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Abstract
Many schools and universities are using learning management systems (LMS) as a means of
providing students with course material. Many of these LMSs are web-based and allow students
the opportunity to access course material from numerous locations and from numerous devices.
Students are able to review notes, see homework, submit homework, prepare for tests, review
course grades, contact other students, chat with their professor, etc. These LMSs are designed to
assist students with learning course material and assist the instructor in providing course
material. The features of these LMSs provide the course instructor with numerous tools that
allow them to assist students in mastering course material that have not been previously available
in education. The programming tools allow instructors to vary the course content in numerous
ways so that students are able to learn at different rates and in different ways. These features
also provide the instructor with data that had not been previously available. Such data can be
used to assess learning pedagogy and other details of learning. Depending on the LMS, data can
be extracted from the students’ actions and responses and used to assess the activities performed.
This paper will review the literature on the use of LMS in academics and review the literature on
data extraction and share some of the experiences that the author has had in using this tool for
academics and learning assessments.
Introduction
Learning management systems (LMS), also called course management systems (CMS), are
integrated computer systems that assist in the presentation of courses to students.1 These
systems have changed the way that courses are taught and presented to students1 and have
changed the experiences and way that instructors teach courses.2 LMSs provide numerous tools
to instructors that were not previously available. Many of the tools are unknown to instructors
because they are course content specialist and do not have training or experience in the software
or pedagogy that the LMS uses. The tools typically include communication, material delivery,
assessments, and user management.1 All of these tools can be used in educational research if the
information is extracted from the LMS.
Data extraction, also known as data mining, is an emerging discipline that studies how to explore
data from educational sources.3-5 This field of research has grown in conjunction with the
increase of new technologies that record different types of data. Romero3 reviewed educational
data mining and explained how large volumes of data are collected from web-based educational
tools that can be used to assess anything from student learning to pedagogy. Some researchers
have stated that data mining is “discovery driven”6 and not hypothesis driven. This statement

means that the data found from the extraction activity is what finds the “patterns and
tendencies”4 from the LMS.
Learning management systems are numerous and come in many forms.7-11 Some are commercial
closed-source systems like Blackboard and others are open-source systems like Lon-Capa. Each
system has different components that are available to the instructor as previously explained and
therefore data extraction from different systems is varied. This work will overview data
extraction from the Blackboard system, as that is the system used by the author of this paper.
The Blackboard LMS components include file sharing, grade tracking, on-line assignment
submission, announcements, on-line discussions, student help tools, and many other assistant
tools for students. In 2007, reference10 reported that over 70 percent of colleges and university
were using the Blackboard LMS. Therefore, a majority of academics have this LMS available
for data extraction for different types of learning and pedagogy assessments.
The author of this paper uses the Blackboard LMS for every class taught, which averages about 8
courses per year. These courses have included traditionally taught classes, flipped courses12, and
a distance course. The majority of the courses uses similar components of the LMS and does not
include a comprehensive use of the all of the components of the LMS. The major components
used are file sharing, grade tracking, and on-line assignment submissions. The author will focus
on showing examples of data extraction from these components used in the courses offered.
Data Extraction Examples
Data extracted from the Blackboard LMS system includes details of usage of the LMS system
and the LMS is capable of recording individual student usage. Details of when students
download specific files or reviewed files are recorded, on-line assignment times are recorded,
on-line assignment answers are recorded, etc. This section will show examples of data extracted
and what information that data provides to the assessor.
Student usage of specific files is a key piece of information that a LMS can store. Figure 1
shows an example of when students are viewing a specific file available to them in the LMS as
processed by the LMS system. The abscissa shows the dates of the extracted data and the
ordinate shows the number of times that the file was viewed by someone in the class. The results
show that on January 18, the students were using this file significantly more than any other date
during the time range. Now this data can be assessed with other information that was occurring
in the course to answer why Sunday, January 18 was an important day to view this file.
Additional information not shown about this specific file includes the time of the day that
students typically view the file and which days of the week students are viewing the file. This
data can be extracted for the entire class or for a specific student. This extraction allows you to
make generalizations about the entire class or view the progress of individual students that may
need additional assistance. This data can be used as evidence for the actions of students that may
have questionable academic honesty standards. This data may be extracted in numerous formats
that include spread-sheet applications for additional processing.

Figure 1. File usage data extracted from Blackboard LMS over a specific time range with
number of views per day recorded.
In reference12, the Blackboard LMS is used with flipped mechanics courses. These classes
provide students with notes to be reviewed before class. Class time is used to practice additional
example problems and answer homework questions. Homework is assigned online with
unlimited submissions and students gain access to the solutions once 80 percent of the problems
are answered correctly. One issue discussed in the reference is that one student may be able to
complete the assignment and provide the answers to the remaining members of the course. Data
extracted from the LMS system is able to show which students are benefitting from their
classmates by extracting the scores, times, and answers of the on-line submissions. Figure 2
shows some of the information that may be extracted from this data without viewing individual
answers. This data shows when a student attempted an assignment, their score, the start and end
times, and how many attempts are made. The submission answers for each attempt can be
viewed as well in order to see where students are having problems with specific concepts.

Figure 2. Information extracted from Blackboard that provided details of student work.

Discussion
Tsantis6 stated that data mining is not hypothesis driven. This statement is true if a researcher is
searching for unknown patterns or tendencies in the data. A hypothesis can be formulated and
tested using data mining from LMS of courses that have been taught. Once the data is collected,
different hypothesis can be formulated and tested on the data in order to see if there are any
relationships present. Many users of LMS have huge amounts of data that can be analyzed for
the various teaching styles, different pedagogy usage, or different student usage. One of the
largest hurdles may be extracting the data from the LMS without knowing what data points you
are initially interested in analyzing. The Blackboard LMS provides the user with the ability to
extract numerous types of data into spreadsheets. But, not all of the data is extracted into the
spreadsheets. The author has analyzed what students do during different homework exercises
that are submitted online. The LMS provides the information seen in Figure 2 and the LMS
allows you to download the responses of all of the students into an excel spreadsheet, but it does
not include all the time stamp information in the spreadsheet as seen in Figure 2. These time
stamps could be beneficial in analyzing the data depending on what hypothesis that you
formulate to test. Therefore, if your hypothesis depends on this data, the extra data needs to be
extracted for post-processing.
Using data mining without a hypothesis and details of other information within the data may
cause false findings. Figure 1 shows the usage of the homework solutions file from a class
taught like reference12 for the first week’s homework. Figure 3 shows the usage of the
homework solutions file from the same class for the second week’s homework. This figure
shows that the major usage of the file was on Sunday, January 25. For Figure 1, the major usage
of the file was on Sunday, January 18. Data mining without context or a hypothesis could
conclude that students access homework solutions for this class typically on Sundays.
Homework sets are due at 11:59 pm on Sundays and as previously explained, the solutions are
released to the students after they score 80 percent on the assignment. Therefore the students are
typically finishing their homework on Sunday and looking up the last couple of answers to
obtain 100 percent on the assignment. Without the context and the hypothesis, strict data mining
as explained by Tsantis6 may cause incorrect conclusions to data obtained from a LMS.

Figure 3. File usage data extracted from Blackboard LMS over a specific time range with
number of views per day recorded.

Data extraction has also been used to verify the work performed by students. Some students use
classmates to finish assignments where credit is granted and used toward the final grade.
Sometimes determining when this action has occurred is difficult without witnesses. A LMS
stores information that will provide details of when this type of action has occurred. The time
stamps of the submissions and the submitted answers are excellent sources of data for
determining this action. These time stamps allow the professor to view the time duration used by
each student to finish the assignment and the professor can view the number of times that a
student submitted an assignment. For some students, the time stamp would show numerous
hours of work and numerous attempts as they worked to solve the problems. Other students
would contain time stamps below 10 minutes with few attempts and obtain a perfect score.
Data extraction has also been used to verify student complaints about homework length. A new
faculty member using parts of the class similar to the flipped class of reference12 has several
students complaining about on-line submissions and the time to finish the problems. This
student stated that the work was taking between two and three hours each night to finish. The
data extracted showed that student was working on the homework for less than an hour.
Therefore this data can be used to understand student behaviors in their classwork or to provide
data for students that complain about specific class activities.
Currently, data extraction from the Blackboard LMS is being used to assess several different
hypotheses about learning. The hypotheses relate to feedback on on-line submitted assignment,
time dedication to homework assignments and how that relates to overall performance, how
frequently students use provided notes and to what extent, and the differences between freshman
and senior students in performance for the specific courses. The hypotheses for each research
question vary, but the data that is extracted is dependent on the hypothesis. Therefore the
hypothesis needs to be defined in order to make sure that the data is extracted from the LMS to
answer that question.
Conclusion
Data extraction from LMS can assist in assessing learning and pedagogy. The Blackboard
learning system is used to extract data for different types of assessments. Some researchers use
this type of data in order to define trends and let the data precede the hypothesis. The problem is
that some data may not be included in the mined data and therefore incorrect trends will be
found. Data extraction should follow a hypothesis that will lead to the needed data based on all
of the variables available. Once the hypothesis is defined, the data can be extracted that is
needed to verify the hypothesis. LMS record vast amounts of data and many users of these
systems have vast amounts of data that can be analyzed with some digging and questioning of
the teaching activities, the student performance, and the teaching styles used.
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