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WHERE WE COME FROM 

When taking a look at the discipline of computing (computer science, informatics, 
computer engineering, information systems or sciences - whatever we call it) and its 
relation to other disciplines, let us first take a brief look at our common history. Let 
us ponder where we are going by considering where we have been (see in the 
references under 'History'). 

1.1 Higher education begins 

Our university educational system is ancient, deriving from Greek traditions. 
Socrates used a method of dialogue, of questions and answers, to bring his students 
to an understanding of truth. The first school for higher education in the Western 
world was formed by Plato to continue the educational methods of his teacher, 
Socrates. Plato's Academy was established in Athens in 387 BC. The Academy was 
a state of mind for inquirers and their teachers, not a place of stone and wood. 
Teachers were masters in philosophy and mathematics; students and masters 
pursued greater understanding through discussion and debate. 

Aristotle, one of the students of the Academy, created the basis for scientific 
enquiry, which is still used today. His interest in science expanded the scope of 
higher education. Aristotle's Lyceum, established in Athens in 335 BC, was 
dedicated to the pursuit of science and the preparation of students to continue 
scientific inquiry. The Socratic method of questions and answers continued as the 
means to learning. 

1.2 The liberal arts 

By the end of the Greek period, the basic division of subject matter in advanced 
education corresponded to the seven topics that would later be called the liberal 
arts. These are the 'practical skills' of Grammar, Rhetoric, and Dialectic which 
provided the ability to speak, to persuade and to interpret the ideas of others; and 
the more theoretical pursuits of Arithmetic, Music, Geometry, and Astronomy. 
Conflict between the practical and the theoretical is not new; we just change our 
ideas about what falls into each of those categories. 

The Muslim capture of Alexandria marked the end of the Greek supremacy in 
learning and in Western culture. When the Muslims also learned, from a Chinese 
prisoner, how to make paper, there was a momentous opportunity for the 
advancement of learning. The great library at Alexandria provided content; paper 
provided a powerful dissemination mechanism. The Arabs established learning 
centres throughout their empire. Learning became accessible to more people and 
was decentralized. Subjects taught under Arab rule included algebra, trigonometry, 
geometry, physics, chemistry, astronomy, medicine, logic, ethics, metaphysics, 
grammar, prosody (study of poetic structures), law, jurisprudence and theology. 
The Arabs assimilated knowledge from all the cultures with which they had contact 
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and disseminated it through their empire .. The improved distribution technology 
and access to knowledge by more people led inevitably to a significant change in 
education as it was practised at that time. 

As the Arabs were pushed out of Europe, scholarship focused on the task of 
translating, organizing, copying and sorting the accumulated materials. Scholars 
were burdened with an early version of information overload. Without organization 
and methods to access what was needed, the accumulated knowledge of the ages 
would have had limited value. From study of the earlier works of Plato the liberal 
arts re-emerged as the meaning of advanced learning. The practical verbal skills, 
the 'trivium', were recognized as important for practitioners of law, business and 
politics. The less practical skills, the 'quadrivium' were all related to mathematics. 
The utilitarian pursuits of medicine and architecture were too specific and practical 
for the kind of general, broad preparation represented by the Liberal Arts. Such 
specific training for a limited career path was not the goal of liberal arts education. 
At that time most higher education took place in Cathedral schools. 

1.3 The first universities 

The first universities began to appear soon after the turn of the first millennium. 
The universities were small, independent communities of scholars attached to a 
host town. The world's universities were a kind of global community. A degree 
study begun at one university would often be finished at a different one. This 
implies, of course, a common understanding of or a good bit of flexibility in what is 
meant by degree requirements. Students had much more power in these early 
universities than they do now. Students found a master from whom they wished to 
study. The number of students a master could attract directly determined the 
income the master received. The student could move at will to another master to 
study a different subject or just to improve the learning opportunity. 

In Medieval times research was not a significant activity in universities. People 
were fully engaged in understanding, translating and discussing the knowledge they 
had received from the Ancient Greeks, the Arabs, Asia and from Christian 
Theology. There was not a general feeling of there being more to learn. Full 
command of this body of knowledge was considered a sufficiently challenging 
intellectual activity. 

The European Renaissance of the 15th and 16th centuries was a time of rebirth 
of intellectual life. There was prosperity, which allowed more leisure for study and 
contemplation; it was a time of discovery of new lands, which challenged beliefs 
about the world and generated new questions as well. The fall of Constantinople 
sent manuscripts into Europe, opening new opportunities to investigate classical 
philosophy and learning. Despite vehement opposition, the humanities entered the 
university curriculum. And there was also the printing press making the distribution 
of knowledge easier than ever before. 

The international mobility of scholars faded in the Renaissance, as strong 
nationalistic identities were forged in Europe. Perhaps the ready access to 
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information in books made travel less important. Perhaps nationalism, competition 
in exploration and conquest made people associate closely with one location and 
stay there. As mobility of scholars faded, so did the sense of a global community of 
scholars. 

By the 181h century the Enlightenment and the Industrial Revolution spawned 
the interest and need for science as a topic of study. As the Industrial Revolution 
brought factories and assembly lines, study also became closely regimented. 
Preparation for work in the industrialized world called for homogeneity, ability to 
fit into the mould and work in a complex system that allowed little room for 
individuality. In industrialized societies education was another system to produce a 
product: a worker who fits into a well-defined role, who has well-understood 
responsibilities and needs very specific skills. In a society dominated by the factory 
as a production model, students might be viewed as raw material to be processed 
into a desired end product. As in a factory, each student goes through an identical 
process with an inspection occurring periodically throughout the production 
process. Products that do not pass inspection are discarded or recycled. Products 
that pass inspection pass on to the customer who knows exactly what to expect 
from the product. 

In every age many factors determine what constitutes an educated person: the 
perception of the range of subjects suitable for study changes according to the 
needs of the society for educated people and the availability of materials determines 
where scholars congregate and how many centres of learning exist. History shows 
that the introduction of new subjects occurs more quickly in society, business, 
industry and government than in the universities. 

2 WHERE ARE WE NOW? 

After nearly a thousand years the university system needs to change. In some ways 
change may take us back to some of the characteristics of early universities. Global 
communities of scholars are again the norm, but without the need for physical 
mobility. Once again education needs to look at the needs of society. For what 
types of work do we prepare our students? The Information Age demands 
knowledge workers who are able to Jearn, able to apply their knowledge in new 
situations, able to work with others and to use the best abilities of each person in 
addressing complex problems. Once again the needs of society combine with a 
radical new way to distribute knowledge. This makes us rethink what is education 
at the university level. How do we define an educated person in these times? 

We, who are scholars in the subject of computing in its broadest sense, are 
faced with many questions. Some of these we share with our colleagues in other 
disciplines. Some of them are specific to our discipline. Like the humanities and the 
sciences before us, our subject is not readily accepted as a vital component of an 
educated person. We suffer from the attitude of people who think they know all 
about computing because they can use word processors and spreadsheets, and can 
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surf the Web happily for hours. Often our subject is considered trivial as a result of 
the success of those of our colleagues who work diligently to make common tools 
easy to use. 

2.1 Computing and information in the core of education 

What does our discipline offer to the common core curriculum of an educated 
person? How much do people need to know about computing to participate fully in 
the Information Age? What do we add to the intellectual content of a university 
education? The new age, the Information Age, requires individuals who can acquire 
information (relatively easy), judge the value of the information (harder) and 
convert the information into knowledge to apply in a variety of situations (there's 
the rub). 

Our concern with the changes affecting education is twofold. Like in other 
disciplines we need to redefine what we mean by 'educated'; we must consider 
what we offer in the core curriculum. Equally important, however, is the impact of 
the products of our field on the very nature of the university. We have created the 
Information Age and we, like all university subjects, must re-examine the way we 
define education and the way we and our students approach learning. It is no longer 
desirable to have people work in lockstep, to discard those that do not come 
successfully through the production process. 

Not only is there need for a different product, there is need for a very different 
way of producing a product. In fact 'product' is a very wrong word, for our 
educated person is never complete. Information resources increase at a great rate 
and opportunities to use information profitably and beneficially will continue to 
develop. Education must be a continuing affair, never ending. In this context, what 
does a degree mean? What do we certify? What possible meaning is attached to 
grading? Of what significance is the fact that a student was able to retain a set of 
definitions or other facts long enough to pass an exam? How do we describe what 
that student can do? How do we determine that the student is ready to move into a 
different phase of life, where work and family and education are intermixed in 
some proper proportion? Once our students have graduated to that new time of life, 
how do we help them continue to learn? What is our role in their ongoing 
education? We cannot expect people to stop work to take years of study to prepare 
for a new field or a new direction in an old field. Even the concept of a course, as 
we know it, may be unreasonable. Yet, updating and even changing our speciality 
must occur throughout life. We need education to be available to learners when and 
where they are ready to learn. How will we integrate that into our notion of a 
university? 

2.2 What should a university be now? 

What is a university as the new millennium approaches? What are the role of 
research and the place of education? All of us are learners. Faculty learning is 
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called scholarship and research. It is a large part of the business of professors. 
Students are learners also. They are not as advanced in their learning as their 
faculty, but they are on the same path. The methods that faculty members use to 
learn need to be taught to their students. Teaching these methods is the major 
responsibility of faculty to their students. Students should be engaged in research 
suited to their level, so that they can develop the skills and habit of learning. 

Sitting through a class does not constitute learning. How do we know when 
learning has occurred? We know it by the evidence of accomplishment. Some 
things are easy to measure. If the learning involves a skill, we can test the skill. If 
the learning involves the ability to address a class of problems by invoking 
appropriate tools and applying suitable knowledge to develop a reasonable 
solution, then testing means posing suitable problems. Our students need to know 
some facts, of course. But facts separated from the context in which those facts are 
meaningful are not going to lead to learning and understanding. We need to 
introduce facts when they are meaningful. We need to develop a set of problems 
that establish the need for the facts. We need to teach our students to recognize 
what they need and how to obtain the relevant information. 

2.3 Are professors on the path to extinction? 

Some people say that the job of the professor is in jeopardy; that we will have all 
our courses on the World Wide Web and there will be nothing left for us to do. 
These people have not developed Web-based courses, tried to use them in effective 
instruction, tried to keep them current, tried to do all that while dealing with the 
questions students generate. The job of the professor may not be in jeopardy, but 
university teaching staff faces a number of challenges in the near future: 
• redefinition of success for students; 
• integration of effective tools into the teaching process where the technology 

enhances the education of students; 
• reaching students in time and place when the learners cannot be in the same 

location as the professor; 
• maintaining currency in rapidly changing disciplines; 
• locating and evaluating relevant information in the vast amount of material 

now readily available. 

What is the significance of the Web and Web-based courses with respect to the role 
of the professor? Is teaching staff still important in the process of learning? It has 
been possible for a motivated learner to study without taking formal courses. 
Multimedia based courses may have more to offer than the standard textbook, but I 
maintain that for effective learning something more is needed. Call it a class, call it 
a community: most people benefit from being part of a group of learners. They 
need someone to turn to for discussion and confirmation of their own progress. 
They need guidance on what to do next and how to put the pieces together. 
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Interaction between faculty members and students, and among students themselves 
will certainly change over time, but it will not go away. 

Lectures will likely become very unusual, rather than standard practice. 
Faculty members will spend more time as guides in learning and as developers of 
learning modules, than they will spend in preparing and delivering lectures. They 
will design courses from materials developed only in part by themselves and mostly 
developed by others. But each course will continue to reflect the experience and the 
preferences of the faculty member who charts a path through mountains of 
interesting, relevant material. Many alternative paths will be charted to fit the needs 
of students with different goals. 

3 CHALLENGES TO HIGHER EDUCATION 

Let us consider some of the challenges put to university faculty in this time of 
change for universities and in the nature of higher education. 

3.1 Evaluating learning 

Peter Denning ( 1997) speaks of the new kind of teacher as a 'course manager and a 
coach rather than an information transmitter'. He speaks of the distinction between 
'knowing how' and 'knowing about' expecting a much greater emphasis on 
certification of competence in specific areas of expertise. While the term 
certification is unpopular with many faculty members, the idea of students gaining 
proficiency, which is the ability to demonstrate that they are capable of doing 
something as a result of their education, has merit. If we consider the task of faculty 
members as guiding students toward a type of understanding that includes the 
ability to apply what they have studied in a variety of relevant situations, we are not 
talking about training in the use of tools. We are talking about what an educated 
person should be. If a course of study is designed to bring students to a level of 
competence on which they are capable of applying specific knowledge and are 
capable of continuing to advance in their understanding of that specific area, then 
courses are naturally going to change. 

Evaluation of student performance is an area ripe for change. If our goal is to 
bring all our students to a level of proficiency, why are we talking about grade 
inflation? Why is it taken for granted that some students will fail and that, if there 
are not enough failures, then our standards are too low? I do not mean to imply that 
grade inflation does not happen. However, we need to redefine our goals and the 
way we measure our accomplishments so that appropriate levels of achievement for 
every student are the surest sign of success in any educational enterprise. 

What would happen if we banish the bell curve from our idea of learner 
evaluation? Is it really meaningful to compare the best performer in a poor course 
to a mediocre performer in a very challenging course? Suppose that instead we 
expect some students to take longer or to put in more effort to achieve a goal, and 
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that the goals of different individuals will vary. To use the terms in Bloom's 
taxonomy of the cognitive domain: some students may be satisfied with knowledge, 
others will strive for comprehension, application, analysis, synthesis or evaluation 
(see 'Bloom'). Suppose that accomplishment in a course of study means to first set 
learning goals and then to document the level of achievement acquired in each of 
the course goals? Suppose that, instead of success or failure, we report the level of 
achievement of each student in each of the goals of the course. 

3.2 Use of technology and tools 

At this time, we have two strong pressures for change in education. There is: 
• a need for students to prepare for a different type of work environment than 

was the norm in the past; 
• available technology to completely revise the way we conduct learning 

activities. 

With the need for change and the tools for change in place, faculty members are 
expected to use the tools wisely to bring about the needed changes. 

Of course there is limited connection between the technology and the need for 
change; the relation between the two is that technology brought about changes in 
the work environment which led to demands for change in education. By some 
logic this might imply that the same technology should be applied to bring about 
the changes in education. The problem with this association of ideas is that the 
technology may be applied in education because it is available and good for some 
things, and therefore presumed good for education. As we move the professor off 
the podium and look to technology to provide much of the information content for 
our courses, we must take the time and effort to evaluate what works well and what 
does not work well. We need to analyse what we expect of our students and use 
research findings on learning to tell us what supports student learning and what 
hinders it. We must set recognizable goals and test ourselves to be sure that we are 
achieving those goals. 

There is an important distinction between teaching about technology and 
teaching with technology. We must carefully consider what our discipline has to 
offer to the formation of an educated person in these times. At the same time we 
must look at what computing, communication and information technologies can 
contribute to the learning environment of our own students. 

In what way might technology help in learning? 
Many examples exist of how technology may help in learning and more are 
emerging. The vast information resources of the World Wide Web provide easy 
access to more information and more expertise on any number of subjects than will 
ever be found in a single library. The volume of information is expanding rapidly. 
There are problems, of course. Much of the information on the Web is useless or 
worse. There are difficulties in finding the best available information, because the 
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Web needs many more tools to support searching and retrieving relevant 
information. Web resources that are available on one day may be inaccessible on 
another. The challenges are substantial, but the value of this information source is 
undeniable. 

Technology can assist group work. Teams can work together on a joint 
project, learning to cooperate as well as to solve a problem. Technology supports 
merging work, maintaining traces of work done, scheduling and planning. 
Technology allows an absent member of a team to follow the work of the group 
through e-mail, discussion groups and dynamic Web pages. Teams may be formed 
from students and faculty members at a number of institutions spread around the 
world. The group dynamics may be challenging, but the opportunities to explore 
collaboration at that level are there to be used. 

Technology supports experimentation. In computing, appropriate experiments 
might allow students to test the running time of different classes of algorithms, 
clearly seeing that the Big-0 notation has significance. Other experiments could 
stress potential solutions to problems, such as network configurations, division of 
work over parallel processors, capability of expert systems and others. 

In what way might technology help in management of learning? 
Perhaps technology can also be employed to make significant changes in the way 
we manage classes. If keeping track of individual progress of students taking 
different paths through course material is too burdensome, technology may be used 
to keep the records and monitor progress. 

Perhaps more interestingly, technology can allow groups of students to have 
access to experts in a topic area beyond the faculty of their own institution. 
Students in one institution could work with students in a different type of institution 
to share their knowledge and learn from each other's experiences and insights. 

Technology, and particularly the World Wide Web, may well redefine the 
notion of a textbook. Instead of a fixed ordering of a specific set of topics, a 
textbook could be constructed by a faculty member from modules generated by a 
number of different authors. The order, scope and depth of the material could easily 
be tailored to the specific goals of a group of students and their teachers. 

Perhaps for some students it is appropriate to return the responsibility for 
student learning to the students themselves. A student could put together a set of 
resources, seek guidance from faculty in many locations and present a portfolio of 
accomplishments as evidence of achievement. Perhaps faculty members will once 
again be rewarded based on the number of students they attract? 

3.3 Asynchronous and distance learning 

Currently, student study is organised into courses and there is usually one faculty 
member or a group of faculty members who teach the course. However, there are 
many reasons to consider the idea of students studying at a distance and 
asynchronous to any class schedule. The need for updating knowledge or learning 
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about a new field is common for today's workers. It will become more important as 
knowledge workers struggle to maintain currency and keep up with changes in 
career needs. Already census figures show that the average age of university 
students is increasing; one in every four US college students was at least 30 years 
old in 1993 according to US census figures (see 'Chronicle'). 

Most workers will not be able to leave the job for a prolonged period of time to 
pursue further education. In many cases, even taking a course is difficult. Many 
people travel in their work and must miss classes; others are immersed in projects 
that demand their full attention, or must share in family responsibilities that make 
class attendance and study difficult for prolonged periods of time. Many people 
must maintain their current work schedule while achieving the education needed to 
move into a different field of work. Does the university have a place in this 
education? Can technology help? Progress has been made in accommodating 
students at a distance. A number of universities have incorporated distance 
education into the mainstream of their education activities. Conferences are held 
and a Web-site serves as clearinghouse for relevant materials in issues involved in 
distance learning (see 'Distance Education Clearinghouse'). 

The problems related to asynchronous learning are not as well understood. 
Most courses have a specific beginning and ending time and a set of expectations, 
which must be met in that time. Building flexibility into a schedule so that people 
who work in jobs with cyclic schedules of busy and light times, or people who must 
face unpredictable schedule changes, can meet course requirements is difficult. 
Technology will not be enough to solve this type of problem. It is something that 
requires determination to accommodate variations in lifestyle and available time. It 
will require a plan that recognizes that some people require pressure to get to the 
end of a task, and some have a tendency to go on and on without feeling satisfied 
with their accomplishments. Technology can provide the course material at any 
time and place the student needs it, and can track progress of the student through 
the material. Technology can allow the student to interact with others at the same 
stage in the course, wherever they may be located, and can provide access to a 
faculty guide at any time. The harder problems have to do with acknowledging the 
human tendencies that make such learning difficult and with finding solutions that 
work for as many people as possible. 

3.4 Maintaining currency 

If knowledge workers in general will be hard pressed to stay current, the challenge 
will be just as real for the teaching staff. Putting course materials on the Web or 
embedding them in CD ROMs or other media will not address all course 
development needs. Materials must be reviewed and revised regularly. Materials 
displayed on the Web are very visible, and will make potential students well aware 
of the care with which a course is maintained. 

Web and other hypermedia offer an opportunity for faculty to use their time 
and energy in pursuing better ways to present lessons, in developing new learning 
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experiences and in incorporating new thoughts and recent developments into their 
course presentations. Because hyper media allow modification of individual 
modules without disturbing other sections and allow changes in the links that shape 
the overall structure of the course, the evolution of a course structure and content 
presents virtually unlimited possibilities. 

Students who study with a faculty member will contribute to the structure and 
content of the course also. They will discover resources; they will add their 
opinions and observations, experimental results, even their project presentations. 
Their legacy will be part of the course materials that future students will see. The 
professor will guide students through the wealth of material associated with the 
course, providing navigational assistance and some structure where needed. 

With all this material on the Web, does the professor serve a useful purpose? I 
believe the role of the professor will change, but will become more critical to 
student success. The professor will lecture only rarely. Students will get specific 
content from presentations available from the Web or other media. They will learn 
from interaction with the professor and with other students and with individuals in 
many locations who have expertise in the subject matter. The professor will be 
responsible for managing the student progress, making sure that the paths taken are 
directed toward a predetermined goal. The professor will be the producer and 
maintainer of the course materials. That does not mean that every professor will be 
an expert in multimedia development or a writer of source material on every subject 
taught. It does mean that the professor will monitor the content of courses, will 
review the relevance of the modules and judge them for currency and continuing 
relevance in the context of changing needs. The professor will select materials that 
present ideas well and which assist students in their learning. The professor will 
also assign tasks that guide the student learning experience and evaluate progress 
relative to the course goals. 

Many teachers will develop excellent materials for presenting specific 
concepts. They will create laboratory exercises, experiments and experiences of 
every sort to support learning. They will incorporate the latest research into their 
materials so that the student experience is related to the newest results in the 
discipline. What will happen to those outstanding materials? Will only the students 
who study with that professor see them? This makes no more sense than having a 
textbook only used by the students of the expert who produced the book. Once 
these materials are developed, they will be available for use by other faculty 
members teaching the same material. The mechanism for this sharing might parallel 
the publication and sale of textbooks or licensed software. 

The problem of maintaining currency is acute in our discipline, of course. We 
are young; the field is growing rapidly. We are closely related to the technology 
that changes so fast that new products are obsolete almost before they are on the 
market. We tend to think that we have a special problem in keeping up. Oth~r fields 
are subject to change as well. All the sciences have been changed by significant 
discoveries in recent years, which have put new perspectives on some old ideas and 
have shown others to be clearly wrong. In fields such as the humanities, there are 
new interpretations of old works and new forms of expression (often made possible 
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by our technology) to explore. All forms of knowledge are evolving. All education 
requires constant effort to keep current with new developments, to help our students 
to explore what is new and learn from the past, and to be prepared to deal with what 
will come. If our course materials are going to become multimedia Web-based 
presentations, there is a great deal of work to do to develop them, keep them up to 
date and keep them evolving, both to stay current in the discipline and to make the 
best use of the new technology. 

4 PROPOSAL FOR A NEW MODEL OF FACULTY TEACHING 

Consider a new model of university teaching. Suppose that a faculty member who 
has a wonderful way to present a topic, spends the time and effort to encode that 
presentation, puts it onto the Web or some other medium and posts notice of its 
availability. Others learn of it and want to use it. They license the use of the 
material. A course might consist of modules created by several people merged by a 
professor with a creative view of how the material should be combined and 
presented to students. Just as a person counts the number of times a publication is 
cited to see how the research community values his or her work, teaching faculty 
members will count the number of others who integrate his or her modules into 
their courses. Let us reward faculty members who make it their primary task to 
make advances in the way students learn. Let us judge the person who produces 
first-class learning modules which are cited by other faculty members as worthy as 
the person who publishes an advance in knowledge in the field. 

We have heard the cute phrases: 'Guide on the Side to replace the Sage on the 
Stage'. Let us go back to the primary purpose of the university: a place where 
scholars search for truth. Let us have the courage to tell our students that we are all 
students, all seeking. That we learn from them as we help them learn. Scholarship is 
the business of every faculty member. Some faculty members spend most of their 
time in research, in solving problems in the discipline. Others focus on bringing 
knowledge of the field to learners. Both must be growing in knowledge and 
understanding in their discipline. These two paths are both important parts of the 
university. These are different, but connected. The teacher must be aware of the 
changes in the discipline. The teacher will learn and advance in the field as a 
consequence of the teaching activity. The teacher's learning and discoveries will be 
reflected in the learning materials developed for use by students and other teachers. 
The person who focuses primarily on research must also contribute to the teaching 
enterprise, but perhaps in a different way. Instead of the burden of papers to grade 
and even course work to prepare, the researcher serves as a content specialist, a 
resource to whom the students and teaching faculty may turn when their questions 
call for this level of expertise. The students will also conduct experiments, 
participating in some way in the research activity of the department. There must be 
close interaction between the teaching and the research arms. 
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In this model, everyone is a learner: a seeker after truth in the Socratic model. 
The role of the researcher is to pursue the discoveries that advance knowledge in 
ways that will not happen in private industry. The role of the teacher is to 
disseminate that knowledge to others. Often those others will be the ones to put 
those advances to work in business, industry, government and society. Neither role 
is valuable without the other. People must overlap, having some part in each 
responsibility, but focusing on what they most enjoy and on what they are best 
suited for. 

5 CONCLUSION 

The modern university system began at the turn of the first millennium. As the 
second millennium approaches, we have all the factors in place for major changes 
in higher education. We should expect: 
• a return of a global community of scholars, including students as well as 

faculty members, both teachers and researchers; 
• a system of evaluation of our students which describes their level of 

achievement and does not aim for failure for anyone; 
• learning as a never-ending part of life and work; 
• faculty work less oriented toward lectures and exercises, and more directed 

towards the development and evolution of effective learning materials; 
• improving tools which will facilitate student learning and also will challenge 

faculty members to appropriate use; 
• learning which is not constrained by semester schedules and classroom 

locations; 
• evaluation that demonstrates capability which will stay with the student beyond 

the test time. 

For the discipline of computing there is the potential of a special position in the 
description of an educated person. Just as the core of the Liberal Arts focuses on 
the essential skills of communication: the ability to speak, to persuade and to 
interpret the words of others, an educated person should be able to discover, 
validate and apply relevant information for the task at hand. What we provide is 
central to the core of an education. 

Web-based materials represent a monumental advance in the distribution of 
knowledge, an advance as profound as the invention of paper and of the printing 
press. But, having the distribution vehicle does not mean an end to a problem; it 
means a new challenge. Talented educators will need to revise their methods of 
guiding students toward learning. They will be challenged to produce suitable 
experiences to support learning, to generate the need for the facts in reasonable 
doses, to make the connections and to generate the excitement of learning that 
makes the student keep going. 
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A current advertisement shows a grandfather and a child on a bicycle with 
training wheels. The learner has been practising. Now the training wheels come off. 
The grandfather holds the back of the bike to steady it. Just at the right time the 
grandfather takes away his hand. The bike rider goes off on his own, shaky at first, 
but full of the joy of the new ability. This is our position with our students: to guide 
them with training wheels when they need them, to recognize when they are ready 
to go off on their own, to give them the balance and the push to get started, and to 
see them off on a lifetime of adventure made possible by the start we gave them. 
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