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Abstract. A course offering involves the use of a collection of learning objects
composed together based on a syllabus. Syllabi define the contents of the course,
as well as other information such as resources and assignments. Currently, there
is no standard format for representing syllabi that can facilitate automatic pro-
cessing of syllabi contents for various applications. In this paper, we report on
the current practices in creating and publishing syllabi and present the motivation
for a standardized syllabus schema. We report on our experiences obtaining and
identifying syllabi published online by various institutions, and extracting syl-
labus data from them using genetic algorithms and other machine learning tech-
nigues. Finally, we describe the tools needed for working with syllabus schema,
and applications that will be made possible with the availability of syllabi in stan-
dardized formats.

1 Introduction

A syllabus forms the backbone of a course offering: a complete syllabus typically in-
cludes the course number, title, a description, the learning objectives of the course, a
list of the topics covered, links to reference material such as books or publications, and
other related information. The various learning objects that are included in a course of-
fering are created based on the syllabus definition, and are tightly integrated with the
reference material (also referenced in the syllabus).

Thus, knowledge of a course syllabus can be used to assess the structure of a course,
the exact knowledge units covered, and the relative time devoted to each of them; i.e.,
the syllabus describes how individual learning objects are combined to form larger en-
tities and packaged as a course for students. Although the contents of a learning object
for a particular subtopic may be more or less similar at various institutions, the syllabi
for similar courses at distinct institutions exhibit differences.

We are researching syllabi to better understand their role in providing information
about courses. In this paper, we discuss the motivation behind investigating syllabi, vari-
ous ways in which syllabus information can be made accessible in a standardized format



for specialized queries, approaches to collect syllabi published at various institutions,
and tools that can help with managing and understanding syllabi. We also discuss the
possible applications of a syllabus repository and the potential use of such a collection
in personalizing digital library content to offer relevant additional reference material to
instructors and students as they use course management systems in their everyday lives.

1.1 How Syllabi are Published Today

Many institutions have online copies of syllabi for their courses. However, there is high
variation in the details of how syllabi are published. The differences can be summarized
as:

— Publication: Syllabi may be published by an instructor on his/her website, or via a
course management system. In certain instances, syllabi are not published online,
but only made available to students on printed paper.

Most universities maintain a standardized course catalog that contains syllabus defi-
nitions for all courses offered at that school. Some of them include course summary
information in the catalog, while the details are only available in university records
systems. This information, however, is not in a standardized format across all uni-
versities, and usually contains only the most basic course information without de-
tails of learning objects.

— Format: Popular formats for online publishing include HTML and PDF. Some
instructors also may post syllabi as word processor documents such as Word.

— Access:Some course management systems and network administration policies
may prevent syllabi from being viewed outside the internal computer network of
that particular institution. However, efforts are currently underway to make syllabi
and course content available online under an open license. The Massachusetts Insti-
tute of Technology has taken steps towards such a system (MIT OpenCourseWare)

[1].

1.2 Constituents of a Syllabus

Most syllabi contain common sections. Some of these may be absent in certain syllabi,
and some other unique sections may be present too, but a majority of syllabi include the
following:

— Course Title
— Course Description
— Information about:
e Instructors
e Teaching Assistants
— Course Prerequisites
— Topics Covered
— Knowledge Units Covered (within the given Topics)
— Learning Objectives
— Course Calendar



— Reading List

e Books

e Book Chapters

e Articles and Papers

e Other Scholarly Publications
— Classroom Material

e Presentation Slides

e |nstructor’s Notes

e Assignments

We are attempting to create a standardized schema for syllabi. Then we want to au-
tomatically parse available syllabus documents in order to express these syllabus docu-
ments as instances of the schema.

1.3 Reuse of Syllabi

Most course management systems (CMSs) include minimal built-in support for reuse of
syllabi. Open-source CMSs such as Moodle and even commercial ones such as Black-
board support exporting and importing entire courses from a previous offering. The
main limitation with this approach is that the export or import feature works only with
the (possibly proprietary) format associated with that particular CMS. There is no in-
dustry standard for exchange of this information.

There also is no standard to help tease out the syllabus information from the course
material. Connections between the syllabus and parts of the course are not explicitly
indicated in current systems. Syllabi cannot be split into subparts based on either a
description or a list of the learning objects. Thus, syllabi cannot be reused independent
of the course material.

2 Previous Work

Some have addressed the problem of lack of standardization of syllabi. Along with a
defined syllabus schema, SyIViA [2] supports a nice interface to help faculty construct
their syllabi in a common format.

Matsunageet al. [3] describe a syllabus acquisition approach similar to ours, but
it differs in the way the syllabi are identified. They crawled web pages from Japanese
universities and sifted through them using a thesaurus with common words occurring
often in a syllabus. A decision tree was used to classify syllabus pages and entry pages
as a syllabus (for example, a page containing links to all the lectures in a particular
course). Syllabus Finder [4] also helps users look for syllabi on a specific topic by
performing a Google search behind-the-scenes.

Our work also relates to genre detection and metadata extraction. Research in genre
detection aims to classify data according to genre, by selecting features that distinguish
one genre from another, for example, identifying home pages [5]. Much work has been
done on metadata extraction from papers. For examplegtlah[6] describe a Sup-
port Vector Machine (SVM) classification-based method for metadata extraction from
a paper’s header field. Takastial. [7] describe bibliography field extraction using a
Hidden Markov Model (HMM) [8].
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3 Obtaining Syllabus Information

We believe that it is not likely that a syllabus schema would be adopted and used widely
by academia in a short period of time. However, in order to take advantage of a schema,
we must have access to a sizeable number of syllabi in a short period of time. Given the
extensive availability of syllabi as published web documents, we decided to gather them
automatically, and parse them into fields aligned with our schema definition. Any errors
in such automatic parsing can be corrected via Syllabus Editors (discussed in Section
4.1) or with the assistance of the community (discussed in Section 4.3).

3.1 Obtaining a Document Set

We used the popular Web search engine, Google, to locate documents that are highly
likely to be syllabi. This was accomplished by a set of two specialized queries to
Google: the first, to locate departments of interest within an educational institution,
and second, to locate syllabi within that department. Since our current interest is in
accumulating syllabi in the field of Computer Science, we issued a query for

“computer science site:edu

The result of this query was a list of pages within the computer science departments
of many US university websites (i.e., those whose domain names endedth *). We
can easily extend our document collection strategies to include academic institutions
from around the world (noredu Web sites), and departments named, for example,
‘Computing Sciences’ or ‘School of Information Sciences’. We processed each URL
to obtain the relevant domain name, i.e., the homepage of each institution. The result-
ing set of departments included 98 CS departments from the US. We then issued the
second set of queries, one per institution, to locate syllabi within that department. As
an illustration, the following query resulted in a list of syllabi from the Department of
Computer Science at Virginia Tech.

“syllabus site:cs.vt.edu

The syllabus documents thus obtained were stored in a structured organization (for
later retrieval), and converted from their native format (either PDF, PS, or HTML) to
plain text to enable further text processing.

This snapshot crawl will be updated several times each year, since syllabi are likely
to be updated every semester. As part of the metadata for each document, we currently
record the date that it was accessed by our crawler and added to our collection.

3.2 Automatic Syllabus Identification

The simple inclusion of a page within Google’s search results is not a definitive indica-
tion of a particular webpage being a syllabus. From our study of the 7900 documents
obtained, and preliminary work on a syllabus schema, we have created four categories
of syllabi: full syllabus, partial syllabus, syllabus entry, and noise. A full syllabus is one



that contains most of the basic syllabus components and no links to other syllabus com-
ponents. A partial syllabus contains some important syllabus components along with

links to other components. A syllabus entry page (for example, a course web site home
page) contains a link to a syllabus, or to the various pieces that make up a complete
syllabus. The rest are noise where the keyword ‘syllabus’ might occur several times,

such as some articles about how to write a syllabus.

We will select content and form features to distinguish among these four categories.
The content features include frequency of key words and phrases in a file. A thesaurus
will be built containing important words and variations of them such as ‘instructor’ and
‘course leader’, ‘teaching assistant’ and ‘grader’, and ‘course description’ and ‘course
summary’. The form features include the type of document, the URL of the document,
the positions of some important words such as ‘syllabus’ in the document, the number of
links and their positions relative to important words in the document (if it is an HTML
document), and so on. We have already labeled 1000 documents as one of the 4 types.
These 1000 documents are a random subset of our bigger syllabi collection. The size of
1000 is large enough to design and train a good syllabi classifier for future automatic
syllabi identification purposes. With the extracted features and the 1000 documents as a
training set, we can train a syllabus classifier using a machine learning approach such as
the decision tree algorithm [9], support vector machines [10], érenBayes methods

9.

3.3 Metadata Extraction

Given a syllabus, our next step is to extract important components from it such as
the course title, course description, instructor, schedule and topics. A syllabus can be
viewed as a collection of metadata for a course. Therefore, machine learning approaches
like support vector machines [10] and hidden Markov models [8] (HMM) also can be
applied since they work well to extract metadata. They also have been used to extract
limited metadata from educational resources such as syllabi [11].

4 Tools for Working with Syllabus Schema

Currently, the tools for creating a syllabus document are mostly word processors or
limited web forms in course management systems. Since there is no defined semantic
structure, the layout and presentation capabilities of a word processor are enough to
create a syllabus document. However, with the establishment of a syllabus schema, such
general purpose tools may no longer be adequate to satisfy the needs of an instructor,
and specialized tools will be needed. In addition to simply aiding the creation of syllabi,
such tools will promote publishing syllabi to a wider audience. At least one university
already uses specialized tools internally [2] for creation of their own syllabi.

4.1 Syllabus Editors

We are in the process of creating a specialized Syllabus Editor to help create and edit
syllabi. The use of tools, we believe, will encourage quicker adoption of the schema. We



also realize the value of integrating a syllabus editor into course management systems
so that the use of specialized tools will be seamless from the instructors’ point of view.

Our Syllabus Editor will make it easy to announce the presence of newly-created
syllabi to interested parties (via RSS/Atom feeds) and enable the inclusion of the syl-
labus definition in a Syllabus Repository (depending on the licensing options chosen by
the instructor/institution).

4.2 Syllabus Repository

Although syllabi created at individual institutions will be hosted locally for the benefit
of students, there also is value in collecting syllabi at a central repository. Services
that such a repository would make possible include a search engine specifically for
syllabus information, visualizations that make use of the enormous number of syllabi
available, as well as other statistical analyses that heavily benefit from the presence of
large numbers of syllabi.

We are exploring the possibility of loading our syllabus collection into SIMILE
(Semanticl nteroperability oM etadata antinformation in uike Environments) [12]
which extends DSpace [13] so that users can navigate to and contribute to syllabi along
with other educational resources in a seamless way. SIMILE will leverage and extend
DSpace, enhancing its support for arbitrary schemata and metadata, primarily though
the application of RDF and semantic web techniques [12].

4.3 Community-Assisted Classification and Error Correction

Itis likely that syllabi classified and parsed automatically will have some errors. Most

of these can be spotted by users of the system, and leveraging the assistance of the
community would be helpful to maintain the quality of the repository. Success (to a high
degree) has been achieved in open community-based systems in creating knowledge-
bases [14] and in correcting structured information that was automatically parsed by
autonomous agents [15] (referred to as Distributed Error Correction).

4.4 Linking to the Computing Curricula Project, 2001

The Computing Curricula Project [16] (CC 2001) was undertaken to develop guidelines
for computing curricula at an undergraduate level. In its final report, the authors present
detailed coverage of the CS body of knowledge, core areas for undergraduate studies,
learning objectives and curriculum models. In particular, the report recommends the
number of hours to be devoted to particular knowledge units for courses with specified
learning objectives as a guideline to instructors preparing a course.

This data can be of use to instructors when creating a syllabus, either to design
their course based entirely on CC 2001 recommendations, or to pick the right mix of
knowledge units, given their unique goals for a particular course.

Our Syllabus Editor will have the option of selecting knowledge units from CC 2001
to ‘tag’ a particular syllabus. This would allow instructors creating courses to use the
content and knowledge included in the CC 2001 at course creation time. The Syllabus
Editor will also include a browser of the knowledge units and brief descriptions included
in the CC 2001 for each unit.



5 Applications

Availability of a standardized schema for syllabi opens up possibilities for many inno-
vative applications. Although we envision and describe a few of them in this paper, the
presence of semantically-tagged syllabus information will almost certainly lead to new
ways of using that information.

5.1 Personalizing NSDL Content for Students

The National Science, Technology, Engineering, and Mathematics Education Digital
Library (NSDL), funded by the National Science Foundation, has the potential to have
a significant impact on the future of education in this country and around the world.
We are exploring how to best tailor NSDL functionality toward particular communi-
ties of users, including learners and educators. We believe that, for the NSDL to have
its intended impact, it needs to be integrated into the current pedagogical practices of
educators and students.

With syllabus information available for courses, we will be able to recommend re-
sources to students automatically, based on their skill level, and the focus of the course.
Classification of the syllabus according to standardized syllabus classification schemes
(discussed earlier in this paper) will help identify the relative importance assigned by
the instructor to the knowledge units covered, thus enabling us to provide a proportion-
ate amount of NSDL resources for further exploration. Previous efforts in presenting
personalized content to users include the recommendation system within CiteSeer [17].

To personalize the content offered via Course Management Systems, we plan to
use techniques from genetic programming. ARRANGERitbmatic Rendering of
RANKing functions byGEnetic programming) [18] is a discovery engine developed
by one of the co-authors; it is a user modeling tool that approximates a user’s ranking
preference based on user feedback. In other words, given a set of documents along with
their relevance information from a user, ARRANGER can automatically tune a ranking
function based on syntactical and lexical evidence embedded in the documents and can
discover a personalized ranking function that can be used to reorder information based
on personal preferences. Combined with effective user profiling and/or user feedback,
ARRANGER can deliver even higher quality information to end users.

5.2 Assisting Instructors when Creating New Syllabi

When an instructor creates a new syllabus, there is a high likelihood of the end-product
being similar to other syllabi (or perhaps a combination of two or more syllabi.) Al-
though the similarity between two syllabi at the same institution is likely to be mini-
mal, the availability of syllabi from other institutions increases the chances of finding a
match. Recommendations can be made to the instructor based on resources from similar
syllabi to assist with one or more of the following tasks:

— Recommending the relative number of hours to be assigned to each knowledge unit,
as per standardized syllabi classification schemes



— Locating books, reading material, and other resources that similar syllabi have in-
cluded

— Enabling the instructor to import material from other syllabi (licensed appropri-
ately) instead of having to recreate the entire syllabus involving extra effort

5.3 Syllabi Overview for Students

With the availability in a standardized format of all the courses that a student plans to
take in a given semester, he/she can see an overview, or run specialized queries against
all syllabi at once. For example, ready answers can be obtained to questions such as
“show me the complete list of books that | will need to buy this semester.”

5.4 Assisting Curriculum Design, Assessment and Accreditation

With a complete definition of syllabi available, it will be easy to visualize the distribu-
tion of topics (or Knowledge Units from CC 2001) across a series of related courses.
The topics used in a course can easily be used to compare two different courses and get
a sense of if they are similar or not based solely on the matching of knowledge units
covered in them. This could be done automatically or manually.

Also, for accreditation purposes, the information contained in the syllabus regarding
learning objectives could be used to map it to program outcomes. This would assist
instructors in creating a mapping of courses to outcomes, thus helping the creation of
assessment processes and institutional research programs.

5.5 Comparing Programs Offered by Different Schools

There are bound to be subtle differences between syllabi at various schools. In case
of multi-disciplinary topics such as Human-Computer Interaction (HCI), a particular
school may lean towards a particular area while devoting lesser class time and resources
to other areas. We could use a collection of syllabi from a particular university and
get a sense of the emphasis given at that institution to the different sub-areas within
computing. This will be helpful to students to obtain better information about specific
programs in computer science before enrolling in one that fits his/her interests more
closely.

5.6 Discovery of Resources

Each syllabus record will contain details of recommended resources to assist with study.
Enthusiastic students will be able to turn to similar syllabi from other schools to dis-
cover additional resources easily.

5.7 Supporting Mobile Access to Educational Resources

Semantic descriptions of syllabi make it possible to personalize that information for
access from mobile devices such as PDAs and cellphones. Given the intrinsic limita-
tions of portable devices in terms of screen size, processing power, battery life, and



input/output capabilities, the information in a syllabus definition must be modified be-
fore presentation to a mobile client.

The availability of contextual cues during a user’s interaction with a mobile device
(for example, time or location) can be used to tailor the view of the syllabus, making it
different from the view of the same syllabus on a standard desktop-sized computer.

6 Conclusion

In our work, we want to leverage the role a syllabus plays in defining various aspects of
a course. The lack of standardization of a semantic description of syllabi has resulted in
instructors and institutions publishing their syllabi in a wide variety of formats. We are
working towards creating such a standardized schema, and are developing techniques to
obtain and analyze the vast numbers of syllabi already available online in unstructured
formats. The creation of such a repository will enable novel applications, some of which
we discussed in detail. We hope that the adoption of such a schema by the academic
community will help create new possibilities for instructors, students, and other entities
involved in the learning process.
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