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A b s t r a c t: Number words could be considered as a part of general verbal 

lexicon, although clinical and scientific data suggest that there are specific brain areas 
that are involved in specific aspects of number and language processing. In this fMRI 
study we examine the brain response to two number words generation tasks that should 
be closely related to the process of language generation: counting forward and counting 
backward. Our results imply that both investigated tasks strongly rely on brain 
structures usually related to language generation processes with a distinct activation of 
the prefronatal area for both counting tasks. Furthermore, we found differences in brain 
response among the investigated tasks regarding activation in the posterior part of the 
superior temporal gyrus and parietal cortex for the task of counting backward. Those 
findings suggest that the tasks of counting rely on established language-related brain 
areas with specific differences depending on cognitive content of the specified task. 
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Introduction 
 

Language is usually defined as mental activity that we use for 
communication. The effective use of language requires interaction of memory 
with sensory input and motor output. According to the classical model of brain 
language anatomy two brain areas have key roles in the language generation 
process. the inferior frontal gyrus (Broca's area) is considered as essential for 
language articulation while the posterior part of the superior temporal lobe 
(Wernicke's area) is usually related to language comprehension. In the last 
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decade, the classical model of language has been modified, but the essential 
roles of Broca and Wernicke for language related processes still remain [1, 2]. It 
is widely accepted that numbers represent a specific semantic domain separate 
from other semantic domains. In most reported clinical cases of brain damage in 
eloquent language areas, the lexical processing of words and number words are 
similarly spared or impaired but in some specific cases differences in number 
and verbal processing ability are found [3–5]. On the other hand evidence from 
groups who have not been exposed to conventional numerical systems (Amazo-
nian people in rural Brazil) as well as recent study of adults who do not have 
conventional language (deaf individuals who do not have access to usable 
model for language, spoken or signed) suggest that language, particularly the 
numeral list in a count routine, may be significantly involved in the ability to 
perform higher level cognitive processes related to number processing [6]. In 
this context we examine the brain response to two common number processing 
tasks that should be closely related to language generation and number pro-
cessing ability: counting forward and counting backward.  

 
 

Materials and methods 
 

Twelve right-handed healthy volunteers between 24 and 46 years of 
age, 6 men and 6 women (mean age 35 ± 7.55) participated in this study. All the 
subjects were scanned on a 3T Trio MR Unit (Siemens, Erlangen, Germany). 
Before scanning, the subjects were instructed and rehearsed in the task, asked to 
remain still in the scanner with headphones and thereafter positioned in the 
gantry. The functional images were obtained in axial planes at 3 second inter-
vals while the subject alternated between rest and performing a specified task 
for 30 seconds. Technical parameters for the images included TR = 3000 ms/TE 
= 30 ms, matrix 64 × 64, field of view 240, and slice thickness 3 mm. In the first 
trial during the active state subjects were asked to silently generate about one 
number per second in their native (Serbian) language, in forward order starting 
with number 1. In the second paradigm subjects were asked to silently generate 
about one number per second, in backward order starting with the number 30. 
Start and stop instructions were given through headphones. After scanning, the 
subjects were asked whether or not they had performed the tasks successfully. 

For generation of fMRI activation map for each subject as well as for 
group analysis, the FSL software, Oxford, UK (FMRIB's Software Library,) 
was used [7].  

For generation of fMRI activation map for single subject analysis 
FEAT (FMRI Expert Analysis Tool), part of FSL, was used. Standard steps in 
pre-processing were applied: motion correction was done by the MCFLIRT 
(Motion Correction using FMRIB's Linear Image Registration Tool), non-brain 
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removal by the BET (Brain Extraction Tool) [8], spatial smoothing by a Gaus-
sian kernel of FWHM 5mm. Mean-based intensity normalisation of all volumes 
was done by the same factor (1002). To remove low frequency artefacts, high-
pass temporal filtering was done (Gaussian-weighted last-squares straight line 
fitting, with sigma = 50.0 s). Time-series statistical analysis was carried out 
using the FILM (FMRIB's Improved Linear Model) [9]. The statistical images 
were initially corrected for multiple comparisons using cluster threshold deter-
mined by Z-scores > 2.3, and a corrected cluster significance of P = 0.05. Regi-
stration to standard images (MNI 152) was carried out using the FLIRT 
(FMRIB's Linear Image Registration Tool) [10, 11]. 

Higher-level analysis was carried out using FLAME (FMRIB's Local 
Analysis of Mixed Effects) stage 1 only [12, 13]. Z (Gaussianised T/F) statisti-
cal images used clusters determined by Z > 1.7 and at the corrected cluster sig-
nificance threshold of P = 0.05 [14]. 
 
 

Results 
 

Group analysis of the task of counting forwards and counting back-
wards are shown in Figure 1 and Figure 2 respectively. Table 1 provides an 
overview of activated regions of interest, for both tasks. For the task of counting 
forwards BOLD response was found in the pars opercularis of the inferior fron-
tal gyrus, precentral gyrus and anterior aspects of the superior temporal gyrus of 
both hemispheres (Figure 1a, b; Table 1). Additionally BOLD response was 
found in the right prefrontal cortex (Figure 1b).  

 
 

Figure 1 – fMRI activation map for counting forwards in a) left hemisphere,  
and b) right hemisphere 

 
For the task of counting backwards an fMRI activation map showed a 

similar BOLD response pattern. Activations were found in the pars opercularis 
of the inferior frontal gyrus, precentral gyrus and the anterior aspects of the 
superior temporal gyrus in both hemispheres as well as the right prefrontal 
cortex (Figure 2 a, b; Table 1). Additionally, for the task of counting back-
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warda, BOLD response was also found in the posterior part of the superior tem-
poral gyrus of both hemispheres and the right parietal cortex (Figure 2 a, b; 
Table 1).  

 
 

Figure 2 – fMRI activation map for counting backwards in a) left hemisphere,  
and b) right hemisphere 

 
Table 1 
 

MNI coordinates and Z score values for activated brain regions in both tasks 

MNI Task Region 
x y z 

Z-score 

Counting forward Left hemisphere  
 precentral gyrus  -42 -8 38 3.16 
 inferior frontal gyrus  -50 6 18 3.11 
 anterior superior temporal gyrus  -54 8 -6 3.10 
 Right hemisphere  
 precentral gyrus  48 -8 40 3.72 
 prefrontal cortex 44 38 24 3.71 
 inferior frontal gyrus  48 2 22 3.15 
 anterior superior temporal gyrus  58 10 -6 3.67 

Counting backward Left hemisphere  
 precentral gyrus  -50 -10 40 3.78 
 inferior frontal gyrus  -54 4 16 4.38 
 anterior superior temporal gyrus  -52 12 -12 3.14 
 posterior superior temporal gyrus -60 -30 4 3.17 
 Right hemisphere  
 precentral gyrus  52 -2 42 3.77 
 prefrontal cortex 40 42 22 3.78 
 inferior frontal gyrus  50 10 12 3.17 
 parietal cortex 36 -50 46 2.77 
 anterior superior temporal gyrus  54 12 -10 4.35 
 posterior superior temporal gyrus 62 -34 8 3.77 



 Counting and language 415 

Prilozi, Odd. biol. med. nauki, XXXIII/1 (2012), 411–418 

Discussion 
 

Numbers play an important role in everyday life. We could describe 
numbers as abstract ideas that we use in counting, measuring, labelling or 
coding. According to Dehaene et al. [15] Knowledge of a number is represented 
in our brain by a triple code: a sequence of words, a string of Arabic numerals 
and as a representation of an abstract quantity independent of conventional 
symbols [16]. These three cerebral codes are linked to external objects by 
appropriate input/output processes. We can identify verbal numerals (like any 
other words) or we can produce them orally. We also can identify Arabic nume-
rals in a similar manner and those symbolic systems (verbal or Arabic) are spe-
cific to adult humans educated in a given language and a given culturally defi-
ned numerical system. According to Spaepen et al. [6] exposure to a linguistic 
system that contains a count routine may be essential to develop representations 
of exact numbers, but other aspects of language could also play a role, for 
example by providing rules for combining expressions recursively, providing 
evidence that numerals are quantifiers or providing stable symbols to overcome 
working memory limitations.  

Our results show that neurobiological substrates of common tasks of 
counting forwards and backwards strongly rely on "canonical" (e.g. Broca and 
Wernicke) language areas. Besides, in both tasks activation was found in the pref-
rontal cortex. Functional neuroimaging studies confirmed earlier neurophysio-
logic findings that the human prefrontal cortex plays a critical role in the storage 
and manipulation of information in working memory [17–20]. Accordingly it 
could be concluded that, besides conventional language areas, the tasks of 
counting forwards and backwards strongly rely on working memory processes. 
Neuroimaging studies that investigate higher level number-processing tasks iden-
tified also the intraparietal sulcus and fusiform gyrus as part of a brain network 
that participates in higher level number processing tasks [21, 22]. Observed diffe-
rences in the brain response for the task of counting forwards and counting back-
wards could be due to a similar phenomenon. Actually, it seems that for tasks 
with different cognitive content, a different part of the related brain network could 
be identified [23]. In our study, for the task of counting backwards as a higher 
cognitive content task, the same brain networks were activated as for the task of 
counting forwards except for activation in the posterior part of the superior 
temporal gyrus in both hemispheres and right parietal cortex. Furthermore, studies 
that evaluate brain mechanisms in solving specific arithmetical operations (mul-
tiplications, subtractions…) found that the type of instructions and the particular 
arithmetic operations dynamically modulate the activation of intraparietal and 
temporoparietal regions during mathematical processing [24].  

The high incidence of number processing deficits in aphasic subjects 
suggests that there is a strong similarity between the language and number 
domains. On the other hand, single case studies showed dissociation between 
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word and number word processing in stroke or dementia patients. According to 
this it could be hypothesized that those processes are represented independently 
in the cognitive system, but it is still unclear whether they rely on different brain 
areas [5]. Behavioural data in poststroke patients demonstrated three possible 
patterns of affected performance: arithmetic impairment with preserved lan-
guage comprehension, comprehension impairment with preserved arithmetic 
ability, and deficits of both comprehension and arithmetic ability. Comparing 
behavioural and anatomical evidence in poststroke patients, Baldo et al. [25] 
also conclude that there are partially overlapping networks subserving language 
and arithmetic and that the extent of this overlap is likely to be dependent on 
which aspect of arithmetic ability is tested and the way it is evaluated.  

According to our results as well as results of other studies that evaluate 
brain neural substrates for language and number processing, it seems that both 
processes depend on similar brain mechanisms with specific differences depen-
ding on phonologic, semantic and cognitive aspects of the specified language or 
number processing tasks. New neurocognitive models of brain functions as 
dynamic large scale networks [26] as well as new MRI techniques for the iden-
tification of brain activity and connectivity [27, 28] could give a new insight 
into the evaluation of this phenomenon.  
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Апс т р а к т: Зборовите што означуваат бројки се сметаат за дел од оп-
штиот вербален лексикон, иако клиничките и научните податоци сугерираат дека 
постојат посебни делови од мозокот за процесирање на јазикот и бројките. Во 
оваа студија изведена со функционална магнетна резонанса, ја анализиравме реак-
цијата на мозокот на две задачи за генерирање на зборови-бројки, кои се тесно 
поврзани со процесот на создавање јазик: броење напред и назад. Нашите резул-
тати сугерираат дека и двете задачи силно зависат од мозочни структури кои се 
вообичаено поврзани со процесите на создавање на јазик, со посебна активација 
на предфронталниот дел од мозокот. Понатаму, најдовме разлики во мозочната 
активација меѓу двете задачи, со дополнителна активација во постериорниот дел 
од супериорниот темпорален гирус и во париеталниот кортекс при задачата 
броење наназад. Овие резултати сугерираат дека броењето се заснова на етабли-
рани делови за броење во мозокот, со специфични разлики во зависност од когни-
тивната содржина на зададената задача. 
 
Клучни зборови: функционална магнетна резонанса, броење, создавање на јазик. 
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