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Rapid communication

Processing of syllables during handwriting: Effects of
graphomotor constraints

Solen Sausset1, Eric Lambert1, Thierry Olive1, and Denis Larocque2

1University of Poitiers & CNRS (UMR CeRCA 7295), Poitiers, France
2Department of Management Sciences, HEC Montreal, Montreal, QC, Canada

The processing of syllables during the writing of isolated words has been shown to occur either before or
during the writing of the word containing them. To demonstrate that this difference is related to gra-
phomotor constraints, participants copied bi- and trisyllabic words three times, in four conditions where
graphomotor constraints were gradually increased. As expected, latencies were only affected by syllable
number in the low-constraint condition. In all four conditions, interletter intervals at syllable boundaries
were longer than intrasyllabic interletter intervals. The difference between inter- and intrasyllabic inter-
vals increased with the level of graphomotor constraint. Taken together, these findings indicate that
under low graphomotor-constraint conditions, all the syllable processing takes place prior to the
writing of a word, whereas under higher graphomotor-constraint conditions, syllable processing is
more sequential, each syllable being processed just before it is written.

Keywords: Handwriting; Syllable; Graphomotor constraints; Processing unit.

Handwriting requires a series of hierarchical pro-
cessing stages that involve different units ranging
from ideas to words and letters. Some recent
studies have suggested that the syllable may be
one of the processing units involved in ortho-
graphic processing (Kandel, Peereman,
Grosjacques, & Fayol, 2011). For instance,
studies in adults have shown that the syllable struc-
ture of words affects the dynamics of handwriting
in a variety of different languages (Álvarez,
Cottrell, & Afonso-Hernández, 2009; Kandel,
Álvarez, & Vallée, 2006; Kandel, Hérault,

Grosjacques, Lambert, & Fayol, 2009; Lambert,
Kandel, Fayol, & Espéret, 2008). However, the
precise point at which syllables are processed and
coordinated with graphomotor execution is still
subject to debate.

Syllable processing has been found to occur
within words at syllable boundaries, suggesting
that syllables are processed concurrently with the
graphomotor execution of the word containing
them. Each syllable is therefore orthographically
processed immediately before its transcription.
For example, in a series of experiments, Kandel
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et al. (2006) found that syllable structure influences
the duration of interletter intervals at syllable
boundaries in both French and Spanish. In
Experiment 1b, French participants used upper-
case letters to write pairs of words sharing the
same first four letters, but embedded in two differ-
ent syllable structures (e.g., tra.ceur, CCV, and trac.
tus, CCVC, where C= consonant, V= vowel; a
dot is used hereafter to denote a syllable boundary).
The interval between the letters a and c was longer
when it straddled the syllable boundary (e.g., tra.
ceur) than when it was located within a syllable
(e.g., trac.tus). In Experiment 2, French and
Spanish speakers wrote orthographic cognates
that embedded a sequence of identical letters in
both languages (gn, gm), either between two sylla-
bles in Spanish (e.g., mag.nolia) and within a single
syllable in French (e.g., ma.gnolia), or between two
syllables in both languages (e.g., pig.mento vs. pig.
ment). For French speakers, the intrasyllabic inter-
val was shorter than the intersyllabic one, whereas
for Spanish speakers, there was no difference
between the g–n and g–m intervals, which were
both intersyllabic. Similar syllable boundary
effects have been found in word dictation and
picture-naming tasks (Álvarez et al., 2009)
and with keystroke intervals when typing in
French (Zesiger, Orliaguet, Boë, & Mounoud,
1994), English (Kreiner, Zane Price, &
Gross, 2008), Finnish (Service & Turpeinen,
2001), and German (Weingarten, Nottbusch, &
Will, 2004).

The syllable effect has also been observed on
latencies before writing words. Lambert et al.
(2008) asked French adults to copy 2-, 3- and
4-syllable words and pseudowords three times in
quick succession on a digitizing tablet, in their
usual handwriting. The words were displayed
one at a time on a computer monitor and disap-
peared with the first pen press on the tablet. It
should be emphasized that the latency between
the visual presentation of the word and the begin-
ning of the first copy encompasses word recog-
nition, as well as written word production
processes, whereas the latencies between the first
and second copies, and second and third copies,
are taken up solely by word production.

Lambert et al. (2008) found that the second
and third latencies increased with the number of
syllables, providing additional evidence that the
number of syllables affects the time course of
written word production.

The above results indicate that syllables may
be processed either before or during the writing
of each word. One possible explanation for
these apparently discrepant findings is that the
time course of syllable processing is influenced
by the availability of cognitive resources. We
hypothesize that different time courses were
observed in previous studies because different
demands were placed on graphomotor execution.
For instance, Lambert and colleagues (2008)
asked participants to copy the words in lower-
case letters with their usual handwriting. By con-
trast, in Kandel and colleagues’ (2006) study, par-
ticipants were asked to copy the words with a
more demanding handwriting—namely, upper-
case letters (Bourdin & Fayol, 1994). As shown
by Olive and Kellogg (2002), central and periph-
eral processes in written production compete for a
common cognitive resource, and this changes the
way these processes are managed. In their study,
they showed that when graphomotor execution
makes low processing demands (e.g., in adults),
high-level writing processes can take place con-
currently with it, but when graphomotor
execution makes substantial processing demands,
as is the case with upper-case handwriting,
high-level processes and transcription occur
more sequentially. We therefore suggest that the
difference in locus of the syllable effect may
result from variations in the availability of cogni-
tive resources—variations that could result from
differences in graphomotor demands. When gra-
phomotor execution demands are low, syllable
processing takes place prior to the writing of
the word (i.e., during the word latency) and
may encompass the whole of that word, as in
Lambert et al.’s study. However, when processing
demands are unusually high, as with upper-case
handwriting, writers programme their handwrit-
ing syllable by syllable, and the syllable effect is
observed at syllable boundaries, as in Kandel
and colleagues’ study.
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To test our hypothesis, we examined whether
differences in graphomotor execution demands
affect the time course of syllable processing.
Participants had to copy bi- and trisyllabic words
three times in a row (Lambert et al., 2008). We
created four conditions, in which different hand-
writing constraints were imposed on graphomotor
execution in order to manipulate its processing
demands. Participants copied the words in lower-
case print letters, upper-case print letters, large
upper-case print letters, and large upper-case
print letters without any visual feedback about
their handwriting. Upper-case and lower-case
letter forms belong to two distinct repertoires (Di
Pietro, Schnider, & Ptak, 2011), and the selection
of upper-case allographs increases the processing
demands of graphomotor execution (Bourdin &
Fayol, 1994; Olive & Kellogg, 2002). Writing
in larger-than-normal letters is also resource
demanding, for while the motor programme does
not change, all the local parameters have to be
revised, thereby increasing processing demands
(van Galen & Teulings, 1983; but see Teulings &
Schomaker, 1993; Wann & Nimmo-Smith,
1990). Suppressing visual feedback increases these
demands, too, affecting the coordination of high-
level writing processes with graphomotor execution
(Marquardt, Gentz, & Mai, 1999; Olive & Piolat,
2002; van Doorn and Keuss, 1992; van Galen,
Smyth, Meulenbroek, & Hylkema, 1989).

We measured the latencies before the copies of
each word and the duration of the interletter inter-
vals (ILIs), comparing inter- and intrasyllabic
ILIs. Assuming that graphomotor constraints do
indeed determine where syllables are processed,
we expected to observe an effect of syllable
number on latencies in the low-constraint con-
dition, indicating that the syllables were processed
prior to writing the word. As the level of constraint
gradually increased, we expected the effect of
syllable number on latencies to disappear and the
difference in duration between inter- and intrasyl-
labic intervals to increase, indicating that the
syllables were processed at syllable boundaries.
Thus, we predicted an interaction between syllable
number and level of graphomotor constraint on
latencies and an interaction between type of interval

(inter- vs. intrasyllabic) and level of graphomotor
constraint.

Method

Participants
Twenty-five native French-speaking adults
(12 women and 13 men; mean age= 27.3 years,
age range: 20–37) from the city of Poitiers took
part in the study. They all had a high-school
diploma. They had normal or corrected-to-
normal vision and no motor or hearing disorders.

Material
The experimental stimuli were 12 bisyllabic and 12
trisyllabic words (see Appendix). All the words
were common singular nouns or adjectives. The
number of letters in each word was controlled
(half were 7-letter items and half 8-letter items).
None of them contained a schwa (in the French
language, a schwa is an e at the end or in the
middle of a word that sometimes is not pro-
nounced). Drawing on the Lexique 3.5 French
database (New, Pallier, Brysbaert, & Ferrand,
2004), we controlled for lexical frequency across
the two conditions (31.04 per million for bisyllabic
words, 28.08 per million for trisyllabic words, t,
1). We matched the first syllables of the bi- and tri-
syllabic words on frequency (1,208 per million for
bisyllabic words, 1,127 per million for trisyllablic
words, t, 1), phonological structure, number of
letters, and number of graphemes. Bigram frequency
was also controlled: bigram frequency at the syllable
boundaries did not differ from bigram frequency at
the intrasyllabic intervals immediately before and
after the syllable boundaries (3,020 per million for
intersyllabic intervals, 5,199 per million for intrasyl-
labic ones), t(70)= 1.43, p= .16.

Procedure
Participants were asked to write out each target
word three times in succession, in three evenly
spaced slots displayed in a line on a screen digitiz-
ing tablet (WACOM Cintiq 21UX). The partici-
pants triggered the beginning of the sequence by
touching a start box on the left-hand side of the
screen tablet. The target word appeared at the top
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of the screen tablet, printed in 11-point Arial font
lower-case black letters on a white background.
The participants then wrote it out three times. In
order to prevent participants from looking back at
the target word, it disappeared as soon as they
started to write. Similarly, each copied word disap-
peared as soon as the participant started on the next
one. This meant that variations in latencies could
not be due to lookbacks either to the model or to
previous copies. Participants were asked not to
stop between two copies of a word and to write flu-
ently, avoiding untimely pauses while writing. They
copied the 24-word set in four different handwrit-
ings that imposed increasing graphomotor con-
straints: lower-case print letters, upper-case print
letters, large upper-case print letters, and large
upper-case print letters with no visual feedback
(the pen did not leave any mark on the tablet).
For the large upper-case letters, the participants
had to write the word inside a rectangle displayed
on the tablet (18 mm high) and were instructed to
write their letters so that they touched both the
top and bottom of this rectangle. In all the con-
ditions, the participants had to lift the pen
between each letter. The condition order was coun-
terbalanced across participants, and the presentation
of the 24 items was randomized. Each condition was
preceded by four practice trials featuring words that
were different from the experimental items.
Participants were tested individually. The exper-
iment lasted approximately one hour.

Data processing and analysis
The data were collected using Eye and Pen software
(Alamargot, Chesnet, Dansac, & Ros, 2006).
Although we measured the latencies before all
three copies, we did not analyse the first latency, as
it encompassed the recognition of the target word,
as well as its production. Accordingly, only the
latencies before the last two copies, reflecting
written word production alone, were analysed
(Lambert et al., 2008). These latencies corresponded
to the end of one copy (word end+ pressure= 0)
and the onset of the next (pressure. 0). For the
purpose of the analysis, the second and the third
latencies were averaged. We also measured the dur-
ation of the intervals between the critical letters

(ILIs) for the last two copies. An interval was
defined as the period during which two letters
were separated by a pen lift. It was measured
between the end of one letter (pressure= 0) and
the onset of the next (pressure. 0). We collected
the ILIs between the first and second syllables
(intersyllabic intervals; e.g., tri.bunal), and the ILIs
immediately preceding and following the syllable
boundary (intrasyllabic intervals; e.g., tr.ibunal, and
trib.unal). For the purpose of the analyses, we aver-
aged the intrasyllabic intervals before and after the
syllable boundaries in the second and third copies.
We also averaged the intersyllabic intervals in the
second and third copies.

Results

For latency, the factors of interest were graphomo-
tor constraint and number of syllables, which had a
two-way structure. For the ILIs, the factors of
interest were graphomotor constraint and type of
interval, which also had a two-way structure.
However, as we also had repeated measures by par-
ticipants and by words, we needed to account for
potential within-participant and within-word cor-
relations. To achieve this, mixed-model analyses
of variance (ANOVAs) were conducted by intro-
ducing random effects at the participant and word
level (Goldstein, 2003; Raudenbush & Bryk,
2002). Although the participant and word effects
were not of interest in themselves, neglecting het-
erogeneity across participants and words might
have biased the p-values for the factors of interest,
and we therefore needed to incorporate them into
the model. In all the models, the participant and
word effects were significant. For latencies, the par-
ticipant effect was z= 3.71, p, .001, and the word
effect z= 1.83, p, .05. For ILIs, the participant
effect was z= 3.51, p, .001, and the word effect
z= 2.89, p, .005.

Observations were discarded in the event of a
misspelling or failure to lift the pen between two
letters (2.94%). A range of 50–2,500 ms was used
for latencies (Álvarez, Carreiras, & Perea, 2004)
and a range of 20–800 ms for ILIs, thereby elimi-
nating 0.22% of the data. Mean latencies and
ILIs are shown in Tables 1 and 2, respectively.
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Latencies
Latencies fell significantly with the increase in gra-
phomotor constraints, F(3, 2323)= 84.16, p ,
.001. There was no main effect of number of sylla-
bles on latencies, F(1, 23.1), 1. As expected, the
interaction between number of syllables and gra-
phomotor constraint was significant, F(3,
2314)= 2.60, p= .05. In the lower-case condition,
latencies before trisyllabic words were longer than
latencies before bisyllabic words, t(127)= –2.13,
p, .05. There was no effect of number of syllables
in the other three conditions, in upper case,
t(130)= –1.04, ns, large upper case, or the con-
dition without feedback, ts(130), 1.

Intervals
The intersyllabic intervals were longer than the
intrasyllabic ones, F(1, 4726)= 528.39, p , .001,
in all four conditions: in lower case, t(4726)=
8.50, p, .001, in upper case, t(4726)= 11.55,

p, .001, in large upper case, t(4726)= 11.33,
p, .001, and in no feedback condition,
t(4726)= 14.59, p, .001. There was a main
effect of graphomotor constraint, F(3, 4726)=
182.91, p, .001. The interaction between type of
interval and graphomotor constraint was significant,
F(3, 4726)= 6.18, p , .001. We calculated the
difference between inter- and intrasyllabic intervals
in each condition. This difference was smaller in
the lower-case condition than in the upper-case
one, t(2334)= 2.40, p, .01, and smaller in the
large upper-case condition than in the no feedback
one, t(2334)= –2.49, p, .01. However, no differ-
ence was found between the upper-case condition
and the large upper-case one, t(2334), 1.

Discussion

To explain why the syllable effect has been observed
either at syllable boundaries (Kandel et al., 2006)
or before words (Lambert et al., 2008), we

Table 2. Mean durations and standard deviations of intrasyllabic and intersyllabic intervals according to graphomotor constraints and

difference between inter- and intrasyllabic intervals

Intervals

Intrasyllabic intervals Intersyllabic intervals

Inter–intra differenceMean SD Mean SD

Lower case 205 94 242 110 37

Upper case 163 73 213 103 50

Large upper case 234 89 283 102 49

No feedback 203 81 266 105 63

All conditions 201 88 251 109

Note: Durations in ms.

Table 1. Means and standard deviations of latencies according to graphomotor constraints and the number of syllables in the word being

copied

Latencies

Bisyllabic words Trisyllabic words All words

Mean SD Mean SD Mean SD

Lower case 729 187 758 226 744 208

Upper case 660 184 676 173 668 179

Large upper case 672 201 661 192 666 198

No feedback 616 182 607 173 612 177

All conditions 669 194 676 200 673 196

Note: Latencies in ms.
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hypothesized that the time course of orthographic
syllable processing differs according to the avail-
ability of cognitive resources, and we tested this
hypothesis in the present study by manipulating
graphomotor demands. With increased graphomo-
tor constraints, we predicted that syllable proces-
sing would be more sequential, with syllables
being processed one by one during the actual
copying of the word. To test this prediction, par-
ticipants copied bi- and trisyllabic words three
times in succession, under conditions featuring
increasingly high processing demands: lower-case
print, upper-case print, large upper-case print,
and large upper-case print with no feedback.

First, latencies became shorter as graphomotor
constraints increased, and the number of syllables
only affected latencies when the graphomotor con-
straints were at their lowest (i.e., lower-case print).
Second, the difference in duration between the
inter- and intrasyllabic ILIs increased with the
level of graphomotor constraint. This suggests that
when graphomotor constraints are low, all the sylla-
bles contained in a word are processed at an ortho-
graphic level prior to the transcription of that
word. By contrast, when graphomotor constraints
are high, too few cognitive resources are available
for processing all the syllables during the latency.
Each syllable therefore has to be orthographically
processed just before it is transcribed. This interpret-
ation is convergent with findings from both Lambert
et al. (2008) and Kandel et al. (2006) and confirms
that the time course of orthographic processing of
the syllable depends on the availability of cognitive
resources, which in this case was limited by an
increase in graphomotor demands.

It is important to note that in the low-constraint
condition, we observed not only an effect of syllable
number on latencies, but also longer durations at syl-
lable boundaries. In actual fact, the lower-case print
condition may not be the one with the lowest proces-
sing demands for French writers, as the latter gener-
ally use lower-case cursive handwriting. However,
because we needed to measure the ILIs, we could
not ask participants to use cursive handwriting.

The cascade model of processing has already been
observed for spelling and graphomotor execution.
Delattre, Bonin, and Barry (2006) demonstrated an

effect of frequency and spelling regularity on the dur-
ation of writing in a multiple copy task of dictated
words. They interpreted their findings in terms of
overlapping central and peripheral processes, with
spelling processes beginning before the writing of
the word and, in the case of irregular words, continu-
ing while the word was being written, in parallel with
graphomotor execution.

Lambert, Alamargot, Larocque, and Caporossi
(2011) also observed that spelling processes begin
before the word is written, more specifically while
the previous word is still being written. They ana-
lysed the influence of word frequency and spelling
regularity on eye movements in a copy task. First,
they found that participants fixated the next
word-to-be-copied before the previous one was fin-
ished. In addition, the interval between the start of
this fixation and the start of graphomotor execution
was sensitive to frequency and regularity. Second,
they showed that with nonfrequent and irregular
words (i.e., words with strong spelling constraints),
participants sequentialized their production and
had to look back to the model to reactivate the
orthographic representation. The results of the
present study converge with these earlier findings,
insofar as our participants segmented their pro-
duction in the case of greater constraints, regardless
of the level at which these constraints applied.
Furthermore, they confirm that the syllable is one
of the processing units in handwriting and
provide new evidence in favour of a strong and
bidirectional relation between central and periph-
eral processes in handwriting.

Original manuscript received 31 January 2012

Accepted revision received 19 June 2012

First published online 6 September 2012
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APPENDIX

Bi- and trisyllabic words used in the experiment, with lexical frequency and frequency of the first syllable (per million)

Bisyllabic words Trisyllabic words

Word Lexical frequency First syllable frequency Word Lexical frequency First syllable frequency

tableau 57.8 1,115.6 magasin 45.6 2,963.8

méchant 16.0 1,354.8 cabinet 29.8 2,580.2

pêcheur 13.1 74.7 paradis 28.0 2,671.9

réchaud 6.2 3,481.7 minimum 11.5 1,709.2

exploit 5.2 1,602.0 estomac 30.1 1,327.1

anglais 106.1 770.4 horizon 61.1 226.1

discours 50.5 1,128.5 carnaval 5.7 322.3

marchand 27.9 1,022.3 pistolet 14.8 71.1

clochard 5.3 121.2 criminel 6.8 181.1

prochain 28.6 2,864.9 tribunal 15.0 202.5

longueur 26.8 369.1 pantalon 57.9 146.2

mouchoir 28.8 600.9 chocolat 30.6 1,120.0
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