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(57) ABSTRACT 
A method is provided for automatically producing a sched 
ule of classes for an educational institution having a plurality 
of teachers, a plurality of students, and a curriculum. The 
method preferably includes receiving designations of a 
plurality of curriculum modules of the curriculum, each 
curriculum module including educational material, one or 
more of the curriculum modules being prerequisite modules 
for one or more subsequent modules. The method also 
preferably includes receiving, as an input into a computer 
system, curriculum information comprising an indication of 
Which of the modules are prerequisite modules for subse 
quent modules. An input into the computer system includes 
student information comprising, for one or more of the 
plurality of students, an indication of his level of compe 
tence With respect to the educational material of one or more 
modules. The computer system preferably produces a sched 
ule of classes for teaching the educational material of at least 
some of the modules responsive to the curriculum informa 
tion and the student information. Educational material to be 
taught in each of the scheduled classes includes the educa 
tional material of a respective one of the curriculum mod 
ules. The students assigned to each of the scheduled classes 
have preferably attained at, least a predetermined level of 
competence With respect to the educational material of the 
respective modules that are prerequisite modules for the 
module to be taught in the class. 
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SYSTEM FOR SCHEDULING CLASSES AND 
MANAGING EDUCTIONAL RESOURCES 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims priority of provisional 
application No. 60/331,241 ?led on Nov. 13, 2001. In 
addition, this application is a CIP (continuation in part) of a 
US patent application entitled “System for Scheduling 
Classes and Managing Educational Resources”, to Snyder et 
al., ?led on Oct. 12, 2002 as the US national phase appli 
cation of PCT patent application Serial Number PCT/IL01/ 
00376 ?led on Apr. 23, 2001, Which in turn claims priority 
from US. provisional patent application Serial No. 60/199, 
309 ?led on Apr. 24, 2000. 

FIELD OF THE INVENTION 

[0002] The present invention relates in general to the ?eld 
of educational scheduling softWare. In particular, it prefer 
ably comprises a novel system for ?exibly and dynamically 
allocating students to classes and for producing teaching and 
class schedules. In a preferred embodiment, the present 
invention enables educational institutions to be administered 
more efficiently, and has far-reaching effects in improving 
the quality of the teaching and learning that take place in 
educational institutions. 

BACKGROUND OF THE INVENTION 

[0003] It has long been recognized that the structure of 
traditional educational institutions is not conducive to opti 
miZing the quality of the teaching and the learning that take 
place in them. This is particularly true of elementary, junior 
and senior high school education (grades K-12), both public 
and private, but is also true even With regard to higher 
education, vocational schools, home schooling, and job 
training Within corporations. 

[0004] One of the main reasons for this is that in tradi 
tional educational institutions, students having multiple skill 
and knoWledge levels are grouped together in classes, and 
are taught large amounts of curricular material over large 
stretches of time (a semester, quarter or even a complete 
school year). In this structure, students advance from one 
level to another Within the educational institution Without 
mastering suf?cient amounts of the curriculum. Their 
advancement is based upon a “passing grade,” Which is an 
average grade across a fairly large number of individual 
topics and Which often is a fairly loW grade, such as a C, that 
does not indicate any real mastery of the curriculum being 
taught. Moreover, students can have beloW C grades in 
several individual topics, and still end up With an average 
passing grade. As a result, most students over time develop 
serious gaps in mastery of the knoWledge base that the 
curriculum represents. 

[0005] In traditional educational institutions, many of the 
students grouped together in the same class are often unpre 
pared to learn the topic at hand, because of the large number 
of gaps they have accumulated in their knoWledge reper 
toire. This is a major problem for teachers, Who are com 
pelled to teach to multiple levels of students at the same 
time. To handle this, teachers sometimes try to subdivide 
their classroom into smaller groups, but this is generally an 
inadequate solution, since it means the teacher cannot focus 

Jan. 15, 2004 

on the entire class at once. In any event, even subdividing 
into groups Will not necessarily put all the students Within a 
group at the same skill or knoWledge mastery level. The 
large siZe of the classes (often 30 students or more) is 
another reason Why the teaching and learning in most 
traditional educational institutions is far from optimum. 
There are different estimates as to What the ideal class siZe 
is, both for the teacher and the students, but feW Would deny 
that an average class siZe of 15 is better than 30. Yet, Within 
the current structure of most educational institutions, the 
only Way to reduce the average class siZe is to hire more 
teachers, or to alloW feWer students into the school, neither 
of Which is typically a realistic option for budgetary or 
political reasons. 

[0006] An additional reason Why teaching and learning in 
most traditional educational institutions is far from optimum 
is that the curriculum units are too large. It is generally 
recogniZed that some parts of the curriculum are more 
important than others, and should be given greater emphasis 
and revieWed more often. HoWever, in traditional educa 
tional institutions, almost all curriculum units are spread 
over equally large blocks of time, sometimes Whole semes 
ters or quarters, and teachers often have little ?exibility to 
focus on and emphasiZe the core skills and units of knoWl 
edge. They are forced to go on to neW material in order to 
?ll in the term adequately. Moreover, because of the rela 
tively rigid structure of the school curriculum, once a topic 
has been taught, it is more often than not seldom taken up 
again, preventing substantive revieW and a deepening of the 
students’ knoWledge of the core subjects and skills. 

[0007] Another ?aW in the structure of traditional educa 
tional institutions is the Way in Which both teachers and 
students are assigned to their classes. The assignment is 
generally done based upon subject, grade or year level, With 
limited regard to factors that may affect many of the stu 
dents’ ability to learn (such as prior successful or unsuc 
cessful eXperience With a particular teacher) or the teachers’ 
readiness to teach (such as a strong interest or lack of interest 
in teaching a particular subject or topic). It is Well knoWn 
that rapport betWeen teachers and students is an important 
factor in the quality of education, and that certain students 
do better With certain teachers rather than others. It is also 
Well knoWn that teachers do a better job When they teach 
topics they prefer to teach. Yet, traditional educational 
institutions do not take these factors suf?ciently into account 
When assigning students and teachers to classes. Most edu 
cational institutions do not maintain any records correlating 
student success With particular teachers, and even Were they 
able to maintain such records, eXisting scheduling softWare, 
the rigid curriculum structure, and the large siZes of the 
classes make it difficult to use such information effectively 
for the bene?t of the students and the teachers. 

[0008] Because of their rigid structure, most traditional 
educational institutions do not alloW for the possibility of 
students proceeding individually through the typical semes 
ter-long curriculum, e.g., at substantially varying rates. In 
high schools, for eXample, students are compelled to gen 
erally cover all the material designated as the minimum 
curricular content for each grade level. This may Work 
reasonably Well for the “average” student in a particular 
subject, but affords little room for accommodation both for 
the more intelligent and/or more motivated students on the 
one hand, and the sloWer and/or less motivated students on 
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the other hand. All students, regardless of ability and moti 
vation, are generally grouped together in classes of varying 
siZes, and are required to cover large quantities of curricular 
material at the same time and at the same pace. Although 
some schools group students into “tracks” (“more advanced” 
or “less advanced”) for placement in classes, these group 
ings are generally fairly crude, and generally also comprise 
students having different skill and knowledge levels. As a 
consequence, the better students are often not able to reach 
their full learning potential, and the sloWer students are not 
accorded the special attention that they need. 

[0009] The structure of traditional educational institutions 
has also contributed to the unhealthy phenomenon of “social 
promotions,” especially in elementary and secondary 
schools, Whereby students Who have not mastered even the 
core curriculum of one grade level are alloWed to “pass” and 
move on to the next higher grade level. This practice merely 
deepens the difficulties facing teachers Who are compelled to 
teach large numbers of students grouped together in their 
classes having multiple skill and knoWledge levels, and Who 
are not capable of learning the same material at the same 
pace. 

[0010] Social promotions occur even in educational insti 
tutions such as colleges, graduate schools, trade schools, 
university extension programs and job training classes, 
Where grade levels per se are not used. Nevertheless, some 
general type of representation of a student’s place or level in 
these schools or programs is often used, e.g., in a college the 
student may be described as a freshman, sophomore, junior 
or senior; in a medical or laW school the student may be a 
1st, 2nd, 3rd, or 4th year student; and in a certi?cation 
program for professional training, the student’s level may be 
described by hoW advanced a certi?cate he is trying to 
achieve and Where he is in the program. The social promo 
tions that occur in these institutions may not be as egregious 
as those in elementary or high schools, but are nevertheless 
quite prevalent—students continue to move upWards 
through the course of study With many speci?c gaps in their 
knoWledge base. This occurs not only because students 
advance based upon an overall passing grade, but also 
because they may miss classes due to illness or other 
necessities of life, they may have poor rapport With a 
particular teacher, or they may fail to master material for a 
variety of other reasons. “Getting by” often becomes the 
norm, and even students Who excel in general may not 
master key components of a speci?c course. (In general 
herein, the term “grade level” is intended to encompass any 
type of “educational level” such as described above.) 

[0011] Various solutions have been proposed to rectify the 
numerous defects in the structure of traditional educational 
institutions. Chief among these has been to abandon or 
partially replace the traditional school/classroom structure in 
favor of individual instruction, made possible by the advent 
of the personal computer and the possibility of “computer 
assisted instruction.” Avast industry has developed in recent 
years providing individualiZed computer-based courses of 
instruction in many different subjects, such as mathematics, 
foreign languages and the like. HoWever, not all curricular 
subjects lend themselves Well to this type of instructional 
format. In addition, individualiZed, computer-based instruc 
tion cannot provide important elements of the educational 
process Which are provided by the traditional structure of 
educational institutions, not the least of Which are the 
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personal impact and role modeling of a really good teacher, 
and the socialiZing impact of the school room and the school 
campus. Moreover, for political, social and economic rea 
sons, it is simply not possible to completely abandon the 
traditional educational structure based upon group learning 
in a classroom in favor of an educational process that is 
based totally on individual learning and computer-assisted 
instruction. 

[0012] More recently, online “virtual classroom” educa 
tion has become available, Which utiliZes email lists, high 
speed video links and various interactive tools (such as 
having a class “vote” on a particular issue through a com 
puter, or permitting a teacher to present and draW directly 
onto an electronic slide-shoW presentation). HoWever, 
online classes are typically dependent upon access to com 
puters With Internet connections (Which sometimes must 
also be high-speed Internet connections) for each student. 
They are therefore relatively expensive, and require sub 
stantial infrastructure. For this reason, they are generally not 
available to populations in the third World and are still not 
universally available even in more developed countries. 
Online classes have other disadvantages, such as less direct 
personal contact With teachers, and, generally speaking, 
more limited socialiZation experiences With felloW students. 
Human person-to-person feedback is an essential part of the 
educational process, and even high-end online classes 
(Which involve high-speed video links) cannot fully provide 
such feedback. Online education may try to emphasiZe 
human interaction through chat rooms and similar technolo 
gies, but cannot fully replace the pedagogical bene?ts of 
direct human contact. 

[0013] Consortiums such as the IMS Project, or the 
Instructional Management Systems Learning Consortium, 
(WWW.imsproject.com) have been created for promoting 
common standards for distributing online learning activities, 
tracking learner progress, reporting learner performance, 
and exchanging student records betWeen administrative sys 
tems. The learning management systems IMS supports are 
able to keep track of student education plans, schedule 
courses (including instructors and resources), enroll people 
in courses, record course results, and update student aca 
demic progress. Similarly, companies such as Saba (WWW 
.saba.com) and SmartForce (WWW.smartforce.com) offer 
products such as Saba’s Learning Enterprise product and 
SmartForce’s e-Learning platform, Which are learning man 
agement systems that dynamically track and administer 
students’ progress. These systems are focused most heavily 
on online learning and therefore have the limitations 
described above (e. g., high speed video online technology is 
generally limited to marketing to corporations because of its 
expense). Some of these learning management systems also 
promote instructor-based learning and mentoring. Other 
Web sites describing services for computer education and 
computer-facilitated education are WWW.blackboard.com, 
WWW.click2learn.com, WWW.intelliprep.com, and 
WWW.skillscape.com. 

[0014] Various school administration softWare programs 
are commercially available, such as those marketed by 
SchedulExpert, Inc. (Ithaca, NY), Rediker SoftWare, Inc. 
(Hampden, Mass.), and Pentamation Enterprises, Inc. (Beth 
lehem, Pa.). According to the information displayed on the 
Websites of these companies (WWW.schedulexpert.com; 
WWW.rediker.com; and WWW.pentamation.com), all of these 
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programs, in one fonm or another, enable school adminis 
trators and teachers to maintain a computerized database of 
students, keep daily attendance records and records of 
grades, and produce report cards and various other reports. 
They also describe various scheduling tools. 

[0015] ScheduleExpert is described as providing a tool for 
automated course scheduling in post-secondary educational 
institutions, being able to assign a course to a speci?c room, 
to one set of rooms, only to rooms that have particular 
features or attributes, or to rooms Within a speci?c building 
or Within a speci?ed Walking distance of the course’s ideal 
location. ScheduleExpert is further described as being able 
to identify the schedule that best satis?es user-speci?ed 
relative importance of six performance criteria, including 
avoiding con?icts of classes, ideal number of teaching days 
for faculty, preferred class times for faculty, faculty desire 
for consecutive classes, and minimiZing distance from an 
ideal building. 

[0016] Pentamation is described as an interactive softWare 
package designed to automatically schedule courses into 
class periods While assigning them to teachers and rooms 
based upon possible meeting codes and suitable allocation of 
resources. 

[0017] Rediker is described as producing a schedule of 
classes either in an automatic mode or an interactive mode. 
The school administrator enters the courses taught in the 
school, the courses each student must take, the number of 
sections (up to three) any one course Will have, optionally 
assigns a teacher to each section and optionally indicates any 
periods in Which each section should not meet. In automatic 
mode, the program Will tell the administrator When each 
section should meet so that there Will be the feWest number 
of con?icts. In interactive mode, the program informs the 
administrator Which periods Would be best for a given 
course or section and When the teacher is available, the 
administrator selects the period, and then the program and 
the administrator proceed to select the other courses in turn. 

[0018] Eagle Rock School and Professional Development 
Center in Estes Park, Colo. carries out several educational 
practices that exemplify a trend seen in a small number of 
schools across the country. As described by Lois E. Easton 
(“If Standards Are Absolute . . .”, Education Week, Apr. 12, 
2000, pages 50, 52-53), these include the advancement of 
students based on competencies and not on grade level; 
varied student pathWays through individualiZed learning 
plans; the possibility of a “class” taking place not only in the 
classroom, but at other sites such as a pharmacy or a ?sh 
pier; students traveling all over the World via the World Wide 
Web to get the information they need; different styles of 
learning for different students; and varying assessment tech 
niques. 

[0019] The book “Designs for Science Literary” by 
Project 2061 of the American Association for the Advance 
ment of Science James Rutherford, Director Emeritus, 
Project 2061), published by Oxford University Press, Which 
is incorporated herein by reference, describes systems for 
?exible curricula assembly. 

[0020] Kumon Math and Reading Centers are described 
on the World Wide Web (WWW.kumon.com) as providing a 
method of learning Which includes individualiZed instruc 
tion in Which a student advances according to individual 
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ability rather than age or grade level, a curriculum in math 
and reading Which presents concepts in small increments, 
and development of mastery of skills through repeated 
practice. 
[0021] In an article entitled “NeW Features for Learning 
Management System,” (ALN MagaZine, Volume 3, Issue 2, 
December, 1999, WWW.aln.org), Which is incorporated 
herein by reference, Bruce A. McHenry discusses sponta 
neous group formation of students and teachers to help them 
in online learning environments. McHenry Writes: “Stu 
dents’ paths through the content, determined by their ques 
tions and satisfaction With the ansWers, Will serve to identify 
cohorts of like minded students and the teachers that help 
them. These patterns of association Will be also become 
factors for the Q&A ?nding function previously based on 
distance (feature 1) and semantics (feature 2). Perhaps more 
importantly, the associations Will help to identify groups of 
individuals Who can move through the material at about the 
same pace. On-line study sessions could then be scheduled 
in order to foster live group discussion and private conver 
sations among these individuals.” 

[0022] US. Pat. No. 5,864,869 to Doak et al., describes a 
computeriZed method for use by teachers, for creating, 
editing and maintaining generic and subject-speci?c lesson 
plans, grade sheets and other information and reports. Teach 
ers input in advance of the school term, Which is up to a year 
in length, the total number of pages of text to be covered 
during the term in each subject they Will be teaching. The 
softWare accesses pertinent information about the school 
calendar, and allocates the number of pages or percentages 
of the teaching tasks for each day. At the end of each Week, 
the teachers input the number of text pages completed or the 
percentage of the tasks that Were completed, and the com 
puter prints out the next Week’s lesson plans, after reallo 
cating the remaining pages of texts or tasks to ?t the time 
remaining in the term for completion of the tasks. 

[0023] US. Pat. No. 5,904,485 to Siefert, describes a 
system for computer-assisted instruction of a school’s cur 
riculum to individual students, enabling the students to learn 
the material at home. A learning pro?le is established and 
maintained for each student, Which indicates the student’s 
capabilities, preferred learning style, and standing. Based 
upon the pro?le, the softWare selects appropriate material for 
presentation to the student during each learning session. The 
program assesses Whether the student has mastered the 
material. If he has not mastered the material, it is presented 
to him in a different Way. If repeated different presentations 
of the material fail to instill mastery, a video conference is 
established betWeen the student and a teacher. 

[0024] Each of these patents is incorporated herein by 
reference. 

SUMMARY OF THE INVENTION 

[0025] It is a goal of some aspects of the present invention 
to solve many of the problems inherent in the structure of 
traditional educational institutions. Another goal of some 
aspects of the present invention is to enable traditional 
educational institutions to function better, optimiZing both 
the teaching experience for the teachers and the learning 
environment for the students. Embodiments of the present 
invention achieve these goals by making it possible for 
traditional educational institutions to utiliZe all the resources 
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at their disposal in an ef?cient manner, While eliminating 
many of the defects inherent in the rigid structure of these 
institutions. 

[0026] In some preferred embodiments of the present 
invention, these goals are achieved by combining a sophis 
ticated computer program for managing the various 
resources available in an educational institution With a 
modulariZed structuring of the curriculum taught in the 
educational institution. In accordance With these embodi 
ments, the curriculum of the educational institution is 
de?ned on the basis of a relatively large number of discrete, 
typically small units of instruction or “modules,” With the 
various modules inter-related one With another in a complex 
structure of dependencies. These dependencies may be lim 
ited to individual curricular subjects, but may also cross 
subject areas and thus be multidisciplinary in scope. 

[0027] In an educational institution that utiliZes a modular 
curriculum in accordance With a preferred embodiment of 
the present invention, students advance individually through 
the curriculum by attaining a demonstrated degree of com 
petency in the subject matter of individual modules (or 
groups of modules), and not by the “completion” of entire 
subjects, grades, semesters, or calendar years. Since the 
curriculum is preferably based upon a relatively large num 
ber of modules Which de?ne a complex structure of depen 
dencies, students advance through the curriculum along 
many different and discrete routes, each advance conditional 
upon attaining competency in the modules that are prereq 
uisites of a subsequent module. And, although each student 
advances through the curriculum individually, the teaching 
of most of the curricular modules is group-based, in classes 
comprising only those students Who are eligible to take the 
class, based upon their competency in the modules, Which 
are prerequisites for the module being taught in that class. 

[0028] The combination of a modulariZed curriculum and 
a sophisticated resource management program makes it 
possible to devise teaching schedules and schedules of 
classes that optimiZe various parameters Which directly or 
indirectly affect the quality of the teaching and learning that 
takes place in the educational institution. Preferred embodi 
ments of the present invention adapt softWare algorithms 
that are knoWn in the art to optimiZe these parameters, 
Within the constraint of generally only placing students in 
classes for Which they have attained substantial competence 
in the subject matter of the modules Which are prerequisites 
for the modules being taught in the classes, as described 
more fully herein beloW. By Way of illustration and not 
limitation, typical parameters to be optimiZed may include: 
(a) class siZe; (b) expressed teacher preferences to teach 
particular curricular modules; (c) expressed student prefer 
ences for a particular module or a particular subject or a 
particular teacher; (d) data indicating the success of a 
particular teacher With respect to a particular student or a 
particular module; (e) geographical distance that must be 
traversed by students and teacher betWeen successive 
classes; and preferential scheduling of modules Whose 
subject matter comprises the “core” of the curriculum. 

[0029] Although a person skilled in the art Will appreciate 
that there are many Ways for generating a generally opti 
miZed schedule based on a set of constraints and a set of 
variables to be optimiZed, a simple embodiment of the 
present invention provides for a score to be given to each of 
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these parameters, and for optimiZing softWare to search 
through a large number of possible schedules for the entire 
school, in order to determine a set of class schedules Which 
generate a maximum score. 

[0030] According to a preferred implementation, the 
present invention Will accomplish one or more of the fol 
loWing: 

[0031] (1) It Will improve the teaching and learning 
environment in the classes, by assuring that students 
of generally equivalent skill and knoWledge levels 
are grouped together in the same class. 

[0032] (2) It Will enable teachers to emphasiZe core 
skills and knoWledge, and to deepen the students’ 
knoWledge of these core areas as they progress 
through the various curricular levels, by providing 
greater revieW and more exposure to these core 
modules. 

[0033] (3) It Will result in a reduction of average class 
siZe. 

[0034] (4) It Will ensure that students master at least 
the most important, core parts of the curriculum, 
While minimiZing gaps in their knoWledge base. 

[0035] (5) It Will give teachers and/or students sig 
ni?cant ?exibility in choosing the subjects and/or 
topics they are interested in teaching and learning. 

[0036] (6) It Will make it possible for students to be 
assigned to classes With teachers or student-tutors 
With Whom they have done Well in the past, thereby 
increasing the likelihood of their obtaining maxi 
mum bene?ts from the classes. 

[0037] (7) It Will make it possible to utiliZe ef?ciently 
the skills of students as mentors and tutors of other 
students. 

[0038] (8) It Will alloW students to proceed at their 
oWn pace. 

[0039] (9) It Will facilitate the integration of special 
education students Within the traditional school 
structure and facilitate the training of teachers of 
special education students. 

[0040] (10) It Will end “social promotions.” 

[0041] (11) It Will enable both the school and the 
students to cope better With absences due to ill health 
or other disruptions in the students’ lives. 

[0042] (12) It Will limit the damage caused by less 
competent teachers, and maximiZe the exposure of 
students to teachers Who perform Well in particular 
modules, thereby increasing the overall average 
effectiveness of the teaching staff of the institution. 

[0043] (13) It Will facilitate the integration of non 
native speaking students Within the traditional school 
structure. 

[0044] (14) It Will make possible the extensive 
retraining of less competent teachers by more com 
petent teachers as part of each teacher’s schedule. 

[0045] (15) It Will make possible the customiZation of 
teaching, so that students Will more often be able to 
be exposed to teaching in appropriate styles. 
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[0046] (16) It Will make possible ef?cient sharing and 
mass implementation of proven pedagogical 
approaches through the use of curriculum and sched 
uling “templates.” 

[0047] (17) It Will reduce overcrowding in educa 
tional institutions globally by making better use of 
all available educational resources. 

[0048] (18) It Will make possible the mass implemen 
tation of a small learning community model, 
Whereby a large educational institution is broken 
doWn into many small mini-academies, and the 
curricular content, curricular emphases, scheduling 
priorities, tutoring approaches, and the amount and 
type of teacher and student choice for each academy 
are inputs to scheduling softWare. 

[0049] (19) It Will alloW some students, e.g., students 
With disabilities, to be assigned personal scheduling 
priorities Which are higher than the personal sched 
uling priorities of other students, so as to help these 
students advance academically by being preferen 
tially placed in classes Which are most suitable for 
them. 

[0050] There is therefore provided, in accordance With a 
preferred embodiment of the present invention, a method for 
automatically producing a schedule of classes for an edu 
cational institution having a plurality of teachers, a plurality 
of students, and a curriculum, the method including: 

[0051] receiving designations of a plurality of cur 
riculum modules of the curriculum, each curriculum 
module including educational material, one or more 
of the curriculum modules being prerequisite mod 
ules for one or more subsequent modules; 

[0052] receiving, as an input into a computer system, 
curriculum information including an indication of 
Which of the modules are prerequisite modules for 
subsequent modules; 

[0053] receiving, as an input into the computer sys 
tem, student information including, for tWo or more 
of the plurality of students, indications of their levels 
of competence With respect to the educational mate 
rial of one or more modules; and 

[0054] producing by the computer system a schedule 
of classes for teaching the educational material of at 
least some of the modules responsive to the curricu 
lum information and the student information, 
Wherein educational material to be taught in each of 
the scheduled classes includes the educational mate 
rial of a respective one of the curriculum modules, 
and Wherein the students assigned to each of the 
scheduled classes have attained at least a predeter 
mined level of competence With respect to the edu 
cational material of the respective modules that are 
prerequisite modules for the module to be taught in 
the class. 

[0055] Preferably, receiving the student information 
includes receiving an indication of prior success one or more 
of the students has had With one or more of the teachers. 

[0056] For some applications, receiving the curriculum 
information includes receiving, for at least some of the 
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curriculum modules, an age by Which a student is expected 
to have achieved competency in the module. Alternatively or 
additionally, receiving the curriculum information includes 
receiving, for at least some of the curriculum modules, a link 
to one or more lesson plans for teaching the module. Further 
alternatively or additionally, receiving the curriculum infor 
mation includes receiving, for at least some of the curricu 
lum modules, one or more formats in Which the module may 
be taught. 

[0057] In a preferred embodiment, receiving the student 
information includes receiving, for at least one of the 
students, an indication of one or more languages understood 
by the student, and Wherein producing the schedule includes 
producing the schedule responsive to the one or more 
languages. 

[0058] 
includes: 

In a preferred embodiment, producing the schedule 

[0059] determining that one of the students has 
attained at least a ?rst level of mastery of a ?rst one 
of the prerequisite modules; 

[0060] determining that the one of the students has 
attained at least a second level of mastery of a second 
one of the prerequisite modules, the second level 
being different from the ?rst level; and 

[0061] scheduling the one of the students to take a 
class responsive to the one of the students having 
attained the ?rst and second levels of mastery in the 
?rst and second prerequisite modules, respectively. 

[0062] Alternatively or additionally, producing the sched 
ule includes designating a time period for assessing a level 
of mastery of one or more of the students in the educational 
material of a given module. 

[0063] For some applications, producing the schedule 
includes receiving an input indicative of a desired percent 
age of students to be involved in tutoring sessions. 

[0064] Typically, receiving the designations of the plural 
ity of curriculum modules includes receiving, for at least 
some of the modules, an indication of the relative impor 
tance of the module to the curriculum, and Wherein produc 
ing the schedule includes producing the schedule responsive 
to the indication of importance. 

[0065] If appropriate, producing the schedule of classes 
includes determining When a student has failed to attain a 
desired level of mastery of a module and subsequently 
assigning the student to study the educational material in the 
module in a class con?gured to facilitate the student to attain 
the desired level of mastery. 

[0066] Preferably, the method includes receiving, as an 
input into the computer system, teacher information includ 
ing, for at least some of the plurality of teachers, an 
indication of a suitability of the teacher to teach one or more 
of the modules, Wherein producing the schedule of classes 
includes producing the schedule of classes responsive to the 
teacher information. For eXample, receiving the teacher 
information may include receiving, for at least some of the 
plurality of teachers, an indication of a preference of the 
teacher to teach one or more of the modules. Alternatively 
or additionally, receiving the teacher information includes 
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receiving, for at least some of the plurality of teachers, an 
indication of prior success the teacher has had in teaching 
one or more of the modules. 

[0067] In a preferred embodiment, receiving the student 
information includes receiving, for at least one of the 
students, an indication of a learning disability of the student, 
and Wherein producing the schedule includes producing the 
schedule responsive to the learning disability. In this case, 
receiving the teacher information preferably includes receiv 
ing an indication of one or more of the teachers Who have 
specialiZed training to teach students With the learning 
disability, and Wherein producing the schedule includes 
preferentially assigning the one or more of the teachers With 
the specialiZed training to teach a student With the learning 
disability. 

[0068] In a preferred embodiment, producing the schedule 
includes determining an average of respective levels of 
mastery, achieved by at least one of the students assigned to 
the class, in the prerequisite modules for the module to be 
taught in the class. For eXample, determining the average 
may include determining a Weighted average. 

[0069] For some applications, producing the schedule 
includes designating at least one of the classes to have a 
single instructor and a single student. For eXample, desig 
nating may include designating one of the students to be the 
single instructor responsive to the student information 
received about the designated student. Alternatively or addi 
tionally, designating the one of the students to be the single 
instructor includes designating the one of the students 
responsive to a level of mastery of the designated student in 
a module to be taught by the designated student. 

[0070] There is further provided, in accordance With a 
preferred embodiment of the present invention, a computer 
program product for automatically producing a schedule of 
classes for an educational institution having a plurality of 
teachers, a plurality of students, and a curriculum, the 
product including a computer-readable medium having pro 
gram instructions embodied therein, Which instructions, 
When read by a computer, cause the computer to: 

[0071] receive designations of a plurality of curricu 
lum modules of the curriculum, each curriculum 
module including educational material, one or more 
of the curriculum modules being prerequisite mod 
ules for one or more subsequent modules; 

[0072] receive curriculum information including an 
indication of Which of the modules are prerequisite 
modules for subsequent modules; 

[0073] receive student information including, for one 
or more of the plurality of students, an indication of 
his level of competence With respect to the educa 
tional material of one or more modules; and 

[0074] produce a schedule of classes for teaching the 
educational material of at least some of the modules 
responsive to the curriculum information and the 
student information, Wherein educational material to 
be taught in each of the scheduled classes includes 
the educational material of a respective one of the 
curriculum modules, and Wherein the students 
assigned to each of the scheduled classes have 
attained at least a predetermined level of competence 
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With respect to the educational material of the 
respective modules that are prerequisite modules for 
the module to be taught in the class. 

[0075] There is still further provided, in accordance With 
a preferred embodiment of the present invention, apparatus 
for automatically scheduling classes for an educational 
institution having a plurality of teachers, a plurality of 
students, and a curriculum, the apparatus including: 

[0076] a data port (13), adapted to receive designa 
tions of a plurality of curriculum modules of the 
curriculum, each curriculum module including edu 
cational material, to receive curriculum information, 
including designations of some of the curriculum 
modules as prerequisite modules and of some of the 
curriculum modules as subsequent modules, to 
receive, for at least one of the subsequent modules, 
a designation that one or more of the prerequisite 
modules are associated With the at least one subse 
quent module, such that participation by one of the 
students in the at least one subsequent module is 
dependent on the student having completed at least 
one of the one or more prerequisite modules asso 

ciated With the at least one subsequent module, and 
to receive student information, including completion 
indicators for each prerequisite module, Which 
completion indicators are indicative of students Who 
have completed the prerequisite module; and 

[0077] a processor (12), adapted to receive the des 
ignations of the curriculum modules, to receive the 
curriculum information, to receive the designation 
for each subsequent module of the one or more 
prerequisite modules associated With the subsequent 
module, to receive the student information, and to 
automatically produce a schedule of classes for 
teaching at least some of the modules, such that each 
class includes at least one teacher and at least one 
student. 

[0078] There is also provided, in accordance With a pre 
ferred embodiment of the present invention, a method for 
automatically producing a schedule of classes for an edu 
cational institution having a plurality of teachers, a plurality 
of students, and a curriculum, the method including: 

[0079] receiving, as an input into a computer system, 
designations of a plurality of curriculum modules of 
the curriculum, each curriculum module including 
educational material; 

[0080] receiving, as an input into the computer sys 
tem, student information including for a ?rst student, 
a second student, a third student, and a fourth student 
selected from the plurality of students, respective 
indications of their levels of competence With respect 
to the educational material of one or more modules; 

[0081] scheduling a class to teach one of the mod 
ules, taught by one of the teachers, for the ?rst 
student and the second student, responsive to the 
indications of the levels of competence of the ?rst 
and second students; and 

[0082] scheduling a tutoring session to teach the one 
of the modules, in Which the third student is desig 
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nated to tutor the fourth student, responsive to the 
indications of the levels of competence of the third 
and fourth students. 

[0083] In a preferred embodiment, receiving the student 
information includes receiving assessment data, With respect 
to the plurality of students, indicative of respective levels of 
competence of the plurality of students in the educational 
material of some of the modules, scheduling the class 
includes scheduling a plurality of classes to teach tWo or 
more of the modules of the curriculum responsive to the 
assessment data, and scheduling the tutoring session 
includes scheduling a plurality of tutoring sessions respon 
sive to the assessment data. 

[0084] There is additionally provided, in accordance With 
a preferred embodiment of the present invention, a method 
for automatically producing a schedule of classes for an 
educational institution having a plurality of teachers, a 
plurality of students, and a curriculum, the method includ 
mg: 

[0085] receiving, as an input into a computer system, 
designations of a plurality of curriculum modules of 
the curriculum, each curriculum module including 
educational material; 

[0086] receiving, as an input into the computer sys 
tem, student information including, for one or more 
of the plurality of students, an indication of his level 
of competence With respect to the educational mate 
rial of one or more modules; 

[0087] generating a ?rst schedule of classes for the 
plurality of students, responsive to the student infor 
mation, for teaching the educational material of 
some of the modules; 

[0088] receiving, prior to completion of all of the 
classes in the ?rst schedule, an assessment of levels 
of competence of some of the plurality of students in 
the educational material of the some of the modules; 
and 

[0089] generating a second schedule of classes for the 
plurality of students, different from the ?rst schedule, 
responsive to the received assessment. 

[0090] There is yet additionally provided, in accordance 
With a preferred embodiment of the present invention, a 
method for automatically producing a schedule of classes for 
an educational institution having a plurality of teachers, a 
plurality of students, and a curriculum, the method includ 
mg: 

[0091] receiving, as an input into a computer system, 
designations of a plurality of curriculum modules of 
the curriculum, each curriculum module including 
educational material; 

[0092] receiving, as an input into the computer sys 
tem, student information including, for one or more 
of the plurality of students, an indication of his level 
of competence With respect to the educational mate 
rial of one or more modules; 

[0093] receiving, as an input to the computer system, 
optimiZation parameters Which are indicative of an 
educational focus of the educational institution; 
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0094 eXecutin an o timiZation al orithm res on g P g P 
sive to the student information and the optimiZation 
parameters; and 

[0095] generating a schedule of classes responsive to 
eXecuting the optimiZation algorithm. 

[0096] In a preferred embodiment, receiving the optimi 
Zation parameters includes receiving indications for at least 
tWo of the modules of their respective relative levels of 
importance Within the curriculum. 

[0097] Alternatively or additionally, receiving the optimi 
Zation parameters includes receiving an indication of an 
amount of emphasis to place on scheduling one or more 
student-to-student tutoring sessions. 

[0098] Further alternatively or additionally, receiving the 
optimiZation parameters includes receiving an indication of 
an amount of emphasis to place, When generating the 
schedule, on assessments of prior success of some of the 
students With some of the teachers. 

[0099] Still further alternatively or additionally, receiving 
the optimiZation parameters includes receiving an indication 
of an amount of emphasis to place, When generating the 
schedule, on scheduling a student With a learning disability 
into a class With students Without learning disabilities. 

[0100] In a preferred embodiment, receiving the optimi 
Zation parameters includes receiving an indication of an 
amount of emphasis to place, When generating the schedule, 
on scheduling a student having a ?rst language as his 
primary language into a class With students having as their 
primary language a second language, different from the ?rst 
language. 

[0101] In a preferred embodiment, receiving the student 
information includes receiving an indication of a suitability 
of at least one of the students to be tutored. Alternatively or 
additionally, receiving the student information includes 
receiving an indication of a level of success that one of the 
students has had With one of the teachers. 

[0102] For some applications, the method includes gener 
ating an electronic template including the optimiZation 
parameters, for transfer to another educational institution, to 
facilitate scheduling of classes at the other educational 
institution. 

[0103] If appropriate, generating the schedule of classes 
includes designating one of the teachers to teach at least one 
of the classes, and assigning another one of the teachers to 
attend the at least one of the classes. 

[0104] There is also provided, in accordance With a pre 
ferred embodiment of the present invention, a method for 
automatically producing a schedule of classes for an edu 
cational institution having a plurality of teachers, a plurality 
of students, and a curriculum, the method including: 

[0105] receiving, as an input into a computer system, 
student information including respective personal 
scheduling priorities for each of the students; and 

[0106] generating a schedule of classes based on 
preferential treatment of some of the students 
responsive to their personal scheduling priorities. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0107] The present invention will be better understood and 
appreciated on the basis of the following detailed description 
in conjunction with the accompanying drawings in which: 

[0108] FIG. 1 is a simpli?ed graphical representation of 
apparatus for implementation of a preferred embodiment of 
the present invention; 

[0109] FIG. 2 is a simpli?ed graphical representation of 
the dependency structure of curricular modules, in accor 
dance with a preferred embodiment of the present invention; 

[0110] FIG. 3 is a simpli?ed ?ow-chart showing one set of 
procedures for selecting and assigning students and teachers 
into classes, in accordance with a preferred embodiment of 
the present invention; 

[0111] FIG. 4 is a simpli?ed ?ow-chart showing another 
set of procedures for selecting and assigning students and 
teachers into classes, in accordance with a preferred embodi 
ment of the present invention; 

[0112] FIG. 5 is a simpli?ed ?ow-chart of a set of proce 
dures for optimiZing the assignment of students and teachers 
to classes, in accordance with a preferred embodiment of the 
invention; 
[0113] FIG. 6 is a simpli?ed ?ow-chart of an additional set 
of procedures for optimiZing the assignment of students and 
teachers to classes, in accordance with a preferred embodi 
ment of the invention; and 

[0114] FIG. 7 is a simpli?ed ?ow-chart of an additional set 
of procedures for optimiZing the assignment of students and 
teachers to classes, in accordance with a preferred embodi 
ment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0115] Reference is now made to FIG. 1, which provides 
a simpli?ed graphical representation of apparatus for imple 
mentation of a preferred embodiment of the present inven 
tion. The apparatus of FIG. 1 comprises a computer network 
10, including a data processing server 12 and one or more 
personal computers (PCs) or other computing devices 14. 
Server 12 comprises a data port 13, and associated with 
server 12 is a data storage device 16, which may be housed 
on server 12 or on a separate computer. Optionally associ 
ated with each of the one or more PCs 14 are one or more 

printers 18. All the components of network 10 may be 
physically installed and located within a single educational 
institution, and interconnected on a local area network 

However, in a preferred embodiment of the inven 
tion, server 12 and data storage device 16 are not located 
within the educational institution itself, but at a distant 
location, while PCs 14 and printers 18 are located within the 
educational institution. Preferably, network 10 is Internet 
based, with each of the network components interconnected 
via the Internet (or an Intranet network). It will be appreci 
ated that when network 10 is Internet-based, PCs 14 and 
printers 18 may be located anywhere (such as at teachers’ or 
students’ homes), provided a connection to the Internet is 
available. Most preferably, access to server 12 is restricted, 
and the data thereon is password protected, available only to 
authoriZed individuals (such as the staff and administrators 
of the educational institution). When network 10 is Internet 
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based, user access is preferably by means of a Web browser 
on each of PCs 14; however, any other means of access via 
the Internet may be used. To ensure robustness and enhance 
security (either as a back-up or a distributed storage system), 
server 12 itself may comprise two or more servers associated 
with each other, either connected directly by cable or via the 
Internet or any other networking apparatus. Data storage 
device 16 may also be a network of data storage devices, a 
number of separate data storage devices, or any type of 
distributed database. Alternatively, in a simple form, net 
work 10 may comprise a single computer located within the 
educational institution that combines the functions of server 
12, data storage device 16, and PC 14. 

[0116] Computer network 10 is preferably utiliZed in 
conventional ways, in combination with software developed 
in accordance with principles of the present invention, so as 
to input, store and maintain on data storage device 16 
speci?c data pertaining to the curriculum, teachers and 
students of the educational institution (hereinafter collec 
tively: “educational resource data”). In accordance with a 
preferred embodiment of the present invention, the software 
enables the administration of the educational institution to 
utiliZe the inputted and stored educational resource data so 
as to ef?ciently and effectively manage the day-to-day 
administration of the institution, including allocating stu 
dents to classes, and producing teaching schedules for the 
teachers and class schedules for the students. 

[0117] In accordance with a preferred embodiment of the 
present invention, the curriculum of the educational institu 
tion is de?ned by means of a relatively large number of 
curriculum modules, each module encompassing a relatively 
small, discrete unit of curricular material. Typically, the 
modules range in duration from two hours to 30 hours of 
instruction time, but may also be of shorter or longer 
duration. In certain subjects, such as the humanities and the 
social sciences, modules may be of longer average duration. 
It is noted that for educational institutions in which sched 
ules must be assembled as seamlessly as possible, module 
durations are typically but not necessarily restricted to a 
relatively few number of durations, to make it easier to ?t the 
schedules together as neatly as possible. For other applica 
tions, such as on-site job training, where the modules are 
taught as a small subset of a larger workday and therefore do 
not have to be ?t together as seamlessly, permissible module 
durations may generally be more ?exible. Similarly, online 
learning formats may permit more ?exible durations as well, 
for some applications. The curricular modules are typically 
inter-related one with another in a complex structure of 
dependencies. These dependencies may be limited to indi 
vidual curricular subjects, but may also cross subjects and be 
multidisciplinary in scope. 

[0118] Reference will now be made to FIG. 2, which 
provides a simpli?ed graphical representation of the depen 
dency structure of sample curricular modules, in accordance 
with a preferred embodiment of the present invention. It will 
be seen from FIG. 2 that the modules de?ne a complex 
hierarchical structure, in the form of an acyclic directed 
graph, in which one or more of the “higher” modules are 
dependent on one or more of the “lower” modules. The 
dependencies may be “direct” or “distant.” Thus, in FIG. 
2_ 

[0119] Math Module M12 is directly dependent on 
Math Module M6; 
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[0120] Chemistry Module C6 is directly dependent 
on Chemistry Modules C1, C2 and C3; 

[0121] Physics Module P8 is directly dependent on 
Math Module M12 and Chemistry Module C1; 

[0122] Chemistry Module C20 is directly dependent 
both on Math Module M12 and on Chemistry Mod 
ule C14, and it is also distantly dependent (at one 
level of distance) on Math Module M6 and on 
Chemistry Module C6; and 

[0123] Biology Module B34 is directly dependent on 
Chemistry Module C20 and it is distantly dependent 
both on Chemistry Module C14 and on Math Module 
M12 (as Well as on the more distant modules on 
Which these latter modules depend). 

[0124] In the above dependency structure, for example, 
the topic of Chemistry Module C20 may be “Balancing 
chemical equations,” and this module is dependent both on 
Math Module M12 (“Basic algebraic skills”) and on Chem 
istry Module C14 (“The periodic table”), since a student 
must knoW both basic algebra and the elements of the 
periodic table in order to learn hoW to balance chemical 
equations. 
[0125] It Will be appreciated that FIG. 2 provides only a 
very partial representation of the complex dependency struc 
ture of the curricular modules of an educational institution, 
in accordance With a preferred embodiment of the present 
invention. Thus, for example, Math Module M6 is directly 
and distantly dependent on one or more “loWer” modules 
Which are not shoWn, and there are also modules “higher” 
than Physics Module P18 and Biology Module B34 Which 
are not shoWn, but nevertheless depend directly and dis 
tantly on either or both of these and/or on other modules not 
shoWn. In addition, certain modules (not shoWn in FIG. 2) 
may be directly dependent on tWo or more other modules in 
the alternative, rather than cumulatively; for example, a 
module Whose subject matter is “Introduction to Linguis 
tics,” may depend either on a module Whose subject matter 
is “French Syntax” or on a module Whose subject matter is 
“Spanish Syntax.” 
[0126] The number of curricular modules comprising the 
curriculum of an educational institution Will vary from 
institution to institution, and Will also vary over time Within 
any given institution, as the teachers develop neW curricular 
material or rede?ne the structure of the curriculum. As an 
example, in a typical high school there are generally more 
than 300 curricular modules comprising the curriculum of 
grades 9-12. In a typical university, there Would be a much 
greater number of modules (e.g., thousands), although stu 
dents Would only traverse through a small number of these 
during their university career. In some educational institu 
tions (such as high schools), additional modules comprising 
remedial content may be included With the standard curricu 
lar modules. In high schools, for example, these Would 
include modules covering topics typically studied in the 
loWer grades, and in colleges, these Would include modules 
typically studied in high schools. 

[0127] The large number of curricular modules, in com 
bination With the complex structure of interdependencies, 
make it possible for students to advance through the cur 
riculum of the educational institution in diverse Ways, With 
each student potentially de?ning his oWn individual path 
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Way through the curriculum. In the representation of cur 
ricular modules in FIG. 2, for example, students Who have 
completed Math Module M12 have three possible pathWays 
open to them: (1) advancing to Math Module M26; (2) 
advancing to Physics Module P8; and (3) advancing to 
Chemistry Module C20 (the latter option is available only to 
those students Who have also completed Chemistry Module 
C14). Some students may advance to all three of these 
modules in parallel; others may do so in sequence; and still 
others may never advance to one or another of the modules, 
depending upon their individual programs of study. 

[0128] In accordance With a preferred embodiment of the 
present invention, the students of an educational institution 
in Which the principles of the present invention are imple 
mented advance from one module to another only When they 
are eligible to do so. “Eligibility,” in this regard, is prefer 
ably de?ned by the administration and/or teachers of the 
educational institution by means of a tWo-tiered set of rules 
Which establish (a) Which modules are “prerequisites” for 
other modules, and (b) What level of competency must be 
attained by the students in the subject matter of the prereq 
uisite modules before they are eligible to advance to the 
“higher” modules for Which the loWer modules are prereq 
uisites. 

[0129] In general, a “prerequisite” of a module is every 
other module on Which the module is directly dependent. 
HoWever, an educational institution may determine that one 
or more distant modules or levels of modules are also to be 
considered “prerequisites” for the modules that depend on 
them. This may be a general rule for all the modules taught 
in the educational institution, or a more limited rule either 
for modules of certain subjects only or for certain modules 
speci?cally identi?ed. As an example, With reference to FIG. 
2, Math Module M12 and Chemistry Module C14 is each a 
“prerequisite” of Chemistry Module C20. HoWever, an 
educational institution may decide that Math Module M6 
and Chemistry Module C6 are also “prerequisites” of Chem 
istry Module C20. 

[0130] Alternatively, the educational institution may 
establish a rule that all modules that are one, tWo, or more 
dependency levels beloW a given module are considered its 
prerequisites. 

[0131] The educational institution also preferably deter 
mines the level of competency that must be attained by 
students in the subject matter of the prerequisite modules. In 
general, this should be a relatively high level, as evidenced 
by the students obtaining at least a speci?c threshold grade 
in an assessment of the subject matter of each of the 
prerequisite modules. HoWever, the rules in this regard may 
be quite ?exible. Thus, the educational institution may 
determine different threshold grades With respect to different 
prerequisite modules, or it may determine one threshold 
grade for all modules in one subject area, and a different 
threshold grade for all modules in other subject areas. For 
example, an educational institution that focuses on math and 
science may set a higher threshold grade for all math and 
science modules and a loWer threshold grade for all modules 
in the humanities. In some circumstances, the educational 
institution may establish a different threshold grade in 
certain modules for certain categories of students (such as 
learning disabled students). For example, in certain circum 
stances, the educational institution may establish a different 
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threshold grade (required assessment level to complete a 
module) in certain modules for certain classes of students or 
individual students. This could, for example, be a strategy 
for assuring that certain categories of students graduate on 
time, if they are having problems in a particular subject 
(such as a learning disabled student Whose impairment made 
a certain subject particularly difficult). Alternatively, stu 
dents majoring in a particular topic may have a higher 
threshold passing grade for a given module than students 
Who are not majoring in that topic. Preferably, therefore, the 
scheduling algorithm is operative to schedule students to 
retake a given module, if appropriate, responsive to the 
particular passing threshold set for each student in that 
module. 

[0132] In a preferred embodiment of the present invention, 
a student satis?es the level of competency requirement for 
certain modules simply by attending a class or activity. For 
example, some classes may have a community service 
component associated thereWith, for Which attendance alone 
is required. 

[0133] The educational institution may also implement 
some type of “Weighted average grade” across a set of 
prerequisite modules. In this case, certain modules are 
deemed more relevant and therefore accorded a “heavier” 
Weight than other modules deemed less relevant, Which are 
accorded a “lighter” Weight. A student Would be deemed 
eligible for a class in a “higher” module if his Weighted 
average grade across all the prerequisite modules passes a 
predetermined threshold, even if he has not yet achieved the 
speci?c threshold grade Which is required for one or more of 
the individual prerequisite modules. Using such a rule, a 
student could become eligible for a class in a “higher” 
module, but still be required to complete the prerequisite 
modules in Which he has not achieved the speci?c threshold 
grade required for those modules. 

[0134] The assessment of the students’ level of compe 
tency may be based on any method that is pedagogically 
sound, including the results of Written or oral tests, “port 
folios” of student Work (either individually based or group 
based, or both), and the like. If assessments are group based 
(such as a group project), teachers may decide Whether to 
give each student in the group the same assessment, or 
Whether to include some individualiZation of the assessment, 
e.g., by including a one-on-one intervieW component for the 
project assessment. In some circumstances, for example 
upon the initial implementation of the present invention in 
an educational institution, some of the assessments may not 
be based upon testing or project Work, but upon the reasoned 
evaluation of a teacher Who is familiar With the student and 
his abilities. In the event that actual student assessment 
information is lacking or is not available, for a particular 
module or in general, presumed or temporary assessments 
may be provided. Such assessments preferably Would be 
coded as such, and provision made for obtaining actual 
assessments at a later date. Given that prior assessment 
information is likely to be based upon entire semesters or 
quarters of Work, all of the modules that comprise a course 
already taken may be coded at the same level of the course, 
as a temporary measure until better assessments have been 
performed, or even permanently if the modules are deemed 
less central. 

[0135] The information concerning the modules Which 
comprise the curriculum of the educational institution is 
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preferably stored on data storage device 16 in a format that 
makes it possible to quickly and readily access the infor 
mation. This may take the form of a database table, a 
suitably formatted ?le, a system of softWare objects, or any 
other data format as is knoWn in the art. The information that 
is stored typically comprises one or more identi?ers, Which 
identify each of the curricular modules and the module or 
modules on Which each module directly depends. Additional 
information may also be associated or linked With the 
identi?er of each module, such as the subject category of the 
module, the age by Which a student is expected to have 
achieved competency in the module, a textual and/or graphi 
cal description of the module, lesson plans for teaching the 
module, references to the textbooks being used, including 
chapters and page numbers, special equipment needed to 
teach the modules, and one or more formats in Which the 
module may be taught, such as an on-line class, a traditional 
classroom class, etc. 

[0136] In a similar fashion, data storage device 16 is 
preferably utiliZed to store information concerning the stu 
dents enrolled in the educational institution. The student 
information that is stored typically comprises one or more 
identi?ers identifying each student, and, When knoWn, his 
level of competency With respect to the subject matter of 
each of the modules. Additional information may be asso 
ciated or linked With the basic student information, such as 
biographical data, learning disabilities, primary and second 
ary languages spoken, medical needs, or other pertinent 
data. 

[0137] Although each student preferably advances 
through the curriculum on an individual basis (as explained 
above), the teaching in the educational institutions in Which 
the present invention is implemented is typically group 
based, as it is in traditional educational institutions. HoW 
ever, the groups or classes of students are generally not 
de?ned by the age of the students or by “grade” level, as is 
commonly practiced in most schools, but rather by the 
curricular modules and the level of competency of the 
students assigned to the classes. In institutions utiliZing 
principles of the present invention, the softWare preferably 
is operative to select and group together in each of the 
classes only those students Who are in fact “eligible” for the 
classes, based upon the students’ levels of competency in the 
modules Which are prerequisite modules for the module 
being taught in the class. As a consequence of this selection 
process, all or most of the students in each class Will have 
equivalent or nearly equivalent skill and knoWledge levels 
With respect to the topic being taught in the class, and the 
quality of the teaching and the learning in the classes Will 
therefore be greatly enhanced. 

[0138] In accordance With a preferred embodiment of the 
present invention, data storage device 16 is also utiliZed to 
store information concerning the teaching staff of the edu 
cational institution. The teacher information that is stored 
comprises one or more identi?ers identifying each teacher 
and his “level of readiness” to teach each of the modules. 
Preferably, “level of readiness” provides a Weighted mea 
sure not only of the teacher’s formal quali?cations to teach 
the subject matter of the module, but also of one or more 
additional factors that impact upon the quality of his teach 
ing. Such factors may include the degree of the teacher’s 
interest in teaching the module (as compared to other 
modules he is also formally quali?ed to teach), the success 
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he has had in the past teaching the module, and the like. In 
accordance With a preferred embodiment, the software is 
operative to assign teachers to classes in the various modules 
based upon the teachers’ levels of readiness, so that in 
general only teachers With a relatively high level of readi 
ness Will be assigned to teach each of the classes. 

[0139] Reference is noW made to FIG. 3, Which is a 
simpli?ed ?oW-chart of basic procedures that may be uti 
liZed to assign students and teachers to classes, in accor 
dance With one embodiment of the present invention. It Will 
be appreciated that the method shoWn in FIG. 3 and 
described in the teXt is just one of many Ways to implement 
the invention as disclosed herein. 

[0140] Procedure 110: The program accesses the educa 
tional resource data stored on data storage device 16, includ 
ing the curriculum information, the teacher information, and 
the student information. 

[0141] Procedure 120: The program computes, for each 
student, the set of modules he is eligible to take, based upon 
(a) the set of curricular modules he has already taken, and 
assessments he has received in those modules; (b) the 
dependency relationship of the modules; (c) the rules con 
cerning Which modules are prerequisites of other modules, 
and What level of competency is needed for advancement to 
a higher module; and (d) the student’s competency level in 
the subject matter of the prerequisite modules. Additional 
factors may impact upon the number of modules included in 
a student’s set of eligible modules; for example, if a student 
has elected not to take certain subjects Which are offered as 
part of the curriculum of the educational institution, the 
modules pertaining to these subjects Will not be included in 
the student’s list of eligible modules, even though he may in 
fact be eligible to take classes in these modules. 

[0142] Procedure 130: The program computes, for each 
module, a roster of the students Who are eligible to take a 
class in the module, based upon the results of Procedure 120. 

[0143] Procedure 140: The program sorts the rosters of 
students obtained in accordance With Procedure 130 by one 
or more sort orders and ranks them accordingly. The sort 
order may be based on siZe (the number of students on each 
roster), the need to have a minimum number of students in 
each class (both noW and in the rest of the school year), on 
the relative “Weight” or importance of the modules Within 
the overall curriculum of the educational institution, on the 
Weighted preferences of the teachers or students to teach or 
study the modules, or any combination of these, as deter 
mined by the educational institution. 

[0144] Procedure 150: The program checks for the avail 
ability of a teacher to teach any of the modules ranked in 
accordance With Procedure 140. If a teacher is available, the 
program proceeds to Procedure 160. If a teacher is not 
available, Which typically may occur after many iterations of 
these procedures as more fully explained beloW, the program 
proceeds to Procedure 230. 

[0145] Procedure 160: The program identi?es the highest 
ranked module for Which a teacher is available and selects 
this module for scheduling a class. 

[0146] Procedure 170: The program selects, from the 
roster of students of the module selected in accordance With 
Procedure 160, a predetermined number of students and 
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assigns them to a class in the subject matter of the module. 
The number of students selected for the class Will be based 
upon a range of factors as determined by the administration 
of the educational institution, such as classroom siZe, subject 
matter of the module, and the like. Which students are 
selected from the eligible students Will also be based upon 
a range of factors, such as the age of the students, the 
presence of students requiring special attention, the 
Weighted preferences of the students for the subject matter 
of the module, and the like. 

[0147] Procedure 180: The program assigns the available 
teacher to the class. If multiple teachers are available to 
teach the class, the program chooses the teacher based on a 
range of factors, such as teacher preference for teaching the 
modules, past performance of the available teachers With the 
students in the class, and the like. 

[0148] Procedure 190: The program marks the students 
assigned to the class as not eligible to subsequently take the 
module, and eliminates them from the rosters calculated 
according to Procedure 130. These modi?ed rosters are used 
in subsequent iterations of Procedure 140. 

[0149] Procedure 200: The program marks the teacher 
Who has been assigned to the class as not being available to 
teach. 

[0150] Procedure 210: The program checks Whether or not 
there are any students Who have not yet been assigned to a 
class. If there are no students Who have not been assigned to 
a class, the program proceeds to Procedure 220. If there are 
students Who have not been assigned to a class, the program 
proceeds to Procedure 140 and schedules another class if 
possible by repeating Procedures 140, 150, 160, 170, 180, 
190 and 200. 

[0151] Procedure 220: After all students have been 
assigned to classes, the program assigns any residual teach 
ers, if there are any, to one or more non-classroom activities. 

[0152] Procedure 230: If there are no teachers available 
for any of the ranked modules, Which typically Will occur 
after repeated iterations of the above procedures, the pro 
gram assigns any residual students/teachers to a non-class 
room activity such as a study hall, a library session or the 
like. 

[0153] Reference is noW made to FIG. 4, Which is a 
simpli?ed ?oW-chart of basic procedures that may be uti 
liZed to assign students and teachers to classes, in accor 
dance With another embodiment of the present invention. It 
Will be appreciated that the method shoWn in FIG. 4 and 
described in the teXt is just one of many Ways to implement 
the invention as disclosed herein. 

[0154] Procedure 310: The program accesses the educa 
tional resource data stored on data storage device 16, includ 
ing the curriculum information, the teacher information, and 
the student information. 

[0155] Procedure 320: The program computes, for each 
student, the set of modules he is eligible to take, based upon 
(a) the set of curricular modules he has already taken, and 
assessments he has received in these modules; (b) the 
dependency relationship of the modules; (c) the rules con 
cerning Which modules are prerequisites of other modules, 
and What level of competency is needed for advancement to 
a higher module; and (d) the student’s competency level in 
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the subject matter of the prerequisite modules. Additional 
factors may impact upon the number of modules included in 
a student’s set of eligible modules; for example, if a student 
has elected not to take certain subjects Which are offered as 
part of the curriculum of the educational institution, the 
modules pertaining to these subjects Will not be included in 
the student’s list of eligible modules, even though he may in 
fact be eligible to take classes in these modules. 

[0156] Procedure 330: The program creates a list of poten 
tial classes, based upon the results of Procedure 320, creat 
ing a class for each module for Which there is at least a 
predetermined minimum number of eligible students. In the 
event the number of students eligible for a class in a module 
is greater than the maximum permitted class siZe, the 
program may compute the number of parallel classes needed 
to accommodate all the students and add these to the list of 
potential classes. 

[0157] Procedure 340: The program makes an assignment 
of students to the classes on the list of classes based upon an 
assignment algorithm Which maximiZes an overall objective 
function With respect to the modules and the students of the 
educational institution. The selection of classes from among 
the list of classes and the selection of students from among 
those eligible for a class is based upon one or more Weighted 
parameters, as more fully described herein beloW, such as 
the relative importance of the module Within the framework 
of the curriculum of the educational institution, the students’ 
Weighted “preference” for speci?c modules from among a 
choice of modules, and the like. In this initial assignment, 
the program is operative to assign each student to a single 
class, Without any constraint being imposed With regard to 
the number of teachers available. At the conclusion of this 
procedure, the number of classes to Which students have 
been assigned typically Will be very much larger than the 
number of teachers available to teach at any one time. In the 
event multiple parallel classes for a single module Were 
created in Procedure 330, students typically Will be assigned 
so as to ?ll each class in turn; hoWever, under certain 
circumstances, several of the classes may only be partially 
?lled. 

[0158] Procedure 350: The classes to Which students have 
been assigned in accordance With Procedure 340 are ranked 
on the basis of their contribution (“utility”) to the overall 
objective function. Afraction of those With the loWest utility 
are eliminated, subject to override based upon speci?c needs 
of the students or the educational institution. For example, a 
class With less than the minimum number of students Would 
not be eliminated if it Were absolutely essential for the 
students Who Were assigned to the class to take the class at 
that time. Similarly, a predetermined number of classes from 
each subject category Would not be eliminated, so as to 
maintain a distribution of classes across the various subject 
categories. 

[0159] The program repeats Procedure 340, reassigning 
the students and redistributing them among the classes 
remaining after the elimination of the fraction of loW utility 
classes in accordance With Procedure 350. If the number of 
classes is equal to or less than the number of available 
teachers, the program continues With Procedure 360; other 
Wise, the program repeats Procedure 350, again eliminating 
a fraction of those With the loWest utility. The loop ends 
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When the number of classes to Which the students are 
assigned is equal to or less than the number of available 
teachers. 

[0160] Procedure 360: The program assigns the available 
teachers to the classes to Which students have been assigned 
at the conclusion of one or more iterations of Procedure 340, 
based upon an assignment algorithm for the teachers Which 
maximiZes an overall objective function With respect to the 
modules of the selected classes and the students assigned to 
the classes. The assignment of the teachers is based upon the 
teachers’ degree of readiness to teach a class in each of the 
modules (as explained above) and one or more additional 
Weighted parameters, more fully described herein beloW, 
such as the expected performance of the group of students 
Who have been assigned to each class With the assigned 
teacher, in vieW of the combined past performance of the 
students With the teacher. 

[0161] Procedure 370: The program reassigns and redis 
tributes the students among the classes to Which teachers 
have been assigned, utiliZing a re?ned utility function for 
each student based upon not only the criteria of Procedure 
340 but also upon the student’s expected performance With 
the teacher assigned to the class. This has the effect of 
redistributing the students among the classes to Which 
teachers have been assigned in a manner that maximiZes the 
students’ chances of success With the teachers. In the event 
that, at the end of Procedure 360, no teacher has been 
assigned to a class to Which students have been assigned 
during the last iteration of Procedure 340, the class is 
eliminated prior to the execution of Procedure 370, and 
Procedure 370 is executed only With reference to the classes 
to Which teachers have been assigned. 

[0162] Procedure 380: In the event that, at the conclusion 
of Procedure 370, one or more teachers have not been 
assigned to classes, or one or more students have not been 
assigned to a class, the program Will typically assign such 
students to an alternative activity, such as study hall, and 
may assign such teachers to a non-classroom activity, such 
as tutoring, study hall supervision and the like. 

[0163] It Will be appreciated that the procedures set forth 
above With reference to FIGS. 3 and 4 may be invoked not 
only to selectively assign students and teachers to classes, 
but also to produce a schedule of the classes being taught in 
the educational institution. In this embodiment of the inven 
tion, the softWare program is operative to repeatedly select 
and assign students and teachers to classes, and to do so as 
many times as needed, so as to cover any predetermined 
period of time, such as a full school day, several Weeks, or 
longer. 

[0164] The basic procedures for assigning students and 
teachers to classes over extended periods of time are similar 
to those outlined With reference to FIG. 3 and FIG. 4, but 
include adaptations and additions Which are necessary or 
desired to take into account the element of time that is an 
essential feature of such a scheduling program. Thus, after 
all the students have been assigned to classes, in accordance 
With the procedures of FIG. 3 or FIG. 4, these classes Would 
be scheduled for the ?rst period of the school day. The 
program Would then be operative to start the selection and 
assignment process again, after eliminating the module to 
Which each student has been assigned from the student’s list 
of eligible modules. (If, after a student has completed all 














































































































































































