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ABSTRACT

As global competition in IT increases, IT/CS students must learn concepts, theory, and implementation more efficiently, more broadly (e.g., technical and humanistic context) and in greater technical depth.  IT (esp. CS and mathematics) is data-intensive – teaching can suffer from information overload, particularly in Web-based courseware.  Efforts to simplify IT/CS teaching sometimes result in technology overload, where students encounter technical detail without humanistic context (e.g., history, ethics, business aspects).  Overload usually correlates with decreased comprehension, increased boredom, decreased learning, and potentially lower performance in applicative tasks.

In response to this problem, this paper describes IT/CS Workshop (ICW), an innovative, interactive Web-based paradigm for teaching and learning of technical concepts in a multi-level, multi-media humanistic context.  ICW, under development at University of Florida, complements established undergraduate and graduate coursework and texts, by interactively presenting concepts at three modes or levels of abstraction:

(1) WorkShop – Students are assigned tasks similar to jobs in an industrial workshop, with interactive suggestions and helps;

(2) WorkBench – Technical views of Tools (e.g., concept, theory, example) and Techniques (implementation and analysis) are integrated with humanistic views of Environment (history and recycling of previous technology) and Society (ethics, interactive collaboration with experts and friends); and 

(3) TestBench – Interactive analysis of results, quizzes, practice exams, and progress tracking help students evaluate their work, with pointers to remedial web pages.

For example, ICW’s multi-media (audio-video lectures, animated examples, and sophisticated interactive analysis programs) support teaching of computer systems performance analysis (IT), algorithm complexity analysis (CS), and error propagation theory (Mathematics).  Links to related Internet groups, websites, and scholarly articles support in-depth learning.  ICW’s multi-level, multi-media approach enriches teaching and learning, while reinforcing different learning styles and cultural views.  Additional features of ICW include creative exploration, whereby students can collaborate competitively, within loose constraints.  This opens many new applications and approaches, and  provides multiple data 
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sources to support the semi-automatic or (eventually) automatic monitoring and modification of student learning behavior. Thus, instructors could extract metaphors for exploration, then apply these to the process of evaluating student progress. This paper describes ICW’s software architecture, interfaces, and courseware generation techniques, with examples from IT (hardware performance) and CS (complexity analysis).
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1. INTRODUCTION 

The proliferation of research and development in information technology (IT) and computer science (CS) has caused a supralinear growth in information as a function of time [
]. Current demands on pedagogy and learning, modeled as fraction of material comprehended (e.g., from exam performance or class participation), or ability to apply learned concepts, are increasing with the scope and depth of IT/CS knowledge. To succeed in a globally competitive marketplace, students must learn theory, algorithms, software, and hardware concepts and practice more efficiently and in greater detail. In practice, students often suffer from input overload, resulting in boredom and comprehension block, which can hinder learning, then impair performance [
]. 

Further problems occur when IT/CS concepts and techniques are presented as arising sui generis, absent of societal, economic, business, or scientific context [
]. In contrast, the scientific literature describes how new concepts are derived from prior technology and application innovations, and documents the impact of research on science, business, and societal evolution. Thus, an extensive basis exists for enriching the content of IT/CS courses, e.g., by including historical, technical, and business context.

In response to this challenge, the authors are have developed IT/CS Workshop (ICW), an innovative, interactive Web-based paradigm for teaching and learning of technical concepts in a multi-level, multi-media humanistic context.  ICW aims to present IT/CS concepts multi-modally, to achieve the following advantages: 

· Rich humanistic context for each concept presented, including philosophical, economic, societal, and ethical background, as well as technical context such as practical justification, published antecedents and descendents, with links to direct applications and alternative or other related concepts or practice;

· Multi-media presentation (text, graphics, audio, video, animation) to support dialectic and analogical teaching styles, also visual, auditory, narrative, and associative learning styles;

· Threaded links to websites, Internet groups, scholarly publications, and audio-visual lectures, to support different topical and contextual views for further reference;

· Performance verification via on-line interactive quizzes at variable levels of difficulty, to lead students into learning the correct use of tools and techniques in a progressive manner;

· Ease of maintenance and expansion via semi-automatic courseware generation, to support consistent addition of new material and links to contextual material, with offline verification to identify and repair dead links.

The preceding advantages of ICW are achieved in the context of a layered architecture expressed at three levels of abstraction:

(1)
WorkShop – Students are assigned Tasks similar to jobs in an industrial workshop, with interactive suggestions and helps;

(2)
WorkBench – Technical views of Tools (e.g., concept, theory, example) and Techniques (implementation and analysis) are integrated with humanistic views of Environment (history and recycling of previous technology) and Society (ethics, interactive collaboration with experts and friends); and 

(3)
TestBench – Interactive Analysis of results, quizzes, practice exams, and Progress Tracking help students evaluate their work, with pointers to remedial web pages.

This paper discusses the architecture and organization of ICW, with examples from IT (computer system performance analysis) and CS (algorithm error analysis). Our developments are compared with previous work (Section 2), and ICW architecture is discussed in Section 3.  Examples of our recent research in ICW courseware are presented in Section 4.  Conclusions and suggestions for future work are given in Section 5.

2. PREVIOUS WORK  
We begin with a discussion of background (Section 2.1), then overview previous work in IT/CS courseware (Section 2.2). 

2.1. Overview of Courseware

Americans are often fascinated with mechanical devices, as well as mechanistic solutions for complex societal problems. For example, in the 1960s, teaching machines (TMs) were touted as relieving the tedium of education while improving academic performance [
].  TMs employed mainly information-push technologies of visual filmstrips and audio recordings, with performance feedback from multiple-choice tests. A human instructor typically led discussion and answered student questions. Given more powerful computers and software available in the 1970s and 1980s, interactive computer interfaces motivated a somewhat more push-pull approach to lecturing and testing [
].  Focus shifted in the 1990s toward content development and performance tracking, enhanced by interactive demonstrations or animation [
].

Courseware surveyed for this study typically has three components: (1) presentation, (2) interactive clarification, and (3) testing. Presentation is similar to a lecture session containing audio, video, or animation modules, often with textual support, but is hitherto mainly information-push. Clarification or discussion can be push-pull, but format varies widely, for example, email, chat rooms, video-teleconferencing, point-and-click widgets such as help bubbles, popup audio or video comments, or links to background websites.  Testing frequently presents a student with interactive question-and-answer formats, e.g., multiple choice, fill-in-the-blanks, or short-answer. If passive in form, these probe little of the student’s underlying learning/reasoning styles or limitations.  

2.2. Previous IT/CS Courseware Development

For several decades, mechanized teaching paradigms have been developed for IT/CS education. For example, the World-Wide Web contains many courseware instances that implement presentation and testing components discussed in Section 2.1. Many courseware websites point to information-push paradigms such as slide shows, HTML, PostScript, or PDF documents with book-like formats, and links to other websites (also push technology). Commercial software such as Video ProfessorTM attempt to teach computer operation by developing skills through DVD-based interactivity.  

Wang [
] discussed the need for context in IT/CS education, building upon experience in courseware containing lessons, quizzes, and interactive games [
].  Schweitzer et al. [
] developed GRASP for interactive teaching of computer security, where information-push protocol diagrams were replaced with push-pull algorithm or protocol specification widgets based on an object-oriented (OO) paradigm. Claypool and Claypool [
] developed techniques for teaching software engineering in a game-oriented environment, through OO programming. Guimaraes and Murray [
] developed animation-based courseware for teaching database security.  In each of the foregoing efforts, the trend was toward increased push-pull and creativity-based environments.

Of particular relevance to our research, Helps [
] discussed course development for rapidly changing technologies, proposing a layered paradigm for course design.  Helps’ seven abstract layers of content, strategy, control, message, representation, medialogic, and data management were designed as guides, not as software; content and emphasis of each layer varied with course emphasis.  Papadimitriou [3] proposed using stories to unify paradigmatic and narrative thinking styles in mathematics and CS.  His emphasis on lack of historical and humanistic content in mathematics and CS education led to the proposal of Mythematics, which places an idea in its historical context, offers narrative illustration, and contains embedded lessons. The authors were thus motivated to develop ICW’s rich, expandable paradigm for unifying technical content and humanistic context in a layered, multi-modal environment.  Our discussion of ICW begins with a high-level architectural view.
3. ARCHITECTURE OF IT/CS WORKSHOP

We present the ICW architecture in terms of its three presentational levels: Workshop (Section 3.1), Workbench (Section 3.2), and Testbench (Section 3.3), each of which have connection, content, and presentation layers discussed in Section 3.4. 

The ICW architecture resembles the organization of an industrial workshop, which the authors conjecture (from our collective experience) as having formed the basis for much prior innovation in physical and mathematical sciences.  We further suggest that the loss of workshop environments, due to de-industrialization, has potentially hindered science or engineering students in the USA from developing hands-on experience with real-world applications.  We believe this lack of practical experience in ”making useful stuff from parts or junk” can slow development of practical IT/CS skills, for example, the ability to reduce theory to practice. In contrast, developing nations are industrializing, thus their students tend to have more opportunities for gaining insights from industrial or IT/CS workshop environments.  A competitive edge could result.

We believe that this experiential disparity can be partially compensated by workshop-based courseware paradigms supporting enhancement of student skills and intellectual competencies, via broader, in-depth teaching of IT/CS in terms of concept, theory, and application in a rich humanistic, societal, and technical context.  

3.1. Workshop

At the highest level of the ICW paradigm, one or more Students interact(s) with a Shop Supervisor and a Mentor.  The students’ task is to learn new material and concretize the learned concepts by completing a Project Assignment.  To do this, the student(s) build project modules at the Workbench (next level down) and test the completed modules at the Testbench.  This work is coordinated by the shop supervisor, with advice, guidance, and teaching being provided by the mentor.  Figure 1 illustrates salient interactions. 

At the Workshop Level, the Supervisor assigns the Student(s) a Project, then helps student(s) decompose the project into a Task List. This teaches paradigmatic (mainly hierarchical and sequential) thinking, with introduction to dependencies between tasks.  
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Figure 1.  Interactions between agents at the Workshop Level, where solid (dashed) lines denote data (resp. control) flows. 

Within the Workshop Level, students may ask the Mentor for help understanding the context of the assigned project (for example, Justification - why are we doing this?  Application - how does the project relate to other work in this course or in IT/CS?  Role - what shall I do in this project?  Evaluation - how will my work be rewarded? Each of these types of context and technical content of each task is mediated via the Workbench, as follows.

3.2. WorkBench

The Workbench is the functional core of the ICW paradigm.  As artisans in an industrial shop produce tangible items (e.g., parts or assemblies) from raw materials, so the student uses the workbench and its tools to produce theory, algorithms, programs, or analytical results from other such objects in an IT/CS context.

Each students assigned task list enumerates work items, and expresses Project-specific Materials and Concepts (input), Tools and Techniques (function), and Results (output).  Initially, this level of detail might not be intuitive to the student.  Thus, the Mentor (defined at the Workshop Level) is available to provide context and perspective to the work – just as master artisans teach and guide 


apprentices and journeymen when learning-by-doing in industrial workshops.  (Contextual support is emboldened in Figure 2.) The set of Materials and Concepts contains abstractions ranging from atomic entities (i.e., integers, reals) to complex data structures.  For example, in complexity analysis, Figure 2 contains entities for analyzing an algorithm’s space or work requirement. Tools include processes required for building a solution to, or instance of, the concept embodied in the current workbench task.  For example, in complexity analysis, students learn to use Tools such as big-oh or big-omega estimates, and when it is appropriate to use such tools. 

Techniques include higher-level heuristics and algorithms for creating or modifying data-structural or mathematical features. For example, in complexity analysis, students learn how to decompose an algorithm into expressions, operations, and operands.  Additional techniques include how to formulate graphs that plot space or work requirement (or resource consumption) as a function of each step of the algorithm.  Each of these techniques is presented by the Mentor in terms of context.  For example, students are shown how the development of structured programming motivated greater concern about consistency of algorithm structure, and how this supports increased detail and rigor in algorithm decomposition.
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Figure 2.  WorkBench architecture for analyzing algorithm complexity.  Note that advisement and context occupy similar schematic roles as in the Workshop Level (Figure 1).

Importantly, each instance of the Workbench shown in Figure 2 is not an isolated object, but is richly linked to previously-developed instances. In the preceding example of complexity analysis, the technique of algorithm decomposition would point backward to previously-defined concepts such as algorithm, procedure, expression, function, operation, and operand.  

For practicality, any Workbench instance is not dependent on any item from the task list formulated at the Workshop level, but is linked to the task list with tagged links specific to each work assignment. As in the case of paper homework assignments (and students or organizations who keep files of solved assignments), administrative separation of lecture material from assignments or exams helps to reduce cheating, and provides increased incentive to learn versus merely copying expressions from “cheat sheets”. In ICW, link tagging (e.g., formalized in a netlist-like structure [
]) allows separation of presented material from tested material, and thus supports consistency checking without having to link in previous or current assignments.  This is important for the TestBench level of ICW, which we next describe.  

3.3. Test Bench

As students learn new concepts, proficiency must be assessed in order to make learning sustainable.  The Test Bench level of ICW supports self-assessment, initially in a pop-quiz format.  Later, interactive assessment will be added in a question-answer-evaluation format, followed by progress tracking.

The TestBench architecture is structurally similar to the WorkBench architecture: the Supervisor assigns the Student a Test List, which is a list of questions or problems, each having links to background information that can be considered prior to answering the question or solving the problem. Links to remedial work appear, given an erroneous answer. Students can ask for advice from the Mentor, who provides supporting context, per the Workshop and Workbench levels. Additionally, the Mentor can provide information about scientific background and technological development underlying a given concept, with examples of how to solve problems similar to the current problem in the Test List. 

Contextual help provided by the Mentor ranges from examples of previously-worked solutions to exposition of how the test problem relates to given applications. This aids students in visualizing how the concept or problem of regard relates to practical aspects of real-world problem solving in the workplace.
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Figure 3.  TestBench architecture for supporting interactive testing.  Advisement and context have a much-expanded role, versus the Workshop and Workbench levels (Figures 1 and 2).

If the student is able to solve the test problem successfully, then he or she receives a given number of points in a particular topical area, and the student’s learning approach is tracked.  If the student fails to solve the problem, no points are granted, and remedial material (with further testing) is assigned.  

In order to tailor test materials and remediation to idiosyncratic learning strategies, we are currently researching performance recognition technology based on the first author’s recent work in adaptive pattern classification [
,
].  This approach is designed to capture student’s traversal of various levels of presentation or learning, as well as preference for different media modes (e.g., video versus text or audio+text).  We also plan to track the accumu-


lation of testing points, and testing frequency, as the directed graph of concepts and problems associated with a given Task List is traversed.  From this, strategies will be developed for presenting test materials suitable for students operating in visual, narrative, or paradigmatic learning modes.  This is possible because ICW has a tagged architecture, which we overview as follows.

3.4. Software Organization

ICW has a three-layer software architecture that features (1) organization layer, (2) content layer, and (3) presentation/ assessment layer.  The organization layer handles hypermedia presentation and traversal of the content graph, the latter being described in tagged fashion using a netlist.  The presentation and assessment layers implement perceptible functionality of the Workshop, Workbench, and Testbench levels.  

In the content layer, internal nodes reflect course organization, and have links that are tagged as organizational, presentation, context, and assessment.  The organizational links are permanent in the sense that they define the flow of concepts within the course.  Presentation links define the order of precedence of technical concepts within a given lesson or course session, and the contextual links connect to supporting humanistic context.  Leaves on the content graph correspond to actual course content objects (e.g., video or audio clips, text, pointers to Web links, etc.)  

As alluded to in Section 3.3, assessment links have two subtypes, testing and remediation, which are programmable per session or per assignment.  Thus, ICW’s link architecture provides a hierarchy of volatility (organization < context < presentation < assessment) that reflects levels of change among abstractions in technological course content [12].  Also, the volatility of assessment links helps reduce the incidence of cheating by making each test, per session, as unique as the design of such assessments allows.

4. APPLICATION TO IT/CS TEACHING

We begin our example of applying ICW to teaching IT using concepts of hardware performance analysis (Section 4.2), then focus on contextual presentation (Section 4.2). Key technological issues pertaining to implementation are overviewed in Section 4.2.

4.1. Example: Hardware Performance Analysis

Let us begin by considering the computer performance equation:
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IT students often struggle with using this equation to compare the performance of two computer systems M1 and M2 in terms of their execution times. The situation becomes more complex when one considers practical effects of compilation on instruction count (IC) and micro-architectural influences on cycles per instruction (CPI).  In this subsection, we observe how ICW helps explain this situation, while in Section 4.2 we explain the utility of context in clarifying issues such as clock rate and power consumption.

Figure 4 illustrates the configuration of the Workshop interface, containing Supervisor, Task List, Student(s) and Mentor.  The latter has Advisement and Context, and access to Workbench and TestBench levels is available.  A  student  enters  the  workshop  by logging in with an instructor-provided ID and password, then proceeds to the Supervisor to obtain a Task List.  Choosing a task to accomplish, the student asks for contextual advice from the Mentor – for example, by posing one or more questions such as:

· What does this task mean, and where did it come from?

Mentor answers: “Comparing hardware performance means that you determine how fast two computers are, relative to each other.  To do this you need to know how to estimate the speed of a computer.  Performance analysis has a long history in IT and CS, beginning in the 1950s with early large-scale computers such as Whirlwind and Stretch.” 

· How will this be useful to me as an IT professional?

Mentor answers: “In business, time is money.  So, a faster computer is better.  However, you need to know how – and why – one computer performs better than another.  Thus, you can make intelligent decisions for equipment procurement.”
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Figure 4.  Workshop screen for hardware performance analysis.

As ICW courseware is enhanced and expanded, we plan to add a simple natural language processing (NLP) engine, to provide simple answers interactively. Currently, a query menu is available.

Given the Mentor’s answer to the first student question, if a student   wants to learn more   about   hardware performance, speed of a computer, and how the performance equation was employed in design of early computers such as IBM’s Stretch, one can click on links underlined in the above answers to access supporting context. Thus, rich historical and economical context enhances presentation of a single concept or equation.  Contextual links can also reference a Reading List assigned by the Supervisor.

Figure 5 illustrates the WorkBench view of hardware performance analysis as Task T2.2, where the performance equation is applied to compute the execution time of a program with IC = 2,487 instructions on machine M1, which has CPI = 2.6 cycles per instruction and clock rate of 4.8 GHz.  The student queries the Mentor (pull-down menu on the right-hand side), which provides help from the How-To menu entry, in the form of the large bubble at the bottom of the screen. 

The TestBench view helps students learn how to estimate performance (Figure 6), similar to Figure 5.  However, the student is assisted in problem solving by the Mentor, who can be asked to provide problem set-up at three levels of difficulty (easy, medium, regular).  In easy mode, dialogue slots support a fill-in-the-blanks approach, while medium difficulty provides a help bubble similar to the one in Figure 5, but without dialogue slots.  Regular difficulty is similar to a pencil-and-paper exam, but the instructor or teaching assistant can interact with the student to critique the solution.
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Figure 5.  Workbench screen for calculating CPU performance.

 Observe how a different image is used for the new machine which has new values for IC, CPI, and clock rate.  This refreshing of content is essential to making the presentation interesting by avoiding monotony.  (We are also currently researching how colors can be used to stimulate interest, without causing visual fatigue.)
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Figure 6.  Testbench screen for hardware performance analysis.

4.2. Examples of Context in ICW

Let us consider a content-rich example, in particular, a question that a student might ask about trends in computer performance.  Historical context is important to a narrative exposition of computer concepts, as noted in [3].  In our ongoing example of hardware performance analysis, let us consider performance factors in computer design, for example, transistor packing density, power, clock rate, and performance per clock tick.  When viewing the performance equation shown in Figures 5 and 6, a student might understandably think that each of these measures comprises a linear trend.  Because it is erroneous, this assumption gives rise to a serious design fallacy, namely, the assumption of linear performance increase as a function of time, or as a function of the packing density of transistors (i.e., Moore’s Law).   

To correct this potentially dangerous misconception, we allow the student (assumed to be at the Workbench level) to query the Mentor and ask “How has computer performance increased with time?”  Rather than overloading the student with an extremely detailed graph crowded with dozens of labels of historical machines, the Mentor instead displays a summary graph of computer performance during the integrated circuit era, with salient explanation, as illustrated in Figure 7.

The student can then click on the graph’s abscissa, and pop up photographs and a short description of selected computers for each decade (e.g., Cray-1 in 1970s, IBM SP-2 in 1990s, etc.)  Further links will lead to a description of computer performance, with examples of performance equations for practical computer design.  Students are then informed (via an audio clip) that computer hardware performance analysis has been active for decades, and that the lesson presented here represents but one step in the co-evolution of hardware and performance analysis techniques.  This leads to a presentation of tutorials and articles for further learning.

We are also using contextual support to develop capabilities of creative exploration (CE), under encouragement of the Mentor.  Numerous studies of mammalian learning have shown that play in juveniles and adolescents, as well as directed exploration in adolescents and adults, helps develop technical and learning skills organically. Previous examples of CE in IT/CS include encouraging innovative or unconventional program design, or sponsoring open laboratories for creating circuit modules, or solving problems in innovative ways. Unfortunately, due to tight budgets, this type of exploratory activity is often unsupported in the design of undergraduate curricula, coursework, and course support.  In graduate curricula, examples of activities resembling CE include collaborative or competitive design of circuits using software simulation, followed by rapid-turnaround prototyping (e.g., MOSIS). In selected previous applications of creative exploration, such innovative solutions eventually led to new business creation (e.g., Sun Microsystems, SPARC, MIPS, and SGI [
]).  
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Figure 7.  Workbench screen with contextual support.

In this paper’s example of hardware performance analysis, ICW’s creative exploration feature currently supports spontaneous variations of model parameters at a low level, for example, to determine consequences for the CPU performance equation (e.g., as illustrated in Figure 6). In this example, students can spontaneously create new expressions that reflect innovative solutions. In future, we plan to develop a flexible programming interface with constructors, deconstructors, classes, instances, and methods, to support CE in software engineering courses.

Whether in applications such as hardware performance analysis, algorithmic complexity analysis, or software engineering, creative exploration will be designed to allow students to “spread their wings” and learn in ways that are best suited to their personal cognitive styles. We envision that this will occur firstly by self-teaching, in the sense of acquainting oneself by browsing a semantically-indexed network.  Secondly, and more importantly, are the processes of competition and collaboration.  In contrast to self-teaching, which opens many new applications and approaches via unconstrained CE, collaborative competition accelerates this learning process by motivating students to learn from, and outperform, each other and the instructor.  In other words, competition becomes the primary constraint on collaboration, which in turn motivates goal-directed learning.  

Tracking of learning behaviors including browsing activity (across the structure of a topical network, as well as temporally), dwell time, and performance on evaluative metrics, to name but a few, allows an ICW-enabled instructor to analyze how students accomplish creative work. For example, this can occur in response to an assignment, as exemplified in this paper or, better still, in response to students encouraging and motivating each other to surpass the bounds of assigned topics and constraints. In a pragmatic sense, this operationalized mode of student exploration and instructor monitoring represents a significant extension of implementational and analytical scope and depth with respect to computer-aided instruction technique. At a higher level, the authors envision competitive collaboration as a process of taking the student beyond the one-dimensional view of traditional course syllabi and assignments, also from the “flatland” of existing computer-aided assistive learning, to a richly dimensioned world of unconstrained or lightly-constrained exploration. When combined with collaborative work technologies, this would facilitate students and instructors “looking over each other’s shoulders” and being encouraged by another’s progress. Thus, learning horizons would be further expanded by interactively augmenting ICW’s Supervisor-assigned list of tasks to be performed or goals to be achieved. 

The concept of creative exploration can be further extended into the area emphasized by this paper, namely, the enhancement of technical pedagogy with humanistic context.  For example, students who are interested in historical motivation or detail could exploit ICW features that describe previous work or historical context.  By monitoring these behaviors, one can develop meta-thinking paradigms of how students work creatively. For example, researchers or instructors could extract specific metaphors of how students explore technical topics in a humanistic context.
In practice, however, there are practical issues associated with implementing creative exploration in an academic learning paradigm. For example, when and how does an instructor intervene in a loosely-constrained (i.e., pseudo-random) learning process – when ICW indicates, via behavioral monitoring and analysis? Would this be triggered when behaviors become more random than pseudo-random? Or, when performance, measured by evaluative instruments, decreases by a prespecified amount? Can this type of intervention be automated at the Supervisor or Mentor level, so as to remove variance due to human instructor bias?  Or, is this type of humanistic interaction (as opposed to a biased view) an important part of the instructor-student relationship that enlivens learning in general? 

With respect to automation, we are currently investigating the use of evolutionary programming to support tracking and managing of design evolution – simulation support is available in the public domain. In ICW, collaborative or competitive CE for hardware design could be realized initially by including simulation capabilties such as SPICE and DSP-Canvas, as well as Xilinx or Altera FPGA simulation tools for reconfigurable computing.  We expect within the near future to incrementally include collaborative CE technology in ICW, to support coursework in design methodologies, for example, capstone design courses in the undergraduate CS curriculum. 

4.3. Technical Issues

Several technical issues are of importance to the ICW early prototype architecture and demonstration presented herein.  Firstly, multimedia integration implies accurate checking of arcs in the organizational connectivity graph, as well as tracking of link types and functionality.  Dead links must be detected and the courseware developer(s) notified. This is currently done offline automatically, by decomposing the connectivity graph into a netlist, then applying graph traversal algorithms and server pinging routines to detect dead links. We currently repair dead links manually; future work will emphasize development of semi-automatic link repair.

Content generation is a particularly difficult problem if one must start from scratch.  Fortunately, we have a large database of text, images, lecture videos, graphs and charts, etc.  Thus, the effort of building the IT/CS courseware has thus far been limited to generating audio clips, editing the existing resources, and assembling each lesson.  Our prototype courseware generator is capable of semi-automatically linking these component resources, to build a lesson, then link the lesson to a hierarchy of concepts, similar to techniques suggested in [
].  Since we plan to implement ICW on a large scale, we are designing more efficient techniques that can learn from a history of lesson development.  Progress in ICW’s courseware generation technology will be reported in a future publication.

Thirdly, we are co-developing ICW with student help, not only in software construction and content generation, but also in critiquing the prototype system and lessons.  Students want software that presents concepts plainly and straightforwardly, not cluttered with bells and whistles.  Thus, we rely on our student base of expertise at successful learning to dictate how content is arranged, in particular, the density and type of links, multimedia, and supporting context.

5. CONCLUSIONS

Research in courseware for IT/CS has progressed from mainly information-push technology such as text-based websites, to interactive push-pull, e.g., gaming interfaces.  We have presented an innovative development of IT/CS courseware, called IT/CS Workshop (ICW), which simulates aspects of an industrial workshop.  A Supervisor assigns tasks to student(s), and a Mentor advises students on conceptual background, with rich economic and societal context supporting instruction in technical proficiency. 

A simple, Web-based prototype illustrates the three-level ICW architecture: WorkShop, WorkBench, and TestBench. These levels support work assignment, achievement of objectives in a project-based environment, and testing of learned results.  ICW is multi-media, with semi-automatically maintained content in a layered software architecture with tagged links to support different volatility in underlying organization, content, presentation, and testing.  Future work will emphasize refinement of ICW’s presentation layer, population of ICW’s content database, and enhancement of courseware generation software, with intelligent learning of lesson design, and support for design by creative play.
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