, that, for what stated before, could be the result of both competition 

and/or the immersion resulted from a situated learning approach, can be an important factor 

especially for inexperienced learners (Chen, 2014). In other terms, even though those factors 

do not bring more in the acquisition of information, they generate a motivation that may 

translate into increased achievement of the content because of that (D. Laveault and M. St-

Germain, 1997). Another important element is the feedback of actions. In fact, learners who 

are given regular feedback about their performance, trigger deep cognitive processing that 

contributes to better learning (Erhel and Jamet, 2016; Sweller et al. 1998).  

In the light of what has been stated, the research question proposed lies in two sub questions: 

 How the learning can be affected by social interaction in comparison to an individual 

setting? In other words, will participants placed in a collaborative learning 

environment learn from their errors better and faster? Consequently, will they make 

less error in a subsequent analogous test? 

 How participants change their level of engagement and interest in a topic when social 

interactions are involved?  

With the expression social interaction is intended to indicate how people share their 

knowledge and collaborate in order to reach a goal and how making teams competing for this 

goal affect the whole process. In other terms, in comparison to a single play mode, in which 

ways the cooperation brings advantages, if any. In particular, how intergroup competition 

affect the engagement of the people and consequently the learning process, by which is 
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intended the amount of knowledge gained at the end of the process, measured in number of 

mistakes and time spent on the accomplishment of the task.  

This thesis aim is to accept or refuse the hypothesis by which people tend to improve better 

their knowledge when they work with peers than when they work alone. At the same time, they 

experience and higher level of enjoyment when they play in-group, with a consequent increase 

in motivation that may translate into increased achievement of the content. 

3.1 Method 

In order to answer the research question, two different experiments have be conducted, with 

the purpose of investigating the impact of the variation of the play mode. The game has two 

versions: in the first one players worked alone, while in the second one player have been 

organized in groups of two people competing with another group. The single player mode has 

been used as criterion of comparison for the multiplayer version of the game. Both versions 

have the same game dynamics in order to have a controlled environment, in which the only 

variable parameter is whether participants are playing collaboratively or not. Therefore, the 

only modifications required concerned the collaborative aspect. Players are obligated to 

collaborate to accomplish a certain task. Moreover, this phase requires means of 

communication common for multiplayer games – it has been used a textual chat. 

Each experiment took three phases: 

 Participants had been acknowledged regarding the task that had to perform and they 

played a small tutorial in order to familiarize with the game controllers. However, this 

is a merely technical choice: there were not any hint regarding the game itself or any 

attempt to improve their current knowledge. 

 Afterwards participants played the game (in either single player or multiplayer). The 

game had a maximum length of 20 minutes, but it could end in advance if the player 

had been sufficiently fast in reaching the goal. Participants were not aware of the time 

limit, to avoid that they focused on the time instead of the task. It has been studied that 

participants performed worse in a high time constraint than the others that were 

unaware of the time, even if all of them received the same amount of time (Gonzales, 

2004). 

 At the end of the game session, a digital survey was submitted to each player 

(individually), in which the knowledge that player have acquired during the game has 

been tested.  

The main source of information are the logs of the game for the second and the third phase of 

the experiments. The logs of the game comprehend information regarding the score of the 

player, attempt to fulfil a task (and relative success or failure) and player interactions with 

other game objects. The logs of the survey, on the other hand, include the score of the player 

and the number of mistakes made. In the multiplayer version, the chat is stored, too. 

In conclusion, participants were submitted with a questionnaire, whose purpose was to 

evaluate their game experience. Strauss and Corbin (1998) explain that qualitative methods 

can be used to explore substantive areas about which little is known. Furthermore, qualitative 

methods can reveal intricate details about phenomenon that might be difficult to extract from 

more conventional research methods, e.g. details such as feelings, thought processes, and 

emotions. Numerous questionnaires have been developed that can be used to evaluate the 
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immersion of a gaming experience. The diversity of questionnaires is often motivated by the 

context in which they have been developed. Brockmyer et al. (2009) propose the Game 

Engagement Questionnaire (GEQ) based on previous work on absorption, flow, presence and 

immersion. It was designed to assess an individual’s tendency to be drawn into a game in an 

engaging, immersive way and ultimately to identify players that are particularly susceptible to 

video game violence. Qin et al. (2009) present a questionnaire focused on studying the 

immersion in the narrative of a game. IJsselsteijn et al (2007) propose an ulterior way of 

measuring the experience of the player, with the Game Experience Questionnaire (GEQ), 

which seems reasonable and applicable in studying player experiences with video games. One 

of the most used instruments is the Immersive Experience Questionnaire (IEQ) proposed by 

Jennett et al. (2010). For this questionnaire, sixteen pairs of related questions were created 

(32 questions in total) using negative and positive wording in order to control for wording 

effects. A final question was also included that asked how immersed the participant felt overall 

on a scale of 1 to 10 (Jenett et al., 2008). Calvillo-Gámez et al. (2010) present the Core 

Elements of the Gaming Experience Questionnaire (CEGEQ), which is based on a grounded 

theory approach. 

In this experiment will be used the CEGEQ (Calvillo-Gámez et al., 2010). Other questionnaire 

focus on certain aspect irrelevant o completely missing in the game developed for this study. 

Brockmyer et al. (2009) questionnaire focus is to detect if players are susceptible to violence 

in games, which is an absent aspect in this context; so as the narrative, studied by Qin et al 

(2009) questionnaire. An appealing alternative would have been the IJsselsteijn et al (2007) 

questionnaire. However, the problem with it is that IJsselsteijn and his colleagues have not 

yet published any of the empirical results using the questionnaire or psychometric evaluations 

on its reliability and validity and the properties of its subscales in a peer-reviewed journal. 

Another option would have been the Jennett et al. (2010) IEQ questionnaire, but the main 

reason for choosing the Calvillo-Gámez et al. (2010) questionnaire is that  the  Cronbach alpha 

for the whole questionnaire is 0.794 and for the CEGE scale is 0.803. Cronbach's alpha is an 

index of reliability associated with the variation accounted for by the true score of the 

"underlying construct." Construct is the hypothetical variable that is being measured 

(Hatcher, 1994). Alpha coefficient ranges in value from 0 to 1 and may be used to describe the 

reliability of factors extracted from dichotomous (that is, questions with two possible answers) 

and/or multi-point formatted questionnaires or scales (i.e., rating scale: 1 = poor, 5 = 

excellent). The higher the score, the more reliable the generated scale is. Nunnaly (1978) has 

indicated 0.7 to be an acceptable reliability coefficient.  

This Calvillo-Gámez et al. (2010) questionnaire (Appendix A), now on refereed simply as 

CEGE, is used to assess the core elements of the gaming experience. Each item is rated with a 

7-point Likert scale. The questionnaire is created with 38 items and 10 scales. Table1 (Calvillo-

Gámez et al., 2010) shows the items in questionnaire associated at their scale; in the first 

column are indicated the questions identifier – the number – and in the following columns 

the scale or scales associated to those questions. Those relations are essential to know in order 

to calculate properly the score of each scale, after the participants have filled the 

questionnaire. The scales are Enjoyment, Frustration, CEGE, Puppetry, Video-game, Control, 

Facilitators, Ownership, Game-play and Environment. The theory can be summarised in the 

following points (Calvillo-Gámez et al., 2010).  
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 A positive experience (enjoyment) while playing games is achieved by the player’s 

perception of the video-game and the interaction with it. These are the Core Elements 

of the Gaming Experience: Video-game and Puppetry.  

 Puppetry, the player’s interaction with the game is formed by the player’s sense of 

control and ownership. Control produces ownership, which in turn produces 

enjoyment. Ownership is also produced by Facilitators to compensate the sense of 

control.  

 The player’s perception of the video-game is formed by the environment and the game-

play, which also produces enjoyment.  

Table 1 Questionnaire items 

Item Scale1 Scale2 

1,4,5 
Enjoyment - 

2,3 
Frustration - 

6 – 38 CEGE - 

6-12, 38 Puppetry Control 

13-18 Puppetry Facilitators 

19-24 Puppetry Ownership 

25 Puppetry Control/Ownership 

26-31 Videogame Environment 

32-37 Videogame Game-play 

 

The most relevant scale for this context is the CEGE. In Figure9, Calvillo-Gámez et al. (2010) 

present the CEGE model as relationships among the different scales. The factors that 

constitute the CEGE, or enjoyment, (a) are Videogame and Puppetry. Puppetry (b), in its turn, 

is constituted by Control and Facilitators, while Videogame (c) is formed by Game-play and 

Environment. Facilitators, Control, Gameplay and Environment produces Ownership ((b) and 

(c)).  
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Figure 9 The CEGE model 

 

3.1.1 Participants and Ethics 

The target of participants is European young adults (20-25) with previous experiences in 

computer game. The assumption is that they have been exposed to similar sources of 

knowledge regarding recycling, since they originate from environments which have similar 

treatments for recycling and their experience in that should be analogous and comparable, as 

they belong to the same age range. The game session will not be preceded by a test collecting 

information concerning the current knowledge of the player in order to not interfere with the 

learning process of the game and/or make participant think deeply about the subject before 

the gaming session. This is due to the fact that the commonly use of a pre-test has fallen under 

criticism as researcher have found that it may affect the result and being part of the 

participant’s learning (All et al 2015; Lane & Hays 2008).  

For ethical reasons, before taking part to the experiments, participants have been informed 

regarding the task that they had to perform and they were aware, as well, that they could have 

ended the experiments at any time. Participants were acknowledged of the fact that they were 

participating to a study and that, while playing, some information would have been collected 

and stored in an anonymous way. The participation at the experiments, for ethical reasons, 

has been volunteer. This has also benefits from the perspective of ideal learning situations: the 

most important challenge comes from free and equal access by all participants to the learning 

process, equal opportunity and unrestricted contributions to collaborative learning, at least 

from a technical point of view (Paniz, 1999; Cecez-Kecmanovic & Webb, 2000).  

Participants taking part to one of the experiments cannot participate in another, this is due to 

the knowledge that they might gain during the gameplay. Therefore, people attending the 

single player experiments cannot participate in the multiplayer experiments and vice versa. 

Moreover, in order to have a coherent result in the analysis the number of the people 

participating to the first experiments (single player) must be equal to the number of people 

participating to the second one (multiplayer). Since in each multiplayer session, four 

participants will be required, the number of participants must be a multiple of four. At least 

two or three sessions of the multiplayer experiments will be needed, which counts at least 8 or 

12 people. This number must be doubled, to include participants for the single player 

experiments.  

3.1.2 Procedure 

All the experiments have been lead according to the following procedure. Participants had 

been acknowledged regarding the purpose of the game, without giving insight about the 



 17 

purpose of the study, to avoid that the hypothesis could have influenced their way of playing. 

Single players sessions had been organized according to the availability of the participants. 

There were no minimum number of participants per session. Each participant had an 

identifier of this format SPXX, where XX were substituted with an incremental number (e.g. 

SP01, SP02, etc.). Multiplayer sessions were organized with four participants each, due to the 

need of dividing people in two groups of two players. Before each session, four tickets were 

prepared, each with and identifier and the name of the team (Green or Blue). The identifier 

were in the format MPXX, where XX were substituted with an incremental number (e.g. MP01, 

MP02, etc.). Participants were asked to sort one ticket and keep its information private. 

Afterwards, participants watched a brief tutorial to better understand the game dynamics and 

they also played the tutorial themselves. The successive phase was the gameplay. In the 

multiplayer sessions, participants were not allowed to speak to each other. To communicate 

they had to use the chat feature of the game. This is motivated by the fact that the amount of 

information exchanged and, maybe, the type of those information could have been useful to 

know for the analysis. When the time elapsed, participants had to answer a survey about the 

knowledge they should have had acquired in the game. Finally, the questionnaire evaluating 

the game experience were submitted. 

3.1.3 Pilot test 

The pilot tests were conducted before the experiments to determine the problematic areas in 

the chosen method and ensure that there were not technical problem with the game (such as 

unknown bugs). Limitations in the pilot study were that the number of participants were 

smaller than the actual experiment which is represented in the number of participants used 

and some of them were already acknowledged regarding the purposes of the study. Hence, 

those result could not be included in the final analysis.  

Fours pilot test have been conducted, of which two for each version of the game. For each 

single player pilot test one person was used, while the multiplayer tests required four people 

each. People could participate in only one pilot test. People participating to a pilot test could 

not participate in the experiments. Even though the first pilot test for the multiplayer was not 

finalized due to network connection problems, there have been some outcomes regarding the 

tutorial. It seemed to be hard to understand by scratch. A solution could be the introduction 

of a small video tutorial describing the basic mechanism and, after that, let the participants 

play the tutorial, in order to familiarize with the controls. The first single player pilot test 

enlightened a problem of unnecessary complexity, which in a successive implementation has 

been removed. Another insight, obtained from the second single player pilot test, has been 

that non-gamer could find difficult to deal with the game controls, in particular using the 

keyboard/mouse combination to explore the world. This could lead to a higher focus on 

learning the game mechanics, rather than on the task. That is why the target has been 

restricted to computers gamers. Moreover, it has been observed that players in the single 

mode, after few minutes, found the game monotonous and not stimulating enough. This 

comment lead to the insertion of two other elements to increase the challenge, illustrated in 

the following chapter.   
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4 A Game Example: Wastes Hunter 

In order to collect the data needed, an example of game has been implemented, taking into 

consideration the environmental requirements described in the previous chapters. The 

learning topic will be the recycling of wastes. The game have the format of a treasure hunter. 

The hunted items are the wastes, spread all over the world. The player (alone or in team) has 

to find as much wastes as he or she can and recycle them in the correct bin. The sorting will be 

performed according to the rules of the pre-separation of garbage (Jönköping Kommun, 

2016). There will be six kinds of bins (organic, plastic, paper and cartons, glass, metal and 

residual wastes) and a special place called Eco-Centre (Figure10). The Eco-Centre, in the 

shape of a building, represent the place where hazardous wastes have to be thrown. In a 

previous implementation of the game, bins where hidden in the world as well as the wastes. 

However, during the pilot testing it has proved to be confusing for the player. Consequently, 

in the final implementation their position is fixed. 

 

Figure 10 Eco-Centre 

The game present some additional elements, whose purpose is to increase the challenge and 

the effort the player put into the game. In order to access to some areas of the world, the player 

has to avoid an enemy (Figure11). This enemy is, in general, innocuous; however, if the player 

wants to carry a waste to the other side of the area surveilled by the monster, he or she has to 

be careful to not be hit by it. In case the monster touches the player, he or she will lose all the 

wastes in the inventory before he crosses the area. At this point, the player has to come back 

and try again.  

Some of the wastes in the world are placed in unreachable zone for the player (such as the 

top of a car or a tree). In order to make them fall, the player could use a stone, which can be 

found in the environment, and throw it in the direction of the waste until it falls. In the 

Figure12 is shown an attempt of making a banana peel falling from the top of a car.  
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Figure 11 Jelly Monster 

The game is also provided with a light feedback system. Players will get a positive feedback 

when they give a correct answer – throw the waste in the correct bin – and a negative feedback, 

otherwise. The feedback system is designed to not be invasive, so that player will learn either 

alone or from his peer, in the multiplayer mode. 

 

Figure 12 Player throwing a stone 

In comparison to other game that discuss this topic (some of them described in the Section 

2.3), Wastes Hunter emphasize the importance of the multiplayer and of the cooperative 

learning even in action that may be not so difficult to understand and that are just mnemonic. 

On the other hand, games such SmogCity2 (U.S. Environmental Protection Agency & 

Sacramento Air Quality Management District, 2016) focus or take big consideration of the 

simulation component, which is something missing in this game.   

4.1 Situated Learning  

The game is set in a city bordered by a park (Figure13), so that the learner will be surrounded 

both by nature and by an urban environment, mutually familiar to him. In this context a near 

transferability of knowledge is required, inasmuch the player is in contact with two of the most 

common environment he or she will be part of. Consequently, the learning material will be 

applied in those contexts. This setting, which favour the near transferability of knowledge 

(Dede, 2009) is preferable in a situated learning setting.  
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Figure 13 Environment 

 

4.1.1 Weather 

Another dynamic element of the environment is the weather. In order to support the situated 

learning setting, the game weather will depend on the current weather of the city in which the 

participant is playing. The participant were asked (Figure14) to specify city and country. The 

game, using the service of the OpenWeatherMap APIs, set the weather according to which the 

meteorological situation in the indicated city were.  

OpenWeatherMap offers different services, such as information regarding the current 

weather, from 5 to 16 days meteorological forecast, historical data and weather map layers. In 

this project current weather information are needed. In particular, those information have to 

be given according to the name of the indicated city.  The data obtained includes:  

 Geographical coordinates of the city (longitude and latitude). 

 Weather information (ids shown in Table2, group of weather parameters, description 

and icon) 

  Main information (temperature, pressure, humidity, minimum temperature, 

maximum temperature, atmospheric pressure on the sea level and atmospheric 

pressure on the ground level). 

 Wind information (speed and direction) 

 Percentage of cloudiness 

 Rain volume 

 Snow volume 

 Current time (UTC) 

 Sunset and sunrise time (UTC) 

 General info (country code, city name, etc.) 

The game available settings can be divided in night and day condition, for each of them is 

available a skybox with no clouds, few clouds and more that 50% of clouds. In every scenario, 

there could be rain or snow. The weather setting is specific for the player, inasmuch, in the 

multiplayer version of the game; different players could have different meteorological 

conditions. 
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Table 2 Weather codes 

ID Meaning 

Group 2xx 
Thunderstorm 

Group 3xx 
Drizzle 

Group 5xx Rain 

Group 6xx Snow 

Group 7xx Atmosphere (mist, smoke, fog, sand 

volcanic ash, dust whirls, etc.) 

Group 800 Clear 

Group 80x Clouds 

Group 90x Extreme (tornado, tropical storm, 

hurricane, etc.) 

Group 9xx Additional (breeze, gale, etc.) 

 

 

 

Figure 14 Form for the insertion of the city. 
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4.2 Feedback System 

Feedback it is a very important component in giving the user information about whether or 

not their intended actions resulted in the expected outcomes (Norman, 1988). However, in 

this game the feedback has been designed to not be intrusive. Players are acknowledged of the 

consequences of their action as shown in Figure15 – the game tells them whether their action 

is correct or not. However, hints of any kind are missing. Players, in the multiplayer version, 

are supposed to learn from each other to pursue the concept of zone of proximal development 

conceived by Lev Vigotsky (1978), for which individuals achieve higher levels of learning and 

retain more information when they work in a group. Doing otherwise and adding the game as 

teaching variable could compromise the study, since it could not be known if player were 

learning from each other or from what it were being taught by the game. This aspect could not 

be added to the single player version neither. In fact, that would have produced an 

inhomogeneity between the two version and that would have made their results incomparable.  

 

Figure 15 Feedback System 

4.2.1 Environment 

The environment is used as feedback. In the Figure16 is shown a scenario in which the fog is 

at a high level and a scenario in which the fog is almost missing. The fog is used as 

representation for the pollution: the heavier is the fog the higher is the pollution level in the 

game. This level is calculated by two factors: number of wastes found and remaining time. 

Specifically, the less wastes are present in the world and the less amount of time is elapsed, 

the less the city is polluted.   

 

Figure 16 Fog control  
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4.3 Player Modes 

 The first version of the game, the single player mode, is used as a term of comparison for the 

result produced by the multiplayer’s. The player is alone in the world and, by himself, has to 

collect and sort the waste. The game counts 27 wastes of different kind, hidden in the world. 

The game could end either because the time available is elapsed or because all the objects have 

been recycled.  

In the multiplayer version, players are divided into two teams, each of two members, as 

described in the previous chapter. As soon as they join the game, players have to insert the 

information found on their private ticket (sorted in advance): username and belonging team 

Figure17. The aim of the multiplayer version is to study how and if, in comparison to the single 

player, the learners gain some advantages in the knowledge and engagement from 

collaboration and intergroup competition. The general concern in collaborative learning is to 

develop ways to increase the probability that interactions occur (Dillenbourg, 1999). In order 

to create the need of collaborating, without affecting the game dynamics and so the 

comparison with the previous version, there will be included a new element. The strongest 

provider of collaboration is the fact that in this version the bin are all closed. To throw a waste 

in the bin one player must keep open the bin while the other can recycle Figure18. The actions 

are defined in order that a person can keep the bin open or throw the waste; this will make 

player interdependent the one another and, at the same time, it does not affect the game. This 

simple change ensures that players of the same team discuss and must agree on how to recycle 

a waste. The consequence is that the players must share knowledge in order to win.  

 

Figure 17 Lobby 

The competition aspect is a result of the fact that in the world there is a fixed amount of wastes, 

so teams have to compete with each other to collect and sort the higher number of objects. As 

in the single player mode, the different type of wastes are 27; however, due to the increased 

number of player, the number of wastes hidden in the world will be higher (some of them will 

be replicated). Participants were not allowed to talk, however they were provided with a textual 

chat. The chat has been designed in a way that only people belonging to the same team can 

talk to each other. In this way, opposite teams can build their strategies in private.  
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Figure 18 Example of collaboration extracted from the video tutorial. 

Another slight change has been applied to the feedback system. In this version, the feedback 

is not only shown to the active player (the one that throws the waste), but also to his teammate. 

The reasons are, firstly, that, in this modality, players of the same team must work as a unit 

and treat them as they are, should encourage the behaviour. In addition, this seems to be the 

most natural way to proceed, since both players need to know the result of their action in order 

to progress with the task. If the feedback would have been shown only to the active player, the 

latter would have to communicate the response to his teammate. This sound inefficient and 

intricate. 

4.4 Survey 

After having played the game, a survey were submitted to the participants in order to evaluate 

their subsequent knowledge. In this experiment, the survey is digitalized and it have the form 

of a drag and drop game. The reason why the survey is digitalized and not a simple written 

questionnaire is the following. The survey is personalized for every player with the wastes that 

he or she found in the world; other type of wastes were hidden. That means that players, in 

the major of the cases, had a different list of wastes to sort that could not be known in advance. 

The aim was to make people test their knowledge on things that they actually had the chance 

to learn. Moreover, since they were more likely to commit errors in the sorting of wastes that 

they had not found in the game, if every player had to sort also unfound wastes, the number 

of mistakes made in the game and the number of mistakes made in the survey would have 

been incomparable.   

In the survey, all the wastes were placed in the higher part of the screen and the bins at the 

bottom (Figure19). The learner had to choose a waste and drag it in the bin that he retained 

more appropriate. The survey had no feedbacks, which means that, even though an answer 

were incorrect the player were not acknowledged and he or she did not have the possibility to 

choose another option (bin). The motive is that the survey is not part of the game, but is an 

instrument used to calculate the mistakes made after having played the game and compare 

them with the mistakes made during the gameplay. 
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Figure 19 Full survey 
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5 Analysis and Results 

The global number of people used in the experiments have been 24, of which half participating 

to the single player experiments and half participating to the multiplayer experiments. People 

attending the multiplayer experiments were divided in group of four because of the game 

structure (2 players versus two players), therefore 3 gaming sessions took place. Players were 

university students coming from Europe in exchange at the University of Skövde, almost 

equally distributed in male and female. All the game sessions lasted about 30 minutes, of 

which 20 were dedicated to the actual gameplay.  

The aim of this chapter is to analyze the data gathered in the experiments conducted. The 

objective is to compare two datasets and determine if one is bigger than the other. In 

particular, this thesis needs two type of analysis: 

1. Compare two independent datasets (CEGE questionnaire, improvements in the single 

player versus improvements in the multiplayer). Two samples drawn from two 

populations are independent if the selection of one sample from one population does 

not affect the selection of the second sample from the second population (Mann, 2010). 

2. Compare two paired datasets (Score in the Game and Score in the Survey). Two 

samples are said to be paired or matched samples when for each data value collected 

from one sample there is a corresponding data value collected from the second sample, 

and both these data values are collected from the same source (Mann, 2010). 

The type of analysis used is the hypothesis testing, which consist in a process for choosing 

between different alternatives. Typically, in hypothesis testing, there are two options to choose 

from, null hypothesis and alternate hypothesis (Gaur & Gaur, 2006). A null hypothesis is a 

claim (or statement) about a population parameter that is assumed to be true until it is 

declared false. An alternative hypothesis is a claim about a population parameter that will be 

true if the null hypothesis is false (Mann, 2010). The rejection region for a hypothesis-testing 

problem can be on both sides, with the non-rejection region in the middle, or it can be on the 

left side or right side of the non-rejection region (Mann,2010). In the following analysis, two 

type tests have been conducted, depending on the case. The upper tail test (rejection region is 

in the right tail of the distribution curve) has been conducted to detect if the second campion 

values were bigger than the values of the first observations; the lower tail test, otherwise.   

5.1 Game Experience Evaluation 

To evaluate their experience, participants had to fill out a questionnaire (Appendix A). This 

questionnaire aims to measure different aspects such as Frustration, Gameplay, Environment, 

etc., but it also calculates a general score called CEGE describing the whole experience. This 

value has been calculated as the sum of all the single questions, taking care of summing 

negatively questions negatively worded (10, 12, 15, 18, 19, 24, 28, 32 and 37). All the scores 

have been converted to tenth to simplify the manageability. The data has been sorted 

depending on the play mode of the participants, resulting in 12 values for the single player 

mode (control population) and 12 values for the multiplayer mode (treatment population). On 

the basis of these samples, we wish to investigate the presence of a treatment effect that results 

in a shift of location. The basic hypothesis, in statistical test, is that of no treatment effect 

(Hollander et al., 2013). 
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5.1.1 Normality test 

In order to decide the test that can be applied to analyse the data, it has to be performed a 

normality test. The normality test chosen is the Shapiro-Wilk test. 

In this context, the two datasets to study (Table3) are the values of the CEGE questionnaire, 

expressed in tenths (1 the lower value, 10 the higher value), respectively for the single player 

mode and the multiplayer mode. The observations are ordered in ascending mode. For the 

single player mode, the W resulting is 0,335696042that, according to the table in Appendix 

C for n = 12; it reveals that the probability that the data is normally distributed is less than 

1%. Therefore, the null hypothesis can be rejected and it can be said that the data is not 

normally distributed. For the multiplayer mode the W resulting is 0,73134552 that, 

according to the table in Appendix C for n = 12; it reveals that the probability that the data is 

normally distributed is less than 1%. Therefore, the null hypothesis can be rejected.  

Table 3 CEGE values 

SP Values MP Values 

6,16 6,48 

6,23 7,99 

6,67 8,30 

7,04 8,55 

7,36 8,62 

7,42 8,87 

7,61 8,87 

7,74 8,93 

7,80 9,06 

7,86 9,62 

7,92 9,87 

8,05 10,00 

 

5.1.2 Analysis 

According to the Shapiro-Wilk test, both the single player mode values for the CEGE 

questionnaire and the multiplayer mode values are not normally distributed. Hence, a non-

parametrical statistical test has been used. Since we are dealing with independent data, the 

chosen test is Wilcoxon Rank-Sum test. 
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Table 4 CEGE evaluation 

Values Play Mode Rank 

6,23 SP 2 

7,04 SP 5 

7,36 SP 6 

7,42 SP 7 

6,16 SP 1 

7,61 SP 8 

7,74 SP 9 

7,80 SP 10 

7,86 SP 11 

7,92 SP 12 

6,67 SP 4 

8,05 SP 14 

6,48 MP 3 

8,30 MP 15 

8,55 MP 16 

8,62 MP 17 

8,87 MP 18,5 

8,87 MP 18,5 

8,93 MP 20 

9,06 MP 21 

7,99 MP 13 

9,62 MP 22 

9,87 MP 23 

10,00 MP 24 

 

Let SP be the distribution function corresponding to population 1, the single players, and let 

MP be the distribution function corresponding to population 2, the multiplayers. The null 
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hypothesis asserts that both the populations have the same probability distribution: there is 

no difference between them. The alternative hypothesis specifies that SP tends to be smaller 

than MP, since the test has been performed for the upper-tail.  

To compute the Wilcoxon two-sample rank sum statistic W, the combined sample of N = m 

+n SP-values and MP-values have been ordered from least to greatest. Table4 shows the values 

gained from the CEGE questionnaire with the relative play mode. The latter denote if the 

relative score is concerning a participant playing in the single mode (SP), which are the SP-

values, or a participant playing in the multiplayer mode (MP), which are the MP-values. The 

last column shows the ranks associated to each value of the first column. W is the sum of the 

ranks assigned to the MP-values.  

The sum of the ranks of the MP-values is 211, which is bigger that the critical value wα for n = 

12 (Appendix E) for both the level of significance of 5% and 10% for the upper-tailed test. 

Therefore, the null hypothesis can be rejected and the alternative hypothesis can be accepted. 

Hence, for how those hypotheses have been defined, it can be said that the value gathered for 

the two populations are different and, for the alternative hypothesis, that the values of SP are 

smaller than the values of MP. In other words, according to the scores of the questionnaire, 

the gaming experience values calculated for participants in the multiplayer experiments are 

higher. Hence, they experienced a higher level of enjoyment than participants in the single 

player experiments. 

5.2 Learning Evaluation 

For each one of the experiments, both the single player’s and the multiplayer’s, information 

regarding the mistakes made during the game and in the survey have been stored, via log files. 

Therefore, for each participant, information regarding how many wastes they have found in 

the world and how many mistakes they have made in the gameplay sorting and in the survey 

sorting. The number of how many wastes the player has found is a very important parameter, 

since is highly unlikely that participants find the same amount of wastes. This observation has 

to be taken into account because the number of errors has a different weight if the total number 

of wastes is smaller or bigger (i.e. 4 errors on 10 wastes is the 40% of failure, while 4 errors on 

100 wastes is the 4% of failure). Hence, in order to make the results comparable, the amount 

of errors, or failure rate, has been transformed in a 10-scale number. This transformation takes 

into consideration the relation between errors and number of items found: 

𝑒𝑛 ∗ 10

𝑓𝑛
 

Where en is the number of error for a generic participant and fn is the number of wastes found 

for the same player. Afterwards, the score can be calculated subtracting the failure rate to the 

maximum score (10). The reason of this step is to simplify the reasoning in further analysis 

stage.  

5.2.1 Normality test 

In order to decide the test that can be applied to analyse the data, it has to be performed a 

normality test. The normality test chosen in this context is the Shapiro-Wilk test.  
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The test has been performed to four datasets: 

1. Mistakes made during the gameplay in the single player mode (Tabel5) 

2. Mistakes made after the gameplay, in the survey, in the single player mode (Table6) 

3. Mistakes made during the gameplay in the multiplayer mode (Tabel7) 

4. Mistakes made after the gameplay, in the survey, in the multiplayer mode (Table8) 

Each row of the abovementioned tables describe the number of mistakes made for the player 

with the specified identifier and the relative score, which is calculated as the difference 

between the maximum score (10) and the level of failure, expressed in tenths. 

Table 5 SP Mistakes values 

ID Mistakes in Game Score 

SP10 1,428571429 8,571428571 

SP11 2,666666667 7,333333333 

SP09 2,857142857 7,142857143 

SP08 3 7 

SP05 3,043478261 6,956521739 

SP06 4,166666667 5,833333333 

SP07 4,444444444 5,555555556 

SP01 4,5 5,5 

SP12 5,263157895 4,736842105 

SP04 6,666666667 3,333333333 

SP03 7 3 

SP02 10 0 

 

For the single player mode, the W resulting from the score in the gameplay is 0,831404248 

that, according to the table in Appendix C for n = 12; it reveals that the probability that the 

data is normally distributed is between 2% and 5%. Therefore, the null hypothesis can be 

rejected and it can be said that the data is not normally distributed. Whereas, the W resulting 

from the score in the survey is 0,186503402 that, according to the table in Appendix C for n = 

12; it reveals that the probability that the data is normally distributed is less than 1%. 

Consequently, the null hypothesis can be rejected and it can be said that the data is not 

normally distributed. 

For the multiplayer mode the W resulting from the score in the gameplay is 0,926607016 that, 

according to the table in Appendix C for n = 12; it reveals that the probability that the data is 

normally distributed is between 10% and 50%. Therefore, the null hypothesis can be rejected 
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and it can be said that the data is not normally distributed. Whereas, the W resulting from the 

score in the survey is 0,401952378 that, according to the table in Appendix C for n = 12; it 

reveals that the probability that the data is normally distributed is less than 1%. Consequently, 

the null hypothesis can be rejected and it can be said that the data is not normally distributed. 

As conclusion, it can be said that all the four datasets are not normally distributed. 

Table 6 SP Mistakes values 

ID Mistakes in Survey Score 

SP10 0 10 

SP11 0 10 

SP09 0,476190476 9,523809524 

SP07 1,111111111 8,888888889 

SP05 1,304347826 8,695652174 

SP03 2 8 

SP04 2,666666667 7,333333333 

SP01 3 7 

SP08 3 7 

SP06 3,333333333 6,666666667 

SP12 4,210526316 5,789473684 

SP02 10 0 

 

5.2.2 Analysis 

According to the Shapiro-Wilk test, the data regarding the score in the gameplay and the score 

in the survey, both for the single player mode and the multiplayer mode, are not normally 

distribute. Consequently, a non-parametrical statistical test has been used. We obtain two 

observations on each of n subjects, so we are dealing with paired data (during the game versus 

after the game); the chosen test is Wilcoxon Signed-Rank test. 

The Wilcoxon signed-rank has been to compare two sets of scores that come from the same 

participants. This is used to investigate any change in scores from one-time point to another: 

to compare the scores obtained by a certain participant in the gameplay and the score obtained 

by the same participant in the survey. The game, in this thesis, is the treatment submitted to 

the participants. 
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Table 7 MP Mistakes values 

ID Mistakes in Game Score 

MP10 3,181818182 6,818181818 

MP12 3,181818182 6,818181818 

MP06 4 6 

MP08 4 6 

MP02 5 5 

MP04 5 5 

MP05 5,714285714 4,285714286 

MP07 5,714285714 4,285714286 

MP01 5,882352941 4,117647059 

MP03 5,882352941 4,117647059 

MP09 6,470588235 3,529411765 

MP11 6,470588235 3,529411765 

Table 8 MP Mistakes values 

ID Mistakes in Survey Score 

MP06 1,333333333 8,666666667 

MP10 2,272727273 7,727272727 

MP12 2,272727273 7,727272727 

MP08 4 6 

MP03 4,705882353 5,294117647 

MP05 4,761904762 5,238095238 

MP02 5 5 

MP04 5 5 

MP07 5,238095238 4,761904762 

MP01 5,294117647 4,705882353 

MP09 5,294117647 4,705882353 

MP11 5,882352941 4,117647059 
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The null hypothesis asserts that there are no differences between post-treatment and pre-

treatment observations (Hollander et al., 2013). The alternative hypothesis is that the scores 

obtained in the game are smaller than the scores obtained in the survey The differences are 

computed as the value gained in the survey (post-treatment) minus the values gained in the 

gameplay (pre-treatment) and, afterwards, ordered from least to greatest. When there were 

zero values among the differences, those values have been discarded and the n has been 

redefined as the number of nonzero differences. When there are ties among the (nonzero) 

differences, the rank has been calculated as the mean value. The differences aforementioned 

are the representation of players learning enhancement, since they represent the improvement 

participants gained in term of fewer mistakes on the learning material. 

Table 9 SP improvement evaluation 

ID Game Score Survey Score Difference Rank 

SP02 0 0 0 - 

SP08 7 7 0 - 

SP06 5,833333333 6,666666667 0,833333333 1 

SP12 4,736842105 5,789473684 1,052631579 2 

SP10 8,571428571 10 1,428571429 3 

SP01 5,5 7 1,5 4 

SP05 6,956521739 8,695652174 1,739130435 5 

SP09 7,142857143 9,523809524 2,380952381 6 

SP11 7,333333333 10 2,666666667 7 

SP07 5,555555556 8,888888889 3,333333333 8 

SP04 3,333333333 7,333333333 4 9 

SP03 3 8 5 10 

 

The Wilcoxon signed rank statistic T+ is then the sum of the positive signed ranks (Hollander 

et al., 2013). 

Table9 shows the scores during and after the game for the participants playing the single 

player mode. The Game Score and Survey Score columns show the values for the player whose 

identifier is indicated in the first column. The difference is between the second observations 

and the firsts. The last column shows the ranks associated to each value of the absolute values 

of the differences. The size of the sample decrease to 10 units, since there are two null 

differences that have to be discarded. The sum of the positive ranks (ranks associated to 

positive differences) is 55, which is bigger than the critical value T for n = 10 (Appendix D) 

both the level of significance of 5% and 10% for the upper-tail test. Therefore, the null 
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hypothesis can be rejected and the alternative hypothesis can be accepted: participants have 

reached a higher score after having played the game. 

Table 10 MP improvement evaluation 

ID Game Score Survey Score Difference Rank 

MP02 5 5 0 - 

MP04 5 5 0 - 

MP08 6 6 0 - 

MP07 4,285714286 4,761904762 0,476190476 1 

MP11 3,529411765 4,117647059 0,588235294 2 

MP01 4,117647059 4,705882353 0,588235294 3 

MP10 6,818181818 7,727272727 0,90909090

9 

4,5 

MP12 6,818181818 7,727272727 0,90909090

9 

4,5 

MP05 4,285714286 5,238095238 0,952380952 6 

MP03 4,117647059 5,294117647 1,176470588 7,5 

MP09 3,529411765 4,705882353 1,176470588 7,5 

MP06 6 8,666666667 2,666666667 9 

 

Table10 shows the scores in and after the games for the participants playing in a multiplayer 

mode. The Game Score and Survey Score columns show the values for the player whose 

identifier is indicated in the first column. The difference is between the second observations 

and the firsts. The last column shows the ranks associated to each value of the absolute values 

of the differences. The size of the sample decrease to 9 units, since there are three null 

differences that have to be discarded. The sum of the positive ranks (ranks associated to 

positive differences) is 45, which is bigger than the critical value T for n = 9 (Appendix D) both 

the level of significance of 5% and 10%, for the upper-tail test. Therefore, the null hypothesis 

can be rejected and the alternative hypothesis can be accepted: participants have reached a 

higher score after having played the game. 

At this stage, in both cases the null hypotheses have been rejected, which means that both the 

single player game and the multiplayer game have led to an improvement in the score in the 

survey. In other words, after playing the game participants made less mistakes. However, to 

answer the research questions, it is relevant to understand which version of the game led to 

the higher improvement level. To calculate that, the differences of the pairs, which are the 

representation of the improvements post-treatment (the game), have to be analysed.  
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Table 11 Improvements evaluation 

Improvements Play Mode Rank 

0,00 SP 3 

0,00 SP 3 

0,83 SP 9 

1,05 SP 13 

1,43 SP 16 

1,50 SP 17 

1,74 SP 18 

2,38 SP 19 

2,67 SP 20,5 

3,33 SP 22 

4,00 SP 23 

5,00 SP 24 

0,00 MP 3 

0,00 MP 3 

0,00 MP 3 

0,48 MP 6 

0,59 MP 7 

0,59 MP 8 

0,91 MP 10,5 

0,91 MP 10,5 

0,95 MP 12 

1,18 MP 14,5 

1,18 MP 14,5 

2,67 MP 20,5 
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The improvements, listed above, can be divided into two datasets – single players’ 

improvements and multiplayers’ improvements. Those datasets are independent. Therefore, 

the Wilcoxon Signed-Rank test was no longer appropriate, but the Rank-Sum had to be used. 

The Table11 shows the values gained from the improvements with the relative play mode. The 

latter denote if the relative score is concerning a participant playing in the single mode (SP), 

which are the SP-values, or a participant playing in the multiplayer mode (MP), which are the 

MP-values. The last column shows the ranks associated to each value of the first column.  

The null hypothesis asserts that both the populations have the same probability distribution: 

there is no difference between them, which means that there is no difference between the 

improvements made in the single player mode and the improvements made in the multiplayer 

mode. The alternative hypothesis specifies that the improvements for SP tends to be smaller 

than the improvements for MP, when the test has been performed for the upper-tail. The sum 

of the ranks of the MP-values is 112.5, which is not bigger that the critical value wα for n = 12 

(Appendix E) for both the level of significance of 5% and 10%. Therefore, the null hypothesis 

cannot be rejected. Hence, the improvement made in the single player mode are not smaller 

than the improvements made in the multiplayer mode. On the other hand, the test can be 

performed for the lower tail. The null hypothesis remains the same, but the alternative 

hypothesis that the improvements for SP tends to be bigger than the improvements for MP. 

The sum of the ranks of the MP-values are smaller than n*(m + n + 1) – wα, with n and m the 

size of the single player population and the size of the multiplayer population, respectively. 

Therefore, the null hypothesis can be rejected and the alternative hypothesis can be accepted, 

which means that the two datasets are different. In particular, since the test for the upper tail 

test failed and the test for the lower tail succeeded, the improvements of the participants to 

the single player mode experiments are higher than the improvements of the participants to 

the multiplayer mode. 

5.3 Qualitative Data  

5.3.1 Supervision 

All the experiments were conducted in a controlled environment and all the gaming session 

were structured in a way that the behaviour of the players could have been observed. 

Therefore, multiplayer sessions (four people) took place one at time and single players were 

scheduled no more than two at the same time.  

I looked at people playing keeping a certain distance and taking personal notes of what seemed 

relevant. I noticed that single players were more keen to ask me where to recycle a certain 

waste when they were surprised that their answer was wrong and, even though, I told them to 

keep trying and that I was not allowed to give any hint, often this behaviour returned. On the 

other hand, multiplayers were much more focused in the activity and did not respond to 

external input from the reality. It often happened that participants’ phone rang and when they 

checked, after the experiment ended, they stated that they heard nothing. Moreover, when 

time elapsed, players participating in the multiplayer experiments kept talking about the game 

with others participants in the gaming session asking who their teammate was and confronting 

the wastes found. I also noticed that they were visibly upset and more than one asked to 

continue playing. Single players were usually quiet.  
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Most of the experiments were conducted in sunny days and this is, most likely, the reason why 

people had no effect to the fact that the weather in the game was also sunny. However, during 

a one of the multiplayer gaming sessions, it was raining and people noticed that there was rain 

in the game, too. Players stated that they felt closer to the activity performed because of that.  

5.3.2 Chat 

The mean of communication chosen for the multiplayer is the chat. This chat has been 

designed to make possible information exchanging only between people of the same team, in 

order to facilitate their strategy building. Every chat has been stored and analysed.  

The purpose of the chat was to give player an instrument used to discuss whether to recycle a 

certain waste. In this version, all the bins were closed and that players had the ability to open 

the bin or throw a waste, in a mutual exclusive way. This means that each player could have 

had a double role; he or she could have been a bin opener, when the role was to keep the bin 

open for his or her teammate, or a waste holder, when the role was to actively recycle (throw) 

the waste. Therefore, the chat was a feature that should have been used to communicate to the 

unknown teammate the waste collected and decide together where it had to be recycled. 

However, the analysis of the chat enlightened that, instead of enter into a conversation, players 

told their teammate directly which bin they needed open; only when their first answer was 

wrong, players asked their teammate’s opinion. A deeper analysis showed that there is a 

relation between the number of mistakes made in the survey and the role had in the waste 

recycling. When a player was a bin opener, he or she was more likely wrong in the successive 

survey, since he or she was not aware of where the waste had been thrown by the other player. 

On the other hand, when the waste holder did not know where to throw the waste and asked 

his teammate, the bin opener often answer correctly in the survey.  
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6 Conclusions 

6.1 Summary 

This research was driven by an ambition to examine how the learning can be affected by social 

interaction in comparison to individual settings and how participants change their level of 

engagement and interest in a topic when social interactions are involved.  In other words, 

measure the improvements of the participants both placed in a collaborative learning 

environment and in an individual learning environment and detect if there is a relation with 

the level of enjoyment manifested. This examination was conducted using a series of 

experiments in which the only variable parameter was the social setting – single player or 

multiplayer.  

The experiments were conducted on 24 subjects, divided in two groups: one playing at the 

single player version of the game and the other playing at the multiplayer version. During the 

gameplay pertinent information, for this study, were collected; such as, number of mistakes 

and player interactions with the game relevant in the following analysis. The survey, submitted 

after the gameplay to each participant, had the purpose to evaluate the knowledge acquisition. 

In this phase, only the number of mistakes made by the player was counted and players did 

not have the chance to give another answer, if they were wrong in the first place. Successively, 

participants evaluated their gaming experience through a questionnaire. All the information 

was stored anonymously, but each participant was provided with a unique identifier in order 

to make further observations on the data for that person, gained in different phases of the 

experiment (game, survey and questionnaire). Collected data has been analyzed, mainly, with 

two purpose – count the knowledge acquisition degree and measure the level of enjoyment 

experienced by players. The outcome has been that, in both the single player and the 

multiplayer version of the game, people lower the amount of mistakes made in the survey in 

comparison with the mistakes made during the gameplay: scored higher after having played. 

However, participants in the single player experiments outperformed, since they 

improvement, calculated as score obtained in the survey and the score obtained in the 

gameplay, resulted higher than the one counted for the participants in the multiplayer 

experiments. The level of enjoyment, measured using the CEGE scale of the CEGE 

questionnaire, resulted globally higher in the multiplayer experiments. 

From the research results of this thesis and the consequent analysis, it is apparent that: 

 How the learning can be affected by social interaction in comparison to an individual 

setting?  

Participants, independently on the social setting (single player or multiplayer), 

manifested an increase in knowledge in a subsequent analogous test. However, the 

level of knowledge acquired by participants in the single player experiments resulted 

higher. It has to be noted that further analysis enlightened the fact that the 

communication did not work as intended and most likely the learning process has been 

affected. Since team members lacked to enter into a discussion regarding the recycling, 

the knowledge has not been shared constantly, but only when it was necessary (see 

Discussion).  

 How participants change their level of engagement and interest in a topic when social 

interactions are involved?  
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In the multiplayer gaming sessions, participants showed a significantly higher level of 

engagement in comparisons with people playing the single player version of the game. 

This result is coherent with what has been observed during the gameplay: participants 

to the multiplayer version of the game were visibly more engaged and less responsive 

to surrounding interferences. However, this did not seem to affect the knowledge 

acquisition.  

6.2 Limitations  

An important statement that has to be taken into consideration in the analysis process. A 

failure of the distributional assumptions means failure of the model. Hence, the conclusions 

based on the model are then invalid (Bentler & Bonett, 1980). Therefore, if the normality test 

produced a wrong result and the data is normally distributed, a parametric method could have 

been used, which, under normality, are trivially more efficient than non-parametric methods 

(Vickers, 2005).  

Moreover, in any statistical test two types of errors occur, both if the null hypothesis is 

accepted or rejected. Both those errors can be decreased simultaneously by increasing the 

sample size (Mann, 2010). However, the sample size taken into consideration, as it has been 

said multiple times, is small. That makes the results partially generalizable, since there is the 

possibility that they represent just a section of the population considered.  

It has to be noted that in some of the cases of participants did not used the chat properly, they 

told their teammate directly what they needed (which bin he or she had to open) instead of 

telling which item they possessed and then decide where to recycle it. The collaboration was 

deeper when the player possessing the waste did not know the answer, in that case he 

discussed with the other player in his team. Consequently, the knowledge was shared only in 

some of the situation, not all of them. This could have resulted in more error in the final survey, 

when there was not the correct exchange of information. Therefore, the lower level of 

improvement in the multiplayer experiments could have been due to a problem in the 

communication system, despite the single mode being the preferable setting for learning.  

6.3 Discussion 

This thesis outcomes in some way are coherent with the hypothesis formulated, but in others 

are opposite. It has been revealed to be true that a multiplayer environment, with both 

elements of competitions and collaborations, contribute to increase the enjoyment of the 

players (Fu, Wu, and Ho, 2009; Vorderer, Hartmann & Klimmt, 2003), in comparison to a 

game with the exact same elements except for the one stated. The higher level of enjoyment 

emerged from the analysis of the questionnaires filled by the participant, is consistent with the 

observations collected during the experiments.  

Participants in the multiplayer experiments manifested strong emotions of displeasure when 

the amount of time allocated for the gameplay elapsed and most of them declared that they 

wanted to continue the challenge, while participants in the single player experiments were, in 

some cases, indifferent. Another aspect often taken into consideration in the measure of the 

gaming experience (Jsselsteijn et al, 2007; Jennett et al., 2010; Calvillo-Gámez et al., 2010) in 

the immersion. During the multiplayer experiments, it was frequent that participants seemed 

isolated and failed to answer input from the real world. On the contrary, in the single player 

experiments, participants were often distracted by the surrounding sounds.  
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On the other hand, the learning aspect is controversial. Despite having counted an increase in 

the knowledge of the participants in the multiplayer experiments, as expected, this 

improvement has revealed to be inferior to the one reached by the participant in the single 

player experiments. This is misaligned with the belief that people working together can reach 

a higher level of knowledge in comparison of the knowledge that they can reach on their own 

(Vigotsky, 1978; Bruffee, 1984), but it is coherent with the results obtained in Leidner and M. 

Fuller’s previous study (1997), in which children working individually outperformed students 

that collaborated in small or large groups. However, it has to be noticed that the task that 

participants had to perform was relatively simple. It was not required a high level of reasoning 

and, probably, a task more complex could have resulted in a stronger need of collaboration 

and the outcome could have been different. In fact, the communication system, for the 

multiplayer experiments, was not used for the purpose for which it has been designed. The 

main purpose of the multiplayer mode was to make people work collaboratively. This 

collaboration has been implemented in order to make people share their knowledge and agree 

on their choice. Therefore, the chat was designed to make people of the same team discuss on 

where it was more appropriate to recycle a waste. However, in some of the cases of participants 

did not used the chat properly, they told their teammate directly what bin they needed to have 

open. Players used the chat as expected only when the player in possess of the waste did not 

know the answer, in that case a discussion with his teammate took place. This could have been 

due to the fact that, in the multiplayer mode, players wanted to be fast in order to gain more 

points than the other team. Hence, they were not inclined to spend much time discussing with 

their partner. Moreover, it is likely that this have affected the results in more error in the final 

survey, when there was not the correct exchange of information. In fact, after analyzing the 

chat it turned out that the most of the time that teammates discussed about where to recycle 

a waste, they answered correctly, about that waste, in the survey.  

 Therefore, the lower level of improvement in the multiplayer experiments could have been 

due to a problem in the communication system, despite the single mode being the preferable 

setting for learning. 

In conclusion, the amount of participants to the experiments is relatively small: generalize the 

conclusion to the whole population is fetched. However, some of the insight gained could be 

used to extend and improve the research, in order to overcome the limitations stated in 

advance and to reach a better generalizable outcome. 

6.4 Future Work 

In conclusion, I would like to provide some comments on what I would urge future researchers 

to acknowledge to a further extent than is done currently. Despite the results manifests that 

players of the single player mode of the game reached higher score in the survey post-game, 

and consequently acquired a higher knowledge, it would be interesting to conduct a study 

about the long-term effects. In particular, if participants involved in the collaborative 

environment are more willing to continue to learn using the game, if they seem more involved 

in the topic and/or manifest a longer-term knowledge, than the single player participants. 

Moreover, it would be stimulating explore alternatives in term of communication tools, since 

in the majority of the cases of participants used the chat to tell their teammate directly what 

they needed (which bin he or she had to open), instead of telling which item they possessed 

and then decide where to recycle it. Consequently, one teammate – the one who opened the 

bin – did not know how to recycle the majority of the wastes that his teammate found, resulting 

in more errors in the final survey.  
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Appendix A -  Core Game Experience Questionnaire  
 

ID: _______ 

 

Please read the following statements and answer by marking one of the numbers that best 

describes your experience. 

  
Strongly 

disagree 
  Neutral   

Strongly 

agree 

1. I enjoyed playing the game 
 1 2 3 4 5 6 7 

2. I was frustrated at the end of the 
game 

 1 2 3 4 5 6 7 

3. I was frustrated whilst playing 
the game 

 1 2 3 4 5 6 7 

4. I liked the game 
 1 2 3 4 5 6 7 

5. I would play this game again 
 1 2 3 4 5 6 7 

6. I was in control of the game 
 1 2 3 4 5 6 7 

7. The controllers responded as I 
expected 

 1 2 3 4 5 6 7 

8. I remember the actions the 
controllers performed 

 1 2 3 4 5 6 7 

9. I was able to see on the screen 
everything I needed during the 
game 

 1 2 3 4 5 6 7 

10. The point of view of the game 
that I had spoiled my gaming 

 1 2 3 4 5 6 7 

11. I knew what I was supposed to 
do to win the game 

 1 2 3 4 5 6 7 

12. There was time when I was doing 
nothing in the game 

 1 2 3 4 5 6 7 

13. I liked the way the game looked 
 1 2 3 4 5 6 7 

14. The graphics of the game were 
plain 

 1 2 3 4 5 6 7 

15. I do not like this type of game 
 1 2 3 4 5 6 7 

16. I like to spend a lot of time 
playing this game 

 1 2 3 4 5 6 7 

17. I got bored playing this time 
 1 2 3 4 5 6 7 

18. I usually do not choose this type 
of game 

 1 2 3 4 5 6 7 

19. I did not have a strategy to win 
the game 

 1 2 3 4 5 6 7 
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20. The game kept constantly 
motivating me to keep playing 

 1 2 3 4 5 6 7 

21. I felt what was happening in the 
game was my own doing 

 1 2 3 4 5 6 7 

22. I challenged myself even if the 
game did not require it 

 1 2 3 4 5 6 7 

23. I played with my own rules 
 1 2 3 4 5 6 7 

24. I felt guilty for the actions in the 
game 

 1 2 3 4 5 6 7 

25. I knew how to manipulate the 
game to move forward 

 1 2 3 4 5 6 7 

26. The graphics were appropriate 
for the type of game 

 1 2 3 4 5 6 7 

27. The sound effects of the game 
were appropriate 

 1 2 3 4 5 6 7 

28. I did not like the music of the 
game 

 1 2 3 4 5 6 7 

29. The graphics of the game were 
related to the scenario 

 1 2 3 4 5 6 7 

30. The graphics and sound effects 
of the game were related 

 1 2 3 4 5 6 7 

31. The sound of the game affected 
the way I was playing 

 1 2 3 4 5 6 7 

32. The game was unfair 
 1 2 3 4 5 6 7 

33. I understood the rules of the 
game 

 1 2 3 4 5 6 7 

34. The game was challenging 
 1 2 3 4 5 6 7 

35. The game was difficult 
 1 2 3 4 5 6 7 

36. The scenario of the game was 
interesting 

 1 2 3 4 5 6 7 

37. I did not like the scenario of the 
game 

 1 2 3 4 5 6 7 

38. I knew all the actions that could 
be performed in the game 

 1 2 3 4 5 6 7 
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Appendix B -  Coefficient Table (Shapiro-Wilk, 1965) 

The following table provides the coefficients for the Shapiro-Wilk normality test. 
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Appendix C -  P-Values Table (Shapiro Wilk, 1965) 

The following table provides the p-values for the Shapiro-Wilk normality test. 
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Appendix D -  Wilcoxon Signed-Ranks Test 

The following table provides the critical values for the Wilcoxon Signed-Ranks Test. 
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Appendix E -  Wilcoxon Rank-Sum Test 

The following table provides the critical values for the one-tailed Wilcoxon Rank-Sum Test. 

 

 


