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ABSTRACT
Our research into automatic recording of the complete classroom experience has led to the development of many software systems, one of which captures an image stream of all
content presented on a computer. We have just completed a
first deployment of this computer capture system in which
3 separate courses were recorded for an entire semester with
the content being presented to students within 24 hours of
the class meeting time. This system has been envisioned as a
component of a complete lecture capture system but a component with real value even when used as a stand alone. In
this paper we discuss student feedback to this computer capture system, revision of system functionality, and thoughts
on the usefulness of capturing computer content in computer
science courses in general.
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5 years the goal was updated to automatic recording and
creation of indexed presentations from lectures. Specifically,
the goal is to have an automated lecture recording system
that does not require the lecturer to change presentation
style in any way other than wearing a microphone. Currently, our capture system, Presentations Automatically Organized from Lectures (PAOL) [5] (a joint project between
UMass and Hampshire College), is undergoing alpha testing
and hardware problems are being resolved that have hampered full system integration.
The most stable component of PAOL is the computer capture system [4] that captures images of any significant content sent to a digital projector. These images of significant
content are part of what is used by PAOL to create the index of the lecture presentation. While we are working on
other aspects of PAOL, we decided to test the computer
capture component as a stand-alone system. We used the
computer capture system to capture all lectures from 3 separate courses for an entire semester and made the recorded
content available to students within 24 hours of the lecture.
The goal of capturing these images is not to create tutorials but instead to create a visual record of all material
presented on screen. Student response was positive. The
students found that the computer recording, even though it
included only a minimal interface, added considerable value
to the course.
In this paper we discuss student feedback to the computer
capture system, improvements to computer recording, and
recommendations for computer capture in the future.

2. RELATED WORK
1.

INTRODUCTION

The University of Massachusetts Amherst (UMass) has
been involved in recording lectures and turning them into
indexed presentations for over 15 years [9]. Within the past
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The importance of determining when significant information is presented on a computer and using this information
to index a lecture presentation is open to some debate. Most
lecture capture systems [1, 7, 8] record a video of the lecturer and have some ability to record what occurs on screen
but can only create an index from slides. Panopto has added
some ability to index from non-slide content but cannot do so
in an intelligent manner and only samples frames at a given
interval for index points. eClass can capture slides, tablet,
and programs in general but can only grab index points from
slides and URLs in browser windows. We believe that it is
impossible to comprehensively record computer science lectures and create a useful, searchable presentation without
being able to find significant index points regardless of con-

tent presented. For automatic indexing to be effective and
transparent, it must be able to capture images of significant
content regardless of the program used so that the lecturer
can go off script to answer a student question and be able
to use any software.
Several systems enable this style of information capture.
Camtasia [11] enables a user to record all events that occur
on the lecturer’s computer screen. Camtasia can only create
an index from slides and requires the program to be installed
on the lecturer’s computer. Camtasia has a tendency to preempt resources and slow the lecturer’s computer. It also
requires that the lecturer to remember to start and stop
the recording process, something difficult to remember to
do when focusing on teaching. The DEBBIE system [3] has
playback capacity similar to Camtasia but enables each student’s work to be saved. Unfortunately, DEBBIE restricts
users to a specific program and requires classrooms to be
equipped for tablets. Apple’s similar system, Podcast Producer 2 [2], does not provide the level of slide indexing of
Camtasia. Both of these systems are fundamentally different from our system regarding what is important to capture. Our view is that full-resolution images of what occurs
on screen, without the introduction of compression artifacts,
do a better job of capturing presented content than does a
continuous video of what occurs on screen, because the images can be more easily navigated and searched for specific
information from the lecture.
The TeleTeachingTool (TTT) [12] also captures information by running software on the lecturer’s computer. The
TTT capture algorithm is similar to ours in that it also
does frame-by-frame inspection to determine when information has changed. The results are almost identical to our
system in terms of accuracy but since they rely on installed
software, the system is not transparent.
The system most similar to ours in terms of functionality is Mediasite [10]. Like our system, Mediasite uses an
external capture device that converts a VGA signal to digital images that are processed in order to determine when
significant content is presented. Our system and Mediasite
differ in two areas. First, Mediasite captures an image and
creates an index point every time the material on screen
changes whereas our system only stores those changes that
are significant; by significant we mean that a change occurs
on screen then is stable for a length of time. Mediasite’s
choice is fine when only slides are used to present content
but not effective with program demonstration and coding
examples because far too many index points occur. Second,
Mediasite can recognize video on the computer and recording it while we are currently developing that capacity.

3.

at least 2 seconds, Mediasite saves all content that changes.
Our rationale is that a lecturer would not change what was
on screen unless a new point was being illustrated and that
a person reviewing the content only wants to see how the
change finishes and not see it, for example, mid annotation.
The system functions as a state machine with 2 states
(Figure 1). The machine starts in state unstable and moves
to state stable if 3 consecutive captured images are stable
but stays in state unstable if there is a change in the captured images. Once in state stable it is guaranteed to save
an image as this is the important content being presented.
The state machine stays in state stable until a change occurs, at which point it saves the last stable image and returns to state unstable. This process enables the system
to capture annotations and the building of diagrams while
skipping individual images in which a cursor only moves a
small amount. The capture is sensitive enough to capture
fine detail as seen in Figure 2, which shows the menus students must select in order to add new files to projects for
iPhone development.

Figure 1: State machine for computer capture system.

BRIEF SYSTEM OVERVIEW

Our system uses an external capture device to grab images
of all content sent to a projector and processes those images
captured in order to determine when significant content is
presented. The device grabs the images sent to the projector
directly from the projector by converting the VGA output
into images. All images are captured at full resolution and
without compression so no artifacts are added that might
degrade the quality of the archive. Because our process is
image based, we can look for changes in presented material
regardless of the program being used by the lecturer. We
define significance as content that differs from previous content presented but that also stays on screen unchanging for

Figure 2: Captured images showing menu selection.

In previous testing our system recorded 99.8% of all significant slide transitions from a semester’s worth of lectures,
successfully ignoring transitions that occurred when the lecturer was flipping back to a previous slide. While no definitive analysis of non-slide-related content was performed, the
system appeared to capture all information. Fall 2009 was
the first semester that a comprehensive study was performed
that used student feedback to determine whether all content
was captured. The algorithms and results of our initial lab

testing of the computer capture system were described in
detail previously [4].

4.

TESTING AND RESULTS

In Fall 2009 we deployed the computer capture system at
Hampshire College and used it to record 3 separate classes: 2
sections of a code-based web design course and a video game
design course. Of the 23 possible lectures for the web design
classes, 18 and 16 were recorded, with most of the lectures
not recorded being intentionally skipped because they were
in-class discussions. Of the 24 possible video game design
classes, 10 were recorded. All but two of the lectures not
recorded were intentionally skipped because the classes were
in-class work sessions or discussions. The captured images
were presented using a using a Picasa-generated [6] webpage
for each lecture (Figure 3) and that page was posted within
24 hours of the completion of the lecture. The left side of the
webpage contains a thumbnail-based index of all captured
images. The user selects the image to view by clicking on the
image on the left and having it displayed in full resolution
on the right. For the 3 classes the average number of images
captured per lecture was 208 for each 80-minute lecture.

did respond, 52% said that they had reviewed the captured
images after missing class. When students were asked how
often they looked at the captured images, 8.7% said never,
17.4% said once or twice, 47.8% said occasionally, and 26.1%
said regularly. The responses to more detailed questions
about specific aspects of the captured data can be found in
Table 1. This computer capture system was never intended
to replace class material and the results bear this out since
student disagreed with statements that the images replaced
class, the textbook, or notes. These data show agreement
for students who attended all lectures and those who missed
some. We had believed that having access to the images
might improve the course, but the student response score of
4.36 was unexpected and reflects that 87% of respondents
thought this improved their course (Table 1). The response
was even higher among the 12 students who missed some
class as 100% agreed that the captured images made it easier to catch up, giving a response score of 4.42.
Survey statements for all students
For all students
Images improved class experience.
Images were replacement for class.
Images were replacement for book.
Images made notes unnecessary.
Images affected how I took notes.
I would like this used in my next class.
Too many images captured per lecture.
More image organization would be useful
For students who missed class
Images were replacement for class.
Images useful for catching up on content.

Average
4.36
1.64
2.18
2.50
3.27
4.05
3.68
4.41
1.92
4.42

Table 1: Responses to survey.
Responses: 1
Strongly disagree, 2 disagree, 3 neither agree or disagree, 4 agree, 5 strongly agree. Statements are
paraphrased for space. Average is average response.

Figure 3: Captured image display webpage.
The number of images captured was far higher than expected but was determined to be appropriate. As one student said, “There were a lot of images to handle, but I fear
that any fewer would mean missing a step I might have
needed.” The large number of images reflects that the lecturer often jumps between code and running of code when
lecturing and each piece of material brought to the forefront appears important to save. This number of saved index points is more than can reasonably be used to index a
video presentation though; this is addressed in Future Work.
Of the 37 students from the web design classes, 23 participated in a voluntary survey about the computer capture
system. None of the 17 students in the game design course
decided to take the survey though some did use the captured material. Because Hampshire College does not have
grades, we could not use the incentive of a homework grade
to encourage filling out a survey. Of these students who

The score of 4.05 reflected that 82% of students expressed
interest in having access to this material in the next course
they took (Table 1). This is despite the fact that students
largely felt that too many images were captured and overwhelmingly felt (4.41; Table 1) that more organization of
the captured images was necessary.
The written responses to the survey gave a more detailed
explanation of students reaction to the captured images.
Many students commented that the images affected how
they took notes. Many said that knowing that they could
review the images made them less worried about copying
down syntax correctly and more able to focus on conceptual
issues. A lot of students commented that this also made
it easier for them to type examples in on their own computers during class without fear of missing something. The
chief complaint was not that there were too many images
but instead that the captured images were too difficult to
navigate. The implication was that what they could access
was not bad but would have been used much more if getting
to just the images they wanted to review had been easier.
These responses were universally phrased in terms of “could
this be improved” instead of “this isn’t any good”. A typical
constructive response was, “Finding the three or four slides
that I was interested in often took a while... [sic] with over

a hundred slides per class. Perhaps if they were labeled in
some way it might be easier to search.” One response seemed
to sum student feedback to the use of the system, “I would
find it very helpful If I could access images of material we
covered in my other classes. I definitely think it would help
me make my notes more comprehensive and I would learn
more from the class.”

5.

DISCUSSION

It is becoming common practice in teaching to hand out
copies of slides to students before class starts to enable easier
note taking. Students appreciate this and often state that
this makes it easier for them to take notes. There are arguments against this though that say that there is great benefit
to having to write their own notes. The idea is that it helps
reinforce the points made in class by making students process the information enough to write the ideas down. The
data we have collected and our results must be viewed within
the context of these viewpoints.
Our computer capture system does one better than simply
handing out copies of slides from the lecture. The method
based on image processing that is used by our system enables
capture of content from any program used. This means that
a lecturer can give copies of the content presented in class
to students, as we did, without having to rely on slides and
without having to prepare material in advance. Our system
makes it possible to capture and present important content
even if the lecturer goes off script to answer questions or does
dynamic examples. Furthermore, it captures a level of detail
with its ability to capture progression of presentation, which
is beyond the notes that any student could take. With our
system it is easy to capture the progression of menu options
being chosen without resorting to capturing a video of the
entire lecture.
The argument can be made that the system captures too
many images and that some manual indexing of material
would be advisable. The problem with this argument is
that the system’s strength is that it functions completely
automatically and transparently. The system is intended
to give students an additional reference to class material
without adding work for the lecturer. We address a possible
solution to this problem in the next section.
As to the whether making automatically generated notes
available in general is good for student learning, we make
no claims. We have no data to support or refute the idea
that generating notes for high-level computer science courses
that focus more on concepts or for fact-based courses in
other fields affects student retention of information. We do
believe that our data present the case that capturing what
occurs on screen in lower-level programming-based computer
science courses has a positive effect on student experience.
Students stated that having access to content added value to
the class and we have no reason to doubt their assessment.
Hampshire College has no grades and our class sizes are
small enough that it is not possible for us to to run studies
that have control sections of the classes that do not have
access to the captured content. We can state that the final
projects generated in the web development course that used
the system were of better quality overall then those turned
in for the previous year’s sections of the course.
We believe that capturing computer content for low-level
computer science courses is so useful primarily because of
code syntax and the code writing process. When students

initially learn a programming language, they do not understand the intricacies of programming and often miss small
bits of syntax such as semicolons and commas versus periods. The captured images provide an archive that students
use to check syntax demonstrated in class. Also, when first
programming, students may try to learn the steps of saving,
compiling, and running code and may record this in their
notes. The difference is great between written notes and being able to review images of the progression of the lecturer
saving, compiling, and running code that include where the
steps are typed and performed. An advantage of images over
a constant video stream is that it is easier to flip through
images to find the portion of a lecture that corresponds to
notes then to scan through a video.

6. CURRENT AND FUTURE WORK
We are expanding the computer capture system so that
it can capture videos and rapid animations when they are
presented in class. We have reimplemented the capture system with a new state machine (Figure 4) that adds a state
for detection and recording of videos, etc. When the system detects sections of continuous change, it will shift into
a state where it records the screen capture image stream as
a continuous video. When the video or animation ends, it
will return to functionality like that described above and by
the previous state machine (Figure 1).

Figure 4: New state machine.
We are also improving the organization of the captured
images to make it easier for students to find information.

This is a more difficult challenge. We plan to address this
by a complete reorganization of our presentation and shifting from a static webpage-based view method to a dynamic
method. This computer capture system is intended as a
portion of PAOL [5], our larger capture system, and captured images are intended to also be used as thumbnails
in a thumbnail-based index. We are beginning the process
of building a web interface that pulls data from a database
that includes all captured images and the data on how much
one captured image varies from the next. We are developing
an interface that groups similar consecutive images together
under the initial image and to show only that initial image in the index that appears on the left side of the screen
(Figure 5). This should make it easier to navigate between
images as a user can more easily find a part of the lecture
to review in this less-dense index before selecting the image
and expanding the more finely grained images that follow it.
Because we have complete data on how much images differ,
this process can be automated and easily changed so that
the user can set the level of detail they want for the displayed images. We hope to deploy this functionality within
the next semester.

1a
2a
2b

2c

2c
3a

Figure 5: Layout of envisioned presentation window.

7.

CONCLUSIONS

Using our computer capture system to capture the content that appears on screen is of great benefit to students in
programming-based computer science classes. With no extra effort on the part of the lecturer, all content of any type
presented on computer is captured and made accessible to
students after the lecture. Students gave positive feedback
for the system and expressed hope that it would be used for
their future classes. Our system does a good job of capturing all content but needs improvement in its presentation of
archive because it is currently difficult for students to find
the exact piece of information they hope to review. The ease
of use and benefit of the system make it an easy way to add
value to a class and improve students’ experience.
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