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Introduction
We use web and text mining tools to examine institutional expectations
concerning course syllabi and degree programs to demonstrate how such
automated tools can be used to compare institutions. We focus our search on
mathematics, and compare the results to other disciplines. The information we
are seeking is readily available on university websites. However, it is difficult and
time-consuming to extract as much of it as is contained within text documents.
Also, each web site has its own method of locating the information through
different link and retrieval options.
While only a small few have discussed the content of a mathematics PhD
program and just a handful have discussed the content of a mathematics
syllabus, there are few in the discipline who incorporate any suggested changes.
We show that mathematics instruction remains very traditional, although some
departments are moving to a more research oriented approach. This is quite
contrary to the considerable changes that have occurred in K-12 mathematics
education supported by the National Council of Teachers of Mathematics’
standards of mathematics education.
In a paper published by the National Academies of Sciences
(http://stills.nap.edu/html/grad/), there was a considerable discussion of graduate
education, reflecting that the needs of industry should be considered. The PhD
degree should encourage breadth as well as depth, and applied dissertations
should be more readily accepted in PhD programs. A variety of sources,
including the Boyer Commission on Undergraduate Education
(http://naples.cc.sunysb.edu/pres/boyer.nsf/673918d46fbf653e852565ec0056ff3e
/d955b61ffddd590a852565ec005717ae/$FILE/boyer.pdf) recommend that
research should start at the undergraduate level and continue seamlessly
through the dissertation. However, degree requirements do not appear to follow
these recommendations.

Background
We want to look at differences in course syllabi in the sciences. We first
examined syllabi at the University of Louisville and then extended the results to
other science departments. Then we investigated across schools to examine
similarities and differences in course syllabi. In particular, we wanted to
determine whether there was a regular consideration of alternative learning
styles, the use of writing, or the use of technology.
Very typical in a mathematics syllabus is the chapters in the book covered,
homework, exams, and grading. Consider this information from a trigonometry
syllabus (Display 1).
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Display 1. Material Covered in Trigonometry

Consider a second display, this time for a course in Finite Mathematics.
Display 2. Material Covered in Finite Mathematics

Even though the two courses cover very different material, the approach is the
same; what parts of the book will be covered. We next consider course grading
(Displays 3-5).
Display 3. Course Grading Using Exams and Quizzes
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Display 4. Course Grading Using Quizzes Only

Display 5. Course Grading Using Homework and Participation

Note that Displays 3 and 5 give points and/or percentages for grades with a
weighting for each type of assessment; Display 4 does not give such specific
information. The final component of the syllabus is a list of homework problems
(Display 6).
Display 6. Homework List
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Occasionally, there is a list for student responsibilities (Display 7).
Display 7. Student Responsibilities in Class

Syllabi in mathematics tend to be very brief, usually one page with a second
page containing a list of homework problems.
Display 8 shows an excerpt from a biology course. It is briefer still, but also gives
a list of homework topics covered rather than homework problems (Display 9).
Display 8. Biology Syllabus
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Display 9. Topics Covered

In a more advanced course in biology, both oral and written communication are
introduced (Display 10). As such, the syllabus contains information on the
required writing (Display 11).
Display 10. Advanced Undergraduate or Graduate Course
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Display 11. Writing Instructions

Next, we turn to chemistry. These syllabi generally integrate lab reports and lab
requirements with exams (Display 12).
Display 12. Grading for Chemistry

However, information on the lab reports is very sketchy (Display 13).
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Display 13. Information in Syllabus on Lab Reports

When a lab is not part of the course, the course grading depends entirely upon
examination (Displays 14).
Display 14. Chemistry Course Without Lab

We turn to Physics (Display 15,16). The syllabi tend to be as brief as the other
sciences.
Display 15. Physics Course Requirements
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Display 16. Second Course in Physics

Displays 1-16 show the general trend in terms of syllabi in the sciences. They are
brief, usually listing the textbook material to be covered. Most of the grade is
based upon examination, although occasionally homework is graded. Rarely will
participation in class or communication be included in the course. This, then, is
the trend at the University of Louisville. We wanted to compare to other
universities.

Method
The first step in the process of investigation is to perform a keyword search on
the term, “mathematics syllabus and university”. Because of the preponderance
of advertisements that now appear at the beginning of a returned search, we
need to include enough search terms to minimize the appearance of ads. Then,
the SAS macro, %tmfilter, is used to collect the returned documents into a
directory,
%tmfilter(url=http://www.ask.com/web?q=mathematics+syllabus+and+univ
ersity&sm=adv&qsrc=196,
depth=1,
dir=c:\syllabi\dir,
destdir=c:\syllabi\destdir,
norestrict=1,
dataset=syllabi.documents);
Once the documents are placed in the directory (c:\syllabi), the document
locations are stored in a SAS dataset, syllabi.documents. These locations are
used to point to the directory so as to conserve memory storage. We did a
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second search to investigate mathematics PhD degree requirements using the
search URL,
http://www.ask.com/web?q=mathematics+phd+degree+requirements&search=se
arch&qsrc=0&o=0&l=dir.
Once the web sites have been gathered into a document folder, they are
analyzed using the process of text parsing and singular value decomposition.
The purpose of these two steps is to remove terms from the documents that do
not contribute to any meaningful analysis, terms such as “of”, “and”, “the”.
Parsing then involves creating a term by document matrix. As this matrix is
extremely large, singular value decomposition compresses the matrix to a
smaller size, say 100 dimensions. This compression can be done since the term
by document is very sparse (containing mostly zeros).
Text mining uses both grammar and syntax to find documents that are similar.
Different weights are given to different words (with the most commonly used
terms given the least weights), and the weighted terms are used to define the
documents into mutually exclusive clusters.

Results
Course Syllabi
For the course syllabi, almost 300 documents were returned. Documents from
the ads at the beginning of the returned search were filtered out of the analysis.
What documents remained were defined into a total of 6 groups. The term
“exam” appeared 1282 times in 161 documents, and the similar term “quizzes”
appeared 353 times in 102 documents. “Test” appeared 911 times in 146
documents. The term “grade” appeared 1154 times in 174 documents. In
contrast, “homework” appeared 698 times in 136 documents, indicating that
many of the syllabi did not discuss homework, although the term “assignment”
appeared 503 times in 135 documents. Figure 1 gives the clusters of documents
of the mathematics syllabi.
Figure 1 shows which groups of documents focus on which items. For example,
cluster 5 with 69 documents is very focused on exams and homework, as is
cluster 6 with 31 documents. In contrast, cluster 1 is more focused on course
content, discussing concepts such as polynomials and distributions. Documents
in cluster 3 spend time on accommodations for students with disabilities. It
suggests that some of the syllabi in clusters other than 3 might need to improve
their information on disability accommodations.
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Figure 1. Clusters of Documents

Figures 2-6 show concept links, which demonstrate how terms in the syllabi are
linked. Figure 2 is centered at the term, “final exam” as it is linked from the term,
“exam”. Of primary interest is that some of the syllabi indicate that hand-held
calculators are acceptable for examinations.
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Figure 2. Concept Links to “final exam”

Two terms of interest connected to “quizzes” is “mastery” and “instructional”.
Documents in these links emphasize regular quizzes as part of course grade.
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Figure 3. Concept Links to “several quizzes” from “exam”

Interestingly enough, the term “grade” is linked to “quizzes,” but not to “exam”.
Figure 4. Concept Links to “grade”
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There are not many connections to “classroom activity”. However, some do deal
with “group assignment” and “hand-held”, indicating in class work with a
calculator.
Figure 5. Concept Links for “classroom activity”

One of the primary connections to “group assignment” is “in-class exam”.
Figure 6. Concept Links to “group assignment”

While a handful of course syllabi discuss group work and “hands on” activities,
most follow the traditional lecture>practice>exam format. Mathematics instruction
remains very traditional.
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PhD Requirements
When we examined the terms related to PhD degree requirements, it was found
that all but two programs still relied on the model that required qualifying
examinations prior to initiating a program of research. A total of 100 documents
were examined, with 78 related to PhD degree requirements. The term,
“examination,” was listed 916 times in the documents. The term, “research”
appeared only 454 times. Concept links are used to examine the relationship
between examinations and research more closely. Figure 7 gives the clusters for
degree requirements. Cluster 1 with 42 documents concentrates on the
examinations and other requirements. None of the clusters feature the term,
“research,” the most prominently.
Figure 7. Clusters of Degree Requirements

Figure 8 shows the concept links for “examination”; Figure 9 gives the links for
“qualifying”. Note that the connections are fairly circular, featuring “oral
examination”, “qualifying”, and “qualifying exam”. These links clearly demonstrate
that exams are the cornerstone of the PhD program.
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Figure 8. Concept Links for Examination

One of the links is to “dissertation,” indicating that “dissertation” often follows
“qualify”. Two of the links, “pure and applied mathematics” and “mathematical
foundation” are to examination topics (Figure 9). Figure 10 shows the links to
“dissertation”.
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Figure 9. Concept Links to Qualify

Most of the connections to “dissertation” are for general topics of research, such
as “statistics” and “differential equations”. As a link to degree requirements,
“dissertation” is linked to “candidacy”. Most degree requirements do include an
advancement to candidacy prior to graduation. Figure 11 gets to the heart of the
PhD degree, research.
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Figure 10. Concept Links to Dissertation

The primary link from “researcher” is to “candidacy”. It indicates that there are
few connections from “research”, making it the pinnacle of the PhD program, but
not a strong part of the program until examinations are completed.
Figure 11. Concept Links for Research
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Conclusion
The web and text mining techniques greatly simplify the ability of researchers to
examine source documents so that programs and requirements can be
compared across institutions in a quantitative fashion. Text mining also allows us
to drill down into document details for close examination.
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