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Abstract
It is essential that intelligence assessment be integrated with creativity, although no instruments in Brazil do so. This research 
investigated the item difficulty and validity and reliability of  the Bateria de Avaliação Intelectual e Criativa Infantil (BAICI) to 
address this gap. The first sample consisted of  612 children (54% M) aged 7 to 12 years, and the second sample consisted of  377 
students (56% M), some of  whom (N = 164) were already identified as exhibiting high skills/giftedness. Item analysis indicated 
the need to adjust the BAICI items. The results of  a MANCOVA indicated that the BAICI exhibits evidence of  validity with 
external variables because the group of  gifted children was significantly distinguished from the group of  students attending 
regular schools on tests of  vocabulary, speed, logical thinking, and creativity. The study concludes that the BAICI has psycho-
metric qualities that can be used in the psychological assessment of  children.
Keywords: Psychological assessment; creativity; intelligence; high abilities, giftedness

Avaliação integrada das habilidades cognitivas e criativas de crianças: estudos psicométricos

Resumo
É essencial que a avaliação da inteligência seja integrada com a criatividade embora não existam instrumentos no país para 
essa finalidade. Esta pesquisa investigou a dificuldade dos itens e as evidências de validade e precisão da Bateria de Avaliação 
Intelectual e Criativa Infantil (BAICI) para oferecer uma avaliação mais completa do potencial infantil. A primeira amostra foi 
composta por 612 crianças (54% M), idade sete a 12 anos e a segunda de 377 estudantes (56% M), uma parte (N = 164) já identi-
ficadas com altas habilidades/superdotação. A análise pela TRI indicou a necessidade de ajuste de itens da BAICI. Os resultados 
pela MANCOVA indicaram que a BAICI possui evidências de validade com variáveis externas, pois o grupo de crianças super-
dotadas se distinguiu significativamente de estudantes de escolas regulares nos testes de vocabulário, rapidez, pensamento lógico 
e criatividade. Conclui-se que a BAICI possui qualidades psicométricas para ser utilizada na avaliação psicológica infantil.
Palavras-chave: avaliação psicológica; inteligência; criatividade; altas habilidades

Evaluación integrada de las habilidades cognitivas y creativas de los niños

Resumen
Es fundamental que la evaluación de la inteligencia se integre con la creatividad, aunque en el país no existen instrumentos para 
este fin. Esta investigación analizó las evidencias de validez y precisión de la Batería de Evaluación Intelectual y Creativa Infantil 
(BAICI) para proporcionar una evaluación más completa del potencial de los niños. La primera muestra estuvo compuesta por 
612 niños (54% M), de 7 a 12 años, a su vez, la segunda por 377 estudiantes (56% M), una parte (N = 164) ya identificada con 
altas habilidades/superdotación. El análisis de la TRI indicó la necesidad de ajustar los ítems de la BAICI. Los resultados de 
MANCOVA indicaron que BAICI tiene evidencias de validez con variables externas, ya que el grupo de niños superdotados 
se distinguió significativamente de niños de escuelas regulares en las pruebas de vocabulario, velocidad, pensamiento lógico 
y creatividad. Se concluye que la BAICI tiene cualidades psicométricas para ser utilizada en la evaluación psicológica infantil. 
Palabras clave: evaluación psicológica; inteligencia; creatividad; altas habilidades; superdotación

Intelligence assessment is a well-known prac-
tice in the area of  psychological evaluation, as can be 
observed from the number of  international instruments 

developed to measure this construct (Ackerman, 
2013; Benson et al., 2019; Sattler, 2018). Additionally, 
in Brazil, intelligence tests are predominant among 
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instruments that have already been approved by the 
Federal Council of  Psychology (2018) and listed in 
the Psychological Test Assessment System-SATEPSI 
(2021), thus demonstrating the importance of  this con-
struct in psychological evaluation.

Intelligence and creativity are distinct constructs, 
although they may also be interrelated (Karwowski et 
al., 2016; Kim et al., 2010). However, creativity has 
not been included in intelligence test batteries, either 
nationally or even internationally, thus limiting a more 
complete assessment of  an individual’s cognitive 
potential (Kaufman, 2015; Pfeiffer, 2018). Therefore, 
considering that intelligence and creativity are consid-
ered the key skills for the 21st century (Organization for 
Economic Cooperation and Development [OECD], 
2020), it is necessary to find ways to integrate both 
dimensions to gain a broader understanding of  the cog-
nitive potential of  children.

Intelligence and Creativity: Relationship between constructs
Intelligence has been studied under several theo-

retical approaches, thus demonstrating the importance 
of  this concept (Flanagan & McDonough, 2018). 
Among the most internationally recognized models 
that stands out is that of  Cattell (1971), which was 
derived from a large number of  factorial studies and 
defines intelligence as being composed of  three strata 
in a hierarchical structure. His proposal was revised by 
McGrew (2009), who developed an integrative model 
known as Cattell-Horn-Carroll (CHC), with the first 
stratum composed of  general intelligence (G), and the 
second stratum explained by 10 types of  broad skills: 
fluid intelligence (Gf), crystallized intelligence (GC), 
short-term memory (Gsm),visual processing (Gv), audi-
tory processing (Ga), long-term storage and recovery 
(Glr), processing speed (Gs), decision and reaction time 
(Gt), reading and writing (Grw) and quantitative knowl-
edge (GQ). The third stratum features over 70 specific 
abilities. This model was recently expanded by Schnei-
der and McGrew (2018) to include 16 broad skills, 
including sensory and psychomotor skills, that are still 
difficult to measure.

Creativity has been studied from different per-
spectives, indicating that it is a complex phenomenon 
that involves cognitive processes, personality charac-
teristics, educational and social components, or their 
interaction (Kaufman, 2016; Pfeiffer, 2018). Creativity 
as a cognitive process is evaluated through the ability 
to generate ideas, which needs to follow some criteria; 
that is, the idea needs to be original but also relevant 

and useful (Runco & Pritzker, 2020). In turn, the char-
acteristics of  the creative person have been emphasized 
in the literature (Kaufman & Sternberg, 2019), as well 
as the environmental, educational, and cultural ele-
ments for stimulating creativity (Simonton, 2018), thus 
indicating the need for an integrated vision for under-
standing this construct.

The relationship between creativity and intel-
ligence has been discussed for decades. In the first 
theories about intelligence, such as in the structure of  
the intellect by Guilford (1968), creativity is conceived 
as a component of  intelligence, being represented as 
divergent thinking as opposed to convergent thinking. 
During studies on the subject (Runco & Pritzker 2020), 
it is observed that there is consensus that creativity 
is related to intelligence, but the question remains as 
to what extent these constructs overlap, the so-called 
threshold hypothesis (Kaufman et al., 2012; Kim et 
al., 2010). Some authors (Kim, 2005) perceive these 
constructs as independent because the correlations 
between creativity and IQ tests are very weak, without 
significant gender influence. In contrast, other authors 
(Silvia, 2015) argue that creativity and intelligence are 
intricately linked by comparing data from cognitive 
processes with neuroscience discoveries. Therefore, 
the nature of  the relationship between intelligence and 
creativity has not yet been elucidated, as concluded by 
Plucker et al. (2015).

According to CHC theory, creativity is measured 
by Glr, that is, long-term memory and recovery (Flana-
gan et al., 2007; Schneider & McGrew, 2018). However, 
the association of  creativity with memory is not clear 
because problem solving requires finding new relation-
ships, which is usually more strongly related to fluid 
intelligence skills (Gf) than to memory (Silvia et al., 
2013). It is also important to note that only the fluency 
of  ideas is being evaluated in the main test batteries; thus, 
the question can be raised whether regular IQ tests also 
assess creativity, in addition to intelligence (Kaufman 
et al., 2012; Kaufman, 2012). Therefore, understanding 
intelligence is necessary but not sufficient to explain the 
different forms of  creative expression (Jauk et al., 2013; 
Karwowski et al., 2016)

The theoretical basis of  the CHC model influ-
enced the revision of  several existing test batteries, such 
as the Woodcock-Johnson Battery [WJ-III] (Woodcock 
et al., 2001). Due to the importance of  the WJ-III bat-
tery, several Brazilian studies (Wechsler, 2007) were 
conducted to verify the evidence of  its validity for 
the Brazilian population, and Brazilian items were 
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developed for the verbal area, and a new version was 
developed for collective administration. Although evi-
dence of  the validity of  the WJ-III was confirmed in 
Brazilian samples, the need for an adapted version of  
the battery for our population was also verified (Primi 
et al., 2012; Wechsler et al., 2010). This led to the pro-
posal of  a new battery that could integrate intelligence 
with creativity and could also be applied collectively, 
which was not the case with the WJ-III battery.

There are several debates about the methods for 
understanding and evaluating creativity, covering both 
subjective or qualitative measures, such as peer, teacher, 
or parent assessments, as well as quantitative ones, 
involving standardized tests and scales (Nakano, 2018). 
Among the most widely used tests internationally for 
evaluating creativity are Torrance’s figural and verbal 
creativity tests (Torrance, 1966), which assess divergent 
thinking in the dimensions of  fluency, flexibility, origi-
nality, and elaboration (Kaufman, 2016). Evidence of  
the validity and reliability of  these tests as indicators 
of  creativity has been confirmed in Brazilian studies 
(Wechsler, 2004a, 2004b), thus indicating that it is pos-
sible to evaluate creativity objectively and scientifically.

The need to create a battery of  tests for assessing 
intelligence combined with creativity is made quite clear 
when focusing on the need to understand the different 
areas in which a child may have greater or lesser dif-
ficulty, thus enabling better diagnoses than a total IQ 
result (Kaufman, 2015, 2016). This is highlighted, for 
example, in the area of  special education and, more spe-
cifically, in the identification of  students with high skills 
or giftedness, which requires students to have complete 
diagnoses in order to access specific educational pro-
grams (Alencar & Fleith, 2005; Renzulli & Renzulli, 
2010). According to Brazilian legislation, students with 
high skills/giftedness are defined as those who exhibit 
high performance in the intellectual, creative, leader-
ship, artistic or psychomotor areas, and these abilities 
may occur in isolation or in combination (Secretariat 
of  Special Education, 1995). Federal law states that 
students identified as having high skills/giftedness care 
must be accommodated in special educational pro-
grams (Secretariat of  Special Education, 2002).

The identification of  students with high skills/
giftedness has been performed mainly through intel-
ligence tests and teachers’ observations (Almeida et 
al., 2019; Martins et al., 2016). This is the result of  the 
scarcity of  measures that allow a more integrated diag-
nosis of  other skills, thus resulting in limitations in the 
detection of  students with different types of  potential 

(Virgolim & Konkiewitz, 2018). Therefore, these pro-
fessionals use more subjective measures to make this 
identification instead of  scientifically proven tests 
(Wechsler & Fleith, 2017), or they rely only on intelli-
gence tests, disregarding the importance of  creativity in 
cognitive functioning, the recognition of  which would 
allow a broader view of  the student’s potential 
(Nakano et al., 2016).

Due to the need to identify the cognitive and cre-
ative abilities of  children with or without high abilities, 
through an integrated approach with tests that present 
evidence of  validity and reliability, this study investi-
gated the possibility of  using the Battery of  Intellectual 
and Creative Evaluation – child form (BAICI) to meet 
this objective. For this purpose, two studies were delin-
eated. The first aimed to analyze the difficulty and 
reliability of  the BAICI items for children from differ-
ent regions of  the country. The second aimed to verify 
the hypothesis that the BAICI could discriminate chil-
dren already identified as highly skilled/gifted by their 
teachers from those not identified or not yet assessed, 
thus demonstrating evidence of  validity.

Method

Study 1

Participants
The sample consisted of  612 children (54% 

F) aged seven to 12 years (Mean= 10.43; SD= 1.85). 
These children were studying in public schools (80%) 
located in cities in different Brazilian regions: South 
(Curitiba= 101), Southeast (Campinas= 206), Central 
(Brasília= 98, Rondonópolis= 55), and Northeast (João 
Pessoa= 51, Natal=62, São Luís do Maranhão= 39). 
A convenience sample was collected by researchers in 
these different regions .

Collaborators: Psychology students participated in 
the application and correction of  the tests, supervised 
by the researchers from each region.

Instrument

Battery Of  Intellectual and Creative Evaluation – Children’s 
Version-BAICI.

This battery consists of  six subtests that mea-
sure the following areas: crystallized intelligence-Gc by 
verbal skill tests (vocabulary, 21 figures to be named), 
logical thinking-Gf (16 items representing a sequence of  
abstract figures), visual-spatial thinking -Gv (12 items in 
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the form of  puzzles), visual -auditory memory-Glr (11 
items in the form of  symbols that should be remem-
bered after presentation), speed of  thinking -Gs (48 
pairs of  letters to be identified within a certain time 
frame) and creative thinking (1 activity composed of  
symbols to be drawn and 2 verbal activities, with one 
composed of  titles for a story and another of  imagi-
nation of  life within the oceans). These intellectual 
abilities were based on the WJ-III battery (Woodcock 
et al., 2001), except for creative thinking, which is not 
evaluated in this battery.

The BAICI was constructed from an analysis of  
the difficulty of  the items on the adult version (Wechsler 
et al., 2010), called “Bateria de Avaliacao Intelectual 
de Adultos- BAIAD” (Battery for Assessing Adults’ 
Intelligence). The evidence of  the reliability and valid-
ity of  he BAIAD’s internal structure was investigated 
in two studies through confirmatory factor analysis 
(Wechsler et al., 2014b) and network analysis (Wechsler 
et al., 2019). The BAIAD was found to evaluate the 
following factors: Gf (fluid intelligence, composed of  
analogies, logical thinking and visual-spatial subtests) 
and Gc (crystallized intelligence, composed of  vocabu-
lary, synonyms and antonyms, both related to the G 
factor (general intelligence). The BAIAD’s vocabulary 
items were constructed from an analysis of  textbooks 
and comparative studies with the standard battery of  
Woodcock-Johnson III -WJ III (Wechsler et al., 2007), 
which demonstrated that it needed several adjustments 
to be used in our country (Wechsler et al., 2010). Gen-
der differences were also found in the studies (Wechsler 
et al., 2014 a). The BAIAD’s easiest items in vocabulary, 
logical thinking, visual-spatial thinking and memory 
tests were separated for the children’s version (BAICI), 
and items assessing speed and creativity were added. 
Therefore, a Brazilian battery was elaborated for col-
lective administration. The evaluation of  creativity was 
added to the BAICI to enable an integrative view of  
intelligence with creativity, as recommended in other 
studies on this topic (Milan & Wechsler, 2018).

Procedure
The project was submitted and approved by the 

Ethics Committee n.408.707. Subsequently, contacts 
were made with research professors from various insti-
tutions in the country requesting their collaboration to 
administer the BAICI to children between the ages of  7 
and 12 years in public and private schools with the help 
of  psychology students. The administration was col-
lective and was separated into 2 sessions of  1.5 hours 

each to avoid fatiguing the children. The instructions 
were read by the examiners in each room, especially 
for those children with reading difficulties. For under-
age children (7-8 years) who could not write, especially 
those from some public schools, the instrument admin-
istration occurred individually. After the administration 
and correction of  the subtests by each regional team, 
the results were sent to the central coordination group 
for the project, which elaborated the individual graphs. 
The graphs included the total results for each child, and 
were returned to the regional teams so that feedback 
could be given to parents and teachers to indicate each 
child’s stronger and weaker areas.

Data analysis
The analysis of  the item difficulty analysis was per-

formed for 4 subtests of  the BAICI (vocabulary, logical 
thinking, visual-spatial thinking, and auditory visual 
memory). The speed of  the thinking test does not allow 
this analysis because its objective is to evaluate speed, so 
an individual cannot respond to all the items within the 
allotted time (Boone et al., 2014). Additionally, the cre-
ative thinking test does not allow this analysis because it 
is composed of  open-ended answers.

The infit and outfit measurements used had val-
ues ranging from .5 to 1.5. The item reduction process 
was performed through the following steps: a) infit-outfit 
values within the defined range; b) item-total correla-
tion (biserial point), above .30. The final selection of  
the items was also analyzed according to the change in 
theta, according to the Rasch model, to evaluate whether 
there would be much discrepancy in the skill level (e.g., 
>5.00). Accuracy was evaluated using the Rasch and 
Cronbach’s alpha models. The WINSTEP program 
(Linacre, 2020) was used for these analyses.

Results

The analysis of  difficulty, adjustment of  items 
and reliability are presented in Table 1 (vocabulary and 
logical thinking subtests) and Table 2 (visual-spatial 
thinking and memory), which are analyzed according to 
the parameters described above.

As seen in Table 1, in the verbal ability subtest, 
item 1 of  the vocabulary presents misfit problems (out-
fit = 1.71, item-theta correlation=.27). This item presents 
confusion possibly because the misfit may be due to 
the unclear intent of  the item; that is, whether the child 
should name a part of  the elephant with the arrow (in 
this case, the trunk) or whether it should name the 

Table 1. 
Difficulty index, item adjustment and accuracy of  the vocabulary and logical thinking subtests

Subtest Item difficulty Infit Outfit correlation
Item-theta

Vocabulary

21 2.82  .86  .58 . 43
7 2.38 1.04 1.20  .35
12 2.24 1.10 1.22  .33
15 2.14 1.04  .95  .39
18 1.73  .86  .69  .52
11 1.46  .96  .86  .48
14  .95  .88  .81 . 55
06  .28  .91 .96  .54
19 -.03 1.02 1.00  .51
13 -.08 1.07 1.11  .48
22 -.19 1.01 1.01  .52
1 -.26 1.46 1.71  .27

10 -.61  .99 0.93  .53
20 -.72  .94 1.01  .55
9 -.88  .91 0.83  .57
5 -1.10  .87 0.76  .59
8 -1.27  .93 0.78  .56
4 -1.44  .90 0.85  .56
17 -1.62  .99 1.10  .51
2 -1.76 1.20 1.45  .44
3 -1.91  .92 0.79  .55
16 -2.15 1.12 1.33  .43

Logical
Reasoning

15 6.34 1.07  .56 .10
16 5.69 1.15  .96 .10
14 1.08 1.20 1.39 .46
13  .63 1.18 1.22 .49.
12  .37  .95  .94 .59
10  .02 1.04  .95 .57
11 -.21  .84  .78 .64
7 -.68 1.39 1.40 .44
8 -.92  .79  .65 .66
9 -1.07  .87  .80 .63
5 -1.25  .91  86 .61
4 -1.58 1.04 1.00 .56
6 -1.72  .88  .78 .61
3 -2.05 1.01  .89 .57
1 -2.12  .87  .78 .60
2 -2.52  .90  .61 .59
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each to avoid fatiguing the children. The instructions 
were read by the examiners in each room, especially 
for those children with reading difficulties. For under-
age children (7-8 years) who could not write, especially 
those from some public schools, the instrument admin-
istration occurred individually. After the administration 
and correction of  the subtests by each regional team, 
the results were sent to the central coordination group 
for the project, which elaborated the individual graphs. 
The graphs included the total results for each child, and 
were returned to the regional teams so that feedback 
could be given to parents and teachers to indicate each 
child’s stronger and weaker areas.

Data analysis
The analysis of  the item difficulty analysis was per-

formed for 4 subtests of  the BAICI (vocabulary, logical 
thinking, visual-spatial thinking, and auditory visual 
memory). The speed of  the thinking test does not allow 
this analysis because its objective is to evaluate speed, so 
an individual cannot respond to all the items within the 
allotted time (Boone et al., 2014). Additionally, the cre-
ative thinking test does not allow this analysis because it 
is composed of  open-ended answers.

The infit and outfit measurements used had val-
ues ranging from .5 to 1.5. The item reduction process 
was performed through the following steps: a) infit-outfit 
values within the defined range; b) item-total correla-
tion (biserial point), above .30. The final selection of  
the items was also analyzed according to the change in 
theta, according to the Rasch model, to evaluate whether 
there would be much discrepancy in the skill level (e.g., 
>5.00). Accuracy was evaluated using the Rasch and 
Cronbach’s alpha models. The WINSTEP program 
(Linacre, 2020) was used for these analyses.

Results

The analysis of  difficulty, adjustment of  items 
and reliability are presented in Table 1 (vocabulary and 
logical thinking subtests) and Table 2 (visual-spatial 
thinking and memory), which are analyzed according to 
the parameters described above.

As seen in Table 1, in the verbal ability subtest, 
item 1 of  the vocabulary presents misfit problems (out-
fit = 1.71, item-theta correlation=.27). This item presents 
confusion possibly because the misfit may be due to 
the unclear intent of  the item; that is, whether the child 
should name a part of  the elephant with the arrow (in 
this case, the trunk) or whether it should name the 

Table 1. 
Difficulty index, item adjustment and accuracy of  the vocabulary and logical thinking subtests

Subtest Item difficulty Infit Outfit correlation
Item-theta

Vocabulary

21 2.82  .86  .58 . 43
7 2.38 1.04 1.20  .35
12 2.24 1.10 1.22  .33
15 2.14 1.04  .95  .39
18 1.73  .86  .69  .52
11 1.46  .96  .86  .48
14  .95  .88  .81 . 55
06  .28  .91 .96  .54
19 -.03 1.02 1.00  .51
13 -.08 1.07 1.11  .48
22 -.19 1.01 1.01  .52
1 -.26 1.46 1.71  .27

10 -.61  .99 0.93  .53
20 -.72  .94 1.01  .55
9 -.88  .91 0.83  .57
5 -1.10  .87 0.76  .59
8 -1.27  .93 0.78  .56
4 -1.44  .90 0.85  .56
17 -1.62  .99 1.10  .51
2 -1.76 1.20 1.45  .44
3 -1.91  .92 0.79  .55
16 -2.15 1.12 1.33  .43

Logical
Reasoning

15 6.34 1.07  .56 .10
16 5.69 1.15  .96 .10
14 1.08 1.20 1.39 .46
13  .63 1.18 1.22 .49.
12  .37  .95  .94 .59
10  .02 1.04  .95 .57
11 -.21  .84  .78 .64
7 -.68 1.39 1.40 .44
8 -.92  .79  .65 .66
9 -1.07  .87  .80 .63
5 -1.25  .91  86 .61
4 -1.58 1.04 1.00 .56
6 -1.72  .88  .78 .61
3 -2.05 1.01  .89 .57
1 -2.12  .87  .78 .60
2 -2.52  .90  .61 .59
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entire figure. For the logical thinking subtest, items 15 
and 16 present very high theta values of  difficulty (5.34 
and 5.69, respectively), probably because they require 
large changes in relation to the previous items, as they 
request 2 or more conditions to find a logical answer 
to the item (which criterion for the drawing outside the 
figure is required to enter in the frame presented, by the 
shape, position, quantity and/or color). The accuracy 
of  the two subtests (verbal and logical thinking ability) 
reached .99 by the Rasch model, while in Cronbach’s 
model, it reached .82 for verbal ability and .94 for logi-
cal thinking, thus indicating that it meets the quality 
parameter in both models.

The analysis of  the difficulty of  the items and 
their accuracy for the tests of  visual-spatial thinking 
and auditory visual memory is presented in Table 2. 
According to the results, the visual-spatial thinking test 

did not present misfits, and the difficulty level of  its 
items was within the defined parameters. In turn, the 
auditory visual memory test presented outfit in items 
7 and 9 (values ≥ 2.30). These items that have shapes 
shaded or filled with vertical lines bring greater difficul-
ties in memorization and indicate that they should be 
modified. It can also be observed that the last 2 items 
of  this subtest (10 and 11) are more difficult (theta= 3.65 
and 3.91) because they have a greater number of  stim-
uli to be remembered, while the initial items (1 and 2) 
are very easy (theta =-4.43 and -4.02), as expected. The 
accuracy of  these subtests by the Rasch model reached 
0.98 for the two subtests and a Cronbach’s alpha of  .55 
for the visual-spatial test and 0.73 for the memory test.

The results indicated the need to adjust items in 
the following subtests: 1 in vocabulary, 2 in logical rea-
soning and 2 in visual-auditory memory. The results 

Table 2. 
Difficulty index. item adjustment and accuracy of  the vocabulary and logical thinking subtests

Subtest Item difficulty Infit Outfit correlation
Item-theta

Visual
Spatial

Thinking

8 2.12  .85  .82  .32
12 1.66  .87  .88  .36
9 1.31 1.02 1.15  .32
10  .56  .90  .83  .47
11  .46 1.06 1.12  .39
7  .20 1.09  .99  .41
5 - .36 1.00  .97  .50
4 - .43  .95  .91  .53
6 - .57 1.08 1.18  .46
1 -1.20 1.19 1.21  .46
3 -1.59  .89  .87  .63
2 -2.17  .94  .85  .63

Auditory
Visual

Memory

9  .40 1.08 2.31  .55
7 3.32  .89 2.30  .39
6  .17  .92 1.26  .61
11 3.91 1.14 1.07  .32
5 -.69  .92 1.09  .65
1 -4.43 1.08  .92  .59
2 -4.02  .93 1.05  .62
4 -1.78  .97  .91  .66
10 3.65  .96  .96  .36
8 1.97  .87  .50  .53
3 -2.50  .86  .82 .68
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also indicated that the elephant item needed to be rede-
signed due to confusing vocabulary. The results for 
logical reasoning demonstrated that 2 items should be 
repositioned due to the high level of  difficulty, and the 
results for visual memory indicated the need to rede-
sign 2 items. Only the results for visual-spatial test did 
not indicate any need for adjustments because the items 
were well understood. The accuracy of  each of  the sub-
tests, calculated by the Rasch model, was shown to be 
quite high (≥ .98), thus indicating that it was adequate 
for these measurements. The accuracy estimated by 
Cronbach’s alpha index reached 0.9. indicating that the 
BAICI has excellent accuracy.

Study 2

Participants
The sample consisted of  377 children (49% F), 

with ages ranging from 7 to 12 years (M= 9.80; SD= 
1.41), and all students from public schools in 6 cities 
located in 4 Brazilian states (Maranhão, Paraná, Distrito 
Federal, Mato Grosso do Sul, Rio Grande do Norte, 
São Paulo). In addition to attending regular school, 164 
of  these children (31% F) attended special programs 
for children with high skills/giftedness in the cities of  
Brasília (96), São Luís do Maranhão (38) and Londrina 
(30). These children were indicated as being gifted or 
having high skills by their teachers.

Instruments

1)	 Battery of  Intellectual and Creative Skills (BAICI). 
This battery, previously described in study 1, 
was used with a reduced format, which involved 
removing the items that caused misfit in vocabu-
lary, logical thinking, and memory.

2)	 The Scale for Assessment of  Behavioral Characteristics 
of  Students with Higher Skills - SCRBSS, was origi-
nally published by Renzulli et al. (1976). This scale 
is intended to help the teacher in the classroom 
evaluate the behavioral characteristics of  his or 
her students in 10 areas: creativity, leadership, 
motivation, learning, performing and visual arts, 
music, planning and communication (expression 
and accuracy). This scale is the instrument most 
used by the High Skills/Gifted Centers (NAAHS) 
and in the resource rooms by teachers to identify 
children with high skills/giftedness for placement 
into specialized educational care. This scale was 

translated into Portuguese, and there are no data 
thus far on its validity.

Procedure
Researchers from different regions were contacted 

to verify whether they could participate in the project. 
In three cities (Brasília, São Luiz do Maranhão, Lond-
rina) in which NAAHS or resource rooms existed, the 
researchers requested permission from the coordina-
tors of  these programs and from the parents of  the 
children for BAICI group administration to those stu-
dents attending the program. In other cities, the BAICI 
was administered only in regular public schools due to 
the lack of  these special programs, and permission was 
requested from the school principals and parents of  
students in the selected age group (seven - 12 years).

The criterion used for the entry of  children into 
the special programs for high skills/giftedness through 
the NAAHS and resource rooms was the SCRBSS scale 
(Renzulli et al., 1976). The researchers did not have 
access to specific data on the performance of  each 
child on this scale, so they used only the fact that the 
children were attending these programs as a criterion.

Performance on the different BAICI tests was 
evaluated to verify whether this battery exhibited evi-
dence of  validity for external variables, thus making it 
possible to significantly distinguish (p≤0.05) children 
who participated in special programs for high skills/
gifted children, based on a nomination from their teach-
ers, from children in regular schools and those without 
a teacher’s nomination. Therefore, it was hypothesized 
that there were differences between the groups but 
not between genders. The variables analyzed were 
group type, gender and age (covariate) using multivari-
ate covariance (MANCOVA) and univariate variance 
(ANOVA) analyses. Pearson’s correlation was also per-
formed between the total score on the intelligence tests 
and total score for creativity to verify whether these 
constructs would have weak significant relationships 
(p≤0.05) with each other.

Results

The analysis of  the means for the group of  chil-
dren participating in programs for high skills/giftedness 
compared to the means for the group of  children from 
regular schools is presented in Table 3.

As seen in Table 3, children with high skills/gift-
edness obtained higher averages in the tests of  logical 
thinking, vocabulary, auditory visual memory, speed of  
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thinking and creativity. Only in the visual-spatial think-
ing test did the regular group obtain a higher mean than 
the group with high abilities. For gender, according to 
Table 4, it was observed that for vocabulary, males had 
higher means than females, while in visual-spatial think-
ing, females obtained better results. To analyze whether 
these differences between the means were significant, 
MANCOVA and ANOVA tests were performed, con-
trolling for gender and group differences and using age 
as a covariate, as shown in Table 5.

According to Table 5, the results of  the BAICI 
were able to significantly differentiate the group with 
high abilities from the regular group on all subtests 
except for memory. The tests that had the greatest 
effect (η²= square eta) distinguishing the groups were 
vocabulary (F= 42, 81; p≤ .01, η² =.21) and speed of  
thinking (F= 47.43, p≤ .01, η² = .23). The logical think-
ing (F=7.17, p≤ .01) and creativity (F=4.75, p≤0.05) 
tests also distinguished the group of  high abilities from 
the regular group, but with less effect (η² =  .02-.04). 

Table 3. 
Marginal means in the BAICI for the high skill/gifted and regular groups

BAICI Group type M SD Lower limit Upper limit

Logical thinking
Regular 9.085 .521 8.057 10.113
High skills 11.061 .295 10.479 11.643

Visual-spatial
Regular 2.297 .218 1.866 2.728
High skills 1.475 .124 1.231 1.719

Vocabulary
Regular 8.134 .691 6.769 9.499
High skills 13.767 .392 12.994 14.540

Memory
Regular 2.883 .367 2.159 3.608
High skills 3.435  .208 3.025 3.846

Speed
Regular 18.18 1.771 14.688 21.678
High skills 33.545 1.003 31.566 35.525

Creativity
Regular 30.681 3.561 23.652 37.710
High skills 46.429 2.016 42.449 50.410

Table 4. 
Marginal means by gender for the BAICI subtests

BAICI Gender M DP Lower limit Upper limit

Logical thinking
female 9.494 .447 8.613 10.376
male 10.652 .390 9.882 11.421

Visual-Spatial
female 2.051 .187 1.681 2.421
male 1.721 .163 1.398 2.043

Vocabulary
female 9.890 .593 8.720 11.061
male 12.011 .517 10.989 13.032

Memory
female 2.902 .315 2.281 3.523
male 3.416 .275 2.874 3.959

Speed
female 26.071 1.518 23.075 29.067
male 25.657 1.325 23.042 28.273

Creativity
female 41.414 3.053 35.388 47.440
male 35.696 2.664 30.437 40.955
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The visual-spatial thinking test made a significant dis-
tinction but in reverse, that is, the group of  children 
from regular schools obtained a better result than the 
group with high skills.

For the other variables studied, gender showed 
significant results (F= 4.24, p≤ .05, η² = 0.02) on the 
vocabulary test, with superiority for males. There was 
an interaction of  gender and type of  group for the vari-
able visual-spatial thinking (F=4.676, p≤ .05, η² = .02), 
with superiority for the female gender of  the regular 
group. The covariate age influenced the result of  the 
memory test (F=4.618, p≤.05, η² =.02), with students 
of  the highest ages having the best results. Pearson’s 
correlation between the total score obtained in the cog-
nitive skills tests and creativity tests was low (r= .358) 
and was also not significant at the p≤.05 level.

Discussion

The need for intelligence assessment has been 
greatly emphasized in psychology, as seen by the 
number of  psychological tests developed interna-
tionally to measure it (Benson et al., 2019; Flanagan 
& McDonough, 2018). It is the same in our country, 
where intelligence tests are predominant in the list of  
instruments approved by SATEPSI (2020). However, 
the evaluation of  creativity has not been included in the 
test batteries to allow a more complete and integrated 
cognitive assessment, either abroad or within Brazil 
(Kaufman, 2015; Pfeiffer, 2018), thus greatly limiting 
the ability to evaluate an individual’s potential.

There are debates about the relationship between 
intelligence and creativity to this day, questioning 

Table 5. 
Multivariate analysis of  covariance of  the BAICI by gender and group type. covariable age

Origin Dependent Variable Type III Sum of  Squares Gl Mean Square F h2

Age

Logical thinking 12.067 1 12.067 1.199 .008
 Visual-Spatial  .070 1  .070  .038 .000
Vocabulary 10.866 1 10.866  .623 .004
Memory 960.202 1 960.202 4.618* .028
Speed 82.940 1 82.940 .732 .005
Creativity 1504.878 1 1504.878 3.211 .020

Sex

Logical thinking 14.682 1 14.682 1.458 .009
Visual-Spatial 3.352 1 3.352 1.816 .011
Vocabulary 74.013 1 74.013 4.244* .026
Memory  .823 1  .823  .004 .000
Speed 32.640 1 32.640  .288 .002
Creativity 136.032 1 136.032  .290 .002

Group type

Logical thinking 72.269 1 72.269 7.179** .043
Visual-Spatial 27.023 1 27.023 14.642** .085
Vocabulary 746.696 1 746.696 42.813** .213
Memory 15.700 1 15.700  .076 .000
Speed 5377.237 1 5377.237 47.430** .231
Creativity 2226.783 1 2226.783 4.752* .029

Gender * 
Type group

Logical thinking 9.705 1 9.705  .964 .006
 Visual-Spatial 8.630 1 8.630 4.676* .029
Vocabulary  .070 1  .070  .004 .000
Memory 22.431 1 22.431  .108 .001
Speed 274.618 1 274.618 2.422 .015
Creativity 16.575 1 16.575  .035 .000

*p≤.05; ** p≤.01
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whether these constructs are independent or overlap 
(Kim et al., 2010; Plucker et al., 2015). According to 
CHC (Cattell-Horn-Carroll) theory, which proposes 
a hierarchical model of  intelligence (McGrew, 2009), 
creativity is associated with long-term memory (Glr); 
however, this association is questioned by other 
scholars because it may limit the understanding of  
creativity (Jauk, 2013; Nusbaum & Silva, 2011, Silva, 
2008). Therefore, understanding intelligence is impor-
tant, but it is not enough to explain the different forms 
of  expression of  human potential, indicating the need 
for instruments that can evaluate, in an integrated way, 
intellectual and creative skills.

The need to verify the psychometric quality of  
instruments to be used by Brazilian psychologists is 
regulated by the Federal Council of  Psychology (2018). 
However, the results of  previous Brazilian studies con-
ducted with the Woodcock-Johnson III (WJ-III) battery, 
which adopts the CHC model to evaluate intelligence, 
indicated the need to create a new battery (Wechsler 
et al, 2007; Wechsler et al., 2010a), and two batteries 
were then developed: the BAIAD (adult form) and the 
BAICI (child form). In this second instrument, creativ-
ity tests were added that did not exist in the WJ-III, and 
administration of  the instrument was modified from 
an individual format to a collective format to allow the 
identification of  cognitive potential on a broader scale. 
Therefore, the objective of  the research was to inves-
tigate whether the Battery of  Intellectual and Creative 
Evaluation (BAICI) had the psychometric qualities of  
validity and reliability that would allow it to be used 
to evaluate, in an integrated way, intelligence with cre-
ativity in order to improve child psychodiagnosis and 
provide a more complete cognitive assessment.

In the first study with the BAICI, we observed 
the need to review some items of  vocabulary, logi-
cal thinking and memory tests, thus resulting in some 
changes to the instrument’s presentation. The study 
found that the drawings in the vocabulary and memory 
tests should be reviewed to enable better understanding 
and that 2 items on the logical thinking tests should be 
repositioned to the final part of  the test because they 
presented greater difficulty. Therefore, considering that 
the difficulty of  the items impacted the results, a review 
was performed and a second study was conducted. The 
accuracy of  the BAICI subtests, in turn, was considered 
adequate because high reliability indexes were obtained 
from the two methods used (Rasch and Cronbach).

Interestingly, the visual-spatial thinking test was 
not adequate because it indicated superior results for 
the group of  children from regular schools. It should 

be emphasized that the children with high abilities 
tended to observe more details in each figure, thus 
demonstrating a tendency toward perfectionism. 
This may have impaired their scores on the test, and 
this characteristic has been previously pointed out by 
other authors (Almeida &Reppold, 2019). Therefore, 
this test should be reviewed in the next version of  the 
BAICI. Additionally, the differences obtained for gen-
der on vocabulary test confirm what had already been 
observed in the study by Wechsler et al. (2014), which 
demonstrated that boys had higher vocabulary results 
on the WJ-III test, indicating the future need for norms 
separated by gender on the verbal ability test.

There is consensus that intelligence is related 
to creativity, but how much these constructs overlap 
remains a question (Kaufman & Plucker, 2011; Kim 
et al., 2010). Some authors (Kim, 2005) perceive these 
constructs as independent, while others (Silvia, 2015) 
maintain that creativity and intelligence are closely 
related. In this study, although there was also a relation-
ship between intelligence and creativity, this association 
was not significant. Thus, the importance of  evaluat-
ing both constructs to obtain a better understanding of  
human potential has been demonstrated (Barbot et al., 
2019; Karwowski et al., 2016; Runco, 2014). Therefore, 
a battery of  tests, such as the BAICI, that can provide 
an evaluation of  these two important dimensions in an 
integrated way can contribute to child psychodiagnosis.

The limitations of  this study should be consid-
ered, such as the small sample size in some regions and 
the fact that the research was conducted with certain 
age groups. The scarcity of  special programs for chil-
dren with high skills/giftedness also limited the scope 
of  the study for comparison with other Brazilian cities. 
Future studies with the BAICI may expand to include 
samples from different regions and propose compara-
tive standards by age. In turn, the results indicated that 
the BAICI can contribute to the broader cognitive 
assessment process, integrating intelligence with cre-
ativity, to provide a more complete diagnosis of  child 
cognitive potential.
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