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Introduction

Collaborative learning, sometimes called “group learning” or “shared learning” is an emergent practice in many of today’s educational settings. In this paper we take a look at the promises and challenges of collaborative learning, as well as highlight some of the methods that have been attempted to make education more collaborative.
Benefits of Collaborative Learning
Why is collaboration useful in educational settings? 
First of all, it makes education a more enjoyable and fulfilling process, fostering many important positive practices among students. According to Andres et al [2], “community-oriented learning can mobilize the energy, commitment, and idealism of young people, while teaching them leadership skills and personal responsibility.“ 


Collaboration teaches important “people” skills, which are extremely useful in many settings (such as work and education) today. It allows students to exercise activities such as “networking” and “cooperative work” which are encouraged and rewarded in these settings. “Many experts will tell you that their real expertise lies not in what they know but rather in who they know: that is, expertise is often knowing whom to ask and where to look.” [16].

Collaboration allows students to find, expose and exercise their individual strengths. This allows them to accomplish projects of much bigger size. This, in turn, increases knowledge and feelings of self-efficacy. Indeed, collaboration leverages the powerful concept known as the “symmetry of ignorance” [17]. This refers to the idea that by combining various areas of expertise of the participants in a group, a group can accomplish tasks which are beyond the capabilities of any of the individuals involved. 


Furthermore, collaborative learning increases the quality and robustness of the material learned. “Cognitive Dissonance Theory states that the existence of disagreement among members of a group produces cognitive dissonance in the individual, who experiences pressure to reduce this dissonance, leading the individual to a process of social communication and revision of his position. The value of the disagreement depends less on the correctness of the opposing position than on the attention, thought processes and learning activities it induces.”[1]  Collaborative settings create an environment for students put forth various contrasting opinions and arguments, thereby allowing them to understand the issues better by debating the reasons for disagreements. It also allows them to expose their beliefs and reasons to the scrutiny of the group, thus allowing to catch and “debug” erroneous reasoning early. Furthermore, collaboration presents opportunities for peer instruction, which strengthens knowledge, i.e. “when you teach, you learn.”
According to the research performed by the DLC ’04 group, the most important reason sited by students in favor of collaboration was the exposure to “new and different ideas and opinions” [4].


Collaboration online, via computer communication technologies, has its own added benefits. One of them is that online environment serves as a good mediator, and

allows all of the voices to be heard, sometimes better than in face-to-face discussions. “The lack of physical and psychological cues such as physical appearance, intonation, eye contact, group identity sometimes may lead to democratizing effects. Critical behavior, therefore, is expected to be less biased towards a tutor or a dominant peer student.” [7]

Another advantage is the ability to distribute the collaborative efforts in space (by allowing participants to work remotely), time (by allowing participants to contribute whenever is possible or convenient) and people (by exposing the work to new groups and participants).  This is especially useful in real-time environments (such as large lectures), since “there is no need to wait while others contribute their thoughts; hence there should be less ‘production blocking,’ where progress in the learning activity is impeded by a requirement of turn-taking (particularly challenging in large classes)” [8]. 
The computer medium also provides a better environment to organize, visualize and store information in a manner accessible to everyone. As an example, we benefited greatly from having easy access to materials on the website created by the DLC 2004 “collaboration” group [4], as well as by using a Wiki for our group’s deliverables and discussions.
Challenges of Collaborative Learning

At the same time, collaborative education is not without its challenges. Our research has shown that most of these challenges are predominantly social, rather than technical.

Probably the most important challenge in making collaborative education work is framing the curriculum in a way which is condusive to collaboration. Often, collaborative approaches are too hastily thrown on top of old material and practices. Ehrman et al compares this to how “when cameras were a new technology, they were initially used to make movies of stage performances.” [10] What is needed instead, for collaborative learning achieve its full potential, is an analysis and a reformulation of the whole educational environment, including lectures, assignments, goals and evaluations. 

For example, collaboration efforts will typically be much more effective on open-ended, project-based assignments as opposed to ones where the students are required to come up with discrete results (e.g. multiple choice questions). In the latter case, the students that come up with answers on their own will have little incentive to share their knowledge. An even more important factor is how the students are evaluated on their work. For example, a highly-competitive classroom environment is (e.g. graded on the “curve”), is a “zero-sum game: a person can only get a higher grade if someone else receives a lower grade. [...] True understanding and exploration of issues is discouraged if it will detract from time that could be spent studying for the exam.” [16]. Such an environment is very unlikely to foster collaborative efforts.  Therefore, a more flexible grading system is needed. It is often challenging to invent an evaluation system that will reflect the individual efforts, while at the same time maintaining an environment in which participants can work freely. Yet such an environment is important, because it allows individuals to contribute meaningfully, by capitalizing on their individual strengths. According to Norman, “the goal is to support cooperative work, where everyone contributes, each according to their abilities, but that those abilities are recorded and become part of the student transcript. In other words, the goal is not to rank order the students by some arbitrary mark of performance measure, which is what grades do, but rather to determine a student's true attributes and skills and to record them accurately. Some students are scholars, others leaders. Some are team players, others not. Some are generalists, others specialists. The goal is accurate characterization. We do not need value judgments among the attributes: society needs all of them.”


A related issue which may hinder collaboration is the “free-rider” problem, i.e. a concern that some members of the group may not contribute as well or as much as others. This can probably be remedied by a more flexible grading system, such as the “mastery grading” proposed by Norman [16]. Furthermore, according to Beachley et al [4] “if students realize that being involved in group activity will directly affect their individual understanding of the course, they will be motivated to be more actively engaged in the group’s collaborative activities.” It is also important to note, that in some cases “silent” or “lurking” participation may be the most appropriate behavior to an individual i.e. “for some learners participation in informal learning through lurking and other invisible activities may be deeper and more engaging, than formal online provisions.” [12]

Collaboration often involves significant scheduling and management overhead. This, and “inefficient organization of work” were the top reasons sited by students when asked what they dislike about collaboration in the DLC 2004 study [4]. 

Effective collaboration is a non-trivial skill which needs to be coached explicitly. According to Curry [9]: “The social aspects of successful teams should be explicitly taught and not assumed. In order for teams to succeed, certain member qualities must be present. Among those desirable qualities are an ability to clarify and commit to goals, an interest in other team members beyond the task at hand, a desire to confront conflict positively, an understanding of others' perspectives, a commitment to make decisions inclusively, the valuing of individual differences, a willingness to freely contribute ideas and encourage team members, an open and honest evaluation of team performance, and a readiness to celebrate accomplishments.” Yet, as we’ve mentioned previously, the relevance and usefulness of collaborative skills in many education and work settings merits the time and effort being spent to teach it. Several researchers also comment on the usefulness of certain “scaffolding” methods in improving collaboration, such as pre-class planning and preparation [11] and real-time mediation [11], [6].
Collaboration Methods


Here we present an overview of some of the collaboration methods that are used in educational settings. We consider both computer-based and conventional techniques. We try to examine the factors contributing to and against their success.


Collaboration among students falls into 2 broad categories: in-class and outside of the class. 

In-Class Methods

Collaboration during the class is gaining much more popularity.  These techniques generally involve the professor or teacher of the class interrupting what would be a normal lecture to pose a question to the class. Most of these techniques involve asking the student to collaborate to gain an answer. Examples are: Think-Pair-Share [14], Concept Tests [15], The Minute Paper [19], and Debriefing Exams [5].

The Think-Pair-Share technique is generally used to regain the focus of students during a lecture. A simple question is asked; the students are asked to first think about the problem, then pair up with someone next to them and share their thoughts on the matter. This has the effect of pulling the student back into the fold if the teacher believes they have started to let their minds wander. 

Concept Tests is used to insure that the students have a conceptual understanding of the problem posed. Each student is asked to write an answer to a problem on a sheet of paper, after which he/she works in a pair to try to convince the other of their viewpoint. The Minute Paper is used to solidify any concepts learned during the class. Near the end of class everyone is asked to write down in a few sentences a few keys concepts that they have learned. This helps to solidify any knowledge gained. 

Debriefing exams is a technique that leverages the communal knowledge of the class. Exams are handed back in groups of folders. Each group will work together to help correct the exams by asking their peers for the correct answer. This has been shown to work well and efficiently. In a matter of 15 minutes a large portion of the students’ questions about the exam will be answered without having to tax a large portion of the instructor’s time.
Professor Amer Diwan, a computer science professor at the University of Colorado, uses a method he calls a “conversational classroom.” The method of teaching involves students to lead the discussion rather then the professor, with the professor steering the conversation every so often and helping the students better understand the topics. This method of teaching allows students to work with one another and to learn from each others knowledge. Diwan warned that the conversations have to be curtailed to move towards the necessary subjects and avoid tangents that lead to discussions too far from topic.

An emergent new classroom technology is found in the addition of interactive classroom technologies, such as the HITT (Hyper Interactive Teaching Technology), also known as “clickers.” Clickers allow students to answer the professor’s questions during class by using a remote control-like device that allows them to anonymously answer a multiple choice question. Clickers provide the professor with a status report on how well the class understands the material.  It also offers students time during class to collaborate and discuss questions with one another.
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Figure 1. Clicker technology at a college Physics lecture. The Clicker is shown in front, question is displayed on the left slide, the students’ answer summary is displayed on the right slide.
However, Clickers are not without flaws. Clickers only work with multiple choice questions, so open-ended questions that have no definitive correct answer cannot be covered. Also, it has been noted that the usefulness of clickers increases with class size (Fischer). 

A group of students in the DLC 2004 class [4] have developed a computer-based application called FEEL (Feedback Enhanced Environment for Learning). Designed to extend and improve the functionality of the Clicker, the application allows two-way communication between the students and the instructor, allowing the instructor to post questions, as well as receive feedback and inquiries from the students. The pilot version of the system was evaluated in several university classrooms. The system was generally well-acceped by both students and the instructor. However, one of the points of negative feedback was that both parties found the application “distracting from lecture material.” This is indeed a common challenge in many other in-class collaboration tools – how to integrate the technology with the lecture in a non-intrusive manner.

[image: image2]
Figure 2. FEEL displaying a sample multiple choice question.

There have been a number of interesting approaches attempted with using handheld wireless devices to create collaborative environments in the classroom, such as the one shown below [18]:

[image: image3.png]



Figure 3. A collaborative handheld application demonstrating the ecosystem interaction.
These handheld devices offer the benefit of not only portability, but also such interesting capabilities as location and motion capture (via supporting IR infrastructure). This allows innovative participatory exercises such as emulating the flow of traffic on the street. Most of these activities, albeit extremely engaging, are very task-specific and require a new software module for each exercise. There are not many examples of general-purpose collaborative environments yet.

Out-of-Class Collaboration
The advent of numerous new computer tools targeting collaboration has changed the landscape of the classroom and how students interact with each other.  Today, more than ever, students are meeting online to perform tasks that used to be done alone or in small groups. Some instructors require their pupils to participate with these online or networked tools while usage of some tools is voluntary.
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Figure 4. WebCT for a university course.
WebCT allows professors and students to post notes, upload assignments, and have discussions on a message board in a structured, online website. Although WebCT has been found to be very useful by some instructors, the rigidity of WebCT has kept it from being widely used. It offers little in the way of customization and is not well-suited to accomplish many of the tasks that the instructors wanted.

Another collaboration tool is called a Wiki. “A Wiki is a type of website that allows anyone visiting the site to add, remove, or otherwise edit all content, very quickly and easily, sometimes without the need for registration. This ease of interaction and operation makes a Wiki an effective tool for collaborative writing (Wiki).” This tool was found to be extremely useful and allowed for students to create their own environment and collaborate asynchronously (Fischer). However, one instructor pointed out an issue that quickly arises when using a wiki. Sebastian De La Chica, a User Interface instructor at the University of Colorado, explained “with swikis (a specific type of wiki) the content looks disorganized. It grows organically, so it is painful to look at in the aftermath (De La Chica).”  [image: image5.png]ontact Information
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Figure 5. A page from a Wiki by a group of students in a university course.

Eden also noted the difficulty of using a Wiki technology to carry on discussions outside of the classroom.  One of the main goals of using a wiki in a course is to extend the classroom – that is, allow the discussions of class to continue beyond the physical limitations of a classroom. Students may want to discuss the class topics outside of class, but online, the context from the class discussion is missing. Similarly, in class, students may not have access to the discussion that had been taking place online. There is a disconnect between the two environments, and as yet, wikis, as well as most other collaborative technologies have been unable to bridge that gap.

After talking to a number of professors as well as using the tools listed above and many others, an overall problem became apparent in all of the tools we studied. All of these tools weren’t used until the professor made its use mandatory, and then the tools were quickly abandoned. It appears that these tools fail because of a “cycle of abandonment”. This cycle is as follows: a student decides to write a message to his/her fellow students, none of the students read it or respond, that student abandons using that tool and when another student tries to write a message the cycle continues until the tool becomes a wasteland of useless information and unanswered questions. 
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Figure 6. “Cycle of Abandonment”
For any collaboration tool to be successful, this cycle must be broken by either the professor or fellow students. A certain amount of “critical mass” or group commitment needs to be present in order for a technology to become adopted. In order to accomplish that, the tools need to become more intuitive and there must be more incentive for the students to use them before the tools will become effective. Only then will the tools’ true ability to liberate the students and allow them to collaborate with one another be reached.

Conclusions

Collaborative learning holds much promise in making education more rewarding, engaging and effective. Computer technologies in particular offer a great opportunity to help integrate knowledge and opinions, thereby making learning more participatory and constructive. Technology alone, however, is not enough to catalyze successful collaboration. It must be accompanied with underlying social changes in curriculum structure, material, assignments and evaluation practices. “In analyzing/comparing effectiveness of various collaboration technologies, it is vital to take into account the materials, instructors, tasks, and other social factors... A more appropriate conceptual framework would seek to identify how certain computing environments might contribute to accomplishing activities, rather than viewing activities as being neatly decomposable into isolated tasks that can be allocated to students via different media." [3] Collaborative skills themselves must also be taught as a first-class subject. There is much reason to believe, however, that the additional investment and overhead dedicated to introducing collaboration in education is well worth the benefits of learning the engaging and useful skills that come with it.
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