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Fluency measures are commonly used in clinical developmental neuropsychology to
assess executive functions. Little is known about the effect of age on performance in
these tests. This article analyzes the effect of age on measures of verbal (semantic and
phonologic) and nonverbal (semantic and nonsemantic) fluency in 171 children (81
boys, 90 girls) between ages 6 and 15. Participants were selected from public and private schools in Guadalajara and Tijuana, Mexico. A significant age effect was found
on all tests but no interaction between age and type of test was found. Significant correlations among the 4 fluency tasks ranged from .36 to .46. Results are consistent
with the findings of normative studies carried out in other countries and support the
cross-language validity of verbal fluency tests.

Requests for reprints should be sent to Mónica Rosselli, Department of Psychology, Florida Atlantic University, 2912 College Avenue, Davie, FL 33314–7714. E-mail: mrossell@fau.edu

Downloaded By: [Florida International University] At: 20:16 3 March 2011

648

MATUTE, ROSSELLI, ARDILA, MORALES

Verbal and nonverbal fluency tests have been commonly used in neuropsychology
to assess executive functioning (Baldo, Shimamura, Delis, Kramer, & Kaplan,
2001). Both tasks are believed to depend on executive control because goal-directed tasks require an organized search (Spreen & Strauss, 1998; Temple, 1997;
Welsh, Pennington, & Groisser, 1991). Although some studies have identified the
developmental progression of fluency skills through childhood and adolescence,
little is known about the effects of age on performance in verbal and nonverbal fluency tests among school children.
Performance on verbal and nonverbal fluency tasks reflects a combination of
cognitive skills requiring the generation of items within a specific category (words
or designs) and within a time limit. These procedural constraints compel the participant to use a self-generated strategy that allows the finding of the relevant items
(Baldo et al., 2001; Bruyer & Tuyumbu, 1980; Parks et al., 1988; Perret, 1974;
Ramier & Hecaen, 1970; Ruff, Allen, Farrow, Niemann, & Wylie, 1994). Within a
particular category irrelevant items must be inhibited (Anderson, Anderson,
Northam, Jacobs, & Catroppa, 2001; Lezak, 1995).
A moderate correlation has been found between verbal and nonverbal tests suggesting that these two measures tap similar although not identical functions (Regard,
Strauss, & Knapp, 1982). Neuroimaging studies have also supported the similarities
in brain activation in the performance of fluency tasks. Parks et al. (1988) reported
significant activation of the frontal lobes when performing verbal fluency tasks and
Elfgree and Risberg (1998) described similar activation with design fluency tests.
Some studies using regional cerebral blood flow measures, however, have reported
that not only frontal but also temporal activation is observed while performing semantic fluency tests. Positron emission tomography (PET) studies have demonstrated that the frontal lobe is active in phonemic generation, and the temporal lobe is
more active in the semantic generation of words (Warburton et al., 1996).
The most common verbal fluency test is the Controlled Oral Word Association
Test (COWAT; Lezak, 1995; Spreen & Strauss, 1998). Most commonly two conditions are used: (a) letter (phonemic association) fluency (the participant generates
words that begin with a particular letter, or phoneme, usually F, A, and S), and (b)
category (semantic association) verbal fluency (the participant produces words
corresponding to a specific semantic category; e.g., animals, fruits, clothes, or vegetables). Typically, the score is the number of correct words produced in 1 min. A
normal adult can produce about 12 words beginning with a specific letter, and
about 16 words corresponding to a semantic category within 1 min (Spreen &
Strauss, 1998). Cross-cultural studies have found validity for verbal fluency tests
in speakers of languages other than English; for example, Spanish (Ardila &
Rosselli, 1994), Finnish (Klenberg, Korkman, & Lahti-Nuuttila, 2001), and Hebrew (Axelrod, Tomer, Fisher, & Aharon-Peretz, 2001). The level of difficulty,
however, depends on the selected letter and the semantic category that is used. A
very strong educational effect has been demonstrated in both conditions for adults,
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especially in the phonemic condition (Ostrosky, Ardila, & Rosselli, 1999; Rosselli,
Ardila, & Rosas, 1990). Ardila, Ostrosky-Solis, Rosselli, and Gomez (2000) found
that educational level accounted for 38.5% of the variance in the phonemic condition and 23.6% of the variance in the semantic condition. A moderate correlation
(around .30–.50) between scores in both conditions has been reported (Ardila,
Galeano, & Rosselli, 1998; Ardila, Rosselli, & Bateman, 1994).
Design fluency is measured by an individual’s ability to generate a series of
novel (i.e., no repeated) designs (Regard et al., 1982). In the free condition, the participant is asked to “invent” drawings that represent neither actual objects nor
nameable abstract objects. Participants are given 5 min to make as many different
kinds of drawings as possible. In the so-called fixed condition, acceptable drawings are limited to four lines, straight or curve (Jones-Gotman & Milner, 1977;
Lezak, 1995). Another design generation test is the Five-Point test in which there is
a structured background that consists of squares with five dots. The examiner asks
the participant to make as many different figures as possible within 5 min by connecting the dots with straight lines (Lezak, 1995).
Most studies using fluency tests have been done in adults and only a small number of studies have looked at the performance of children on these neuropsychological tests. Moreover, the majority of the studies using pediatric populations have analyzed the effect of age on verbal fluency tests (e.g., Ardila &
Rosselli, 1994; Crockett, 1974; Gaddes & Crockett, 1975; Halperin, Healey,
Zeitchik, Ludman, & Weinstein, 1989; Kolb & Whishaw, 1985). Few of the studies
have focused on the age differences over design fluency scores. In general, developmental studies of verbal fluency tasks have shown that verbal fluency development is positively related to age. By age 6 the child can generate about 10 animal
names in 1 min, by age 9 about 13, and by age 12 about 15 animal names. Letter
fluency increases on average from about 3.5 at the age of 6 to about 8 at the age of
12. Cohen, Morgan, Vaughn, Riccio, and Hall (1999) reported that in normal children letter fluency scores improve significantly between 6 and 12 years of age.
Welsh, Groisse, and Pennington (1988) claimed that functions assessed by phonemic verbal fluency tests are one of the latest prefrontal measures to mature. These
findings have not been consistently established by all researchers. Anderson et al.
(2001), for example, failed to find a significant effect of age on verbal fluency
scores in an Australian sample aged 11 to 17 years. Some studies have found that
verbal fluency approaches adult levels by age 10 (e.g., Regard et al., 1982),
whereas others suggest that verbal fluency continues to develop into adolescence
or even into early adulthood (Klenberg et al., 2001). Thus, it is clear that verbal fluency tests are sensitive to neurodevelopment, although it is not yet clear at what
age performance on these tests reaches adult levels (Cohen et al., 1999).
Developmental data for nonverbal fluency tests are more limited. Regard et al.
(1982) analyzed the effect of age on verbal and nonverbal fluency tests in 80
right-handed children from Grades 5 to 7. They observed that fluency tests are age
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but not gender dependent. The authors reported a modest correlation between the
fluency tests and standard measures of intelligence such as Vocabulary and Block
Design. Jones-Gotman (1990) provided normative data for 5- to 14 year-old children on nonverbal fluency tests. The author found that the mean number of acceptable drawings produced in 5 min increases from about 3.2 at the age of 6 to about
9.5 at the age of 11 to 14 years old. Other studies (e.g., Levin et al., 1991; Woodward, Axelrod, & Henry, 1992) have found similar results.
Recent research has explored the development of executive functioning skills in
children using verbal and nonverbal fluency tests. Korkman, Kemp, and Kirk (2001)
measured design fluency and verbal fluency in 800 children from the United States
ages 5 to 12. The authors found an age-related increase in both measures. Age effects
were more accentuated in the range of 5 to 8 years. The design fluency but not the verbal fluency test had a plateau at age 11. Verbal fluency showed a significant increase
in the age range from 11 to 12, suggesting that the functions assessed by this test develop beyond age 11. Similar results were found by Klenberg et al. (2001) in a Finnish sample. These authors reported significant effects of age on three fluency measures: semantic fluency, phonemic fluency, and design fluency. They concluded
fluency tests are reliable measures of executive functioning in children, and that
some of the abilities measured by these tests continue to develop after age 12.
The inclusion of valid and reliable measures of verbal executive skills in clinical
and research protocols using school children samples is essential for the interpretation of deviations in clinical populations (Anderson et al., 2001). Given that in the
field of neuropsychology very few studies examine the normative equivalence of
the verbal fluency tests with individuals who are not English dominant, a Spanish-speaking sample study would contribute to a better understanding of linguistic
effect on these tests. The purpose of this study was therefore to identify the age effects on measures of verbal and nonverbal fluency skills between 6 and 15 years in
a Spanish-speaking sample.
Because fluency tasks are valid and reliable measures of executive functing
(Korkman et al., 2001), developmental rates on fluency tests need to be studied using a normal pediatric sample. Understanding the age effect on these measurements is important for the interpretation of the normal development and maturational changes of executive functions among school-age children. We have yet to
determine whether the developmental progression of verbal and nonverbal fluency
tasks are equivalent and uniform or whether each one of these tasks demonstrates
its own developmental progression. The results from this study could be used by
clinical child neuropsychologists to identify deviations from expected maturational patterns in populations with brain damage and those with learning disabilities. Finally, this study represents the first step toward the creation of norms for the
neuropsychological assessment of Spanish-speaking populations, specifically
Mexican children. Previous studies have used English-speaking samples. Having
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Spanish-only groups will increase the validity of fluency tests and contribute to a
better understanding of pediatric cross-cultural neuropsychology.

METHOD
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Participants
One hundred and seventy-one children (81 boys, 90 girls) from five age groups
(6–7, 8–9, 10–11, 12–13, and 14–15 years) were selected from public and private
schools in middle-class neighborhoods in Guadalajara and Tijuana, Mexico. The
mean educational levels of the public school children’s fathers and mothers were
10.75 years (SD = 3.83) and 10.18 years (SD = 3.60), respectively. The mean educational levels of the private school children’s fathers and mothers were 14.71
years (SD = 3.09) and 15.18 years (SD = 1.97), respectively. The sample included
160 right-handed and 11 left-handed children (Table 1). All participants were
screened for a history of neurological or psychiatric problems, mental retardation,
and learning disabilities using a structured interview for parents included in the
Evaluación Neuropsicológica Infantil (ENI; a neuropsychological battery for
Spanish-speaking children; Matute, Rosselli, Ardila, & Ostrosky, unpublished).
The parents were also interviewed, and those parents and children who met inclusion criteria signed informed consent forms. Although no formal testing was done
to rule out intellectual disability or learning disabilities, we screened for grade retention and found no chronological age–grade level disparity. The children’s reading and math performance agreed with their chronological grade levels according
to school records. Each child received a small gift (e.g., a box of crayons, candy)
after participation in the study.
Materials
Two verbal (semantic and phonemic) and two graphic (semantic and nonsemantic)
fluency tests were administered to each child (ENI battery; Matute et al., in press).
Each fluency test included the following subtests.
TABLE 1
General Characteristics of the Sample
Age

6–7a

8–9b

10–11c

12–13d

14–15e

Totalf

Boys
Girls
Left-handers
Right-handers

7
11
0
18

17
13
1
29

27
24
3
48

19
21
3
37

11
21
4
28

81
90
11
160

an

= 18. bn = 30. cn = 51. dn = 40. en = 32. fN = 171.
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1. Verbal fluency.
1.1. Semantic fluency. Children were instructed to name all fruits they
could in 1 min. The score was the total number of correct fruit names.
1.2. Phonemic fluency. Children were instructed to say as many words starting with M as they could in 1 min, omitting all proper nouns (names of people,
places, etc.) as well as morphological variations of the same word. The score was
the total number of correct words.
2. Graphic fluency.
2.1. Semantic fluency (meaningful figures). Children were instructed to
draw as fast as possible (within 3 min) all the different meaningful figures they
could on a page featuring 35 contiguous 1-in. squares in a 5 × 7 array. The examiner instructed the child to make each drawing as simple as possible. One point was
given for a drawing of a shape that represented something definite. The points were
added to obtain the total score.
2.2. Nonsemantic fluency (geometric designs). Children were instructed to
draw, as fast as possible, linear geometric figures using five points within a square
presented in a sheet of paper containing a 7 × 5 array of 35 dot matrices (adapted
from Regard et al., 1982) but only 3 min were allowed as in Lee et al. (1994) and
Spreen and Strauss (1998). All 35 dot matrices were identical and contained five
symmetrically arranged dots; four of them were black and each one of them was
located in a different corner. The fifth point was white and was located at the center
of the square. All lines must connect dots and at least one has to touch the white
dot. Those figures that were not formed by four lines or those in which the white
dot was not connected were scored as intrusions, whereas those that the child had
made previously were scored as perseverations. One point was given to each drawing made with four lines.
Procedures
Children were randomly selected from various classrooms and their parents were
contacted and interviewed. Children with no history of school failure and no history of neurological or psychiatric disorders were chosen and tested at their
schools or homes in one single session. Verbal fluency tests were administered
first, followed by graphic fluency tests in the following order: fruits names, M-initial words, meaningful figures, and geometric designs.
Statistical Analyses
A multivariate analysis of variance (MANOVA) was performed using age (6–7,
8–9, 10–11, 12–13, and 14–15-year-old groups) and fluency task type (verbal fluency tests and graphic tests) as the independent variables and fluency test scores as
the dependent variables. Effects and interactions of age and fluency test type were
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analyzed. Afterward, the overall MANOVA (Hotelling’s T) was calculated.
Univariate analyses were obtained for each of the four dependent measures. Partial
eta squares were used to estimate the effect size measure for the univariate Fs.
Once it was determined that differences existed among the means, multiple comparisons between age groups were done using Bonferroni post hoc corrections to
determine which means differed. The level of confidence was set at .005 for all
comparisons. Pearson’s correlation coefficients were obtained to determine the associations between different fluency test scores.
RESULTS
Table 2 presents the means and standard deviations for all age groups on the four
fluency dependent measurements. The overall multivariate Hotelling’s T test for
age was found to be statistically significant, F(4, 166) = 7.89, p < .001. Significant
effects of age were seen in all subtests. The effect size measured by the partial eta
squared demonstrated that 28% of the total variability of the verbal semantic fluency task and 27% of the total variability of the verbal phonemic fluency task can
be attributed to age effect, whereas for the graphic tests the contribution of age was
lower but also important in magnitude (22% for the graphic semantic test and 18%
for the graphic nonsemantic test). The overall effect of the type of fluency task was
statistically significant (Hotelling’s Trace value = 2.30), F(3, 166) = 126.02, p =
.001. This test effect was independent from the age group effect. The interaction
between age and type of test was not significant (Hotelling’s Trace value for the interaction = 0.62), F(12, 166) = 0.84, p = .60.
Table 3 shows the post hoc comparisons of adjacent and nonadjacent age
groups in each of the fluency tests. The mean differences were significant only in
TABLE 2
Means, Standard Deviations, Univariate Analyses, and Size Effects
for All Fluency Measures

Age
6–7
8–9
10–11
12–13
14–15
Total
F
p
Size effecta
aPartial

eta.

Verbal
Semantic

Verbal
Phonemic

Graphic
Semantic

Graphic
Nonsemantic

9.83±3.67
11.17±2.70
12.39±2.56
13.47±2.87
15.69±3.13
12.78±3.66
15.81
0.001
0.28

5.83±2.77
7.23±3.02
8.61±2.79
9.27±3.44
12.53±4.38
8.96±3.85
15.37
0.001
0.27

13.50±4.51
13.87±4.39
15.94±4.74
16.70±5.03
21.66±6.64
16.57±5.75
11.70
0.001
0.22

6.17±4.16
8.30±4.40
9.06±4.15
11.42±5.27
13.78±6.25
10.06±5.39
9.65
0.001
0.19

TABLE 3
Post Hoc Group Comparisons (Bonferroni) of Mean Test Scores by Age
Groups

Fluency Test
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Semantic verbal

Age
Group (A)
6–7

8–9

10–11

Phonemic

12–13
6–7

8–9

10–11

Semantic graphic

12–13
6–7

8–9

10–11

Graphic nonsemantic

12–13
6–7

8–9
8–9
10–11
12–13

654

Age
Group (B)
8–9
10–11
12–13
14–15
10–11
12–13
14–15
12–13
14–15
14–15
8–9
10–11
12–13
14–15
10–11
12–13
14–15
12–13
14.15
14.15
8–9
10–11
12–13
14–15
10–11
12–13
14–15
12–13
14–15
14–15
8–9
10–11
12–13
14.15
10–11
12–13
14–15
12–13
14–15
14–15

Mean
Difference
(A – B)

Standard
Error

p

–1.33
–2.56
–3.64
–5.85
–1.23
–2.31
–4.52
–1.08
–3.30
–2.21
–1.40
–2.77
–3.44
–6.70
–1.37
–2.04
–5.30
–0.67
–3.92
–3.26
–0.37
–2.44
–3.20
–8.16
–2.07
–2.83
–7.79
–0.76
–5.72
–4.96
–2.13
–2.89
–5.26
–7.61
–.76
–3.12
–5.48
–2.37
–4.72
–2.36

0.86
0.79
0.82
0.85
0.66
0.70
0.73
0.61
0.65
0.68
0.99
0.91
0.94
0.98
0.76
0.80
0.84
0.70
0.75
0.79
1.53
1.41
1.45
1.51
1.18
1.24
1.30
1.086
1.160
1.219
1.46
1.34
1.39
1.45
1.13
1.18
1.25
1.03
1.11
1.16

= 1.00
= 0.015
< 0.001
< 0.001
= 0.680
= 0.012
< 0.001
= 0.789
<0.001
= 0.016
= 1.000
= 0.028
= 0.004
< 0.001
= 0.751
= 0.122
< 0.001
= 1.00
< 0.001
< 0.001
= 1.00
= 0.852
= 0.297
< 0.001
= 0.814
= 0.238
< 0.001
= 1.00
< 0.001
< 0.001
= 1.00
= 0.335
= 0.002
< 0.001
= 1.00
= 0.094
< 0.001
= 0.241
< 0.001
= 0.451
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the older adjacent groups for phonemic fluency and semantic graphic fluency
tasks. Sixteen out of 24 comparisons between groups that differed by more than 2
years of age (e.g., 6–7 vs. 10–11) were significant Most of the comparisons between the oldest groups were significant.
Table 4 presents the intercorrelations among the four testing conditions. All
correlations were statistically significant at the .01 level. All correlations were
about .35 to .45.

DISCUSSION
Our results show a significant age effect for all verbal and graphic fluency measures. All fluency test scores increased between ages 6 and 15. The greatest change
in all verbal and nonverbal test scores, however, occurred between ages 10 and 15.
The changes in scores across the different age groups were significant for all fluency tasks but the rate of development of semantic and nonsemantic fluency tasks
is not completely equivalent for the four tasks. In the graphic tasks, the effect of
age was 22% for the semantic fluency task and 18% for the nonsemantic fluency
task, whereas the effect of age for the semantic verbal fluency task was 28% and
for the phonemic fluency task 27%. Dissociations in the rate of development of
these executive function tests have been previously reported (Anderson et al.,
2001; Korkman et al., 2001; Regard et al., 1982). The significant effect of the type
of fluency task found in our results was independent from the age effect. This suggests differences in the degree of difficulty of the fluency tasks across ages.
In our study the children of all age groups together had higher scores in the semantic conditions than in the nonsemantic conditions (verbal fluency tests: M difference = 3.81, SE = 0.29, t = 12.94, p = .001; graphic fluency tests: M difference =
6.29, SE = 0.48, t = 13.51, p = .001). Similar results were found by Regard et al.
(1982). Moreover, the fact that our older group (14–15-year-olds) reached the level
of adults with low levels of education reported by Spreen and Strauss (1998) in the
semantic verbal fluency tasks but not in the verbal phonemic tasks confirms previTABLE 4
Intercorrelations Among the Different Fluency Tests

Verbal semantic
Verbal phonemic
Graphic semantic
Graphic nonsemantic
*p < .01 (two-tailed).

Verbal
Semantic

Verbal
Phonologic

Graphic
Semantic

Graphic
Nonsemantic

—
.44*
.41*
.36*

.44*
—
.46*
.38*

.41*
.46*
—
.36*

.36*
.38*
.36*
—
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ous findings (Korkman et al., 2001) that the latter is an executive function that continues to develop beyond age 12.
The age effect found in our study is also influenced by level of education. As a
matter of fact, our sample of children differed not only in age, but also in educational level. Whereas the youngest group had 2 or 3 years of education, the oldest
group had about 8 to 9 years of education. A significant impact of school years attended and literacy in neuropsychological test performance in different cognitive
domains has been documented (e.g., Ardila, Rosselli, & Rosas, 1989; Rosselli et
al., 1990), so differences between the age groups in this study may be both age and
education related. Due to the fact that participants in the youngest group were in
first or second grade, participants in the second age range were in third or fourth
grade, and so on, it is impossible in this sample to separate the contribution of age
and education differences on fluency test performance. As age and educational
level in childhood are often associated variables, the assessment of neurologically
intact unschooled participants would be needed to separate their effect.
Our results are congruent with other verbal fluency normative studies conducted in Spanish (e.g., Ardila & Rosselli, 1994) and English (Crockett, 1974;
Gaddes & Crockett, 1975; Halperin et al., 1989; Kolb & Whishaw, 1985). An
average 6-year-old child can generate about 10 words within a semantic category
in 1 min, as opposed to about 15 words in 12-year-old children. Phonemic fluency increases in average from about 3.5 words at the age of 6 to about 8 words
at the age of 12. Our results in the graphic fluency tests, however, are not easy to
compare with available normative data. Our semantic graphic fluency condition
is not frequently mentioned in the literature. Our nonsemantic fluency measure
(five-point test) is frequently mentioned and norms are available for different age
groups (e.g., Jones-Gotman, 1990; Levin et al., 1996; Regard et al., 1982; Woodward et al., 1992), but our test used 3 min instead of 1 min as in Korkman et al.
(2001) or 5 min as in Regard et al. (1982), and therefore results are difficult to
compare.
The similarities observed in the verbal fluency tests across different normative
studies, carried out in different countries (e.g., United States, Canada, Mexico, Colombia) and using different languages (English, Spanish) support the cross-cultural validity of verbal fluency tests. If appropriate semantic categories are selected
and significant variables are controlled (e.g., age and education) similar performance can be anticipated in individuals from different cultures (Acevedo et al.,
2000; Ardila, 2002). By the same token, phonemic fluency tests can be assumed to
be a valid instrument across cultures if significant variables (e.g., the writing system, the frequency of words beginning with a particular phoneme, the participant’s
level of education, etc.) are controlled. Axelrod et al. (2001) presented evidence for
the utility of Hebrew-language versions of phonemic fluency measures in young
adults using the letters shin, yud, and mem. When comparing performance in dif-
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ferent languages the issue of frequency of words beginning with a specific phoneme and the orthographic idiosyncrasies of each language may impact performance.
The generalization of the results of this study is limited by two shortcomings.
First the fluency measures used in this study are unpublished and therefore have
not been previously validated. However, similar verbal and nonverbal fluency
measurements have been used by other authors who have demonstrated the reliability and validity of these measures (Korkman, Kemp, & Kirk, 1998, 2001;
Lezak, 1995; Spreen & Strauss, 1998). Moreover there is evidence of the
cross-language validity of verbal fluency tests (Ardila & Rosselli, 1994; Axelrod
et al., 2001; Klenberg et al., 2001). A second limitation of this study is that a
cross-sectional design was used to address a developmental (i.e., longitudinal)
question. There might be a confound between age and other unmeasured variables. Although longitudinal studies probably offer the most valuable designs in
studies of developmental change for specific aspects of behavior, cross-sectional
studies may offer an opportunity to study cognitive domains of development
(Anderson et al., 2001; Korkman, 2001; Rosselli, Ardila, Bateman, & Guzman,
2001). Moreover, comparisons between studies with cross-sectional designs and
studies with longitudinal designs will provide a better understanding of the effect that different variables could have on these measures.
Comparative developmental studies can provide a better understanding not only
about basic characteristics of cognitive development, but also about the effect of
cultural and linguistic variables. Looking into the future, more research is needed
to obtain a better understanding of commonality and differences in neuropsychological test performance and developmental characteristics.
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