Representation of numerical magnitude in math-anxious individuals

Angels Colomé 2°

a Section of Cognitive Processes, Department of Cognition, Development and Educational
Psychology, Faculty of Psychology, University of Barcelona, Spain

b Institute of Neurosciences, University of Barcelona, Spain

Correspondence to:

Angels Colomé

Section of Cognitive Proces

Department of Cognition, B and ational*Psychology

Pass

08035 Bal na

Tel. (+34) 93 312 51 42
Fax: (+34) 93 402 13 63

E-mail: angels.colome@ub.edu



mailto:angels.colome@ub.edu

ABSTRACT

Larger distance effects in high math-anxious individuals (HMA) performing comparison tasks
have previously been interpreted as indicating less precise magnitude representation in this
population. A recent study by Dietrich, Huber, Moeller and Klein (2015) limited the effects of
math anxiety to symbolic comparison, in which they found larger distance effects for HMA,
despite equivalent size effects. However, the question of whether distance effects in symbolic

comparison reflect the properties of the magnitude representation or decisional processes is

currently under debate. This study was designed to further explore the relation between math

anxiety and magnitude representation through three ow math-anxious

effect, numerical magnitude, number comparison, counting
Stroop
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Mathematics anxiety has been defined as a “feeling of tension and apprehension surrounding the
manipulation of numbers and the solving of mathematical problems in academic, private and
social settings” (Richardson and Suinn, 1972). Both social and cognitive factors seem to play a
role in its appearance (for a review, see Chang & Beilock, 2016; Dowker, Sarkar & Looi, 2016;
Suarez-Pellicioni, Nufiez-Pefia & Colomé, 2016). On the cognitive side, three main hypotheses
have been proposed. First, math anxiety was initially related to a decrease in working memory
capacity caused by intrusive thoughts related to math performance; these thoughts would act as

a secondary task taking up resources from the mathematical o . Ashcraft and Kirk, 2001).

Second, it has been proposed (Suérez-Pellicioni, NUfiez-PefiaN8olomé, 2014) that math-anxious

Ansari and Fugelsang, 2011). It i

mentally in the form of an i

Maloney, Ansari an gelsang (2011) asked participants to conduct a symbolic number
comparison task and found an interaction between numerical distance and math anxiety, with
high mathematics-anxious individuals (HMA) showing larger distance effects in their latencies
than low math-anxious (LMA) peers. They concluded that HMA might represent numerical
magnitude less precisely. Several previous studies had reported a link between precision of
magnitude representations and current or future high-level mathematical skills (e.g. De Smedt,

Verschaffel & Ghesquiére, 2009). Maloney et al. (2011) concluded that people would develop

math anxiety because of this difficulty with mathematics.



Similar results were subsequently obtained by NUfez-Pefia and Suérez-Pellicioni (2014)
although in their study the distance x math anxiety interaction was only marginal. However, in
both cases, participants had to compare Arabic digits, which might not be the most suitable task
for assessing the acuity of internal numerical representation. First, symbolic comparison
requires an extra step of processing the symbols and transforming them into an analogous
representation. As in another population with low mathematics performance, namely
dyscalculia, difficulties might not arise from the approximate magnitude representation itself,

but in accessing the numerical magnitude conveyed by the sy (Rousselle & Noél, 2007).

Second, although it was long considered that magnitudes wer resented in an abstract way,

fraction', which is asstimed to be the most direct measure of magnitude representation acuity. In
contrast, Dietrich et al. (2015) confirmed the effects of anxiety on the magnitude processing of

symbolic information as they observed a larger distance effect in HMA in comparisons of pairs
of Arabic digits. However, both HMA and LMA groups had equivalent size effects and

performance in terms of latencies or error rates. The combination of larger symbolic distance

' The Weber fraction is an estimate of noise in the internal magnitude representation. It is considered a
reliable index of magnitude representation acuity (Price, Palmer, Battista & Ansari, 2012), with higher w
values implying less precise representations.



effects plus equal performance led the authors to conclude that the distance effect was not due to
less precise magnitude representation by HMA individuals, but to impaired comparison
processes: since HMA usually tend to avoid working with numbers, their connections between
the symbolic representation of numbers and the "which number is larger” response would be
weaker than that of LMA. Indeed Van Opstal, Gevers, De Moor and Verguts (2008) had already
raised the possibility that distance effects obtained in different tasks could have different loci
(see also Van Opstal & Verguts, 2011, and Verguts, Fias & Stevens, 2005 for a neural network

implementation of this idea). In their study, Van Opstal et al. used a masked priming

paradigm and asked participants to categorize numbers as smaller or larger than a standard, and

increase monotonic Close stimuli have similar connection weights to the response nodes
and will activate both responses (“smaller than”; “larger than”) similarly, causing competition
and a delay in the responses. In contrast, priming distance effects would be caused by a

representational overlap between the prime and target magnitudes, which occurs for numbers

but not for letters. Hence, Van Opstal and Verguts (2011, page 113) concluded that “it is crucial

to select a proper task to investigate representational differences or similarities”.



Having observed that distance effects can have two distinct origins, one aim of the current study
was to explore the number magnitude representation of HMA and LMA individuals by using a
task that could not be solved through a simple comparison network. Specifically, we made use
of a counting Stroop task (Pavese & Umilta, 1998) in which participants were presented with
arrays of identical Arabic digits and had to decide how many digits there were. By manipulating
the number of items as well as their identity, we hoped to find distance effects that spoke of the

acuity of magnitude representations in both groups.

Moreover, a symbolic and a non-symbolic comparison task ed to compare data with

those obtained by the Stroop task in the same sample, nexpected results

numbers and, in conseguence, a weaker connection between the symbolic representation and the
“which number is larger” response, why does its effect show up when distances are compared
but not when sizes are compared? An alternative conclusion might be that only size effects are
located at the response level, and the distance effect found in Dietrich et al. (2015) was in the
end caused by access to the magnitude representation. Once again, it was necessary to study the
locus of the distance effect in which math anxious had differed from their peers by analysing

their performance in the counting Stroop. However, it was also important to test the consistency



of the data gathered by Dietrich et al. in the symbolic comparison task, since they differed from
the results of Nufiez-Pefia and Suarez-Pellicioni (2014) who found that math anxiety affected
both the distance and size effects in a symbolic comparison task (p=0.056 and p=0.066

respectively). Notice, though, that the group differences in this last study were only marginal.

To sum up, the aim of this study was twofold. On the one hand, we aimed to replicate Dietrich
et al.’s (2015) finding of the absence of math anxiety effects in a dot comparison task: this result

would confirm their conclusions rejecting a less precise representation of non-symbolic

magnitudes in HMA individuals. We also investigated the re ation of symbolic

magnitudes using two different tasks. First, we asked i duct an Arabic

t to confirm

distractor). This distance effect is

de representation. Hence, if differences

experiments and then detail the specific features of each one of them.
Method

Participants

Fifty-six participants took part in this study, and were divided into a high math-anxiety (HMA)
and a low math-anxiety group (LMA). They were selected from a sample of 490 university

students from the University of Barcelona’s Faculty of Psychology who were assessed for math



anxiety and trait anxiety at introductory psychology courses and who constitute the database of

a larger project.

Participants were divided into two groups according to their scores on the Shortened
Mathematics Anxiety Rating Scale. Participants in the two groups were paired according to
their scores on the trait subtest of the State-Trait Anxiety inventory so as to ensure that trait
anxiety was equivalent across groups. Trait anxiety and math anxiety are correlated (Hembree,

1990). Furthermore, trait anxiety has been related to differences in dynamic adjustment of

attentional control (e.g., Eysenck, Derakshan, Santos, & , 2007). On both the non-

symbolic and counting Stroop tasks participants had t of conflict between

Groups di i i (54) = 22.54, p < .001, but not in trait anxiety (mean=17.92;
SD= 7.81 for the LMA and HMA respectively), t(54)=1.47, p=.14,
age, t(54)<1, or genderdistribution, y2(1) =0.35, p =.55.
Materials
Screening phase. Shortened Mathematics Anxiety Rating Scale (SMARS) (Alexander
&Martray, 1989) The SMARS is a 25-item version of the Math Anxiety Rating Scale
(MARS) (Richardson & Suinn, 1972), which measures math anxiety by presenting 25
situations that may cause it (e.g., being given a homework assignment of many difficult

problems, which is due in the next class). A five-point Likert scale ranging from 1 (no



anxiety) to 5 (high anxiety) can be used by respondents to describe their level of anxiety
associated with each item. Thus, total scores for the instrument range from 25 to 125.
The Spanish version of the SMARS was used (Nufiez-Pefia, Suarez-Pellicioni, Guilera
& Mercadé-Carranza, 2013). This version has strong internal consistency (Cronbach’s
alpha =.94) and high 7-week test-retest reliability (intra-class correlation coefficient =
.72). The internal consistency of the SMARS in the current study was Cronbach’s alpha

=.95.

State-Trait Anxiety Inventory (STAI) (Spielberg

Jacobs, 1983) The STAI is a 40-item scale th ure state (STAI-S)

described in each experiment section.

General Procedure

All participants undertook three tasks, namely, non-symbolic comparison, Arabic digits
comparison and counting Stroop. The order of the tasks was randomised across participants in

an equivalent way for the two groups.
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Participants were tested individually. When they entered the experimental room they were asked
for some demographic information, informed about the general procedure of the session and
asked to sign a consent form. Instructions for each task were provided immediately before they

conducted it. All of them were paid for their participation.
Experiment 1A: Non-symbolic Comparison
Materials and Procedure

A version of Panamath v1.22 (the Psychophysiological Asserl of Numerical

Approximation, www.panamath.org; Halberda, Mazzocco & Feigenson, 2008) was used.

Participants were presented with spatially separated arrays of blue and yellow dots and asked in

a
which colour were there more dots. Each colour always appeared in the same position of the

screen and participants had to answer by pressing a keyboard button (F or J) corresponding to

A .
the side with more dots. In half of the cases there were more blue dots, and in the other half

¥ N\ a

yellow dots were more numerous. Stimuli were displayed for 500 ms. The number of dots in

each colour ranged from 5 to 20. The ratio was manipulated to vary the difficulty of the task.

*uU B N
The full set of ratios used was: 1.1, 1.2, 1.3, 1.5, 1.8vand 2.0. Since participants might have
b N A ¢

based their answers on perceptual variables rather than the number of dots, dot size was
manipulated: in half of the trials the tothea of each colour was proportional to the number of

dots (nonsSize-co led), e other half, the total area of the dot set with less dots was

larger than the area of th@t set with more dots (anti-correlated trials). By mixing ratios and
congruency, 12 %@t combinations were obtained. Eight trials of each combination were
presented for a total of 96 trials. Two more trials were used as training and were not considered
in the subsequent analyses. This task lasted approximately 7 minutes. Latencies and the
percentage of correct responses were recorded for each participant. Furthermore, Panamath

software calculated the Weber fraction w, which is an estimate of noise in the participants’

internal magnitude representation.
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Results and Discussion

Participants’ performance was first analysed in terms of latencies and accuracy (percentage of
correct responses). Trials with erroneous responses were removed. Latencies that deviated more
than two standard deviations from the participant mean were also discarded. Table 1 shows
mean response times (RTs) and the percentage of hits for each ratio, congruency and math

anxiety group.

Insert Table 1 about here

Repeated measures ANOVA were conduct and 2) and

congruency of the perceptual and nu

significant at any ratio*(all ts(54)<1, except ratio 2: t(54)=1.002; p=.32) we conducted an
additional analysis in which we compared responses to successive ratios for each group This
analysis confirmed an interaction between ratio and math anxiety for the comparison of ratios

1.3 vs 1.5, F(1,54)=5.73, p=.020 gzp=.09, as well as for the 1.8 and 2 ratios, F(1,54)=4.40,

12



p=.04, gzp=.072. None of the other comparisons reached significance (all ps for ratio x math
anxiety interaction >.20).

There was also a main effect of congruency: as expected, participants answered faster in trials in
which perceptual and numerical information were correlated than in those in which they were
not, F(1,54)=14.40, p<.001,132p=.21. Moreover, an interaction between ratio and congruency was
obtained, F(5,270)=6.84, p<.001,132p=.11: significant regular congruency effects were only
found at ratios 1.3, 1.8, and 2 respectively, t(55)=2.53, p=.01; t(55)=6.43, p<.001 and

t(55)=2.69, p=.009, while, unexpectedly, there was an advant incongruent trials at ratio

(JASP Team, 2016; jasp-stats.org or (BF inclusion) for

matched models*, for each g ain effect of anxiety. BF

inclusion reflects the char

d ratio 2 in the incongruent trials, t(27)=4,21, p<.001. In contrast, no ratio
A group or in the congruent trials of LMA participants (both ps >.20).

® There is no universally accepted best procedure for generating stimuli that control for non-numerical
features; different parameters are used across the published studies (De Wind & Brannon, 2016). When
using the Panamath software to generate our stimuli, we opted not to control the convex hull or the total
“envelope area“ taken up by the dot arrays. According to Clayton, Gilmore and Inglis (2015) experiments
in which the convex hull is not controlled have sometimes led to an absence of any congruency effect, or
even to more accurate responses for the incongruent trials. Even if we did find a significant congruency
effect, we cannot completely rule out the possibility that the observed ratio x congruency interaction was
due to the fact that some of the trials of the ratios where no effect of congruency was found had a larger
convex hull in the dot sets with a lower cumulative surface area of the dots.

* Until recently BF inclusion was not usually reported; BF10 was mostly used. BF10 reflects how likely
the data are under the alternative hypothesis compared to the null hypothesis. However, in cases like ours,
the complex design leads to an explosion of models to compare. More importantly, we were mainly
interested in interactions, and the interaction models that the BF10 compares with the null hypothesis also
comprisethe main effects of each of the variables. Hence, a high BF10 for the interaction model might
instead be exclusively due to a relevant effect of one (or both) main factors. To correct for this, and in
response to the suggestion of S. Math6t, the most recent JASP versions have implemented the Inclusion
Bayes Factor for matched models described above.
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math anxiety x congruency was .13 and the triple interaction obtained a BF inclusion value of
.02. Thus, Bayesian analyses provided new evidence against an interaction of math anxiety with
congruency or distance x congruency.

The accuracy analyses replicated most of the findings obtained for latencies, although math
anxiety showed no effect at all. Accuracy increased with ratio, F(5,270)=98.17, p<.001,132p=.64.
All paired comparisons showed significant differences (p<.04). Furthermore, fewer errors were
committed when perceptual and numerical information led to the same answer, F(1,54)=42.61,

p<.001, n*,=.44. Once again, there was a significant interactio een ratio and congruency,

F(5,270)=5.28, p<.001, g2p=.089. When each ratio was analyset separately, only the ratios of

gzp=.33. However, there were no differences in the acuity of the magnitude representation of

HMA and LMA nor an interaction between anxiety group and congruency (both Fs(1,54)<1).
On this occasion BF inclusion values were .39 for anxiety and .27 for the interaction between
anxiety and congruency, if anything, arguing against the inclusion of anxiety as a relevant

factor.
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To sum up, despite finding the expected effects for other variables such as ratio or congruency
between perceptual and numerical information, we failed to observe differences caused by math
anxiety in a non-symbolic comparison task. Both high and low math-anxious individuals took a
similar time to respond and performed the task with equivalent accuracy. When we specifically
analysed the acuity of their magnitude representation, no differences were observed either.
Moreover, groups behaved equivalently at all the ratios and math anxiety did not interact with
congruency. Therefore, there does not seem to be an association between math anxiety and the

acuity of the internal representation of quantities. Our results the data obtained by

Dietrich et al. (2015) and reject the way that Maloney et al. ( ) interpreted the differences

they obtained in their symbolic comparison task: a defiCient amoda ion of numerical
magnitude does not seem to be the basis of t sep ighm Xious in an

Arabic digits comparison.

mbo ompari

and large numbers , large distance (3—4). Three different items were used in each condition
and they were presented six times: three in ascending order (larger number on the right side) and
three in descending order. Thus, a total of 72 items were presented (3 digit pairs x 2 sizes x 2
distances x 2 orders x 3 presentations). Iltems were pseudo-randomised by ensuring that the
same item did not appear in two consecutive trials and that there were no more than three trials

in a row requiring the same answer. Eight more trials were used as practice before the

experiment started.
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Insert Table 2 about here

Each trial had the following structure: first, an asterisk appeared centred on the screen for 500
ms. Subsequently, the asterisk was replaced by the two digits presented simultaneously, one
beside the other. The digits remained on the screen until an answer was provided, or for a

maximum of 3000 ms. Participants had to press the “D” key i rgest number appeared on

the left, and the “K” key if the right digit was the largest one. Bastly, a blank of 500 ms was left

between trials.
Results and Discussion

Latencies and accuracy rates were ag y analysis, all trials

that had been completed erroneously re than two standard
deviations from each pargi€ipa : iscarded. . e 3 shows the mean RTs and

percentage of correct respon 3 anxiety group and condition.

ty as a between-participants factor. The reaction times of
ot differ, F(1,54)<1. There was a main effect of distance,
F(1,54)=201.80, p<.00%,1%,=.78. However, distance effect did not interact significantly with
math anxiety, F(1,54)=1.44, p=.23, gzp=.026. A main size effect was also observed,
F(1,54)=167.16 , p<.001, g2p=.75, which did not interact with math anxiety, F(1,54)<1, either.
Lastly, there was a significant distance x size interaction, F(1,54)=17.57, p<.001, g2p=.24, which
was not affected by math anxiety (F(1,54)<1 for the triple interaction). Given that previous

studies had found an interaction between math anxiety and distance (e.g. Dietrich et al, 2015) or

size (e.g. Nufiez-Pefia & Suarez-Pellicioni, 2014), it was important to assess the strength of our

16



results. We again ran Bayesian analyses and obtained BF inclusion values of 0.48 for the
distance x math anxiety interaction, of 0.19 for the size x math anxiety model, and of 0.25 for
the triple interaction distance x size x math anxiety. Hence, since the data reduced the prior
probability of these models, Bayesian analyses confirmed the non-significant effects obtained in
our previous frequentist results. Subsequently, we conducted similar analyses on accuracy
rates. Groups did not differ in their number of hits, F(1,54)=2.68, p=.10, 132,,:.04. A distance
effect was found again, with smaller distances causing more errors, F(1,54)=43.89 , p<.001,

g2p=.44, but this effect did not interact with math anxiety, F(1 . There was also a

significant size effect, F(1,54)=71.65 , p<.001, gzp=.57, whichidid not interact with math

each relevant interaction, providi

inclusion=.23; size x math ag

distance effects were [8cated at the connection between the symbolic representation and the
response. Given that our main interest in this study was to explore the acuity of magnitude
representation in math anxious participants, it was still possible that other tasks more clearly
tapping at this level of processing would show group differences. To test this possibility, we
ran a last experiment using a counting Stroop paradigm: participants had to decide how many
Avrabic digits appeared on the screen, while ignoring their identity. It has repeatedly been found

that when there is a discrepancy between the number of items displayed and their identity,

17



participants are slower than in congruent or neutral (e.g. naming non-numerical symbols)
conditions. Furthermore, the size of the interference depends on the arithmetic difference
between the symbols and the number of them (Hock & Petrasek, 1973; Pavese & Umilta, 1998).
This effect led Pavese et al. (1998) to conclude that both the vision of a digit and the
enumeration process would autonomously activate the same magnitude representation,
organised as a compressed number line. Hence, we hypothesised that if a distance effect was
replicated, and if group differences were found in it, they would both be located at the level of

magnitude representation. This would go against the conclusi ietrich et al. (2015), since

it would show that high and low math-anxious individuals (alS@), differ in the precision of the

Materials and Procedu

was presented on 9 sions, 3 with each Arabic digit (e.g. for the answer “four”, the elements

displayed could be 1111, 2222 or 3333).

>Small numerosities were selected because they were expected to produce faster and more homogenous
responses. However, the numerosities used were within the subitising range. Subitising refers to a fast,
effortless apprehension of numerosity without the need for counting. It has been widely debated whether
subitising reflects the functioning of the object tracking system, a mechanism devoted to tracking small
sets through time and space, or the general magnitude representation system. Pavese and Umilta (1998)
used numbers that belonged to the subitising range (1-5) and to the counting range (5-9) in a between-
participants design. The effect of symbolic distance was similar in both groups. Pavese and Umilta (1998)
claimed that the distance effect in the subitising range was similar to that obtained in priming or
comparison tasks, and concluded that it was associated with activation of the same magnitude
representation.

18



Lastly, in the neutral condition, stimuli were randomly selected as uppercase letters F, R and J.
Each letter appeared on three occasions for each numerosity. In total, 108 trials were presented
in a pseudo-randomised order with the following restrictions: no more than two consecutive
trials were carried out requiring the same response, and no more than two trials of the same
condition were undertaken in a row. A block of twelve neutral trials was used to familiarize
participants with the task. All of them contained letters different from the ones used in the
experiment, and were not further analysed. Each trial followed this structure: first, an asterisk

was displayed for 500 ms. Then, the stimuli to enumerate wer ented for 4000 ms or until a

provide their answer via a computer keybo
to the C, V, N and M keys. Participan

throughout the experiment.

Results and Discussion

distance 3 was only based on six items, median RTs were used in these analyses. Median
latencies and accuracy percentages were calculated for each participant and condition after
removing the trials that had been answered erroneously. Table 4 shows the median RTs and

percentage of correct responses for each condition and math anxiety group.

Insert Table 4 about here
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A repeated measures ANOVA was performed with condition (congruent, neutral, incongruent
distance 1 [d1], incongruent distance 2 [d2] and incongruent distance 3 [d3]) as within-

participant variables and math anxiety as a between-participants factor.

Low and high math-anxious individuals enumerated symbols at a similar speed, F(1,53)<1.
There was a significant effect of condition, F(4,212)=40.64, p<.001, g2p=.43, which did not
interact with math anxiety, F(4,212)=1.15, p=.33, gzp=.021. Bayesian analyses did not support

the inclusion of anxiety as a predictor, with BF inclusion values of .41 and .13 for math anxiety

and the interaction between math anxiety and condition.

The same analyses were conducted for the percentage of correct responses. Once again, the two
groups performed similarly, F(1,53)<1. There was a main effect of condition, F(4,212)= 11.46,
p<.001, n*=.17, that did not interact with math anxiety, F(4,212)= 1.13, p=.33, n%,=.021.
Planned comparisons paralleled the results obtained with latencies. Congruent trials were
answered more accurately than neutral ones, t(54)=3.58, p=.001. Interference was also obtained,
with distance 1 and distance 2 incongruent trials causing more errors than neutral ones,

respectively t(54)=5.32, p<.001 and t(54)=4.17, p<.001. Once again, a distance effect was

20



observed with d3 leading to less errors than d1, t(54)=2.10, p=.04.-However, d1 and d2 did not
differ, t(54)<1, and neither did d3 and d2trials, t(54)=1.38, p=.17. Math anxiety did not interact
with condition in any of the comparisons (all ps>.13 and BF inclusion values ranging from .25

to .67).

To sum up, a distance effect was also obtained in this paradigm: response latencies and error
rates were affected by the distance between numerosity and the identity of the Arabic digits to

count. Thus, for instance, it took participants longer and they made more errors when they had

to state that there were four threes rather than four ones. Acc o Pavese and Umilta

(1998), this effect would be located at the internal ma that had been
was irrelevant for the task, it would have al
information in the compressed numbe

numerosity to produce.

More importantly, the dig echdi i anxiety. HMA and LMA

General Discussion

Mathematics anxiety seems to be a condition with a higher prevalence than initially thought
(Chang & Beilock, 2016). This has led to a considerable increase in research on the factors that
might influence the appearance or maintenance of maths anxiety. One result that has been
reported repeatedly is that high math-anxious participants show longer distance effects in
symbolic comparison (e.g. Maloney, Ansari & Fugelsang, 2011). Given that distance effects

have traditionally been considered a marker of access to internal magnitude representation,
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these authors concluded that math-anxious people might have less precise semantic
representation of quantity. However, the latest research on the internal representation of
magnitude has cast doubts on its unicity, and has suggested instead that symbolic and non-
symbolic formats might access (at least partially) different representations. In addition, the locus
of distance effects has been debated, and it is now accepted that they can be located at the

quantity representation, but also at response level.

The hypothesis of a link between math anxiety and less precise magnitude representation is

attractive. It would naturally explain the worse performance anxious on a series of

arithmetic tasks, it would establish nice parallelism wi iti ecting number

en the symbolic comparison was performed. Thus, math
anxiety affecte ing of symbolic quantities only, but at what level? Dietrich et al.
(2015) claimed that math anxiety affects comparison processes. HMA people tend to avoid
arithmetic stimuli because they feel anxious about them. Therefore, they have less experience
with numbers, and the connections between the symbolic representation of numbers and the
“which numeral is larger” response are weaker. However, Dietrich et al. did not consider an
alternative explanation; namely, that the impairment was located in the coding or representation

of symbolic magnitudes. To discern between the magnitude representation and the response
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level alternatives we can use a task that cannot be solved by a simple comparison network, but

in which the magnitude representation is accessed.

In this study, we asked participants to conduct a dot sets comparison task, an Arabic digits
comparison task, and a counting Stroop. The first task replicated the results obtained by Dietrich
and collaborators (2015): despite finding the typical ratio and congruency effects, HMA and
LMA did not differ in terms of latencies, accuracy or w fraction. Therefore, a relationship

between math anxiety and acuity of non-symbolic magnitude representations does not seem to

exist. We then examined the symbolic comparison where, un dly, we failed to replicate

the previous findings and the interaction between mat effect was far from

which numbers e levant response in the comparison task. Nevertheless, this
interpretation of their data must be treated with caution. First, the alleged effect of math anxiety
was only found when measuring distance effects; there were no traces of it when comparing
sizes. As reported in the introduction, Verguts and Opstal (2005), using a same-different task,
described the opposite dissociation: they suggested that while the origin of the distance effect
may be at the magnitude representation, size effects would be an indicator of the mapping

between magnitude and response. Second, three different studies using a similar one-digit

comparison task have found contradictory results: while Dietrich et al. (2015) found larger
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distance effects in HMA but equivalent effects of size, NUfiez-Pefia and Suarez-Pellicioni
(2014) found that both distance and size effects were only marginally larger in the HMA group.
In the current study, we found no differences whatsoever between HMA and LMA participants.
Third, Dietrich et al. (2015) already suggested that the larger distance effects found in symbolic
comparison were due to variables other than math anxiety, albeit related to it. Those authors
claimed that the less trained connections between the symbolic representation of the number and
the response might be due to the lower motivation in math anxious individuals to work with

numbers, or their tendency to avoid working with them. It has reported that anticipation of

a math task is perceived as a painful event in the brain of H individuals (Lyons & Beilock,

Lastly, another limitation of our study with regard to its generalization is the composition of the

sample, which included only psychology students, 95% of whom were women.

Although it was not one of the aims of this study, we cannot conclude before saying a few
words about another finding or, rather the lack of it. In recent years, it has been proposed that
HMA and LMA might differ in their attentional control, with HMA showing less ability to

resist the interference of irrelevant stimuli (e.g. Hopko, McNeil, Gleason & Rabalais, 2002;
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Suéarez-Pellicioni, Nufiez-Pefia & Colomé, 2013, 2014). However, participants in the two math-
anxious groups were similarly disturbed by the condition in which perceptual and numerical
information were not correlated in the non-symbolic comparison task, and they showed
equivalent congruency effects in the counting Stroop part. Hence, math-anxious participants did
not show particular difficulties in ignoring irrelevant information across two different tasks.
Although the current results might seem to contrast with previous literature, it is worth
remembering that, according to Attentional Control Theory (Eysenck, Derakshan, Santos &

Calvo, 2007), anxiety affects processing efficiency to a great t than performance

effectiveness. Thus, for instance, HMA participants in Suarez=Pellicioni, Nufez-Pefia and

connection, a recent study by Pletzer, g um (2015) found that

although HMA and LMA pattigipants agtiva hei e network differently during

ur study tested this hypothesis by asking two groups of
to conduct a non-symbolic comparison and two symbolic tasks.

We found no evidence™of less acute magnitude representation in HMA individuals. Hence, the

relationship between math anxiety and the precision of the mental representation of either non-

symbolic or symbolic magnitudes is not supported.
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Table 1. w values and mean RTs, standard deviations (in brackets) and percentage of hits (%H)

for each congruency condition and ratio for the LMA and HMA groups.

LMA HMA

W Ratio RT SD %H w RT SD %H
1.1 858 (243) 71 860 (358) 71
1.2 836 (250) 88 90
Congruent 1.3 763 87
trials 96
100
99
70
75
Incongruent 774 (286) 85
trials 743 (234) 90
754  (253) 90
733 (267) 97

0.18 0.20

Note: Congruent trials: The total area of each color is proportional to the number of dots.

Incongruent: anti-correlated trials in which the total area filled by the set with less dots is larger

than the area of the set with more dots.
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Table 2. Stimuli presented in Experiment 1B according to the size of the pair and the distance

between the digits.

Distance
Size Close Far
Small 12 14
23 15
3 4 25
Large 6 5 8
7 9
8 9

N
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Table 3. Mean RTs, standard deviations (in brackets) and percentage of hits (%H) for each

distance and size for the LMA and HMA groups.

small distance small distance large distance large distance

small size large size small size large size

RT %H RT %H RT %H RT %H

LMA 510 98 588 90 458(94) 99 508 97

(109) (141) (105)
HMA 524 100 603 510 99
(89) (112 9)

N
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Table 4. RTs (mean of medians), standard deviations (in brackets) and percentage of hits (%H)

for each condition for the LMA and HMA groups.

Type of distractor

Congruent Neutral Incongruent Incongruent Incongruent
distance 1 distance 2 distance 3
RT %H RT %H RT %H RT %H RT %H
LMA 555 (76) 97 597 (98) 96 647 (99) 90 653 (126) 92 585 (104) 96
HMA 553 (61) 99 600 (65) 97 659 (120) 92 631 (72) 92 593 (68) 93

N
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