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ABSTRACT

Objective: to describe the occurrence of self-correction among adolescents in the
rapid automatic naming test and the influence of schooling, type of visual stimulation
and cognitive and language skills.

Methods: 83 typical adolescents from 11 to 16 years old, enrolled from 6th to 9th
grade of two public schools in Belo Horizonte participated in the study. The following
tests were applied: rapid automatic naming, NEUPSILIN Brief Neuropsychological
Assessment Instrument and Boston Naming. During rapid naming, substitutions
and self-correction were accounted for. The variation in the number of errors, with
and without self-correction, was related to schooling, functions and skills evaluated.
Appropriate statistical tests were applied, adopting a significance level lower than 0.05.

Results: individuals who made no mistakes had a better performance in attention,
executive functions, memory, and vocabulary than those who made. Adolescents who
performed self-correction were better at attention than those who did not correct the-
mselves. Non-alphanumeric stimuli presented a higher occurrence of self-correction.
Non-alphanumeric and alphanumeric tasks differed in terms of number of errors, both
with and without self-correction. Adolescents from the early and late years of middle
school differed regarding self-correction in the task of naming letters.

Conclusion: self-correction was frequent in the evaluated sample and differentiated the
group of adolescents who self-corrected or not, regarding attention, executive func-
tions and vocabulary.
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INTRODUCTION

Rapid naming indicates the speed at which
cognitive processing takes place and the efficiency
with which phonological information is retrieved'2. This
process involves various cognitive resources and motor
planning during visual analysis, as well as efficient
retrieval of phonological codes®®. Rapid naming also
enables the assessment of attention, perception,
memory, access to the mental lexicon and the speed
at which processing occurs, also checking for phono-
logical articulation and reading’.

Naming is related to oral production, which is essen-
tially understood as access to the message conception,
the sound data forming the message, and the inter-
action between both processes®.

The oral production process allows speech and
writing to be monitored to perceive and correct words
or utterances that are not following the speaker’s
intention and understanding. Such process, called
“cognitive monitoring of speech and writing”, is related
to perception and attention to the recognition of
errors®', thus regarded as a conscious process®'2.

Levelt, in 1989, described the speech-related
Perceptual Loop Theory, with the language compre-
hension system and the central perception as bases
of the language production monitoring system. This
theory is the most used in the description of speech
monitoring and describes the occurrence of four steps
in the process of linguistic production: conceptual-
ization, which idealizes the information to be emitted;
message formulation, which encodes information at the
grammatical and phonological level; phonological artic-
ulation and self-monitoring of the producer subject’®'2,

Monitoring involves internal (internal language
representation) and external (auditory feedback) control
mechanisms of the statement'®'2, analyzing information
at the output of speech production, identifies errors,
processes corrections from the copy of initial language
production, and forwards them to the executive motor
system. Error recognition occurs on several levels,
whether motor, linguistic or cognitive, all dependent on
memory resources'"'2, For this, the enunciate can be
segmented, after identifying the error, edited with the
necessary corrections and directed to the speech flow
continuity™.

During picture naming, it is important to perform
semantic, lexical, and phonological activation consecu-
tively. This process is subject to failures, which result in
substitutions during naming, usually corresponding to
word changes related to the target word category®.
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The naming of visual stimuli involves several steps.
Initially, there is the visual analysis of the figure, at which
time the image traces are examined and influence the
next stage of recognition, as the amount of traces can
help, more or less, the recognition. When there are
mental representations for the image, it will be recog-
nized by the subject. After recognition of the visual
stimulus, conceptual information is accessed. This is
followed by access to the denomination and sound
information, which make up the name of the image
and, finally, motor planning and execution®13,

The frequency with which the stimulus occurs and
the age of word acquisition in the lexicon interfere
with the mental representation of the stimulus.
Consequently, they reflect on the performance of
naming tasks. Therefore, frequent and early acquired
stimuli tend to produce stronger representations. That
is, they are more resistant to interference and are more
easily retrieved in memory. In addition to these factors,
other data may determine naming performance, such
as the amount of traits identified in the image, intimacy
with stimuli, the ability to extract abstract information
from the image, word length, articulatory components
and diversity of names for the figure. Intimacy with the
stimulus and the ability to extract information from the
image influence semantic access and, therefore, are
related to semantic errors®.

Studies show that alphanumeric stimuli have shorter
naming time and are automated first than non-alpha-
numeric stimuli'®'® such as objects and colors, as prior
access to the semantic dimension is required before
stimulus naming'”'&.

Age and education complement the variables
reflecting on the performance of Rapid Automated
Naming (RAN) test. Thus, as age and education
increase, test performance also tends to increase'°.

Similar to the rapid naming process, speech
monitoring involves several cognitive resources' 2 so
as to be aware of language production and repair errors
when present. Thus, it is assumed that clinical analysis
of self-correcting practices adds information about the
individual’s performance and can be observed during
the rapid automatic naming task.

Some studies record the presence of corrections
made by the respondents when they perceive the
substitution of the stimulus name and count them as
an error in the methodology, but do not argue such
questions, showing the lack of consensus in the regis-
tration of answers?'®. Both rapid naming and speech
monitoring need similar cognitive capabilities to be



efficiently performed. Thus, this study aimed to describe
the occurrence of self-correction among adolescents in
the rapid automatic naming test, as well as the influence
of education, type of visual stimulus used in the task,
attention, executive functions and vocabulary.

METHODS

This is a cross-sectional, analytical and observational
study, approved by the Research Ethics Committee of
Federal University of Minas Gerais at Belo Horizonte,
MG, Brazil, under Opinion No. 1,722,230.

Casuistry

Eighty-three adolescents, 25 males and 58 females,
aged 11 to 16 years old and enrolled from 6th to 9th
grade, without complaints of learning disabilities, partic-
ipated in the study. All participants signed the Informed
Assent Form, and their parents/guardians signed the
Informed Consent Form.

Adolescents with uncorrected auditory and visual
impairment, neurological, psychiatric, cognitive and
learning disorders reported by their guardians were
excluded.

Materials and procedures

Data were collected at two public schools in Belo
Horizonte, in a quiet room provided by the school
principals. The instruments were applied in two
individual sessions of 40 minutes each.

All adolescents underwent the RAN2 rapid
automatic naming test, the Brief Neuropsychological
Assessment — NEUPSILIN?' and the Boston Naming
Test??, described below:

RAN - Consisted of four tests: color naming (red,
yellow, green, blue and black), objects (umbrella,
scissors, comb, clock and key), numbers (2, 4, 6, 7 and
9) and letters (A, D, O, S and P). Each board contains 5
different visual stimuli arranged randomly in 5 columns
and 10 rows, totaling 50 stimuli. Errors (substitution
and omission) and self-corrections were recorded
and accounted for in the answers in which they were
present. Substitution error was considered when the
adolescent used a word that did not correspond to the
image to name the test stimulus. Omission error was
considered when the adolescent skipped the stimulus
and did not name it. Participants were instructed to
name each stimulus on the board as quickly and
correctly as possible, starting from left to right, top to
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bottom. Before starting the test, we assured the adoles-
cents knew all the stimuli in the test.

NEUPSILIN - Attention and executive functions
tests were applied, as studies suggest the association
of these functions with self-correction. The tests used
to assess attention were the 30 to O reverse count and
the repetition of digit sequences. To evaluate executive
functions, verbal fluency and verbal problem-solving
tests were performed, in which the adolescent should
speak as many words starting with the letter F as he/
she remembered for one minute. In this last test we
did not consider proper names, word repetitions and
derived words in which the only variation was the
genre, number and degree, as well as conjugations of
the same verb.

Boston Naming Test — 60 figures were presented,
each on a board, for the adolescents to name. The
answers provided by the adolescent were recorded
and the appropriate naming choices were considered
correct. Semantic clues (semantic category and
functional or sensory attributes) were provided when
the adolescent answered incorrectly, and phonemic
clues (first consonant and vowel of the word) if the
adolescent kept the wrong answer. For this study, we
considered the total of correct answers without clues.

Data analysis

In the descriptive statistics of the data, measures
of central tendency and dispersion were used for
continuous variables, and frequency tables for nominal
variables.

For the analyzes, we calculated the variation in the
number of errors (errors without self-correction — errors
with self-correction) for each of the adolescents who
presented substitution errors in the RAN. Thus, the
higher the value of variation, the more self-corrections
the individual makes.

Since the data did not present normal distribution
(Shapiro-Wilk test), Friedman and Wilcoxon tests were
used to compare the median of substitution errors when
considering self-correction as error or as correctness,
to verify the level of significance. Then, variables were
categorized into binomial variables (self-correcting
versus not self-correcting) and the effect of educational
level on the use of self-corrections was verified using
Fisher’s Exact and Mann-Whitney tests.

To verify whether the performance of adolescents
in cognitive and language skills differs between those
who do or do not self-correct, the adolescents were
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divided into: “Does not perform substitution”, “Does each cognitive and linguistic variable, using the Kruskal
substitution and does not perform self-correction” Wallis test. The level of significance was 5%.

and “Does substitution and self-correction”. Then, the Figure 1 presents the flowchart with the categori-
performance of each of these groups was compared for zation of groups for statistical analysis.

Initial sample (n = 83)

/\

Adolescents who performed } Adolescents who did not perform

substitution (n = 63) substitution (n = 20)

T

Performed self-correction (n = 42) } Did not perf(c:]rr: ;e)lf—correctlon

Source: Research data

Figure 1. Organization of adolescent groups for statistical analysis

RESULTS Effect of visual stimulus type on self-correction
Most adolescents in the sample — 75.9% (n=20) — Initially, the effect of visual stimulus type on the error
performed substitutions during naming, and 24.1% number variation was analyzed. For this, adolescents
(n=20) correctly named all visual stimuli of the rapid who did not perform substitutions were excluded.
automatic naming task. According to Table 1, the occurrence of self-correction

is higher among non-alphanumeric stimuli.

Table 1. Effect of visual stimulus type on error number variation in rapid automatic naming test

Task Mean SD Min. Max.
Colors 1.19 1.30 0 6
Objects 1.06 1.17 0 5
Letters 0.29 0.63 0 3
Digits 0.41 0.75 0 4
Friedman’s Test (Value — p) < 0.001
Task Wilcoxon test (p-value)
Object - Colors 0.761
Letters - Colors < 0.001
Digits - Colors < 0.001
Letters - Objects < 0.001
Digits - Objects < 0.001
Digits - Letters 0.221

Caption: SD — standard deviation, Min. — Minimum, Max. — Maximum, p <0.05

Rev. CEFAC. 2020;22(1):e9019 | doi: 10.1590/1982-0216/20202219019



Effect of schooling on self-correction

Results of the effect of schooling on the presence
and absence of self-corrections in the RAN among
the adolescents who performed substitutions are
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presented in Table 2. The percentage of adolescents
who performed self-correction by substituting the name
of the visual stimulus, regardless of educational level,
was high.

Table 2. Effect of education on the presence and absence of self-correction in the rapid automatic naming test in adolescents

Education Level

Eroups Freg. 6th and 7th grade  8th and 9th grade el

Substitution without self-correction N 15 6 21
% 38.5 25 33.3

itution wi ' N 24 18 42
Substitution with self-correction % 615 e 2

Total N 39 24 63

% 100 100 100

P-value 0.410*

Caption: Freq. — frequency, p <0.05, * Fisher’s Exact Test

Color and object naming tasks had a higher
frequency of self-correction than letter and digit naming
tasks in all school years analyzed. However, there was

a significant difference between adolescents at the
beginning and end of middle school only in the task of
rapid letter naming (Table 3).

Table 3. Effect of schooling on the variation in the number of errors in the rapid automatic naming test

6th and 7th grade (n = 39)

8th and 9th grade (n = 24)

Task —Mean  Median  SD Min  Max.  Mean Median  SD Min  Max,  Pvale”
Colors  1.38 1 149 0 6 0.88 1 0.85 0 2 0.306
Objects  1.15 1 146 0 5 0.92 1 1,01 0 4 0.570
Letters 0.5 0 0.43 0 2 0.50 0 0.83 0 3 0.045
Digits  0.46 0 0.82 0 4 0.33 0 063 0 2 0.527

Caption: SD - standard deviation, Min. — Minimum, Max. — Maximum, P <0.05, * Mann-Whitney test

Effect of cognitive and linguistic skills on
self-correction

Table 4 shows the performance of each group of
adolescents in the following tasks: general attention,

digit sequence repetition, general executive functions,
verbal fluency and vocabulary. Kruskal-Wallis test
showed difference between groups for all tasks
evaluated.

doi: 10.1590/1982-0216/20202219019 | Rev. CEFAC. 2020;22(1):€9019



6/10 | Jesus LC, Martins-Reis VO, Alves LM

Table 4. Adolescent performance in cognitive and linguistic functions according to presence and absence of substitution (error) and
presence and absence of self-correction

Measurements  General Attention DlgltRzgggttance Gemla::lal:cl:;(:'::sutlve Verbal fluency Vocabulary
No substitution and self-correction (n = 20)

Mean 24.10 5.15 6.25 4.90 46.15

Median 26.00 6.00 6.00 5.00 47.50
SD 3.65 1.81 1.71 1.48 6.75
Min. 13 2 2 2 30
Max. 27 7 10 8 55

Presence of substitution without self-correction (n = 21)

Mean 21.14 3.62 5.14 3.71 40.10

Median 23.00 4.00 5.00 4.00 39.00
SD 5.57 1.59 1.42 1.23 6.14
Min. 4 1 3 2 28
Max. 27 7 9 7 50

Presence of substitution with self-correction (n = 42)

Mean 23.29 4.67 5.67 4.40 42.88

Median 25.00 5.00 5.00 4.00 42.50
SD 4.84 1.79 1.66 1.59 6.41
Min. 2 1 2 1 26
Max. 27 7 10 8 56

P-value* 0.017 0.010 0.030 0.020 0.010

Caption: SD - standard deviation, Min. — Minimum, Max. — Maximum, * Kruskal Wallis test; p <0.05

The comparison between groups of adolescents,
considering the presence and absence of substitution,
with or without self-correction, was presented in Table

to adolescents who did not substitute, and a tendency
to differentiate in executive functions was observed.
Adolescents who performed substitution showed a

5. Those who did not substitute significantly differed
in overall attention, general executive functions, and
vocabulary from adolescents who perform substitution
and do not correct their naming choices. Significant
differences were found only in the vocabulary of
adolescents who performed self-correction compared

significant difference in general attention and there
was a tendency to differentiate themselves in the task
of verbal fluency, and those who did self-correction
performed better than those who did not self-correct
but missed.

Table 5. Comparison between groups of adolescents according to the presence or absence of substitution and self-correction in cognitive
and linguistic functions

- General
Groups/ General Digit Sequence .
Pvalue Attention Repeat gzﬁgr‘tgng Verbal fluency  Vocabulary
No substitution versus substitution and . " . * N
10 self-correction 0.014 0.007 0.006 0.008 0.005
No substitution versus substitution and .
self-correction 0.296 0.209 0.079 0.150 0.043
Substitution and no self-correction 0.017* 0.016* 0.204 0.073 0.085

versus substitution and self-correction
Caption: p <0.05, * Mann Whitney Test
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DISCUSSION

The RAN test is crucial for the assessment of
cognitive and language skills, as it provides data on
information processing®®. Some studies consider
self-correction as correct during the task of naming
visual stimuli of the RAN test, others regard it as an
error, considering the first naming?1®. Thus, this study
described the occurrence of self-correction in RAN in
a group of elementary school adolescents and verified
whether the performance of adolescents who do or do
not correct themselves differs in attention, executive
functions and vocabulary.

The ability to correct oneself shows integration
between the various cognitive processes and is related
to the naming of figures®. Most of the adolescents in the
sample made substitution errors, suggesting they are
still in the maturation phase of cognitive and linguistic
processes, as failures were frequent® . It is noteworthy
this study investigated the relationship between the
occurrence of error and cognitive and linguistic factors,
even though cognitive performance is influenced by
other factors, such as nutrition, sleep, stress, among
others®:24,

Tests with alphanumeric and non-alphanumeric
stimuli differed in the occurrence of self-correction,
being more frequent in tests for naming objects and
colors. Substitution is related to lexical access and
reflects slips in the pre-lexical process of speech
monitoring, at which time conceptual information is
accessed?®™. These semantic errors tend to occur more
frequently — especially substitution by words in the
same category — and are usually detected slower than
phonological errors'+2425,

According to Levelt’s theory, published in 1989,
cognitive speech monitoring begins with conceptual-
ization. In this step, information is idealized for later to
be sent to the grammatical and phonological coding
steps. Thus, semantic information is analyzed by the
conceptual loop prior to speech articulation. In the
presence of error, internal monitoring starts the repair
system before the word is completely articulated. In the
evaluated sample, self-monitoring was activated by the
cognitive-level error detection system, which identifies
errors related to the structure of thought and its trans-
lation into linguistic code'"'2. This data was observed
by the type of error observed — the substitution.

During visual processing of colors and objects,
semantic and conceptual information is accessed
before naming is performed, causing a greater overload
of working memory and semantics”'82627,  Another
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impacting factor on naming performance concerns
word length and articulatory complexity, which are
greater in colors and objects®'S. Consequently, perfor-
mance tends to be worse than in the naming of letters
and numbers, with longer time to perform the task'®2®
and may also increase the occurrence of errors.

Added to these factors, letters and numbers are
automated first than colors and objects. Therefore,
generally, better results are observed when naming
alphanumeric stimuli’®2°,

Regarding education, we observed that, regardless
of school year, most of the adolescents evaluated felt
the need to correct themselves. However, adolescents
who were in the beginning of middle school made
more substitutions and self-corrections during the
appointment than adolescents who attended the final
years of middle school. In contrast, when comparing
early and late students by stimulus type in the rapid
naming task, there was a significant difference in the
letter naming task.

The literature shows that advancing age and years
of study improves the performance of cognitive and
language skills'. Therefore, a reduction in the number
of errors and better performance in cognitive speech
monitoring is expected. Thus, the awareness of their
own linguistic production was verified in this study, as
the adolescents who attended the final years of middle
school had fewer errors and, consequently, less need
to repair their speech.

According to the literature'®, the performance
of children in the RAN test varies according to age,
because as the age increases, the number of errors
and the time taken to perform the test decreases. In one
study, the authors verified the effect of schooling and
age on processing speed and test accuracy in students
from 2nd to 5th grade. According to the authors, 2nd
grade students presented poor performance in relation
to those of the other school years. Among those who
had a shorter naming time, there was a smaller amount
of error'®.

Adolescents in the sample presented a significant
difference in the naming of letters regarding the
frequency of self-correction, considering they were at
the beginning or end of middle school. Letter naming
is a process carried out automatically by adolescents?.
However, advancing age and school years have shown
that adolescents are becoming more aware of their
speech and can act more effectively on the monitoring
system. Consequently, they can perceive and correct
errors more frequently and present fewer errors'2,

doi: 10.1590/1982-0216/20202219019 | Rev. CEFAC. 2020;22(1):€9019
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Regarding cognitive performance, the evaluated
adolescents who did not present substitution errors
showed better performance in general attention and
general executive functions (planning, cognitive flexi-
bility, inhibitory control, memory and reasoning)?' and
vocabulary than adolescents who made mistakes and
did not monitor. They also stood out in vocabulary
compared to adolescents who made substitutions and
corrected themselves.

Adolescents in the sample who performed substi-
tutions and corrected themselves were better in
general attention and digit sequence repetition task,
which involves speech and memory sequencing, than
adolescents who presented substitution errors and did
not perform self-correction. Throughout the speech
production process, monitoring is performed by the
executive control that, depending on the attentional
processes and belonging to the working memory
resources, verifies whether the enunciate elaborated
and produced is in accordance with the speaker’s
intentions and grammatical, semantic and syntactic
rules®.

According to the theory of cognitive speech
monitoring proposed by Flavel in 1979, one must
involve cognitive and metacognitive functions for
monitoring to take place®. Although cognitive speech
monitoring has automatic phases, such as formu-
lation and articulation, it is considered intentional and
dependent on executive control and attention, which
was verified by this study results.

Both attention and memory help in the error
detection system through both auditory feedback
and recognition of errors that alter the syntax of the
enunciate, the structure of thought and its translation
into linguistic code' 2. Attention allows the individual
to focus on the essential stimulus to perform a task
and inhibit irrelevant factors considered distracting,
which contributes to the conscious characteristic of
speech monitoring™. In a previous study conducted
with neuroimaging, the activation of the left medial-
frontal and temporal cortex was verified, showing the
involvement of memory and language processes in
speech monitoring™.

As for executive functions, they permeate the entire
cognitive process and include goal selection, planning,
monitoring and sequencing of actions. They are part of
mental processes guided by language and participate
in the process of self-regulation and metacognition of
behaviors, which begins in childhood and reaches its
apex in adulthood®°.
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Executive control, which is involved in speech
monitoring, belongs to working memory resources
and, because it is part of executive functions, one may
suggest that speech monitoring belongs to executive
functions®.

Executive functions are fundamental to the self-
regulation process and enable the activation of
cognitive and metacognitive strategies, so they are
interpreted as internal feedback of the cognitive system
and speech monitoring for the recognition and repair of
errors, which was verified in this study results®.

Results of this study suggest that, for the evaluated
sample, linguistic knowledge also influences the
monitoring system, as recognizing that a production
has broken the rules involves the individual’s ability to
use their linguistic knowledge.

According to scholars, the initial phase of speech
monitoring process is related to message ideal-
ization and word selection, called “lexical semantic
processing”'*. Speech monitoring and error detection
are related to language processes, since they share
common brain area activations' and vocabulary is
related to language learning, cognitive skills and infor-
mation processing®'-2,

The literature also points out that word-level
listening comprehension, which is related to vocab-
ulary, is necessary in identifying speech errors in both
inner and outer speech®. This system interacts with
the production system in the search for errors, but the
comprehension system acts on the production system
and is triggered by speech monitoring'?. Thus, speech
monitoring would not only occur at the level of speech
perception, but together with linguistic knowledge.
Therefore, the results indicated that vocabulary may
influence semantic-lexical processing since adoles-
cents who correctly named the visual stimuli of the test
presented better linguistic performance.

Results of the evaluated sample showed that
awareness of linguistic production, with proper use
of words, requires the proper functioning of cognitive
and linguistic functions, and the ability to monitor oral
production demands that the individual be aware of
speech processes.

When performing self-correction, the adolescent
spends more time performing the test, and time is
already a measure of task recording. Thus, it can be
inferred that if self-correction is accounted for as an
error, it will be recorded twice: in error and time, inter-
fering with the test results. Therefore, it is not clinically
relevant to record self-correction as an error. However,



as speech monitoring — encompassing self-correction
— has been shown to be an important process during
naming, which shares similar cognitive and linguistic
resources, it is relevant that the assessor be aware of
these processes during the assessment, as the self-
monitoring and self-correction ability during the naming
test adds information about the cognitive and linguistic
processes of the subject.

Due to the participant selection method, the results
represent the characteristics of the evaluated adoles-
cents, but may not represent the population of this age
group, which characterizes a limitation of the study.
Hence, caution is required regarding the generalization
of data. Thus, further studies are needed, including
samples with diverse socio-demographic and clinical
profiles, to complement the data on the processes
involved in self-correction and their representativeness
in the RAN test.

CONCLUSION

Based on how this study was conducted, we can
conclude that adolescents who correct themselves
during the rapid automatic naming task perform
better in general attention and inverse digit counting
than those who do not correct themselves; and that
adolescents who do not substitute, perform better in
all assessed skills (attention, executive functions, and
vocabulary) than those who do not correct themselves.

The naming of alphanumeric and non-alphanumeric
stimuli differed in the frequency of self-correction,
which is more present in the task of naming objects
and colors. Adolescents in their early years of middle
school made more self-corrections than those in their
final years of middle school, differing in the task of
naming letters.
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