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There are currently several systems for collecting online writing data via keystroke 
logging. Each of these systems provides reliable and very precise data. By applying a 
genetic criticism approach to the text, together with software for recording the written 
data, we seek to show how various visualizations are a very fecond way to understand 
re-writing. 
The goal is to show that the time dimension (time pattern) is an essential dimension of 
writing, as well as the space dimension. This study of temporality is closely related to the 
differents methods of representation, specifically of colored numerical visualization. A 
new type of visualization based upon a transposition of mathematical graph theory is 
then described. These graph-related visualizations, also built from source documents 
that are the exhaustive recording (logs) of activities from the keyboard and cursor 
movements, clearly shows temporal (and local) phases in the writing and rewriting 
modes (revision activity).  

Keywords: Classification, Keystroke logging, Numerical visualization, Textgenetic, Time-
oriented production  

1 Introduction 

Filled with a lot of data, the keystroke logging files are difficult to read and to analyze 
(Wengelin, et al., 2009). This is due to many reasons which include their chronological format 
and the high amount of details (Kollberg, 1996). The writing process is complex and not 
linear. Many subprocesses can be embedded in other processes at any time (Flower & Hayes, 
1981) and representations of it are so far one of the main analysis tools. The reason why 
analyzing the writing process is that important derives from the genetic methodology where 
the more the text is changed, modified, the better it becomes (Leblay, 2011, p. 16). The 
ultimate goal is then to understand how modifications are made in order that the text is 
always better. 
We seek to position, in a complementary way, the genetic methodology among other 
disciplines of writing. The latter offers a real opportunity of understanding of digital writing 
(Leblay & Caporossi, 2015). 
Two main points are crucial : the first is the refusal to give a value judgement on the written 
and rewritten text(s). Unlike the philological approach, genetic methodology is not looking 
for the better text, or the better recorded version on screen. We believe that philology is 
placed in a systematic perspective of degradation of textual quality ; thus, successive 
versions, away from the very first version (called original) suffer losses as time goes by. 
Instead of such a nostalgic approach, elapsed time, recorded time allows to highlight how 
writing is mostly rewriting, without quality losses. To simplify: Best does not echo with older, 
but with newer. The second point is that the closure imposed by the completed text, 
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depending on the structural approaches, does not take into account what happens before the 
so-called final text. 
The first section (§ 2) presents what we mean by data representation versus data 
presentation and how the two are embedded in a larger concept called visualization. This 
major distinction allows us to undertake a classification of the main visualizations of the 
writing process, to better bring out the features of the graph representation (§ 3).  

2 Data representations as a data analysis tool 

The data and context complexity of the writing process and the keylog files need a specific 
contextual framefork and methodology. Already suggested by some authors to analyse the 
writing process, the use of data mining and big data can help processing and analyzing the 
data (Leijten & Van Waes, Keystroke Logging in Writing Research : Using Inputlog to Analyze 
and Visualize Writing Processes, 2013).  

2.1 Big Data and the data science 

In data analysis, the data mining techniques are included in big data (Manyika, et al., 2011). 
Big data is a set of techniques and tools used to explore and analyse computer databases 
(Karimi, 2014, p. vii). Statistics, A/B tests, data fusion and integration, regression, 
classification, association rules, visualization, text mining, sentiment analysis, neural 
networks, network analysis, graph theory, natural language processing, simulation and 
chronological series analysis (Manyika, et al., 2011) are examples of techniques and tools 
used.  
However, there is not a strict definition of big data. For some authors, big data is the use of 
various data analysis techniques to process a huge amount of data (Manyika, et al., 2011, p. 
27). Other authors have a broader definition of this discipline. For Lynch (2008), the data can 
be ‘big’ because the descriptive complexity of their analysis requires a specific experimental 
framework. Boyd and Crawford (2012) point out that “it is increasingly important to 
recognize the value of ‘small data’ [and that] research insights can be found at any level, 
including at very modest scale”. In this case, big data is truly defined by its methodology then 
by the real quantity of data processed.  
The simplified process by which the data is acquired, processed and analyzed is resumed by 
this series of actions: capture, sharing, sorting, analysis and visualization of the data 
(Manyika, et al., 2011). Some of these actions have already been studied individually and have 
been subject of software development aimed to record the writing process and to create 
representations of it in one of its dimensions (Caporossi & Leblay, 2011). Each of those 
software are different and are intended for a specific goal (Sullivan & Lindgren, 2014).  
This chapter will address mainly the analysis through visualization and the importance of 
colors. 
The goal of data representations is to help researchers with the analysis, to understand the 
data and find patterns over it. More than just drawings of data, visualization is an analysis 
tool (Manyika, et al., 2011, p. 33). By seeing how data interacts, it is possible to discover and 
to understand patterns and changes over time in a database (Yau, 2011, p. xvi) (Minelli, 
Chambers, & Dhiraj, 2013, p. 110). Allowing the researcher to using representations in a way 
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that does more then just describe a dataset requires visualization techniques. Those 
techniques are multi-disciplinary and include statistics, cognitive science, graphic design, 
computer science and cartography (Kirk, 2012), and also, as it was sait befor, textgenetic.  
On the same visual surface, it is important to consider two complementary concepts when 
creating data visualizations: data representation and data presentation. Data representation 
is how the data is transformed by visual variables in order to create graph or charts. It’s the 
physical form of the data and unfortunately it’s often the only one considered (Kirk, 2012). 
Data presentation concerns the appearance and the delivery format of the entire data 
visualization design. It includes the choice of colour, the interactive features and the 
annotations (Aigner, Miksch, Schumann, & Tominski, 2011).  

2. 2 Data representation 

The choice of the representation format whether it’s a line, bar, circle or a graph, should be 
in function of data as a raw material. The key points of this aspect is what are the variables 
used, how they are represented, what are their physical properties and what is the degree of 
precision. The goal is to create a representation that best portray the data’s attributes (Kirk, 
2012). 
To choose the right method to represent the data, it’s important to know the data’s 
specifications. Detailing its characteristics is the first step of the representation. It includes  
setting the independent and dependant variables (Aigner, Miksch, Schumann, & Tominski, 
2011, p. 4) . The independent variables consists of the location and time. The time variable 
has multiple characteristics. Its scale can be ordinal, discrete or continuous, the scope can be 
either point based or interval based, the arrangement is linear or cyclic and finally the 
viewpoint is either ordered, branching or with multiple perspectives (Aigner, Miksch, 
Schumann, & Tominski, 2011, pp. 71-72). The dependant variables includes what has been 
measured or observed (Aigner, Miksch, Schumann, & Tominski, 2011, p. 4).  
The second aspect to consider is the specification of the task, the reason why the data are 
visualized. Three different goals can motivate data representation: explorative analysis, 
confirmative analysis or presentation of analysis results (Unwin, Chen, & Hardle, 2008).  
Another important aspect is the degree of accuracy of the representation. It’s how the 
variables are considered and illustrated, on a micro or on a macro level. Some variable can 
be as precise as the exact value on an axis position. Other variables can be shown less 
accurately with color ranges or shapes for example (Kirk, 2012). It can be the case of time 
when it’s interpreted relatively rather than absolutely. The duration between two occurences 
of the same data item can be illustrated with transparency or color (Aigner, Miksch, 
Schumann, & Tominski, 2011, p. 78). Color therefore is a way to add another dimension of 
data to the visualization (Blanchard, 2005, p. 2).  
 

2.3 Data presentation and design options  

The presentation of data involves the overall design of the visualization tool. While it is more 
important when the goal of the visualization is to present some results, some features are 
worth considering in an explorative-orientated model (Unwin, Chen, & Hardle, 2008).  
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Data visualization relies traditionally on static representations. The most common problem 
is how to illustrate well the relationships within the data as well as the change over time 
(Bartram, 1997). Static representations have to be in two dimensions and incidentally can’t 
show accurately data problems that have multiple dimensions (Minelli, Chambers, & Dhiraj, 
2013, pp. 110-113). One of the best ways to visualize spatiotemporal changes is to animate 
the data (Yau, 2011, p. 309). However, another and more simple way to add dimension is the 
use of colors (Blanchard, 2005, p. 65). Having the right combination of visual codes and 
dimensions increase the analyst’s efficiency and speed while looking at the representation 
because that kind of visual information doesn’t require cognitive effort and is rather 
processed by the preattentive visual system (Bartram, 1997).  
 
While colors can help illustrate variables, an other consideration when choosing those colors 
would be to make the visualization tool accessible to the greater number of researcher by 
choosing colors while paying attention to how color blind persons see (Aigner, Miksch, 
Schumann, & Tominski, 2011, p. 89).  

2. 4 Finding patterns 

There is no specific method that exists to guide researchers in finding patterns. Visualizations 
are meant to be an exploratory way of finding patterns (Manyika, et al., 2011, p. 18). They 
essentially are a tool that allow the human eye to observe underlying structures (Blanchard, 

2005, p. 40).  
 
The process of finding patterns starts by giving a visual version of the data to a researcher or 
an analyst that would let them understand it (Dzemyda, Kurasova, & Zilinskas, 2013, p. v). 
The « graphical displays should induce the viewer to think about the substance rather than 
about methodology, graphic design, the technology of graphic production, or something 
else »  (Tufte, 2001). After understanding the data, the researcher can therefors  gain insight 
into it and draw conclusion from the patterns discovered (Dzemyda, Kurasova, & Zilinskas, 
2013, p. v). As humans are very effective at discovering certain types of patterns, their ability 
to process a lot of data is limited (Manyika, et al., 2011, p. 33). The quality and ergonomy of 
the visualization is extremly important to ensure the maximization of the possible outputs 
(Tory & Moller, 2004). 
 
While finding patterns, it’s important to be careful with the interpretation. Data analysts can 
become apopheniacs (Boyd & Crawford, 2012) which means they detect correlations 
between unrelated and random items (Merriam-Webster, 2014). Interpretation is at the 
center of data analysis and understanding the methodological processes allows reducing data 
limitation and bias (Boyd & Crawford, 2012). While the goal of creating visualizations of data 
is to integreate the human in the analyzing process, this step is often made alongside with 
algorithms or with the help of a software to reveal patterns or clusters (Dzemyda, Kurasova, 
& Zilinskas, 2013, p. v; Moller, Hamann, & Russell, 2009).  
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3 Visualizations of the writing process 

Without pre-processing, the writing process data is big, complex and not appropriate for 
human analysis (Caporossi & Leblay, Outils de visualisation de données enregistrées, 2014). 
The writing process data is multi-dimensional. Those dimensions, which are temporality, 
chronology and spatiality, concern the genetic operations at the most basic level. Each 
operation of the writing process could be considered as a substitution operation (Van Waes 
& Schellens, Writing Profiles : The Effect of the Writing Mode on Pausing and Revision 
Patterns of Experienced Writers, 2003). The insertion would be the replacement of an empty 
space by a keystroke and the deletion, the replacement of a keystroke by an empty space. 
These operations are characterized by the fact they are made in one operation with the 
mouse or the keyboard. The more complex operations, such as the substitution and the 
replacement, which are made in two steps (Caporossi & Leblay, Online Writing Data 
Representation : A Graph Theory Approach, 2011), are considered as a combination of the 
simple operations.  
Each basic operation owns its specific position for the combination of the dimension. The 
temporality is defined as the order of the operations in the text as they have been made in 
time. Therefore, two operations can’t have the same temporality position. The chronology is 
the order of the operations in the text as it is read. As for the temporality, each operation has 
a distinct chronology position. Finally, the spatiality concerns where the operations have 
been made geographically in the text. More than one spatiality dimension exists. The position 
of an operation as it’s recorded in the log file concerns where it has been made considering 
the text’s state at that specific moment. The absolute spatiality is the operation’s position 
compared to all the operations that have been made in the text. 
Another type of data is the cursor’s position. It has the same characteristics as the operations: 
at a specific time T, the cursor is at the recorded position R and the absolute position P.  
In some cases, researchers also include variables that are excluded from the writing actions 
process itself (actions made by the hands) but contribute to the writing process. Amongst 
them, an eyetracking feature allows to know where the writer look while typing or to know 
at what they look exactly when they look back over the text they wrote (Wengelin, et al., 
2009). While it concerns manual writing, the software Eye and Pen can record where the eye 
look and, at what time it does (Chesnet & Alamargot, 2011). The variables are even more 
complex. 
To facilitate the analysis, researchers are using representations of the writing process to find 
patterns. The specification of the task of the data representation is therefore an explorative 
analysis. Writing process representations are predominantly static. The only exception is the 
animated replay of the process that allows to visualize chronologically the operations made 
by the writer that were recorded in the log file (ITEM, 2014). Even if it’s animated, this 
representation is only a film of what happened, without any data preprocessing.  
The actual visualizations of the writing process are bidimensional and because of that, they 
are oriented either on the revision, the temporal aspect or the writer’s retrospection for 
example (Latif, 2008).  Even if the spatiotemporal dimension of the process is an important 
aspect to analyze and understand (Stromqvist, Holmqvist, Johansson, Karlsson, & Wengelin, 
2006), none of the actual visualizations represents completely the problem.  
Another aspect of the writing process is the micro and macro aspects of the text i.e. the 
detailed operations made and the global structure of the process. Because those two aspects 
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can’t be together visualized on the same representation unless using interactivty and the 
view adjustment feature (Aigner, Miksch, Schumann, & Tominski, 2011, p. 107), researchers 
usually use many representations to understand more completely the process (Alamargot, et 
al., 2011, Breetvelt, et al., 1994, Caporossi & Leblay, 2011, Cox, et al., 2009, Doquet-Lacoste, 
2003, Haas, 1989, Latif, 2008, Leijten & Van Waes, 2013, New, 1999, Southavilay, et al., 2013, 
Van Waes & Schellens, 2003). 
When dealing with the representation of the writing process, two dimensions necessarily 
arise : time and space. The diplomatic transcription deliberately emphasis on space, and 
could barely be considered as a representation of the writing process. On the opposite, the 
linear representation focuses on the temporal aspect and represents the various actions of 
the writer on the text. Between these two extremal representations, many variants may 
exists.  

3. 1 Linear representation 

The linear representation allows to see closely the operations made while writing the text. 
Many different linear representations exists but they have similar properties. The spatial 
dimension is explicit while the temporal dimension is present but not well detailed. While it 
is called a representation, it is not graphical.  

3.1.1 S-notation 

The S-notation is a linear representation that is used mainly in the Inputlog, Trace-it and 
JEdit softwares to indicate the text’s evolution in demonstrating the usual text production, 
the insertions, revisions and deletions (Lindgren & Sullivan, The LS Graph : A Methodology 
for Visualizing Writing Revision, 2002). It has been created in order to better understand the 
revisions and “was inspired by an informal notation for revisions in handwriting developed 
by Matsuahi (1987) (Kollberg, Rules for the S-notation: a compuyter-based method for 
representing revisions, 1996). It focuses on the editing actions and makes it neutral by 
representing it as independent, unrelated operations (Kollberg, S-notation as a tool for 
analysing the episodic nature of revisions, 1996).  
 
The following symbols have been used to illustrate the revision operations: 
 
Table 1. S-notation’s main symbols 

|i The interruption (break) with sequential number i 
{inserted text}i An insertion occurring after interruption number i 
[deleted text]i A deletion occurring after interruption number i 

The example comes from Kollberg (S-notation as a tool for analysing the episodic nature of 
revisions, 1996). I am writing a {short}1 text. |1 It will [probably]2 |3 be revised [somewhat]3 
later. |2 Now [I am |4]4 it is finished. The final version of that text would be: I am writing a short 
text. It will be revised later. Now it is finished. 

This representation allows the researcher to detect where the interruptions and revisions 
are made during the writing session. However, due to the low level of information available 
in this representation, an interpretation of the writer’s actions is needed to complete the 
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analysis (Kollberg, Rules for the S-notation: a compuyter-based method for representing 
revisions, 1996).  

Here are the data representation and data presentation characteristics of the S-notation : 

 
The main flaw of this way of representing the writing process is the low number of 
dimensions used.  
 
There exists a more comprehensive version of the S-notation including references to sources 
used when the text was written. The copied text is underlined and different font types are 
used to illustrate the same sources (Perrin, 2003).  
 

 
Figure 1. S-notation example 

Here are the data representation and data presentation characteristics of this other version 
of S-notation : 

Data representation 

What are the variables used? Chronology of the operations. 

 

How are they represented? It is simply the written text with symbols that indicate where in the text are made 

the revisions and in which order (Kollberg, 1996). 

 

What is the degree of 

precision? 

 

Precise, the text and its modifications are clearly readable.  

Data presentation 

What are the characterstics 

of the data presentation? 

The S-notation is integrated in an interactive program for revision analysis. It is 

possible for the user to navigate between different versions of the revisions, play 

the writing session and generate statistics of the session.  

Data representation 

What are the variables used? Chronology of the operations. 

 

How are they represented? It is simply the written text with symbols that indicate where in the text are made 

the revisions and in which order.  In the « sources » version, the use of different 

fonts help the user noticing the origin of the text displayed (Perrin, 2003). 

 

What is the degree of 

precision? 

 

Precise, the text and its modifications are clearly readable.  

Data presentation 
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There is also a third variation of the same visualization that include the use of the mouse, the 
touch pad or the arrows by the writer and is called the genetic linear representation (Leblay, 
2009 ; Doquet & Leblay, 2014). The revisions symbols are not the same then those used in 
the S-notation. 
 
The following symbols have been used to illustrate the genetic linear representation: 
 
Table 2. Genetic linear representation’s main symbols 

Transcription 
conventions 

Type 1 operations, 
following what has already been written 

Type 2 operations, 
by returning in what has already been written 

Insertion 
Insertion 1 

Simple 
Insertion 2 

(Simple +) Bold 

Deletion 

Deletion 1 
Immediate deletion  

Crossed italics 
- 

Delayed deletion 
Crossed without italics 

Deletion 2 
Immediate deletion  
Crossed bold italics 

- 
Delayed deletion  

Crossed bold without italics 

Substitution 
Substitution 1 

Substitutedsubstitute 
Substitution 2 

Substitutedsubstitute 

Displacement 
Displacement 1 

Displaceddisplacer 
Displacement 2 

Displaceddisplacer 

Text i A revision occurring after interruption number i 

 
Movements of the mouse, the touchpad or the arrows 

 

 

Figure 2. Genetic Linear representation 

Here are the data representation and data presentation characteristics of the genetic linear 
representation :  

What are the characterstics 

of the data presentation? 

The different font used in the « sources » version are sufficiently different for the 

reader to see the difference but when the amount of sources use dis greater then 3-

4 it became hard for the analyst. 

Data representation 

What are the variables used? Chronology of the operations. 
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3.1.2 Scriptlog software linear representation 

The Scriptlog software has its own linear representation that is somehow a simplification of 
its log file and can “be used to follow the writing process step by step, as an alternative to 
watching the ScriptLog replay” (Wengelin, et al., 2009). This representation’s goal is to 
highlight the pauses. 
The following example was written in Swedish and come from Wengelin et al. (2009).  

<5.762>Filmen jag såg nyss handla<BACKSPACE6>bistro<BACKSPACE2>od av 
korta klipp<BACKSPACE4>s<BACKSPACE2>sekvenser ur några ung<3.639>domars 
vardag<9.930> <4.027>.Nästan<3.825><BACKSPACE9>. I princip alla sekvenser 
ha<BACKSPACE2>visar<BACKSPACE>de hur ungdomar utsätts för jobbiga 
situationer u<BACKSPACE>avsiha<BACKSPACE2>n a<BACKSPACE2>a kamrater. 

Figure 3. Scriplog linear representation 
 

The final version would be: 
Filmen jag såg nyss bestod av korta sekvenser ur några ungdomars vardag. I princip alla 
sekvenser visade hur ungdomar utsätts för jobbiga situationer av sina kamrater. 

Here are the data representation and data presentation characteristics of the Scriptlog 
software linear representation :  

 

How are they represented? It is simply the written text with symbols that indicate where in the text are made 

the revisions and in which order. The use of the mouse, the touch pad or the arrows 

is also indicated by symbols (Leblay 2009). The revisions symbols are not the same 

then those used in the S-notation.  

 

What is the degree of 

precision? 

 

Precise, the text and its modifications are clearly readable.  

Data presentation 

What are the characterstics 

of the data presentation? 

The use of icons to represent the cursor’s position is quite user-friendly. It is easy 

to read the final text if there’s not a lot of revisions but it can become 

overwhelming if the same portion of the text is modified more then once.  

Data representation 

What are the variables used? Temporality. 

 

How are they represented? The numbers between the brackets < > indicate a pause and it’s time length. 

<BACKSPACE> refers to the deletion of a keystroke while <BACKSPACE6> 

would mean that the writer deleted 6 keystrokes. This representation of the writing 

process doesn’t allow to see well returns in the text (Wengelin, et al., 2009). 

 

What is the degree of 

precision? 

 

Precise, the keystrokes are clearly displayed. 

Data presentation 

What are the characterstics 

of the data presentation? 

The presentation is barely limited to some symbols used and the use of uppercase 

for certain aspects. 
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The main flaw of this representation is that it doesn’t allow an intuitive reading (Wengelin, 
et al., 2009). 

 3.2 TimeLine representation 

Timeline is another representation that aims to show what the writer is doing while writing 
a text. This representation uses Scriptlog and eyetracking data in order to give an overview 
of the allocation of the writer’s attention (Wengelin, et al., 2009).  
 

 

Figure 4. Timeline representation (Wengelin, et al., 2009) 

This visualizing tool has been created to overcome the linear representation’s lack of 
information about what the writer was doing during the pauses (Wengelin, et al., 2009). 
 

Here are the data representation and data presentation characteristics of Timeline :  

 
While it is impossible to read what key have been used in the Slog part, this tool is never used 
alone. It is a complement to the S-notation (Wengelin, et al., 2009).  

3.3 Overview of the writing process visualizations 

Data representation 

What are the variables used? Temporality of each operation (keystroke). 

 

How are they represented? The x-axis shows the time.  

The y-axis is separated in 3 sections. The Monitor and Keyboard sections represent 

where the writer looks at. The dark sections indicate where the writer is looking at, 

at this precise moment. The SLog section is allowed to the operations (keystrokes). 

The operations are represented by a thin line and the exact keystroke is indicated 

on the line (Wengelin, et al., 2009). 

 

What is the degree of 

precision? 

 

Extremely precise. It is possible to view exactly the operation made but it is 

impossible to read or understand what has been written. 

Data presentation 

What are the characterstics 

of the data presentation? 

The presentation is quite minimalistic. The use of a dark hue to where the writer is 

looking at is efficient. The size and placement of the keystrokes (letters) however 

may not be optimal as it is difficult for the user to really see the information. 

 
Monitor 
 
 
Keyboard 
 
 
SLog 
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The overview visualizations are those that illustrate the global flow of the process. It is almost 
impossible to know what the text and the operations actually look like from that perspective 
(Caporossi & Leblay, Online Writing Data Representation : A Graph Theory Approach, 2011). 
Those visualizations are mainly inspired by Geographical Information Systems (GIS) because 
of the similarities between those fields such as the geographical and temporal identification 
of items (Lindgren & Sullivan, 2002). In their original field, GIS are a tool for both 
visualization and data mining (Lindgren E. , Sullivan, Lindgren, & Spelman Miller, 2007).  

3.3.1 Progression diagram 

The goal of this visualization is to emphasize the revisions made within the process (Lindgren 
& Sullivan, The LS Graph : A Methodology for Visualizing Writing Revision, 2002). The 
progression diagram has been created to be used along with the S-Notation for a better 
analysis of the writing process (Perrin, Progression Analysis (PA): Investigating Writing 
Strategies at the Workplace, 2003).  
 
The following visualization corresponds to the « sources » S-notation presented in figure 5.  

 
Figure 5. Progression diagram 

 

Here are the data representation and data presentation characteristics of the Progression 
diagram : 

Data representation 

What are the variables used? Temporality and spatiality. However, the variables are not the operations 

(keystrokes) but the revisions that occured in the process. 

The sources used are also included.  

 

How are they represented? On two axis, the number of revisions in process (x axis) and the number of 

revisions in product (y axis): the ‘revisions in product’ axis help the researcher 

knowing how much revisions has been made on a specific section of the text. 

For the sources, for example « AFP » refers to copy-paste from Agence Science 

Presse. 

 

What is the degree of 

precision? 

 

Not precise, it’s an overview of the « revision » aspect of the process. It is not a 

representation of the whole process. 

Data presentation 



 12 

 
The progression diagram’s strength is to emphasize on the revision’s order compared to the 
final text. In this representation, the temporal dimension is put forward (Latif, 2008).   
The main limitation of the progression diagram is that it’s “seriously limited in that it is based 
solely upon the relative position of the revision with no relation to time, text size, or distance 
of movement” (Lindgren & Sullivan, The LS Graph : A Methodology for Visualizing Writing 
Revision, 2002).  

3.3.2 LS graph 

This graph shows the same information as the S-notation, but using it differently from the 
progression diagram. This representation was largely inspired by the Perrin’s work (2003) 
and the progression diagram (Leijten & Van Waes, Inputlog : New Perspectives on the 
Logging of On-Line Writing Processes, 2006). 
 

 

Figure 6. LS graph 

 

Here are the data representation and data presentation characteristics of the LS graph :  

What are the characterstics 

of the data presentation? 

The axis’s names are well identified. The light and dark grey sections refer to a 

specific section of the text (spatiality) that has been selected on the computer and 

is seen on the screen as the S-notation. 

Data representation 

What are the variables used? Temporality and spatiality.  

 

How are they represented? The x-axis represents time while the vertical axis represents the total number of 

characters typed. The top line shows the progression of the total typed characters. 

The centered line (the darker) is the length of the text as a function of time. Finally, 

the lower line is the cursor position in the text (Lindgren & Sullivan, The LS Graph 

: A Methodology for Visualizing Writing Revision, 2002) 

 

What is the degree of 

precision? 

 

Not precise, it’s an overview of the process. 

Data presentation 

What are the characterstics 

of the data presentation? 

The axis’s names are well identified. It would be useful to identify clearly on the 

side which line color refers to what aspect of the text.  This representation is purely 

static, the only way to know exactly what is happening in a certain point is to 
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The main differences with the Progression diagram are the nature of the operations 
identified. The Progression diagram focuses on revisions while the LS Graph is more general 
and represents the number of operations made in time. The Progression diagram’s y-axis’s 
scale is from top to bottom, similarly to the way we read and write texts while the LS Graph’s 
y-axis’s scale is from bottom to top. 

3.3.3 Representation based on a GIS Software 

Considering all the strenghts of the GIS, this software visualization has also been used. 
Compared to the LS graph that is purely static and which it is impossible to automatically 
have insights on a precise graph point, the GIS allows the researcher to gain insight instantly 
(Lindgren E. , Sullivan, Lindgren, & Spelman Miller, 2007).  

 

Figure 7. GIS sofware representation 

Here are the data representation and data presentation characteristics of the representation 
based on a GIS software :  

manually search it in the data and examine this event in details (Lindgren E. , 

Sullivan, Lindgren, & Spelman Miller, 2007). 

Data representation 

What are the variables used? Temporality and spatiality.  

 

How are they represented? The x-axis represents time while the vertical axis represents the total number of 

characters typed. The top line shows the progression of the total typed characters. 

The centered line (the darker) is the length of the text as a function of time. Finally, 

the lower line is the cursor position in the text (Lindgren E. , Sullivan, Lindgren, 

& Spelman Miller, 2007). 

 

What is the degree of 

precision? 

 

Not precise, it’s an overview of the process. 

Data presentation 
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3.3.4 AFP representation 

The Genèse du texte software provides this representation called Au fil de la plume (AFP), 
which is part of the same category as GIS and LS Graph (Caporossi & Leblay, 2011). The focus 
here is on the cursor position in the text and tracking back and forth in it  (Doquet-Lacoste, 
2003). 

 
Figure 8. AFP sofware 

 

Here are the data representation and data presentation characteristics of the AFP 
representation :  

3.3.5 Temporal representation combined with the use of sources 

What are the characterstics 

of the data presentation? 

The axis’s names are well identified. This representation is dynamic in the sense 

that the secondary window display information corresponding to a specific 

coordinate (x,y) of data which helps the user to analyze the writing process 

(Lindgren E. , Sullivan, Lindgren, & Spelman Miller, 2007). 

Data representation 

What are the variables used? Temporality and spatiality.  

 

How are they represented? The x-axis represents time while y-axis represents the the number of lines of text 

(Doquet-Lacoste, 2003). 

What is the degree of 

precision? 

 

Not precise, it’s an overview of the process. 

Data presentation 

What are the characterstics 

of the data presentation? 

The axis’s names are not well identified. The overall presentation has not been 

optimized for the viewer. The dark background forces the eye to deal only with 

dominant colors and therefore is not optimal. It is better to use the strongest colors 

for the data the user needs to draw attention to (Kirk, 2012). 
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Graph representation LS / GIS was echoed by Leijten and Van Waes (2013) by adding the 
source elements, which the writer was referring to while writing, which provides a better 
overview of the activities the writer at a given time t. 
A strength of this representation is the combination of more then one representation. It 
allows the researcher to have a more comprehensive overview of the writing process. 
 

 
Figure 9. InputLog temporal representation 

 

Here are the data representation and data presentation characteristics of the Inputlog 
temporal representation :  

 

3.3.6 The graph representation  

Data representation 

What are the variables used? Temporality and spatiality.  

 

How are they represented? The x-axis represents time. The y-axis represents the total number of characters 

typed. The top line shows the text production. The centered line is the actual lenght 

of the text at this specific time.  The lower line is the cursor position in the text. 

(Leijten & Van Waes, 2013) 

The writer’s attention is represented by a line showing that either the person is 

looking at sources or to the writing window (the tweet in this case). 

 

What is the degree of 

precision? 

 

Not precise, it’s an overview of the process. 

Data presentation 

What are the characterstics 

of the data presentation? 

The axis’s names are well identified. This representation is usine a combination of 

colors to separate many things : environment section and the writing process 

evolution. This helps visually the user to analyze. 
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Graphs are mathematical objects that consists in nodes (points) and edges (line eventually 
joining them). As such, graphs are based upon relations between nodes and may be used for 
modeling purpose.  

The position of the nodes is not important in the definition of the graph and is left to the user.  

 

Figure 10. The graph representation 

Here are the data representation and data presentation characteristics of the graph 
representation :  

This representation is halfway between the detailed representations and the overviews. The 
dynamic aspect of the writing process is highlighted (Caporossi & Leblay, Online Writing Data 
Representation : A Graph Theory Approach, 2011) and the linear progression represents the 

Data representation 

What are the variables used? Chronology and spatiality.  

 

How are they represented? Nodes represent a a sequence of consecutive (both in time and space) operations 

of the same nature (addition/suppression). Edges represent a spatial or temporal 

relation between nodes. The position of the nodes is not important in the definition 

of the graph and is left to the user  (Caporossi and Leblay 2011,2014 and 2015). 

 

What is the degree of 

precision? 

 

Intermediate : it is possible to gain precise insight by seeing the content of the 

nodes that contain keystrokes while the whole process is also globally viewable 

with the general graph structure. 

Data presentation 

What are the characterstics 

of the data presentation? 

The use of colors help the user knowing the nature of the grouped operations. Red 

is used for the text that is present in the final text. Yellow is for the additions that 

have been suppressed and blue stands for the suppression operations. The use of 

different line rendering for the edges according to the fact the operations are made 

consecutively (black line) or that they are chronologically successives in the final 

text (red dotted line).  

The fact that it is possible to move the nodes and to know the content of it by 

clicking on it makes it interactive. Allowing the user to interact with a visualization 

is a way to increase the probabilities to find patterns (Kirk, 2012). 
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chronology (Leblay, Le Temps de l'Écriture. Genèse, durée, représentations, 2011). One of its 
strength is to show well the temporal and chronologic relation between the operations 
making it possible to identify it in a structured way. Another advantage of this visualization 
of the writing process is that it  « can handle moving text position » (Southavilay, Yacef, 
Reimann, & Calvo, 2013). 

3.4 The progressive visualization 

This visualization is a GIS version of the graph representation. It has been created to merge 
the advantages of other visualizations and to illustrate more variables in order to represent 
the writing process as a whole (Becotte-Boutin, Caporossi & Hertz, 2015). 

 

Figure 11. The progressive visualization 

Here are the data representation and data presentation characteristics of the graph 
representation :  

Data representation 

What are the variables used? Temporality, chronology and spatiality.  

 

How are they represented? Similar to the GIS, each operations (keystroke) owns its coordinate (x,y). The x-

axis represents the time and the y-axis represent the spatiality of the operations.  

Each keystroke is also a node and is linked with an edge to the two nodes that are 

temporally neighbourd to it (previous and next). It can also be linked with an edge 

to another operation, if they are chronologically neighbours in the final text. 
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4. Conclusion 
In the previous chapters, visualization and interaction has been described to help users to 
visually analyze time-oriented data. Analysts can look at the data, explore how they are 
interconnected sot hey can understand it. This is possible thanks to human visual perception 
and the fact that humans are quite good at recognizing patterns, finding interesting and 
unexpected solutions, classifying data, combining knowledge from different (colored) 
sources, and being creative in general.  
This holds true unless the problem to be solved exceeds a certain size. Very large time-series 
or data that consist of many thousands of time-dependent variables can usually not be 
grasped by human observers. In such cases, we need the proficiency of computing systems 
to assist the knowledge crystallization from time-oriented data. If the problem size is 
sufficiently large, computers are better (i.e., faster and more accurate) than humans at 
numeric and symbolic calculations, logical reasoning, and searching (Aigner, Miksch, 
Schumann, & Tominski, 2011, p. 127). 
Within the rewriting study field (i.e. revision), digital assessment tools are becoming a real 
object of research. Among these tools, we think that visualization occupies a prominent place. 
Lying in the direct lineage of transcripts made by text genetics, time-oriented data renews 
the paradigm by being complemented with mathematical colored models. One of the 
principal strengths of graph-related visualizations is the data structure that lies behind it and 
the post-process analysis possibilities (Vathy-Fogarassy & Abonyi, 2013, p. vi). 
It is not only question of assessing the image of the product which has been written, but 
assess the image of the process of what is being written. In a digital world, the exploitation of 
the image and what it represents (representation & presentation) is key to the analyze of 
contemporary written productions. 
  

What is the degree of 

precision? 

 

Precise and large depending of the level of « zoom » of the process. 

Data presentation 

What are the characterstics 

of the data presentation? 

The use of colors help the user knowing the nature of the sole operation. The same 

code as for the graph representation is used. Red is used for the text that is present 

in the final text. Yellow is for the additions that have been suppressed and blue 

stands for the suppression operation. The use of different line rendering for the 

edges according to the fact the operations are made consecutively (black line) or 

that they are chronologically successives in the final text (red dotted line).  

It is also possible to zoom in or out, to have a really precise view of the process 

or to view it as an overview, similarly to the GIS.  
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