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Abstract

Clinical neuropsychology has frequently considered visuospatial and non-verbal tests to be culturally and educationally fair or at

least fairer than verbal tests. This paper reviews the cross-cultural differences in performance on visuoperceptual and visuocon-

structional ability tasks and analyzes the impact of education and culture on non-verbal neuropsychological measurements. This

paper compares: (1) non-verbal test performance among groups with different educational levels, and the same cultural background

(inter-education intra-culture comparison); (2) the test performance among groups with the same educational level and different

cultural backgrounds (intra-education inter-culture comparisons). Several studies have demonstrated a strong association between

educational level and performance on common non-verbal neuropsychological tests. When neuropsychological test performance in

different cultural groups is compared, significant differences are evident. Performance on non-verbal tests such as copying figures,

drawing maps or listening to tones can be significantly influence by the individual�s culture. Arguments against the use of some

current neuropsychological non-verbal instruments, procedures, and norms in the assessment of diverse educational and cultural

groups are discussed and possible solutions to this problem are presented.

� 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

For almost a century of intelligence testing, efforts

have been made to develop ‘‘culture free’’ tests (Jensen,

1980). Different attempts are found in the history of
psychological testing to construct measures that would

be ‘‘culture-free’’ (Anastasi, 1988; Cattell, 1940). For

some time, it was supposed that the effect of culture

could be controlled if verbal items were eliminated, and

only non-verbal, performance items were used. How-

ever, this assumption turned out to be wrong. Re-

searchers using a wide variety of cultural groups in

many countries have sometimes observed even larger
group differences in performance and other non-verbal

tests than in verbal tests (Anastasi, 1988; Irvine & Berry,

1988; Vernon, 1969). Therefore, not only verbal, but

also non-verbal tests may be culturally biased. The use
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of pictorial representations itself may be unsuitable in

cultures unaccustomed to representative drawings, and

marked differences in the perception of pictures by in-

dividuals of different cultures have been reported

(Miller, 1973). Furthermore, non-verbal tests often re-
quire specific strategies and cognitive styles character-

istic of middle-class Western cultures (Cohen, 1969).

Regardless of the contrary evidence, the idea that

non-verbal cognitive tests can be culturally free has

significantly remained. Currently, there is a diversity of

intellectual tests that are presented as ‘‘culture-free,’’ or

‘‘culture-fair’’ just because they include mostly non-

verbal items (e.g., Alexander, 1987; Crampton & Je-
rabek, 2000). This point of view contradicts available

anthropology and cross-cultural psychology evidence

(e.g., Berry, Poortinga, & Segall, 1992; Harris, 1983;

Irvine & Berry, 1988). Cole (1999), for example, has

argued that the notion of culture-free intelligence is a

contradiction in terms. He points out that cross-cultural

test construction makes it clear that tests of ability are
erved.
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inevitably cultural devices, and hence a culture-free test
is an illusion.

In clinical neuropsychology, it has often been con-

sidered that the use of non-verbal items ameliorates the

impact of culture on testing. A significant portion of the

assessments used in intercultural settings typically em-

phasizes non-verbal skills such as visual-spatial abilities

(Boivin, Giordani, & Bornefeld, 1995). Furthermore, the

performance of some non-verbal tasks such as drawing a
map and copying figures are frequently considered in

neuropsychological assessment to be universal skills of

most normal adults (Lezak, 1995). In contrast, it has

also been argued that drawing a map or copying figures

represent abilities that are absent in many cultures

(Ardila & Moreno, 2001; Berry et al., 1992; Irvine &

Berry, 1988), and are highly school-dependent skills

(Ardila, Rosselli, & Rosas, 1989).
Culture is understood as the way of living of a human

group and includes behaviors, ways of thinking, feeling,

knowledge, values, attitudes, and belief (Harris, 1983).

Cultural elements (the physical elements characteristic

of that human group such as symbolic elements, clothes,

ornaments, houses, instruments, weapons, etc.) are also

included in the definition of culture. Education can be

regarded as an element of culture (Ardila, Ostrosky, &
Mendoza, 2000) and includes literacy and schooling.

Literacy refers to the acquisition of reading and

schooling to the process of learning at school. Culture

and formal education (as a cultural element) have sig-

nificant effects on cognition (Berry, 1979; Cole, 1997).

Greenfield stated ‘‘the major factor that makes a culture

more or less different from the culture conventions

surrounding ability testing is the degree of formal edu-
cation possessed by the participants’’ (Greenfield, 1997,

p. 1119). Culture prescribes what is learned and at what

age (Ferguson, 1954; Irvine & Berry, 1988). Formal

education is a most significant element in culture, even

though formal education can be interpreted a kind of

transnational culture. The fundamental aims of school

are equivalent for all schools and school reinforces

certain specific values regardless of where they are lo-
cated. Hence, school could be seen as a culture unto

itself, the culture of school. School not only teaches, but

also helps in developing certain attitudes that will be

useful for future new learnings (Ardila et al., 2000).

The question that this article raises is whether the use

of non-verbal neuropsychology tests commonly used

with American children and adults are appropriate for

populations from diverse cultures and different educa-
tional levels. To approach this question, this paper an-

alyzes the findings from different published studies of the

influence of culture and schooling on non-verbal neu-

ropsychological measurements. This paper will compare

the following. (1) The performance in non-verbal test

among groups with different educational levels and same

cultural background (inter-education intra-culture
comparison). Studies in different cultures will be pre-
sented. (2) The performance among groups with the

same educational level and different cultural back-

grounds (intra-education inter-culture comparisons).
2. Different educational level, same cultural background

Education has an important influence on cognitive
test performance. Groups with higher levels of educa-

tion perform better on most neuropsychological tests

(Ardila et al., 1989; Ostrosky, Ardila, & Rosselli, 1999;

Rosselli, Ardila, & Rosas, 1990). This effect has been

well documented in intelligence tests (Matarazzo, 1972)

and in verbal neuropsychological tests (Acevedo et al.,

2000; Reis & Castro-Caldas, 1997; Rosselli et al., 1990).

The effect of education, however, has been less studied in
non-verbal tests. This section analyzes the effects of

schooling on non-verbal neuropsychological test per-

formance in participants with diverse cultural back-

grounds. Three examples will be used.

The effect of formal education on constructional

ability test scores has been reported in healthy partici-

pants from different cultural groups. Unverzagt et al.

(1996) describe significantly better copying of geomet-
rical designs (using the designs from the Consortium to

Establish a Registry for Alzheimer�s Disease�s Neuro-

psychological Battery: CERAD-NB; Morris et al., 1989)

in African American elderly subjects with an average of

14.4 years of schooling when compared to an African

American group with similar age but with an average of

7.1 years of schooling. Education was found to account

for a significant percentage of the variance in test scores.
The influence of schooling and literacy on the Rey-

Osterrieth Complex Figure (ROCF) scores has been

described in twoWestern culture samples fromColombia

(South American) with ages from 21 to 75 years (Ardila

& Rosselli, 2003; Ardila et al., 1989; Rosselli & Ardila,

1991). The ROCF scores found in these studies are rep-

resented in Fig. 1. Scores increase with the educational

level of the subjects. The authors found a gender effect
that interacted with level of education. Males and

females differed in their ROCF scores only in the lower

educated groups. The difference between males and

females is not significant in the highly educated groups.

An effect of education on non-verbal tests has also been

reported in children. Klenberg, Korkman, and Lahti-

Nuuttila (2001) using 440 Finnish children (age 3–12

years) found that parental education level had an effect on
the development sequence of attention (i.e., visual search)

and non-verbal executive function (i.e., design fluency)

test scores. Education level was rated using three cate-

gories: lower level (4–9 years of primary school, secondary

education or vocational school), medium level (senior

high school or college), and higher level (university

education). A main effect of education and significant



Fig. 1. Performance in the Rey-Osterrieth Complex Figure in normal subjects with different levels of education (age¼ 21–75 years; N ¼ 824) (Ardila

& Rosselli, 2003; Ardila et al., 1989).
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interactions between age and parents� education were
found in the Design Fluency subtest but were not con-

sistent in the Visual Search subtest. Medium and higher

levels of education was related to higher performance in

Design Fluency, and this effect was stronger in the older

groups. The authors suggested that the development of

non-verbal executive functions in children is more

strongly connected to environmental variables and

learning than is the early development of non-verbal
attention.

It can be concluded when comparing individuals with

different educational levels within the same cultural group

(AfricanAmericans, Colombian, Finns) that a significant

effect of educational level on non-verbal neuropsycho-

logical tests, is found in both adults as in children.
3. Same educational level, different cultural background

Culture can affect the development of non-verbal

skills (for a review see Ardila & Keating, in press).

Ecological demands and cultural practices are signifi-

cantly related to the development of perceptual and

cognitive skills (Cole & Means, 1986). Cross-cultural

differences in perceptual and constructional abilities
have been extensively studied in anthropology and

cross-cultural psychology (e.g., Berry, 1971, 1979; Bris-

lin, 1983; Gay & Cole, 1967; Hudson, 1960, 1962;

Laboratory of Comparative Human Cognition, 1983;

Segall, 1986). For instance, Hudson (1960, 1962) studied

depth perception using pictures that contained figures of

an elephant, an antelope, and a man with a spear; the

basic question referred to what the man was doing with
the spear. There were four pictures differing with respect

to the cues available for the interpretation of the picture.

This set of pictures was used with different groups of

people from Africa and Europe. It was observed that

European children around 7–8 years have a great diffi-
culty perceiving the picture as three-dimensional.
However, around 12 years, virtually all perceived the

picture as three-dimensional. Not so with Bantu or

Guinean children. Non-literate Bantu and European

laborers responded to the picture as flat, not three-di-

mensional. They were unable to interpret figures repre-

sented-on-a-paper-in-three-dimensions; this also holds

true in general for illiterate people (Ardila et al., 1989).

In general, people untrained to use maps cannot un-
derstand and cannot draw a map, even a simple map

such as the map of the place where the subject is situ-

ated. Dawson (1967) suggests that general exposure to

pictorial material might not be enough for learning

pictorial representation and some use of pictorial ma-

terial is also required.

People in non-western cultures who are not exposed to

these non-verbal tests would be expected to perform dif-
ferently from people in western cultures. Salmon, Jin,

Zhang, Grant, and Yu (1995) found that Chinese elderly,

both educated and uneducated, were unable or unwilling

to perform written and drawing tasks. When Chinese

participants have been compared to Finnish participants

they performpoorer in the copying of designs but better in

recalling words (Salmon et al., 1989). While writing and

drawing with pen or pencil may be highly over-trained in
the West, Chinese education may have placed less em-

phasis upon the acquisition of this skill.

Other researchers have also demonstrated the inap-

propriateness of using drawing tests in assessing mem-

bers of non-western societies. Ardila and Moreno (2001)

administered a neuropsychological battery to the Aru-

aco Amerindians of Colombia (South America). The

battery included verbal and non-verbal tests. Among the
non-verbal tests were the ROCF, the overlapped figures

tests (specially designed for this study, and including

objects taken the Aruacos� environment), and drawing a

map test (the map of the room where testing was done).

The authors divided the sample into two groups: the
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older sample (age 15–30) and the younger sample (age
8–14). Both groups performed very poorly in copying

figure tests and drawing a map. Because map drawing is

a virtually non-existing task in Aruaco culture, it is

likely that subjects did not understand what they were

supposed to do. It is noteworthy, that subjects� perfor-
mance was at ceiling on other non-verbal test—recog-

nition of overlapped figures.

The Aruaco groups had a low level of education. In
consequence, it may be difficult to distinguish the effect

of culture from the effect of education on their test

scores. In order to clarify the independent effect of the

Amerindian culture on the ROCF test performance, the

scores found in the Aruaco sample were compared to

the scores of available data of two Colombian samples

from Bogot�aa (western culture) (Ardila et al., 1989; Ar-

dila & Rosselli, 1994, 2003) and one sample from Can-
ada (Kolb & Whitshaw, 1990) with a similar education

level (see Table 1). The Aruaco samples presented larger

standard deviations than the Western samples in the

copying conditions but not in the memory condition.

The copying of the figure was very difficult for the

Aruaco adult sample and easier for the younger Aruaco

sample. The mean of the younger Aruaco sample was

within one standard deviation of the mean of the wes-
tern-Colombian samples, and within one standard de-

viation of the mean of the Canadian sample. This score

difference between the older and the younger samples

might be explained by the fact that all the participants in

the younger sample had some formal education and thus

perhaps more contact with Western culture. When ed-

ucation level was controlled, there was a difference in

performance between participants from Aruaco and
Western cultures. Drawing is not a culturally reinforced

ability among Aruaco Indians.

Cultural differences independent of education effects

emerge clearly when the ROCF memory scores from

Table 1 are reviewed. Both the younger and the older

Aruaco samples had similarly low levels of performance

showing difficulties in remembering the details of the

complex figure while the Canadian and western-Co-
lombian samples had similarly high scores. The Arua-
Table 1

Performance of different cultural groups in the ROCF test

Adults C

Colombian

Aruacos (1)

Colombian

Western (2)

C

A

N 11 20 9

Age 21.8� 4.9 21–30 1

Education 3.2� 2.4 0–5 3

Gender 8M/3F 9M/11F 4

ROCF copy 13.7� 7.4 28.4� 3.8 2

ROCF memory 6.6� 6.38 17.8� 5.0 6

1 and 3—Ardila and Moreno (2001).

2 and 4—Ardila and Rosselli (1994).

5— Kolb and Whitshaw (1990).
cos� scores were more than two standard deviations
below those scores found in the western samples. This

suggests that although children of the non-western so-

cieties are trained to copy nonsense figures, it seems that

the culture of the Aruaco does not reinforce the training

for the recall of nonsense drawings and that therefore

this is not a fair test to evaluate non-verbal memory. It is

important to mention that the Aruaco groups per-

formed very well in other non-verbal tests (e.g., recog-
nizing superimposed figures) providing further evidence

that the impact of culture may some times be even

stronger in non-verbal than in verbal tests.

Significant differences in non-verbal test performance

between western and non-western school children have

been recently reported by Mulenga, Ahonen, and Aro

(2001). They administered the NEPSY (Korkman, Kirk,

& Kempt, 1998) to a small sample of Zambian children
and compared their performance with the US norms.

They found that Zambian children performed poorer in

the domain of language, attention, and executive func-

tions but better in visuospatial tests (design copying).

Mulenga et al. make the interesting observation that,

although there were clear instructions to perform the

task as fast as possible, most children tended to work

slowly. Other authors have confirmed this finding that
members of many cultures are frequently slower in speed

of performance when compared with US children. ‘‘Fast

performance’’ is obviously an important culture value in

the US, but it is absent in many other cultural groups.

Zairian children for example, are slower in the Tactual

Performance Test than the American and Canadian

children (Boivin et al., 1995). Spanish children are

slower in the Trail Making Test as compared with US
children (Le�oon-Carri�oon, 1989). The fairness of timed

tests in the assessment of cognitive abilities is challenged

by these results. Or rather, there is a need for culture-

specific norms in timed tests. Both speed and accuracy at

performance are values in the US culture, which also

emphasizes competitiveness and success.

Boivin et al. (1995) investigated the utility of the

Tactual Performance Test for Zairian children from 5 to
12 years of age. The authors found that the Zairian
hildren

olombian

ruacos (3)

Colombian

Western (4)

Canadian

Western (5)

20 329

0.7� 2.1 9–10 9

.0� 1.9 3.5

M/5F 10M/10F

0.8� 7.5 24.6� 4.7 24.4� 6.9

.3� 6.4 17.0� 6.3 18.7� 6.6
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children as a whole did not display an improvement
between the preferred and non-preferred hand trials, as

is characteristic for the US and Canadian children. For

all ages, but particularly for the younger samples, it was

very difficult for subjects to complete the task with the

non-preferred hand. The authors interpret these results

as more a consequence of a developmental lag than an

enduring neuropsychological deficit. In this study, half

of the Zairian children were considered at risk nutri-
tionally and developmentally on the basis of anthropo-

metric measures while the children from the US and

Canadian sample were well nourished. Thus, the differ-

ences found in this sample are not necessarily all due to

cultural differences but also other variables—such as

public health problems, may be involved. In addition, as

the authors noticed, the difference between the African

children and the North American children could be due
to differences in experience with the test items. While in

the North American culture children have played with

standard geometrical shapes at a very early age, many of

the Zairian children could not name most of the shapes

of the blocks. The authors suggested that although there

is cultural limitations to the use of the TPT for Zairian

children with the current North American norms, the

test might have a potential neuropsychology application
if African children are compared with their own refer-

ence group. Obviously, each individual has to be com-

pared with his/her own group, sharing the same cultural

values, experiences, and environmental conditions.

Perez-Arce and Puente (1996) caution that educa-

tional experience and educational level are frequently

confounded with cultural factors. In the US, many of

the Hispanic immigrants or the African American
groups have low levels of education, and any differences

with mainstream American individuals may be due to

lack of schooling, rather to the effect of culture. Ardila

(1995) has proposed a similar point of view. He points

out that differences in test performance between ‘‘An-

glos’’ and ‘‘Hispanics’’ (or other cultural or subcultural
Table 2

Performance of Colombian (Rosselli et al., 2001) and US children (Benton-S

Test 6–7 years

Mean�SD

Seashore Rhythm test

Rosselli et al. (2001) (n ¼ 290) 21.65� 4.57

Nussbaum and Bigler (1997) NA

Finger tapping: Preferred hand

Rosselli et al. (2001) (n ¼ 290) 32.25� 4.96

Nussbaum and Bigler (1997) 31.77� 3.95

Finger tapping: Non-preferred hand

Rosselli et al. (2001) (n ¼ 290) 28.16� 3.81

Nussbaum and Bigler (1997) 28.61� 3.45

Benton visual retention (copy): Correct

Rosselli et al. (2001) (n ¼ 290) 7.85� 2.18

Benton-Sivan (1992) 6.19� 2.28
groups) in the US, are easily attributed to cultural
variables. But most often, differences are simply the re-

sult of differences in educational levels.

Differences in non-verbal test scores in children from

two types of western societies have also been reported by

Rosselli, Ardila, Bateman, and Guzm�aan (2001). They

compared the performance of Colombian children

(western, low industrialized society) with the American

normative sample (western, industrialized society) on
several verbal and non-verbal measurements. In most of

the tests, the performance of the two cultural groups was

similar. However, in the Seashore Rhythm test, the

Colombian group performed significantly better, two

standard deviations above the mean for American nor-

mative data reported by Findelieis and Weight and cited

by Nussbaum and Bigler (1997) (see Table 2). It may be

conjectured that musical learning represents a significant
cultural value for Colombian children. Cultural differ-

ences in the Seashore Rhythm test have also been re-

ported among the subcultures in the United States.

African American males showed significant higher

scores in the Seashore Rhythm test as compared to

European Americans and Hispanics (Bernard, 1989;

Evans, Miller, Byrd, & Heaton, 2000). The Seashore

Rhythm test was originally developed to assess musical
ability (Mitrushina, Boone, & D�Elia, 1999) but the

perceptual skills this test requires may be shaped by

cultural influences. Arnold, Montgomery, Castaneda,

and Longoria (1994) documented a significant effect of

acculturation on the Seashore Rhythm test in a group of

Mexican Americans with better performance in those

that were better acculturated. Cultural effects on the

Seashore Rhythm test, likely associated with familiarity
and relevance of tone discrimination task, have been

reported (Klove, 1974).

Other studies have claimed similarities in the perfor-

mance of constructional tasks inwestern andnon-western

samples. Osuji (1882) analyzed the ability of Nigerian

children to construct geometric patterns and compared
ivan, 1992; Nussbaum & Bigler, 1997) in some non-verbal tests

8–9 years 10–11 years

Mean�SD Mean�SD

23.21� 4.05 24.72� 3.47

14.23� 5.50 18.97� 6.30

35.52� 5.35 41.08� 5.08

35.20� 4.35 39.12� 5.10

30.76� 4.65 35.48� 4.99

31.17� 3.55 34.55� 4.80

8.73� 1.52 8.97� 0.98

7.22� 1.96 8.28� 1.32
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their performance with that of Canadian children. The
performance of both groups was very similar, although

the Nigerian children tended to achieve the ability at a

slightly younger age.

Frequently cultures that are dissimilar in cognitive

scores from European Americans are considered ‘‘cul-

turally deprived.’’ Few studies have attempted to un-

derstand these differences as the result of differences in

cultures, and not just as the ‘‘lack’’ of the ‘‘modal wes-
tern abilities.’’ It is understandable that the members of

the test developer�s cultural group usually obtain the

highest scores, simply because the test developer will

select what he/she considers most relevant. For the

dwellers of the Amazonian jungle the most culturally

relevant ability may be to get oriented in the jungle, a

complex ability very unlikely to be included in a neu-

ropsychological test battery, unless the test battery were
developed by an Amazonian jungle dweller.

Ardila et al. (2000) has pointed out that a significant

misunderstanding may exist with regard to the educa-

tion effects. Educated people do not necessarily possess

abilities that less educated individuals are lacking. It

does not mean that highly educated people have the

same abilities that less educated individuals have, plus

something else. Formal cognitive testing evaluates those
abilities that the educated child was trained in, and is

not surprising that he or she will outperform the child

with no formal education. It must be emphasized that

educational level has a substantial relationship with

performance on some cognitive tests but is not system-

atically related to everyday problem solving (functional

criterion of intelligence) (Cornelious & Caspi, 1987). It is

not totally accurate to assume that people with low
levels of education are somehow ‘‘deprived.’’ It may be

more accurate to assume that they have developed dif-

ferent types of learnings. If tests were based on the

knowledge and skills better developed by those with low

levels of formal education, then highly educated people

would be at a disadvantage.
4. Conclusions

Great caution is needed in using non-verbal neuro-

psychological tests with individuals from cultures dif-

ferent from the one that provided the normative sample.

The interpretation of the performance of individuals

from other cultures using US norms might result in

significant errors in assessment, particularly if the ex-
aminer�s intention is to evaluate the integrative of the

brain–behavior relationship (Boivin et al., 1995).

Drawing a map and copying figures as measured by

neuropsychological tests are not universal skills. They

can be meaningless to members of some cultures. In

addition, timed non-verbal tests that score speed of

performance are influenced by the individual�s culture
and are unfair to use with people to whom time re-
strictions are not so important values within the culture.

It is clear that not only verbal, but also non-verbal tests

may be culturally biased. Reynolds (2000) suggests that

the bias in neuropsychological tests should be corrected

by using appropriate statistical methods. If no correc-

tions are done to the current tests, then new tests should

be developed for specific cultural groups because group

differences in performance are artifacts of the tests and
do not truly represent group differences in skill, ability

or knowledge.

Non-verbal tests currently used in US neuropsy-

chology are not necessarily more appropriate for cross-

cultural testing than verbal tests. Ardila and Moreno

(2001) found that the Aruaco Indians� performance was

particularly low in the ROCF and Draw-a-Map test,

whereas their verbal fluency test performance was in the
normal range. Conversely, Mulenga et al. (2001) found

that the Zambian children performed better in visuo-

spatial tests (design copying) than US children. Visuo-

constructive and visuospatial test scores may be lower or

higher in diverse cultural groups, but the important

point is that they may be different.

Some non-verbal abilities may be surprisingly high in

other cultural groups. Spatial orientation may be crucial
for Amazonian Indians, and seemingly their ability to

use some topographical marks and shapes is related with

their lifelong experience to move around the jungle.

Non-western people can do better or worse, depending

upon the specific ability that is tested. As mentioned,

performance scores in the Seashore Rhythm test for

Colombian participants are almost twice those of US

children; recognition of overlapped figures was virtually
perfect in Aruaco Indians when using elements from

their environment, etc.

There is a clear need for cross-cultural variability

versus invariance studies that establish the degree of

dependence of non-verbal functions on environmental

influences (Korkman, 2001). In addition it is important

to develop specific methods of assessment of non-verbal

abilities based on the individual�s culture. Nell (2000),
for example, developed methods of neuropsychological

assessment for low educated South African patients.

These methods include familiarization with the test

procedures and intensive coaching.

In a recent article, Eviatar, 2000 argues that culture is

a variable that like age or gender can be crucial in de-

limiting the manner in which higher cognitive processes

are related to brain organization. According to Eviatar,
attention habits developed as a result of reading direc-

tion can affect performance asymmetry for non-lan-

guage tasks. Readers of right to left languages do not

show the ubiquitous left preference in the chimeric faces

task. According to Eviatar, this lack of bias should be

interpreted as due to the effects of scanning habits rather

than due to differential lateralization of visual abilities.
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Other skills prescribed by a culture, together with the
cognitive strategies that vary among human cultures,

interact with inherent patterns of brain organization. It

is very likely then that many of the differences found in

non-verbal cognitive test scores in dissimilar cultural

groups are the result of a complex interaction of brain

organization and culture experience and learning

(Ardila, 2003).
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