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Abstract 

"The Computer Revolution" has had no less of an impact on the labor market than its 
illustrious predecessor: "The Industrial Revolution". The creation of a machine able to 
perform low-level intellectual tasks forces humans to look for jobs at higher intellectual 
levels. This migration should be supported by the educational system but, 
unfortunately, its record regarding the development of higher-order thinking skills is 
very poor for a majority of the students. The hope is that the mass availability of 
computers, joined to the advances in cognition and learning research, will allow us to 
design a computer-based educational system that will be sensitive to human needs and 
possibilities. The outline of such a design is presented in this paper. 
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1 THE IMPACT OF COMPUTERS ON THE LABOR MARKET 

"Computers can do a great job -
Yours." 

Time Digital 
November, 1995 

Although humorous, the epigraph describes a social phenomenon profoundly affecting 
the life of many individuals. Many repetitive jobs, which provided the salaries on 
which a large proportion of families based their subsistence, were substituted by 
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automation processes. Moreover, middle-level managerial jobs, whose main function 
was to organize the information that would reach the upper decision levels are not 
necessary anymore, due to the direct collection, organization and transmission of 
information that modern technology excels at. Thus, information technology generated 
a migration of tasks towards upper intellectual levels. Unfortunately, the present 
educational system did not prepare the ranks that can cope with these intellectual 
demands, as will be shown in Section 2. 

2 THE FAILURE OF THE EDUCATIONAL SYSTEM 

2.1 The data 
We will present data from the U.S. because we want to emphasize that this is not a 
problem that can be tied to underdeveloped countries, lacking in resources or 
infrastructure. 
• "Adult Literacy in America", a 1994-survey issued by ETS (Educational Testing 

Service), reported that roughly 90 million Americans over age 16 - almost half that 
category's total population- are, as far as most workplaces are concerned, basically 
unfit for employment. 

In 1983, the National Commission on Excellence in Education informed the presidency 
of the U.S., in its famous report: "A Nation at Risk", that: 

• 23 million American adults and 13% of 1 7 -year -olds ( 40% among minority youth) 
are functionally illiterate. 

• Scholastic Aptitude Tests demonstrate a virtually unbroken decline from 1963 to 
1980. 

• Nearly 40% of 17-year-olds cannot draw inferences from written materials. 

2. 2 The road to failure 
"The road to hell is paved with good intentions" may be perfectly applied to the 
changes in the educational systems that occurred as a result of the Industrial 
Revolution. 

Schools are known to have existed, in the Western world, since approximately 2500 
BC, when Sumerian schools specialized in the teaching of writing. Schools, in their 
diverse manifestations, consist of places where students gather to learn, under the 
guidance of one or more teachers. Except for the last two centuries (a relatively short 
period in historical terms) schools provided students with individualized instruction. 
The fact that students were together, even in the same room, did not mean that they 
studied the same materials. Let us present a quotation from a Roman school-teacher: 

"Let him that is skilled in teaching, ascertain first of all, when a boy is 
entrusted to him, his ability and disposition . ... let him next consider how 
the mind of this pupil has to be managed " 

Quintilian (35-95) 
Institutes of Oratory 
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It is after the industrial revolution that the "mass production" methods were copied by 
the educational systems (in England, France and Germany as the most conspicuous 
exponents), with the clear objective of augmenting the efficiency of instruction and 
reducing its cost. It is easy, from our vantage point, to detect the effort made by 
society to obtain the manpower required by industry, paying the lowest possible price 
for the process. 

One of the first successful exponents of this line of thought, the Scots-born Andrew 
Bell, wrote in 1815 about the need to "diminish the labour, multiply the work, and 
perfect the manufacture ... of our schools". A major contribution was to divide the 
students into classes of presumed "equal proficiency". (Hawilton, 1989) 

What these efficiency experts didn't consider, when transferring industrial methods to 
the educational environment, is that industry selects the raw materials used in its 
processes, in order to guarantee the level of homogeneity necessary for the processes 
to be successful. Education cannot and should not try to proceed in the same fashion, 
because the educational system has the social obligation to provide education to 
everybody, without preconditions, without filters, and without rejections. 

It didn't take long for the first voices to be heard strongly opposing the "mass 
production" approach to education: "In 1890 ... C. W. Eliot (President of Harvard), 
claimed that the 'grouping together of children whose capacities are widely different' 
was not only 'flying in the face of nature' but also the 'worst feature of the American 
school'. Returning to the same theme two years later, Eliot proposed a solution. To 
fulfill their democratic mission, schools should take the 'utmost possible account of 
individual instruction'; should grade 'according to capacity'; and should promote 
pupils not 'by battalions', but by the most 'irregular and individual way possible'." 
(Hamilton, 1989, p. 132) 

In 1925 the National Society for the Study of Education already devoted its twenty
fourth yearbook to the topic of: "Adapting the Schools to Individual Differences" 
William H. Kilpatrick, from Columbia University Teachers College, in Section VI, "An 
Effort at Appraisal", analyzing the problems of"class teaching" writes: 

"No one procedure would fit equally well all the children put into any 
one class. It was the old problem of institution and individual all over 
again. And, as always, the easiest solution was to hold to the 
institution and let the individual suffer. So we did " 

A remarkably honest recognition! 

2. 3 The major reasons for the failure 
Many reasons have been presented in the literature, including the misconception that 
knowledge can be transferred from the teacher to the student just by verbalizing it in 
front of a class, a curriculum unrelated to the real life of the learners, the lack of 
preparation of the teachers, and many others. We believe that probably the major 
source of student failure in the present educational system is incomplete learning, 
another consequence of the lack of individualization of the instructional process. 
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It is well known that the learning curve has three phases: 

• An initial zone, of very slow growth, where initial understanding and skill is 
developed 

• An intermediate zone, of very fast cognitive growth 
A final zone, of asymptotic- almost flat - approach to practiced perfection (this is the 
overlearning zone) 

In a conventional class the teacher will assign each topic a certain amount of time, 
defined by his/her experience and by the division of the required curriculum over the 
available school days. Minor deviations may occur, but when the teacher declares that 
instruction is finished, and a new topic is about to start, the situation of the different 
learners is as follows: 
• The fast learners are in the final zone. The overlearning will insure a high rate of 

retention. 
• The average learners are at the end of the intermediate zone, or in the beginning of 

the final zone. Most of them will remember- some will forget. 
• The slow learners are in the initial zone, or in the beginning of the intermediate 

zone. They will forget the little they learned. 

This wouldn't be very critical if children's learning rates were similar, but research 
shows a ratio of 5:1 between fast and slow learners (Gettinger, 1984). The lack of 
internalization of the slow learners is an accumulative problem. Not knowing the 
prerequisites precludes the comprehension of following topics, and a student may 
spend years of fiustration in school, without any real learning taking place. 

The most important social aspect of our proposal is to fight this syndrome. All the 
students should be given the right to fully understand and internalize the topics they 
have to learn, and this is translated into the need to allow them the time needed for this 
processes to take place. 

There is also the other extreme. Once a fast learner has mastered and internalized a 
certain topic, he/she should be allowed to progress in the educational process, without 
being forced to wait for students characterized by a completely different learning rate. 

3 COMPUTERS AS TOOLS TO RESTRUCTURE THE 
EDUCATIONAL SYSTEM 

We propose two major changes, whose implementation cannot be done without 
computer support: one in class organization (3.1) and the other one in methodology 
(3.2). The remaining subsections in Section 3 complete the description of the system. 
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3.1 Allowing for dynamic student grouping 
Conventional schools group students of the same age for fixed periods of time. There 
is no educational reason that can justify this approach. The diversity of individual 
learning rates (the 5:1 ratio mentioned in 2.3), shows that it is absurd to expect all the 
students in the same-age cohort to learn the same contents in the same amount of time. 

Trying to solve this problem by what is called "ability grouping", i.e., separating high 
achievers from low achievers, is pedagogically and socially unsound. These labels are 
assigned on the basis of data that is sensitive to maturity, transitory motivation, and 
teacher quality. Ability grouping tends to perpetuate these labels as a self-fulfilling 
prophesy, by providing the so called low achievers a low level educational 
environment, that will inhibit their real possibilities of intellectual growth. We propose 
to group the students dynamically, according to the similarity of coverage of the 
curriculum, as reflected in their individual cognitive maps (3. 5), irrespective of age and 
learning rates. 

We define an organization that keeps many of the formal aspects of the present school 
structure, while avoiding present pitfalls. 

A class consists of a group of students who are ready to pursue most of 
the learning goals for a particular grade, under the guidance of a 
teacher. 

Classes would not be age constrained. A student would enter a class when he/she is 
cognitively ready for it, i.e., when allowed to enter a first grade class (more or less 
determined by age), or when he/she has learned the previous grade curriculum, as 
shown by the personal record. A student would leave (graduate from) a class upon 
completion of the curriculum requirements for the corresponding grade. Satisfaction of 
the curriculum requirements does not necessarily imply mastery of every topic in the 
curriculum. This is done to take into consideration that a student may have different 
aptitudes, and different learning rates, in diverse areas of knowledge, so that it would 
be too rigid to expect a lockstep progress in all the curriculum areas. Criteria will be 
established to determine the most convenient moment or circumstance to move a 
student from one grade to the next. Although the teacher, supported by the educational 
administration software (3. 5), would try to keep a relative balance, avoiding the 
concentration of a student in the study of one specific area to the detriment of the 
others, the system would allow for a student to pass a grade with 'debts' in certain 
subjects that would need to be learned in the next class. This means that a teacher 
responsible for a grade must master the curriculum of at least the adjacent grades also. 
This is important not only because of our expectations in terms of teacher knowledge, 
but also because changing grades should be done, for administrative and instructional 
reasons, at the end of a session (e.g., trimester or semester); a student who has 
satisfied the requirements of a grade before the end of the period should be able to 
continue progressing in his/her educational process, in the class where he or she is, 
until the end of the given period. 
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Another element worth mentioning is that the emphasis is not on complete 
encyclopedic knowledge, so that the curriculum requirements for a grade may very 
well allow for flexibility of learning goals for different students. 

The net result of this approach is that every student has the right to remain in a class 
for as many sessions as it takes him/her to satisfY the curriculum requirements, and also 
the right to progress to the next grade as soon as he/she has satisfied them. The 
immediate consequence is that, particularly as we advance in grades, the age range 
within a class will increase. There is nothing wrong with this, but it may take a while 
for society to get accustomed to it. We think that multiage grouping is a better model 
of the real world, where people are not segregated according to age. Having to get 
used to it is a small price to pay if it solves a major problem of the educational system. 
Research on multiage grouping (Chase and Doan, 1994) shows that this approach has 
a very positive influence on the social relationships between children, eliciting greater 
rates of prosocial behaviors. 

With our proposed organization, testing of seventh graders, for instance, would not 
show a performance distribution ranging from second to eleventh grade (Tyler, 1950), 
but rather a relatively homogeneous population of precisely seventh graders. It is this 
cognitive coherence in class which allows for efficient use of time and resources, 
transforming the learning process into a fruitful experience for every student. 

3. 2 Mapping the traditional linear curriculum onto a project space 
Consistent with current thinking in the educational community, we propose that more 
of students' learning time be spent in work on substantial learning projects. Three of 
the major research based viewpoints on learning-constructivism, situated learning and 
cognitive apprenticeship-agree on the importance of learning through substantial 
student projects, as opposed to classical teacher presentation. While these three 
positions differ in their explanations of how learning happens, they concur in the need 
for project-based learning. Still, there is no complete definition of what a project is, 
so we need to consider carefully what we mean by project-based education. In general, 
some or all of the following characteristics appear in the specifications of learning 
projects: 
• A relatively complex task is posed for the student(s). 
• Accomplishing the task requires, and hence fosters the development of, proficiency 

in different knowledge areas from several disciplines. 
• Students often work on projects in teams of two or more. 
• A (relatively) long time is allotted for completion - and varies according to task 

difficulty and student maturity: from several days in the lower grades to several 
weeks or even months in the upper grades. 

• Each student is responsible for clearly defined parts of the task, but all the students 
discuss the work and progress of each task component. 

• Project execution may require interaction with external resources or individuals, 
outside the class (or even school) environment. 

• Some projects will be related to "real-life" (outside school) problems or situations. 
• The project is evaluated in terms of its results (reports, laboratory notebooks, 

artwork, instruments, exhibits, services). 
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• The results of "real-life" projects should be oriented towards an external audience 
also. 

• The evaluation of each student's activity within the project is incorporated into 
his/her personal record. 

Projects provide natural challenges to students and a feeling of real accomplishment 
when the tasks are performed. They constitute a reasonable model of the type of 
activities students encounter outside school, as opposed to the scenario we find in the 
expository model of a conventional classroom. Projects permit the replacement of 
talking about thinking with opportunities for doing hard thinking. In addition, they 
permit a more direct assessment of a student's readiness to perform real cognitive 
work, as opposed to school work, thus overcoming the old problem of "inert 
knowledge." 

Developing an infrastructure for projects that may compete with conventional 
textbooks is not a task that can be assigned to individual teachers. What is required is 
the initial development of a large collection of projects that can be mapped, in terms of 
cognitive achievement, over the existing curricular strands (see Lesgold, 1988). In this 
way, the performance of a project can be recognized as the satisfaction of the 
requirements for certain segments in an overall set of schooling standards, whether the 
conventional scope-and-sequence structure of one or more subjects or a new set of 
outcome standards. With the mapping of student achievement as well as project 
learning goals onto a common space, a teacher gains the ability to select which parts 
of the curriculum to teach using a project-based approach, and which parts using other 
methods of instruction. 

Teachers and their students may define their own projects, to be included in the school 
library of projects, but for a curriculum to have an important project-based component, 
the development of the infrastructure we propose is critical. 

This point is essential to our proposal and is presented first, because the possibilities 
for individual student progress - which are one of our main concerns - are very limited 
within the framework of conventional education. We will show, in subsection 3.4, the 
importance of projects in freeing students' progress. 
Of course, project-based education will require teacher training, and follow-up 
support. 
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3.3 Instructional activities 
A variety of instructional activities will be 
available within a class (see adjacent box). 
Focusing now on the grouping strategy to 
be used when defining a project team, or a 
cooperative learning group, we suggest the 
following heuristics: 

• 

• 

• 

Heterogeneity of intellectual 
capabilities 
Varying partners from project to 
project (at least partially) 
Matching of student aptitudes to task 
requirements (see subsection 3.2) 

We may envision the alternate usage in 
class of: 

• 
• 
• 
• 
• 

• 
• 
• 
• 

Project-based education 
Cooperative learning 
Computer-Assisted Instruction 
Audio-visual resources 
Didactic presentations (expository, 
demonstrations, discussions) 
Individual and peer tutoring 
Self-study 
Laboratory experiments 
Assessment activities 

• Striving for a good working relationship within the group . 

3. 4 Adapting instruction to the differences in learning rates 
In this subsection we consider the number of learning tasks to be assigned to a student. 
This is the parameter that distinguishes between fast and slow learners, and constitutes 
an important distinction with conventional schooling. In conventional methods all 
students are assigned the same tasks, and what distinguishes between them is the 
quality of their learning. Our proposal expects all the students to reach mastery in each 
and every one of the learning tasks they are assigned. The way to give expression to 
different intellectual capabilities is to allow for a difference in the number of topics a 
student may be learning simultaneously. Thus, a very fast learner may be participating 
in three projects, two cooperative learning groups and a CAl activity, while a slow 
learner may be participating in one project, one cooperative learning group, and an 
individual tutorial activity. This is how a fast learner may finish a grade in much less 
time than a slow learner even though both students interact and study together in a 
socially convivial environment. 

A critical element that permits this differential progress is the mapping of the linear 
curriculum into projects (3.2), because it is possible to work on different projects 
simultaneously, while in the present linear structure every student is forced to progress 
step by step over a rigid sequence. In other words, we can preserve learning as a 
social activity, and allow for a different learning rate because, although the projects 
must satisfY some prerequisite conditions, they are not sequentially ordered. On the 
other hand, the classical scope-and-sequence structure forces a rigid order that has to 
be followed step by step, and we cannot expect a group of students reaching mastery 
of every step, all exactly at the same time. This may be one reason why students in 
nongraded or adaptive schools still exhibit a rate of progress which is very much in 
lockstep with their age cohorts. By the way, this is the main reason for the lack of 
popular support for nongraded schools: they didn't solve the problem they were 
created to eliminate (Goodlad and Anderson, 1987). 
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3.5 Educational administration software 
It is impossible for a teacher to remember the present status of the cognitive map of 
each student, and thus to make reasonable decisions based on it, when each student is 
following a different trajectory in the universe of knowledge, and this was the major 
reason for the lack of success of several well intentioned efforts to individualize 
instruction (See, for instance: Goodlad and Anderson, 1987). Fortunately, present 
computer technology provides us with the tools to track student status and to make 
this information accessible to teachers. 

It is within the state-of-the-art to develop a computer program where all the 
requirements of the common curriculum will be registered as nodes of a complex 
structure, and where each student will have a personal copy of this curriculum, 
annotated with his/her performance on each node of the structure. The mastery 
accomplishments may be registered in different ways: 
• Automatically, when a student is working in supervised mode on library 

courseware . 
• As a result of the teacher reporting completion of a project (the computer system 

will automatically translate project mastery into mastery of all the nodes covered by 
the project or will provide a rubric that permits the teacher to analyze student 
products with respect to specific learning goals) (3.2). 

• As a result of a teacher's direct annotation over a curriculum structure. 
• As a result of school testing. 
• In recognition of externally-accredited knowledge (see subsection 3. 7). 

Based on these data the computer program may answer specific teacher queries, such 
as: 

• Who are the students satisfying the prerequisites for project X? 
• Which are the projects that student Y is ready to tackle? 
• Which are the topics more appropriate as a next stage for student Z? 
• What are the topics I should teach to students V, W, X, Y, Z if I want them to 

tackle project A? 

Using this information, and interacting with the students, the teacher will be, for the 
first time, in a privileged position to assume responsibility for educational decisions. It 
is a debt long time overdue that we owe our teachers. 

3. 6 Pedagogical/instructional courseware support 
We mentioned, in subsection 3. 3, the provision of a variety of instructional resources, 
tlying to optimize the matching with each student's learning style. Particularly 
important among these resources are those which are computer-based, in that they may 
allow for downloading part of the instructional teaching load to the computer. 

For a general coverage of this topic, see Venezky and Osin (1991), and for artificial
intelligence based applications see Lesgold (1988). Here it will suffice to say that we 
distinguish between two modes of student-computer interaction: supervised and 
unsupervised. 
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In supervised mode, the computer program which manages the interaction includes a 
knowledge model, a student model and a pedagogical model. The student model may 
be divided into three layers: 

• the relatively fixed psychological parameters relevant to the instructional process; 
• the cognitive map described in the previous subsection; 
• the short-term information related to the achievements and problems encountered 

in the interaction within the specific instructional unit being studied. 

Based on these data, the pedagogical model will adopt instructional decisions whose 
objective is to optimize (as well as we know how) the learning process.In unsupervised 
mode there are no models, neither student nor pedagogical. The computer is a resource 
in the student's hand. Nevertheless, this mode is equally valuable, because the 
computer is the tool of the information era, and mastering its utilization is a 
fundamental component of education for the future. Furthermore, there are many 
simulations, microworlds and exploratory tools, designed in unsupervised mode, of 
high educational value. A well designed educational administration package will 
include the facilities for providing advice to any student on which of these educational 
computer programs match more closely his/her cognitive profile, within a certain area 
of knowledge, using the data stored in the student record (Osin, 1992). 

3. 7 The accreditation of externally-acquired knowledge 
One of the most irritating aspects of conventional schools is the waste of time suffered 
by the students who already know the topic being taught by the teacher. The 
recognition of the fact that students may actually come to school with knowledge of 
their own will significantly increase the efficiency of the educational system, and will 
help assure that all children are challenged in school. Students should be able to satisfy 
curricula requirements by presenting a portfolio and/or taking an examination. In 
addition, a school should recognize instructional credits (records of standards 
mastery), and register them in the student's personal record when the corresponding 
mastery is accredited by a State recognized educational institution. 

3.8 Inter-class activities 
Although the class is the center for the student's cognitive development, the school as 
a whole serves as an environment where social, emotional and physical development 
takes place. The school should organize activities where different kinds of groupings 
take place, crossing class boundaries. Social activities will tend to group students by 
age, sport activities will tend to group students according to physical or skill 
development, artistic activities will tend to group students by temperament or special 
abilities. 

4 IMPLICATIONS 

4.1 Changes in the teaching profession 
The requirements to be a teacher in the more open and creative educational system we 
propose are different from those implicitly defined by the conventional system. 
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Nevertheless, we believe that a majority of present teachers are intellectually able to 
handle the change - if appropriate training and support are provided. During a 
transition period, some teachers will require the advice, and maybe the help, of 
teachers with higher qualifications. In some cases, schools may decide to form classes 
with a higher number of students, and to assign two teachers to these classes, in order 
to distribute the instructional load in a way compatible with the preparation of the 
existing teachers. 

A practical problem that this "conservative" approach to reform helps to address, is 
that many teachers do not master the curriculum of all the grades in equal form. There 
is enough change regarding teachers when we ask them to switch to project-based 
education and to individual monitoring of student learning, so that we feel that keeping 
them working with the curricular materials in a grade they are familiar with may help in 
the adaptation process. 

In the long term, this more challenging type of teaching will attract highly intellectually 
endowed individuals, in larger quantities, to exercise this profession. A hierarchy of 
levels and special tasks will be created, as more experience is developed, and a variety 
of requirements is discovered. 

4.2 University adjustments 
The incoming student population would have a much lower dispersion in their 
cognitive capabilities, because these students would arrive at the university after having 
mastered the high-school curriculum requirements, instead of just after having finished 
high-school, as it is today. The universities will be very grateful for not having to 
provide all the "buffer courses" they provide today, in order to bring many entering 
students to the level where they can understand what is being taught in the real 
university courses. 

5 CONCLUSIONS 

Having examined the pressing need for educational reform, having learned from the 
experience, the successes and the limitations of previous attempts, enjoying the benefits 
of the insight provided by educational research, and having at our disposal all the 
possibilities of modern technology, we think that reengineering the educational system 
in the way described in this paper is both feasible and desirable. Some conventions that 
society accepts by inertia will have to be changed, but this is not new in the history of 
human progress. All students' learning would improve, and those who currently 
receive especially inadequate learning opportunities would instead receive sufficient 
education to be full members of the information-based economy. With appropriate 
planning this proposal could be implemented in an evolutionary, not revolutionary way 
and raising the quality oflife for students, teachers, and society as a whole. 
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