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Abstract

It is self-evident that students are more likely to engage in learning if they enjoy the experience involved. One way to increase enjoyment is through ‘serious games’ that turn aspects of the learning task into a game. To be effective, however, the benefits gained from such games must at least balance the cost of their introduction and operation. The purpose of this paper is to describe work towards reducing these costs through the use of a generic tool for game definition and management. This is specifically in support of a ‘gamification’ approach that builds a game around general aspects of the learning process that are common to most forms of study. A summary of earlier experiences in running such games with first year undergraduates is used to clarify requirements for the tool. The design, implementation and use of the resulting tool, GEL, are then described, together with an evaluation of its effectiveness and suggestions for further work.
1.
Introduction
For learning to be effective, students need to engage adequately with the associated educational process [1, 2, 3], where engagement is essentially the extent to which the attention or efforts of a student are occupied in a learning task. Maintaining a suitable level of engagement is an ongoing concern for those involved in education [4]—with full engagement desirable but rarely achieved in practice. There are many factors involved [4, 5] but one broad strategy for improvement is to focus on the level of enjoyment or ‘fun’ experienced by students [6]. This has led, in recent years, to a significant growth of interest in ‘serious games’ [7, 8, 9, 10], a term used here for any game with an educational purpose. Many of these games are designed to enhance knowledge, understanding and skills in specific technical areas, such as reaction to a medical emergency or the setting up of a business and running it profitably [7]. Done well, such games can be effective but, unfortunately, are often expensive to produce and maintain [7]. A lower cost alternative is to build a game around general elements of the process associated with a learning task. This approach is an example of what is now known as ‘gamification’, meaning the use of game-play mechanics in non-game applications [11]. 
Lee and Hammer [12] note that education already has a number of game-like elements in that ‘points’ are awarded for assignments and other assessments, with students able to ‘level up’ at the end of each academic year. Gamification additionally means creating an explicit game around such activities, in a form sufficiently interesting for students to play competitively. To be effective, playing must also lead to a measurable improvement in academic performance. 
The purpose of this paper is to present the design and implementation of a general tool to facilitate the creation and operation of such games. The next section summarizes earlier experimental work that sets the context for the design of the tool. This includes an explanation of the rationale behind the game approach outlined, together with a brief description of the experience of running the resulting games annually since 2007, in teaching programming to first-year undergraduates [13, 14, 15]. The main section of the paper discusses the broad requirements for a general tool to support the approach proposed. The final section describes and assesses the implementation of a resulting tool, GEL, created and used in the 2010-11 academic year. The paper concludes with ideas for future research and development.
2.
Background
The work described here was motivated initially by the possibility that, with careful design, e-learning systems might be able to achieve similar levels of engagement to digital games [13]. This meant identifying relevant factors in games that could be used in e-learning, and then enhancing the educational process with an explicit game that reinforced these factors. Since then, the work has broadened to acknowledge that all study can benefit from the same approach. This section briefly describes the factors involved, the resulting game developed, and some details of the consequence of playing it with first-year undergraduates. 
2.1
Game Rationale
Cross-referencing engagement factors in games with engagement needs in education led to the identification of six key factors:
· FUN: engagement is easier if the experience is enjoyable

· SOCIAL: engagement is reinforced by the social support of others going through the same experience  

· IDENTITY: engagement can be encouraged if everyone has a visible role in the learning environment

· CHALLENGE: engagement can build on each student’s intrinsic competitive drive, enhanced by social pressure in group work
· STRUCTURE: engagement is more likely if objectives and constraints are clear and acceptable 

· FEEDBACK: engagement is reinforced by making achievement explicit
These factors can be taken into account in both creating teaching material and in its delivery. The focus so far has been on delivery, where it is assumed that a game (or games) will be developed around an existing course. This approach covers a wide range of teaching situations. The basic game concept was to make students compete for points awarded for desirable behavior, and do so in a way that had a positive educational benefit, without any negative side-effects. The framework can be described in terms of the assumptions and requirements associated with each of the six engagement factors, as follows:

· FUN: As a game, it is assumed that the results are separate from the formal assessment of a course. The game is therefore an additional activity that students undertake voluntarily. It should be enjoyable but should also have a clear educational purpose. In addition, there should be no negative impact on the course itself, or on any other course being studied at the same time.

· SOCIAL: Students are encouraged to collaborate with fellow students to complete challenges. This cooperation helps provide a supportive environment in which students with mixed ability can all enjoy the game. It also implies that it is beneficial to make the game a group activity, where practical.

· IDENTITY: A key assumption is that there is technology support for each game developed. This support will maintain details of the game, including the names of those who are playing and their performance to date. This gives each student and their group (if present) a unique identity. Further, it is assumed that this identity is reinforced by displaying performance publicly.

· CHALLENGE: To provide a challenge, the game should offer a mix of activities with a suitable breadth of difficulty.

· STRUCTURE: The basic game model assumes that students can earn game points by completing activities, some of which are considered ‘core’ and others that are ‘optional’. For example, points could be awarded for attendance at lectures, which is expected, and for participating in class, by answering questions, which is desirable but optional. Points are only added, never taken away.
· FEEDBACK: To maintain enthusiasm, it is assumed that the time gap between students earning game points and seeing the impact on their performance (as individuals or in groups) should be as short as possible.
2.2
Game Experiments
A game based on the six engagement factors has been run in first year programming classes at the University of Ulster since 2007-08 (both semesters). The rules developed for the first game are summarized in Table 1, given as a set of ‘challenges’ with associated points. Attendance and a group assignment (plain text) were core activities, expected of everyone, with all others optional (italics). The game has generally been played in groups, which the students prefer.
Table 1: Rules for 2007-08 (first semester) game.
	Challenge
	Score
	Possible Points

	Attendance
	10 points for each lecture, lab class and tutorial attended

	200

	Contribution to Tutorial
	10 points for every question answered correctly, with a maximum of 10 points per student per tutorial
	50

	Outstanding Achievement
	10 points awarded at the lecturer’s discretion for work considered to be of a particularly high standard
	50

	Online Revision Quizzes
	10 points awarded for each quiz a student completes successfully; further attempts are not rewarded with points but the student who obtains the highest score on their first attempt awarded a further 20 points 
	210

	Group Assignment
	25 points group mark and 15 points for each individual mark
	40

	Exam Revision Questions
	10 points awarded to each question completed by a group, with a maximum of two questions per group
	20

	Group Presentations
	20 points awarded for a presentation, with a maximum of two presentations per group
	20

	
	Total
	590


The overall motivation in introducing the game was to help students achieve their potential. The main measure of success, therefore, was the extent to which pass rates improved. Figure 1 shows the improvement obtained in 2007-08 over the 2006-07 performance in the same course (Software Development 2 module). 
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Figure 1: Examination performance 2007-08 compared with 2006-07.
Overall, the game had a significant positive effect, especially in reducing the level of failure (pass mark 40%). This was particularly impressive because programming courses typically have a relatively high failure rate. Similar results were obtained in subsequent years [15].
3.
GEL Requirements, Design and Implementation
In the three academic years from 2007 to 2010 the software tool used to gather details of student performance and present the results (graphically) was hand-crafted around the game. The tool was adjusted each year to experiment with different presentation formats and various implementation tool-sets [15]. At the end of that period it was realized that it would be possible to create a general tool to support a wide range of different games based around lecturer-defined challenges. A general tool would enable others to follow the same approach within the Faculty, and indeed across the whole University and beyond. Funding was obtained for a project to employ a placement student for one year to help create the tool. This section discusses requirements for the tool and considers aspects of its design and implementation.
Based on the earlier three years of experimentation, it was fairly straightforward to set out seven basic requirements that a general game-enhanced learning tool, GEL, had to meet:
1. Support multiple games simultaneously: It was assumed that the game would be played in an environment offering a set of courses (or modules), and must allow one or more courses to run a game at the same time.

2. Be an effective attendance monitoring system: Attendance is likely to be a core challenge in any game and may be needed across all courses. This functionality would then provide teaching staff with a way in to exploring other aspects of the tool.

3. Support group structure definition. The game is best played in groups so GEL must provide facilities for defining groups and assigning members. This must allow for students changing courses after the game has started and groups being re-structured.

4. Support definition and data entry of challenges. Again flexibility was important to allow for new challenges after a game had started or point values to be adjusted dynamically. For example, points for attendance could be increased as a course progressed to help avoid the common problem of attendance tailing off. Also, there should be a facility to band results to highlight strong and weak performance. 
5. Be available 24/7. GEL must be accessible over the internet to allow students to access details of their performance at any time through a web browser.

6. Summarize individual and group performance. This is effectively feedback from the tool and so must be clear and timely, commenting on individual performance against expectations and showing relative performance in group and individual leaderboards. 
7. Be portable: GEL was developed for widespread use across different subject areas in different intuitions so it must be implemented in a way that facilitates portability. As well as using easily-accessible technology, this means making it straightforward to set up and operate.
The overall goal was to make the game tool as useful as possible. In particular, it was recognized that such a tool could simply be used for attendance monitoring, reflecting back attendance details to students and summarizing performance for academic staff. It was decided therefore to design and develop the tool in two stages: the first covering attendance monitoring alone, to run in the first half of the academic year, and the second, adding the broader range of challenges associated with the full game, to run in the second half.
The decision to have an attendance monitoring tool as a subset of GEL made some requirements more demanding. In particular, allowance had to be made for many more courses being involved. As a result, it became essential to (i) facilitate the entering of details for large classes; and (ii) provide convenient facilities for describing the structure of each course, in terms of its lectures, practical sessions and other events. For example, this meant having some form of bulk upload facility to avoid entering student details individually, especially for students enrolled on the same set of courses. Also, as there is typically a weekly pattern for lectures and practical sessions, it should be possible to define that pattern and apply it across a number of weeks. Achieving suitable flexibility and convenience in game initialization therefore became a significant initial focus in designing the underlying database and defining tool functionality.
To facilitate the presentation of results, it was decided to use the same simple gauge to summarize student performance on each individual challenge and total performance overall. Figure 2 shows the general form of the gauge. At any time, it indicates the score the student has achieved out of the possible points available—in this case showing a student who has attended four out of five scheduled sessions with each worth 100 points. The dial additionally identifies the expected performance range to encourage students to stay above the ‘danger’ level and strive for excellence at the other end. 
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Figure 2: Sample GEL performance gauge.
The next section comments further on the design and implementation of GEL in considering how it matches up to its initial requirements.
4.
GEL Evaluation
This section reviews the GEL tool against the basic requirements outlined in the previous section, and comments on its strengths and weaknesses overall. As part of the evaluation process it was tested out with 273 computing students across 17 courses in the second semester of the 2010-11 academic year. In relation to the requirements:
1. Support multiple games simultaneously. A game was played in two courses and the tool used for attendance monitoring on the other fifteen. The comments here are mostly based on the experience of using the tool on the programming course COM138 (96 students) that also ran the game in the preceding three years. Student names were extracted from the university student administration system in CSV format, which GEL could then import in bulk. Subsequent adjustments were made to details individually when, for example, a student changed course. The set-up procedure was straightforward and the work involved was at the level expected.
2. Be an effective attendance monitoring system. Having developed the attendance aspect of GEL in the first semester it was further refined for the second semester to make it a game challenge. This allowed points to be assigned for student attendance and the results to be summarized on a leaderboard, showing performance individually or in groups. If desired, different points could be awarded for each session.  In COM138, for example, two lectures and a lab session in the first week were allocated 250 points but a tutorial was given 500 points, because of its crucial role in initiating group activity.  GEL generates signing-in sheets which are passed around a class for completion. For convenience, the entry of data assumed everyone was present, with de-selection of a checkbox used to indicate absence. Data entry was handled by an administrator who was able to enter attendance information for all courses for a week in less than two hours.  
3. Support group structure definition. COM138 was run as a group game, with 12 groups of 8 students (approximately). GEL enabled each student to be put into a group with a single mouse click, so the process was completed very quickly and efficiently. The students gave their groups a name, which was used in displaying performance. The group names and structure could be changed at any time. This was a substantial improvement over the group management facilities available in earlier experimental tools.
4. Support definition and data entry of challenges. Apart from class attendance, all other challenges are defined and managed by the teaching staff. Challenges can make the teaching process more effective but each one carries an overhead in gathering and entering the associated data, and so should be chosen carefully. It is the lecturer’s decision as to when and where to place these challenges but describing a challenge within GEL is straightforward. A key design decision was to tie challenges to teaching sessions, which simplifies their definition and implementation. Some challenges, such as answering a question in class, are clearly part of a session anyway. Others, however, such as completing a CV or taking an optional quiz are more calendar-based, but have to be aligned with the nearest defined session. This seems artificial, but fortunately did not prove to be a significant interface problem in practice. One significant advantage of the GEL facilities was that challenges could be introduced on the fly and suggested by students as well as staff. Examples of such challenges included: researching a Java term and implementing a difficult piece of code. Here, the first student to email a correct answer was awarded 100 bonus points. It then took only one or two minutes to define the challenge and enter the data. In general, data entry is only a problem if results are recorded in separate applications. Ulster, for example, uses the WebCT Virtual Learning Environment, through which quizzes can be defined and managed. To include such challenges in GEL requires the results to be copied across, which may require the re-entry of data, leading to additional effort and possible error or delay. This point is considered further at the end of the section.
5. Be available 24/7. GEL was accessible by staff and students over the internet and proved very reliable throughout the semester. 
6. Summarize individual and group performance. Using the same performance gauge for challenges and overall performance proved to be very effective, especially in highlighting good performance and underperformance. The leaderboards were simple tables showing either teams or individuals, together with the points they had accumulated (Figure 3). These were much plainer than the graphical representations used in previous years but seemed to be just as effective. 
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Figure 3: Sample group leaderboard.
The leaderboard can be displayed on any device that accepts a live web link. As in previous years, the results were presented periodically on a plasma screen in an open public area. Students can drill down from each leaderboard to identify the individual contributions to each total.  This facilitates peer encouragement within the game.  Staff can also view and analyze the results in the same way. 
7. Be portable: GEL has been implemented in PHP and so executes in a wide range of environments. It is intended that it should be available to download from the GEL Project website, with a script provided to facilitate installation. At the time of writing this had still to be completed and evaluated, but no problems were envisaged.

Overall, the GEL tool has turned out to be surprisingly effective. The initial emphasis on attendance as a challenge has produced attendance monitoring support that is superior to any facilities used previously in the Department. It is particularly helpful that attendance details are reflected back to the students who can see immediately if their attendance is considered a problem. Support for individual games has also improved, which was a surprise because the previous tools had been custom-made. The main gain is from having a very flexible tool. This helps to tune the game to particular environments but also allows for greater spontaneity in running the game. For example, it is now easy to introduce new challenges to encourage students to pursue opportunities that arise and the game can also the adjusted to address problems, such as the cancellation of a class or attendance dropping off at the end of the semester. In addition, there have been technical improvements, in areas such group definition, some aspects of data entry and the use of simple gauges for performance feedback. The only general problem to emerge is the conflict between having a tool that is free-standing and the need to interface with other applications that generate data relevant to the game—requiring users to work out how best transfer that information into GEL.

5.
Conclusion
The experience of the authors in running a series of experiments in game-enhanced learning since 2007 convinced them that such an approach was of general benefit in a wide range of teaching situations. Unfortunately, one obstacle to the diffusion of the idea was the significant difficulty and cost of providing suitable tool support. This motivated the project described here, whose objectives were to produce a tool that could be transferred easily into a wide range of environments, at low cost, and be largely independent of the type of material being taught and the format of delivery.  

Results from the initial use of the tool in the 2010-11 academic year have been very encouraging and the next stage of evaluation is to oversee its experimental use in other areas. This will include collaborative investigations within the University and with colleagues in other institutions. After that, it is planned to release GEL for general use.

The gains obtained from playing the game have removed any doubts about the value of the approach but it would be useful to conduct further research to help clarify exactly why such success has been obtained. It may, for example, be related to the subject area of the students involved. So will students in general arts, for example, benefit to the same extent as students in engineering subjects? Also, how important is the role of the teacher in the process. Will the game work at all if the teacher is anything other than enthusiastic, and indeed carry across into e-learning? These and other issues need to be explored so that the conditions necessary for game success are fully understood. GEL now provides a low-cost way to pursue such experiments.
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