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Abstract

:

This pilot case study sought to investigate patterns of interactions between learners and their instructor in a teacher education course called “Computer Science for Teachers”. This course was constructed to leverage aspects of open world game design elements in order to investigate the effects of degrees of autonomy in gameplay/learning. This course was conducted in a specially built social learning platform based on Elgg software. Student interactions with the instructor and other students in this course were analyzed to determine the learning networks students constructed during each key learning activity as well as the epistemic spaces defined by these interactions. Descriptive statistics along with social network analysis (SNA) and epistemic network analysis (ENA) were used to investigate these data. The findings indicate that more traditional/less open world gaming type learning activities were associated with learning networks and epistemic spaces that were teacher-centered and narrower, while more open world gaming/high levels of autonomy (student-centric) learning activities were associated with learning networks that were highly decentralized and epistemic spaces that featured students asking and answering questions of/for one another. These findings were consistent with existing research into player behavior in open world type games and learner behavior in settings with high levels of autonomy support. Implications for further research are discussed.
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1. Introduction


Games and learning have had a long, adjacent history. In hunter-gatherer and agrarian cultures, children played games that presaged work and cultural norms [1]. This play helped prepare them to be successful adults. The song “London Bridge is Falling Down” and its associated dance/play may have helped children make sense of plague times. Children everywhere seem to create games that help them understand the worlds they occupy. Playing “school,” for example, provides children across the world with the means to make sense of and integrate the power dynamics (teachers tell students what to do) and social norms (children sit quietly following the “teacher’s” instructions) inherent in their early experiences of schools.



More recently, educators and others interested in education have looked to children’s responses to games and gaming, especially video and mobile gaming, with a seeming sense of wistfulness. They have seen students immersing themselves fully in games that offer very complex tasks, working together on missions of all sorts, and being able to deal with large amounts of feedback and data in order to succeed in these games. These insights led to educators and game designers working to “gamify” learning experiences, meaning that they added elements of games such as scores, leaderboards, leveling up, badges, etc., directly into learning experiences [2,3]. The addition of these game elements has been particularly common and popular in what is commonly called drillware, software that leads students through rote, “drill and kill” type learning activities, such as Math Blaster.



Another trend in the goal to connect learning and gaming has been the development of “serious” games. “Serious” gaming refers to games that have a clearly educational intent. The main goal of the game is to teach the player something, and the designed learning takes place through the playing of the game itself. Many of these types of serious games fall in the category of simulations of various types. The classic video game Oregon Trail, originally developed in the early 1970s, was designed to give players a sense of the reality of 19th century life. Complex role-playing games, such as the series Reacting to the Past, are designed to allow students to investigate and inquire into key historical events, such as in the scenario “Greenwich Village, 1913: Suffrage, Labor, and the New Woman” [4], in deep and meaningful ways. Science games, such as FoldIt, encourage players to investigate complex scientific phenomena such as protein folding [5]. These serious games typically grant a high degree of autonomy to the players/learners in order for them to engage with and inhabit characters and/or scenarios. These simulations tend to provide players with higher levels of autonomy than more narrowly scripted games [6].



High levels of player/learner autonomy are particularly evident in two other game genres: massively multiplayer online role-playing games and “open world” games. Massively multiplayer online role-playing games (MMORPG), such as World of Warcraft (WOW) and Star Wars: The Old Republic, give players the chance to individually or collaboratively assume roles, characteristics, and powers in order to complete quests or missions in a massive online environment. Open world games, such as Grand Theft Auto, employ a game mechanic that ascribes much more freedom in the ways that players occupy and explore the world and goals of the game. These types of games typically require players to have and develop high levels of strategic thinking and problem solving skills and support real, deep, and authentic learning [7,8].



It is this intersection between high levels of autonomy in both game design and learning, such as is found in open world games as described above, with which this research is interested. We investigated the effects of an open world type learning environment and its associated learning activities on pre-service and in-service teachers in a graduate level educational technology pedagogy course called “Computer Science for Teachers.” Specifically, we explored in what ways the degree of autonomy in the gaming/learning environment influenced the types and patterns of interactions between students in the course. Therefore, this research study was designed to explore the following research questions:




	
What patterns of connections and interactions emerge between students and their instructor in a graduate teacher education course designed using elements of open world game design?



	
In what ways does the degree of autonomy designed into key learning activities influence the types and patterns of interactions between the students with one another and their instructor?









2. Review of the Related Literature


Central to this research study are player/learner motivation and engagement, the influence of instructional design and game design on the playing/learning environment, and patterns of interactions between learners/players within gaming and learning settings. The relevant research for each is discussed in this section.



2.1. Motivation and Engagement—Self-Determination Theory


Motivation and engagement are central to the design of both learning environments and gaming environments. Self-Determination Theory (SDT) has proven to be a powerful framework for understanding the relationship between motivation and engagement in a variety of settings. SDT views motivation as a function of the fulfillment or frustration of basic human needs for autonomy (perceived degree of being volitional), competence (perceived degree of efficacy), and relatedness (perceived degree of connectedness) [9]. Settings where these needs have been positively correlated with high degrees of intrinsic motivation and overall satisfaction, and settings where these needs are frustrated, have been positively correlated with low levels of intrinsic motivation and overall satisfaction [10,11]. This powerful framework for understanding motivation and engagement has been applied to many fields of human endeavor, including healthcare [12], organizational leadership [13], religion [14], and technology [15]. SDT research has also been conducted into motivation and engagement in both learning and gaming environments. This research has focused on learner autonomy and competence supportive learning and gaming design elements.



In learning settings, SDT research has investigated the connections between degrees of autonomy and competence support from teachers and their effects on learners’ perceived autonomy, perceived competence, and learning outcomes. These studies have consistently demonstrated strong positive relationships between autonomy and competence supportive learning environments and learner motivation, engagement, and learning [16,17,18]. These findings are well summarized by Niemiec and Ryan:




Several important conclusions can be drawn from these and related findings on intrinsic motivation. First, both teachers’ orientations and specific aspects of learning tasks that are perceived as autonomy supportive are conducive to students’ intrinsic motivation, whereas controlling educational climates undermine intrinsic motivation. Second, students tend to learn better and are more creative when intrinsically motivated, particularly on tasks requiring conceptual understanding. Third, the way in which teachers introduce learning tasks impacts students’ satisfaction of the basic psychological needs for autonomy and competence, thereby either allowing intrinsic motivation to flourish and deeper learning to occur or thwarting those processes. [19] (p. 136).





SDT research has also been conducted in the areas of games and gaming. This research echoes the findings from that focused on education and learning. Games can use elements that manipulate levels of extrinsic motivation (rewards, badges, etc.) in order to, for example, increase playing time [20]. However, a great deal of research has indicated that elements that promote player autonomy (by providing authentic choices) and competence (by providing positive feedback) have a far higher positive relationship with player satisfaction and engagement [6,20,21].



Although all of the autonomy-supportive and competence-supportive features we manipulated have been adopted in many successful video games by designers and developers intuitively, our findings suggest that well-established theories can prescribe a systematic guideline for design choices, which goes beyond the intuitive seat-of-the-pants reasoning. This is especially important for researchers who plan to harness the motivating power of video games for health and education interventions [21] (p. 192).



Further, this sense of efficacy and mastery has been correlated with an increased experience of competence and satisfaction on the part of the gamer [22]. The findings of this research reveal strong positive relationships between the degree of autonomy (more autonomy support vs. more control) and the feedback valence (degree of positive or negative feedback) in gaming environments and increased experience of player competence and intrinsic motivation.



Sylvester Arnab and his colleagues have established a typology of game mechanics and game design elements in terms of the degree of autonomy and competence support they are likely to provide [23]. In this typology, game elements such as highly directed progressions through a game and action points and rewards/penalties are associated with low levels of autonomy and competence, while other game elements such as collaboration, communal discovery, and strategy/planning are associated with higher levels of autonomy and competence [23] (p. 92). Therefore, the design of the gaming environment, as with the design of the learning environment, is critical to the player’s/learner’s perceived autonomy and competence.




2.2. Game Design and Instructional Design


Instructional design (ID) is a systematic design process based on what we know about learning theories, information technology and educational research [24]. Traditionally, ID requires a complete plan and arrangement of the course or even a program using carefully thought-out procedures. In recent years, with the advance of new technologies and ubiquitous forms of e-learning modalities, traditional and linear ID have been replaced with “learning design”, where small-scale experiences for learners are planned in a recursive fashion in a less prescribed manner (in this text, we use instructional design and learning design interchangeably while actually referring to “learning design”).



Instructional or learning design of games usually occurs in two ways: gamification and the use of commercial or serious games. Gamification is a teaching strategy rather than a broadly understood instructional design and development approach. The purpose of gamification in education is to create experiences and motivations as games do. In gamification, course activities are arranged so that difficulty levels can be adjusted based on learner needs, or learners receive awards (i.e., badges) as a means of a certain course achievement. In other words, there are no actual games played, but elements of gameplay are integrated in the course activities [25]. With commercial or serious games, learners play the game individually or as a group to achieve learning outcomes. In this approach, games are not only used as a teaching strategy, but they have an impact on the entire design of the teaching and learning process. In recent years, this approach became more prevalent than gamification, while mobile technologies are used more and more to facilitate gameplay [26].



Gamification as a teaching strategy is well-established in education research [27]; however, “this vein of research has mainly advanced without an agenda, theoretical guidance or a clear picture of the field” [28]. Hence, learning design perspective was never brought into the education environments, but a few gaming factors were used in the course design. When serious games are used for educational purposes, they are better integrated into course design, but the research focus with serious games has always been either on the game design itself [29] or the gameplay [30,31]. It is the authors’ hope that the present study will bridge this gap in the literature by bringing a more holistic approach to course design with games.





3. Materials and Methods


This research was designed to be a pilot case study to both demonstrate some initial findings as well as finalize the methods of data collection and analysis for a four-year, longitudinal study. This section outlines the structure of this initial study.



3.1. Context and Participants


The participants for this pilot case study were the instructor and the 14 students enrolled in a one semester graduate course for teachers and teacher candidates entitled “Computer Science for Teachers.” The focus of this course was to present these current and future educators with an historical background of computers and computer science in education as well as developing both content and pedagogical knowledge for the teaching and learning of the key concepts of Computational Thinking (CT) and Computer Science (CS).



This course was conducted asynchronously online via a custom-built social learning platform constructed using open source Elgg social networking software. Like other social networking software, Elgg allowed course participants to create blog posts and share photos, videos, and links to other websites. They were also able to leave comments for one another on anything that had been shared. The focus of this social learning platform was openness, and participants had multiple, mixed-media ways of expressing themselves and communicating with one another. This design was consistent with research into both open learning environments [32] and open world gaming environments [33].




3.2. Course Design as Game Design


The CS for Teachers course was designed as a set of three interconnected units: Software takes Command: A history and future of computer science, in which the students explored some of the history of CS in education and some early tools for doing so, such as Etoys; Code is Poetry: An introduction to programming languages and logic, in which the students worked to learn a text-based programming language (HTML or Python) in order to understand how such languages work and how to debug programs; and Break It to Make It: Learning about maker spaces through robotics, in which students worked with an inexpensive but powerful robotics kit, the mBot, through which they developed some proficiency in programming the behavior of a physical object and its various sensors by meeting two challenges. The first, the Dance-Off challenge, required students to program their robots to dance for at least two minutes to a song of their choice. The second, the Dealer’s Choice challenge, required students to design a coding project that demonstrated all of what they had learned about programming their robots. Additionally, at the end of the course, students were asked to put together a portfolio of their best work, along with a reflection discussing what they learned over the semester.



Each of these units have a key learning activity, which was designed to correlate with elements of game design as articulated by Arnab’s typology [23] (p. 92).



Two of the learning activities, Read/Respond and Final Portfolio and Reflection, involved game elements (highly directed progressions) with lower levels of autonomy. The Robot Coding activities involved game elements (collaboration, communal discovery, and strategy/planning) with high levels of autonomy. Finally, the Learning Logs featured a mix of the two.



Learning Design


In our research, we employed principles of learning design in the following ways:




	
Focused and clear learning goals: Before starting each activity in the course (see Table 1), students were informed of the learning goals and expectations. The main purpose of the gameplay is usually entertainment (especially when commercial games are used for educational purposes), so in order to receive maximum educational benefits, the instructor clearly explained how the games will be used in the course and how it will benefit the learners. At the end of the study, an alignment between learning objectives and outcomes was carefully established.



	
Setting and Actions: In a successful learning design, learners are informed of the characters in the game, its settings, environmental dimensions such as geography, historical context, and appearance. The instructor of the course provided this information to the students in advance so they would not lose focus or become distracted while searching for information.



	
Instructional Support: The role of the instructor was an important variable in the present study, so special attention was paid to when and how the instructor interfered in the gaming activities. An initial explanation and orientation by the instructor was followed by student-centered gaming activities.



	
Learner autonomy: When it comes to learning design for game-based learning, “the learner plays an active role in the construction of knowledge, while the role of the teacher is to provide materials and an environment that support the learner’s engagement in the learning tasks” (Dickey, 2005, p. 78). In our design, students actively engaged in the gaming activities and the course instructor only guided them while they were involved in the gameplay. Students were given opportunities to discover the game among themselves with no instructor interference. This approach resulted in a high level of collaboration, with students giving each other feedback and discussing issues they faced in the game environment in a more active and engaged way.










3.3. Data Collection and Analysis


3.3.1. Student/Instructor Interaction Data


The data collected for this study included all postings (blogs, photos, URLs, and comments) made by the students and the instructor. These interactions were organized into conversations. These conversations linked together the original posts and all associated responses and were associated with the learning activity of the course in which they took place. Figure 1 depicts a small sample of these data. Descriptive statistics, such as frequencies, means, and percents, were performed on these interaction data in order to determine numbers and types of student and instructor postings during each segment of the course.




3.3.2. Data Analysis—Social Network Analysis


Social Network Analysis (SNA) was employed in order to investigate and visualize the social networks that emerged during each learning activity in the course. SNA is a tool that allows researchers to visualize connections between people and has been used to investigate a variety of settings [34,35]. SNA has also been used to explore social networks of players within games, especially in MMORPG and open world games [36,37].



SNA allows researchers to identify, investigate, and visualize the connections between participants in a network, as well as the degree of influence (centrality) held or not held by those participants. There are three broad categories of centrality in SNA research: degree centrality, which identifies the number of connections held by each participant (node) in a network; betweenness centrality, which identifies how often a node lies on the shortest path between the other nodes; and closeness centrality, which identifies the relative distance or closeness between nodes in a network [34].



Since this study focused on the influence the course participants had on one another, we investigated information centrality, a hybrid measure of centrality that calculates the degree of influence over the flow of information between actors in a network [38], and a Fruchterman and Reingold force-directed placement algorithm was utilized to enhance the readability of each social graph [39]. In this study, SocNetV, a social network visualization tool, was used to generate these social graphs [40].




3.3.3. Data Analysis—Epistemic Network Analysis


The content of the interactions between participants in the course was also analyzed. These interactions were categorized, initially, using an open coding approach [41]. The coding scheme was further refined until a final codebook was established. This codebook, depicted in Table 2, looked at the type of interaction (initial posting vs. responses/comments), the length of any responses (brief vs. extended), and the direction of questions and the answers provided to them (asked of/answer by the instructor vs. asked of/answered by other students). Two coders participated in this process and their inter-rater reliability was 95%. Descriptive statistics were calculated for each of these codes.



Epistemic Network Analysis (ENA) was utilized to explore and make sense of the content of the interactions between participants during the course learning activities. ENA is a quantitative analysis method that allows the researcher to investigate and visualize the epistemic spaces represented by the networks of codes identified in the data, and has been used to help answer a wide range of research questions [42,43]. Most pertinent to this study, ENA has been used to investigate the interactions between students in learning settings [44], as well as the interactions between players in a game [45].



Social graphs and visualizations of the epistemic spaces for the course interactions were constructed for four learning activities in the course: Read/Respond, during which students in the course were responding to relevant texts and to one another’s responses; Learning Logs, where students shared their process in learning to code in either HTML or Python; Robot Building/Coding, during which students built and then programmed their robots to meet the dance off and dealer’s choice challenges described above; and Reflection, during which the students posted their final reflection on the course and on what they considered their best work. These activities were chosen in order to reflect different degrees of autonomy/openness, with Reflection having the least amount of openness and Robot Building/Coding having the greatest amount.






4. Results


To investigate the research questions, the patterns and content of the course interactions between the instructor and the students were analyzed. This section discusses those results.



4.1. Patterns of Course Interactions


Table 3 presents the descriptive statistics of the frequencies of course interactions during each of the four key learning activities by course role (student vs. instructor).



By design, for most of the key learning activities, the students’ posts and responses occurred far more frequently than those by the instructor. The exception is the Reflection activity, where the instructor and the students had an equal share of the interactions. The students posted their work and the instructor provided feedback. In the other three key learning activities, the students contributed at least 79% of the posts, indicating that student–student interactions were much more frequent and important in this course. Given the small n, we did not calculate the possible statistical significance of these findings.



Emergent Social Networks


Social Network Analysis (SNA) was used to construct social graphs for four learning activities in the course: Read/Respond, during which students posted responses to foundational texts (and to one another); Learning Logs, during which students posted their progress in learning to code in either HTML or Python; Robot Coding, during which students posted their process and products in meeting the two robotics challenges (the dance-off and dealer’s choice challenges); and Reflection, during which students posted their final portfolio and reflection of the course.



This section will display and discuss the social graphs that represent the networks present during each of these learning activities. In each of these social graphs, the instructor is represented by a red circle, and the students are represented by circles of different colors. Both the size of the circles as well as their color indicate different levels of information centrality. The larger the circles, the higher the level of information centrality of that node (participant) in that network. Circles of the same color indicate the same level of information centrality.



Figure 2 visualizes the network that emerged during the final Reflection activity. The graph indicates that students interacted with only the instructor in a highly directed manner, meaning that the students posted their work and the instructor responded.



This type of network is typically classified as being highly centralized, meaning that one node is central to all the others.



Figure 3 visualizes the network that emerged during the Learning Log learning activity, during which students shared their progress in learning to code in either HTML or Python. This social graph depicts the students as being connected as a series of groups (dyads or triads), with some additional connections between some of those groups. The instructor and the student represented by the orange circle serve as those connectors. This type of network is less centralized than that depicted in Figure 2 because of those cross-group connections.



Figure 4 visualizes the network that emerged during the Reading/Respond learning activity, during which the students shared their responses to the foundational texts. This social graph depicts more interactions between more students than in either of the other two discussed thus far. Additionally, several more students, those depicted by orange and yellow circles, eight in total, share almost the same degree of information centrality as the instructor. The network depicted in Figure 4 is even more decentralized than that in either Figure 2 or Figure 3.



Finally, Figure 5 visualizes the network that emerged during the Robot Coding learning activity, during which the students learned to program their robots in order to meet the requirements for the dance off and dealer’s choice challenges. In this social graph, all the students but three (again those represented by orange and yellow circles) are tightly connected in ways not seen during the other learning activities. Additionally, these students (those with the yellow and orange circles) share a common and high level of information centrality, matching that of the instructor. Of the social graphs discussed so far, this one depicts the most decentralized network.





4.2. Content of Course Interactions


After the coding of the course interactions was completed using the codebook in Table 2, descriptive statistics on the presence and frequency of the various codes were determined. They are presented in Table 4.



These code frequencies confirm some of the patterns of interactions we found in the course interaction data. During the Reflection activity, we see the students posting work (MM) and the teacher providing feedback (FT). Additionally, we can see that the primary content during the Read/Respond and Learning Log activities is students making brief responses (SBR) to one another. Lastly, during the Robot Coding activity, students are asking and answering questions of/to one another. Given the small n, we did not calculate the possible statistical significance of these findings.



Epistemic Spaces


Epistemic Network Analysis (ENA) was employed to extend this frequency analysis of the coding by exploring and then visualizing the epistemic spaces related to each of the four key learning activities of the course. This section will display and discuss the ENA graphs that represent these epistemic spaces. In each, there is a grid in which the networks of codes identified in the course interactions are laid out.



Figure 6 visualizes the epistemic space of the Reflection learning activity. The wide, dark line in the lower left-hand quadrant represents an epistemic space dominated by students posting work (MM) and the instructor providing feedback (FT). This is consistent with the pattern observed in the coding frequency data, as we might expect.



Figure 7 visualizes the epistemic space of the Learning Log learning activity. Most of this epistemic space includes the students posting work (MM) and the instructor providing feedback (FT). However, there is also a dimension present of students responding briefly to one another (SBR). There are no questions asked of the instructor or the other students, nor are there any questions answered by the instructor of the other students.



Figure 8 visualizes the epistemic space of the Read/Respond learning activity. As with the ENA graph for the Learning Log activity, the majority of this visualization is occupied by the student posting work (MM)–instructor feedback (FT)–brief student response (SBR) pattern as seen above. However, the epistemic space for this learning activity also includes some extended student responses (SER), indicating that students engaged in discussions with one another around their commentary on the course texts.



Finally, Figure 9 visualizes the epistemic space of the Robot Coding learning activity. As with the previous two ENA graphs, this one contains the MM–FT–SBR dimension, although it does not make up as much of this graph as the other two, as indicated by the width of the lines. Additionally, there is a new dimension to the epistemic space for this learning activity. Namely, the vertical lines indicate the asking/answering questions components—students asking questions of the instructor (STQ), the instructor answering questions (TAQ), and students asking (SAQ) and answering (SSQ) questions of one another. This additional dimension indicates that students are collaborating in ways not seen in any of the other three key learning activities. This is worth noting since this learning activity, by design, included the largest amount of learner/player autonomy, as indicated by the Arnab taxonomy.






5. Discussion


This study sought to investigate the patterns and content of interactions between students and their instructor in a graduate course for teachers and teacher candidates entitled “Computer Science for Teachers”. By design, the key learning activities for the course were constructed using game design principles, especially those involving more or less player autonomy as indicated by the taxonomy created by Arnab [23]. In ascending order of increasing player/learner autonomy, they are: Reflection, Learning Logs, Read/Respond, and Robot Coding. The course interactions for each of these four key learning activities were investigated for patterns, primarily in the form of the corresponding social networks that emerged during each activity, and for content, primarily in the form of the corresponding epistemic spaces that arose from their coding.



In addition to the game design principles, this study used a learning design approach when integrating games into course design. More specifically, researchers aligned learning objectives with the learning outcomes, informed learners of the learning goals, employed a learner-centered teaching strategy to increase student autonomy, provided instructional support without interfering with gameplay, and finally thought carefully about teacher and student roles during the implementation phase. The study findings have revealed some trends related to the research questions.



First, there is a positive relationship between the social networks that emerged during each key learning activity and their relative degree of player/learner autonomy. Those activities with the least amount of autonomy (Reflection and Learning Logs), where there was more focus on highly directed progressions, produced social networks that were more centralized. On the contrary, the activity with the highest degree of autonomy, Robot Coding, with its high levels of collaboration, communal discovery, and strategy/planning, produced a social network with the highest level of decentralization. Put another way, there is a positive relationship between the degree of autonomy in the key learning activity and the distribution of information centrality with the associated social network. The more autonomy in the learning activity, the more influence in the network is accomplished by the learners.



Second, there is a positive relationship between the epistemic spaces that emerged during each key learning activity and their relative degree of player/learner autonomy. The activity with the lowest level of autonomy (Reflection) had the narrowest epistemic space and one that focused almost exclusively on students posting work and the instructor providing feedback. The activities with hybrid amounts of autonomy (Learning Logs and Read/Respond) had a slightly wider epistemic space, which was expanded beyond that of the Reflection activity to include students providing brief responses to one another, a sort of balance between what we might expect from highly directed progressions and some collaboration and communal discovery. Robot Coding, the key learning activity with the highest degree of autonomy, was associated with a much wider and deeper epistemic space, and one that added the dimension of the asking and answering of questions, primarily between students.



Third, when instruction was planned with a learner-centered design approach, students started spontaneously collaborating with each other more, interacting more and exploring together during the various key learning activities. Conversely, social network analysis showed that instructor-centric learning activities resulted in a more centralized interaction network where there was little to no interaction between students. Although this study did not focus on comparing learning outcomes of instructor-centered or learner-centered learning design approaches, it became very clear that students progressed faster towards learning outcomes and were engaged more fully in the learning experiences when they were given autonomy over their learning. Future research studies can focus on the various learning design approaches with games to explore these findings further.



These findings strongly suggest that elements and principles of game design can be used creatively and productively to influence instructional design beyond the narrow sense implied by gamification. They also suggest that there is a strong relationship between degrees of autonomy and student influence within a course, which has wide implications for teacher education. Further research is under way to validate and extend these findings.



These findings are consistent with research conducted on player interactions in open world type games. Players in massively multiplayer online role-playing games (MMORPG) tend to form themselves into and interact through purpose-focused groups, such as squads or guilds, which has been demonstrated by social network analysis [46,47,48,49,50]. Research into this player behavior has suggested that this phenomenon is strongly influenced by the design of the game itself: “Player behaviors and group behaviors varied due to game goals, personal preferences, and player awareness, even in the relatively formal barracks-like raiding guilds” [49] (p. 357).



In the current study, these player guilds (purposeful associations of players that support meaningful gameplay) are analogous to the increasingly decentralized social networks organized around information centrality, particularly those associated with the Read/Respond and Robot Coding learning activities. We believe that the epistemic spaces depicted in Figure 8 and Figure 9 featuring increasing dimensions of brief and extended responses as well as the emergent expertise network defined by asking and answering questions form the equivalent of a cognitive guild for these graduate students and that this phenomenon is due, at least in part, to the high degree of autonomy in the game design/learning design elements consistent with Arnab’s taxonomy.



The findings of the current study are also consistent with earlier research into student interactions in online courses. Much of this research has demonstrated a positive relationship between peer interactions and student engagement and social presence [51,52,53]. These peer interactions have also been found to increase student learning: “Student engagement increases student satisfaction, enhances student motivation to learn, reduces the sense of isolation, and improves student performance in online courses,” [52] (p. 205).



Additionally, Richardson et al. [54] conducted a meta-study that examined moderating factors in social presence in online courses, and reported that “ (a) the strength of the relationship between social presence and satisfaction was moderated by the course length, discipline area, and scale used to measure social presence; and (b) the relationship between social presence and perceived learning was moderated by the course length, discipline area, and target audience of the course,” [54] (p. 402). Our findings about the emergent social networks and epistemic spaces identified in each key learning activity are consistent with these conclusions.



5.1. Limitation of the Study


The limitation of this pilot study is primarily in the small sample size. This study used a convenience sampling method and so was confined to the student and instructor participants enrolled in this course. A further longitudinal study is already under way to compare the findings across four iterations of the graduate teacher education course.




5.2. Implications and Further Research


The findings of this pilot case study suggest that there is a positive relationship between the degree of autonomy in learning activities, as viewed through the lens of Arnab’s taxonomy of game design elements and Self-Determination Theory (SDT), and patterns of interactions between learners that result in emergent, more decentralized social networks. Additionally, there is a positive relationship between these autonomous components of learning/game design and the epistemic spaces associated with higher levels of autonomy as demonstrating a more active cognitive presence, as evidenced by the expertise network that was present during the Robot Coding learning activity.



Further research is currently underway in the form of a four-year longitudinal study, which is focused on other mediating factors of student self-efficacy on these patterns and types of student interactions.
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Figure 1. Sample of course interaction data. 
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Figure 2. Social network graph for the final Reflection learning activity. 
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Figure 3. Social network graph for the Learning Log learning activity. 
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Figure 4. Social network graph for the Read/Respond learning activity. 
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Figure 5. Social network graph for the Robot Coding learning activity. 
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Figure 6. Epistemic network graph for the Reflection learning activity. 
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Figure 7. Epistemic network graph for the Learning Log learning activity. 
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Figure 8. Epistemic network graph for the Read/Respond learning activity. 






Figure 8. Epistemic network graph for the Read/Respond learning activity.



[image: Sustainability 13 08696 g008]







[image: Sustainability 13 08696 g009 550] 





Figure 9. Epistemic network graph for the Robot Coding learning activity. 
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Table 1. Learning activities and related levels of game-like openness/autonomy.
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	Unit
	Key Learning Activity
	Arnab Taxonomy Components 1





	Software Takes Command
	Read/Respond
	Highly directed progressions (lower autonomy)



	Code is Poetry
	Learning Logs
	Highly directed progressions (lower autonomy)

Discovery (higher autonomy)



	Break It to Make It
	Robot Coding

	
Dance-Off challenge



	
Dealer’s Choice challenge





	Collaboration, communal discovery, and strategy/planning (higher autonomy)



	Putting it All Together
	Final portfolio and reflection
	Collaboration, communal discovery, and strategy/planning (higher autonomy)







1 [23] (p. 92).
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Table 2. Final codebook for this study.
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	Code
	Description
	Example





	MM
	Making Meaning—Student posts work
	“Here is my final reflection for the course”



	FT
	Feedback from teacher—Teacher provides feedback on student work
	“This is very insightful.”



	SBR
	Student response (brief) to another student
	“Thank you for allowing me to open up my understanding about computer science and why it is needed.”



	SER
	Student Extended Response—student offers substantive response to another student’s post
	“I agree that this stuff can be tough. I seem to get caught up trying to adjust one minor detail for an hour at a time. It would be cool if you could have a slider to adjust the power of the throw, or one that adjusted the equation for gravitational pull. (you might be able to find something like this that someone else has already built).”



	STQ
	Student asks teacher a question
	“What is the best way to share content with the group?”



	SSQ
	Student asks student a question
	“What courses do you currently teach at the high school level? How was your second year of teaching going compared to your first?”



	TAQ
	Teacher answers question
	“Sharing your work via a blog post is fine.”



	SAQ
	Student answers student question
	“You can use QuickTime to record a screencast of your Etoys project and then upload it to something like YouTube”










[image: Table] 





Table 3. Descriptive statistics of course interactions for each key learning activity.
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	Key Learning Activity
	# Student Posts
	% Student Posts
	# Instructor Posts
	% Instructor Posts
	Total Posts





	Learning Log
	46
	79%
	12
	21%
	58



	Read/Respond
	130
	87%
	20
	13%
	150



	Reflection
	14
	50%
	14
	50%
	28



	Robot Coding
	151
	86%
	24
	14%
	175



	Totals
	341
	83%
	70
	17%
	411
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	Key Learning Activity
	# MM
	# TF
	# TAQ
	# STQ
	# SAQ
	# SSQ
	# SBR
	# SER
	Total





	Learning Log
	31
	12
	0
	2
	0
	2
	12
	2
	61



	Read/Respond
	96
	19
	0
	0
	0
	1
	29
	5
	150



	Reflection
	13
	14
	0
	0
	0
	0
	1
	8
	28



	Robot Coding
	77
	18
	1
	0
	16
	20
	36
	10
	178



	Totals
	217
	63
	1
	2
	16
	23
	73
	17
	417
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| think you have made a couple of great points. | really like your story about Google Streets. As your GF at the time
said, itis just a whole bunch of pictures they took from a car. And | completely agree with you, its not just the pictures
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