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In 1973, Carroll and White showed that words acquired 
earlier in life tend to be processed faster and more ac-
curately than later acquired words in a picture naming 
task. From that moment on, age of acquisition (AoA) was 
considered to be a relevant psycholinguistic variable, and 
several experimental studies have replicated the effect 
found by Carroll and White in many paradigms (e.g., pic-
ture naming—Barry, Morrison, & Ellis, 1997; Holmes & 
Ellis, 2006; Lambon Ralph & Ehsan, 2006; written-word 
naming—Brysbaert, Lange, & Van Wijnendaele, 2000; 
Monaghan & Ellis, 2002a, 2002b; Morrison & Ellis, 
1995, 2000; lexical decision—Gerhand & Barry, 1999; 
Turner, Valentine, & Ellis, 1998). In fact, AoA seems to 
be the main variable that influences the speed of lexical 
processing, and its effect remains even when other vari-
ables, such as cumulative frequency, are controlled (Pérez, 
2007). Recently, an extensive study conducted by Cortese 
and Khanna (2007) reanalyzed the results from several 
studies (a total of 2,343 English words) and demonstrated 
that AoA accounts for unique variance in reading aloud 
and lexical decision performance, in comparison with 
other variables, such as length and frequency. The AoA 
effect is consistent across languages and has been dem-
onstrated in English (see, e.g., Lambon Ralph & Ehsan, 
2006), Japanese (Havelka & Tomita, 2006; Yamazaki, 
Ellis, Morrison, & Lambon Ralph, 1997), Chinese (Chen, 
Zhou, Dunlap, & Perfetti, 2007), Spanish (Cuetos & Bar-
bón, 2006), Turkish (Raman, 2006), French (Bonin, Barry, 
Méot, & Chalard, 2004), Dutch (Brysbaert et al., 2000), 
and Portuguese (Vicente, 2004; Vicente, Castro, & Walley, 
2008). It is also consistent throughout the entire life span, 
since it has been found in children (D’Amico, Devescovi, 
& Bates, 2001), young adults, and older subjects (Barry, 
Johnston, & Wood, 2006). Similarly, early acquired words 

are the last to deteriorate in neuropsychological disorders 
such as  Alzheimer’s disease (Sartori, Lombardi, & Mat-
tiuzzi, 2005) and aphasia (Hirsh & Ellis, 1994). These 
studies highlight the vital importance of AoA in lexical 
processing and emphasize the need to control AoA in ex-
perimental and neuropsychological studies. For that pur-
pose, researchers need to have access to AoA norms.

There are two ways of collecting AoA data: (1) using 
adult estimates (see, e.g., Bird, Franklin, & Howard, 2001; 
Marques, Fonseca, Morais, & Pinto, 2007) or (2) analyz-
ing the performance of children in naming tasks (e.g., 
Chalard, Bonin, Méot, Boyer, & Fayol, 2003). In the first 
method, adults are asked to estimate the age at which they 
possibly learned a given word. In the second method, the 
experimenter presents pictures to children of different age 
cohorts, and the average AoA is usually calculated when 
at least 75% of the children can name the picture (Mor-
rison, Chappell, & Ellis, 1997). It has been shown that 
adult estimates are as valid and reliable as the data col-
lected with children (Morrison et al., 1997) and that the 
norms provided by the two methods are highly correlated 
(Ghyselinck, De Moor, & Brysbaert, 2000; Morrison 
et al., 1997; Pind, Jónsdóttir, Gissurardóttir, & Jónsson, 
2000). Moreover, the correlations between the two types 
of norms are still significant even when other variables, 
such as familiarity, frequency, and phonological length, 
are controlled (Bonin et al., 2004). So, when it is not pos-
sible to obtain objective data, adult estimates seem to be a 
valid and reliable AoA measure.

Current lexical databases of AoA norms use both meth-
ods. Table 1 summarizes the main AoA norms that have 
been published since 1997. There is only one published 
lexical database for Portuguese (Marques et al., 2007). In 
that database, the authors collected AoA estimates for 834 
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questionnaire had approximately the same distribution of grammati-
cal class and length in orthographic syllables. The questionnaires 
had a small introductory text in which the purposes of the study were 
explained, and an example was given of how to use the AoA scale. In 
front of each word, listed vertically, was the 9-point AoA scale first 
proposed by Carroll and White (1973). The points of the scale cor-
respond to the ages (in years): 2, 3, 4, 5, 6, 7–8; 9–10; 11–12; 13.

Procedure
The data were collected either individually or during group 

classes at the universities. The instructions were presented orally 
and it was explained that, for each word, the participant should circle 
in the scale the age at which he or she possibly had learned it. The 
researcher emphasized that, even if the participant did not know 
the exact age at which he or she had acquired the word, he or she 
should make an estimate. On average, the participants took 15 min 
to respond to the questionnaire. Each item was estimated by a mean 
of 48 participants (range: 40–50).

RESULTS AND DISCUSSION

The AoA data were organized in an Excel matrix, along 
with other relevant information for psycholinguistic and 
neuropsychological research (e.g., length measures, 
written- word frequency, neighborhood density). Table 2 
summarizes the information that can be found in each one 
of the columns of the present database. The words in Por-
tuguese are presented in alphabetic order, along with their 
English translation. For each word, we present the mean 
AoA and the respective standard deviation (SD). The da-
tabase can be downloaded from http://brm.psychonomic 
-journals.org/content/supplemental.

The mean AoA for the entire database was 5.73 (SD  
1.57; range  1.18–8.78), corresponding to words acquired 
at 7–8 years of age. The distribution of mean AoA between 
different grammatical classes shows that there is a slight 
tendency for an earlier acquisition of adverbs (M  5.31; 
SD  2.04), but this can be due to the high presence in this 
category of typically early learned words, such as “yes,” 

concrete and abstract nouns. There are no AoA norms for 
Portuguese words from other grammatical classes. Hence, 
in the present work, we collected AoA estimates for Portu-
guese content words from four distinct grammatical classes 
(nouns, verbs, adjectives, and adverbs), with a length range 
from 1 to 5 orthographic syllables. Our main goals were 
to compile AoA norms for a large set of Portuguese words 
(N  1,749), in order to analyze the AoA distribution as a 
function of grammatical class and word length, and to ex-
plore the relation between AoA and other psycholinguistic 
variables, such as neighborhood density and frequency. We 
hope that these norms are useful for researchers who wish 
to run experimental and neuropsychological studies that 
manipulate grammatical class and length.

METHOD

Participants
A total of 685 undergraduate students from the University of 

Porto, Portugal (144 male; mean age  20.45, SD  2.4, range  
18–30 years) participated in this study to obtain course credit. They 
were all native speakers of European Portuguese.

Material
A total of 1,749 Portuguese content words were selected from 

four distinct grammatical classes: 1,008 nouns (57.63%), 373 verbs 
(21.32%), 332 adjectives (18.98%), and 36 adverbs (2.06%). This 
distribution by grammatical class is quite similar to the one proposed 
for the overall European Portuguese lexicon by Gomes and Castro 
(2003), which indicates that nouns account for 56% of the words, that 
adjectives and verbs each are about 20% of the words, and that about 
3% of the corpus is constituted by adverbs. All of the 1,749 words 
have 1 to 5 orthographic syllables (1 syllable  14 words; 2 sylla-
bles  266 words; 3 syllables  622 words; 4 syllables  566 words; 
and 5 syllables  281 words). The written frequencies (extracted 
from the Corlex database, January 2008; Nascimento, Casteleiro, 
Marques, Barreto, & Amaro, n.d.) range from 9 to 131,826, and all 
possible initial phonemes in Portuguese are represented.

The words were divided into 14 different paper questionnaires, 
containing 125 words each. The words were divided so that each 

Table 1 
Main Age-of-Acquisition Norms That Have Been Published Since 1997

Language  Authors and Types of Norms

Dutch De Deyne & Storms (2007)—309 nouns
Ghyselinck, De Moor, & Brysbaert (2000)—2,816 nouns

English Cortese & Khanna (2008)—3,000 monosyllabic words
Stadthagen-Gonzalez & Davis (2006)—1,526 words
Bird, Franklin, & Howard (2001)—2,642 words, including verbs and function words
Morrison, Chappell, & Ellis (1997)—297 pictures

French Bonin, Perret, Méot, Ferrand, & Mermillod (2008)—105 celebrities’ pictures
Ferrand et al. (2008)—1,493 monosyllabic words
Hazard, De Cara, & Chanquoy (2007)—110 pictures
Schwitter, Boyer, Méot, Bonin, & Laganaro (2004)—112 action pictures
Chalard, Bonin, Méot, Boyer, & Fayol (2003)—230 pictures

Icelandic Pind, Jónsdóttir, Gissurardóttir, & Jónsson (2000)—260 pictures

Italian Barbarotto, Laiacona, & Capitani (2005)—80 concrete nouns
Barca, Burani, & Arduino (2002)—626 nouns

Portuguese (European) Marques, Fonseca, Morais, & Pinto (2007)—834 concrete and abstract nouns

Spanish Cuetos & Barbón (2006)—240 words
Pérez & Navalón (2005)—175 nouns

Note—The database languages are presented in alphabetic order.
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p  .05), to be more frequent (correlation of .34 be-
tween AoA and transformed written-word frequency), and 
to have more orthographic and phonological neighbors 
(r  .42 and .40, respectively). They are also more 
familiar (r  .68), concrete (r  .61), and imageable 
(r  .66) than words that are acquired later. The cor-
relation values and their directions are in line with those 
presented by other studies. The correlation between the 
AoA and the length measures is higher than the one found 
for languages such as Spanish (Pérez & Navalón, 2005; 
correlations between estimated AoA and length measures 
range between .295 and .363) and French (Chalard et al., 
2003; correlation between rated AoA and number of pho-
nemes  .260). However, it is similar to the one found for 
English (Bird et al., 2001; correlation between AoA and 
the number of syllables  .560).

We found a moderate positive correlation between the 
AoA and transformed written-word frequency (r  .34), 
which is smaller than the ones found for other languages 
(e.g., for English, Bird et al. [2001] reported a correlation 
of .631). However, it is quite similar to those reported 
between the objective AoA and frequency for French 
(Chalard et al. [2003] found correlations that varied from 

.277 to .365) and for Icelandic (Pind et al. [2000] 
reported a correlation of .390). When it comes to Portu-
guese, the correlation between AoA and the transformed 
written-word frequency reported by Marques et al. (2007) 
is higher (r  .51). But, if we consider the correla-
tion between AoA and simple written-word frequency, 
our values and the ones reported by Marques et al. are 
quite similar (r  .27 in our study, and r  .25 in the 
Marques et al. [2007] study). Although there is still dis-
cussion about whether AoA is a “genuine variable” or not 
(Bonin et al., 2004), several studies have pointed out that 
AoA and frequency are independent variables, and that 

“only,” and “now,” and may not reflect a general tendency 
of the early acquisition of adverbs. After adverbs, nouns 
are the earliest acquired category (M  5.60; SD  1.56), 
followed by verbs (M  5.81; SD  1.54) and adjectives 
(M  6.06; SD  1.53). ANOVAs were performed (but not 
for adverbs, since there was a small number of words from 
this class), and the results show that nouns are acquired 
significantly earlier than verbs [F(1)  5.00, p  .05] and 
adjectives [F(2)  11.44, p  .005], and that adjectives 
are acquired significantly later than verbs [F(1)  4.51, 
p  .05]. Apart from the comparison between the mean 
AoA of nouns and verbs performed by Bird et al. (2001), 
we are not aware of any studies that compare the mean 
AoA between different grammatical classes. However, 
this advantage for early acquisition of nouns, the “noun-
bias hypothesis,” is consistent with data provided from the 
language acquisition literature. Indeed, nouns are usually 
the first class of words acquired by young children (Gent-
ner, 1982), although the developmental sequence and the 
proportion of word categories are strongly influenced by 
language-specific characteristics.

When we analyze mean AoA as a function of word 
length in orthographic syllables (OSs), we can note a clear 
tendency for the increase of the mean AoA as the words 
become longer (see Figure 1). Words with one or two OSs 
are typically acquired until the age of 6 (mean AoA for 
words with one OS  2.15, SD  0.75; mean AoA for 
words with two OSs  4.03, SD  1.42); words with three 
or more OSs are acquired later, after the age of 7.

Table 3 presents the correlations between AoA and 11 
psycholinguistic variables that are available in our database 
(see Table 2 for information about the variables presented 
in the database). Words that are learned earlier in life tend 
to be shorter (correlations between AoA and orthographic 
and phonological length measures range from .53 to .57, 

Table 2 
Information That Is Available in the Present Lexical Database

Variable  Code  Content

 1 # Order number in the database
 2 Word Orthographic form of the word
 3 English translation English translation of the word
 4 Cgram Grammatical class (noun, verb, adjective, adverb)
 5 Nlet Length in letters
 6 NsilO Length in orthographic syllables
 7 Nphom Length in phonemes
 8 NSilphom Length in phonological syllables
 9 OND Number of orthographic neighbors
10 OUP Orthographic uniqueness point
11 PhomND Number of phonological neighbors
12 PhomUP Phonological uniqueness point
13 Fam Familiarity
14 Imag Imageability
15 Conc Concreteness
16 Freq Written-word frequency
17 LogFreq Transformed written-word frequency
18 AoA Average AoA of the word
19 SD Standard deviation of the AoA

Note—The information in rows 4 to 12 was extracted from Porlex 2.0 (Gomes & 
Castro, 2003). The information in row 16 was extracted from Corlex (Nascimento, 
Casteleiro, Marques, Barreto, & Amaro, n.d.). Familiarity was taken from Marques 
(2004), and imageability and concreteness were extracted from Marques (2005). AoA, 
age of acquisition.
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and eight independent variables for which we have data 
(number of letters, number of orthographic syllables, 
number of phonemes, number of phonological syllables, 
orthographic neighborhood density, phonemic neighbor-
hood density, frequency, and transformed written-word 
frequency). A second analysis was performed for a sub-
set of 100 words (for which we have familiarity data) to 
allow a comparison with data from Marques et al. (2007). 
Table 4 shows the interrelations between all of the psycho-
linguistic variables enunciated, and Tables 5 and 6 sum-
marize the results of multiple regression analyses. In both 
cases, the overall regression equations were significant 
[F(8,1739)  130.76, p  .0001, R  .613; F(9,90)  
16,478, p  .0001, R  .788]. In the first analysis, the 
eight independent variables taken together account for 
37% of the variance, and five of them (all of the variables 
except the number of letters, the number of phonologi-
cal syllables, and the number of phonological neighbors) 
make independent contributions to predicting AoA rat-
ings (see Table 5). The best predictors were the number 
of orthographic syllables and transformed written-word 
frequency. And, as in Marques et al., the number of letters 
was not a significant predictor.

When we analyzed a small subset of words (n  100) 
and added familiarity as an independent variable, the pre-
dictor variables explained 62% of the variance, but only 
written-word frequency turned out to be a significant pre-
dictor of rated AoA. These results are at odds with those 
presented by Marques et al. (2007), in which familiarity 
and transformed written-word frequency were significant 
predictors (but written-word frequency was not analyzed 
in the model). On the other hand, in Ferrand et al. (2008) 
and Bird et al. (2001), frequency was a significant predic-
tor of rated AoA.

Finally, in order to assess the reliability of our AoA rat-
ings, we correlated them with other published norms for 
Portuguese (Marques et al., 2007), English (Bird et al., 
2001), Spanish (Cuetos & Barbón, 2006), and Italian 

AoA effects cannot be reduced to frequency effects (see, 
e.g., Gerhand & Barry, 1999; Morrison & Ellis, 1995). 
The weak association between AoA and frequency found 
for Portuguese can be due to the nature of the frequency 
corpus available for European Portuguese. As Zevin and 
Seidenberg (2002) pointed out, frequency counts are sta-
tistics that can be contaminated by factors such as the size 
of the corpus and the texts used in the corpus generation, 
which are possible sources of error. The frequency counts 
for European Portuguese were calculated from written 
material, such as books and newspapers, and the words 
that are commonly more frequent in this material may 
not be the earliest acquired in the development of oral 
language. Despite the weak association between AoA and 
frequency, we emphasize the strong correlations found 
between AoA and familiarity, concreteness, and image-
ability (rs  .68, .61, and .66, respectively), which 
are quite similar to the ones presented by Marques et al. 
These researchers reported a correlation between AoA 
and familiarity of .78, between AoA and concreteness 
of .52, and between AoA and imageability of .69. 
However, we did not find the strong and positive correla-
tion between the mean AoA and its respective standard 
deviation, as Marques et al. did. In our study, we found a 
weak negative correlation between AoA and its standard 
deviation for the entire database (r  .16, p  .05) and 
for the nouns (r  .17, p  .05). This suggests that our 
participants agreed slightly more in the AoA estimates 
of later acquired words. Perhaps this was influenced by 
the fact that our participants had to estimate the AoA for 
a heterogeneous corpus of stimuli (words from four dif-
ferent grammatical classes and different lengths) and that 
they relied on other psycholinguistic properties of the 
word to make an accurate estimate. As our correlational 
analyses report, later acquired words tend to be longer 
and less familiar, and this might have acted as a clue for 
the estimates.

In order to explore the contribution of each psycholin-
guistic variable to the AoA rating, two regression analyses 
were performed with AoA as the dependent variable. The 
first analysis was conducted with all of the 1,749 words 
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Figure 1. Mean age of acquisition (AoA) on the 9-point scale 
proposed by Carroll and White (1973) as a function of word 
length in orthographic syllables (OSs; 1–5 OSs).

Table 3 
Correlations Between Age of Acquisition (AoA)  

and 11 Variables Presented in the Database

 Variable  Correlation With AoA  

Nlet .56
NsilO .56
Nphom .57
NSilphom .53
OND .42
PhomND .40
Freq .27
LogFreq .34
Fam .68
Conc .61
Imag .66

Note—All correlations are significant at p  .05. Please note that the 
higher the familiarity score, the less familiar the object. The 11 vari-
ables are number of letters (Nlet), number of orthographic syllables 
(NsilO), number of phonemes (Nphom), number of phonological syl-
lables ( NSilphom), number of orthographic neighbors (OND), number 
of phonological neighbors (PhomND), written-word frequency (Freq), 
transformed written-word frequency (LogFreq), familiarity (Fam), con-
creteness (Conc), and imageability (Imag).
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Table 4 
Correlations Between 12 Psycholinguistic Variables Presented in the Database

  1  2  3  4  5  6  7  8  9  10  11  12

 1. AoA .56 .56 .57 .53 .42 .40 .27 .34 .68 .61 .66
 2. Nlet .88 .95 .87 .55 .54 .24 .40 .21 .41 .41
 3. NsilO .88 .93 .52 .52 .26 .45 .17* .34 .35
 4. Nphom .87 .54 .56 .24 .40 .15* .37 .40
 5. NSilphom .50 .50 .25 .42 .13* .33 .35
 6. OND .87 .22 .27 .21 .38 .39
 7. PhomND .21 .28 .13* .33 .35
 8. Freq .18 .01* .06* .05*

 9. LogFreq .14* .17* .24*

10. Fam .79 .85
11. Conc .92
12. Imag

Note—All correlations are significant at p  .05, except those marked with *. The 12 variables are age of acquisition (AoA), 
number of letters (Nlet), number of orthographic syllables (NsilO), number of phonemes (Nphom), number of phonological 
syllables (NSilphom), number of orthographic neighbors (OND), number of phonological neighbors (PhomND), written-word 
frequency (Freq), transformed written-word frequency (LogFreq) (N  1,749), familiarity (Fam) (n  100), concreteness (Conc), 
and imageability (Imag) (n  48).

Table 5 
Multiple Regression Analysis With Age of Acquisition  

As the Dependent Variable and Eight Independent Variables

 Variable   SE  t  p  

Nlet 0.569 0.047 1.201 .229
NsilO 0.397 0.095 4.186 .001
Nphom 0.190 0.052 3.656 .001
NSilphom 0.169 0.095 1.781 .075
OND 0.085 0.027 3.126 .002
PhomND 0.006 0.027 0.027 .834
Freq 0.000 0.000 5.694 .001
LogFreq 0.241 0.056 4.321 .001

Note—The eight independent variables are number of letters (Nlet), 
number of orthographic syllables (NsilO), number of phonemes 
(Nphom), number of phonological syllables (NSilphom), number of 
orthographic neighbors (OND), number of phonological neighbors 
(PhomND), written- word frequency (Freq), and transformed written-
word frequency (LogFreq) (N  1,749).

Table 6 
Multiple Regression Analysis With Age of Acquisition As a 

Dependent Variable and Nine Independent Variables

 Variable   SE  t  P  

Nlet 0.091 0.187 0.490 .625
NsilO 0.234 0.434 0.539 .591
Nphom 0.302 0.193 1.570 .120
NSilphom 0.724 0.443 1.635 .106
OND 0.060 0.080 0.745 .458
PhomND 0.013 0.108 0.117 .907
Freq 1.553 0.186 8.341 .000
LogFreq 0.000 0.000 0.725 .471
Fam 0.358 0.291 1.232 .221

Note—The nine independent variables are number of letters (Nlet), num-
ber of orthographic syllables (NsilO), number of phonemes (Nphom), 
number of phonological syllables (NSilphom), number of orthographic 
neighbors (OND), number of phonological neighbors (PhomND), 
written- word frequency (Freq), transformed written-word frequency 
(LogFreq), and familiarity (Fam) (n  100).

Table 7 
Correlation Between Our Age of Acquisition (AoA) Ratings  

and Four Other AoA Databases

Database  Words in Common  R

Portuguese: Marques, Fonseca, Morais, & Pinto (2007) 106 .944
English: Bird, Franklin, & Howard (2001) 449 .682
Spanish: Cuetos & Barbón (2006)  24 .721
Italian: Barca, Burani, & Arduino (2002)  124  .807
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(Barca, Burani, & Arduino, 2002). These results are sum-
marized in Table 7. Despite the variability of the amount 
of words in common between our database and the oth-
ers analyzed (range: 24–449), all of the correlations were 
strong, positive, and significant (all above .682), which 
shows the reliability of our data.

In the present study, we collected the AoA norms for 
1,749 Portuguese content words from four distinct gram-
matical classes: nouns, verbs, adjectives, and adverbs. 
We found significant correlations between the AoA and 
other psycholinguistic variables, such as length measures, 
neighborhood density, written-word frequency, and fa-
miliarity. The reliability of our AoA ratings was demon-
strated by the high correlations between our norms and 
those available available for English, Spanish, Italian, and 
Portuguese. We hope that our database will be useful in 
experimental and neuropsychological studies.
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