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This paper proposes that in order to conduct a visual semiotic analysis of 
student’s use of digital representations, in this case NetLogo, multiple sources 
of video data must be collected and managed through the use of particular 
video data management software, specifically Camtasia Studio© and 
StudioCode©. 

Natural Selection as a Complex Systems Phenomenon 
The focus of the research addressed in this paper is on exploring the use of digital 

representations, in this case multi-agent based computer modelling software 
(NetLogo), by students to reason about natural selection as a complex systems 
phenomenon. In particular, investigating the specific affordances of this technology 
for students’ reasoning about complex systems in science.  

Natural selection is a particularly difficult scientific concept for students to 
comprehensively understand (Anderson, Fisher, & Norman, 2002; Dickes & 
Sengupta, 2012; Ferrari & Chi, 1998; White, 1997; Wilensky & Reisman, 2006). 
Research suggests that this is primarily because students do not understand the notion 
of a complex system, which is fundamental to natural selection (Centola, McKenzie, 
& Wilensky, 2000; Centola, Wilensky, & McKenzie, 2000; Chi, 2005; Chi, Roscoe, 
Slotta, Roy, & Chase, 2012; Dodick & Orion, 2003). In particular, many students 
believe that all systems must be deterministic and centralised, whereas complex 
systems are non-deterministic and decentralised (Resnick, 1991; Wilensky, 1993). If 
students can differentiate between a non-deterministic/decentralised system and a 
deterministic/centralised system then they can more productively explore the notion 
of natural selection.  

Students’ Reasoning 
The reasoning that is conducted by the students when using NetLogo is 

conceptualised by the author according to Peirce’s (1998b) notion of reasoning. 
Peirce (1998b, p. 11) understood reasoning as “the process by which we attain a 
belief which we regard as the result of previous knowledge.” He proposed that while 
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there are various forms of reasoning that it is the scientific method that enables the 
most productive reasoning (Peirce, 1992b). Peirce (1992c) identified three different 
forms of scientific reasoning: deduction, induction and abduction. It was abduction, 
or hypothesis generation, that Peirce saw as the most important because it was the 
most generative for new understanding. It is scientific reasoning, specifically 
abduction, conducted by students that is the focus of this research because it is 
through abductive reasoning, the author argues, that students generate their own 
comprehensive understandings of complex systems and thus of natural selection. 

Visual Semiotic Analysis 
Peirce’s understanding of reasoning developed within a broader exploration of 

reality and of the human experience. This was Peirce’s (1998a) pragmatism, and 
within this he developed a specific approach to the structure and the function of 
representations - a triadic conceptualisation of the sign system (Peirce, 1998c), which 
along with De Saussure’s (1983) dyadic conceptualisation of the sign system, forms 
the basis of semiotics. Of particular importance for Peirce (1992a, 1992d) was the 
relationship between the different parts of the triad (the object, intepretant, 
representamen) and their relationship to the different ways people conceive of reality 
(the firstness, secondness and thirdness of reality).  

Peirce (1992e, 1998b) suggested that representations and reasoning, which he also 
referred to as logic, were intimately connected. He argued that reasoning is a 
fundamentally representational process - reasoning and representations form a kind of 
chiasmus. As Jappy (2013d) argues, it is possible to apply Peirce’s logic as semiotic 
(the intimate connection between representations and reasoning) to explorations of 
representational events in different contexts. As Jappy (2013a, 2013b, 2013c) 
demonstrates, this type of semiotic analysis is particularly suited to investigating 
visual representations and determining the relationships between objects, interpretants 
and representamens and how these are constituted as reasoning. The specifics of a 
visual semiotic analysis using Peirce are not addressed in this paper, rather the 
emphasis is on the way in which the necessary data can be collected and managed. 
 
NetLogo as a Digital Representation 

NetLogo (Wilensky, 1999) is a multi-agent based modeling software package 
that is designed specifically to allow simulation of complex systems. The software 
allows users to create and modify the variables that determine the behaviour of the 
individual components at the micro level as well as the variables that determine the 
role played by the environment (Blikstein & Wilensky, 2004; Levy & Wilensky, 
2010; Wilensky & Reisman, 2006). The results of running the simulations are 
displayed in various forms (e.g. graphs, figures), which again can be modified, and 
which display the outcomes at the macro-level (Sklar, 2007). NetLogo is a digital 
representation because it has all the components of a digital representation stipulated 
by Peirce and functions via a digital medium. 

The software is low-threshold, high-ceiling and so while the software is easy 
to learn to use in order to perform basic functions, it can also be used to conduct 
complex investigations of the same concept (Sengupta & Wilensky, 2011). It is 
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possible to both modify existing models of complex systems and create entirely new 
models using the software (Blikstein & Wilensky, 2010). As such, NetLogo is ideally 
suited for use by students to reason, in a scientific or Peircean way, about complex 
systems in a variety of different areas of science, including evolution (Dickes & 
Sengupta, 2012; Wilensky & Reisman, 2006) 

 
Collecting Data – Multiple Video Data Sources 

How can students’ use of NetLogo be captured in such a way that the rich data 
needed for a visual semiotic analysis is acquired? The data of most interest is not only 
the activity that is taking place on the computer screens, but also the interactions 
between the students and NetLogo, the interactions between the students as they use 
NetLogo and relate back to NetLogo and the interactions between the students and the 
teachers (again in relation to the use of NetLogo). Peirce’s logic as semiotic plays out 
in each of these situations and all of these events involves multiple representations, 
each consisting of a complex array of interacting representamens, objects and 
interpretants. All of this representational activity is relevant for a visual semiotic 
analysis and so as much of this data as possible must be collected. 

The activity that was taking place on the computer screens was captured 
through the use of Camtasia Studio© (TechSmith, 2012), which has been shown to be 
the most effective screen capture software (Blevins & Elton, 2009; Carlson, 2009; 
Charnigo, 2009; Schnall, Jankowski, & St. Anna, 2005). Camtasia Studio© enables 
the capturing, in real time, and in high quality video form, of what is taking place on 
the computer screen, including any audio (Imler & Eichelberger, 2011, pp. 446-451). 
The result of using Camtasia Studio© was video of what took place on the computer 
screens, but only while the software was activated. 

Camtasia Studio© has most often been used to create videos for the purposes 
of instructing computer users in the use of particular software and Internet sites 
(Blevins & Elton, 2009; Carlson, 2009; Charnigo, 2009). However, Camtasia 
Studio© has been recognised by some researchers as an effective means of collecting 
rich data about the human-computer interaction; in other words, what takes place on 
the computer screen (Goodwin, 2005; Hargittai, 2004; Hider, 2005; Imler & 
Eichelberger, 2011; Makkonen, Siakas, & Shakespeare, 2011; Schnall et al., 2005).  
This includes the use of Camtasia Studio© to record students’ use of NetLogo 
(Blikstein & Wilensky, 2010). The author suggests that Camtasia Studio© is the most 
effective means by which to collect rich data about students’ use of NetLogo because 
it records all the action that takes place on the computer screens, including in great 
detail students’ interactions with specific representations and the unfolding of logic as 
semiotic. This data is essential for a visual semiotic analysis. 

Camtasia Studio© was also linked to webcameras attached to the students’ 
computers in order to capture the interactions between the students and NetLogo. This 
means that not only was the students’ use of NetLogo captured (what was taking 
place on screen) but also the students’ interactions with NetLogo (e.g. their gesturing 
at the screen as they used the software) was also captured. Camtasia Studio© enabled 
the simultaneous capturing of what was taking place on screen as well as the students’ 
interactions with NetLogo. 
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In order to more comprehensively capture the students’ interactions with 
NetLogo, as well the interactions between the students and between the students and 
the teachers, two tripod-mounted cameras were also utilised. One was focused on 
following the teacher in the classroom and capturing their interactions with the 
students and the other camera was focused on the students and their interactions with 
NetLogo, in particular their interactions with each other in relation to NetLogo.  Each 
tripod-mounted camera was also linked to a lapel microphone. The teacher wore one 
microphone and the other microphone was placed on the desk near the group of 
students that was the focus of the research. The webcameras attached to the students’ 
computers also had built in microphones.  

Below is a diagram showing the different video sources (as well as their 
associated microphones for capturing audio). In addition, student artfefacts were 
collected (the students’ work books) in order to capture the representations that were 
produced by the students. Unlike the video and accompanying audio, these were static 
representations, but they can still be subjected to the same type of visual semiotic 
analysis (discussed below). 

 
 
 
 
 

 

 
 
 
 
 

 
Figure 1: The use of multiple video data sources (as well as auditory data sources) to 

capture student’ use of digital representations (NetLogo). 
 
Managing Data – Integrating Multiple Video Data Sources 

Once the multiple video data sources have been collected, as with all forms of 
data, the video data must be managed in order to make it amenable for visual semiotic 
analysis. The author suggests that this can be achieved through the use of Camtasia 
Studio© in conjunction with Studiocode©. Just as Imler and Eichelberger (2011, pp. 
448-449) make the conclusion in their study of user research behaviour that Camtasia 
Studio© and Studiocode© make a good software match in terms of data collection 
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and coding, the author suggests that Camtasia Studio© and Studiocode© make a good 
match in terms of managing data. 

 Studiocode© was originally developed to code video of sporting events 
(Imler & Eichelberger, 2011, p. 49). Studiocode© enables the tagging of events that 
occur in videos (Imler & Eichelberger, 2011). The result of using Studiocode© is a 
timeline on which relevant events are tagged, which can then be further analysed. 
However, it has since been used in many different research areas, including 
educational research, mainly to code events taking place in the classroom. This 
includes research conducted at the International Centre for Classroom Research at 
The University of Melbourne (Xu, Tytler, Clarke, & Rodriguez, 2012) and both the 
EqualPrime (Tytler, Hubber, & Chittleborough, 2010) and CRISP projects (Aranda et 
al., 2012), of which this research is a part, based at Deakin University. However, the 
author suggests that Studiocode© is also very useful for the initial management of the 
data. 

In this research it was discovered that the audio from the webcameras was of 
very poor quality. This was initially fixed by utilising the audio adjustment tool in 
Camtasia Studio©, which allows the user to suppress the background/white noise and 
enhance the audio of interest. However, even after this audio adjustment was 
completed it was still very difficult to hear the students’ and the teachers’ dialogue. 
This problem was solved by pairing the audio from the lapel microphones (both the 
microphone worn the by teachers and the microphone on the students’ desk) with the 
video footage from the webcameras. This was achieved by removing the audio from 
the webcameras and stacking just the video from the webcameras with the video (and 
accompanying audio) from the tripod-mounted cameras. Stacking is a process in 
Studiocode© whereby one can pair one video with another video(s). The videos are 
placed on the same timeline and so run together. This enhanced the value (as a data 
source for analysis) of the video from the webcameras because the high quality video 
was now matched with high quality audio. 

This example demonstrates the power of using Camtasia Studio© in 
conjunction with Studiocode© to manage multiple sources of video data. The 
stacking of different combinations of the different video data sources (and their 
accompanying audio) means that multiple viewpoints of a single event (meaning logic 
as semiotic or the playing out of representations and reasoning) were possible. In 
addition, it was possible to view multiple events occurring simultaneously. Thus it 
can be seen that through the use of both Studiocode© and Camtasia Studio© that 
multiple video data sources, and the relevant audio, can be turned into a data set that 
is useful for visual semiotic analysis. 
 
Analysing Data – The Possibilities of Carefully Managed Multiple 
Video Data Sources 

It is the combined use of screen capture software and video performance 
tagging software, specifically Camtasia Studio© and Studiocode©, which is proposed 
as an effective means of overcoming the methodological difficulties of conducting a 
visual semiotic analysis of NetLogo, in particular the difficult task of exploring 
students’ reasoning about complex systems as they interact with digital 
representations. Visual semiotic analysis of static representations (e.g. drawings), and 
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more recently of dynamic representations (e.g. video), using Peirce is a developing 
area of interest (as shown by Jappy (2013c). Beyond the relatively straightforward 
typology of the icon, index and symbol, the logic as semiotic of Peirce has not been 
used to conduct comprehensive visual semiotic analysis. And if it has been done it has 
only involved static representations, not dynamic representations.  

The author suggests that while Peircean visual semiotic analysis of dynamic 
representations, including video footage of students’ use of digital representations to 
reason, may be a difficult, and at times daunting, task, it is worth pursuing. One 
possible way forward may be through the collection and then careful management of 
multiple video data sources and the associated audio (in conjunction with student 
artefacts). The author suggests that this could be achieved through the integrated use 
of Camtasia Studio© and Studiocode©. 
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