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to-be memorized sequence. In half of the blocks the se-
quence matched and in the other half the presented se-
quence differed by two adjacent elements whose position
was switched (switches could occur for all elements of
the sequence with equal probability).

3.1.2. Parity judgment task
Arabic numbers from 1 to 6 were presented in the cen-

ter of the screen. Participants completed two blocks. In the
first, they were instructed to press the left button for odd
and the right button for even numbers (or vice versa).
The response mapping was reversed in the second block
and the order of blocks was counterbalanced across sub-
jects. A trial consisted of a fixation point (500 ms) after
which a target was shown. The response deadline was
set to 1500 ms. After this period or after a response, the
screen went black and following an inter-trial interval of
1000 ms the next trial was initiated. Each trial started with
a fixation mark (500 ms), immediately followed by the tar-
get number (0.6 by 0.5 cm). Each target number was pre-
sented 20 per response mapping block. Six practice trials
were delivered prior to the experiment.

3.2. Results and discussion

3.2.1. Fruit–vegetable task
The data of three subjects were excluded from the anal-

yses because they didn’t follow the instructions. Data
selection and analyses were analogous to Experiment 1.
It took on average 25.25 (SD = 3.92) blocks to correctly rec-
ognize all 20 sequences. The go-no go instructions were
successfully performed in 93% (SD = 4%) of the trials. Aver-
age reaction time was 802 ms (SD = 121 ms) and accuracy
was 94% (SD = 4%) of the responded go-trials.

A 5 ! 2 repeated measures ANOVA with position in the
WM sequence (1–5) and location of the response (left vs.
right) revealed a main effect of position [F(4,
140) = 10.43, p < .001, g2 = .23] and an interaction between
position and response [F(4, 140) = 10.62, p < .001, g2 = .23].
Average RT’s per position were: 776, 800, 801, 817 and
827 ms. A polynomial contrast confirmed a linear trend
[F(1, 35) = 28.86, p < .001, g2 = .45], suggestive of a serial
scanning strategy. Regression analysis revealed a signifi-
cant negative regression weight for position on dRT
[b = "29.04; t(35) = "5.69, p < .001] with faster left sided
responses for the initial elements and faster right sided re-
sponses to the final elements (see Fig. 2).

The position–space association was not related to the
main effect of position since the regression weights of po-
sition on the difference scores did not correlate with the
regression weights of position on the absolute scores
[r = ".23, p = .16]. Again, a similar pattern of results was
found in the analysis of the accuracy data.

3.2.2. Parity judgment
Average reaction time was 490 ms (SD = 58) and accu-

racy 95% (SD = 3%). The 2 ! 6 repeated measures ANOVA
with response (left vs. right) and magnitude (1–6) revealed
a main effect of magnitude [F(5, 175) = 11.80, p < .001,
g2 = .25]. Average RT per digit were respectively: 487,
495, 482, 478, 518 and 484 ms. The interaction between

magnitude and response reached significance [F(5,
175) = 4.11, p = .001, g2 = .11]. A multiple regression analy-
sis with numerical magnitude and parity status as predic-
tors revealed a SNARC effect as indicated by the negative
regression weight of the magnitude predictor: b = "9.05
[t(35) = "3.13, p < .01]. Similar results were found in the
accuracy data.

3.2.3. Relation between numerical SNARC effect and position
SNARC effect

To substantiate the claim that the numerical SNARC ef-
fect in parity judgment is attributable to the spatial coding
of ordinal information in WM, the correlation between the
numerical SNARC effect in parity judgment and the posi-
tional effect in the fruit–vegetable categorization task
was calculated (see Fig. 3). In line with the prediction, a
significant positive correlation was found between both ef-
fects [r = .33; p < .05]. Importantly, this correlation re-
mained significant when controlled for differences in
reaction times between both tasks, ruling out the putative
explanation that the correlation is driven by the covaria-
tion of the overall RTs of both tasks [partial r = .33; p < .05].

4. General discussion

In two experiments we demonstrated that position in
working memory (WM) is associated to space: Items from
the beginning of a verbal WM sequence are responded to

Fig. 2. Observed data and regression line of Experiment 2, representing
RT differences between right and left-hand responses in function of the
position in the working memory sequence. Positive values reflect faster
left-hand than right-hand responses.

Fig. 3. Scatter plot of the correlation between the numerical SNARC effect
(Y-axis) and the positional SNARC effect (X-axis).
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• long-term spatial representation of number magnitude: 
the mental number line 
Hubbard, et al., (2005); Fias & Fischer (2005), de Hevia et al., (2008); Umilta, et al., EBR (2009), ...

• functional isomorphism between number space and 
physical space
Priftis et al. (2005); Umilta et al (2009), Zorzi et al. (2002)

- Common metric for representation of number and space: 
coordinate-based spatial representation

• involvement of a common mechanism for orienting 
spatial attention Zorzi et al. (2002), Fischer et al., 2003

Classic explanation: 
the mental number line hypothesis
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conceptual vs. physical space

Gevers et al. (2010, JEP:General)

EXPERIMENT 1

parity judgment

verbal responses: say left or right
manual responses: press left or right

within subjects

SNARC effect for verbal responses
==> number magnitude CAN interact with space at a conceptual level

No difference between verbal and manual responses
==> suggests that conceptual level is crucial determinant of SNARC

EXPERIMENT 2: pitting conceptual space against physical space

parity judgment

reponse buttons variably 
labelled “left” or “right”

task: 
if even press on button labelled “left”
if right press on button labelled “right”
(or vice versa)

Does the SNARC effect follow
- position of the hand?
or
- position of the labels?

EVEN presented in the center of an equally sized response button.
The distance between the two response labels was 10.2 cm.

Procedure. Each trial started with the presentation of two
response buttons at a lower left and a lower right position on the
touch screen. On each trial, the words ONEVEN and EVEN ap-
peared in the response labels. In half of the trials, the response
label ONEVEN appeared on the left side of the fixation point, and
the response label EVEN appeared on the right side of the fixation
point. In the other half of the trials, these positions were reversed.
The position of the response labels varied randomly from trial to
trial. This information remained on screen for 1,500 ms, after
which a central start button appeared between the left and right
buttons. As soon as the participant pressed this central button with
the index finger of the dominant hand, a number was presented at
the top center of the screen. Participants had to respond to the
parity of this number. The participant had to press the correct
response button with the index finger of the dominant hand. Each
target number was presented 20 times: 10 trials with the word
ONEVEN in the left position and EVEN in the right position, and
10 times with the word ONEVEN in the right position and EVEN
in the left position. Hence, each number was responded to 10 times
toward the left location and 10 times toward the right location.
Because the position of the response labels ONEVEN and EVEN
varied randomly from trial to trial, participant were forced to code
the responses as a function of the labels ONEVEN and EVEN.
Participants had to indicate the parity status of the target number
by moving from the central start button and pressing with the index
finger on the ONEVEN or the EVEN button. Both speed and
accuracy were emphasized.

Results and Discussion

Correct median RTs were subjected to a 2 ! 2 repeated mea-
sures ANOVA. Within-subject factors were magnitude (small,
large) and response side (left, right). Only 0.6 % of the trials were
responded to erroneously. Therefore, errors were not analyzed
separately.

No main effect was observed for magnitude (F " 1). A signif-
icant main effect of response side was observed, F(1, 22) # 8,80,
p " .01. Responses toward the right square (703 ms) were faster
than responses toward the left square (738 ms). The interaction
between response side and magnitude, indicative of the SNARC
effect, was not significant, F(1, 22) # 1.16, p # .29.

As for the previous experiment, a magnitude predictor was taken
into a regression analysis with difference in RT for each number
(right-hand response minus left-hand response) as dependent vari-
able. Using this more sensitive method (for a more elaborate
discussion, see Fias et al., 1996), although small in effect size, a
SNARC effect was reliably observed, indicated by a significant
negative slope, slope value: $3.37, t(22) # $2.72, p " .05,
confidence interval (e.g., 95%) [$5.8, $0.9] (see Figure 1B). The
results of this experiment suggest that visuospatial lateralization of
the responses, although relatively weak, can be sufficient to obtain
the spatial association with numbers.

Experiment 3

Given that both verbal-spatial and visuospatial coding systems
appear to exist for numbers (Experiments 1 and 2, respectively), it

is of interest to pit them directly against one another to compare
their relative strength. This was done in Experiments 3 and 4. To
this end, a design highly similar to Experiment 2 was used.
Visuospatial coding was made possible because left- and right-
hand sided responses were used. Verbal-spatial coding was made
possible by replacing the response labels ONEVEN and EVEN
from Experiment 2 with the verbal response labels LINKS (mean-
ing left) and RECHTS (meaning right).

By randomly varying the positions of the response labels LINKS
and RECHTS, it was possible to see whether the SNARC effect
resulted from a congruency between the number and the physical
position of the response (visuospatial coding) or from a congru-
ency between the number and the conceptual meaning of the
response (verbal-spatial coding). A graphical illustration of our
design is provided in Figure 2.

Word congruency refers to whether the verbal labels are in their
canonical position (left right) or not (right left). The hands in
Figure 2 indicate the preferred direction of responses. According to
the visuospatial account (see the left column of Figure 2), a
congruency is expected between the magnitude of the number and
the response side. Therefore, responses to the left are expected to
be faster for small numbers and faster to the right for large
numbers. This is expected regardless of the spatial words presented
in the response labels. Therefore, a negative SNARC slope is
expected for both the word-position-congruent and the word-
position-incongruent conditions. According to the verbal-spatial
account (see the right column of Figure 2), a congruency is
expected between the number and the response label. Therefore, if
word position is congruent, we expect again a negative regression
slope. However, if word position is incongruent, we expect faster
responses to the left-hand side for large numbers (to the word
right) and faster responses to the right-hand side for small numbers
(to the word left). Therefore, this account predicts a positive
regression slope when word position is incongruent but a negative
regression slope when word position is congruent. Stated other-
wise, the visuospatial account predicts a main effect of physical

Figure 2. Illustration of predictions for both the visuospatial account and
the verbal-spatial account when word positions are congruent (upper half)
or incongruent (lower half). Hand positions indicate the side of response
that is preferred according to the two respective accounts.
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(hand icon expresses preference following account)

SNARC effect determined by the words

of the response labels and the onset of the target number. The
regression analysis confirmed the results of the ANOVA with a
more positive slope for the word-incongruent compared to the
word-congruent condition.

Experiment 4

In Experiment 3, a SNARC effect was observed in line with
verbal-spatial coding. However, it might be argued that the task we
used favored verbal-spatial coding. First, parity is uncorrelated with
number magnitude, and second, labeling a number as odd versus even
is a typically verbal task. On the other hand, in a magnitude compar-
ison task, target numbers can easily be categorized spatially as left
(smaller than 5 to the left side of the representation) and right (larger
than 5 to the right side of the representation). Also, in the literature, a
magnitude comparison task is thought to address a visuospatial rep-
resentation (Bächtold et al., 1998; Herrera, Macizo, & Semenza,
2008). For this reason, we used a magnitude comparison task in

Experiment 4 to see whether visuospatial coding would be stronger
than verbal-spatial coding in this particular setup.

Method

Participants. Twenty-six Dutch speaking undergraduates of
Ghent University (age range: 18–23 years) participated in the
experiment for course credit. All participants took part in this
experiment only. None of the participants were familiar with the
purpose of the study.

Apparatus and stimuli. The apparatus and stimuli were ex-
actly the same as in Experiment 3.

Procedure. Participants were required to respond to the magni-
tude of the numbers by pressing at the side of the word LINKS (left)
if the target number was smaller than 5 and pressing at the side of the
word RECHTS (right) if the target number was larger than 5. In a
second block, this response mapping was reversed: Now, participants
had to press at the side of the word RIGHT if the number was smaller

Figure 3. The solid regression line represents reaction time (RT) differences between right-handed minus
left-handed responses as a function of magnitude in the word-congruent condition (Experiments 3 and 4). The
dashed line represents the word-incongruent condition. A: The results for a parity judgment task (Experiment 3).
B: The results for a magnitude comparison task (Experiment 4). Error bars indicate one standard error of
measurement. cong ! congruency; inc ! incongruency.
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EXPERIMENT 3: Pitting conceptual space against physical space

magnitude comparison

reponse buttons variably 
labelled “left” or “right”

task: 
if < 5: press on button labelled “left”
if > 5: press on button labelled “right”
(or vice versa)

of the response labels and the onset of the target number. The
regression analysis confirmed the results of the ANOVA with a
more positive slope for the word-incongruent compared to the
word-congruent condition.

Experiment 4

In Experiment 3, a SNARC effect was observed in line with
verbal-spatial coding. However, it might be argued that the task we
used favored verbal-spatial coding. First, parity is uncorrelated with
number magnitude, and second, labeling a number as odd versus even
is a typically verbal task. On the other hand, in a magnitude compar-
ison task, target numbers can easily be categorized spatially as left
(smaller than 5 to the left side of the representation) and right (larger
than 5 to the right side of the representation). Also, in the literature, a
magnitude comparison task is thought to address a visuospatial rep-
resentation (Bächtold et al., 1998; Herrera, Macizo, & Semenza,
2008). For this reason, we used a magnitude comparison task in

Experiment 4 to see whether visuospatial coding would be stronger
than verbal-spatial coding in this particular setup.

Method

Participants. Twenty-six Dutch speaking undergraduates of
Ghent University (age range: 18–23 years) participated in the
experiment for course credit. All participants took part in this
experiment only. None of the participants were familiar with the
purpose of the study.

Apparatus and stimuli. The apparatus and stimuli were ex-
actly the same as in Experiment 3.

Procedure. Participants were required to respond to the magni-
tude of the numbers by pressing at the side of the word LINKS (left)
if the target number was smaller than 5 and pressing at the side of the
word RECHTS (right) if the target number was larger than 5. In a
second block, this response mapping was reversed: Now, participants
had to press at the side of the word RIGHT if the number was smaller

Figure 3. The solid regression line represents reaction time (RT) differences between right-handed minus
left-handed responses as a function of magnitude in the word-congruent condition (Experiments 3 and 4). The
dashed line represents the word-incongruent condition. A: The results for a parity judgment task (Experiment 3).
B: The results for a magnitude comparison task (Experiment 4). Error bars indicate one standard error of
measurement. cong ! congruency; inc ! incongruency.
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•  not the same metric as visuospatial representation of physical space

• originates from a more abstract level of processing

    - small/large vs left/right word associations
- categorical spatial coding (as opposed to coordinate coding)
 

• what is the underlying mechanism? 
 

conclusions study 1

study 2: working memory is 
necessary for the SNARC effect

Number-space associations are more flexible than one would expect 
from LTM representation

• range-dependent (Dehaene et al., 1993; Fias et al., 1996)

• dependent on visual imagery (Bachtold et al., 1998)

• flexibly depending on reading habits (Shaki et al.)

==> might indicate that spatial coding is not inherently associated to 
number but that it is constructed during task execution, suggesting a 
crucial role of working memory (WM)
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• free WM resources are required for SNARC effect

• magnitude comparison: visuospatial working 
memory

• parity judgement: verbal working memory

• how can working memory account for SNARC 
effect?

conclusions study 2

van Dijck, Gevers, & Fias (2009, Cognition)



study 3: Position in WM determines 
SNARC effect

HYPOTHESIS

- numerically ordered task set is created and stored 
in WM

- positions in WM associated with space:

• initial items - left

• final items - right

van Dijck & Fias (2011, Cognition)

experiment 1
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conclusions study 3

• it are the temporary position-space associations that drive the SNARC 
effect, rather than the long-term semantic representations of number 
to which the SNARC effect is tradionally ascribed

• Unitary explanation for:

- dilution of SNARC effect under WM load (van Dijck, et al, 2009; 
Herrera et al.)

- SNARC effect when number magnitude is irrelevant for the task 
(e.g. phoneme monitoring, Fias et al., 1996)

- range-dependency (e.g. Dehaene et al., 1993; Fias et al., 1996)
- dependency on imagery (Bachtold et al., 1998)
- rapid changes of direction of SNARC effect (Shaki et al.)
- SNARC effect with non-numerical ordinal information (Gevers et 

al., 2003; Van Opstal, et al., 2009)



Study 4: spatial attention 
operating in the workspace

For Review Only
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experiment 1 and 2: keypress
experiment 3: verbal respons (‘yes’)
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neural basis



of functional specialization and makes it unlikely that the same
neurons also encode non-numerical order. Further support for
partial segregation comes from neuropsychological studies with
patients suffering from Gerstmann syndrome after parietal le-
sions. Although a joint impairment of the processing of numeri-
cal and non-numerical order has been described (Cipolotti et al.,
1991), a case with preserved number comparison in the presence
of impaired letter comparison has also been documented (Tur-
coni and Seron, 2002).

The demonstration of hIPS involvement in alphabetical order
processing extends the functional role of the IPS into the realm of
abstract cognition. The level of abstraction of alphabetical order goes
well beyond the levels of abstraction that have so far been established
with number processing. In monkeys, Nieder et al. (2006) described
IPS neurons that coded number, independent of the temporal or
spatial presentation of quantity. In humans, hIPS has been shown to
code numerical magnitude independent of the stimulus type that
conveys the magnitude information (Fias et al., 2003; Cohen Kadosh
et al., 2007). Interestingly, a recent fMRI study found cross-
notational adaptation of the BOLD signal between dot patterns and
digits (Piazza et al., 2007). Such cross-notational effects are in line
with a recent computational model proposing how symbolic num-
ber comprehension arises from associating symbols with sensory-
based, number-selective neurons (Verguts and Fias, 2004). Hence,
although a considerable level of abstraction is realized by the hIPS, its
involvement in symbolic number processing is still closely linked to
sensory-based neural mechanisms in the sense that symbolic num-

ber comprehension is tightly grounded in
the general ability to represent visual numer-
osity. For alphabetical position, however,
there is no equivalent in the sensory experi-
ence of the physical world. Rather, it is a di-
mension for which the ordinal organization
is largely determined by abstract principles,
possibly dependent on linguistic processing
(as in reciting the alphabet). The fact that
letter comparison engages the same neural
network as number comparison suggests
that the brain accomplishes the processing of
information at high levels of abstraction by
recruiting brain areas that have ontogeneti-
cally or phylogenetically evolved to process
information at lower levels of abstraction
that are ultimately grounded in sensory
experience.

Undoubtedly, the capacity to code ab-
stract information is limited by anatomical
and physiological constraints. As such, the
neural substrate for performing poly-
modal processing in anterior intraparietal
areas (Bremmer et al., 2001; Grefkes et al.,
2002) may be the predecessor of higher
levels of abstraction. The neural computa-
tions performed by neurons in polymodal
areas serve coordinate transformations.
Single-cell studies indicate that although
many neurons in polymodal areas respond
to different sensory modalities, there is
generally a dominant sensory modality
[e.g., visual over auditory in the lateral in-
traparietal area (Stricanne et al., 1996); so-
matosensory over visual in the ventral in-
traparietal area (Avillac et al., 2005)].

Neural processing in these polymodal areas is consistent with
coordinate transformations converting the coordinates of the
nondominant sense into the coordinates of the dominant sense of
that area (Pouget et al., 2002; Avillac et al., 2005). Considering the
fact that ordinal cognitive dimensions are essentially unidimen-
sional coordinate systems, our findings can be accounted for by
the general principles of polymodal neural processing as de-
scribed above. It is plausible to assume that the number coordi-
nate system is dominant because of its grounding in sensory pro-
cessing (Verguts and Fias, 2004), whereas non-numerical
coordinate systems are subordinate (in the case of abstract ordi-
nal dimensions, such as the alphabet, because of the absence of
direct sensory associations) and are transformed to the numerical
coordinate system.

Although still speculative, such a mechanism can provide a bio-
logically plausible account for our observation that the processing of
a non-numerical dimension as abstract as the alphabet converges
with the more concrete numerical dimension in the anterior part of
the IPS. The anatomical observation that these anterior structures of
IPS are greatly expanded in humans (reaching high levels of abstrac-
tion) compared with monkeys (less endowed with the ability to ab-
stract) (Orban et al., 2006) supports this view.
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Figure 2. Imaging results. a– d, Statistical parametric map of conjunction of numbers and letters ( p ! 0.005) mapped on a
dorsal view (b, c) and flat map (a, d) of the human PALS atlas (see Materials and Methods). Black contours indicate the result of the
conjunction of numbers, letters, and saturation ( p ! 0.005). Green circles indicate barycenters of the Dehaene et al. (2003)
meta-analysis. 1, hIPS ("39, "39, 36 and 45, "36, 48); 2, posterior parietal ("27, "69, 39 and 30, "69, 42); 3, ventral
precentral ("42, 3, 30); 4, dorsal precentral ("24, "3, 57 and 27, 0, 51); 5, superior frontal ("18, "9, 72); 6, supplementary
motor area ("6, 3, 53 and 12, 3, 45); 7, dorsal calcarine ("3, "75, 10 and 10, "65, 13); 8, ventral calcarine ("7, "72, 5 and
11, "68, 11); 9, inferior temporal ("14, "48, "8 and 9, "56, "1); 10, fusiform ("24, "50, "16 and 29, "47, "17); 11,
inferior temporal ("44, "68, "13). Coordinates are in Talairach space.

Figure 3. hIPS ROI profiles. a, b, Profiles show average ! values compared with fixation baseline for left (L) hIPS (a) and right
(R) hIPS (b) ROIs defined by the conjunction of numbers and letters, thresholded at p ! 0.005. Task # stimulus type interactions
and task differences for each type of stimulus were analyzed using ANOVA and dependent-samples t tests, respectively (*p !
0.05). comp, Comparison task; dim, dimming task.
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sustained activation in the two item conditions was much
more restricted, including only the left middle frontal gyrus
and bilateral caudate nuclei.

Condition-specific effects were assessed via differential
main effect analyses for sustained activity during the verbal
and visual STM conditions, as a function of item and order
conditions (see Table 7). When comparing the verbal to
the visual STM conditions, greater sustained activity was
observed in a fronto-temporal network, including inferior
frontal cortex (Brocaʼs area), the superior temporal gyrus,
and the mid-fusiform gyrus, with this differential activation
appearing furthermore to be slightly more extended in the
item STM conditions (based on voxel counts). When com-
puting the reverse contrasts, greater sustained activity was
observed in the right fusiform gyrus, with this differential
activation being much more extended in the item STM
conditions, additionally including the left fusiform gyrus,

a posterior middle temporal region close to the angular
gyrus, the right ventral inferior temporal gyrus, the bilateral
hippocampi, as well as the anterior superior frontal area.
Furthermore, we also assessed the possibility of modality-
dependent magnitude differences in activation patterns
for regions identified to be activated in common between
the verbal and visual order STM conditions. In order to do
this, we recomputed the preceding differential effect analy-
ses for the order conditions by restricting the analyses spe-
cifically to the fronto-parieto-cerebellar network identified
in the conjunction analysis. No voxel reached significance in
these analyses, confirming that an identical fronto-parieto-
cerebellar network underlies sustained effects for verbal
and visual order STM conditions.
Finally, in order to further characterize the observed sus-

tained activation patterns, the time course for each activa-
tion reported in Table 6 was extracted for each condition

Table 5. (continued )

Anatomical Region No. Voxels Left/Right x y z BA Area SPM {Z}-value

Hippocampus (2) 13 R 18 −10 −24 3.54*

Caudate (head) (3) 202 L −2 4 20 5.06

Caudate (tail) (4) 110 L −22 −44 10 3.98

Caudate (tail) (5) 75 R 20 −38 12 4.01

If not otherwise stated, all regions are significant at p < .05, corrected for whole-brain volume (at the voxel level).

*p < .05, small-volume corrections.

Figure 4. Main effects for
sustained activity in the four
STM conditions, rendered
on a 3-D MRI template
(results are shown at p < .001,
uncorrected). The upper part
of the figure shows sustained
activation for the verbal (red)
and visual (green) order STM
conditions; the lower part of
the figure shows sustained
activation for the verbal (red)
and visual (green) item STM
conditions.
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by ongoing activity of regions initially activated during en-
coding, or by activation starting shortly before retrieval and
then continuing over the retrieval phase (Pa et al., 2008;
Rowe, Toni, Josephs, Frackowiak, & Passingham, 2000). In
order to account for this possibility, a second model ex-
plored sustained activity over the entire STM trials, and al-
lowed us to analyze the time course of activity during STM
trials considered as blocks.

METHODS
Participants

Twenty-three right-handed native French-speaking young
adults (10 women), with no diagnosed psychological or
neurological disorders, were recruited from the university
community. The study was approved by the Ethics Com-
mittee of the Faculty of Medicine of the University of Liège,
andwas performed in accordancewith the ethical standards
described in the Declaration of Helsinki (1964). All partici-
pants gave their written informed consent prior to their
inclusion in the study. Age ranged from 19 to 30 years, with
a mean of 23.04 years. Minimal number of years of educa-
tion was 14.

Task Description

The structure of the task used in the present study was
based on serial order and item STMprobe recognition tasks
that have been previously shown to reliably differentiate
neural networks involved in serial order and item STM pro-
cesses (Majerus et al., 2007; Majerus, Poncelet, Elsen, et al.,
2006; Majerus, Poncelet, Van der Linden, et al., 2006). For
each trial, the encoding phase consisted of the presentation
of a list of four faces or four nonwords ordered horizon-
tally (fixed duration: 4000 msec), followed by a mainte-
nance phase indicated by the display of a fixation cross
(variable duration: random Gaussian distribution centered
on a mean duration of 7250 ± 2000 msec). The retrieval

phase consisted of an array of two probe stimuli ordered
vertically. Participants indicated within 3000 msec if item
or order information for the two probe stimuli matched
information in the memory list (by pressing the button un-
der the third finger) or not (by pressing the button under
the index) (see Figure 1 for further details on stimulus dura-
tion and timing). More specifically, in the order condition,
the participants judged whether the probe stimulus pre-
sented on the top of the screen had occurred in amore left-
ward position (relative to the position of the two stimuli in
the memory list) than the probe face presented on the bot-
tom of the screen. In the item condition, the probe stimuli
were twice the same stimulus (in order to match the
amount of information displayed in the order and item re-
trieval phases) and the participants judged whether the
probe stimuli were identical to one of the stimuli in the
memory list.

The nonwords and faces used in the different trials were
pseudorandomly sampled from a pool of 60 nonwords or
unfamiliar faces. The nonwords were constructed by first
selecting a set of 30 pairs of mono- or disyllabic words dif-
fering by a single consonant, and by replacing this conso-
nant by a different consonant resulting in a nonword; this
procedure ensured that we obtained 30 minimal pairs of
unfamiliar yet easily pronounceable verbal stimuli. The
digram and diphone frequencies of the nonword segments
differing between the two nonword sets were matched
[4431.56 vs. 4336.53, t(59) < 1, ns, for digram frequencies
following the Lexique database, New, Pallier, Brysbaert, &
Ferrand, 2004; 877.99 vs. 985.43, for diphone frequencies
following the phonetic database by Tubach & Boë, 1990].
The unfamiliar face stimuli were constructed following a
similar procedure. The faces were selected from a database
of faces of American background (FERET database; Phillips,
Wechsler, Huang, & Rauss, 1998). Bymeans of the software
MorphEditor (SoftKey Corporation, Cambridge, MA), pairs
of morphed faces were obtained by incorporating the facial
features of one “master” face into two other faces, so that

Figure 1. Experimental design and timing of the probe recognition tasks. For each condition, a negative probe trial is illustrated. Translation of task
instructions: retenir ordre—remember the order, retenir identité—remember the identity, regarder—look (at the picture/nonwords).
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conclusion

overlapping frontoparietal neural networks for number 
processing and processing serial order in WM
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general conclusion
- spatial representations of SNARC effect are of categorical nature

- Remaining questions:
   number space interactions in other tasks: related mechanism?
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- interactions between number and space occur at the level of working memory
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