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The writing process is a flow interrupted by 
pauses & writing events

Revision Bursts (pause threshold: 2 seconds)
[pause] une cousine qui [pause] peut venir 
partager du temps avec elle pendant [pause] le 
[pause] w [pause] eek [pause] – [pause] end. 
[pause]

[pause] a cousin who [pause] can come and 
spend some time with her during [pause] the 
[pause] w [pause] eek [pause] – [pause] end. 
[pause]

Pauses are due to: 
1. Short pauses                        

→ Mechanic constraints
2. Longer pauses                                 

→ Cognitive constraints



Pauses, a behavioral counterpart of cognitive 
processes
● Paragraph = conceptual planification 
● Sentence or proposition = syntactical planification 
● Word = lexical selection, orthograph
● Within the word = orthograph, morphological processing, motor skills

Text 
Boundary

Pause 
interval (ms)

  

 300–999 1000–1999 >2000
Word .44 (.20) .10 (.06) .10 (.06)

Sentence .61 (.27) .15 (.13) .14 (.16)
Paragraph  .89 (.61) .39 (.41) .27 (.30)

Medimorec & Risko (2017)
van Hell & Verhoeven (2008)



Still searching to understand why writers stop 
where they stop: from pausology to linguistics

● Hypothesis 1. 

○ Pauses are not random events: they are cognitively but also linguistically meaningful events

● Hypothesis 2.

○ Language sequences segmented by pauses are relevant linguistic units

● Analyzing pause location:

1. Are pauses related to the structural characteristics of texts?
2. Why do pauses appear in certain places in the language flow?
3. Are pauses more frequent at certain linguistic boundaries?
4. To what extent the duration of a pause is related to its location?



A linear model: Towards a sequential approach
● Stage 1 of the “sausage machine”: alignment of about 6 words in the same string (PPP by Frazier & 

Fodor 1978)

● Grammars of speaking (Blanche-Benveniste 1990, Berrendonner 1994, Brazil 1995, O'Grady 2011)

● Linear Unit Grammar, a unique method of processing speech, writing, reading and listening 
through small units of meaning called "chunks" (Sinclair and Mauranen 2006)

● Dynamics and segmentation of information flow in speech and reading (Chafe 1992)

● Preference for a uniform distribution of information (Jaeger 2010)

● Sequential approach: Hierarchical relationships are not necessary for processing (Frank et al. 
2012)



● A chunk can be viewed as a computational procedure that maps, in either direction, between 

individual words and sequences of words (Christiansen & Chater, in press). The same viewpoint 

applies across linguistic levels. From this perspective, the chunkatory is not an abstract dictionary 

of words and phrases with their phonological and semantic properties. Instead, it is a set of 

bidirectional, incremental procedures, which map between lower level units and chunks 

composed of sequences of those units. Similarly, the grammar of the language can be viewed as 

nothing more than a set of incremental procedures mapping, in both directions, between 

sequences of linguistic units and semantic representation (see, e.g., O’Grady, 2013; Steedman, 

2000). A chunk created in comprehension is immediately available for use in production, and vice 

versa. There is no need for abstract knowledge of the language, aside from the linguistic 

structure that is generated through chunking operations. (Chater et al. 2016: 251)

Chunking as a linear model of language processing



● Chunk 
○ a non-recursive constituent of linguistic units (Abney 1991). 

● Chunking (or shallow parsing) 
○ identifies constituents of the sentence without specifying their internal structure and their syntactic 

function 
○ can be done automatically
○ is based on previous morphosyntactic labeling

● Spontaneous data 
○ Chunkers are well adapted for transcribed oral data (Tellier et al., 2014; Eshkol-Taravella 2020) : the 

reparation markers often occur in boundaries of chunks in spoken data (Blanche-Benveniste 1997)
○ The chunk is supposed to be a relevant unit for spontaneous speech – and probably of language 

processing more generally.
○ Chunking is a good way to perform syntactic analysis automatically on spontaneous data, for 

which full syntactic parsing is often a complex task. 

Chunking

The cat sleeps in the kitchen



● General hypothesis: 

○ Pausal segmentation would tend to correspond to chunk segmentation

○ But other phenomena also come into consideration!

● Question of the link between writing phenomena and chunk segmentation

○ Character deletions

○ Types of productions

Hypothesis

The | cat sleeps   vs.   The cat | sleeps
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● General hypothesis: 

○ Pausal segmentation would tend to correspond to chunk segmentation

○ But other phenomena also come into consideration!

● Chunk segmentation and real-time recorded writing
○ Character deletions

○ Types of productions

Hypothesis

The | cat sleeps   vs.   The cat | sleeps

➔ boundaries
➔ category

➔ pauses



● General hypothesis: 

○ Pausal segmentation would tend to correspond to chunk segmentation

○ But other phenomena also come into consideration!

● Chunk segmentation and real-time recorded writing
○ Character deletions

○ Types of productions

Hypothesis

➔ boundaries
➔ category

➔ pauses
➔ revisions

The | cat sleeps   vs.   The cat | sleeps



● General hypothesis: 

○ Pausal segmentation would tend to correspond to chunk segmentation

○ But other phenomena also come into consideration!

● Real time recording writing and chunk segmentation
○ Character deletions

○ Types of productions

Hypothesis

The | cat sleeps   vs.   The cat | sleeps

Chunks
➔ boundaries
➔ category

Stops
➔ pauses
➔ revisions

➢ Do letters added later in the text appear more often in a certain type of chunk or part of speech?

(Revision burst)

➢ Do deletions appear more often in a certain type of chunk or part of speech?

(Edge revision burst)

The cats sleep well   vs.   The cat sleeps well

The cat | ⌫⌫⌫dog sleeps   vs.   The cat sleeps | ⌫⌫⌫⌫⌫⌫ eats



● Short texts on a given topic with and without production constraints
○ 165 texts
○ 63 533 words

● BA psychology students – expert writers

Data (process and product) collected via the 
keylogger Inputlog (Leijten & Van Waes 
2013)
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Reconstructed texts with conservation of writing phenomena

De plus la médecine alternative n’utilise pas que les croyances, les remèdes naturels sont en effet 
énormément mis en avant. Cependant, la médecine alternative peut posé beaucoup de problème *

Final text without annotations of writing phenomena

* Moreover, alternative medicine does not only use beliefs, natural remedies are in fact greatly promoted. 
However, alternative medicine can pose a lot of problem
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Reconstructed texts with conservation of writing phenomena

De plus la médecine alternative n’utilise pas que les croyances, les remèdes naturels sont en effet 
énormément mis en avant. Cependant, la médecine alternative peut posé beaucoup de problème *

~~~De plus la médecine alternative |n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont 
en effe|~~~~~~~~~~t éno~rmément mis en avant. |Cependant, la médecine alternative{ peut} pos<~é> 
beaucoup de problème

Final text without annotations of writing phenomena

Final text with annotations of writing phenomena

* Moreover, alternative medicine does not only use beliefs, natural remedies are in fact greatly promoted. 
However, alternative medicine can pose a lot of problem

Pauses



Reconstructed texts with conservation of writing phenomena

De plus la médecine alternative n’utilise pas que les croyances, les remèdes naturels sont en effet 
énormément mis en avant. Cependant, la médecine alternative peut posé beaucoup de problème *

~~~De plus la médecine alternative |n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont 
en effe|~~~~~~~~~~t éno~rmément mis en avant. |Cependant, la médecine alternative{ peut} pos<~é> 
beaucoup de problème

Final text without annotations of writing phenomena

Final text with annotations of writing phenomena

* Moreover, alternative medicine does not only use beliefs, natural remedies are in fact greatly promoted. 
However, alternative medicine can pose a lot of problem

Pauses          Revision of multiple characters (deletion, insertion)



Reconstructed texts with conservation of writing phenomena

De plus la médecine alternative n’utilise pas que les croyances, les remèdes naturels sont en effet 
énormément mis en avant. Cependant, la médecine alternative peut posé beaucoup de problème *
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Final text without annotations of writing phenomena
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* Moreover, alternative medicine does not only use beliefs, natural remedies are in fact greatly promoted. 
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Pauses          Revision of multiple characters (deletion, insertion)          Revision of a unique character



Reconstructed texts with conservation of writing phenomena

De plus la médecine alternative n’utilise pas que les croyances, les remèdes naturels sont en effet 
énormément mis en avant. Cependant, la médecine alternative peut posé beaucoup de problème *

~~~De plus la médecine alternative |n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont 
en effe|~~~~~~~~~~t éno~rmément mis en avant. |Cependant, la médecine alternative{ peut} pos<~é> 
beaucoup de problème

Final text without annotations of writing phenomena

Final text with annotations of writing phenomena

* Moreover, alternative medicine does not only use beliefs, natural remedies are in fact greatly promoted. 
However, alternative medicine can pose a lot of problem

Pauses          Revision of multiple characters (deletion, insertion)          Revision of a unique character
Deleted characters
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Reconstructed texts with conservation of writing phenomena

● First, the participant typed:

“L'u⌫⌫⌫De␣plus␣la␣médecine␣alternative␣n'utilisepas⌫⌫⌫
␣pas␣que␣les␣croyances,␣”
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Reconstructed texts with conservation of writing phenomena

● First, the participant typed:

“L'u⌫⌫⌫De␣plus␣la␣médecine␣alternative␣n'utilisepas⌫⌫⌫
␣pas␣que␣les␣croyances,␣”

● The deletion characters indicate that the sequences “L’u” and “pas” 
were deleted. 

● These deleted characters are replaced with squiggly lines (“~”).

De plus la médecine alternative n’utilise pas que les croyances, 

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, 



Reconstructed texts with conservation of writing phenomena

De plus la médecine alternative n’utilise pas que les croyances, 
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Reconstructed texts with conservation of writing phenomena

● Then, they typed:

“les␣remèdes␣naturelles␣sont␣en␣effet”

De plus la médecine alternative n’utilise pas que les croyances, 
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Reconstructed texts with conservation of writing phenomena
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Reconstructed texts with conservation of writing phenomena

● Then, they typed:

“les␣remèdes␣naturelles␣sont␣en␣effet”

● The burst is separated from the existing text by a pipe (“|”) = pause

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturelles sont en effet
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Reconstructed texts with conservation of writing phenomena

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturelles sont en effet

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturelles sont en effet



Reconstructed texts with conservation of writing phenomena

● After a pause, the participant placed their cursor after the 86th 
character

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturelles sont en effet

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturelles sont en effet



Reconstructed texts with conservation of writing phenomena

● After a pause, the participant placed their cursor after the 86th 
character, and typed two deletion characters:  “⌫⌫” **************→ 
deleting the sequence “le” from the word “naturelles”

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturelles sont en effet

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturelles sont en effet
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Reconstructed texts with conservation of writing phenomena

● After a pause, the participant placed their cursor after the 86th 
character, and typed two deletion characters:  “⌫⌫” **************→ 
deleting the sequence “le” from the word “naturelles”

● These two deleted characters are replaced with squiggly lines (“~”). 
● They are also surrounded by curly brackets (“{ }”), indicating that the 

modification (here, the deletion) occurred within the existing text 

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effet



Reconstructed texts with conservation of writing phenomena

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effet



Reconstructed texts with conservation of writing phenomena

● They then moved their cursor to the end of the text 

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effet



Reconstructed texts with conservation of writing phenomena

● They then moved their cursor to the end of the text and typed: 

“␣beaucoup⌫⌫⌫⌫⌫⌫⌫⌫⌫⌫t␣énom⌫rmément␣mis␣en␣av
ant.␣Cependant,
␣la␣médecine␣alternative␣pose␣beaucoup␣de␣problème”

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effet
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Reconstructed texts with conservation of writing phenomena
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Reconstructed texts with conservation of writing phenomena
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Reconstructed texts with conservation of writing phenomena

● The participant placed their cursor after the 159th character 

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet énormément mis en avant. Cependant, la médecine 
alternative pose beaucoup de problème

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effe|~~~~~~~~~~t éno~rmément mis en avant. 
Cependant, la médecine alternative pose beaucoup de problème



Reconstructed texts with conservation of writing phenomena

● The participant placed their cursor after the 159th character and 
typed: “␣peut” 

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet énormément mis en avant. Cependant, la médecine 
alternative pose beaucoup de problème

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effe|~~~~~~~~~~t éno~rmément mis en avant. 
Cependant, la médecine alternative pose beaucoup de problème



Reconstructed texts with conservation of writing phenomena

● The participant placed their cursor after the 159th character and 
typed: “␣peut” 

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet énormément mis en avant. Cependant, la médecine 
alternative peut pose beaucoup de problème

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effe|~~~~~~~~~~t éno~rmément mis en avant. 
Cependant, la médecine alternative pose beaucoup de problème



Reconstructed texts with conservation of writing phenomena

● The participant placed their cursor after the 159th character and 
typed: “␣peut” 

● In the reconstructed text, this sequence of characters is surrounded 
by curly brackets (“{ }”), indicating that the modification (in this case, 
the insertion) occurred within the existing text.

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet énormément mis en avant. Cependant, la médecine 
alternative peut pose beaucoup de problème

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effe|~~~~~~~~~~t éno~rmément mis en avant. 
Cependant, la médecine alternative{ peut} pose beaucoup de problème



Reconstructed texts with conservation of writing phenomena

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet énormément mis en avant. Cependant, la médecine 
alternative peut pose beaucoup de problème

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effe|~~~~~~~~~~t éno~rmément mis en avant. 
Cependant, la médecine alternative{ peut} pose beaucoup de problème



Reconstructed texts with conservation of writing phenomena

● Finally, the participant placed their cursor after the 169th character 

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet énormément mis en avant. Cependant, la médecine 
alternative peut pose beaucoup de problème

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effe|~~~~~~~~~~t éno~rmément mis en avant. 
Cependant, la médecine alternative{ peut} pose beaucoup de problème



Reconstructed texts with conservation of writing phenomena

● Finally, the participant placed their cursor after the 169th character 
and typed: “⌫é” **************************************************************** 

● → deleting the “e” from “pose” and replacing it with “é”.

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet énormément mis en avant. Cependant, la médecine 
alternative peut pose beaucoup de problème

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effe|~~~~~~~~~~t éno~rmément mis en avant. 
Cependant, la médecine alternative{ peut} pose beaucoup de problème



Reconstructed texts with conservation of writing phenomena

● Finally, the participant placed their cursor after the 169th character 
and typed: “⌫é” ***************************************************************

● → deleting the “e” from “pose” and replacing it with “é”.

De plus la médecine alternative n’utilise pas que les croyances, les remèdes 
naturels sont en effet énormément mis en avant. Cependant, la médecine 
alternative peut posé beaucoup de problème

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effe|~~~~~~~~~~t éno~rmément mis en avant. 
Cependant, la médecine alternative{ peut} pose beaucoup de problème



Reconstructed texts with conservation of writing phenomena

● Finally, the participant placed their cursor after the 169th character 
and typed: “⌫é” **************************************************************** 

● → deleting the “e” from “pose” and replacing it with “é”.
● The deleted “e” is replaced with a squiggly line (“~”).
● The burst is surrounded by chevrons (“< >”), indicating it is a 

single-character insertion within the existing text.
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naturels sont en effet énormément mis en avant. Cependant, la médecine 
alternative peut posé beaucoup de problème

~~~De plus la médecine alternative n'utilise~~~ pas que les croyances, |les remèdes naturel{~~}s sont en effe|~~~~~~~~~~t éno~rmément mis en avant. 
Cependant, la médecine alternative{ peut} pos<~é> beaucoup de problème
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Cependant, la médecine alternative{ peut} pos<~é> beaucoup de problème
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énormément mis en avant. Cependant, la médecine alternative peut posé beaucoup de problème

Final text without annotations of writing phenomena

* Moreover, alternative medicine does not only use beliefs, natural remedies are in fact greatly promoted. 
However, alternative medicine can pose a lot of problem
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Level 2: Errors (writing 
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D~~~epuis l'avancée des nouvelles 
technologies et | l'hyperconnectivité qui 
en est | le résultat les jeunes {passent} 
beaucoup de temps | sur le téléphone 
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<> single character insertion

Mandatory steps

● Use a segmentation tool 
(chunking software)

● Process the corpus to allow 
relevant counts

● Use those counts to 
corroborate hypotheses



Chunking of reconstructed texts
Some specificities :
● Contains punctuation marks (errors and pauses)
● Contains typographical errors
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2 types of pauses:  
Pauses in-between chunks
Pauses within chunks

To simplify counts: 
- Transform “fake” chunks:                      into
- Retrieve frontier pipes to place them into their own 

elements: 

Resulting structure 

Pauses in-between 
chunks
Pauses within 
chunks

- Simplify counting of both types
- Retrieve context of both types

est pas fait VN         | PAUSE                avec leur accord PP
  Left context     Pause (in-between chunks)   Right context
 chunk + type         chunk + type
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chunk + type chunk + type
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Combining layers: errors and chunks

● How can we find errors automatically ?
● To simplify counts: 
- Reunite curly brackets when needed

- Do the same for other errors (<> for instance)
- Process pauses simultaneously

Resulting structure 
Pause in-between 
chunks
Pause within chunks
Insertion of one 
character (following 2 
deletions)
Insertion of a string of 
characters (that was 
then deleted)

- Simplify counting of all types
- Retrieve context of all types

qui NP <n> NP auront VN         
Left context     Character insertion Right context                   
chunk +  type                               chunk + type

| PAUSE         l|es ~~~~professeurs NP confisquent VN     
             Left context         Characters deletion           Right context
            chunk + type  type of chunk + direct context  chunk + type
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● Apply these functions to the whole corpus
● Obtain numbers regarding pauses, chunks 

and errors
● Measure relations between/among those 

segmentations

General hypotheses:
● Pausal segmentation tends to correspond to chunk 

segmentation half of the time: on 3034 pauses, 
1480 occur in-between two chunks (48,78 %)

● Pauses seem to occur mostly before: noun chunks 
(610 noun chunks following pauses, 17% of noun 
chunks follow a pause)

● Pauses seem to occur mostly after: preposition 
chunks (539 preposition chunks preceding pauses, 
15,5% of pp chunks precede a pause) and 
adjectival chunks (32 adjectival chunks preceding  
pauses, 16% of ap chunks precede a pause)

We could go further…
● What type of chunks contains the most errors?
● Do character insertions happen most commonly 

after pauses?
● In what type of chunks do people generally decide 

to revise a preceding portion of text?



Conclusion

● Chunks seem to be relevant units for real-time recorded 
writing

● It is possible to adapt existing automatic tools to real-time 
recorded writing

● Some hypotheses regarding the overlap of different 
segmentations seem to be confirmed (Half of pauses 
occur in-between two chunks)

● Similar studies must be led for errors and their relations 
to chunks and pauses

● We need to focus on a better chunking performance and a 
stricter processing of our data for further analysis



Annexes



Data

● 3 csv files containing information on the participants' written productions



For each burst of each participant:

How to use data to rebuild the texts?

Add the burst at the starting position of the cursor

If it contains deletion characters (“⌫” or “⌦”): charBurst

Replace the deleted characters with squiggly lines (“~”)

If it is added to the existing text: startPos docLength

Separate it from the existing text with a pipe (“ | ”)

If it is inserted within the existing text:

If it is a single character:

If it is a sequence of characters:

startPos docLength

charBurst

charBurst

Enclose the burst in chevrons (“<  >”)

Enclose the burst in curly brackets (“{  }”)



GitHub repository for the 
reconstruction scripts:

https://github.com/ims510/pos-tagger/tree/aj_stage

https://github.com/ims510/pos-tagger/tree/aj_stage

