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Abstract 
This paper describes the initial stage implementation of a simplified in-classroom live lecture capture 
(LLC) method in selected modules at the Schools of Engineering at the University of Malaga (UMA), 
Spain. The simplification is achieved by incorporating into the everyday classroom activity certain 
characteristics that are commonly used for offline lecture screencasts (OLS), thus the name live 
lecture screencast (LLS). In a minimal LLS configuration, only the audio and the on-screen video of 
the lecture are recorded, avoiding the technical challenges and difficulties involved in the live 
recording of off-screen video contents in the classroom. Therefore, the novelty of this method resides 
in the use of live on-screen annotations in order to completely replace live annotations on physical 
boards. The similitudes in style between LLS and OLS make the former an ideal starting point to 
generate content in the format of the latter. 
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1 INTRODUCTION 

1.1 Lecture capture 
Lecture capture or video teaching [1], [2] is defined here as the video recording of either an entire 
lecture or just part of it. The recording may include the lecturer voice and motion image, along with 
other elements such as a device screen or a physical (black-/white-/interactive-) board. The device 
screen typically contains a slideshow or a demonstration that is being presented by the lecturer. Both 
the screen and the physical board may be used by the lecturer to make written or graphical 
annotations.  

The Theory of Multimedia Learning [3] states that if a piece of information is adequately presented by 
simultaneous audio and video content, it may prompt a better retention by reducing the learner 
cognitive load. As a consequence this may increase the learner working memory and improve the 
learning process overall. Complementary, the Media Richness Theory [4] emphasizes that 
communication improves when the richness of the media matches the information complexity level. 
Hence, when individuals are presented with ambiguous tasks, where information can be interpreted in 
multiple and possibly conflicting ways, the richer the media in which a learner is presented with 
information, the better the learner’s performance would be [5]. Both theories form the theoretical 
framework used to discuss the use of lecture capture as a didactical tool, see [1], [2], [6], and 
references therein for further discussions. 

Traditionally, teachers have trained to teach within the context of face to face interaction with students 
in a classroom setting. Video teaching is progressively acquiring an important role, especially at the 
Higher Education level, and will probably be considered a central requisite in the near future. In 
contrast to traditional teaching, video teaching implies a whole new set of didactic approaches and 
teaching skills. As a complement to traditional teaching, it can potentially exert a positive effect on the 
learning process. One of its main advantages is the offline availability of the teaching contents, thus 
allowing for more direct teacher-student interaction in face to face classes. 
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1.2 Modalities of lecture capture systems  
Three main modalities of lecture capture systems can be identified: live lecture capture (LLC), offline 
lecture screencast (OLS) and offline lecture video-production (OLV), the latter also known as web 
lecture [1], [2]. Their characteristics are summarized in Table 1. 

LLC broadly describes the recording of traditional classroom lectures, in the presence of the students. 
The recordings are made available online in order to provide the students with the opportunity to 
review the lecture content, particularly when difficult topics have been introduced or detailed 
procedures have been performed [7]. The recordings may also be used as base material to further 
elaborate contents for online or flipped-classroom courses. for online course development. Some 
studies have shown that students welcome the availability of this type of videos, and use them mainly 
to review the content of the classroom lecture. While the existence of these resources has a slight 
negative impact on lecture attendance, its effect on students grades is still under debate [8], [9] [10], 
[11].  

Taking into account how the recording process is managed, lecture capture systems can be classified 
into two categories: hardware-based systems, that rely on separate lecture capture appliance, and 
software based systems, that use a computer with screen recording software and some additional (but 
peripheral) hardware. LLC systems tend to be hardware based, due to the technical challenges 
involved in the recording of a live class scenario.  

OLS videos are usually recorded and post-produced in the lecturer office. Short mini-lesson or 
knowledge clips, of about 5 to 10 minutes, are typically produced. These clips usually discuss or in-
depth explore certain key topics on a given subject. The topics are those considered important to be 
highlighted by the lecturer, or those which students regularly seem (or are expected) to have difficulty 
dealing with. The recorder video allow the lecturer to deliver basic information in advance of the actual 
lecture, and devote the face-to-face time for a more direct interaction with the students. Due to the 
self-made nature of this type of videos, OLS recordings are usually made with software based 
systems [1], [2]. 

OLV is similar to OLS in the sense that their final products are usually short mini-lessons or knowledge 
clips, of about 5 to 10 minutes, centered on key topics on a given subject. However, in OLV they are 
produced in specialized recording studios with the assistance of technicians. The objective is the 
production of high-quality video lessons. Therefore, the lecturer must carefully prepare them in 
advance by using storyboarding techniques to script and outline their content. Multiple takes are 
usually recorded until the desired quality is achieved [1], [2].  

Table 1. Summary of characteristics of the three modalities of lecture capture systems. 

 LLC OLS OLV 

Recording place Classroom teacher’s office dedicated studio 

Live audience Students none technician 

Typical length > 30 min 5 - 10 min 5 - 20 min 

Pre-scripting level Outlined outlined / scripted heavily scripted 

Lecturer video non-essential advisable highly advisable 

Main target audience classroom students classroom / online 
students 

online students 

Student interaction real time / delayed delayed delayed 

Objectives lesson review by the students concepts 
presentation/review 

lesson/concepts 
presentation 

These three modalities also share some common characteristics: they may be made available online 
as streamed video, usually via the institution virtual learning environment (VLE); they may be watched 
and reviewed without limitations by the students; last, but not less important, they may help the 
lecturer to review and improve her/his teaching performance. 
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2 A SIMPLIFIED LIVE LECTURE CAPTURE SYSTEM 
In an attempt to simplify the live video capture and production process, we have experimented with a 
streamlined and flexible live lecture recording procedure that mixes characteristics typically associated 
with LLC systems, on the one hand, and with OLS, on the other Thus, we have name it live lecture 
screencast (LLS) system. This initiative is a work in progress currently being carried out in the 
framework of an Educational Research Project at the University of Malaga, Spain. It aims to make a 
contribution in bridging the gap between the current and near-future video-teaching skills of a 
prototypical average lecturer at the Higher Education level. 

2.1 Default classroom setup 
Fig. 1 displays a typical teaching station available in a classroom at the School of Engineering, 
University of Malaga, Spain. It consists of a blackboard, a podium computer equipped with default 
peripherals, a projector and a classroom sound system (Fig. 1.a). By default, the desktop computer 
screen is mirrored into the projection screen. Thus, we would refer to both of them as “the screen”. 
The classroom sound system is independent of the computer sound card, and they cannot be 
connected for recording purposes. A built-in panel located at the right side of the desktop (Fig. 1.b) 
controls both the projector and the classroom sound system, and gives access to two USB ports 
available as computer inputs (Fig. 1.c). 

 
Figure 1.(a) General view of the default classroom setting, with a projection screen, a  blackboard a podium 
desktop computer. (b) General view of the podium desktop in its default configuration. (c) Detailed view of 

the built-in panel, showing the control panel and two USB ports. 

2.2 Technical specifications of a simplified lecture capture system 
In order to obtain a simplified LCC system, we asked its components to meet the following 
requirements: 1) low cost, flexibility and portability; 2) ease of use; 3) screen centered teaching 
activity. 

2.2.1 Low cost, flexibility and portability  
Our first decision was to work with a software-based capture system. Hardware based integrated 
lecture capture systems, both open source and commercial, are available in the market. However, the 
cost and institutional effort required to install one of such systems is higher than for software based 
systems. Low cost in both software and hardware is considered a bonus, and the decision was made 
to search for open source/free software that could also meet the other requirements. Finally, hardware 
based system also tend to be intensive in technical support, which directly brings us to the next 
requirement, ease of use. 
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2.2.2 Ease of use  
Ease of use of all involved components is crucial for the success of a simplified LLC system. For 
example, in the few minutes time between class sessions, the lecturer should be able to first deploy 
and setup, and later gather up the components of the LLC system. These tasks should ideally be 
performed without additional support from a technician.  

In terms of what aspects of the live lectures need to be included, we recognized that the recording of 
the voice of the lecturer (audio) and the computer screen (video) was essential. Both tasks can be 
easily accomplished with acceptable quality using even a simple microphone and a screen capture 
software.  

The ease of use consideration puts additional pressure on another aspect of the system: the video 
recording of any kind of teaching activity of the lecturer on a physical board (blackboard, whiteboard, 
etc.) is technically complex and challenging. The decision was made that video recording of physical 
boards had to be avoided. The logical conclusion is that the classroom teaching activity needed to be 
completely centered on the computer/device screen. Consequently, screen centered teaching activity 
was introduced as an additional requirement for the recording system.  

Finally, we evaluated the necessity of live recording the video image of the lecturer, e.g. with a 
webcam. While much less challenging than the recording of physical boards, we nevertheless 
considered that it might unnecessarily complicate the system setup. Since the nature of our teaching 
activities is mainly instructional, we decided that it should not be considered an essential item to be 
recorded. Thus, the decision was made to let the recording of the lecturer video image as a personal 
option.  

The considerations made in this epigraph can be summarized by representing the degree of the 
technological complexity in the recording process of the items [1], [2], versus their relevance for the 
lecture. In Fig. 2 we have made a qualitative representation of these parameters for a LLC scenario in 
the context of an instructional style lecture. 

 
Figure 2. Technological complexity versus relevance of recorded items in a LLC scenario. 

Fig. 2 clearly shows that the best combination of low complexity and high relevance is achieved by 
recording the lecturer audio and the device screen. It also shows that recording the lecturer video is 
not essential but may introduce unnecessary complexity. Finally, the recording of the physical board is 
not only of high relevance but of high complexity. Thus, it makes sense substituting the board 
annotations with the screen annotations. 

2.2.3 Screen-centered teaching activity  
At first, it might seem that the decision to move the teaching activity into the computer screen 
counteracts the simplification achieved by discarding the recording of physical boards. Without 
question, it introduces new technical challenges into the system. Firstly, it brings in the need to use 
adequate hardware and software to perform screen annotations. We have solved this requirement by 
introducing a graphic table as input device, along with a virtual whiteboard software. Secondly, the 
teacher needs to acquire enough agility in the use of this input device as to be able to use it fluently 
during the class.  

To be clear, the teacher has to transfer all the annotation activity that was previously made in physical 
boards into the screen environment. While initially it may seem difficult to write clearly with a graphic 
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tablet, with some practice it is possible to write as clearly as in paper or in a blackboard. If there were 
an interactive whiteboard in the classroom, it could also be used as input device. However, it would 
probably be a less flexible input device than the combination of mouse/keyboard/graphic tablet 
available at a computer.  

Once the needed proficiency in making screen annotation is acquired, the lecturer may write, type and 
draw objects with a similar level of interactivity and dynamism than with a physical board. As a bonus, 
the lecturer can also annotate pre-prepared diagrams, figures, animations, or even complete slide 
presentations. Therefore, the use of screen annotations allows the teacher to perform a more 
interactive, dynamic, and real-time form of on-screen lecturing than with semi-static slide-based 
presentations. Finally, another benefit is that the projected screen is not hindered from view by the 
lecturers hand or body, as in a physical board.  

Based on these considerations, we firmly believe that acquiring proficiency in making on screen 
annotations should be considered an important skill for live video teaching. By blending traditional 
teaching and live video teaching, on screen annotation has the potential to bridge the gap between 
them. Similar considerations have been put forward by [12], based on a teaching experience using 
tablet PCs.   

2.3 Live lecture screencast prototype description  

2.3.1 Hardware configuration 
Fig. 3, shows the configuration of the LLS system. The following devices have been connected to the 
podium computer: a graphic input tablet, an USB sound card hosting a small microphone, and a pen 
drive containing the slide presentation and the software required by the LLS system. Fig. 3.a shows a 
typical screen layout after a real class. Fig. 3.b, shows the podium desktop with the complete set of 
devices, as on use. The whole set can be carried inside the small case that is visible on the desk, 
below the microphone. In the close up of Fig. 3.c, it can be observed that the first USB port is 
exclusively dedicated to the graphic tablet, while the second one hosts USB hub in which both the pen 
drive and the sound card are connected. 

 
Figure 3. (a) Projection screen layout showing some on-screen annotations made during a class on a pre-

prepared slide presentation with the Openboard application. Two blue, dashed rectangles have been added 
to highlight the location of the live on-screen annotations within the slide.  (b) General view of the podium 

desktop, displaying the complete set of LLS devices, as on use (c) Detailed view of the built-in panel, 
showing the USB connections of the LLS devices. 

2.3.2 Software configuration 
Several open source and commercial software-based LLC system exist in the market. In order to 
achieve the greatest possible flexibility, our effort has focused on the identification of open source/free 
applications executable from portable drives, as easy to use as possible but, if possible, keeping  
power user characteristics.  
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For screen recording, OBS Studio [13] is a well-known and very powerful application that has a 
portable version. However, we found it somewhat complicated to configure and use. A possible 
alternative is Captura [14], a quite simple, easily configurable, but powerful screencast program 
distributed under the MIT license. The virtual whiteboard software Openboard, to be discussed later, 
can optionally record the screen. Not been a dedicated program, however, it has no configurable 
recording options and the obtained video resolution is not optimal. 

Various computer applications can be used to achieve the aforementioned on-screen teaching: the 
lecturer may decide to directly write, type comments, or draw figures on slides presentation like 
Libreoffice [15] or Openoffice [16] Impress. A very interesting option is to use an interactive whiteboard 
application, like the open source (GPL licence) Openboard [17]. Openboard allows importing 
documents in pdf format. Once imported, a pdf slide presentation can be annotated as in figure 3a, 
and later exported back to pdf format for distribution to the students. Openboard has another very 
interesting feature: the teacher can use its annotation tools onto any other desktop application, while 
still being able to interact with those applications. Finally, applications which can be used as equation 
editors, as the open source (GNU licence) application LyX [18] can be used to type and solve 
mathematical problems on-screen.  

We want to stress that most applications mentioned in this epigraph have portable versions for 
Windows, and all of them can be run from a portable device. 

2.3.3 Student evaluation 
The LLS system prototype is been currently (may 2019) in use in the level 1, semester 2 module 
“Electronic Technology” in the School of Engineering Telecommunications at the University of Malaga. 
After a minimal review and post processing the lecture videos are uploaded to the institutional VLS 
system (MOODLE) as soon as possible after delivery (usually within three to four working days).  

Students enrolled on this module have surveyed after more than a month of use of the LLS system. 
The surveys were anonymous and took place either during lecture time or online. From this 
preliminary survey we have found that these students had not been previously exposed to the use of 
live lecture recordings, but that they realized this practice to be quite helpful for them. Most of the 
students had watched lecture videos or were planning to do it during the semester, and very few of 
them indicate that this practice could impact their lecture attendance. Finally, they reported that 
revisiting key fragments of the lecture, to review difficult concepts that they could not previously 
understand, was the main benefit of accessing the recorded materials. 

Students that have not yet experience a LLS system were also surveyed. These students were 
enrolled on level 1, semester 1 modules “Physics” in both the School of Engineering 
Telecommunications and the School of Engineering Computer Sciences. The surveys were also 
anonymous and took place either during lecture time or online. With some exceptions, these students 
had not been previously exposed to the use of live lecture recordings, but some of them had been 
using offline recorded videos in math modules. The majority of the students said that they were keen 
to use the video material provided by LLC/LLS systems if they were available. They also anticipate 
that they would also use the recorded material for reviewing difficult concepts. 

3 LECTURE CAPTURE PRODUCTION WORKFLOW: A PROPOSAL  
Besides their original scope, LLC systems should be also considered as the source of raw multimedia 
learning resources, which can be recycled to support the production of offline style clips. However, 
there still exist few examples of live lecture captures being edited to create shorter clips, known as 
“lecture highlights” [19, 20]. From this point of view, the similitudes in style between LLS and OLS 
(short of their different lengths and live/offline nature) make the former an ideal starting point to 
generate content in the format of the latter, by means of post-production. The post-processing could 
include cutting of the raw video, re-recording of the lecturer voice, picture-in-picture insertion of an 
offline recorded “talking head”, further annotation of the clips, or the insertion of subtitles. 

Fig.4 shows an schematic diagram of a desirable lecture capture production workflow, where a LLC 
system like our LLS proposal, could be a first step in lecture production system integrating them with 
OLS and OLV products.  
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Figure 4. Schematic diagram of a desirable lecture capture production workflow. 

4 CONCLUSIONS 
In an attempt to simplify the live video capture and production process, we propose the live lecture 
screencast (LLS) method. It is an streamlined and flexible LLC systems that uses characteristics 
typically found in OLS systems. The crucial novelty of this method resides in the use of on-screen 
annotations in order to completely replace annotations on physical boards. In fact, we suggest that 
acquiring proficiency in on screen annotations should be considered an important skill for live video 
teaching. By blending traditional teaching and live video teaching, screen annotations have the 
potential to bridge the gap between them. The reception of the LLS system by the students have been 
positive, and the general feeling is that video teaching is seen by the surveyed students as a welcome 
addition to traditional teaching. The similitudes in style between LLS and OLS make the former an 
ideal starting point to generate content in the format of the latter, by mean of post-production. 
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