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    Humans and machines have abilities so different that powerful systems emerge when their abilities are combined. Humans on the one hand can handle a wide range of tasks even building problem solving machines. Their strength is to solve problems effectively. Machines on the other hand solve only a narrow range of problems they are designed for. However they do that very efficiently. The goal of human computation is to combine the flexibility and effectiveness of humans and the power of machines to store, distribute, and process large amounts of data. This approach however introduces a variety of challenges. The aim of this thesis is to explore these challenges in the context of human computation systems with ludic elements in particular but also to draw general conclusions from relevant findings.




    The most dominant challenge this thesis will investigate is to offer human contributors a valuable reward for their participation. One possible approach to this challenge is to design human computation systems in a way that makes their use an inherently pleasurable experience. A promising way to make tasks more pleasurable is to integrate human computation tasks into digital games as pioneered by Luis von Ahn. Games with other purposes than enjoyment are also called “serious games”. In contrast to traditional “serious games” human computation games are not a medium to “teach” human beings. Human computation games reverse the flow of information and let humans create data for computational systems. Chapters 4, 5, and 6 investigate new ways how to design ludic elements for human computation. They explore the design space of systems with homo ludens in the loop and add new games to this space that broaden and deepen player’s gaming experiences.




    A common challenge of human computation systems is data reliability. Humans are expected to be unreliable; especially in ludic environments where a playful interaction with the system to test its borders is expected. Therefore, players may generate false data either on purpose or for other reasons. Different strategies have evolved to deal with this issue. As human computation tasks are by definition not efficiently solvable by an algorithm, it is necessary to find strategies to handle this challenge. Chapters 6, 7, and 8 investigate different strategies based on probabilistic methods to ensure data reliability in ludic environments. The goal of these strategies is to maximize data quality and to minimize restriction of game design.




    Human computation systems generate useful data primarily by observing human behavior and interactions with the system. Designing interactions and developing strategies to gather and interpret human behavior is therefore a vital element. A variety of interaction designs and survey methods has been developed by different human computation approaches. Chapters 3 and 4 layout a new interaction method to maximize data quality and to simplify and speed up task execution. Chapter 4 shows how choosing an appropriate observational method can allow for greater freedom in game design and allow for new mappings of tasks to ludic systems.




    Finally this thesis will investigate mappings between tasks and games. Issues that are of interest to human computation are those that are by definition not effectively or efficiently solvable by computational systems. In general, the challenge is to identify a problem or sub problem that is hard to compute but easily done by humans. Finding good candidate tasks is challenging as many problems that are hard for computers are also hard for humans. However many of the tasks efficiently solvable with human computation systems follow certain patterns. Five of these patterns will be discussed in Chapter 2.3. Each pattern takes advantage of a specific human ability, namely aesthetic judgment, making intuitive decisions, contextual reasoning, common sense knowledge, and free interactions with the physical world. This thesis primarily contains original work on tasks involving common sense knowledge in Chapters 3 and 4 and contextual reasoning in Chapters 3, 4, and 5. All chapters illustrate how certain task or task pattern can be mapped to digital games with only small changes to task and game design.
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    This chapter presents the current state of the art of human computation systems and digital games research. In the first part of this chapter, a number of basic concepts and common challenges of human computation systems are explored and tied to corresponding research projects and literature. It continues with a description of literature in the field of digital games research and emphasizes the relevance for this thesis. The second part explores related work in the area of human computation with digital entertainment systems highlighting the respective foci and strengths as well as explicating what separates these existing works from the desirable approach envisioned in the previous chapter.




    2.1   Background




    Despite the fast-pace growth in speed and capacity and the increasing global interconnectedness of computational machines, human mental abilities still outperform computational systems in many domains. An early work about potential areas was published by Naor (1996). In this work Naor mentions various problems useful as the source for automated Turing Tests such as gender, handwriting, or speech recognition. The design of traditional computational systems that handle contextual and semantic problems, for example, remains a challenge, while human beings are often capable of solving such problems without much conscious cognitive effort because of human common sense knowledge and contextual understanding. Examples for this application domain of human computation are tasks such as image or audio labeling and natural language understanding. Context is a common term in various scientific fields like linguistics and communication theory. Context in the scope of this work means the whole of implicit information about an object such as time, location or personal and situational context.




    Methods of crowdsourcing as well as human computation are applicable for various context and semantic related tasks. Prominent examples are resource labeling or tagging tasks as presented by various authors (Diakopoulos & Chiu, 2007; Ho, Chang, Lee, Hsu, & Chen, 2009; von Ahn & Dabbish, 2004). Yet another common task is audio annotation as presented by Barrington et al. (2009) as well as Diakopoulos et al. (2008) or Kim (2008). More detailed descriptions of some of these approaches can be found later in this chapter. Furthermore natural language understanding is also a promising application area for human computation as shown by various authors. Callision-Burch et al. explores using Mechanical Turk for the purpose of collecting data for human language technologies in a general way (2010). Resnik et al. proposes targeted paraphrasing as a new approach to obtaining cost-effective, reasonable quality translation by monolingual speakers in combination with machine translation (2009). They showed that it is possible to identify translation errors with only monolingual knowledge of the target language. They also demonstrated that it is possible to generate paraphrases with only monolingual knowledge of the source language. Other examples for natural language tasks were given by various authors (Chamberlain, Poesio, & Kruschwitz, 2008; Orkin & Roy, 2007; Siorpaes & Hepp, 2008).




    In general, computational systems are considered to be very efficient in solving problems of large numbers. However with NP-hard problems, humans can sometimes be able to intuitively solve them much more efficiently. Specific application-domains lie in combinatorial optimization tasks (Bonetta, 2009) and solving packing problems (Andrea et al., 2002). Even though it is yet unclear whether optimal solutions for these problems are feasible, different approaches show that human mental abilities can outperform current computational systems. Humans are able to solve some of these problems in an intuitive manner and thereby overcome issues like local minimum/maximum traps (Corney et al., 2010). In contrast to an algorithm which is based on the logical reasoning of its designer, intuition is the ability to gain insight into something; to form an opinion, or to find an ad-hoc solution; without a conscious reasoning process. As there still is an ongoing discussion in various fields about the complex mental processes behind intuition, it becomes obvious that intuition is not yet reproducible with current models in computer science. Human computation on the other hand, allows for utilizing this human mental ability to find better solutions or algorithms to handle puzzle-like combinatorial problems. Human computation systems such as FoldIt (Bonetta, 2009), Plummings (Terry et al., 2009), Phylo (Kawrykow & Roumanis, 2011), and others exploit this human ability to solve different NP-hard problems. Corney et al. (Corney et al., 2010) report on how packing problems has been used to capture human problem solving strategies. They designed a task for Mechanical Turk and measured how human contributors solved the presented packing problems. They recorded the type of actions a contributor performed on individual shapes as well as the packing efficiency of the resulting solutions.




    While humans can outperform algorithms in some situations, most NP-hard problems are also challenging for humans. Human computation systems dealing with such problems need contributors willing to participate for a relatively long term to find solutions that are better than algorithmic ones. Therefore, only relatively few tasks can be tackled and strong incentives are necessary. Ostensibly, computational systems that display a level of perception and understanding of aesthetics that is comparable to that of humans would be able to generate useful complex images, motion design or audio environments. Human computation approaches in this application domain were explored by Talton et al. (2009) and Dawkins (1987), who make use of human aesthetic judgment in order to create natural looking lighting for virtual environments, or to model objects in two and three-dimensional space. Nevertheless, the problem space of aesthetic judgment is investigated by comparatively few approaches, even though it holds potential to assist in the development of more accurate simulation systems in various domains. Possible examples thereof are physical simulations as well as crowd simulation systems for serious and entertainment purposes.




    Lastly, the ability of a computational system to sense the physical world and act in it is usually limited. Humans, of course, can directly interact with their physical environment. Tuite et al. (2010) gave an example of a digital game to reconstruct real world locations as detailed 3D models from photographic images. The game called PhotoCity was designed to collect a large quantity of photographic data. The game is played outdoors with a camera and players take photos to capture flags and take over virtual models of real buildings. Matyas also proposes games as tool to collect geospatial data (Matyas, 2007; Matyas, Matyas & Schlieder, 2008). In his paper he used digital mobile games to collect geographic data by player communities of location-based games. He identified three types of geographic data players can collect: data about the localization/communication network, data about the geographic environment, and related non-geographic information. He also presented game design patterns that permit to gather this data. The approach was illustrated with the game CityExplorer. As with aesthetic judgment, real world interaction has not been explored in depth yet. Because it is more imminent in mobile systems, this might change in the near future. Promising applications could be in crowd-sourced journalism or disaster management. Especially crowdsourced-journalism seems to be a vital idea as seen by the events during the green revolution in many Arabic countries in the last years.




    Besides exploring the application domains of human computation, many projects have developed sound survey strategies to collect high quality data from human contributors. A well thought out interaction design and sound survey strategies can help to reduce error rates or unwanted behavior. Using different workflows for the same task can reduce error rates as described by Lin et al. (2012). The paper explores how dynamic switching between workflows and therefore different interaction designs can improve data quality. Other approaches use task independent data to detect unwanted behavior. Language evaluation for instance can take advantage of a language independent feature vector that contains values about user behavior to predict whether a users input is reliable (Kilian, Krause, Runge & Smeddinck, 2012).




    Human computation systems generate useful data primarily through the observation of human behavior and human interactions with computational systems. The observation strategies differ in terms of their quantitative requirements and based on the complexity of the task at hand. Labeling tasks for instance, despite being relatively simple, require large amounts of data, as in the web image labeling task in the ESP game (von Ahn & Dabbish, 2004). These systems most often parallelize their process as described by Little et al. (2010). When thousands or millions tasks have to be processed a key issue is simplicity and clarity of the interaction design. This means that a contributor directly understands the task at hand. A strategy to simplify tasks can be to let contributors select answers from predefined sets, instead of formulating free responses. Examples for such a simplification are given by Dasdan et al. (2009) as well as Krause et al. (2009).




    Human computation systems can also be used to solve more complex tasks that necessitate strong commitment of their contributors, such as Phylo (Kawrykow & Roumanis, 2011) or FoldIt (Bonetta, 2009). These systems typically gather fewer replies per task and benefit more from iterative approaches as also described by Little et al. (2010). In cases where huge amounts of complex tasks have to be processed a direct use of human computation can be expensive. Initial training data for artificial systems can however be acquired with human computation. Such systems can then handle these tasks more accurately then before. Various approaches in this direction were presented (Brew & Greene, 2010; Lease, 2011; Quinn, Bederson, Yeh & Lin, 2010). Other examples are Google’s translation system, where users are able to propose better solutions to given translations. Corney et al. propose a method to learn problem solving strategies from human contributors to enhance machine based strategies (Corney et al., 2010).




    Another challenge in respect to interaction design is the field of human subject surveys. For surveys it is crucial to have an insight into various parameters like demographic, previous experience as a participant, and other factors. Schmidt discussed this as a major problem of crowd-sourced human subject studies (Lauren A. Schmidt, 2010). Many Researchers are also concerned that participants fill out surveys haphazardly in unsupervised environments. Kapelner and Chandler describe possible designs to deal with this circumstance (Kapelner & Chandler, 2010).




    A dominant and prevailing challenge for human computation systems is data reliability. Humans are expected to be unreliable and generate inconsistent data. Different validation strategies have evolved to deal with this issue. As human computation tasks are by definition not efficiently solvable solely by algorithms, the validation process cannot be as trivial as comparing the answers of the contributors to the results of according algorithms. A common approach is cross-validation where replies to questions are only accepted if a pair of contributors agrees on the answer. Other methods calculate the reliability of the contributors. These methods judge the quality of an answer given by a contributor based on statistical values calculated for that contributor.




    User-centered validation strategies are common especially in gaming contexts to solve the quality management issue. A frequent seen approach is to pair contributors and only accept answers both can agree on. Instances for this approach are various (Barrington et al., 2009; Bernstein et al. 2009; Ho et al., 2009; von Ahn, Kedia & Blum, 2006). Standard methods for this type of validation are Input- and Output-Agreement. Output-Agreement games are a generalization of the ESP game. Two strangers are randomly chosen. In each round, both are given the same input and must produce outputs based on the input. Game instructions indicate that players should try to produce the same output as their partners. Players cannot see one another’s outputs or communicate with one another. Both players must produce the same output. They do not have to produce this output at the same time but must produce it while the input is displayed onscreen (Law & von Ahn, 2009). In Input-Agreement games two players are shown either the same object or different objects and each is asked to type a description of their given object. Based on these descriptions, the players must decide whether they have been given the same object (Law & von Ahn, 2009).




    Machine based approaches rely on calculating reliability of contributors, or using simple classifiers to accumulate multiple answers for a consensus. Examples for such methods can be found in different publications. Methods such as Majority Vote and Naïve Bayes (Kumar & Lease, 2011) as well as expectation maximization are common (Ipeirotis, Provost & Wang, 2010). Another solution found is calculating certain trust values for each contributor. These values are calculated based on user responses to gold-relations which are interspersed to test the users’ reliability (Krause & Smeddinck, 2012). Gold standard methods are a common practice and even algorithms to automatically generate them are used in the field (Oleson et al., 2011). In some situations, a traditional computational system can, though unintuitive at first, evaluate the quality of a given answer yet not capable of generating the answer by itself. Examples are FoldIt and Phylo where a computer can compare the contributions to existing answers and measure qualitative difference between them (Bonetta, 2009; Kawrykow & Roumanis, 2011).




    This thesis contrary to many other publications in the fields of “serious games”, gamification, and human computation games is devoted to the idea of play as an inherent aspect of humanity. Johann Huizinga described in his book Homo Ludens (1944) that every human development personnel as well as cultural happens through games and play. A human being became conscious of his/her abilities through play and experiences made in games. Huizinga thereby defines a conceptual space in which play takes place. He describes play as: “a free activity standing quite consciously outside ‘ordinary’ life as being ‘not serious’, but at the same time absorbing the player intensely and utterly. It is an activity connected with no material interest, and no profit is gained by it.”




    This humanistic point of view sometimes seems to be forgotten when topics such as gamification and “serious games” are discussed. Many times it seems as Tom Sawyer is playing his famous white washing trick to let humans do work without an adequate reward. This is sometimes done with the best of intentions, nonetheless neglecting the nature of play. Even though the name of this thesis is inspired by Huizinga’s work and many thoughts are based on philosophers such as Wittgenstein, this thesis will not provide a philosophical discussion about games or play. It will however from time to time refer to these ideas.




    Philosophical and cultural investigations on games and play in general were done by different authors such as Wittgenstein, Caillois, and Suits (Caillois, 1961; Suits, 1978; Wittgenstein, 1953). An early work on the cultural meaning of digital games was written by Espen Aarseth(Aarseth, 1997). In this book he laid out the idea that the medium itself is an important factor. Sometimes the medium is as important as the message it transports and can contain a message on its own. This idea became the basis for the ludological theory of games. In contrast at the same time another theory emerges that considered games as a novel form of narrative such as films and books. This point of view is most often attributed to authors such as Murray (1998), Atkins (2003), and Jenkins (2003). Even though the debate between these two groups was an important phase for the field of game studies, this thesis will not go into detail on this debate but mention it for the sake of completeness. An interesting final comment was however given by Murray (2005).




    As this thesis tries to highlight the potential of a game centric approach for designing human computation games the most important aspect of game studies is game design. The following publications can illustrate the core differences between gamification approaches for human computation as seen today and the game centric approach proposed by this thesis. One of the earliest works on digital game design was written by Crawford (1984). His book deals with questions of what defines a game, a digital one, why people play them, and how to design engaging games. Salen and Zimmerman offer a comprehensive overview on game design in their book Rules of Play (Salen & Zimmerman, 2004).




    They describe the aesthetics of interactive systems and define core concepts like play, design, and interactivity. They examine games with so-called game design schemes, or conceptual frameworks, such as games as digital interactive systems in the context of social play and as a media for storytelling. Hunicke, LeBlanc, and Zubek describe a formal framework of Mechanics, Dynamics, and Aesthetics (MDA) to provide guidelines on the design of digital games. In this chapter, these terms will be used as follows: Mechanics are the particular components of a game, at the level of data representation and algorithms. Dynamics define the run-time behavior of the Mechanics acting on player inputs and outputs over time.




    Aesthetics describe the desirable emotional responses evoked in the player, when he or she interacts with the game system (Hunicke, LeBlanc & Zubek, 2004). The MDA model is a helpful tool to identify key differences in game designs. Other important aspects of digital games such as the impact of artistic quality, are extensively discussed by Walz (2010).




    2.2   Related work




    A common way to get contributors to participate in a human computation grid is to use motivation through gain for the contributor, such as granting access to web resource, or payment. Systems such as Mechanical Turk, Microtask, or Crowd-flower allow customers to upload small tasks such as reviewing a website or tagging images or sound files. The customers then pay other users, so-called workers, to solve these tasks. Another project that uses motivation not through the system itself is reCAPTCHA. This project serves the protection of publicly available web services from abuse by automated systems. A typical reCAPTCHA is an image containing several distorted characters. Users type these characters to prove that they are indeed human. The system generates these images from scanned documents. The solutions entered by humans improve the digitization process (von Ahn et al., 2008). In contrast to digital human computation games, where players are motivated to spend cognitive effort wholly out of their own interest, all these systems provide motivation through secondary elements.




    Even though, the systems and services mentioned above are easy to use and the implementation of tasks is relatively simple, other projects demonstrate the power of digital games in the domain of human computation. Common tasks for human computation games are relation learning or resource labeling. Well known examples in this regard come from the Games with a Purpose (GWAP) series. It consists of puzzle games for different purposes. ESP (von Ahn & Dabbish, 2004) for instance, aims at labeling images. The game pairs two users over the internet. It shows both players the same picture and lets them enter keywords that describe the content of that image. If both players agree on a keyword, they both score and the next picture is shown. ESP produced 1.3 million labels with around 13,000 players in a four month period. Another game of the GWAP series is Verbosity (von Ahn et al., 2006). The main idea of this game is to collect commonsense knowledge about words. Verbosity lets the first player describe a word by commonsense knowledge. For instance let the word to describe be milk then the describer could type: It is white. Similar to other games two players are paired at random. The players take turns describing and guessing a word. The describer provides words to describe the given input by using the provided templates (e.g., “it looks like” and “it is a type of”). The templates simplify the game play and provide a better control over the input. The guesser in turn has to guess the input word based on the describer’s outputs.




    The Games Squigle (Law & von Ahn, 2009) and Peekaboom (von Ahn, Liu & Blum, 2006), both let players, identify parts of images. Again two players are paired randomly. While one player gets an image along with a word related to the image the so called Boom, the other player called Peek gets no image. Boom reveals parts of the image to Peek. The goal is for Peek to type the word associated to the image. The Boom player reveals areas of the image so that Peek can guess the word associated to it. Once Peek guesses the correct word, the two players switch roles and play another round. In a one month period Peekaboom attracted over 14,000 different players. The game generated during this time over 1 Million entries. KissKissBan (Ho et al., 2009) is another interesting game for image annotation. In contrast to the previous ones the game involves a direct conflict between players. KissKissBan connects three players instead of two as the other ones. Two players became the couple they try to find consensual descriptions about an image. This mechanics works similar as the ESP game. The third player becomes the so called Blocker. The Blocker tries to prevent the couples from reaching consensus by defining taboo words for the couple.




    Another interesting application domain of human computation games deals with natural language processing (NLP) applications to enhance web search engines. One example is Webpardy (Aras, Krause, Haller & Malaka, 2010), a game for the annotation of websites. It aims at gathering natural language questions about web page fragments from its players. The game is similar to the popular Jeopardy quiz. Phrase Detectives, tries to collect anaphoric annotated corpora through a web game (Chamberlain et al., 2008). In this game players try to get high scores by submitting annotations to win different small prices. Yet another interesting field for human computation games is audio analysis. HeardIt, for instance, lets players annotate audio files in a playful environment. This game is a multiplayer game with at least 10 players at a time. The same music clip is played to all players. Different sub games ask players on their opinions about the music. These games ask the player to select a musical sub-genre or the most prominent instrument. After each round the player is awarded points for consensus with the Herd (Barrington et al., 2009). The game attracted 1049 players in its 2 week alpha phase which produces over 9,000 labels.




    All games presented so far share a common human computation mechanic in that they pair players to verify the validity of the input through mutual agreement. Furthermore they also have similar game mechanics and form a distinct subcategory of puzzle games. Although their design already applies interesting aesthetics, they tend to be homogenous in terms of experience and emotional depth. Similarity of these games can also be found in the way they are designed. Compared to other current digital games their mechanics and dynamics are basic. One reason for this is that human computation projects most often design games around the task they aim to solve. These games are designed to make an actual boring task more interesting in current research called gamification.




    This approach is one way to add ludic or entertaining elements to human computation systems. Yet, if engineers want to take advantage of a substantial fraction of the millions of hours spent by people around the globe playing games, it is necessary to broaden the experiences that human computation games can offer. This would allow these games to reach new audiences and may furthermore lead to the integration of human computation tasks into existing games or game concepts. Here an addition to this design paradigm is to integrate a human computation task into an already successful game design. OnToGalaxy (Krause, Takhtamysheva, Wittstock & Malaka, 2010) for instance integrate human computation tasks such as ontology population into a common game design. The game is similar to games such as Asteroids or Starscape. It attracted around 500 players in the first 10 hours of its release. It is however not trivial to clearly define the differences between gamified approaches and game centered ones. Some categories which might help to thoroughly classify these games can be extracted from the aesthetics explained by Hunnicke et al. (2004). Apparent from the design style there are some examples of games that go beyond simple game mechanics and require substantial commitment by the players. FoldIt (Bonetta, 2009), for instance, is a game that presents simplified three-dimensional protein chains to players, and provides a score according to the predicted quality of the folding done by the player. All actions by the player are performed in a three dimensional virtual world. It requires training to solve complex open protein-puzzles which in turn requires a lot of commitment by the players.




    This sort of tasks would be expensive to get solved by paid workers, as the payment would need to reflect the required effort. A game of similar complexity is Plummings (Terry et al., 2009). This game aims at reducing the critical path length of field programmable gate arrays (FPGA). Unlike other games, the task in this game is separated from its actual story. The game is about a colony of creatures called Plummings who need adequate air supply. By keeping the length of the air tubes as short as possible the player saves the colony from suffocation. A game of similar complexity is Phylo (Kawrykow & Roumanis, 2011). This game again solves a biological problem called multiple sequence alignment. From such alignments, it is possible to trace the source of certain genetic diseases. The player tries to arrange a sequence of colored shapes in a matrix. So that a maximum of shapes with the same color stack in the column and each row has at least holes as possible. Every combination made by the player gives another score and the player has to beat a certain limit to win the level. In that every row stands for a certain species. The player aligns these multiple sequences.
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