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ABSTRACT

The Bells Test (BT) is widely used to aid in the diagnosis of heminegligence. The objective of this study was to evaluate the convergent
validity of the BT, comparing it with tools that evaluate similar constructs, and to investigate its test-retest reliability. The sample
included 66 healthy adults age 19-75 years. The reliability was evaluated through a test-retest procedure, with correlations and t-tests
for paired samples, while validity was investigated through comparisons between the performance on the BT and scores in the
Concentrated Attention test (CA-15), the Sustained Attention test (SA), and the WAIS-IIT Symbols and Codes subtests. Positive
correlations were found between test and retest in both BT versions, as well as between the number of BT omissions and other
attention measures. These results corroborate the validity and reliability of the two BT versions in the Brazilian population.
Keywords: attention; neuropsychological assessment; reliability; validity.

RESUMO - Fidedignidade e Validade de Construto do Teste de Cancelamento dos Sinos

O Teste de Cancelamento dos Sinos (TCS) é amplamente utilizado para auxiliar o diagndstico de heminegligéncia. O objetivo deste
estudo foi avaliar a validade convergente do TCS, comparando-o a ferramentas que avaliam construtos similares, ¢ investigar sua
fidedignidade teste-reteste. A amostra incluiu 66 adultos sauddveis com idades entre 19 ¢ 75 anos. A fidedignidade foi avaliada por
meio de procedimento teste-reteste, com correlagoes e testes ¢ para amostras pareadas, enquanto a validade foi investigada através de
comparagdes entre o desempenho no TCS e escores no teste de Atencio Concentrada (AC-15), teste de Atengao Sustentada (AS) ¢
os subtestes Simbolos e Cédigos do WAIS-III. Correlagdes positivas foram encontradas entre teste e reteste nas duas versdes do TCS,
assim como entre o niimero de omissdes no TCS e demais medidas de atengio. Esses resultados corroboram a validade e fidedignidade
das duas versdes do TCS na populagio Brasileira.

Palavras-chave: atengio; avaliagio neuropsicolégica; fidedignidade; validade.

RESUMEN - Confiabilidad y Validez de Constructo del Test de Cancelacién de las Campanas

El Test de las Campanas (T'C) es un instrumento ampliamente utilizado para auxiliar en el diagndstico de heminegligencia. El objetivo
de este estudio fue evaluar la validez convergente del TCS, comparidndolo con otras herramientas que evaldan constructos similares,
e investigar su confiabilidad test-retest. La muestra incluy6 66 adultos con buena salud, de 19 a 75 afios. La confiabilidad fue evaluada
a través de procedimientos de test-retest, con correlaciones y tests-t para muestras pareadas, y la validez fue investigada a través de
comparaciones entre el desempefio del TCS vy los resultados en el test de Atencién Concentrada (AC-15), test de Atencién Sostenida
(AS) y los sub-tests Simbolos y Cédigos del WAIS-III. Correlaciones positivas fueron encontradas entre test y retest en las dos
versiones del TCS asi como entre el nimero de omisiones en el TCS y otras medidas de atencién. Estos resultados corroboran validez
y confiabilidad de las dos versiones del TCS en la poblacién brasilena.

Palabras clave: atencién; evaluacién neuropsicolégica; confiabilidad; validez.

Cancellation tasks are among the most com- Rorden & Karnath, 2010). This condition may result
monly used techniques to detect visuospatial neglect from right hemisphere lesions or other types of unilat-
(Bickerton, Samson, Williamson, & Humphreys, 2011; eral dysfunctions, and can have a significant impact on
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daily functioning. Regardless of its etiology, visuospatial
neglect is usually characterized by a failure to respond
to stimuli presented in the visual field contralateral to
the lesion (Azouvi et al., 2006; Buxbaum, Dawson, &
Linsley, 2012; Toglia & Cermak, 2007). Visuospatial ne-
glect may lead patients to ignore targets on one half of a
cancellation array, or to draw or copy only half the fea-
tures of an image (Lee et al., 2004).

Cancellation tasks require both visual search and
attentional engagement, allowing for the assessment of
both selective and focused attention. As such, these tasks
may help detect alterations in attention, perception and/
or praxis (Algahtani, 2015; Lee et al., 2004; Solfrizzi et
al., 2002). The number of targets omitted in cancellation
arrays has also proved to be a reliable and valid measure
of the severity of visuospatial neglect (Toglia & Cermak,
2007). The visual search strategies used in cancellation
tasks can also be used to evaluate executive functions,
since visuospatial neglect does not have an impact on
visual search per se, and disorganized strategies are gen-
erally the result of an underlying executive dysfunction
(Woods & Mark, 2007).

The easy and quick administration of cancellation
tasks, combined with the simplicity of their instructions,
facilitate their use in the assessment of patients with ac-
quired brain lesions (Rorden & Karnath, 2010), confer-
ring a significant clinical advantage to these instruments.
The complexity of cancellation tasks ranges from simple
line bisection (e.g., the Albert Test; Plummer, Morris, &
Dunai, 2003; Vanier et al., 1990). to large arrays of targets
and non-targets (e.g., Star Cancellation Test ; Linden,
Samuelsson, Skoog, & Blomstrand, 2005; Manly et al.,
2009; Woods & Mark, 2007), targets and related distrac-
tors (e.g., Apples Test ; Bickerton et al., 2011), or even
symbols and letters, such as the Symbol Cancellation
Test, Letter Cancellation Test and the D2 (Bates &
Lemay, 2004; Jehkonen et al., 2000; Solfrizzi et al., 2002;
Uttl & Pilkenton-Taylor, 2001).

One of the most widely used instruments for the di-
agnosis of visuospatial neglect is the Bells Test, developed
by Gauthier, Dehaut, and Joanette (1989), and originally
published in French as the Test des Cloches. The task con-
sists of an array of bells and unrelated distractors, and
allows for the qualitative and quantitative assessments
of visuospatial neglect. In its adaptation to Brazilian
Portuguese (Fonseca et al., in press), an additional ver-
sion of the Bells test was developed, containing visually
related distractors in addition to the unrelated ones. The
instrument was developed as a more sensitive method
of detecting attentional, perceptual, praxic or executive
alterations in patients with less severe neurological dis-
orders or psychiatric conditions.

To ensure the diagnostic and prognostic accuracy
of neurocognitive assessment instruments, their devel-
opment must be based on strict theoretical principles,
and their content and psychometric properties must

be adequate for the target population. Validity and re-
liability are especially important in the process of test
development, and help determine whether assessment
instruments are adequate for their intended purpose
(Bessa, 2007; Pasquali, 2007). In addition to having
strong psychometric properties, assessment instru-
ments must also be normed for different populations
and conditions. This decreases false-positive rates, and
is especially important when the instrument is used to
distinguish between healthy populations and clinical
samples (Ostrosky-Solis et al., 2007).

The psychometric properties of adapted instruments
are generally investigated based on the comparison with
other assessment methods. The validity of an assessment
tool refers to its ability to predict behaviors represent-
ing a specific cognitive function (Bornstein, 2011; Gorin,
2007). The construct validity of cancellation tasks is of-
ten investigated through concurrent (Azouvi et al., 2006,
Bickerton et al., 2011; Lee et al., 2004) or converging val-
idation (Bates & Lemay, 2004; Uttl & Pilkenton-Taylor,
2001; Woods & Mark, 2007). Evidence of these forms
of validity is often obtained by evaluating the correlation
between scores on different measures of same construct
(Pasquali, 2007). Conversely, the lack of correlations be-
tween scores on a particular measure and on tasks which
evaluate different constructs provide evidence of dis-
criminant validity (Bates & Lemay, 2004; Solfrizzi et al.,
2002; Uttl & Pilkenton-Taylor, 2001). The reliability of
cancellation tasks is usually assessed through test-retest
methods (Bickerton et al., 2011; Lee et al., 2004) or in-
ter-rater agreement (Fabrigoule, Lechevallier, Crasborn,
Dartigues, & Orgogozo, 2003; Manly et al., 2009).

Although the Bells Test is widely used in the as-
sessment of visuospatial neglect, its validity and reliabil-
ity have not been directly investigated in the literature
(Menon & Korner-Bitensky, 2004). Preliminary norms
are available for the Bells Test (Gauthier et al., 1989),
and its sensitivity and specificity have been evaluated in
the literature (Oliveira, Calvette, Pagliarin, & Fonseca,
2016; Vanier et al., 1990). The construct validity of the
test has also been indirectly assessed in studies such as
that of Azouvi et al. (2002), who used it as a gold-stan-
dard against which to validate other assessment instru-
ments (Linden et al., 2005), and studies in which perfor-
mance on the Bells Test was compared to that observed
in other test batteries (Azouvi et al., 2003, 2006). The
test has also been used as a reference for the interpre-
tation of other cancellation tests (Rorden & Karnath,
2010; Suchan, Rorden, & Karnath, 2012). Instruments
such as the Apples Test, the Character-Line Bisection
Task (CLBT), the Computerized Visual Search Test and
the D2 have been previously used to evaluate the va-
lidity of other cancellation tasks (Bates & Lemay, 2004,
Bickerton et al., 2011; Lee et al., 2004), and instruments
such as the CLBT, the Letter Cancellation Test and Star
Cancellation Test have been used to assess the reliability
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of cancellation tests (Lee et al., 2004; Manly et al., 2009;
Uttl & Pilkenton-Taylor, 2001).

Given the relevance of the Bells Test for the assess-
ment of attention and related processes, the assessment
of its validity and reliability is an important undertaking,
which may contribute to both clinical practice and re-
search in neuropsychology. The development of an ad-
ditional version of the Bells Test will also contribute to
the assessment of attentional deficits in several clinical and
psychiatric populations. As such, the present study had a
two-fold objective: 1. To examine the convergent valid-
ity of the Bells Test by comparing it to other tests which
evaluate similar constructs, and 2. To investigate the reli-
ability of the Bells Test using the test-retest method. Our
results may help elucidate the underlying mechanisms
of performance on the Bells Test, and their relationship
with other cognitive functions. We hypothesized that per-
formance on the Bells Test would be positively correlated
with scores on other measures of attention and visual
search. Additionally, we expected that the test would show
some stability in performance over time, as evidenced by
positive correlations between test and retest scores.

Method
Sample

The sample was composed of 66 healthy adults
(n=44 women) aged between 19 and 75 years, with at

least five years of formal education. All participants were
native Brazilian Portuguese speakers. The sample was
recruited from the states of Sio Paulo (SP, n=37) and
Rio Grande do Sul (RS, #=29), Brazil. Participants from
Sao Paulo had a mean age of 39.45+13.15 years, and an
average of 13.79%3.06 years of education. Individuals
recruited from Rio Grande do Sul had a mean age of
42.68+15.92 years, and 14.35%5.81 years of education.
Since these values did not significantly differ, partici-
pants were pooled into a single sample. The sample was
recruited by convenience from university, work and
community settings. All participation was voluntary
and preceded by written informed consent (Research
Ethics Committee, protocol number 09/04908). The
following inclusion criteria were applied: absence of
uncorrected sensory deficits, absence of psychiatric
and neurological conditions, no current or prior his-
tory of substance use problems, and no signs of demen-
tia according to the Mini Mental State Examination
(MMSE; Chaves & Izquierdo, 1992). Participants with
significant symptoms of depression as indicated by the
Beck Depression Inventory (BDI; Cunha, 2001), or
standardized scores <7 on the Vocabulary and Block
Design subtests of the Wechsler Adult Intelligence Scale
(WAIS-IIT; Nascimento, 2004) were excluded from the
sample. The demographic characteristics of the sample
are summarized in Table 1.

Table 1
Demographic Characteristics of the Sample
Variables M SD

Age (years) 41.26 17.79
Education (years) 14.11 4.77
Frequency of reading and writing habits 16.80 4.97
Socioeconomic status 27.97 6.52
MMSE 29.11 1.33
BDI 5.76 4.83
WAIS-III Vocabulary (standardized score) 11.93 2.20
WAIS-III Block Design (standardized score) 12.80 2.99

Note. M=mean, SD=standard deviation, MMSE=Mini-Mental State Examination, BDI=Beck Depression Inventory, WAIS-I[I=Wechsler
Adult Intelligence Scales. The frequency of reading and writing habits was evaluated by self-report through a sociocultural and

health questionnaire (Fonseca et al., 2012)

Materials and Procedures

Assessment instruments were administered dur-
ing a single session lasting approximately one hour.
The retest was administered 5.97+3.91 months after
the initial assessment, on average, in a session lasting
approximately half an hour. A slightly smaller sample
participated in the validity study, since only 49 patients
were able to return for a third assessment session.
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All assessment instruments were administered by
trained examiners.

The main instrument used in the present study was
the Bells Test (Gauthier et al., 1989). During the adapta-
tion of the instrument, an additional version of the test
was developed. The original and new version of the test
will hereafter be referred to as the BT'1 and BT2, respec-
tively (Fonseca et al., in press). The BT1 consists of an
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A4 page presented in landscape orientation, containing
several targets (bells) and nontargets. The adapted ver-
sion of the task differed slightly from the original, in
that participants were asked to cancel targets rather than
circle them (Gauthier et al., 1989), to reduce variation
in the responses (for a review, see da Silva, Cardoso, &
Fonseca, 2011). The BT2 was developed to detect more
subtle attention deficits, while the BT1 is more adequate
for the assessment of visuospatial neglect. Since the test
was originally developed for patients with neurological
conditions (Gauthier et al., 1989), the BT1 is less com-
plex than the BT2, which is similar to the original ver-
sion save for the presence of visually-related distractors
(15 bells without clappers).

Both versions of the test yield the following scores:
number of targets canceled, number of omissions, num-
ber of errors (canceled distractors). In the BT2, the num-
ber of visually-related distractors canceled is also noted.
The tasks are also divided into two sections. In section
one (T1), the participant is asked to cancel all targets in
the array and return the test stimulus to the examiner
when he is finished. At this point, the examiner asks the
participant whether he is sure that he has canceled all
bells, and returns the test to the participant, allowing him
to look for and cancel any remaining targets, and once
again notify the examiner when he is finished (T2). This
procedure is followed for all participants, even when all
targets are canceled in T1. The time taken to complete
each section of the task, as well as the sum of T1 and
T2, is also recorded. The test stimulus is divided into
seven vertical columns, which are numbered from left
to right. The column in which the first target is canceled
is recorded, as is the nature of the visual search strategy
used by the participant. Strategies are classified as orga-
nized (horizontal: left-to-right or right-to-left, or verti-
cal: bottom-up or top-down, or a mix between these two
strategies), or disorganized (when no logical search strat-
egy can be identified).

Reliability

The reliability of the BT1 and BT1 was evaluated
using the test-retest method. Participants were contacted
for a second assessment session, and readministered both
tests. A self-report questionnaire (Fonseca et al., 2012)
was used to identify whether any changes in inclusion
or exclusion criteria occurred between assessments. The

two versions of the BT were administered as previously
described.

Construct Validity
The validity of both instruments was evaluated by
comparing scores on these measures to performance on
other instruments which evaluated similar constructs and
had been validated for use in the Brazilian population:
Concentrated Attention Test (AC-15)
(Boccallandro, 2003). The test stimulus consists of three

pages, cach containing 120 pairs of words and numbers.
The participant is asked to identify whether the two
items in each pair are identical, and is given five min-
utes to complete each page. The number of correct an-
swers obtained on each page is recorded, and the scores
on the three pages are compared to determine whether
participants display a decrement in attentional perfor-
mance over time. The internal consistency of the AC-
15, as demonstrated by the correlation between its three
sections, has yielded satisfactory results, with Pearson's
coefficients calculated at 0.82, 0.79 and 0.91(Alchieri,
Noronha, & Primi, 2003). Since this task relies more
heavily on perceptive discrimination than on focused
attention per se, this instrument was used to assess
discriminant validity.

Sustained Attention Test (AS) (Sisto, Noronha,
Lamounier, Bartholomeu, & Rueda, 2006). This task
evaluates concentration and processing speed in addi-
tion to sustained attention. The test stimulus consists of
a page with a series of targets and distractors distributed
along 24 rows. The participant is given 15 seconds to
cancel the targets in each row. The number of correct an-
swers, errors and omissions on the task are recorded. The
accuracy achieved in the first and last three rows of the
test is compared to verify whether attentional capabilities
improved, worsened or remained stable over the course
of the task. Psychometric studies have found the AS to be
significantly correlated with the Concentrated Attention
test (Atengao Concentrada; AC) (r=0.51; p<0.001) (Sisto
et al., 2006). The instrument has also yielded reliability
coefficients ranging from 0.74 to 0.95 (Sisto et al., 2006).
This instrument was used as a measure of concurrent va-
lidity for the BT.

Wechsler Adult Intelligence Scales (WAIS-III)
(Nascimento, 2004) — Symbol Search and Digit-symbol
Coding Tests. These tasks evaluate concentration, at-
tentional switching and psychomotor speed. Both ac-
tivities rely quite heavily on motor processes. In the
symbol search test, the participant is asked to identify
whether two target symbols on their left are present in
a row of five geometric symbols to the right. The task
has a time limit of 2 minutes. Its total score is obtained
by subtracting the number of incorrect responses from
the total number of correct responses. The symbol
search task has demonstrated satisfactory temporal sta-
bility, as evidenced by a Pearson correlation of r=0.89
(Nascimento, 2004). In the digit-symbol subtest, the
participant is provided with a code of matched digits
and symbols, and is asked to fill in the correct symbol
for a series of presented digits. The temporal stability of
this subtest has been estimated at r=0,85 (Nascimento,
2004). The score on the digit-symbol subtest corre-
sponds to the number of correctly filled symbols in
a 2-minute time period. Both the symbol search and
digit-symbol coding subtests from the WAIS-III were
used as measures of discriminant validity.
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Data Analysis

Test and retest scores on the BT1 and BT2 were an-
alyzed using Student's T-test for paired samples as well as
paired-samples correlations. According to the Shapiro-
Wilk test, scores on the BT'1 and BT2 did not meet cri-
teria for normality. As such, associations between these
and other variables were examined using Spearman cor-
relation coefficients. The parallel-forms reliability of the
BT1 and BT2 was examined by verifying the correlation
between scores on both versions of the test. The con-
struct validity of the tests was investigated by assessing

Table 2

Spearman correlations between scores on the BT1 and
BT?2, and the AS, AC-15 and Digit-Symbol Coding and
Symbol Search subtests of the WAIS-IIIL

Results

The descriptive statistics of scores on all measures
involved in the present study, as well as the possible range
of scores for each variable, are summarized in Table 2.

Paired samples T-tests for test and retest scores on
the BT1 and BT2 are shown in Table 3.

Mean, Standard Deviation and Range of Scores on the BT1, BT2, AS, AC-15, and the Digit-Symbol Coding and Symbol Search

subtests of the WAIS-III

Score (maximum possible score) M SD Range
BT1
Omissions (/35) 2.27 2.71 0-19
Errors (distractors) (/280) 0.00 0.00 0-0
Time 91.57 37.85 30.52-351.27
BT2
Omissions (/35) 2.93 3.03 0-17
Errors (related distractors) (/15) 0.08 0.84 0-15
Errors (distractors) (/265) 0.00 0.00 0-0
Time 90.19 37.77 11.79-305.81
AS
Omissions (/150) 16.84 13.27 0-60
Errors (/150) 0.94 1.17 0-4
AC-15
Omissions at 5 minutes (/120) 43.54 25.21 0-85
Omissions at 10 minutes (/120) 36.81 25.61 0-77
Omissions at 15 minutes (/120) 37.02 27.05 0-87
Errors at 5 minutes (/120) 3.75 5.31 0-34
Errors at 10 minutes (/120) 3.88 12.32 0-89
Errors at 15 minutes (/120) 3.25 2.98 0-11
WALIS III - Symbol Search
Raw score (/60) 28.94 9.77 10-51
WALIS III - Digit-Symbol Coding
Raw score (/133) 58.04 24.43 13-133
Table 3
Paired Comparisons between Test and Retest Scores on the BT1 and BT2
Scores Test M (SD) Retest M (DS) d p
BT1
Omissions 1.12 (1.61) 0.72 (1.17) -0.283 0.070
Errors (distractors) 0.00 (0.00) 0.00 (0.00) - -
Time 101.23 (45.26) 83.32 (27.73) -0.472 0.004
BT2
Omissions 1.73 (2.00) 1.61 (2.36) -0.062 0.632
Errors (related distractors) 0.06 (0.49) 0.03 (0.17) -0.083 0.641
Errors (distractors) 0.00 (0.00) 0.00 (0.00) -
Time 95.29 (46.47) 76.23 (27.03) -0.49 0.001
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As can be seen in Table 3, significant differences
were observed in the time taken to complete the BT1
and BT2 between the first and second assessments, pos-
sibly due to learning effects. However, the number of
omission and commission errors did not differ between
test and retest, supporting the temporal stability of these
scores. This finding is especially important given the re-
levance of omission scores in the assessment of hemine-
glect and attentional impairments.

The analysis of paired-samples correlations between
test and retest scores revealed significant moderate cor-
relations between omission errors (r=.454, p<.001) and
the time taken to complete the BT2 (r=.316, p=.010).
There was also a nearly-significant association between
the number of omission errors on the two administra-
tions of the BT'1 (r=.235, p=.059).

Table 4

The paired-samples correlations between the
number of omission errors and time taken to com-
plete the BT1 and BT2 were also analyzed as a test of
construct/concurrent validity. Both findings were hi-
ghly significant, with correlations measured at r=.470
(p<.001) for the number of omissions on the BT'1 and
BT2, and r=.732 (p<.001) for the time taken to com-
plete both tests. These values are indicative of mode-
rate and strong associations between these variables,
respectively.

The concurrent or convergent validity of the BT'1
and BT2 was then examined using Spearman correla-
tions between these measures and additional tests of at-
tention. The results of these analyses are summarized in
Table 4.

Spearman Correlations between Performance on the BT1, BT2, AS, AC-15, and the Digit-Symbol Coding and Symbol Search

subtests of the WAIS-III

BT1 BT2
Scores . - . -
Omissions Time Omissions Time

AS

Omissions -0.013 0.243* 0.337* 0.283*
AC-15

Errors at 5 min 0.408"* 0.144

Errors at 10 min 0.254* 0.182

Errors at 15 min 0.454* 0.316*

Correct answers at 5 min -0.285" -0.351*

Correct answers at 10 min -0.247 -0.335*

Correct answers at 15 min -0.282* -0.323*
WAIS III - Symbol Search

Raw Score 0.051 -0.275* 0.025 -0.280*
WAIS III - Digit-Symbol Coding

Raw Score 0.086 -0.341* 0.175 -0.277*

Note. p="0.05, **0.001

The number of omission errors on the BT1 was
significantly associated with errors in the AC-15 at all
time points. A similar result was obtained, but only
for a single time point, with the BT2. The time taken
to complete both the BT1 and BT2 was significan-
tly correlated with all measures of attention, provi-
ding important evidence of the convergent validity of
these measures.

Discussion

The present study sought to examine the conver-
gent validity of the BT by comparing it to other measures
of selective attention and visual search, and investigate
its test-retest reliability in the Brazilian population. Both
versions of the BT were psychometrically robust, and

were accurate in measuring concentrated and selective
attention, motor skills and executive functions.
Test-retest reliability is the most commonly used
method to assess the reliability of cancellation tests
(Bickerton et al., 2011; Hartman-Maecir, Harel, & Katz,
2009; Wong, Cotrena, Cardoso, & Fonseca, 2010). In
the present study, only the time taken to complete the
BT1 and BT2 differed significantly between the two
administrations of the test. The number of omission
errors — the most traditionally used outcome measure
for these instruments — remained stable over time. This
suggests that learning effects may influence the speed
with which participants complete these instruments,
but not their accuracy, so that the BT1 and BT2 may
be used to monitor changes in attentional performance
over time. Moderate to strong correlations were found
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between the number of omissions and time taken to
complete the tests on both occasions, and no associa-
tions were found between the number of errors made
by patients on the first and second administrations of
the task. Significant associations were also found be-
tween all scores on the two versions of the BT save
for the number of errors, which was very low on both
tests. The correlation between scores on the BT1 and
BT2 produced strong evidence of the reliability of both
tests. Parallel-forms reliability is also a widely accepted
method for the psychometric evaluation of cancellation
instruments given the similarity in their scoring syste-
ms (Uttl & Pilkenton-Taylor, 2001). The presence of
moderate correlations between test and retest scores is
also an important indicator of reliability, as is the fact
that no significant differences were found between test
and retest scores on the BT1. The lack of previous stu-
dies of the validity of the BT1 limits the comparison of
the present study with the literature (Menon & Korner-
Bitensky, 2004).

The construct/convergent validity of the BT1 and
BT2 were evaluated based on the correlation between
scores on these measures and on the AS, AC-15 and
WAIS-III Symbol search and Digit-symbol coding sub-
tests. These instruments have all been validated for use
in the Brazilian population. The correlation between
multiple measures of the same construct is one of the
most widely used technique to assess the validity of di-
fferent assessment instruments (Azouvi et al., 2006; Lee
et al., 2004; Woods & Mark, 2007). According to a recent
systematic review, the comparison to gold-standard cri-
teria is the most widely used method of evaluating the
construct validity of cancellation instruments (Cotrena
& Alegre, 2012).

The moderate positive correlations observed be-
tween the number of omissions in the AS, AC-15
and BT1 attest to the concurrent validity of the latter.
Surprisingly, weak to nonexistent correlations were
found between accuracy in the BT2 and in other me-
asures of attention (such as the WAIS-III subtests and
the accuracy in the AC-15). However, similar pheno-
mena have been previously reported in the literature,
and have been attributed to discrepancies between the
attentional processes underlying performance in diffe-
rent tests. In light of such findings, some authors have
highlighted the importance of a careful evaluation of
the types of attention involved in different assessment
measures (Castro, Rueda & Sisto, 2010). In the present
study, it is also possible that the absence of correlations
between errors on the BT and on other measures of
attention was caused by the low frequency of errors on
the BT1 and BT2 in the present sample. Commission
errors are quite rare in both the BT1 and the BT2, in
which participants are far more likely to cancel visually
related distractors than unrelated ones. The absence of
correlations between the number of errors on different

34 Avaliacdo Psicolégica, 2018, 17(1), pp. 28-36

cancellation tasks due to ceiling effects have also been
reported in the literature (Bates & Lemay, 2004).

Weak negative correlations were also found between
the time required to complete the BT1 and BT2, and
accuracy in the WAIS-III Digit-symbol coding. This was
an unexpected finding, since the latter instrument was
originally intended to provide a measure of discriminant
validity. The presence of correlations between scores on
these tasks suggested that Digit-symbol coding also re-
quires a significant degree of focused attention. These
findings may be interpreted as evidence of the conver-
gent validity of the BT, whose underlying constructs also
appear to be involved in the execution of tasks with a
heavier reliance on fine motor skills.

The weak association between accuracy on the
BT1 and BT2 and performance on WAIS-III subtests
confirms the discriminant validity of the tasks. The
significant correlations between the number of omis-
sions in the BT1 and BT2 and the AS and AC-15 speak
to the concurrent validity of the tests. Unfortunately,
none of the tests used in the present study can be con-
sidered gold-standard techniques for the assessment of
visuospatial neglect, since they were not developed for
neurological populations and have not been sufticien-
tly explored in these samples. Instruments such as the
Star Cancellation Test (Linden et al., 2005; Manly et al.,
2009) or the Apples Test (Bickerton et al., 2011) would
have been more adequate gold-standards for the pre-
sent study. However, they have not been adapted for
use in Brazilian populations.

The present results support the reliability and cons-
truct validity of the BT1 and BT2, confirming their
applicability to Brazilian populations. Although several
other instruments allow for the assessment of attention
in neurological populations, the BT is unique in its abi-
lity to also evaluate processing speed and executive func-
tions. The location of the first target canceled also allows
for a more precise assessment of visuospatial neglect.
This test has not been sufficiently evaluated in healthy
adults (Woods & Mark, 2007), and normative values for
the BT1 or BT2 have therefore not been developed.
There is, as such, a pressing need for further studies of
the use of these instruments in both healthy and clinical
populations to evaluate their potential in the detection of
attentional impairments associated with different condi-
tions. Qualitative and quantitative analysis of performan-
ce on these tests may also contribute to their precision
and accuracy. One limitation of the present study was the
fact that test-retest reliability and concurrent/discrimi-
nant validity were not evaluated in clinical samples. Such
a procedure may have led to stronger correlations be-
tween test and retest scores. Future studies should seck
to explore the psychometric properties of these tests in
samples of different ages, education levels or with diffe-
rent clinical conditions (including visuospatial neglect),
to confirm the statistical validity of the BT1 and BT2.
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