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Abstract— The current study aimed to compare the number

of errors on the verbal fluency test of children with and without 

limb motor disorders.  The study involved 50 children from 5 to 

15 years old; 26 children with similar limb motor disorders and 24 

healthy children. Our results showed that motor impairments can 

affect verbal fluency. In particular, children with motor 

impairments made fewer errors than healthy children (namely 

healthy children made more repetitions). These results can be 

explained by the fact that the development of speech and executive 

functions, with which verbal fluency is associated, depends on the 

normal development of motor skills. Thus, we can say that a delay 

in the development of motor skills affects the speech functions, and 

the speech activity of children is reduced.  

Keywords—arthrogryposis, paresis, motor disorders, motor

impairments, verbal fluency 

I. INTRODUCTION

Verbal fluency (VF)  tests are extensively used in clinical 
psychology because of their simplicity and sensitivity to 
cognitive impairment. For decades, they have been used to 
diagnose the state of mental functions in psychiatric patients and 
patients with local lesions in the brain. The essence of the Verbal 
Fluency test consists of generating a list of words belonging to 
a certain semantic category or beginning with a certain letter 
within a given time interval. There are many variations of the 
test. Among the phonetic tasks, the most famous is the version 
that requires generating words beginning with the letters F, A, 
and S [1]. Among semantics is the basic version, in which the 
subject is consistently asked to name animals, fruits and 
vegetables [2]. 

VF tests are mainly used to assess control functions 
associated with the frontal cortex because generating a list of 
words requires the creation of a strategy to find them in memory, 
to retain instruction, to inhibit repetition and automatically 

popping associations and inappropriate words, and to switch 
flexibly between subcategories.  

In particular, it is believed that categorical word generation 
is based on automatic propagation of activation in the semantic 
network and is less related to control functions than phonetic 
ones [3, 4]. At the same time, semantic verbal fluency is a more 
sensitive indicator of cognitive impairment. 

This article focuses on errors made in verbal fluency tests 
(semantic and phonemic), because the results related to the 
number of errors seemed to us interesting for a separate 
publication. 

II. PARTICIPANTS

This study assessed the verbal fluency of children with 
upper limb motor disorders, in particular subjects with 
arthrogryposis multiplex congenita (AMC) and obstetric 
brachial plexus palsy (OBPL). Among motor-related diseases, 
AMC is known to be one of the most serious congenital 
malformations and is characterized by the presence of two or 
more major joint contractures, muscle aplasia or hypoplasia, 
and motoneuronal dysfunction in the anterior horns of the 
spinal cord.  

The lack of active movement in the joints of the upper 
extremities is one of the main problems causing the limitation 
or inability to self-care. In clinical practice, these motor skills 
are restored by autotransplantation of muscles from various 
donor areas. Rehabilitation after such operations is associated 
with, among other things, neuronal rearrangements in the 
central nervous system, both in the spinal cord and in the 
cerebral cortex [5]. OBPL is an injury to the brachial plexus that 
occurs during birth, usually as a result of a stretching injury 
from a difficult vaginal delivery. This results in paralysis of the 
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upper limb, which is therefore non-congenital, unlike in the 
case of AMC [5]. 

Although the prognosis is generally considered to be good, 
20–30% of individuals with OBPL have a residual deficit [6],
severe OBPL can result in permanent impairment of arm 
function, skeletal malformation, cosmetic deformity, 
behavioral problems, and socioeconomic limitations [7,8]. 
Individuals with OBPL reportedly have defective motor 
programming [9]. For example, OBPL infants “forget their 
arm” during automatic movements [8], supporting the concept
of impaired central motor programs in OBPL. Differences in 
automatic movements between the affected and unaffected 
sides are caused by incomplete central program development 
and may contribute to incomplete arm function recovery 
following OBPL [8]. 

III. METHODS

The verbal fluency test set consisted of the following tasks 

A. Category fluency tasks

Automatic naming: months of the year.

Animals: Participants are asked to produce as many Russian
words as possible within 60 s which belong to the category of 
animals (and an example is provided, i.e. lion). Participants are 
asked to avoid repetitions of words and avoid producing proper 
names of people or places. Utterances are recorded. ‘’Let's see 
how many animals you can tell me in one minute, when I say 
ready, tell me as many different animals as you can, remember 
not to repeat, all them should be different!’’.

Musical instruments: The conditions of the task are the same 
as in the previous one. 

Occupations. The conditions of the task are the same as in 
the previous one. 

B. Action fluency

Actions: Participants are asked to produce as many Russian
words as possible within 60 s which belong to the category of 
actions, things that can be done by himself or someone else (and 
an example is provided, i.e. sleep). Participants are asked to 
avoid repetitions of words and avoid producing proper names of 
people or places. Utterances are recorded. ‘’Let's see how many 
actions or things that can be done you can tell me, for example, 
to sleep; when I say ready, say as many different things that can 
be done without repeating anything!’’

C. Letter fluency

Letter T: Participants are asked to produce as many Russian
words as possible within 60 s which start with letter T (and an 
example is provided, i.e. ...). Participants are asked to avoid 
repetitions of words and avoid producing proper names of 
people or places. Utterances are recorded. ‘’Let's see how many 
words starting with letter T you can tell me; when I say ready, 
say as many words you can starting with letter T, and remember, 
is not allowed to repeat or say proper names!’’

Participants 

A group of 26 children 5–15 years old (mean = 8.3) with
upper limb motor disorders (15 subjects with AMC and 11 
subjects with OBPL) were selected from the Turner National 
Medical Research Center for Children’s Orthopedics and 
Trauma Surgery. A group of 24 healthy children 5–15 years old
(mean = 9.6) with no history of visual, hearing, or cognitive 
disorders were selected as a control group 

IV. RESULTS

Statistical processing of the results included examining the 
distribution of error variables committed during the task.  For 
verbs, three variants were considered errors - a verb not in the 
infinitive, a pseudo-word (made-up word, mispronounced, 
diminutive suffixes), as well as repeated words. In all other 
items, pseudo-words and repetitive words were considered 
mistakes. Further, using the Wilcoxon-Mann-Whitney test, the 
values of the two groups were compared, since the distributions 
compared were identical.  

TABLE I. DIFFERENCES IN THE NUMBER OF ERRORS IN VF TASKS OF 

THE TWO GROUPS OF CHILDREN 

Tasks 
Name of errors 

Repetitions 
Pseudo 

Words 

All 

Errors 

T-words Mann-

Whitney U 

208,500 256,500 209,500 

Wilcoxon W 508,500 607,500 560,500 

Z -2,103 -1,179 -2,093

Asymp.Sig. 

(2-tailed) 

,035* ,239 ,036* 

Months Mann-
Whitney U 

285,500 272,500 250,000 

Wilcoxon W 636,500 572,500 550,000 

Z -,737 -,821 -1,269

Asymp.Sig. 
(2-tailed) 

,461 ,412 ,205 

Animals Mann-
Whitney U 

281,500 305,500 282,000 

Wilcoxon W 632,500 656,500 633,000 

Z -,793 -,198 -,692 

Asymp.Sig. 
(2-tailed) 

,428 ,843 ,489 

Musical 
Instruments 

Mann-
Whitney U 

235,500 229,000 188,500 

Wilcoxon W 586,500 580,000 539,500 

Z -2,135 -1,834 -2,614

Asymp.Sig. 
(2-tailed) 

,033* ,067 ,009* 

Occupations Mann-

Whitney U 

260,000 290,000 297,500 

Wilcoxon W 611,000 590,000 648,500 

Z -2,147 -,488 -,313 

Asymp.Sig. 
(2-tailed) 

,032* ,626 ,754 

Verbs Mann-

Whitney U 

221,500 285,000 228,500 

Wilcoxon W 572,500 585,000 579,500 

Z -1,892 -,785 -1,648
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Tasks 
Name of errors 

Repetitions 
Pseudo 

Words 

All 

Errors 

Asymp.Sig. 
(2-tailed) 

,050 ,432 ,099 

a. Mann-Whitney U-tests were used for statistical comparisons. * p < 0.05

Table 1 shows that the groups differ in the repetition of 
words and the total number of errors in the T-task and the task 
"Musical instruments". There are no significant differences in 
the "Verbs", "Animals", and "Months" tasks. And in the task 
"Professions" groups differ in word repetition.  

The standardized Z value is the value of the Kolmogorov-
Smirnov statistic (Normality of Distribution Test). The 
Asymp.Sig. (2-tailed) line demonstrates a two-sided level of 
significance (*p<0.05). 

Afterwards, we counted the sum of errors in all tasks in both 
groups, and we found significant differences between the patient 
groups and the control group in word repetition. 

TABLE II. DIFFERENCES IN THE SUM OF ALL ERRORS BETWEEN THE 

TWO GROUPS OF CHILDREN  

Tasks 
Name of errors 

Repetitions 
Pseudo 

Words 

All 

Errors 

All tasks Mann-
Whitney U 

175,000 266,000 297,000 

Wilcoxon W 526,000 566,000 648,000 

Z -2,715 -,899 -,292 

Asymp.Sig. 

(2-tailed) 

,007* ,369 ,770 

b. Mann-Whitney U-tests were used for statistical comparisons. * p < 0.05 

Fig. 1. Comparison of the two groups of children on sum of all errors 

Table 2 and Figure 1 show that the group of healthy children 
makes more mistakes in VF tasks than the group of patients. 
Namely, it makes more repetitions of words in the tasks 
(p=.007).  

V. DISCUSSION

The results obtained in this study at first glance seem to 
contradict expectations, because it is assumed that children with 
motor delays should make more errors when performing tasks. 
But in fact, the results obtained on the contrary confirm that 

healthy children have higher verbal activity than children with 
motor development disorders, and due to this they make more 
errors, namely repetitions of words.  

Researchers who tested the children noted the speed at which 
the children completed tasks. The healthy children did not 
hesitate to produce an uninterrupted set of words, saying one 
thing after another at will. At the same time, children with motor 
impairments thought about each word, pausing between words, 
concentrating and trying to get a new word out of their memory. 

This correlates with data on the cognitive developmental 
features of children with motor impairments, namely that 
patients have memory and attention delays associated with 
motor impairments [10]. Since the performance of verbal 
fluency tests implies concentration of attention, and assesses the 
speed of memory performance, we may believe that in this case 
the findings provide us with additional evidence that children 
with motor impairments have difficulty in fluently recalling 
words from memory. 

Further recruitment of subjects is currently underway, with 
the goal of conducting the same tests to compare the number of 
correct answers in the patient and control groups, as well as to 
conduct semantic association tests.  

Future studies might help to better elucidate neural 
mechanisms of speech development in arthrogryposis children. 
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