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Abstract

Acalculia in aphasic patients should be better investigated in order to understand if it is a simple
comorbid or if it is influenced by language disorders. This study aimed to compare the per-
formance on EC301 battery calculation tasks between aphasic and normal subjects and sought to
verify a possible association between number processing and calculation skills and linguistic
changes in aphasic patients, in order to investigate if language disorders interfere with number
processing and calculation. Analytical cross-sectional study with a control group, performed of the
Department of Speech and Hearing Disorders of a public university, conducted in the city of Sao
Paulo, Brazil. First, to analyze the specific difficulties encountered in numerical processing and
calculation tasks among the aphasic group, aphasic and healthy adult’s performance in specific
calculation tasks were compared. The calculation tasks, which had been badly performed by
aphasic patients, were selected. Aphasic patients were also submitted to the language tasks from
Montreal-Toulouse Protocol: oral and written comprehension, repetition, reading aloud, naming
and dictation. We observed that aphasic individuals showed changes in numerical processing and
calculation tasks that were not observed in the healthy population. The most important finding of
this study was that aphasic individuals showed changes in numerical processing and calculation
that were positively associated to their linguistic performance. The strong associations between
battery EC301 and linguistic tasks suggest that language disorders interfere with number pro-
cessing and calculation.
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1. Introduction

Neurological and neuropsychological clinical reports frequently mention acalculia, but specific analyses of
acalculia are rather limited. Calculation ability represents an extremely complex cognitive process, which re-
quires multifactorial processes, including verbal, spatial, memory, and executive functions [1] [2]. According to
Ardila, Rosselli (2002) aphasia is an impairment of language, affecting the production or comprehension of
speech and the ability to read or write. Aphasia is always due to injury on the brain-most commonly from a
stroke, particularly in older individuals. On the other hand, acalculia as a complete inability or part of dealing
with numbers, and these authors, represents a acalculia commitment in numerical processing and calculation that
may result from a brain injury such as strokes, cerebral traumas, dementias and degenerative diseases.

Acalculia following brain injury is not uncommon. Therefore, acalculia in aphasic patients should be better
investigated in order to understand if it is a simple comorbid or if it is influenced by language disorders. Studies
have shown [3]-[5] that aphasic patients are more likely to present mathematical difficulties, particularly in tests
involving numerical transcoding, like reading aloud arabic numbers and writing arabic numbers from an oral
dictation. Other studies correlating language and calculation have been performed [3] [6] [7] to investigate
whether numerical processing and calculation and language processes are dependent or independent activities.
Some studies suggest that numerical and language processings are partially overlapping skills; for some numer-
ical tasks, calculating and linguistic abilities are closely related, and for others, there is no correlation, with some
calculation tasks being completed by patients with severe language impairment. These studies were performed
involving brain-injured individuals with different types of aphasia, educational levels and professions [3] [5] [6]
[8]-[10] and accounted for the variability of each individual and neurological impairment. The pattern of errors
for a large sample of aphasic patients was analyzed [9] and the most severe impairment in calculating ability
was found in global aphasics [11]. Patients with Broca’s and Wernicke’s aphasia performed similarly in quantit-
ative terms, while patients with amnestic aphasia exhibited fewer difficulties in making calculations. The au-
thors concluded that although the findings suggested associations between impairments in language processing
and numerical tasks, one should be cautious in drawing conclusions regarding the verbal basis of general nu-
merical skills [12].

Many observed numerical processing problems may also arise from other, nonlinguistic impairments fre-
quently found in left hemispheric patients, including attentional deficits, short-term memory problems, or diffi-
culties in monitoring complex sequences. Double dissociations between calculation and language abilities were
also observed. The first aspect of dissociation, intact language functions and impaired calculation, has been de-
scribed [13]. A case study clearly demonstrated the second aspect of dissociation, good calculation abilities de-
spite severe language problems, where the patient correctly performed simple addition, subtraction, and multip-
lication and performed multidigit operations without problems [14]. Seemingly, this patient neither relied on
verbal forms in any operations nor compensated for impaired verbal skills with nonverbal ones. Although this
evidence supports the functional independence of language and some numerical skills, the authors nevertheless
assumed that linguistic functions mediate other numerical abilities (e.g., counting, writing numerals) or prefe-
rentially support them (e.g., multiplication tables). They thus assumed that the systematic association of linguis-
tic and numerical deficits may be informative and contribute to our understanding of the numerical difficulties
observed in different clinical populations.

Despite a large number of case reports, it is important to conduct studies with groups of patients to verify
whether associations and/or dissociations between language and calculation truly exist while also considering
cultural and educational variability [15] [16].

The battery EC301, which was used in this study for evaluation calculation, was developed in 1994 by De-
louche et al. to the adult assessment with involvement of the calculation and processing numerical after brain
injury. This battery includes three systems answers to numbers: arabic digit, spelling and oral.

Thus, considering all the findings described above, this study aimed to verify a possible relationship between
numerical processing and calculation difficulties and language disorders in aphasic patients.

2. Materials and Methods

The study was conducted in the outpatient clinic of disturbances acquired neurological speech and ginguagem
and other outpatient clinics of the Speech Therapy Department at UNIFESP, Sao Paulo, Brazil. The sample size
was calculated according to the number of patients seen at the clinic, that met the sample inclusion criteria.
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To analyze the specific difficulties encountered in numerical processing and calculation tasks among the
aphasic group, we first compared aphasic and healthy adults in specific calculating tasks. Then, just were se-
lected for this study the calculation tasks that were badly performed by aphasic patients. Then, the performance
of the aphasic patients in calculation tasks was correlated to their performance in language tasks.

Control Group: Forty-four volunteers were selected (74% female). The average education duration was 8.5 +
4.1 years, and the average age was 40.6 + 16.0 years. Aphasic Group: Thirty-two patients (37% female) who had
suffered a single left hemisphere stroke were evaluated. The mean age of the patients was 51.4 + 13.7 years, and
the mean education duration was 8.0 + 5.2 years.

The general inclusion criteria were as follows: no history of alcoholism or drug use; no use of psychotropic
medications, except for atypical neuroleptics; and the absence of visual or auditory impairments that might af-
fect the outcome of the tests. The control group consisted of individuals who were accompanying patients, fam-
ily members or friends.

This study included patients who had suffered a single left hemisphere stroke, while illiterate patients were
excluded. Patients that presented motor difficulties that prevented them from performing the tasks were ex-
cluded from this study. All patients selected for the study were right-handed. All subjects were evaluated by a
neurologist and underwent magnetic resonance imaging of the brain, with the following results: of the patients,
10 (32%) had a lesion in the left parietal region, 9 (28%) in the frontal-temporal-parietal, 3 (9.4%) in the left
temporal, 6 (18.5%) in the left frontal-temporal, 3 (9.4%) in the left temporal-parietal-occipital, and 1 (3.15%) in
the left parietal-occipital. Among the patients with aphasia, 16 (50%) had anomic aphasia, 3 (9.4%) had conduc-
tion aphasia, 4 (12.5%) had Broca’s aphasia, 1 (3.15%) had transcortical sensory aphasia, 5 (16%) had mist
aphasia, and 3 (9.4%) had global aphasia.

The data analyzed in the current study were collected in accordance with the Research Ethics Committee of
UNIFESP, protocol No. 0346/04. All patients signed informed consent forms prior to participation.

All patients underwent an evaluation of their calculation skills using the EC301 calculation battery [17]. This
battery is referred to be the most used to assess calculation abilities in adults [18] and contains 13 different tasks.
Each task is domain specific and is made up of more than one subtask. Thirty-one is the total of subtasks. It was
not necessary to adapt the number of stimuli of EC301 battery.

1) Counting (3 subtasks, C1, C2, C3). The subject must use different codes (phonological, Arabic, and ortho-
graphic) to produce a somewhat automatic sequence of numbers, backwards and forwards, according to different
ratios (by ones, by threes, by tens).

2) Dot Counting (5 subtasks, C4, C5, C6, C7, C8). This task evaluates the capacity to compute the cardinality
of a set of discrete elements (dots) with different spatial arrangements. The subject is required to point to the
dots while counting aloud.

3) Transcoding (7 subtasks, C9, C10, C11, C12, C13, C14, C15). These subtasks correspond to the six possi-
ble transcodings between phonological, Arabic, and orthographic codes and number repetition. ltems were se-
lected to make their lexical-syntactical structure directly comparable from one subtask to another.

4) Arithmetic Signs (2 subtasks, C16, C17). The subject is required to name the arithmetic signs and write
them as dictated.

5) Number Comparison (2 subtasks, C18, C19). The subject is required to point to the greater of two numbers,
presented in Arabic (8 items) or orthographic forms (8 items).

6) Mental Computation (2 subtasks, C20, C21). This task evaluates mental calculation, requiring the subject
both to access number fact knowledge and perform simple operations.

7) Estimating the Result of an Operation (1 subtask, C22). Subjects must point to the best approximation
(among 4 alternatives) of the correct result of a complex operation.

8) Number Positioning on an Analog Scale (2 subtasks, C23, C24). A vertical line graded from 0 to 100 is
shown to the subject, who must place a spoken or written Arabic number on the line, choosing among three
possible positions.

9) Writing Down an Operation (1 subtask, C25). The subject is requested to copy a pair of two- or three-digit
numbers, placing them in the conventional way for the written operation, corresponding to a given arithmetic
sign.

10) Written Calculation (3 subtasks, C26, C27, C28). This task tests the subject’s ability to perform addition,
subtraction, and multiplication, which involves accessing numerical facts and calculation procedures such as
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11) Perceptive Estimation of Quantity (1 subtask, C29). Subjects must estimate the weight, length, or number
of objects shown in a picture.

12) Contextual Magnitude Judgments (1 subtask, C30). Given a specific and contextual situation, the subject
is asked to give an interpretation of numerical size (i.e., a classroom with nine children, is the number of child-
ren too low, average, or too high?).

13) Numerical Knowledge (1 subtask, C31). This task contains questions related to numerical knowledge of
specific facts, such as the number of days in a week.

Each item in EC301 was assigned a value of 2 points for a correct response and 0 points for an incorrect re-
sponse. However, in a few tasks, 1 point could be awarded (i.e., if the patient gives the correct response after
requesting item repetition). All subjects completed the battery tests.

In addition to the EC301 battery [4], subjects with aphasia were submitted to a language test to assess their
degree of language impairment. The language evaluation used the Montreal Toulouse Protocol-Brazilian version
[19] and in this study, we analyzed the performance of aphasic patients on six tests: oral and written comprehen-
sion, in which subjects would point at representations of words and simple and complex phrases, verbal and
written ordering, repeating and reading words and short and long phrases and picture naming.

Statistical Analysis

In Table 2, we calculated the Spearman coefficients to verify the relationship between performance on language
tasks in aphasic patients and performance on tests of EC301 battery, and p < 0.005 was considered to indicate
statistical significance, according to Bonferroni correction. n = 32.

All analyses were calculated using the statistical package SPSS (Statistical Package for Social Sciences).

3. Results

There was no statistically significant difference between the control and aphasic groups when comparing their
years of schooling (8.5 + 4.1 versus 8.0 + 5.2 years, 95% CI = —1.7 to 2.6, t (74) = 0.439, p = 0.662). However,
the control group was significantly younger than the aphasic group (40.6 + 16.0 versus 51.4 + 13.7 years, 95%
Cl = —17.7 to —3.7, t (74) = —3.06, p = 0.003) and had a higher proportion of women (74% versus 26%, X? =
8.90, P = 0.003).

The performance of patients with aphasia was significantly worse than that of the control group on subtests
C1, C2, C3, C9, C10, C11, C12, C13, C14, C15, C16, C17, C19, C20, C21, C22, C26, C27, C28, C29, and C30
from the EC301 battery test, data previously reported (De Luccia, Ortiz, 2014).

Table 2 correlates the findings of the EC301 battery with the language results of the aphasic subjects.

The performance of patients with aphasia was significantly worse than that of the control group on subtests
C1, C2, C3, C9, C10, C11, C12,C13, C14, C15, C16, C17, C19, C20, C21, C22, C26, C27, C28, C29, and C30
from the EC301 battery test, data previously reported (De Luccia, Ortiz, 2014).

4. Discussion

We observed that aphasic individuals showed changes in numerical processing and calculation tasks that were
not observed in the healthy population. Although the groups were different according to age and gender, we do
not believe that this difference interfered with the results, since there were no elderly subjects in our sample and
there is no evidence of cognitive changes in adults [20]. As far as gender is concerned, there is a report of a little
advantage of males [4] but in most studies, including one that was done with the EC 301 battery, no statistically
significant difference between the performance of males and females was found [21] [22], Table 1.

The most important finding of this study is the result that aphasic individuals showed changes in numerical
processing and calculation tasks that were positively correlated with linguistic task performance.

Concomitant deficits in language and calculation processing proved evident, as discussed below.

The latest research attempting to correlate language processing with numerical processing and calculation has
not yet been able to clearly demonstrate an association between these two cognition domains. Questions persist
regarding how language skills relate to numerical processing and calculation.

We found strong associations between oral and written comprehension tests and all calculation tests, as shown
in Table 2. Table 2 shows the correlations between language and calculation tests. In general, the results of the
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Table 1. Demographic characteristics between the control
group and the aphasic group.

Control Aphasic
Subjects 44 32
Age 40.6 £16.0 51.4+13.7
Schooling 85+4.1 8.0+5.2
Female Male
Gender 56 20

Age and schooling-values expressed as mean/years and DS.

Table 2. Correlation between performance on the EC301 battery and language tests for aphasic patients.

Test 1 Test 3 Test 4 Test 5 Test 6 Test 7 Test 10 Test 11 Test 12

Oral comprehension

r 0.73 0.68 0.67 0.52 0.64 0.46 0.55 0.57 0.73

p <0.001" <0.001" <0.001" 0.003" 0.000" 0.008" 0.001" 0.001" <0.001"
Repetition

r 0.81 0.87 0.84 0.76 0.81 0.56 0.68 0.57 0.72

p <0.001" <0.001" <0.001" <0.001" <0.001" 0.001" <0.001" 0.001" <0.001"
Reading

r 0.59 0.72 0.57 0.44 0.68 0.48 0.53 0.54 0.35

p <0.001" <0.001" 0.001" 0.012 <0.001" 0.006" 0.002" 0.001" 0.051

Graphic comprehension

r 0.81 0.86 0.86 0.73 0.87 0.75 0.78 0.68 0.63

p <0.001" <0.001" <0.001" <0.001" <0.001" <0.001" <0.001" <0.001" <0.001"
Naming

r 0.74 0.79 0.72 0.47 0.76 0.50 0.55 0.62 0.59

p <0.001" <0.001" <0.001" 0.006 <0.001" 0003 0.001" <0.001" <0.001"
Dictation

r 0.86 0.91 0.78 0.63 0.83 0.51 0.75 0.63 0.56

p <0.001" <0.001" <0.001" <0.001" <0.001" 0.003" <0.001" <0.001" 0.001"

p < 0.005 indicates statistical significance after Bonferroni correction. n = 32; 1: Counting (C1, C2, C3); 3: Transcoding (C9, C10, C11, C12, C13,
C14, C15); 4: Arithmetic Signs (C16, C17); 5: Number Comparison (C18, C19); 6: Mental Computation (C20, C21); 7: Estimation of the Result of an
Operation (C22); 10: Written Calculation (C26, C27, C28); 11: Perceptive Estimation of Quantity (C29); 12: Contextual Magnitude Judgment (C30).

EC301 battery tests, on which aphasic patients performed significantly worse than the control subjects, were
strongly associated with the language test results.

A association between oral comprehension, oral assessment, written comprehension, and written computation
tests, based on tests with sentences and arithmetic sums, has been found in patients with lesions in the left cere-
bral hemisphere [23]. From these findings, these authors hypothesized that written and oral language compre-
hension may be involved in written and oral calculation performance, respectively. For example, when an indi-
vidual fails the oral comprehension test and has difficulty pointing at the correct figure after a verbal or written
command like “show where the girl drinks water”, he also fails to perform the oral calculation “thirteen minus
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eight” or the written calculation “13 — 8.

In this work, strong correlations were found. We can observe (Table 2) that oral comprehension was strongly
correlated with the counting, transcoding, arithmetic sign, and contextual magnitude judgment tests. Written
comprehension and repetition tests also correlated strongly with all calculation tests. We observed a strong cor-
relation between reading and counting and transcoding and mental computation tests. Comparing the naming
and calculation tests, we observed strong correlations with the counting, transcoding, arithmetic signs, mental
computation, perceptive quantity estimation, and contextual magnitude judgment tests. For dictation, the
strongest correlations were found with counting, transcoding, arithmetic signs, number comparison, mental
computation, written calculation, and perceptive quantity estimation tests.

The only test that showed no correlation with the oral comprehension test was test 7-estimated operation re-
sult. However, we observed that in both the aphasic and control groups, the estimated result test (C22) was the
most difficult. We can assume that the test is already mathematically complex for this study group, i.e., the per-
formance may not be specifically related to not understanding the task. A association between the language tests
evaluated in this study and some EC301 battery tests was observed. We can consider that the direct or indirect
involvement of skills such as oral counting, alphabetic or orthographical number writing, oral and written com-
prehension, and repetition is necessary for tests 1—numeric sequence, 3—transcoding, 4—sign recognition, and
6—mental calculation.

In accordance with the international literature, strong correlations were observed between oral and written
comprehension tests and oral and written calculation (Table 2), suggesting that oral and written linguistic com-
prehension interferes in understanding the calculation to be performed. The inability, due to linguistic changes in
aphasia, to understand task instructions or to give a verbal or written response may thus lead to an interdepen-
dency between language and numerical processing and calculation.

We believe that these correlations may be present due to the reduction of language processing resources and
that oral comprehension may interfere in the oral calculation test (C20), the magnitude judgment test (C29), and
the estimating result and quantity test (C30), (Table 2). The best example of the possible changes in oral calcu-
lation tests (C20) was the difficulty encountered by aphasics in performing even simple multiplication and sub-
traction calculations. We believe that these difficulties arose due to gaps in lexical access, both for numerical
memory when executing the calculation and for arithmetical rules themselves. Both failure in the phonological
loop and the inability to recall prior knowledge may have generated difficulties relating to “multiplication
tables”. In contrast, the magnitude judgment and result estimation tests (C29 and C30) may suggest more com-
plex changes from the comprehension perspective, as they evaluate a change in the context and/or semantic
judgment interpretation. This would imply failure of the quantifier, the role of which is to quantify observations
and experiences, translating them into numbers by counting and measuring and thus being a base for mathemat-
ics and language [24] [25].

In the aphasic group, arithmetic rule memory was also correlated with the language tests (Table 2). These
changes can be explained by lexical-semantic failures, based on symbol names and meanings. When analyzing
aphasic patient performance, we found that most patients recognized the numbers but had difficulty recognizing
or naming some arithmetic signs (+, —, X, =). Furthermore, we observed that many individuals performed calcu-
lations orally when the evaluator mentioned the sign. We believe that this failure could also be attributed to dif-
ficulty in graphically recognizing each symbol. Although able to visually recognize symbols, the aphasic cannot
establish relationships between them because the graphical symbol is merely a meaningless pictorial representa-
tion for these subjects. The difficulty of asymbolic acalculia suggests that arithmetic signs are symbols of a dif-
ferent semiotic system in comparison to written language and numbers and can thus be considered an ideo-
graphic note, as each sign has a restricted and independent value [26]. Individuals who had difficulties naming
and writing arithmetic signs (i.e., addition, multiplication, division, and equal signs) were also more likely to
have the possible diagnosis of asymbolic acalculia (in some cases) and lexical-semantic disruption (in others).

Although some evidence, mainly in single case reports, has upheld the notion of the functional independence
of language and number processing and calculation, we believe that some tasks, such as those involving count-
ing, transcoding, and mental and written calculations, depend on linguistic processing. Counting serially requires
learned numerical concepts [3]. Numerical transcoding abilities depend on a central component that performs all
transcoding and calculations [10]. For numerical comprehension or calculations, mechanisms are necessary to
translate numerical inputs, whether in orthographic, arabic, or verbal form. Moreover, numerical production
mechanisms have implications that require translation and abstract representations of the appropriate forms of
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output for each notation system (verbal, orthographic, or arabic). To complete this process, a distinction must
also be made between lexical and syntactic numerical processing, in which a series of verbal, orthographic, and
arabic transformations in numeric comprehension are performed.

During the transcoding tests in this study, lexical and syntactical errors were observed in most cases, and
misspellings and omissions were observed for all types of aphasia. According to the results found for tasks in-
volving language and arithmetic skills, such as transcoding tests, a relationship was observed between language
and mathematics.

The semantic models proposed by McCloskey, 1992, suggest that transcoding produces a semantic represen-
tation of numerical processing. For this to occur there must be a full abstract internal representation, which pro-
vides information for the arabic, verbal, and orthographical representations of each number, which allows for
transcodification from one code to another. The numerical input would be transformed into abstract internal re-
presentations, and the output would be converted into another code. Considering the many skills involved in this
process, we might expect that patients with brain injuries would encounter major difficulties in these tasks, as
such relationships seem stronger in apparently similar skills, including transcoding between different representa-
tions of numbers and graphophonetic decoding. This raises questions about the status of the numerical transcod-
ing ability bearing in mind that its mathematical components are the concept of numbers and a sense of the posi-
tional value of digits (i.e., ones, tens, hundreds, and thousands). This ability also involves essentially linguistic
components, including phonological and syntactic aspects [27]. From this perspective, the numerical transcoding
ability is central to the discussion regarding the relationship between language and mathematics, as it seems to
be a skill that combines mathematical and linguistic components. The involvement of linguistic and mathemati-
cal components suggests the importance of further investigating the specific nature of the numerical transcoding
task to observe not only its connections with strictly linguistic skills, such as graphophonetic decoding.

Written calculations were more difficult for aphasic patients. Changes in understanding and lexical and writ-
ten difficulties, both commonly found in aphasics, may also affect performance on these tasks [28]. In this re-
gard, the systematic association of linguistic and numerical deficits may be informative and contribute to our
understanding of numerical difficulties in different clinical populations. The acalculia pattern found in the apha-
sia group can be explained as follows: both calculation routes may have been damaged, leading to deficiencies
in tasks that require semantic number comparison.

This study has some limitations: despite the fact that 50% of our sample comprised anomic aphasics, the re-
maining was heterogeneous. This did not allow us to perform an analyses considering aphasia type/severity. Al-
S0, duration of being aphasic in the aphasic group they were not raised.

Further investigation could consider the severity of language and calculation disorders in specific groups of
aphasic patients.

5. Conclusions

Despite that our findings show correlations between losses language and numerical processing and calculation, it
is not possible to state as a whole that the calculation is directly related to language. The individual variability in
processing linguistic or numerical information and calculation must be considered. Furthermore, the hypothesis
that the language and calculation systems are independent, but interdependent in its activity is the most accepted
in this study.

As we consider the aphasic in the general population, as was done in this study, terms evidence that the lan-
guage skills of listening and graphics, repetition, reading and writing are directly related to the difficulties found
evidence of oral and graphic calculation and transcoding evidence who are involved reading assignments, writ-
ing and repetition, suggesting that linguistic processing is involved in the performance of various mathematical
tasks.
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