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Abstract 

Humans as well as animals are born with a number sense, an innate ability to make 

approximations (Dehaene, 1997). However, low numeracy is an issue today and have a 

larger impact on the individuals lives than poor reading abilities (Parsons & Bynner, 2006).  

To be able to understand the cause of developmental dyscalculia the fully functional brain 

coping with numbers must be further investigated. The aim of this study is hence to 

examine how the number sense develop during maturation. Seven children and seven 

adults (all healthy) have participated in this neuro imaging study. The participants were 

required to perform a non-symbolic mathematic task and a control task both outside and 

within the scanner. The results indicate a transition of active areas in the brain during 

maturation. In the children prefrontal areas were recruited, and for the adults the activation 

was primarily found in the parietal cortex. These findings, despite low statistical power 

indicates a shift of neural activity from a more cognitive demanding task into an automated 

task. Further studies will have to replicate the experiment to validate the findings of this 

study. 

 

Keywords: fMRI, number sense, numeric cognition 



iv 

 

Acknowledgement  

To my tutor Kenny Skagerlund for introducing me to the research field and giving me the 

opportunity to conduct this thesis. And for helping me throughout the project with 

literature search as well as making sense of the data. To Patric Halenius for support, and 

for the exchange of knowledge related to the thesis.  

 

 



v 

 

Table of Contents 

 
1. Introduction ..................................................................................................................... 1 

1.1  Research question ..................................................................................................... 2 

2. Theory ............................................................................................................................... 3 

2.1  Numerical cognition ................................................................................................. 3 

2.2  Triple code model .................................................................................................... 3 

2.3    The innate number sense .......................................................................................... 4 

2.4    Developmental dyscalculia ....................................................................................... 5 

2.5    ANS and symbolic computations ............................................................................. 5 

2.6    Neural correlates ....................................................................................................... 6 

2.7.    Developmental issues .............................................................................................. 8 

2.8  Functional Magnetic Resonance Imaging .............................................................. 10 

2.8.1    Basic functions ........................................................................................... 10 

2.8.2    Blood Oxygen Level Dependent signal ...................................................... 11 

3. Method ............................................................................................................................ 12 

3.1 Participants ............................................................................................................. 12 

3.2   Ethics ....................................................................................................................... 12 

3.3 Procedure ................................................................................................................ 13 

3.4 Materials ................................................................................................................. 13 

3.4.1 Scanner .............................................................................................................. 13 

3.4.2 The non-symbolic task ....................................................................................... 14 

3.4.3 The control task ................................................................................................. 15 

3.5 Data pre-processing ................................................................................................ 16 

3.5.1 Motion correction .............................................................................................. 16 

3.5.2 Coregistration .................................................................................................... 16 

3.5.3 Segmentation ...................................................................................................... 16 

3.5.4 Normalization .................................................................................................... 17 

3.5.5 Smoothing .......................................................................................................... 17 

3.5.1 Quality assurance .............................................................................................. 17 

3.6 Statistical analysis .................................................................................................. 18 

3.6.1 First level analysis ........................................................................................ 18 

3.6.2 Second level analysis ......................................................................................... 18 



vi 

 

4. Results ............................................................................................................................. 19 

4.1 Children .................................................................................................................. 19 

4.2 Adults ..................................................................................................................... 20 

5. Discussion ....................................................................................................................... 22 

5.1 Results .................................................................................................................... 22 

5.2 Methodological issues ............................................................................................ 24 

5.3 Conclusion.............................................................................................................. 26 

6. References ....................................................................................................................... 27 

 



1 

 

1. Introduction  

 

All humans are born with an ability to make mathematical approximations, this innate 

ability is called the approximate number sense (ANS) (Dehaene, 1997). The ANS 

makes it possible to distinguish between two quantities quickly and have been found to 

be the foundation on which more sophisticated mathematical abilities are learnt 

(McCaskey et al., 2018; Piazza, 2011) 

 

Since 1990 functional magnetic resonance imaging (fMRI) studies have been conducted 

to investigate how psychological phenomena correlates to the blood flow in the brain. 

FMRI–studies on the neural correlates of numerical cognition and the ANS have been 

conducted, and the results have shown that an area in the parietal lobule named IPS are 

activated when adult participants are conducting non symbolic numerical tasks (Ansari, 

2008; Cantlon, Brannon, Carter, & Pelphrey, 2006; Dehaene, Piazza, Pinel, & Cohen, 

2003a; Huettel, Song, & McCarthy, 2008). However, when examining children's non-

verbal mathematical ability the activation has been shown to be different from the 

activation in the adult brain. Children tend to involve parts of the prefrontal cortex to a 

larger degree which indicate that the processes require more cognitive load for the 

children than for the adults (Kaufmann et al., 2006). The innate ability to make 

approximations are a part of the functions in the Triple code model (TCM) and are 

thought to effect how well a person can learn higher level mathematics (McCaskey et 

al., 2018; Piazza, 2011).  

 

Skagerlund, Nomi, Skagenholt, and Västfjäll (2018)  conducted a study of 51 adult 

participants computing different mathematical tasks in a fMRI scanner. One of the tests 

the participant was required to do were a non-symbolic task. The aim of their study was 

to examine all different mathematical modules included in the TCM (Dehaene, 1997) 

since no previous study had included all tests in a single study with the same 

participants. The results of the study were published in two different articles, and the 

next step in their research is to conduct the same trials on children. The long-term 

purpose of the research is to get a better understanding of developmental dyscalculia 
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and are therefore starting to examine healthy children and adults in order to make 

comparisons with persons with dyscalculia in the future.  

1.1  Research question 

The purpose of the current thesis is to investigate how the brain possesses non-symbolic 

quantities. The specific research question is: What are the neural correlates of the innate 

number sense, and are they different in children and adults? 
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2. Theory 

In this section previous studies, as well as relevant theories about fMRI, neuroscience 

and developmental psychology will be presented.  

2.1  Numerical cognition 

Numerical cognition is a research field in which human and animal abilities to make 

different kinds of computation are studied. The methods used in the field is both 

psychological and neurological. 

2.2  Triple code model 

The broad human capacity to make mathematical computations relies on three different 

systems within the brain, according to the triple coding model (TCM). Depending on 

which kind of mathematical task is to be solved, one of the specific areas are activated 

(Dehaene et al., 2003). The three systems in the triple code model is: 

1. The quantitative system 

2. The verbal system 

3. The visual system 

The quantitative system has been observed in human infants and untrained animals 

(Dehaene et al., 2003; Rugani, Regolin, & Vallortigara, 2008) and does not seem to be 

dependent on language. It is also known as the innate approximate number system 

(ANS), or the “number sense”. However, the verbal system registers lexical numbers, 

and the visual system recognizes numbers in strings of Arabic numerals. The division of 

the systems are done due to their different natures, and the fact that they activate 

different areas in the brain and can hence exist independently of the others in case of 

lesions.  

 

Dehaene et al., 2003 suggests that the three different numerical systems coexists in the 

parietal lobule. The quantitative system has shown to activate a area in the Bilateral 

intraparietal sulcus. The verbal area is found in the Left angular gyrus, and the 

visual/spatial system activates the Posterior superior parietal sulcus. The activation of 

the quantitative system increases when the subject is computing numerosisties, and are 

more activated when doing approximations than when doing exact calculation. The 
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circuit is active while performing subtractions, but not when multiplying, this effect 

occurs due to the difference in need of verbal manipulation. While subtraction relies on 

approximation and numerosisty, multiplication is dependent on language.  The 

quantitative circuit is also activated during comparison tasks, but are not activated whan 

the subject reads the numbers.  

 

2.3    The innate number sense 

The number sense, or the quantitative system are generally acknowledged to be innate 

and found in both humans as well as in animals (Dehaene, 1997). The number sense 

makes it possible for infants, adults and animals to estimate quantity, and to make 

approximations regarding entities. These entities can for example consist of sound, 

physical objects, or individuals. This is not very surprising since a larger group of 

entities occupy a larger space, and more signals sounds for longer durations than a few 

does (Purves et al., 2013). However, the author argues that monkeys have the ability to 

represent approximate numbers independently of other physical dimensions, and with 

these numbers they are able to make simple computations. This ability to represent 

abstract quantities in the mind and compare them to each other is called the “mental 

number line” (Dehaene, 1997). 

 

The mental number line seems to be universal, and independent of training or language. 

Infants ability to distinguish between entities have been studied, and they have shown to 

be able to make this kind of approximations only a few hours after birth, indicating that 

this ability is something that are innate (Izard, Sann, Spelke, & Streri, 2009). Monkeys 

ability to make this kind of estimations have also been studied, with the results 

indicating the same thing, ANS is not restricted to adult humans (Jordan, Brannon, 

Logothetis, & Ghazanfar, 2005). Another interesting aspect of the ANS is whether it 

improves when a symbolic language is learnt.  Gelman and Butterworth (2005) studied 

a group of people living in a tribe where words for numbers were not used 

systematically. The local language only had consistent usage of words up to three or 

four. They recruited three different groups to participate in their study. One group 

containing of people who only spoke the local language with no counting words, 

another group consisting of persons speaking both the native tongue and Spanish which 
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has a systematic counting words system, and a French speaking control group. All 

groups were required to perform a non-symbolic quantity approximation task similar to 

the one described by Halberda and Feigenson (2008). The result from Gelman and 

Butterworth showed that the persons without counting words were able to make good 

approximations of numbers larger than they had in their vocabulary, and that there was 

no great difference between the group that spoke two languages and the group who only 

spoke the non-numeric language.  

 

2.4    Developmental dyscalculia 

Developmental dyscalculia (DD) is a learning disability to acquire knowledge about 

numerosities and arithmetic (Piazza, 2011). McCaskey et al. (2018) conducted a 

longitudinal study of the neural correlates of non-symbolic computations and arithmetic 

within typically developed children and children with developmental dyscalculia. The 

children were eight years when the first trials were conducted and eleven years at the 

time of the last trial. During these years the typically developed children had a small 

difference in neural activity, while the children with developmental dyscalculia showed 

an increase in prefrontal areas, and not in the intraparietal areas as the typically 

developed children had. This increased activation in the prefrontal areas indicate 

according to McCaskey et al. that the children with dyscalculia develops strategies to 

compensate for the disability.  

 

2.5    ANS and symbolic computations 

The ability to compute symbolic mathematics relies on the ANS, and that the function 

of the ANS can predict the development of symbolic numerical processing (Piazza, 

2011). Even though the ANS per definition is bad at making exact estimations, the 

accuracy of an individual’s ANS have been proven to influence the individuals 

performance in symbolic computations (Halberda & Feigenson, 2008). Halberda and 

Feigenson examined 14-year olds innate number sense and compared the accuracy of 

their performance on non-verbal tasks to their performance on symbolic tasks and found 

a correlation. To exclude the possibility that the intelligence or general executive 

functions were the reason for the higher performance in the symbolic tasks, Halberda 
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and Feigenson also tested these abilities and could conclude that they did not correlate 

with the performance in symbolic computations. They concluded that individual 

differences might give rise to differences in symbolic performance among individuals. 

However, they mention that engagement in mathematical tasks could improve the acuity 

of the ANS, and hence give rise to the correlation between non-symbolic and symbolic 

mathematical performance.  

 

Furthermore, Dehaene (1997) argues that what makes it possible for humans to make 

more advanced numerous computations is the ability to use complex language. Using 

language, humans have made it possible to handle precise numbers. Dehaene argues that 

we remember numerical computations as linguistic compositions. Since the human 

memory is associative rather than direct, memorizing computations this way makes it 

possible for humans to remember them. Our innate ability to estimate quantities does 

not include the processing of complex computations, so how can humans do that 

anyway? Dehaene argues that the human brain has adapted to the need of computing 

numbers, and involves more areas than animals do to be able to perform. These areas 

are thought to have different functions in the brains of animals, but humans have been 

able to adapt these areas to be able to cope with mathematics. This, says Dehaene 

results in the human computations to be rather slow and often incorrect. 

 

2.6    Neural correlates 

Since the 1990 neuroimaging studies have increased due to the invention of the MR-

scanner. Through this technology the neural correlates of the innate number sense have 

been investigated. The IPS (Ansari, 2008; Cantlon et al., 2006; Dehaene et al., 2003a; 

Huettel et al., 2008) have shown to be a central part of the ANS, however, other areas 

have been discussed to have an important role in the ANS as well (Purves et al., 2013). 

Purves et al. argues that when doing fMRI-studies as well as studying lesions, they have 

concluded that the IPS is a very relevant brain area for the ANS to work properly. The 

activation in the children and adults do, however, differ in some sense, but the IPS is 

overlapping significantly. Because of this strong activation in the IPS the author 

proposes to see the IPS as “…the physical embodiment of ANS…” (Purves et al., 2013, 

p.529,)  
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Cantlon, Brannon, Carter, and Pelphrey (2006) investigated the role of the IPS in non-

verbal symbolic processing since they found the research findings to be contradicting, 

implicating that the IPS both had, and had not a central role in the non-symbolic 

processing in adults. Through fMRI, they mapped the neural activation of adults and 

four-year-old children when performing both non-symbolic and symbolic number tasks. 

They found that the IPS were activated in both the adults and the young children when 

they solved the non-verbal tasks, from this the conclusion that the IPS is a vital part of 

ANS were drawn.  

 

Furthermore, Dehaene et al. (2003) conducted a fMRI-study and found that the IPS is 

accompanied by other brain areas depending on the nature of the mathematical task 

Except from activity in the IPS, activation in the two other circuits were found. A circuit 

consisting of the angular gyrus, and other left hemispheric perisylvanian regions, were 

found to be in demand for manipulation of symbolic numbers. The other circuit were 

found to support attentional orientation regarding the number line, and were observed in 

the bilateral posterior superior parietal areas. Due to the spatial overlaps of the circuits 

Dehaene et. al. concluded that it is difficult to assign a special function to a specific 

region or area. 

 

Summarizing the research field regarding the IPS, Ansari (2008) writes about the 

development of symbolic numeric concepts concerning the theory of symbolic mapping 

onto the non-symbolic numeric representation in the brain. For children with 

dyscalculia, the research field suggest the IPS is not as activated as in healthy children. 

According to Ansari, the theory of symbolic number representations being mapped onto 

the already existing innate number sense, is not yet confirmed, since activation in the 

IPS are have been observed both before and after acquiring the symbolic numerical 

abilities. The role of the IPS, discuss Ansari, could therefore be both within the non-

symbolic and the symbolic manipulations, and that it rather is included in the circuit 

responsible for both functions, than alone being responsible for one or both of them.  
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Much is known about how the IPS activates when participants are engaged in numerical 

tasks in experimental settings (Purves et al., 2013). By using electrodes Dastjerdi, 

Ozker, Foster, Rangarajan, and Parvizi (2013) investigated the IPS activity during 

natural settings. Dastjerdi et. al. recruited three participants with epilepsy whom had 

electrodes implanted due to their condition. The three participants were tested first in an 

experimental setting, and the same activation were found when they engaged in 

everyday activities involving mathematics. This provides evidence for the IPS to be 

related to numerical processing both within experiments and in everyday settings, a 

conclusion that previously had been impossible to draw. However, the researchers say 

that the study is limited in which areas in the brain the electrodes were implanted, and 

they could not control for what the participants thought in the natural environment, they 

could only observe their actions, and utterances.   

 

2.7.    Developmental issues 

The human brain develops during maturation and different parts of the cortex becomes 

fully developed at different ages. The human brain develops structurally until 

adulthood. Different areas mature and become structured like the adult brain in different 

time spans. Areas controlling the visual and motor-functions mature faster than the 

prefrontal cortex, which is thought to be in control of the higher order of reasoning, like 

the executive functions (Casey, Tottenham, Liston, & Durston, 2005; Lenroot & Giedd, 

2006). The numerical ability is known to be affected by the development of the brain 

(Halberda & Feigenson, 2008), and in this section the evidence for this is presented.  

 

Although the brain has a consistent over all organization throughout maturation, a 

change in hierarchical connections has been observed (Supekar, Musen, & Menon, 

2009). The developing brain of a child have more short-range connections, and have 

more connections between subcortical areas and cortical areas than adults whom has 

more long-range connections and more connections between cortial areas. These results 

infer the importance of researching the developing brain in order to understand neuronal 

phenomena and issues. 
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Due to the brains constant development some researchers are critical to call abilities 

innate. Johnson (2001) questions researchers whom wish to say that infants’ abilities are 

innate. He argues that the human brain undergoes major changes during the first years 

in life. The different areas in the brain get increased neurons, and the neurons get 

myelinated postnatal, which also have an impact on the information processing in the 

brain. Criticism is directed at studies drawing conclusions about babies innate cognitive 

abilities from tests conducted when the infant has perceived the world during those first 

months. According to Johnson, these conclusions are not as easy to draw as they might 

seem because the infants’ brain is developing rapidly during the first year postnatal. 

Johnsons conclusion is that we must learn more about how the infants’ brains develop, 

and that different brain regions may tutor other brain areas, which would mean that the 

child have an active role in specializing its own brain.  

 

By testing the weber fraction on three, four, and six-year olds and adults Halberda and 

Feigenson (2008) could see that the acuity of the ANS, and more specifically to 

distinguish between numericities increased throughout childhood and were not 

comparable to the acuity of adults until early adolescence. They argue that the cause of 

this increase in ability, could be due to biological maturation of the brains’ circuits. 

Furthermore, they also mention experience and training as plausible determining 

factors. This argument was based on earlier studies on children’s development of 

mathematical abilities when using a math-practicing program, which resulted in the 

children improving both their verbal and non-verbal mathematical skills. This finding 

contradicts the findings of Gelman and Butterworth (2005) who found that the ability to 

compute symbolic numerals, do not affect the ability to make non-symbolic 

computations.  

 

Another research project examining the development of the ANS is Kaufmann et al. 

(2006). Conducting a number size inference task, they concluded that children and 

adults do not show a similar neural activation while performing the task. They 

hypothesised that the children conducting the task would show a greater activation in 

the prefrontal cortex, indicating that the task demands more attention and working 

memory for the children, than for the adults. This difference in neuronal activations 

between children and adults have been found to not correlate with increased grey brain 

tissue but to occur due to a specialisation of certain areas in the brain (Kaufmann et al., 
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2006). This change in activation are argued to be caused by a functional maturation of 

the brain, which the individual acquires during practise. In contrast to the children, that 

show a larger activation in the prefrontal cortex, hippocampus and areas associated with 

working memory, memory and attention, adults show a greater activation in the left 

intraparietal cortex, associated with automated processes. By conducting this study 

Kaufmann et al. were the first to show the relationship between functional maturation 

and structural changes in the brain.  

 

Furthermore, Dehaene (1997) writes that for children computations such as addition 

increases in time with a linear function to the number of entities that must be counted. 

Counting one number takes 400 milliseconds. In adults a similar time – distance 

relationship has been seen. However, this relationship seems to have another nature than 

the one of the children. While the children count each number, adults have memorized a 

matrix consisting of results of computations, and the further away in the matrix the 

longer it takes to answer.  

 

2.8  Functional Magnetic Resonance Imaging 

Functional magnetic resonance imaging (fMRI) is a neuroimaging technique which is 

used in both medical purposes as well as within neuropsychological research. In this 

section the fundamental functionality and usage of fMRI in neuroscientific research will 

be explained. 

2.8.1    Basic functions 

fMRI uses a magnetic field 60 000 times stronger than the magnetic field of the earth 

(Huettel et al., 2008). By using this magnetic field, the fMRI can differ between matter 

in the scanned object and produce two dimensional slices of the object which software 

then can combine into a three-dimensional model of the object. If the object scanned is a 

head the outcome is a 3D model of the brain. This model can be used to analyse the 

activity in the brain measuring differences in blood flow.  
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2.8.2    Blood Oxygen Level Dependent signal 

The MR scan measures the differences in blood flow to particular areas in the brain. 

This is called BOLD signals, and they indicate activity in the brain, it does indirectly 

measure the activity since active areas have been shown to have an increased blood 

flow. When an area is active it uses oxygen and glucose provided by the blood, and the 

activation makes the blood flow to this area increase (Poldrack, Nichols, & Mumford, 

2011). This has been shown to correspond to activation in the brain through 

comparative studies using other neuro-techniques such as EEG and electrodes. 

However, the BOLD signal is slower than the activation of the area, and the peak in 

blood flow occurs after the peak activation in the area (Poldrack, Nichols, & Mumford, 

2011. This delay is one of fMRI studies challenges. To be sure that the BOLD signal 

measures is coupled with the task, it is important to design the experiment with caution. 

If two conditions are too close in time, it can be hard to interpret the meaning of the 

BOLD signal. 

 

Some have called fMRI studies to be a modern example of phrenology (Huettel et al., 

2008). Even though fMRI have become a commonly used technique within 

neuroscience there are arguments against the use of it.  FMRI has been compared to 

phrenology, the idea that each mental function has a special place in the brain, and that 

the size of this area indicates how big impact the function has on the persons behaviour 

(Henson, 2005; Huettel et al., 2008) This, argues Huettel et al, is not a fair comparison, 

since modern fMRI researchers do not claim that a specific structure is responsible for 

one function only, but rather that it is a network which includes many different areas 

that gives rise to the mental function. Compared to other neuroimaging techniques, the 

fMRI has many advantages. It is non-invasive, and it does not affect the subject in any 

way (Huettel et al., 2008). These advantages make fMRI a good tool to use to study the 

neural activity. 
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3. Method 

The methods and tools to conduct this study will be described here. The relevant 

methods for this thesis will be fMRI study design, and statistical analysis of the data 

using MatLab SPM package (www.fil.ion.ucl.ac.uk/spm).  

 

3.1 Participants 

Two groups were recruited to participate in the study, one consisting of children and the 

other of adults. Seven children (5 boys, 2 girls), mean age = 11,49 (SD = 0,71) were 

recruited through their schools in Östergötand and by letters from the researchers. 

SPAR (The Swedish governments person addressee register) was used to be able to 

send letters to interested families within the interest area. Both participating child and 

guardian were informed about the experiment.  Seven adults (4 men, 3 women), mean 

age = 25,00 (SD = 1,83) were recruited at Linköping University, all adult participants 

were students at the University.  

 

All participants had perfect or corrected vision, were righthanded, and no known 

diagnosis that could affect the results, including neuropsychiatric, medical and 

psychiatric conditions. None of the participants had any implants that could cause 

problems when exposed to the magnetic field in the MR scanner.  

 

3.2   Ethics 

The studies have been approved by the Swedish research ethics committee. For the 

experiment involving children the guardian of children gave their informed written 

consent of letting the child participate in the experiment. Both participant and guardian 

were informed about the experiment before a consent form were signed. Ahead of the 

first trial for the adult participants, they gave their informed consent to participate in the 

study and were aware of the economical compensation of $60 for participation. Post to 

all the sessions the debriefing was conducted during which the participants had the 

possibility to ask further questions regarding the experiment.  
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3.3 Procedure  

All participants have taken part in two trials, of which the first were conducted at 

Linköping university in a testing environment and the second trial were conducted at the 

hospital in Linköping. During the first occasion the participant were presented with tests 

with focus on arithmetic ability, executive functions, working memory and mental 

rotation. These functions have been found to activate similar regions in the brain as 

mathematical computations and are thus tested for in order to make correct correlations 

(Skagerlund et al., 2018).  but are not going to be analysed in this thesis. In addition to 

the tests the participant also got to test a MR environment at Linköping university to get 

comfortable with the testing environment in the MR scanner.  

 

The second occasion took place in a MR scanner and lasted for 55 minutes. During this 

MR paradigm the participant were to perform six different tasks which will be describes 

in detail later. During the tasks the participant will have 12 seconds of rest each minute 

as well as two longer pauses of six respectively 10 minutes.  

 

3.4 Materials 

All materials, and tests that were used while conducting the study are described in this 

section.  

3.4.1 Scanner 

As reported in Skagerlund et al. (p. 4, 2018), the data acquisition specifications were as 

follows: “The fMRI experiment will be conducted at the Center for Medical Imaging 

and Visualization (CMIV), Linköping University. A 3.0T Siemens Magneton Prisma 

MRI scanner fitted with a twenty-channel head coil will be used for data acquisition. 

Forty-eight 3.0 x 3.0 x 3.0 mm thick slices with an in-plane resolution of 3.00 mm 

isotropic (no gap) will be used. High-resolution structural scans will be acquired using a 

T1-weighted pulse sequence (TR = 2300.0 ms, TE = 2.36 ms, flip = 8°, slice thickness = 

0.90 x 0.90 x 0.90 mm, number of slices = 208) prior to functional scans, in order to aid 

localization and co-registration. A BOLD-sensitive T2*weighted ascending Echo Planar 

Imaging (EPI) pulse sequence will be used to acquire wholebrain functional scans (TR 

= 1340.0 ms, TE = 30.0 ms, flip = 69°).” 
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3.4.2 The non-symbolic task 

A non-symbolic mathematical task was used to map the neural correlates to the ANS. 

The task has its origin in Halberda and Feigenson (2008) and consists of two clusters of 

different coloured dots (blue, and yellow). The number of dots in either cluster varies 

from trial to trial, and the participants task is to determine which if the clusters 

contained the most dots, and then press a corresponding button. Before every trial the 

participant are presented with a cross in the middle on the screen for 500 ms , and are 

assigned to focus on this cross. When the cross disappeared the two clusters of dots are 

visible on the screen for 2000ms, followed by a time slot of 1500ms in which the 

participant has to deliver their answer to which cluster contained the more numerous 

dots by pressing a button on a keyboard.  

 

Figure 1. The non-symbolic task 
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3.4.3 The control task 

A letter case discrimination task was used as a control task to the non-symolic task. 

Each trial starts with the same fixation cross appearing for 500ms followed by a 2000ms 

exposure of the task and ends with a 1500 time slot for the participant to respond. The 

procedure of this task in terms of durations is thus the same as in the non-verbal task. 

However, in this task the participant is presented with two single letters horizontally on 

the screen of which one is a capital letter and the other in lowercase. The task is to 

determine which one of the letters were a capital letter and press the corresponding 

button during the response time. In Swedish capital letters are referred to as “large 

letters”, making the task of identifying the larger entity similar to the non-symbolic 

mathematical task. 

 

Figure 2. The control task 
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3.5 Data pre-processing 

Data collected from the fMRI trials need to be pre-processed in order to prepare the data 

for statistical analysis (Poldrack et al., 2011). Some of the preparations aim to correct 

for individual differences in the participants brain anatomy, other processes prepare the 

data to be blurred for specific analysis to be conducted later in the process.  

3.5.1 Motion correction 

The first step in the pre-processing is to correct for head motion that occurred in the 

scanner. Head motions are unavoidable, since it can be caused by the participants heart 

rate and breathing. Head motion is ubiquitous in fmri-images but are still a source of 

damaged data, and thus, important to correct for (Huettel et al., 2008; Poldrack et al., 

2011). This was done by realigning the images to one reference image. No excessive 

movements that could not be corrected for were found in the data.  

3.5.2 Coregistration 

To make functional scans with low resolution usable, another realignment was 

conducted. This time, the structural scan is realigned with the functional scans, which 

makes the activation in the functional scans easier to interpret (Huettel et al., 2008). 

3.5.3 Segmentation 

 After the coregistration a segmentation of the tissue in the brain were applied. Through 

the segmentation the white and grey brain tissue are represented separately (Poldrack et 

al., 2011). This is a complex procedure, since a voxel can contain both white and grey 

tissue. In the SPM package, a combination of bias field correction and tissue 

segmentation are used, which allows the program to statistically decide based upon the 

voxels coordinates in the brain, whether it is most probable that the voxel is 

representing white, or grey tissue. This combination were developed by (Ashburner & 

Friston, 2005).  
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3.5.4 Normalization 

All brains have individual anatomical differences, some brains are long and thin others 

are thicker and shorter, and the volume of the brain can vary from 1100cc (cubic 

centimetres) to 1500cc. This is nothing strange but needs nevertheless to be handled in 

order to make statistical analysis across subjects. Therefore, a reference brain based on 

152 adult brains are commonly used in brain imaging studies (Poldrack et al., 2011). 

The scans from the participants are mapped onto this normalized brain structure, which 

makes them comparable. However, normalizing the images makes individual 

differences disappear in some sense, but since the purpose of this study is to investigate 

the whole brains activation during a specific task, this is not a problem. (Huettel et al., 

2008).  

3.5.5 Smoothing 

The last step in the pre-processing were to smooth the images. Spatial smoothing is 

done by applying a Guassin filter which distributes the intensity of each voxel onto the 

voxels nearby with a bell curve distribution (Huettel et al., 2008). By spreading the 

activation of the voxels validity of statistical testing is improved. The data in this study 

were smoothed with a matrix of [6 6 6], meaning activation were spread 6mm out from 

the main activation in all directions. 

3.5.1 Quality assurance 

An important part of the pre-processing is to make sure that the data used is not 

disturbed in any way. Artefacts or disturbances can arise despite of the scanner used in 

the experiment. These artefacts can propagate into the results from the analysis, making 

the results unreliable, or as Poldrack 2011 writes “Garbage in, garbage out” (Poldrack et 

al., 2011, p.35). Because of this it is of importance to make quality assurances during 

the pre-processing phase (Huettel et al., 2008; Poldrack et al., 2011). Between the 

different steps in the pre-processing, quality assurances have been conducted through 

manually inspecting the images. By looking at the images one can identify artefacts 

such as ghosting, spikes, signal dropouts, and excessive movements (Poldrack et al., 

2011).  
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3.6 Statistical analysis 

When the data has been preprocessed the next step is to make statistical analysis. The 

procedure of the statistical analysis applied on the data are described below.  

3.6.1  First level analysis 

On the pre-processed data, a whole brain analysis on the contrast between the non-

symbolic task and the control task was conducted. This was done by first examining the 

individual contrasts to look for deviating activation which could indicate excessive 

movement or another undesired artefact. This was done through 1 st level analysis in the 

SPM package. In this step, the within subject significance could be examined for voxels 

as well as for clusters. By testing different significance thresholds activation could be 

observed and examined.  For each individual different significance levels were tested to 

make sure the data did not include any suspicious activity. 

3.6.2 Second level analysis 

After each participants contrast had been examined and approved, two simple t-tests 

were then used to analyse the activation within the two groups. The children and adults 

were analysed separately, hence two simple t-tests were used. The purpose of dividing 

the participants into two separate groups were to be able to make a between group 

comparison. The t-tests resulted in two glass brains consisting of activation patterns that 

were significantly active within all the participants in the group. Different p-values were 

tested to investigate the activation in the different clusters. A normal p < 0.05 results in 

an error percentage of 5% in a sample size (number of voxels), of 20 000 voxels. When 

the chance for false positives is 5% it is possible that 1000 of the active voxels are false 

positives. In this sample size it is not desirable and thus lead the researcher to draw 

incorrect conclusion about the activation. Hence, a strategy, named family wise error 

(FWE) was adapted (Poldrack et al., 2011). By applying FWE the chance for false 

positives is counted on the entire sample, meaning that a FWE p-value = 0.05 gives a 

five percent chance that any of the voxels in the sample is found falsely activated. In the 

second level analysis different values of p, including FWE, were tested to find reliable 

activation. In some cases, especially regarding small samples, a FWE p-value can result 
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in no significant activation at all, and in such cases a uncorrected p-value of for example 

0.001 can be used.  

 

4. Results 

In this section the results from the statistical analysis of the non-verbal task compared to 

a control task are presented. The results of each of the two groups are introduced 

individually, and later a comparison between the groups have been made. Significant 

cluster are shown in a table together with its MNI-coordinates, brain region, cluster size, 

p-value and z-score. MNI-coordinates represent the position of the activation in the 

standard brain, by using these coordinates it is possible to find what areas are associated 

to the active clusters (Poldrack et al., 2011). For this experiment only clusters including 

more than 3 voxels are presented. A p-value of 0.001 uncorrected (unc) has been used. 

In fMRI analysis a FWE p-value of 0.05 is to prefer, however with a sample size as 

small as this one, a p-value of FWE 0.05 did not result in any significant cluster-

activation hence a p-values of 0.001 unc was used.  

 

4.1 Children 

For the children, activation were mainly found in the prefrontal cortex. One of the areas 

were found in the Precentral gyrus, Brodmanns area 6 which is involved in 

premotorcortex and the supplemental motor cortex (MNI -9,  32  2). The other two areas 

were found outside any defined area. The area close to the clusters, are the anterior 

cingulate cortex (ACC) on both the left and the right side of the brain. The anterior 

cingulate cortex are small areas located close to the white matter in the brain. The 

combination of the areas’ location and the small sample size gives this undefined active 

cluster which indicates activation in the anterior cingulate gyrus. The activation found 

within the sample of children are located in the prefrontal cortex which was expected. 

One of the active clusters were located in Brodmanns area 6 consists of the premotor 

cortex and supplemental motor cortex, and the other areas where most likely within the 

left and the right ACC. 
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Table 1. Children significant clusters non-symbolic > control  

Brain region MNI 

coordinates 

Cluster 

size 

p z-

score 

L Anterior cingulate 

cortex 

-9 32 2 10 >0.001 4.35 

R Precentral gyrus (R 

BA 6) 

63 5 20 4 >0.001 3.87 

R Anterior cingulate 

cortex 

21 41 5 10 >0.001 3.81 

(p<0.001 unc) 

 

 

 

Figure 3. Active clusters in the minor sample 

 

4.2 Adults 

The results from the adults consists of more and larger clusters than the children. 

Primarily, activation was seen in both left and right parietal lobules, and more 

specifically in the Intraparietal lobule, the Supramarginal gyrus, and the left paracentral 

lobule. Further activation was found in the right hemisphere in the Posterior frontal 

medial, the MCC, the IFG and in the insula lobe. Overall, activation was found in the 

parietal lobules and not in the prefrontal cortex as expected.  
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Table 2. Adults significant cluster, non-symbolic > control 

Brain region MNI 

coordinates 

Cluster 

size 

p z-score 

L Supra Marginal 

Gyrus 

-63 -28 26  31 >0.001 4.53 

R Superior Temporal 

Gyrus 

66 -40 14 12 >0.001 4.41 

L Paracentral Lobule -3 -13 71 21 >0.001 4.33 

R Posterior-Medial 

Frontal 

12 5 71 17 >0.001 4.01 

R Supra Marginal 

gyrus (IPL) 

57 -28 23 76 >0.001 4.00 

R Supra Marginal 

gyrus (IPL) 

-60 -25 38 4 >0.001 3.94 

R MCC (right BA6) 15 -25 47 13 >0.001 3.89 

R IFG (Area 45) 54 35 11 5 >0.001 3.77 

R Insula Lobe 36 5 14 25 >0.001 3.75 

(p<0.001 unc) 

 

 

Figure 4. Active clusters in the adult sample 
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5. Discussion 

Over the next paragraphs the results from the conducted experiment, as well as 

methodological and statistical issues have been discussed.  

 

5.1 Results 

In the adult sample, activation was found first and most in the parietal lobules, both left 

and right. Previous studies have shown that adults rely on the IPS (Ansari, 2008; 

Cantlon et al., 2006; Dehaene et al., 2003a; Huettel et al., 2008). The IPS have been 

found to be a central part of non-verbal computations and are sometimes seen as the 

ANS in a physical form. Hence the results from this study confirms the expected 

activation patterns. The intra parietal lobule were significantly more active during non-

symbolic processing than during the control task. The IPS is located between the IPL 

and the superior parietal lobule, and with a sample size as small as in this study, it is not 

surprising to find activation in areas surrounding the IPS, and not in the IPS. Therefore, 

the activation found in the IPL indicates that the IPS is involved in the non-symbolic 

mathematical processing in the adults.  

 

For the children, three small clusters were found to be significantly active during the 

non-symbolic task. Out of these three clusters, two seemed to be located in the white 

matter and were titled undefined. However, when looking at the nearby coordinates of 

the clusters the right and left anterior cingulate gyrus were found. These areas are small 

areas in the prefrontal cortex located close to the white matter. In our data every voxel 

had a cubic length of 3 mm, which could cause the activation to be found outside the 

anterior cingulate cortex, rather but inside of it. This is probable, when taking in 

consideration the small sample size used in the study. With a larger sample size, the 

results would have been more robust than they were in this study. When taking these 

aspects in to account, the activation found in the unknown areas were most likely 

located in the anterior cingulate cortices. Activation have previously been found to be 

active during numerical tasks related to magnitude processing (Skagenholt, Träff, 

Västfjäll, & Skagerlund, 2018). 
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The overall activation observed within the children were found in the prefrontal cortex, 

and more specifically in the premotor cortex as well as in the anterior cingulate gyrus. 

Kaufmann et al (2006) showed that children activate the prefrontal cortex, and areas 

associated with attention and memory. The results from this experiment was expected 

due to the previous research. Moreover, the human brain undergoes developmental 

changes during childhood and a fully adult-like activation is not found until late 

adolescence (Halberda & Feigenson, 2008). The brain of children have the overall 

structure of an adult brain, but areas in the brain are becoming more specialized during 

maturation (Supekar et al., 2009). As Kaufmann et al. (2006) concluded, this maturation 

gives rise to the difference between neural correlates for the same functional task for 

children and adults. However, the IPS has been found to play an important role in the 

children’s ANS as well as within the adults.  

 

In the results of this thesis, no activation was found in the IPS, or areas surrounding the 

IPS. Activation in the IPS was expected to be found due to the evidence from previous 

research. The absence of activation in the IPS in the results needs not to mean that there 

was no such activation, most probably it means that the activation was not found to be 

significant due to the small sample size. The contradicting findings in this experiment 

provides no evidence strong enough to challenge the previous findings about the IPS 

involvement in non-symbolic computations in children. The absence rather indicates the 

flaws of this study due to the small sample size. Summarized, the activation found in the 

sample of children were expected and indicate what have previously been shown, that 

children activate more prefrontal regions and thus require more cognitive load than 

adults while making non-verbal computations.  

 

The results from this study provides further evidence for a shift in neural correlates due 

to maturation. As expected, the children activated prefrontal areas, indicating that the 

non-symbolic task requires more cognitive load for children than for adults. Even 

though the number sense seems to be innate, it undergoes changes and recruits different 

areas in the brain.  

 

 



24 

 

5.2 Methodological issues 

A shortcoming of this experiment is the sample size. The data used in this thesis were 

provided by a research group conducting a larger fMRI study on the TCM in children. 

This research project was still ongoing during the same time this experiment were 

conducted. The data collection of the larger study has not yet been completed and are 

still ongoing. A deadline for data collection was set, and the data collected by then were 

going to be used in this study. By the time of the deadline a sample of seven children 

had undergone both the trial outside the scan and trial within it, hence the sample size 

for the children was set to seven. Concerning the data collection for the adults, a sample 

of 51 participants were available since the data collection and study on the adults were 

conducted in 2017. To be able to compare the adult sample with the children sample 

seven adults were picked out from the full sample and used in this experiment. The 

small sample size gives the experiment in this thesis a low statistical power. This is 

according to Poldrack et al. (2017) one of the biggest flaws in fMRI studies, and for the 

results from a brain imaging experiment to be reliable it is important to have a large 

enough sample size for the experiment to have good statistical power. However, in the 

original study a sample of 40 children are going to be recruited, which gives the study a 

high enough statistical power.  

 

Despite the low statistical power and sample size used in this experiment, the results can 

give an indication of what the larger data set in the original study will show. Even 

though it is not credible enough on its own, the study still provide insight into the area, 

and makes it possible to make predictions about what a larger dataset can demonstrate. 

 

Another issue worth discussing concerns the complexity of deduction that this kind of 

experiment requires. Henson (2005) writes about different types of deduction able to 

draw from the results in a fMRI study. The hypothesis of this study compares the 

structural activation caused by a functional task and requires the researcher to draw 

conclusions about how a functional task is correlated to neural areas. This is according 

to Henson a difficult inference to make and is thus important to keep in mind while 

analysing the results from this study. 
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A further shortcoming of this experiment concerns the method and data collection. A 

MR scan is highly sensitive to movements of the subject, small motions can damage the 

data. Even for adults it can be a challenge to lie completely still for a long time in the 

scanner, and for children it is even harder (Huettel et al., 2008). Due to restlessness, the 

children might have moved in the scanner. Small movements can be corrected for, but 

large movements can yield incorrect activation in the analysis. Even though quality 

assurance have been conducted during the data pre-processing it is possible that medium 

high movements could have influenced the data and thus the results. Within the sample 

consisting of children, activation was found in undefined areas, except from the 

influence by the small sample size, movements in the scanner might have given rise to 

this undefined activity. In combination, a small sample size and movements in the 

scanner might have affected the results significantly.  

 

Concerning the participants in the study, a selection bias might have affected what 

persons participated in the study, and thus effected the results. The children were 

recruited through their schools, as well as through a register. The persons included in 

the register SPAR is persons who actively have signed up and are most probably 

interested in research. This selection bias might have led to a homogeneity which is non 

representative for the whole population of 10-12-year olds. All adults were students at 

Linköping University, and this selection could also arguably have an impact on the 

results.  

 

The results from this study should not be seen as a scientific complete conclusion but 

should rather be thought of as an indication of what a larger study might expect when 

performing the same experiment. Further research should focus on investigating the 

maturation of the number sense in a longitudinal study with the same participants. In 

order to understand the mechanisms underlying math abilities, further research on both 

normally functioning adults and children as well as persons with dyscalculia have to be 

conducted. By further investigate the development of the innate number sense, which 

seems to underlie higher mathematical skills (Piazza, 2011), the cause of developmental 

dyscalculia could be understood in the future.  
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5.3 Conclusion 

This fMRI study of the neural correlates of the ANS in children and adults provided an 

indication of structural differences between the groups. As previous research has found, 

children seems to activate regions in the prefrontal cortex while performing non 

symbolic computations. This activation differs from the one found in adults, which is 

found primarily in the bilateral parietal lobe, including the IPS.  
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