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1. Introduction

The Computer-integrated-Classroom (CiC) is a concept that has been proposed some time ago as a consequence of advances in Information Technology [Hoppe et al. 1993 ]. The CiC advocates for a classroom with computers being used by the teacher and the students, besides an electronic blackboard. All of this hardware is connected by suitable networks. The CiC represents a technologically supported answer to improve teaching/learning in a face-to-face situation, as opposed to distance education.

Of course, the mere availability of computers in the classroom does not ensure the teaching/learning process will be better than traditional unsupported teaching/learning. Students may distract themselves by navigating Internet, sending messages to classmates, etc. [ Scardamelia, 1995]. Furthermore, the teacher must do quite an effort to prepare courseware material to be used in the classroom, either by getting and adapting material from various sources or developing it by herself. Our own initial experience in this respect was quite disappointing, as presented in Section 3.

Nevertheless, there is an almost obvious conjecture that the CiC, when appropriately used, should somehow provide better results than unsupported teaching/learning. The problems are, of course,  how to achieve “CiC appropriate use” and how to measure results. The purpose of this work is to mainly deal with the first of these problems. In particular, we do not concentrate on rather simple problems such as choosing suitable hardware, but on the challenges presented by the use of adequate software. As described on Sect. 3, we began using off-the-shelf general software, but this proved to be unsatisfactory. As a consequence, we had to develop our own software environment, which solved these difficulties.

The rest of the paper is organized as follows. Section 2 introduces the CiC concept. Section 3 presents our own experience on trying to implement the CiC in a university setting, and it precisely characterizes the problem to be solved. Section 4 describes the proposed solution. Section 5 compares this solution with a simple off-the-shelf software approach. Section 6 discusses both options and Section 7 concludes the paper.

2. The CiC Concept 

Computer-supported distance education has shown students have many resources available to do their learning. They can access much information from the Internet, while also benefiting from the learning material their instructors have prepared for them. They can also do other activities while acquiring knowledge, e.g., doing exercises to practice the concepts they are incorporating. By contrast, in face-to-face settings, students have the advantages of having the instructor present to interact with them. This is, in fact, a great advantage. Could we add the advantages of distance education to face-to-face situations? 

Obviously, the most common higher education situations are lecture-type classes and then laboratory or homework sessions where the complementary activities may take place. Suppose, e.g., a college computer science introductory course. The teacher, in a traditional strategy, will introduce the students to a certain algorithm in a lecture (e.g., bubble sort): she will present the idea using a  projector and a screen, she will perhaps show a program written in a certain language implementing the algorithm, and perhaps she will display a drawing illustrating the workings of the algorithm. She will then move on to the analysis of the efficiency of the algorithm and/or to other sorting algorithms. After the lecture, students are asked to work in the laboratory or at home exercises intended to internalize the concepts and the practical aspects of the algorithm.

This is not typically the way teaching/learning is done in basic/high school education. The students must internalize the concepts to be learned immediately after listening to the idea. Perhaps indeed, they learn the basic ideas while trying to solve a simple problem. The computer support, then, in this case, has to allow the performance of several educational activities within the class: lecture presentation, packaged animations and movies, drill activities, tests, simulations, etc. All of these activities should be done with the same equipment. Some of the activities are decided while the class is being taught; e.g., a concept which is not being well understood needs other examples, further discussion, etc. This strategy could also be moved to higher education, with, maybe, less cognitive overload from students.

By CiC we understand a classroom where the teacher presents the learning material (multimedia documents) on an electronic blackboard and every student has a notebook or PDA to work with this material. A wireless LAN connects the student’s computer with the electronic blackboard, and there is a Web server (outside the local network) which provides and stores learning material. A CiC also includes systems which help teacher and students to recover, manage and share learning material, taking into account the particular needs of the face-to-face teaching situation. This is the main difference between a classroom equipped with computer technology and a CiC. 

The original idea of a computer-integrated face-to-face classroom was exemplified in the COSOFT environment [Baloian, Hoppe & Kling; 1995; Baloian, 1997]. The computer-integrated classroom (CIC) combines positive aspects of the classical chalkboard approach, particularly its flexibility in the spontaneous elaboration of ideas, with the potential of modern networked multimedia. The value added lies in the avoidance of discontinuities in representations (“media breaks”), e.g., when the solution that a student has elaborated individually is copied again by hand to the chalkboard. In the CIC, re-use and synchronous and asynchronous exchange of results is easily possible. The full spectrum of basic representations, ranging from freehand input to sophisticated simulation and animation is available. The goals of the  CiC is to ease the most frequent activities in the classroom integrating into a single environment the functionalities required to allow collective management of Multi-media learning material including storage, retrieval, retrieval and distribution of on-the-fly produced learning material in an electronic classroom. 

Perhaps the first “electronic room” implemented was  Colab (Stefik et al., 1987) is an experimental meeting room for groups of two to six people, each one working on a personal computer and a central, large, touch-sensitive screen and stand-up keyboard. The meetings are divided in several phases (e.g. brainstorming, organizing and evaluation), and the available tools have different behaviors depending on the meeting phase. This is done as an effort to emphasize particular meeting processes and styles of behavior, but without forcing their adoption. The meeting phases are: brainstorming, organizing and evaluation. There were 3 software developed for this room:  Cognoter was a collaborative tool used to create outlines for talks and documents. Boardnoter was a meeting tool which provides an area for freestyle sketching, similar to a chalkboard. Argnoter was a tool supporting arguing, designed for meetings in which participants have done previous work, which generally means that disagreements and disputes have to be settled. 

The Learning Through Collaborative Visualization (CoVis) project (Pea, 1993; Edelson et al.,1996) has as its goal to improve science education in middle and high schools, providing students with a range of collaboration and communication tools. It is argued that most educational settings tend to focus on “learning before doing”, whereas a model of “learning by doing” could have several benefits. New technologies can be used to facilitate the return of successful learning models that existed prior to formal schooling, such as apprenticeship and long-term mentoring.

Approaches like eClass, (formerly Classroom 2000) aim to capture a lecture integrating pen-based technology, audio services, etc. for use in short-term (e.g. lesson playback, exam preparation) and long-term (e.g. comparing courses taught in several periods, evolution over time, searching for relations among various courses) situations (Abowd et al., 1996; Abowd, 1999; Abowd et al.,2000). The lectures are captured trying to minimize any additional preparation and using processes that allow the systematic post-processing and archiving of a high number of lectures during a longer time frame. The result is a library containing a considerable amount of lectures that can be analyzed and compared themselves as well as their usage.

Caretta (Sugimoto et al., 2004) integrates personal and shared spaces to support face-to-face collaboration. PDAs and a multiple-input sensing board provide personal and shared spaces, respectively. Users of Caretta can discuss and negotiate with each other in the shared space by manipulating physical objects, while they individually examine their ideas in their own personal spaces. Caretta allows users to participate in group activities interchangeably and seamlessly using both these spaces.
3. A Case of CiC implementation

One of the authors has taught a Computer Science I course to university freshmen for several years. The course has about 80 students and there is a team of Teaching Assistants (TA) to help with the teaching, especially with laboratory sessions and grading assignments and tests. The second semester of 2001, he decided to begin experimenting with the CiC concept. Other parallel sections of the same course were taught by traditional means (lectures with projector and screen) by other instructors.

Since this was an experiment, the teacher tried to begin in a parsimonious way. He just used his notebook and a smart board. The teaching style changed. Now, when illustrating an algorithm, he would write the program with the help of the students, he would debug the program on line and he would show excution of the program with  sample data. He will also show animations, he will search the Internet for some data, etc. He expected the students would appreciate the additional time he spent to prepare such classes and they should learn more on the subject.

The results, however, were disappointing. The students did not like the course. In the feedback survey they completed at the end of the course, they rated the instructor just under the approval minimum (3.7 points in a 1.0 to 7.0 scale, with 4.0 being the minimum approval grade). This sharply contrasted with the rates the same instructor obtained in another course he taught (6.1) in the same semester, and with the rates he obtained for the same course in previous semesters (over 6.0).

Searching for an explanation, we analyzed the informal comments made by the students in the same survey. While some comments simply referred to “boring” or similar remarks, a few of them gave hints to the real problem. “The teacher simply spends too much time trying to show us things” said one of them. Another comment was “we get easily distracted in class. I started to take along some books and began to read them there. Finally I quit attending classes”. A third interesting one was “why does it take so much time to move from one program to another one?”.

The hints were clear. The instructor was using off-the-shelf software to do the class: Microsoft PowerPoint to make presentations, Mozilla browser to navigate the Web, a Java compiler and a text editor.  Each time the instructor needed to move to a new program, he had to do several mouse movements, wait for the activation of the program, etc. He obviously thought these times were negligible, but they were not: the students could not keep concentrated while the teacher was doing the software transitions in his notebook.  

Spending too much time in activities, which are not directly related to teaching, like typing  long commands or queries, or searching for files, may break the dynamic flow of the lecture and distract the attention of the audience. It has already been identified that the most frequent mistake of teachers is to turn their backs to the audience while working with chalkboards and overhead projection [Grossvenor,1999].  Looking at other lecturers using the electronic classroom we observed some of them running back and forth between the e-board, keyboard and mouse. Not only their emotive-evocative expression and attention, but also the students’ attention and the interaction between students and teachers were disrupted by a desconcentrated technology. This could be avoided by enabling all interaction on the interactive whiteboard as the unique input and output device. Different kinds of applications, e.g. to show sketches or renderings, perform live applications and simulations, or to collect and manipulate student input should be integrated within a consistent software environment that does not absorb the students attention.
4. An Integrated Software approach to implement CiC

As we can derive from the above description, the most important issue is to keep the attention of the audience of a computer supported lecture. For this, CiC should take less time to complete the sequence of activities, especially during the transition between different types of activities.  The CiC implementation described in this work is called CiCv2, which consists of three modules that interact with each other. One is the central repository, available from inside and outside the classroom sessions. The other modules are the ones used by teacher and students, respectively.

4.1 Repository
CiCv2 uses a repository for implementing user authentication, session directory and file repository and archive. Each request is handled in a separate thread in order to avoid an application or network error to hold up other requests. In particular, file transfers can take a relatively long time to complete, and moreover, they tend to concentrate when all students are opening the file suggested by the teacher in the face-to-face classroom scenario.
Users of CiCv2 have to authenticate at the repository before any interaction takes place. Each user may access its own home directory inside the repository. He may read the course home directory for all courses in which he is registered, a teacher may read and write into course directories in which she is registered. These are the default permissions and  may be changed on a per-user basis, granting additional access for users to specific files or directories.
When starting a session, the teacher authenticates at the repository, and afterwards she creates a session for the corresponding course. This session identifies the teacher and includes a reference for the students to contact the teacher application directly. 
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Figure 1: Computer-integrated Classroom (CiC)
Each user can access the files available on the repository at any time, without the need for a session to exist. The user that requests a file transfer sends its authentication credentials, and the requested  action. In the case of file access, the actions can be listing of a subtree, uploading of a file or downloading of a file. 

4.2 Student and Teacher Applications
Students and Teacher use applications that are specific for each role. Both applications share a common  set of basic functionalities, including the connections to the repository for authentication and other requests.

A user starting the Student or Teacher Application will be requested for a username and a password for authentication at the repository. Once the authentication has been successful, the user selects a session or decides to work in remote mode, in which case no session is used. The graphical user interface (GUI) presented to the user once the authentication and session creation/selection has been passed includes several elements as seen in figure 2:

· Menubar: several actions are available through this menu, most notably the Transfer, FreeStyler and View menus. The menu entitled ”Allow” is available only in the Teacher Application.

· Log: underneath the Menubar is the Log Panel, which keeps a record of the latest events inside the classroom session.

· Inbox: to the right hand side of the Log Panel. This element, which is not always visible, indicates events that are important or need an action. For example, when a student receives
· Discussion board: visible in figure 5.5, it allows teacher and students to exchange text messages.

· Status bar: at the bottom of the GUI. It contains the last registered event or output. It gives feedback to the user, indicating that a selected task has been successfully executed or that some error has occurred.
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Figure 2: Computer-integrated Classroom (CiC)
4.3  File Transfers
The Student and Teacher applications implement several forms of file transfer actions, according to the purpose of the transfer. The following actions can be identified:

· Distribute Assignment: This action is only available for the teacher inside a classroomsession. A file is selected from a location that may include the repository or the local working directory. This file is sent to each student participating in the active session, and they are notified of the availability of the newly sent file.

· Collect Assignment: This action is only available for the teacher inside a classroom session. A teacher has already distributed an assignment to the students. Afterwards, the students are asked to save their work, by selecting the Save item in the FreeStyler tool. The teacher then uses the ”Collect Assignment” action to save a copy of the file each student has been working on into a location in the repository. The students will not be able to modify those copies anymore.

· Distribute Homework: This action is only available for the teacher, not necessarily inside a classroom session. A file is selected from a location that may include the repository or thelocal working directory. This file is copied to a directory inside the student home directory on the repository, for each student assigned to the currently selected course. No notification is performed, since there is no session to which students could be connected.

· Process Homework: A student connects to the repository and searches for Homeworks distributed by the teacher using the ”Distribute Homework” action. The Homework gets copied to the local working directory and the student can begin to manipulate the file.

· Commit Homework: After finishing a homework, the student would use this action to send the file back to the repository where the teacher will collect them at a predefined date.

· Collect Homework: This transfer mode is only available for the teacher, not necessarily inside a classroom session. The teacher retrieves the files supposedly delivered by the students using the ”Commit Homework” action.

· Place/Get file(s) in Archive: It allows a teacher or a student to send a local file to the server or get a file from a server to use it locally. When using FreeStyler files, these actions are not necessary, since the retrieval and uploading of the files from/to the repository is automatically executed.

· Send file(s): Similar to the ”Distribute Assignment” action. The teacher selects a source file and any number of students to whom the file will be sent.

· Get file(s): It allows the teacher to retrieve files from the students inside a face-to-face classroom session. For each case, a file transfer needs a selection of one or a group of sources and destinations.

4.4 Discussion Board
The CiCv2 GUI, as shown in figure xx, allows text-based teacher-student communication. The students can send messages to the teacher, and the teacher can send messages to an individual student or to a group of them.

4.5 Permissions (Allow)
A teacher can restrict some of the features in the CiCv2 sessions using this menu, selecting either “allowed” or “not allowed”. Currently, the teacher can control two features:

· Student Questions: by disallowing student questions, the discussion panel keeps deactivated and students cannot make use of it.

· Student Sessions: If the teacher permits it through the use of this feature, the students can start sessions on their own. This is specially useful when giving the students freedom to choose their own groups for some collaborative activity using the computers. It is not necessary for the teacher to define the groups, but the students can organize themselves.

4.6  FreeStyler
FreeStyler (Hoppe and Gaßner, 2002) is a flexible application combining freehand annotations with visual language elements and can be used in various situations like modeling, whiteboard control or presentations. The documents generated and used by the FreeStyler application are divided into pages, and the storage and retrieval of the documents is based on an XML model. Each of the pages used by FreeStyler includes several layers that are superimposed over each other. It is possible to visualize all layers at one time, defining the order (bottom to top) in any possible configuration. Also, it is possible to hide any of the available layers at any time. By default, each page includes four layers: two layers for freehand drawing, and two layers based on the JGraph  which allows the usage of visual languages to perform a varied range of modeling. Figure xx displays the FreeStyler application in use, showing a page in which images, nodes corresponding to a visual language and freehand drawing are used simultaneously. The freehand drawing is specially useful in a setting in which a freehand input device is available, as is the case with an electronic whiteboard, a tablet PC or many modern PDAs.
FreeStyler provides the possibility of using the pages as if they were a whiteboard, drawing strokes by hand using some freehand input, such as an electronic whiteboard, a tablet PC, a PDA or any other similar, generally pen-based, device. Each stroke is defined by a path as a sequence of points, but also has characteristics such as width and color. Using some simple buttons it is possible to easily control these characteristics at least as easily as it is to use a traditional whiteboard. Optionally, it is possible to “compress” each stroke after the last point has been defined, which allows not only to minimize the storage space needed for the resulting document, but to obtain straighter lines or other effects as desired. Also, the undo mechanism allows to erase the last drawn stroke in just one action, as opposed to grabbing (in both the traditional and the electronic whiteboard) and carefully erasing the last stroke which may be on top of previously drawn strokes.
Within CiCv2, each participant can have her own instance of a Classroom Module to access shared documents and perform local annotations, construct models and other related work. Annotating and modeling will take place using a tool called FreeStyler (Hoppe and Gaßner, 2002), which stores its documents in XML format, it has been integrated into the CiCv2 as the default tool to handle documents. 

A very powerful feature of Freestyler is the usage of ad-hoc pluggable modules called palettes to define new functionalities. Each palette contains elements called nodes that can be placed in the documents, and also can contain different types of edges that connect different nodes. In this way, different models can be used for different learning subjects or complexity levels. As an example, a palette for supporting the teaching and learning of programming in Java was developed. The java palettes contains three types of different nodes and one link type (see figure 3). The node types are:

· Java Code Node: a node which contains and shows a Java program.

· Program Input Node: a node which contains (or receives) and shows the standard input for a java program.

· Program Output Node: a node which shows the standard output of a program.

· Class Node: to include external class files or jars during the compilation and execution of the program

· Text Node: Contains formatted text following http rules. This was created in order to add some explanations to the programs being compiled and executed.
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Figure 3 Screenshot of Java FreeStyler working with CiC. At the left side the framework, at the right, the palette with the nodes. 

In order to associate an Output Input Node to a Program node it is necessary to draw a link from the first to the second one and in order to associate an Output Node to a Program Node the link must be drawn from the second to the first one. Figure 3 shows a freestyler document with the java palette. The palette is shown at the right hand side of the screen and contains the 3 kind of nodes which can be added to the document by drag-and-drop operations. There is an icon for creating links and another one for deleting them. The document of the example shows a Program node connected to both an Input and an output node. The palette also defines some functionalities, which on the figure they appear on a pull down menu. These are the following:

· Create Java Code: this is an alternative way to create a java node, which may be more comfortable for some electronic boards, where drag-and-drop operation may be not so easy to perform (like on a SmartBoard). Nodes are created without any content.

· Add Java Code: creates a Java Program Node with content taken from a java program file. After selecting this operation a list of local and remote files containing java code is displayed for selection. The remote files are taken from the course container on the server.

· Edit: change the font for displaying the java code, the input and output

· Compile: Compiles the code contained in a selected Java Program Node

· Execute: executes the code of an already compiled Java Program Node

Using the CiC environment and the Java palette, teachers can show how to write a Java program, run it and show its output in a swiftly way. Since freestyler document can include handwriting and elements from other palettes (like for example, a discussion palette) a pedagogically meaningful documents can be created during the lessons and stored as learning material for the course.With the ”distribute” functionality of the CiC environment documents containing program fragments or programs with errors can be distributed to the students for completing or correcting them as homework or assignment. By establishing a coupling session and synchronising the documents of a certain student with the one on the electronic board the teacher can enable a student to show her solution to a certain problem proposed earlier.
Using a MatchMaker server (Tewissen et al., 2000a; Jansen, 2003), it is possible to share one FreeStyler page across several applications. When a page is coupled, a change made by any user in the same MatchMaker session is replicated to the other applications, so all connected users can see the changes almost instantly. This is an important resource for collaboration inside a classroom, by sharing all layers contained in the coupled page, including freehand drawing layers and Jgraph based modeling layers. Although it is also possible to enable collaboration inside a classroom by physically sharing the same device, that approach does not scale well when considering groups of more than two or three students. In many cases, a mix of these approaches is used, having more than one student use one device running FreeStyler that is in turn coupled with other applications. An additional element to consider is that the MatchMaker server can store the interactions that take place in each session, allowing automated analysis either in real-time or afterwards. In CiCv2, each created session is logged in full detail and the information is available to the teacher from the time it is generated

4.7 Logging

Logging is an important aspect in CiCv2, since it sums up to the information available to improve the learning experience. Several levels of logging can be identified inside the CiCFreeStyler, described below. The logfiles that are accumulated in each session are transferred to the repository prior to exiting the application. This way, all of the data is kept in the centralized repository, accessible for later analysis.

· User actions: In both applications, for students and teachers, each action is logged locally. The action defines what exactly is logged, and what the result of the executed action is. 

· Standard and Error output: The application and any active Plug-in has access to Java standard output java.lang.System.out and standard error java.lang.System.err streams. To have access to this valuable information, each statement is transformed into an XML fragment that is printed using the normal output, and an additional copy is kept locally in a unique file identified by the session name and log type.

· MatchMaker logs:  Using the Replay mechanism provided in MatchMaker (Jansen, 2003), a complete history of each collaborative work performed within the CiCv2 sessions is available during and after the session. This history contains all relevant actions and changes done on pages that are shared using Match- Maker collaboration. 
5. Evaluation of the Proposal

For evaluating this proposal we will compare the an in-classroom, fact-to-face teaching/learning scenario supported by hardware and standard software and the same situation with the same hardware but supported by the software provided by CiC. The scenarios we will describe corresponds to actual situations experienced by one of the authors while teaching in an introductory course to computer programming in Java. The content as well as the methodology used for the lecture is the same in both cases. The situation is described as a sequence of five learning activities consisting of 1) presentation of the learning stuff by the teacher, 2) individual work by the students 3) review of the solutions with discussion 4) collaborative work in small group of  students 5) final discussion and summary, and the four transitions between these activities. 

The lecture’s content is about  implementing a set class with the programming language Java.  The set allows to store, delete and retrieve elements in different groups as well as testing if a given  element belongs to a certain group.  For this, it is necessary to have a a data  structure capable of containing a collection of elements. This introduces the  concept of arrays.

The following table presents in the fist column the teaching/learning activity. The second column describes how the perform them with standard software and the last column how to carry on them using the CiC.

	
	Activity
	With Standard tools
	With CiC

	1
	First Activity:   The teacher presents the concepts defining a set and may show how to implement one or two set operations


	The teacher presents concepts using a prepared presentation in PowerPoint. For showing the implementation the teacher uses a developing environment like eclipse or netbeans
	The teacher opens a FreeStyler file which make use of the Java palette for presenting the concepts and showing the programs 

	2
	Transition First-Second: The teacher asks the students to complete the rest of the methods for implementing the class. They have to work individually on their computers. 
	The unfinished program is previously stored on a web page and the students download it
	The teacher selects the  menu item, clicks. On the student’s screens, it appears a blinking item. They click on it, and the skeleton appears on their screens as a separate window.

	3
	Second Activity: the teacher asks the students to try to complete the  implementation of the set by implementing the rest of then operations individually
	The teacher makes a round seeing what the students are doing, giving some advice.
	The teacher can issue queries for: a) check if students are doing progress in their work, b) search for patterns of the solution. He can issue messages with suggestions to the students trapped in a problem, or he can simply do as in the standard tool case.

	4
	Transition second-third: teacher collects the students’ work 
	Students upload their work in a predefined directory using ftp (file transfer mechanism): save their work, open ftp tool, choose file, press send.
	Students choose from the menu “send assignment”.

	5
	Third Activity: the teacher searches  for solutions which contain certain patterns, for example, different ways how to implement the delete procedure and shows them simultaneously in order to compare and discuss the different approaches
	Teacher has to remember which students implemented which solution. Otherwise can check each solution to find the one she wants to show. A third choice is to ignore the actual solutions, and present the prepared typical solutions 
	Having the queries, the teacher knows who has which solution, and thus, she begins to show them in the preferred order.

	6
	Transition third-fourth: The teacher asks the students to form groups which  will work in fully developing the solution for each approach and discuss their efficiency (in time and  memory usage) (2-3 groups)
	Start Netmeeting or VNP 
	The assigned student opens a collaboration session; the remaining students connect to it. All via menu.

	7
	Fourth Activity: students work in groups
	Share screen views
	Continue working with CiC but synchronized 

	8
	Transition fourth-last: teacher collects the students’ work 
	Each group uploads .Same as transition second-third
	Teacher collects assignments through a menu option.

	9
	Last Activity: each group shows the work in front of the class The whole class discuss advantages and drawbacks of each solution 
	Each presenter opens the uploaded file and presents.
	Teacher gives control of the workspace running on the board to astudent. Each student presents from his own seat (no waste of time) or may

walk to the eboard.


To analyze more closely the advantages of using CiC instead of of-the-shelf  

6. Discussion 

7. Conclusions
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