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A bstract

In the SNARC (Spatial Numeric Association of Response Codes) effect relatively
small numbers are processed faster on the left hand side and relatively large numbers are
processed faster on the right hand side, implying a spatial mental representation of
numbers that might be conceptualized as a mental number line (Dehaene, Bossini,
& Giraux, 1993). Walsh (2003) proposed that time, space, and quantity are part of a
generalized cognitive system that processes different facets of magnitude. If this is true,
we investigated whether the SNARC-like effect reported with magnitude of circle is a
strong or weak automatic process. In the case of strong automatic activation the size of
the SNARC-like effect will not vary with the changes in stimulus distribution; whereas,
in weak automatic activation, the size of the SNARC-like effect will be inversely related
to the proportion of incongruent events in the set. In the study, 60 participants classified
the color of circles that varied in 6 sizes and the ratios of incongruent trials were
manipulated in three experimental blocks: 1) balanced distribution: congruent and
incongruent stimuli will be presented at same frequency, 2) more incongruent: most of
the stimuli will represent an incongruent situation, and 3) more congruent: most of the
stimuli will represent a congruent situation. Overall, the main finding of the study was
that congruent stimuli were on average faster to respond to in the more congruent block
whereas incongruent stimuli were faster to respond to in the more incongruent block, n
other words, it seems that the SNARC-like effect emerged only in the more congruent
block only and was reversed in direction in the more incongruent block.
These findings indicate the functional plasticity of our cognitive architecture and how it
can adapt itself to changing context in order to maximize performance.
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Numerical cognition is a sub-discipline within cognitive science concerning the
intellectual development of numerical and mathematical knowledge (Fischer, Mills &
Shaki, 2010). Topics included within the domain of numerical cognition are examined by
a plethora of disciplines including neuroscience and the philosophy of mathematics.
Although the paradigm interacts with philosophical concepts, the discipline is concerned
with addressing empirical questions regarding the mental capacities and processes that
allow for both humans and animals to comprehend numerosity. Specifically it deals with
the way humans mentally represent numbers and how those mental representations are
manipulated in different cognitive tasks.
The starting point of this thesis is based on a surprising spatial property of the
mental representation of numbers: participants respond to relatively small numbers more
quickly on their left hand side and to relatively larger numbers more quickly on their
right hand side (Dehaene, Bossini & Giraux, 1993; Fischer et al. 2010). This tendency to
associate numbers with space is known as the Spatial Numeric Association Response
Code effect (or the SNARC effect), which specifically demonstrates a link in both
sensory and motor preference within numerical cognition (Fischer, 2008).
The properties of the SNARC effect have been extensively studied and the effect
was found to be language dependent, to rise automatically, and to be affected by the
relative position of numbers on the number line. The influences of both reading and
writing have been determined as major contributors to the SNARC effect (Dehaene et al.,
1993). Within most cultures, the trend of spatially orienting numbers from small to large
are coded from left to right; whereas in countries that read from right to left (e.g., Arabic

and Hebrew) people orient numbers from right to left and they also show the reverse
SNARC effect (Chatterjee et al., 1999).
The SNARC effect supplies evidence for a spatial mental representation of
numbers that was termed the mental number line, which is used to process numerical
information. Dehaene, Bossini, & Giraux’s (1993) original hypothesis suggested the
notion of a “metaphorical line” that is invoked automatically during the processing of
digits (Shaki, Fischer & Gobel, 2012). The theory suggests that the mental number line
provides a spatial reference frame that modulates numerical coding and therefore will
automatically interfere with tasks that are spatially related (Dehaene et al., 1993).
The SNARC effect supplies further evidence for the mental number line
demonstrated in tasks that oriented response keys vertically (i.e., up vs. down). Ito and
Hatta (2004) investigated a similar “metaphorical line” that automatically invoked
processing of digits, but flipped the orientation. Their results suggest the mental number
line still provides a spatial reference frame even when responses are vertically orientated:
large numbers were responded to faster with the top key and small numbers were
responded to faster with the bottom key.
So far the SNARC effect had been studied in the context of numerical cognition,
but there are reasons to postulate that the spatial nature of the mental representations of
numbers might extend also to the perception of magnitude. Walsh (2003) proposed A
Theory of Magnitude (ATOM) that claimed that time, space and quantity are part of a
generalized cognitive system that processes several facets of magnitude. A central point
of the theory proposes that the brain represents magnitudes across different dimensions

by using the same abstract coding system. Thus, cognitive effects found with number
processing such as the SNARC might generalize to other magnitude related domains.
The parietal cortex is activated in many studies that investigate the overlapping
brain regions associated with time, space and number in neuropsychological and brain
imaging studies. The ATOM’S generalized magnitude schema has been demonstrated
within several fMRI, EEG, and neuropsychological studies (Mohl & Pfurtscheller, 1991;
Rao et al., 2001). Numerous studies have identified that spatial and temporal stimuli
reliably activate the right inferior parietal cortex whereas number tasks may activate the
parietal lobes bilaterally. When activated, the right parietal cortex in number tasks is
usually associated with comparison or estimation, rather than exact calculation, which
relies on language (Seymour, 1994; Cohen & Dehaene, 1996). In context of SNARC,
activity in fMRI and EEG studies consistently point to common mechanisms for space,
time and quantity estimations in the right inferior parietal cortex of the human brain
(Walsh, 2003).
Indeed, Marchetto, Kunyz, and Arieh (2014) found supporting evidence that the
SNARC effect extends beyond numerical judgments; participants classify relatively small
circles faster with the left hand response and relatively larger circles faster with the right
side hand response. Furthermore, the magnitude spatial effect seems to be automatic
because it was revealed that even when participants were asked to classify the color of
the circles they could not ignore the variations in the magnitude. Therefore, the
previously mentioned study supports Walsh’s theory regarding a unified magnitude,
number, and space processing system (see also Ren, Nicholls, Ma, & Chen, (2011)
regarding SNARC-like effect with brightness).

This study intends to further investigate the automatic nature of magnitude
perception. The hallmarks of a strong automatic process are that task performance is not
sensitive to manipulations of stimulus set distribution and the opposite is true for weak
automatic process. For example Odgaard, Arieh, Marks (2003) varied the proportion of
trials where a target stimulus (light) was accompanied by an irrelevant stimulus, (noise),
and asked whether the participant would judge the light brighter when accompanied by a
noise compared to when presented alone. The results showed that participants’ ratings of
light as brighter with noise were depended on the relative probability of sound-noise
pairing. In other words, presenting noise on 75% and 50% of the trails led to an increase
in ratings of brightness; however, presenting noise on 25% of the trails had no apparent
effect on the ratings. That is, when sound-noise pairing had a low probability of
occurring, participants were able to ignore the sound. Thus the effect of the sound on
brightness was deemed not mandatory or a weak automatic response (see also, Forsythe
& Arieh, 2012; Hansen & Well, 1984 for similar results).
In a second study, Odgaard et al. (2004) switched the relevant and irrelevant
stimuli and asked if changing the probability of light accompanying noise would increase
the loudness rating of the noise. Similar procedures were utilized from the original study
in 2003, where the irrelevant stimulus was presented on 75%, 50%, and 25% of the trials.
However, the results were different: the enhancement of loudness by the light was not
affected by the manipulation of the pairing distribution. These results suggest that the
enhancement in loudness judgments remained resistant to the experimental manipulations
across conditions indicating a strong automatic processing of the light stimulus.

The following study intends to examine whether the SNARC-like effect reported
with magnitude of circle is a strong or weak automatic process. In other words, can
participants control the utilization of the spatial properties of magnitude as a function of
the distribution of the stimulus set? The composition of the stimulus set will be defined in
the terms of congruent and incongruent combinations of stimuli. Congruent stimuli are
defined as the pairing of relatively small circles with the left hand side response and
relatively large circles with the right hand side response. That is to say, the response to
the circle is congruent with its relative position on the mental number line. Incongruent
stimuli are thus stimulus-response pairings that do not agree with the mental line. In other
words, if the key assignment of classifying circles is oriented right key for small circle
and left key for big circle then it is incongruent. We expect that the reaction time to
congruent stimuli will be, on average, faster than the response to the incongruent stimuli,
thus, the SNARC-like effect will be computed as the difference between these two types
of stimuli: the bigger the difference the stronger the activation of the mental number line.
Participants will be asked to classify the color of circles that vary in size and the
ratios of incongruent trials will be manipulated in three experimental blocks: 1) balanced
distribution: congruent and incongruent stimuli will be presented at same frequency, 2)
more incongruent: most of the stimuli will represent an incongruent situation, and 3)
more congruent: most of the stimuli will represent a congruent situation.
In the case of a strong automatic activation of the mental magnitude line it is
expected that the mental line will be activated regardless of stimulus distribution and the
degree of the SNARC-like effect will not vary between blocks. Every time circle size is
processed its spatial properties will be activated and affect response time regardless if it

will enhance (as will be the case in a congruent trial) or interfere (as will be the case in an
incongruent trial) with performance. This will lead to similar congruent and incongruent
differences across the three experimental blocks.
In the case of a weak automatic activation of the mental line it is expected that the
activation of the mental line will be suppressed when it adversely affects performance,
i.e., when the distribution of stimuli will be more incongruent. Thus, the SNARC-like
effect will be inversely related to the proportion of incongruent trials in the set because
the spatial properties of magnitude will be activated only when they are beneficial to the
task. If the stimulus distribution is mostly incongruent then the activation of spatial
properties of size will be suppressed because it interferes with the correct response most
of the time, thus minimizing or even reversing the RT difference between congruent and
incongruent trials. Conversely, in the more congruent block the spatial representation will
be activated because it will facilitate performance (most of the trials being congruent)
thus maximizing the congruent and incongruent differences. Finally, the SNARC-like
effect in the balanced distribution block will fall somewhere between the more congruent
and the more incongruent blocks.
M ethods

Participants
Sixty Montclair State University students (N = 60) were tested individually in a
soundproof booth in a Sensory Information Processing Laboratory. Each participant
received course credit via the SONA website.
Procedure

Participants classified circles as being RED or BLUE within three blocks
consisting of 6 varying circle sizes ranging between 65x65 pixels for the small circles and
180x180 pixels for the large circles. In all conditions, participants were timed as they
classified the color of the circles with either “S” key or “L” key. The assignments of the
blue and red responses to the left and right keys were counterbalanced between subjects.
For example, if RED was assigned to the left key (S) and BLUE to the right key (L), then
RED circles sizes 1 to 3 were considered congruent and sizes 4 to 6 incongruent and
BLUE circles 1 to 3 incongruent and 4 to 6 congruent. The experiment included 240 trials
for each block. In the more incongruent block, incongruent trials consisted of a total of
180 incongruent responses, and 60 congruent responses divided equally among sizes and
colors. Whereas, the more congruent block consisted of 180 congruent and 60
incongruent responses again divided equally between the two colors and among the
relevant sizes. The balanced distribution block consisted of equal 120 incongruent and
congruent trials. The order of the blocks presentation was counterbalanced within
subjects.
The experiment was administered and responses were recorded by Superlab 5
software. In each trial, the target circle appeared in the middle of the screen until the
participant responded, and the participants’ responses were recorded automatically. After
each trial, the circle was erased and there was a pause between each trial of 300 ms. Each
block lasted five minutes long and the entire experiment lasted 15 minutes.
R esults

Error rate averaged over the three blocks did not exceed 6.9% per participant
(average = 4.3%); thus, error rate analyses were not utilized in this experiment. For each

participant mean RT for correct answers were computed for circle sizes 1-2 and 5-6 for
each block and for each level of congruency. We used only the 1-2-5-6 from each block,
under the assumption that the SNARC-like effect will manifest most at the extreme ends
of the magnitude spectrum of the circles and hence of the mental magnitude line. These
data were analyzed with a 2-factor Repeated Measures ANOVA of 3 (type of block) x 2
(congruent vs. incongruent stimuli). The two main effects are not of theoretical
importance for this study although we do expect that overall RT for congruent stimuli
will be faster. The interaction between block type and congruency is in the center of the
study. The strong automatic activation account predicts that the mental magnitude line
will be evoked regardless of stimulus context and this will lead to an absence of
interaction between block type and congruency. The weak automatic activation account
predicts that the activation of the mental magnitude line will be contingent upon the
proportion of incongruent stimuli. This will lead to a significant interaction between
block type and congruency.
Main Effect: Block
Type of Block had a significant main effect, (F(2, 118)= 13.08,/? < 0.001, pp2 =
0.181). Color classification in the balanced distribution block (M= 412.56, SD = 9.9) was
faster than in the more incongruent block (M = 459.367, SD = 8.7), and in the more
congruent block (M = 455.100, SD = 6.8).
Main Effect: Congruency
The Repeated Measures ANOVA also revealed that the main effect of congruency
was not significant (F (1,59) = 0.290, p>0.05). Response time was similar for congruent
stimuli (M = 441.753, SD = 6.6) and for incongruent stimuli (M = 443, SD = 6.24).

Interaction Effect: Block and Congruency
Importantly for our study, the Block type x Congruency showed a significant
interaction, (F (2,118) = 8.939, p<0.001, pp2 = 0.132). See Figure 1 for mean RTs of
congruent and incongruent trials by block. For the block more incongruent, the
incongruent stimuli (M = 453.87, SD = 59) were faster than the congruent stimuli (M =
464.87, SD = 80.03). Conversely, for block more congruent, the congruent stimuli (M =
449.09, SD = 50.43) were faster than the incongruent stimuli (M = 461.11, SD = 57.18).
Lastly, for the balanced distribution block there were no major differences between
congruent (M = 411.31, SD = 77.56) and incongruent (M = 413.88, SD = 77.19).
In addition, the congruent-incongruent differences in each block were compared
using a Paired-Sample t-test, demonstrating that in the more incongruent block the
difference was significant (7(1,59) = 2.065, p< 0.04) and in the more congruent block the
difference was also significant (/(l,59) = -4.461, p<0.001); whereas, in the balanced
distribution block the difference was not significant (i(l,59) = -0.848,p>0.05).
D iscussion

The purpose of the present study was to examine how the SNARC-like effect in
magnitude perception is mentally represented and how a magnitude number line is
possibly extracted from varying blocks of manipulated ratios of stimuli distribution. The
main finding of the study was that congruent stimuli were on average faster to respond to
in the more congruent block whereas incongruent stimuli were faster to respond to in the
more incongruent block. In other words, it seems that the SNARC-like effect emerged
only in the more congruent block only and was reversed in direction in the more
incongruent block.

One interpretation of the results seems to be consistent with Odgaard et al. ’s
(2004) varying stimuli distribution method. The more congruent block displayed
selective activation of the magnitude number line, which helped facilitate performance,
and therefore displayed a SNARC-like effect of difference in congruency. Alternatively,
in the more incongruent block the activation of the magnitude number line was
suppressed due to interference with correct responses and therefore displayed a reversed
SNARC-like effect. We can now postulate that the magnitude number line was only
utilized when it was beneficial to the task; thus, this interpretation of the results supports
the weak automatic activation hypothesis and rejects the strong automatic activation
hypothesis. A weak automatic process is one that probably will be activated when the
stimulus distribution is neutral, that is does not facilitate nor hinder performance, but can
be suppressed when the stimulus distribution does not support its activation such as when
most of the responses are incongruent with the magnitude line.
Interestingly, however, contrary to our predication, the results for the balanced
distribution block are not consistent with the weak automaticity logic. One confounding
aspect of this block is that it displayed no differences in RTs between the levels of
congruency. The results for the balanced distribution block are also not in agreement with
Marchetto et aV s (2014) original findings, which uncovered an extension of a magnitude
number line beyond numerical judgments. In that study, they used only a balanced
stimulus distribution, where participants were unable to ignore the variations in the
magnitude and tended to classify relatively small circles faster with the left hand response
and relatively larger circles faster with the right side hand response. Thus, the magnitude
spatial effect seemed to manifest an automatic activation of the mental magnitude line

when stimulus distribution contains the same frequency of congruent and incongruent
trials. This discrepancy raises a second possible interpretation of the results which
suggests that participants responded faster to the more prevalent stimulus type. It has
been observed that people make faster and more accurate discriminative responses to
stimuli that occur with relatively high probability than to stimuli that occur with
relatively low probability (Fitts, Peterson, & Wolpe, 1963; LaBerge & Tweedy, 1964).
Therefore this raises the question of whether the psychological reality of the SNARClike effect was indeed invoked in this study.
What do these results say about the wider issue of the mental architecture for
magnitude processing? If we accept the first interpretation of the results that the mental
magnitude line was selectively activated as a function of context, than it is important to
consider the cognitive effects found with the generalized magnitude system. Walsh
(2003) discussed how the brain represents magnitudes across different dimensions by
using the same unified magnitude, number, and space processing; therefore it can be
suggested that this magnitude system processes spatial properties by extracting them
selectively when it is beneficial to do so. To this end, it seems that this cognitive
mechanism operates on a weak automatic activation, which was revealed in both the
more congruent and more incongruent blocks. The source that modulates selective
attention appears to be the implicit internal representation of individual time segments
between the target and trigger stimuli, which is formed in the prefrontal cortex
(Kostandov, Chermushkin, Yakovenko, and Petrenko, 2015). This provides more
evidence for the functional plasticity of our cognitive architecture that can adapt itself to
changing context in order to maximize performance.

If we accept the second interpretation that emphasizes the fact that the congruency
effect in the balanced distribution block was not significant then the mental magnitude
line was not invoked. We may be able to account for the significance congruency effect
in the more congruent and more incongruent blocks not because of the
activation/deactivation of the magnitude number line, but because of the skewed number
of the prevalent congruent or incongruent stimulus type. Indeed, the balanced distribution
block did not have any prevalent congruency type and thus there was no presence of the
congruency effect. This can also be taken as evidence for the functional plasticity of our
cognitive architecture that can adapt itself to changing context in order to maximize
performance, but in this case, the process has nothing to do with the mental magnitude
line. The current data does not allow us to decide between those two explanations and
resolution of the issue is left for future research.
Future Research
The main issue of this study was the lack of congruency effect and by implication
the lack of magnitude number line activation in the balanced block condition despite
evidence from Marchetto et al. ’ (2014) study. A possible problem with the current
procedure was a lack of substantial break between the three experimental blocks. This
fact could have resulted in carry over effects of one context into the next thereby diluting
the distribution effect of each context. By allowing longer breaks between the blocks
there is less likely of a chance that the blocks could bleed together and the cognitive
system will be more likely to reset itself. It is also important to re-conceptualize the
stimuli manipulation by making size more salient to participants. Choosing stimuli that
activate a pre-existing cognitive hierarchy of magnitude of prototypical members of large

and small concepts (e.g., varying sizes of mammals, such as a dog vs. rodent) could elicit
varying response times, a stronger congruency effect, and the activation of the magnitude
number line.
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F igure

Figure 1. Bar graph showing mean reaction times of each block for circle sizes 1-2-5-6
for congruent (black bars) and incongruent (grey bars). Error bars represent 1 SD around
the mean.

