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Abstract

Large university lectures are a challenging environment for learning, primarily due to limited communication. In this project we attempt to use technology to make large lectures a more collaborative and engaging learning environment. We introduce Student Learning Environment (SLE) – a software system that facilitates real-time communication and collaboration between students, teaching assistants and the lecturer, using such features as multiple-choice questions, student inquiries, and notes.
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Introduction


Much of the core curriculum in today’s undergraduate universities is taught in large classrooms. It is not uncommon for these classes to consist of several hundred students. For better or worse, these large classes are a necessity due to economic advantages and the ability to quickly present a large amount of essential material to a large body of students they allow.

Despite their prevalence, these environments often present less-than-ideal environments for effective building of knowledge among students. There are several reasons for this. 

First, it is very difficult for the instructor to gauge the overall effectiveness of the lecture as well as the level of students’ understanding and engagement. As a result, an instructor misses useful cues as to when to speed up, slow down, elaborate or change the topic.
Second, the students often hesitate to ask questions. There may be several reasons for this. Students feel uneasy about interrupting the lecture and stealing time away from a large body of other participants. Furthermore, students may feel embarrassed about not understanding something that may be obvious to most of their classmates. Moreover, a student has no way of determining to what degree his or her questions (and the general level of confusion) are shared by his/her peers.

Third, large lectures typically lack peer dialogue and opinion exchanges – factors which generally help students to internalize the material on a both broader and deeper level, by providing more comprehensive justifications and counter-arguments (as our independent research has shown). Furthermore, the lack of such dialogues results in creating a more stern and less engaging atmosphere, often leading to increased alienation, frustration and/or boredom.
Past Works


There have been several attempts to use technology to make the large-lecture environment more engaging and collaborative. The motivation for our project are the so called “classroom response systems,” which are systems that facilitate real-time communication between teacher and students, by allowing the lecturer to pose questions (e.g. multiple-choice) and quickly gather and visualize the aggregate summary of the student’s answers (e.g. via a histogram). “Early adopters of classroom response systems have consistently described the technology as a catalyst for a significant, powerful shift in the classroom climate, pedagogy and resulting learning. Formative assessment is known to be a very powerful intervention and these systems enable students to receive much more feedback than normal. Importantly, students can see where fellow students share their misunderstandings, and that they are not alone. Further, because the displayed responses are anonymous, embarrassment is reduced.”
 

One type of system that is gaining popularity in universities is the Clicker®, developed by H-ITT. In such settings each student is equipped with a Clicker – a handheld device resembling a remote control for a television. At certain times throughout the lecture, the professor poses a relevant multiple-choice question (also displayed on the main screen) to the class. The students are given time to think about the answer, and possibly engage in discussion with their neighbors, after which they punch the button corresponding to their answer choice. Their answers are captured using the infrared sensors located throughout the classroom, aggregated using computer software, and displayed in the form of a histogram on the screen. The individual results are also emailed to the corresponding students for review.

[image: image7.jpg]Feedback Enhanced Environment for Learning

F.EEL

Inquiries and Feedback  Multiple Choice: Student Multple Choice:

View and Answer Questions. Answers.

Tnidics Individual Answers

View Feedback Update, Delete Collective Statisics
Quesions

Indhidal Answers.

Fiload Indhvidual Answer Analysis

105, Which on of tho ollowing shoukd you it i a strts.conty fle?

A Database Comction dotals
-Domain Codo

- Tag Library Detas

. mport tatemernts

.t (8 lue, () Creen, (€) Pumle (0) Yellow, E1Pink

[Which one of he allowing should you putin & stuts-canlig fle? ¥
[_Teiuel ArswerAnatyss ] (__Collecive AnswerAveiyee )

‘CSCI 7000-001 Design, Leaming, and Coflaboration

Welcomo The
Instructor

Logaut

Account

Management
Add Student
Accounts.




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.

Clearly, such system has several important advantages. Topic-relevant multiple choice questions serves to solidify and review material. Visualizing the results is useful to both to the lecturer (by allowing him/her to gauge the students’ understanding of the material) and to the students (by building their confidence and allowing them to estimate their performance vis-a-vis to the rest of the class). Peer discussion helps students gain a deeper understanding of the material by testing their reasoning and exposing them to other opinions and justifications.

The system has a few shortcomings, however. It still supports what is effectively a one-way communication; it does not help students to ask questions or express their general confusion. It does not help correlate questions and answers with the broader context, such as lecture slides or student’s notes. It does not allow users to provide justification for the answers, which may be an important insight to other peers.
A group of students in the DLC 2004 class have developed a computer-based application called FEEL (Feedback Enhanced Environment for Learning). It improves on the Clicker functionality in several important ways. First, it offers a richer interface which is hosted by a personal computer (laptop). Second, it allows students to submit inquiries to the instructor, without interrupting the lecture.  In addition, other students may voice their support for an inquiry, by clicking the corresponding “Vote” button. Third, it allows students to provide real-time feedback about the lecture, such as “Too Fast” or “Too Slow.”
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Figure 2. FEEL displaying a sample multiple choice question.

The pilot version of the system was evaluated in several university classrooms. The system was generally well-accepted by both students and instructors. One notable feature that was well-received by the students was the “anonymity” the system offers, i.e. the ability for students to pose inquiries without personal embarrassment (or having to interrupting the lecture). One of the points of negative feedback, however, from both instructors and students was that the application was “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.

Design Goals


There are several important design goals that we have set out to accomplish in designing a new system.

First, we wanted to build on the features of the previous projects such as Clickers and FEEL. These features include multiple-choice questions, non-intrusive student inquiries (with peer support), and student feedback.


Secondly, we wanted to leverage the power of teaching assistants (TAs). TAs are frequently present in lectures, yet are generally unoccupied. We felt that we could leverage their presence and knowledge by letting them answer student inquiries that come up.


Third, we thought that it is important to gather justifications for student answers. Indeed, this is what Professor Carl Weinman frequently does in lecture: after gathering the multiple choice responses, he calls on someone in the class to provide a justification for a specific choice, e.g. “Who can give a justification for choice C?” The usefulness of justifications is three-fold. First, they help the instructor understand what the students are thinking and how well they’re absorbing the material. Secondly, they help students become exposed to more diverse opinions. Third, they help eradicate the “beaten path” – the remembering of and adherence to one’s own initial incorrect reasoning in future situations.  

One important innovation we thought would be useful is to provide selected justifications as they are submitted, without waiting for the end of the answer collection. These randomly-provided justifications may provide important catalysts in shaping ongoing deliberations of other students, in particular students which are having a harder time coming up with the answer.  Furthermore, the application should allow students to engage in ad-hoc discussions with the peer whose justification is (randomly) presented.
Another consideration in favor of answer justifications, is that the quality and correctness of justifications may be factored into the grading structure (perhaps as extra credit). This may provide further incentive for students to pay more attention to the lecture and apply more effort towards thinking about and justifying in-class questions, while at the same time discouraging random guessing.

Another feature unique to our design is the ability for students to answer inquiries posed by others. This capability allows questions to be answered sooner. More importantly, it provides an excellent opportunity for students to engage in peer teaching and learning, and as a result, develop feelings of engagement and self-efficacy.
We felt it was important to incorporate note-taking into the environment. This provides a more immediate opportunity to capture relevant details of the lecture in context, including questions, justifications and inquiries.

User Interface


Here we present the user interface of SLE. 
Student’s Interface 


After a simple authentication, the student sees the screen shown below. There are the following major components:

· Notes (A) – this is where a student takes personal notes.
· Clicker questions (B) – this is where the student responds to “Clicker” questions posed by the instructor. When no question is posed, the area is disabled.

· Justifications (C) – this is where randomly selected justifications for currently posed clicker question are displayed. The student may click the “Discuss” icon next to a justification to engage in a chat session with the originator of the justification.
· Ask a Question (D) – this is where the student may enter inquiries visible to students and TA’s.

· Current Questions (E) – this is where other currently-posted inquiries are displayed. A student may express his/her support (“Me Too”) for the question or engage in a discussion related to it (“Discuss”).
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Figure 3. SLE – student’s screen.

TA’s Interface


Below is the example of the screen that a TA’s sees. It has the following components:
· Student Questions (A) – the question(s) that students have posed. The TA is able to answer the question and initiate the discussion, or remove the question which is untimely or irrelevant.

· Current Question Discussion (B) – this is where the discussion session about the current question happens.

· Ask a question (C) – a TA may pose an inquiry, just like a student – in order to draw professor’s attention or draw students’ attention to a particular issue

· Selected Justifications (D) – randomly-selected justifications to current “clicker” question. This helps the TA gauge students’ understanding.

· Note Area (E) – this is where the TA can leave personal notes.
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Figure 4. SLE – TA’s interface.

Instructor’s Interface


The instructor’s component is depicted below. It has been reduced in order to allow the instructor to see his/her presentation slides on the screen, as well as minimize intrusiveness.


The two main components are:

· Confusion Level (A) – the total number of outstanding questions posed by students. This represents the overall “confusion level” of the class and provides information as to when the instructor should slow down and perhaps take time to answer some questions. This graph is updated as the time progresses.

· Multiple Choice Questions (B) – this is where the instructor can initiate a multiple-choice (“Clicker”) question to the class. Randomly-chosen justifications are also displayed.
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Figure 5. SLE – instructor’s interface.
Technical Overview

SLE is a web-based application. This makes it extremely portable, allowing it to run in any standard web browser, without the need for prior installation of any additional components.


SLE pages are generated on the server side using PHP scripts. Dynamic content is delivered using Аjax™ and Javascript™.


Data exchange and persistence is implemented using XML. This makes the system quite flexible, allowing components and data to be added and modified in the future.

Among other architectures considered were .NET and Java WebStart™ -based frameworks. We settled towards the PHP/Ajax architecture for reasons of portability and simplicity. As the system becomes more complex in the future, these choices might need to be re-examined. One should note that, as with many collaborative technologies, the actual choice of technical implementation is usually less important than the underlying ideas as well as the accessibility of user interface.
End-User Design

One major important design consideration of this system is to allow it to be easily modifiable by the users to adapt to specific class activities. This is an example of what’s known as End-User Design. 

The most important avenue for incorporating EUD in this particular context is to allow the instructor to integrate custom modules into the application. These modules may present illustrations, slides, and/or videos. Students also may be prompted to provide more complex input, such as drawings or free-text answers. Even more attractive is the idea of introducing interactive applications (created for example, using Java Applets or AgentSheets™) to the students.

TA’s may benefit from a framework that has interfaces to collect data and statistics on student performance (e.g. class participation, “clicker” questions, attendance, etc).

On the students’ side it would be useful for the framework to provide the user with the ability to interface the content in SLE with user’s email, chat, calendar or other applications. For example, one may envision providing ways for the TAs or students to schedule discussion sessions (relevant to some topic or question in lecture) outside of class and automatically create entries in participants’ calendars.


Yet a different opportunity for EUD is for students to create their personal profile pages or icons integrated into the application. This should foster greater social contact and personal engagement among students in a large class.

Other Future Work


Probably the most significant component of future work is tuning and modifying the user interface. As our research has shown, many collaborative applications fall into the “cycle of abandonment” precisely because they are tedious to use.  The effectiveness of the user interface can only be properly measured through actual user tests in real classroom settings. Being in a university environment, we feel it would be easy to find lectures where we can conduct such trials and observations. 


We designed the system to make it compatible with the current large-lecture format and dynamics, especially lectures that employ similar technologies, such as Clickers. Thus, we believe that our system could be successfully integrated with minimal restructuring of curriculum and lecture practices.

As far as more specific technical improvements on the nearest horizon, we would propose:
· API (e.g. using web services / XML) for querying events/statistics, adding custom components, etc (see EUD section above).
· Better note-taking system (perhaps incorporating lecturer’s slides).
· Clickable timeline for notes/questions which allows the users to go back and “replay” lectures for review.
Conclusions


Despite their prevalence, large lectures often present a less-than-ideal learning environment. They tend to be less collaborative, engaging and flexible than smaller classes. At the same time, we feel that there exist many opportunities to better leverage the diversity of knowledge and opinions that exist in these large lectures. Technology can play a vital role in that process, as is evidenced by the success of such interactive tools as Clickers. Challenges exist in making the technology effective and engaging, while at the same making sure that it smoothly integrates into the educational practices and is not distracting to the participants.

We have presented a system which we hope meets these goals. Clearly, much more user testing and iterative modifications are needed to make it truly usable. We hope to continue working in this field to achieve these goals.
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