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Abstract. Two experiments examined how visuospatial processing engaged during text composition intervenes in memory for word location.
Experiment 1 showed that in contrast to participants who performed a spatial task concurrently with composing a text, participants who
performed a concurrent visual task recalled fewer word locations after the composition. Consequently, it is hypothesized that writers process the
written text in order to visually represent its physical layout, and that this representation is then used when locating words. Experiment 2 tested
this hypothesis by comparing a standard composition condition (with the written trace) with a condition in which the written trace was suppressed
during composition, and with a condition without written trace and with added visual noise. Memory for word location only decreased with visual
noise, indicating that construction of the visual representation of the text does not rely on the written trace but involves visual working memory.
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Memory for word location refers to the idea that we can
remember more or less accurately where information we
have read or written is located in a text. Experimental studies
of memory for word location in reading or in writing have
shown that participant’s memory for word location is above
chance level (Christie & Just, 1976; Fischer, 1999; Inhoff &
Weger, 2005; Le Bigot, Passerault, & Olive, 2009, 2011;
Lovelace & Southall, 1983; Rawson & Miyake, 2002;
Rothkopf, 1971; Therriault & Raney, 2002; Zechmeister &
McKillip, 1972; Zechmeister, McKillip, Pasko, & Bespalec,
1975). It is thus assumed that when people locate information
they have previously read or written, they first activate a
mental representation they constructed while processing the
text, and then use this representation to recall a particular
location (Le Bigot, Passerault, & Olive, 2010).

Knowledge of the temporal sequence in which ideas or
words occur may explain memory for word location. For
instance, time to locate information is higher and location
performance is lower when participants read a scrambled
than a well-ordered text (Christie & Just, 1976). Moreover,
comprehension plays a role in locating information (Rawson
& Miyake, 2002; Therriault & Raney, 2002). Therriault and
Raney (2002) examined readers’ memory of place-on-the-
page and text-sequencing information after responding to
multiple-choice questions about a simple text or a complex
text. Specifically, readers had to indicate in which section of
the text the response was mentioned and where it was
located on the page. They showed greater memory of the
text sequence with the simple text than with the more diffi-
cult one; moreover, memory of the text sequence increased
as comprehension increased. By contrast, location within the
page was not affected by text difficulty nor by readers’ level
of comprehension. Since text-sequence memory was related
to comprehension but not memory for place-on-the-page,

Therriault and Raney concluded that remembering where
information is in a text sequence implies a high-level repre-
sentation of the text (e.g., text base or situation model) that
codes temporal information, and that locating words in a
page is supported by a surface-level representation of the
text that may be spatial since it represents memory for phys-
ical characteristics of the text.

Thus, writers’ or readers’ memory for word location may
also depend on a visuospatial representation of the physical
layout of the text. Memory for word location indeed appears
to be closely related to the visuospatial characteristics of texts
(Lovelace & Southall, 1983; O’Hara, Sellen, & Bentley,
1999; Zechmeister & McKillip, 1972; Zechmeister et al.,
1975). For example, Piolat, Roussey, and Thunin (1997)
observed that a page-by-page presentation of text led to a
greater recall of location than a scrolling one. Le Bigot
et al. (2009, Experiment 2) also observed that writers who
performed a visual concurrent task while writing their text
had lower memory of word location than participants who
performed a verbal concurrent task.

In sum, both a temporal and a visuospatial representation
of the text may support memory for word location. For
instance, Le Bigot et al. (2011) showed that participants
who were able to construct both temporal and visuospatial
representations of their text (when reading or composing a
text) had better memory for word location than participants
who could only rely on temporal information (as in dictating
a text or listening to it), the latest location performance being
nevertheless above chance level. This suggests that both the
visuospatial and temporal representations of a text are used
for locating words.

One issue to address is whether the visuospatial represen-
tation of the text that is used for retrieving word location is
visual or spatial. There is evidence for the existence of two
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distinct systems in visuospatial working memory, often asso-
ciated to a ‘‘what’’ and ‘‘where’’ distinction, supported by two
cortical pathways: the ventral path which is used for process-
ing ‘‘what’’ information and the dorsal pathwhich is activated
for processing ‘‘where’’ information (for a review, see
Zimmer, 2008). The visual system (the ‘‘what’’ pathway) is
responsible for processing object identification and for the
storage of shapes, color but also the spatial arrangement of
features composing the objects. The spatial system (the
‘‘where’’ pathway) is involved in processing information
related to locations and movements.

The visual and spatial dissociation has revealed fruitful in
writing research for better understanding of the role of work-
ing memory and the levels of representation involved in writ-
ing. For example, visual resources are needed for planning
concrete content (Kellogg, Olive, & Piolat, 2007; Passerault
& Dinet, 2000), and spatial resources are engaged when
organizing the text content (Galbraith, Ford, Walker, & Ford,
2005; Galbraith, Hallam, Olive, & Le Bigot, 2009). How-
ever, as Olive, Kellogg, and Piolat (2008) observed that spa-
tial working memory is involved not only during planning,
they suggested that the text being a visual object (Kennedy,
1992), spatial processing might also occur to mentally repre-
sent the physical layout of the text (see also Hayes, 1996).

The two experiments reported in this article investigated
the visuospatial processing that is required during text com-
position for constructing the representation that supports
memory for word location. It is assumed that while writers
are composing their text, they construct a representation of
the physical layout of the text, and this representation is then
used for retrieving word location. Accordingly, Experiment
1 examined whether that representation is visual or spatial.
Given that Experiment 1 showed that during composition
only a visual interference decreased subsequent memory
for word location, Experiment 2 explored whether the visual
feedback provided by the written trace is necessary for con-
structing the representation of the text that enables writers to
remember word location.

Experiment 1

In a previous study, Le Bigot et al. (2009, Experiment 2)
examined the nature of the mental representation of the text
that supports writers’ memory for word location. They had
participants to compose a text while concurrently perform-
ing a visual or verbal task, or when composing their text
only. In both concurrent tasks, participants had to indicate
if a currently presented item matched a previous one. For
the visual task, Japanese Kanji characters were visually pre-
sented and, for the verbal one, three syllable pseudo-words
were orally presented. After having composed their text,
participants were instructed to locate several words extracted
from their texts. Writers’ memory for word location only
decreased with the visual concurrent task. The authors sug-
gested that a visual representation of the text is first con-
structed by processing the text being composed, and this

representation is then activated when writers recall the loca-
tion of a word they have written.

Experiment 1 extends Le Bigot et al.’s (2009) study by
including a spatial condition. Two different concurrent tasks
were employed: a visual one that tapped memory for
‘‘what’’ and a spatial task tapping memory for ‘‘where.’’
A third concurrent verbal condition was added as a control
concurrent condition that should not interfere with the visual
or spatial processing. This verbal task allowed interpreting
interference with writing as resulting from nature of the sec-
ondary task. Finally, a fourth condition was designed as a
control condition in which writers did not perform any con-
current task but were regularly interrupted as in the other
conditions. This control condition thus allowed assessing
whether the effects of the secondary task were due to inter-
ruption of writing, regardless of the nature of secondary
tasks. Word location performance was expected to decrease
only when writers composed with a visual concurrent task,
and possibly also when they composed with a spatial one.

Method

Participants

Eighty undergraduates from the University of Poitiers volun-
teered to take part in this experiment and were randomly
assigned to the four different conditions (mean age = 20.7
years). Participants were tested individually and treated in
accordance with ethical standards.

Tasks and Procedure

General instructions about the experiment were provided to
each participant at the start of the testing. More specific
instructions were given between each of the two phases
(composition and location). Before composing their texts,
participants practiced the concurrent tasks. They then com-
posed their texts while performing one of the concurrent
tasks (or none in the control condition).

Writing Task

In each condition, participants had to write an argumentative
text about their degree of satisfaction with the University of
Poitiers, suggesting ways of improving daily life at the uni-
versity. This topic was chosen because it was assumed that
all students had sufficient knowledge about the topic and
because it would motivate them to engage in the composi-
tion task. Participants were given 25 min to write a one-page
text on an squared A4 sheet of paper, given a bounded
writing surface of 15 · 24 cm. They were instructed to com-
pose a good-quality text with proper sentences and clearly
organized ideas. Participants were not informed prior to
the location phase that they would subsequently have to
recall the location of some of the words they had written.
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Concurrent Tasks

Participants in the verbal, visual, and spatial conditions had
to perform a concurrent memory task while composing their
text. Three-item series were presented to participants approx-
imately every 25 s (between 20 and 30 s). The items were
presented one after the other, each for 1 s. Participants had
to match the series of items being presented with the previous
ones, based on the similarity of the three items and regardless
of their order of presentation. When one series of items
matched the previous one, participants responded by press-
ing a button they kept in their nondominant hand. The con-
current tasks thus required maintaining the most recent items
in working memory, matching them with the new items, and
updating their working memory with each new series. The
percentage of identical patterns was 30%. Performance at
the concurrent task was recorded and analyzed.

The visual and spatial conditions both used the same
abstract figures and differed only in the visual or spatial pro-
cesses participants had to carry out in order to match the ser-
ies. A beep indicated that the figures were about to be
displayed (1 s later) on a monitor positioned in front of the
participants. Participants were instructed to look at the screen
each time they heard a beep. The three different abstract fig-
ures then appeared sequentially in three different locations.
Each figure was randomly selected from eight shapes that
were made up of geometrical shapes to prevent participants

from using a verbal code to maintain the figures in working
memory. Similarly, the three locations were randomly
selected from eight predefined locations. In the visual condi-
tion, participants had to determine whether the three figures
were the same as the previous ones, regardless of their loca-
tion and order of presentation. In the spatial condition, the
task was to determine whether the three locations were the
same as the three previous ones, regardless of the nature of
the figures and their order of appearance (see Figure 1).

Items for the verbal task were syllables that did not cor-
respond to any French word. Each series was composed of
three syllables, and in an attempt to reduce the likelihood
that long-term memory has influence on the maintenance
and recall of the stimuli, none of the syllables in a given ser-
ies could make a French word when combined. Each sylla-
ble was randomly selected from a total of eight and played
through stereo headphones. A beep indicated that the sylla-
bles were about to be presented (1 s later) randomly through
the left or right channel of the headphones. To match the
current series with the previous one, participants had to
ignore the temporal order of presentation and the headphone
channel through which they were played. They had to match
the stimuli based solely on their phonological similarity (see
Figure 1). To balance the verbal task with the visual and spa-
tial ones, participants in the verbal condition were asked to
gaze at a dot that was displayed in the middle of a computer
screen during the auditory presentation of the syllables.

Figure 1. A depiction of the concurrent verbal, visual, and spatial tasks. Top: The concurrent visual and spatial tasks. The
visual task required participants to memorize three figures displayed in different locations on the screen and then to match
three new figures to those presented previously. The spatial task required the location of each figure to be memorized and
then to be matched with the three locations presented immediately beforehand. In this example, the correct responses at
trial n + 1 are ‘‘yes’’ for the visual condition and ‘‘no’’ for the spatial condition. Bottom: The concurrent verbal task.
This task required participants to memorize three syllables and match them with the three syllables played immediately
beforehand. The correct response at trial n + 1 with these particular stimuli is ‘‘yes.’’
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A preliminary experiment was conducted to equalize the
difficulty of the three concurrent tasks. After empirical trials
to establish the presentation of the stimuli, 15 other partici-
pants (mean age = 21.1 years) performed each of the three
concurrent tasks (in counterbalanced order) in isolation
for 5 min. No difference between the visual (M = 95.3,
SD = 6.4), spatial (M = 92.1, SD = 11.5), and verbal tasks
(M = 93.9, SD = 6.9) was observed, F < 1. Accordingly, the
levels of difficulty of the three concurrent taskswere assumed
to be comparable.

Finally, to balance the control condition with the verbal,
visual, and spatial conditions, participants in the control
group were also interrupted during the writing task. A beep
told participants to stop writing and look at the computer
screen. During the interruption, participants did not have
to memorize any items and simply had to press the response
button if a dot appeared in the middle of the computer
screen. The percentage of trials in which the dot appeared
was the same as that used for the concurrent tasks (i.e.,
30%). Similarly, the interval between the interruptions was
identical to that in the concurrent task conditions (i.e.,
between 20 and 30 s).

Location Task

In the second phase of the experiment, participants were
asked to carry out the location task without performing any
concurrent task. Participants had to locate six words
extracted from their texts. In order to select these words,
the experimenter placed a template of A4 tracing paper on
top of the participant’s text. The six locations in the template
were defined by dividing the tracing paper into two columns
and three rows. The order of tested locations was counterbal-
anced between participants. When a selected word was either
not content word or appeared several times in the text, the
experimenter selected the closest content word. If however
the experimenter selected a word that appeared several times
in the text, the participants were told to indicate one of the
locations of this word and the closest word was used as the
reference word when calculating the writers’ performance
(this happened on average for less than one word recalled
by text). Participants were told that the words would not be
read out in the same order as they had been written and that
there was no time limit on recalling the location. To recall
each location, participants wrote the words spoken by the
experimenter on a blank sheet of squared A4 paper, in the
places where they thought they had written the first letters
of those words during the composition phase. The whole
experiment lasted approximately 35 min for each participant.

Data Scoring and Analysis

Different measures have been used for assessing memory
for word location (for a discussion, see Le Bigot et al.,
2009). First, geometrical distance between the recalled loca-
tion and the target words has been used. It may be expected
that a visual interference may affect more largely location on
the horizontal axis, since location on the vertical axis may be

inferred from knowledge of the content (i.e., from a tempo-
ral or semantic representation of the text). Le Bigot et al.
(2011) did not however confirm such a hypothesis. Addi-
tionally, in terms of probabilities, due to the difference in
size of the x and y axes, it is more probable to observe more
errors, and larger ones, on the vertical than on the horizontal
axis. Accordingly, following Le Bigot et al. (2009) and to
authorize a comparison with previous studies, we analyzed
the accuracy of memory for word location. In the present
study, participants’ memory for word location referred to
the number of words whose location was outside a zone sur-
rounding the target word. This zone was centered on the first
letter of the word and included four 1-cm squares around
that letter in every direction (as in Le Bigot et al., 2011).
Such a discrete measure also minimizes the impact on the
mean of incorrect recalls located very far from the target
words.

Text length (number of words), writing fluency (number
of words per minute), and sentence length (number of words
per sentence) were compared in order to examine the level
of interference of the different concurrent tasks with the texts
composed by the participants. Performances on the concur-
rent tasks were analyzed to assess how they interfered with
text composition. ANOVAs were carried out on all the mea-
sures, with concurrent tasks (none, verbal, visual, spatial) as
a between-participants factor.

Results and Discussion

Writing Performance

Means and standard deviations of writing performance mea-
sures are presented in Table 1. No effect of the concurrent
tasks was observed on text length (F < 1), writing fluency
(F < 1), or the number of words per sentence, F(2, 57) =
1.26, p = .29, indicating that the addition of the concurrent
tasks did not affect these aspects of writing.

Concurrent Task Performance

No difference was observed between the visual (M = 86.7,
SD = 7.1), spatial (M = 88.1, SD = 8.6), and verbal tasks
(M = 87.9, SD = 6.9), Fs < 1. Accordingly, writers were able

Table 1. Means and standard deviations (in parentheses)
for writing fluency (words per minute), text
length (in words), and sentence length (words per
sentence) in Experiment 1

Concurrent task

None Verbal Spatial Visual

Fluency 11.5 (2.8) 11.5 (2.4) 11.2 (3.6) 11.4 (3.3)
Text length 178.3 (26.1) 176.2 (24.8) 176.6 (31) 185.0 (32.8)
Sentence
length

21.4 (6.6) 22.3 (5.5) 24.5 (7.3) 22.3 (5.1)
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to maintain an equivalent level of performance on the differ-
ent concurrent tasks.

Location Recall

As expected, the number of words that were incorrectly
located (maximum score = 6; see Figure 2) was reliably
affected by the type of concurrent memory task, F(3, 76)
= 3.04, MSE = 1.22, p < .05, g2 = .11. Planned comparisons
indicated a decrease in location performances with the visual
concurrent task (M = 3.2, SD = 1) compared with the control
condition (M = 2.4, SD = 1.1), F(1, 76) = 4.6, p < .05. No
difference with the control condition was observed in the
spatial (M = 2.3, SD = 1.3) or verbal conditions (M = 2.3,
SD = 0.9), Fs < 1. Moreover, as expected, location recall
was poorer with the visual concurrent task than with the spa-
tial, F(1, 76) = 6.63, p < .05 and verbal ones, F(1, 76) =
6.63, p < .05. Thus, location performance only decreased
with the visual concurrent task.

The three concurrent tasks did not differentially interfere
with the primary composition task, indicating that the effects
observed on location performance can be attributed to inter-
ference between the concurrent tasks and processing
involved for constructing writers’ text representation. We
hypothesized that the visual concurrent task and presumably
the spatial task would interfere with the writers’ construction
of a visual or spatial representation of their text and would
therefore influence subsequent performance in locating
words. Given that memory for word location was affected
only after the visual concurrent task, we conclude that locat-
ing words is mainly based on a visual representation of the
written text.

It could be argued that the decrease in memory for word
location may have resulted from a verbal interference
because participants verbally encoded the visual stimuli.
The shapes used in the visual concurrent task were, however,
sufficiently numerous (eight, with only three presented in
each series) and complex to minimize such encoding by par-
ticipants. Moreover, the differential effect of the verbal and

visual concurrent memory tasks on location performance
indicates that writers did not rely solely on verbal encoding
of the shapes when processing them, for had that been the
case, no difference in memory for word location would have
been observed between the verbal and visual concurrent
tasks. The present study again shows that a verbal represen-
tation is not likely to contribute to memory for word location.

It may appear surprising that the concurrent visual task,
but not the spatial one, interfered with recall of word loca-
tion. As the concurrent tasks occur during composition of
the text and not during recall of locations but during text
composition, participants in the visual condition had to pro-
cess a degraded visual representation of the physical layout
of their text when they recalled location. This resulted in
lower location performance. Second, the visual system also
supports processing of spatial information. The representa-
tion of the appearance of object includes spatial arrangement
of the features defining it. According to Zimmer (2008), two
types of representations might result from processing loca-
tion of objects. One, being processed by the visual system,
consists in a visual configuration representing the shape and
appearance of object probably in object-centered coordi-
nates. The second one is processed by the spatial system
and represents ‘‘spatial coordinates in the environment
[. . .] probably in egocentric and body-centred coordinates’’
(Zimmer, 2008, p. 1380). Thus, in Experiment 1, the visual
concurrent task is likely to have interfered with processing
of the visual system when constructing the representation
of the physical layout of the text. This suggests that when
writing, a visual representation of the text is constructed that
stores information allowing retrieval of location of words.

Experiment 2

One issue to address is how such a visual representation is
constructed. Obviously, it may be constructed from the writ-
ten trace of the text. Writers indeed visually process their
text for controlling their handwriting or spelling, or when
they read it. Experiment 2 tested the hypothesis that without
a written trace, construction of the representation supporting
memory for word location would be impaired, and writers
would therefore have greater difficulty recalling the location
of words in their texts. Two groups were first designed: a
first one, in which writers were able to see the written trace
of the texts they were composing (text condition), and a sec-
ond, involving inkless pens, which prevented the writers
from seeing the written trace (no trace condition). In this
group, writers did, however, continue to access some visuo-
spatial information about the physical structure of their texts,
even when they did not see the visual feedback provided by
the written trace. For example, they knew how they had for-
matted their texts (e.g., making a line break before a para-
graph, indenting a list, etc.) and they could also look at
their pen moving across the sheet of paper to visually repre-
sent their text. Even without visual feedback, writers were
thus still able to construct a representation of the spatial lay-
out of their text, even if it included fewer details. To further
prevent writers from constructing a visual representation of

Figure 2. Number of words incorrectly located (max. = 6)
in Experiment 1 with either no concurrent task or with a
verbal, spatial, or visual one. Error bars represent the
standard deviations.
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their texts, in a third group writers composed their text with-
out visual feedback but were also subjected to continuous
visual noise (visual noise condition). This visual noise was
expected to disturb the visual system in visuospatial work-
ing memory (Dean, Dewhurst, & Whittaker, 2008; Hecker
& Mapperson, 1997; McConnell & Quinn, 2000, 2004;
Quinn & McConnell, 1996, 1999), where the visual repre-
sentation of the text would be constructed. Location perfor-
mance was expected to be impaired in both conditions
without written trace, but more particularly in the one with
visual noise.

Method

Participants

Sixty-three undergraduate students (mean age = 20.2 years)
were tested individually and randomly assigned in equal
numbers to the three writing conditions. All participants
were native French speakers. Three scripts were excluded
from the analyses. Two scripts were excluded because par-
ticipants wrote twice on the same line, thus making a portion
of text unreadable. The third script was excluded because its
author had misunderstood the writing instructions.

Tasks, Material, and Procedure

The writing and location tasks and the procedure were the
same as in Experiment 1. Participants were asked to write
a one-page text about their degree of satisfaction with the
university. As they were not interrupted during their writing
task, the available time was reduced to 20 min. Then, in the
second phase of the experiment, six words were extracted
from the participants’ texts and participants were asked to
indicate on a blank page where they thought they had writ-
ten these words in their texts.

Three writing conditions were tested. In the text condi-
tion, participants composed their texts in the standard fashion
on a squared A4 sheet of paper. In the no trace condition, par-
ticipants wrote their texts using an inkless pen on an A4
squared sheet. However, in order to collect the texts, the sheet
was placed over a carbon paper to allow the text to be copied
onto a second squared sheet of paper below. The three sheets
(i.e., two sheets of writing paper and one sheet of carbon
paper) were contained in a thin plastic sleeve and participants

wrote directly on the plastic. In the visual noise condition,
participants wrote their texts using the same set of papers
and with an electronic pen on a Wacom Cintiq tablet, which
allowed not only to record handwriting movements but also
to present on the writing surface continuous visual noise
(visual noise condition) since this tablet was also a computer
screen. In a series of studies, Quinn and McConnell (1996,
1999) showed that two features of visual noise are important
when it comes to disturbing visual working memory: the
dynamic aspects and the density of the visual noise. More-
over, using different colors is an important characteristic of
irrelevant visual input for disturbing visual working memory
(Hecker & Mapperson, 1997). For these reasons, the visual
noise used in this experiment consisted of different visual
textures presented in different colors. Seventy-nine different
textures (see Figure 3 for an illustration of some of the tex-
tures used in the experiment) and seven different colors were
used. The program randomly combined one color with one
texture and changed both the texture pattern and the color
every 2 s. The visual noise was displayed throughout the
writing tablet on a surface that corresponded to the same
writing surface (15 · 24 cm) as used in Experiment 1 and
in the two other groups of the experiment.

Results and Discussion

In all the analyses, the Writing condition (text, no trace,
visual noise) was included as a between-participants factor.
The same scheme as in Experiment 1 was used to assess the
correctness of location recall.

Writing Performance

Text length, writing fluency, and sentence length were ana-
lyzed to examine the effects of the different writing condi-
tions on writing (see Table 2 for means and standard
deviations). Results showed an effect of the Writing condi-
tion on text length, F(2, 57) = 7.06,MSE = 1250, p < .01, g2

= .20. Post hoc comparisons with the Scheffé’s t-test showed
that, by contrast with the text condition, the number of
words was lesser in the visual noise condition (p < .01)
and tended to be reliably lesser in the no trace condition
(p = .07). No effect of the Writing condition was observed
on fluency or sentence length, Fs < 1.

Figure 3. Illustration of four different textures used for the visual noise in Experiment 2. Here they are presented in black
and white but during the experiment they were colored.
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Location Performance

As participants composed shorter texts when visual feed-
back was suppressed, an ANCOVA was conducted on the
number of incorrect location recalls, with the number of
words as a covariate. This analysis revealed a main effect
of the Writing condition, F(2, 56) = 4, MSE = 1.75, p <
.05, g2 = .13. More specifically, planned comparisons
showed that the number of incorrectly located words was
significantly higher in the visual noise condition (M = 3.6,
SD = 1.1) than in the text condition (M = 2.5, SD = 1.4),
F(1, 56) = 7.58, p < .01 (see Figure 4). The difference
between the no trace (M = 2.8, SD = 1.5) and visual noise
conditions was also significant, F(1, 56) = 4, p < .05. No
difference was observed between the text and no trace con-
ditions (F < 1).

Unexpectedly, location performance was not affected by
suppression of the written trace: This took the addition of
visual noise. Writers did not appear to need to process the
written trace to construct a visual representation of their text.
When they were prevented from visually accessing the text
they were composing, they were still able to process its phys-
ical layout by watching their pen move across the paper.
Moreover, they also received kinesthetic feedback from their
fingers, hand, and arm, telling them about the spatial nature
of their action. From these different kinds of cues, even with-

out written trace, writers still had access to visual information
related to the written trace. Therefore, they processed this
information in the visual system of visuospatial working
memory and built a visual representation of their text. How-
ever, because visual noise disturbed writer’s visual process in
working memory, they constructed a degraded visual repre-
sentation of their text that prevented good recall of location.

General Discussion

The two experiments described in this article explored the
visuospatial processing that is engaged during text composi-
tion and that subtends memory for word location. Experi-
ment 1 showed that writers’ location memory decreased
only after writers composed their text with a visual concur-
rent task. This confirms first that writers construct a visual
representation of their text, and second that this visual rep-
resentation supports memory for word location. Experiment
2 showed that memory for word location was not affected
by suppression of the visual feedback of the written trace,
suggesting that writers were probably able to construct a
visual representation of their text from kinesthetic informa-
tion related to handwriting movements and from looking
at the pen moving. Memory for word location was impaired
only when visual processing in working memory was dis-
turbed with a visual noise added to suppression of the visual
feedback. This reinforces the idea that a visual representa-
tion of the text is constructed in visual working memory,
and that memory for word location is based, at least par-
tially, on such a representation.

One may argue that the visual concurrent task also inter-
fered with construction of the temporal (and semantic) repre-
sentation of the text content, given that visual working
memory is associated to conceptual planning (Kellogg
et al., 2007). The lower memory for word location observed
with the visual task may thus not demonstrate the role of a
visual representation of the text. The experiments presented
in this article do not permit one to validate that hypothesis,
given that a different level of interference was observed
between the verbal and visual tasks. Nevertheless, it is impor-
tant to underline that memory for word location does not rely
entirely on a visual representation of the text, only a temporal
representation is sufficient for observing memory for word
location. However, giving writers the possibility to visually
encode their text increases memory for word location both
in reading and in writing (Le Bigot et al., 2011).

The visual nature of the representation supporting mem-
ory for word location does not mean that no spatial
resources at all are involved when writers search for infor-
mation in their texts. In Experiment 1, the concurrent tasks
were only administered while the participants were compos-
ing their texts. When they recalled word locations, that is,
after the construction of the representation supporting mem-
ory for word location, they did not perform any concurrent
task. It is therefore possible that the representation con-
structed during writing is visual in nature, but that when
writers recall location, spatial processes are required. This
is consistent with Logie’s (1995) model of visuospatial

Figure 4. Number of words incorrectly located (max. = 6)
in Experiment 2 with either the text visible, without
written trace, or without written trace plus a visual noise.
Error bars represent the standard deviations.

Table 2. Means and standard deviations (in parentheses)
for writing fluency (words per minute), text
length (in words), and sentence length (words per
sentence) in Experiment 2

Written trace

Text No trace Visual noise

Fluency 14.9 (4.4) 16.1 (4.3) 15.9 (2.9)
Text length 202.8 (36) 177.2 (33) 161.1 (37)
Sentence length 20.5 (5.2) 20.3 (4.3) 20.1 (5.7)
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working memory, in which spatial information is retrieved
through a representation stored in the visual short-term com-
ponent of working memory, but also to Zimmer’s (2008)
distinction about the visual and spatial systems. This implies
that when writers compose a text, they construct a visual
representation of the physical layout of their text in visual
working memory. When they later have to recall a location,
they may engage spatial processes to access that visual rep-
resentation and scan it, in order to find the correct location.
Further investigations are needed to confirm this hypothesis
by asking, for example, writers to perform the concurrent
task during the recalling phase.

Surprisingly, suppression of the visual feedback did not
affect memory for word location. Usually, when writers are
prevented from using visual feedback, the quality of their
texts and their handwriting is poorer than when they com-
pose with visual feedback, as texts produced in standard
conditions act as external memories. However, Olive and
Piolat (2002) failed to observe any increase in the demands
of the writing processes when visual feedback was sup-
pressed, supporting the idea that these processes are not
greatly affected by this suppression. The written trace does
not seem necessary for constructing the visual representation
of the text that supports memory for word location because
writers can still rely on their vision of the pen and kines-
thetic feedback related to handwriting. Further investigations
are needed to better know what kinds of information are
involved in the construction of the visual representation of
the text layout. This issue is particularly relevant for writing
situation in which writers cannot refer to the visual and kin-
esthetic information provided by the handwriting process, as
it is the case when using a computer.
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