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The influence of age, gender and education 
on the performance of healthy individuals on 

a battery for assessing limb apraxia
Joana Mantovani-Nagaoka1, Karin Zazo Ortiz2

ABSTRACT. Introduction: Apraxia is defined as a disorder of learned skilled movements, in the absence of elementary 

motor or sensory deficits and general cognitive impairment, such as inattention to commands, object-recognition deficits 

or poor oral comprehension. Limb apraxia has long been a challenge for clinical assessment and understanding and 

covers a wide spectrum of disorders, all involving motor cognition and the inability to perform previously learned actions. 

Demographic variables such as gender, age, and education can influence the performance of individuals on different 

neuropsychological tests. Objective: The present study aimed to evaluate the performance of healthy subjects on a limb 

apraxia battery and to determine the influence of gender, age, and education on the praxis skills assessed. Methods: 

Forty-four subjects underwent a limb apraxia battery, which was composed of numerous subtests for assessing both the 

semantic aspects of gestural production as well as motor performance itself. The tasks encompassed lexical-semantic 

aspects related to gestural production and motor activity in response to verbal commands and imitation. Results: We 

observed no gender effects on any of the subtests. Only the subtest involving visual recognition of transitive gestures 

showed a correlation between performance and age. However, we observed that education level influenced subject 

performance for all sub tests involving motor actions, and for most of these, moderate correlations were observed 

between education level and performance of the praxis tasks. Conclusion: We conclude that the education level of 

participants can have an important influence on the outcome of limb apraxia tests.
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A INFLUÊNCIA DA IDADE, DO SEXO E DA ESCOLARIDADE NO DESEMPENHO DE INDIVÍDUOS NORMAIS EM UMA BATERIA 

PARA AVALIAÇÃO DE PRAXIA DE MEMBROS

RESUMO. Introdução: A apraxia é definida como sendo um distúrbio na realização de gestos ou atos motores aprendidos. 

Há poucos estudos sobre a avaliação da praxia de membros incluindo o controle de variáveis sócio-demográficas. 

Objetivo: O presente estudo teve por objetivo avaliar o desempenho de indivíduos saudáveis em uma bateria de praxia 

de membros, analisando-se a influência das variáveis sexo, idade e escolaridade nas habilidades práxicas avaliadas. 

Métodos: Quarenta e quatro indivíduos foram submetidos à aplicação de uma bateria de praxia de membros, composta 

de subtestes que avaliaram tanto aspectos semânticos relacionados à produção gestual, quanto a produção motora 

propriamente dita. Resultados: Não houve influência do sexo em nenhum dos subtestes. Apenas o subteste que envolvia 

o reconhecimento visual da correta realização de gestos transitivos, mostrou-se sensível à variação da idade. Já a 

escolaridade influenciou o desempenho dos participantes em todos os testes que envolviam a realização de atos motores, 

sendo que para a maior parte deles foram encontradas correlações moderadas entre a escolaridade e o desempenho 

nas tarefas práxicas. Conclusão: Variáveis sócio demográficas, principalmente a escolaridade, podem interferir no 

desempenho de indivíduos em testes que avaliam a praxia de membros e devem ser consideradas na avaliação clínica.
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INTRODUCTION

Apraxia is a well-known syndrome characterized by 
the patient’s inability to perform routine gestures.1  

It covers a wide spectrum of disorders, all involving 
motor cognition and the inability to perform actions 
that have been previously learned.1 

Limb apraxia, a disorder of higher order motor con-
trol, has been a challenge for clinical assessment and 
understanding.2 The deficits originally described in limb 
apraxia3 have been classified by the nature of the errors 
made by patients leading to namely, ideational and ideo-
motor apraxia.4

Demographic variables such as gender, age, and edu-
cation can influence the performance of individuals on 
different neuropsychological tests.5-8 Considering this, 
few studies have been carried out to specifically examine 
the influence of demographic variables on praxis skills, 
although there is recent research related to limb apraxia 
assessment.9,10 Therefore, the aim of this study was to 
evaluate the performance of individuals without neu-
rological injury on a limb apraxia battery and to deter-
mine the influence of gender, age, and education on the 
assessed praxis skills.

METHODS
The study was approved by the local Research Ethics 
Committee (Protocol Number 0170/05). After receiving 
full information about the study, written informed 
consent was obtained from all enrolled subjects. This 
study included 44 healthy subjects with no documented 
neurological deficits, no history of psychiatric treat-
ment or psychotropic drug use, and no cognitive, behav-
ioral and/or speech/language disorders, as determined 
by a brief neuropsychological battery.

Participants underwent a limb apraxia battery to 
evaluate all subcomponents of praxis processing, accord-
ing to cognitive models.1,11,12 The battery comprised the 
following subtests:

1) Lexical-semantic aspects related to gestural production
1.1. Oral Comprehension of Actions and Objects: out 

of four photographs shown on a card, the participant 
must identify the picture corresponding to the action 
(10 items) or object (10 items) named by the evaluator. 
One point was given for each action and object correctly 
identified.

1.2. Naming Actions and Objects: the participant 
must name the action (10 items) or object (10 items) 
shown by the evaluator. One point was given for each 
action and object correctly named.

1.3. Recognition of Object Function: out of four pho-

tographs of objects displayed on a card, the participant 
must indicate the picture corresponding to the function 
described by the evaluator. One point was given for each 
object corresponding to the function description cor-
rectly identified.

1.4. Definition of Object Function: the participant 
must describe the function of 10 items shown to them. 
One point was given for each object function correctly 
described.

1.5. Comprehension of Transitive Gestures (i.e., ges-
tures that involve the use of objects): Ten cards, each con-
taining four photographs, are shown to the patient. In 
each figure, the same person uses the same object; how-
ever, in only one of these photos is the object being used 
correctly in terms of handling and spatial orientation. 
The participant must recognize and indicate the photo 
in which the object is being used correctly. One point 
was given for each correct use of the object indicated.

2) Motor activity in response to verbal commands and imitation13

2.1a. Ideomotor apraxia: the participant must dem-
onstrate the use of a given object using gestures. For 3 
items, the participant is allowed to hold the object in 
question in his/her hands, whereas for another 3 items, 
the evaluator simply states the object and the partici-
pant is asked to imagine the object in his/her hands 
and demonstrate (i.e., pantomime) its use. One point 
was given for each correct gesture corresponding to the 
object use.

2.1b. Static imitation of meaningless gestures: the 
participant is asked to imitate the evaluator’s hand 
in three different positions. One point was given for 
each part of each one of the three positions performed 
correctly. 

2.1c. Dynamic imitation of meaningless gestures: the 
participant is instructed to accurately imitate the hand 
movements performed by the evaluator. One point was 
given for each part of each one of the three movements 
performed correctly. 

2.2. Ideational apraxia: performance of complex ges-
tures is evaluated using 3 objects that are present and 3 
objects that are absent (i.e., imagined).

One point was given for each part of each one of the 
six actions performed correctly.

2.3. Symbolic gestures: the meaning of three sym-
bolic gestures is assessed: waving hands to say good bye, 
making a hand gesture to hail a taxi, and gesturing to 
make someone comes closer. One point was given for 
each gesture performed correctly.

Data collection was carried out on an individual basis 
by the same person.
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All mistakes made were recorded.
Following completion of the battery, a Mann-Whit-

ney test was used to compare results between genders. 
The age variable was analyzed as a continuous variable 
and Pearson’s correlation was used to analyze the cor-
relation between age and test performance. Education 
was analyzed as a categorical variable in terms of level of 
education and the Kruskal-Wallis test was used to ana-
lyze these data. Probability (p) levels less than 0.05 were 
considered to be statistically significant.

RESULTS
Of the 44 participants in this study, 54.5% were women. 

The average age was 54.48 years (SD=11.54), with a 
minimum age of 33 years and a maximum age of 77 
years. The average level of education was 7.27 years 
(SD=4.89), ranging from 0 to 22 years.

Data analysis showed that gender did not influence 
participant performance. Subject performance was 
only affected by age on the “Comprehension of Transi-
tive Gestures” subtest (Pearson’s correlation p= -0.009), 
which exhibited a weak but significant correlation.

Education level significantly affected nearly all sub-
tests, as shown in Table 1, where participants with 
higher education levels generally achieved higher  
scores.

Table 1. Performance of healthy subjects for each of the subtests in the limb apraxia battery, considering education level and Kruskal-Wallis results.

Education level

Kruskal-Wallis Test (p) Results<= 4 5 – 8 9+

Oral Comprehension of Actions and Objects Mean 19,7 19,9 20,0

0,363 (<= 4)=(5-8)=(9+)SD 0,8 0,3 0,0

N 15 15 14

Naming Actions and Objects Mean 19,6 19,9 19,6

0,236 (<= 4)=(5-8)=(9+)SD 0,6 0,5 0,6

N 15 15 14

Definition of Object Function Mean 9,8 10,0 10,0

0,048 * (<= 4)=(5-8)=(9+)SD 0,4 0,0 0,0

N 15 15 14

Recognition of Object Function Mean 9,9 9,9 9,9

0,998 (<= 4)=(5-8)=(9+)SD 0,3 0,3 0,3

N 15 15 14

Comprehension of Transitive Gestures Mean 7,5 8,9 9,5 0,010 *

(<= 4) < (5-8)=(9+)SD 1,9 0,9 0,8 0,002 * <0,001 *

N 15 15 14 (a) 0,480

Ideomotor Apraxia Mean 4,2 4,4 5,0

0,061 (<= 4)=(5-8)=(9+)SD 1,0 0,9 0,9

N 15 15 14

Ideational Apraxia Mean 13,7 15,1 16,6 0,146 (<= 4)=(5-8)

SD 2,6 1,7 1,5 0,004 * 0,001 * (<=4) < (9+)

N 15 15 14 (a) 0,119 (5-8)=(9+)

Symbolic Gestures Mean 2,4 2,5 2,9 0,920

(<= 4)=(5-8) < (9+)SD 0,5 0,5 0,4 0,031 * 0,032 *

N 15 15 14 (a) 0,077

Static Imitation of Meaningless Gestures Mean 7,0 7,2 7,7

0,107 (<= 4)=(5-8)=(9+)SD 1,1 0,9 0,5

N 15 15 14

Dynamic Imitation of Meaningless Gestures Mean 3,5 5,1 5,4 0,002 *

(<= 4) < (5-8)=(9+)SD 1,2 1,2 0,9 0,001 * <0,001 *

N 15 15 14 (a) 0,775
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DISCUSSION
The strong performance of participants on the subtests 
that involved strictly linguistic tasks may have been 
positively affected by the use of photographs, the 
frequency of objects encountered in daily life, and the 
fact that certain objects could be handled, all of which 
facilitate the naming and recognition of objects.14 No 
differences were observed between the performance of 
men and women for any of the subtests in the battery. 
With respect to age, only the subtest “Comprehension 
of Transitive Gestures” was influenced by differences 
in age. The lower performance by older participants on 
this subtest could have been due to a number of factors, 
including deficits in visual processing,15 deficits in visual 
attention, as the photographs showed subtle differ-
ences,16 or to more general deficits in visuospatial infor-
mation processing, as there is evidence that this ability 
decreases with age.17 The range of cognitive functions 
appears to be a continuum that varies over the lifetime 
of an individual.

With respect to education, correlations were found 
between performance and education level for all sub-
tests that involved the performance of motor actions. 
The correlations were weak for the “Symbolic Gestures” 
and “Static Imitation” subtests, whereas the correlations 
were moderate for all other subtests.

The “Ideomotor Apraxia” and “Ideational Apraxia” 
subtests involved the performance of transitive gestures 
through the use of actual objects or by pantomiming 
the use of imagined objects, and we observed that the 
majority of mistakes occurred during the pantomimed 
performances. The influence of education on the perfor-
mance of pantomime acts appears to be related to differ-
ences in the cognitive skills involved in this task, such as 
working memory and visuospatial skills, which are likely 
influenced by low education levels.16,18,19 Furthermore, 
some authors20 claim that the artificiality of the assess-
ment process itself can influence performance, which 
has been used17 as a possible explanation for the poor 
performance of individuals with low levels of education 
on neuropsychological tests.

For these actions in the two subtests that involved 
the use of actual objects, errors occurred less frequently; 
furthermore, when errors did occur, they were usually 
caused by unfamiliarity with the object, its function, or 
its handling, or by failures in the sequence of actions 
that were directly related to the complexity of the task. 
In the “Ideational apraxia” subtest, all items included 
the performing of complex motor actions. In addition 
to understanding the function and use of an object, a 

transitive gesture involves both planning the motor 
acts as well as performing the act itself.21 In fact, the 
existence of a “gestural buffer,” or a short-term gestural 
memory, is assumed, that is related to the time required 
to translate the abstract idea of a complex gesture into 
the appropriate sequences of the motor command, 
which occur in a temporally ordered manner and corre-
spond to the action as a whole.19 In addition, deficits in 
working memory associated with low education levels17 
or differences in executive functions related to plan-
ning and/or attention could also affect performance of  
these tasks.

We also observed an influence of education on the 
“Symbolic Gestures” subtest; however, this correlation 
was weak, which might be due to the small number of 
items in this test, as the gesture “hail a taxi” was con-
fused several times with the gesture for stopping a bus. 
Replacing one gesture with another semantically related 
gesture can indicate a lexical failure.11,19 However, it is 
also important to consider the likelihood of exposure to 
certain lexical gestures, such as the gesture for hailing 
a taxi, which may not be frequently encountered in the 
groups with lower levels of education; therefore these 
gestures might not be engrammed or cognitive access 
to them might be impaired, causing individuals to use 
a semantically related gesture that is more common in 
their daily lives.

Finally, weak and moderate correlations were found 
between education and the “Static Imitation” and 
“Dynamic Imitation” subtests, respectively. The produc-
tion of meaningless gestures involves the processing of 
gestural information by the non-lexical pathway, which 
is the visuomotor conversion mechanism by which an 
observed movement is converted into a motor action 
without accessing its lexical or semantic components.19 
During the planning stage of a motor action, the ges-
tural memory buffer is in use, and motor engrams 
remain active until the gesture is completed. Therefore, 
to successfully perform an action requires the integra-
tion of correctly interpreted visuospatial information 
and an effective working memory (i.e., the gestural 
buffer), both of which are cognitive functions that are 
sensitive to variations in education levels.15,17,22 Similar 
results were found in a previous study where differ-
ences were found during the Luria’s Fist Edge-Palm Test 
according to educational level.23 

Therefore, we conclude that the education level of 
participants can have an important influence on the 
outcome of limb apraxia tests. Gender did not affect the 
variables tested in this study, and we found some evi-
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dence for an age-related decline in performance for one 
of the tasks in the battery.
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