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RESEARCH Open Access

Morphological priming development in
Brazilian Portuguese-speaking children
Bruno Stefani Ferreira de Oliveira* and Francis Ricardo dos Reis Justi

Abstract

Many studies have shown that, while reading, the brain works a sort of decomposing process of words, reducing
them to its morphemes. Moreover, many studies have shown that morphological awareness, which is the ability to
reflect upon the structure of words, may contribute to reading in Brazilian Portuguese. The present study investigated
morphological priming in children and evaluated the correlation between morphological priming and morphological
awareness scores. One hundred and forty-one children took part in this research: 35 second graders, 33 third
graders, 33 fourth graders, and 40 fifth graders. They performed a lexical decision task (LDT) and morphological
awareness task. Results indicate that as early as the second grade, children show some degree of morphological
priming effects. In addition, children from the fifth grade presented morphological priming effects similar to
those of a skilled reader. No correlations between morphological awareness scores and morphological priming
effects were found.
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Background
As the act of driving is to an experienced driver, the
skilled reader is able to quickly decode a series of letters
and extract the representation of its meaning without
great efforts. This is such an automated behavior that
people generally do not realize how complex the reading
process can be. Over the past 40 years, many researchers
have been investigating whether the brain processes a
word as a whole or decomposes it into its morphemic
components and then regains its meaning (Amenta et al.
2015; Domínguez et al. 2000; Miller et al. 2016).
According to Domínguez et al. (2000), there are three

theoretical models that propose different solutions for
the role of morphological structure in skilled reading.
The first model is called full listing, and it defends that
words are available for recognition in the mental lexicon
in its full form, without any morphological decompos-
ition (Domínguez et al. 2000). In this case, there would
be direct access from inputs which are associated to
orthographic and phonological forms stored in the lexi-
con. A second type of model is called full parsing. In this
model, words are processed through the decomposition

to its morphemic units and only after this, does the
access to meaning happen (Taft and Forster 1975). For
instance, the recognition of the word “helper” initially
happens through the isolation of the morphemes “help”
and “er”. Only then is the meaning reached: a person
who makes it easier for someone to do something. This
sub-lexical process would help the identification of new
words through its morphemes and would also save re-
sources in the lexicon once there would be no need to
store all words in their full forms. Finally, another model
to identify words, as stated by Dominguez et al. is the
dual or mixed model, which is a combination of full list-
ing and full parsing. In this model, there are two parallel
routes during the identification of words. Therefore, the
speed to access the meaning is related to the type of
word presented. The most frequent words would gener-
ally be processed faster by direct access, since the de-
composition would delay their identification. On the
other hand, unknown words and words that are rarely
seen would be identified by morphological decompos-
ition, which could be a key way to comprehend the
meaning of a new word.
An important task used to investigate lexical access

during reading is the lexical decision task (LDT). In this
task, the participant must decide in the quickest and
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most precise possible way if the stimulus is a word or a
pseudoword. A pseudoword is a sequence of letters that
respects orthographic and phonotactic rules of the target
language but does not have meaning, e.g., “vonk” is a
pseudoword in English. According to Domínguez et al.
(2000) and Amenta and Crepaldi (2012), LDT studies
show that pseudowords consisting of both a real root
and a real affix, e.g., “dischant,” are rejected more slowly
than those without any morphological structure, e.g.,
“donrapel.” This has been taken as evidence for a pre-
lexical processing of words’ morphology because if morph-
ology is only processed after the stimulus is recognized,
then the reaction time to discard a pseudoword should not
be affected by its morphology.
In psychological literature, priming refers to the effect

that a prior stimulus (prime) has on the processing of
the target stimulus (Kantowitz et al. 2006). In general,
the priming tasks manipulate different time intervals be-
tween the prime presentation and the beginning of the
target. This interval is called SOA (stimulus onset asyn-
chrony), and it might be so short that the individual
does not consciously perceive the stimulus (usually at an
average of 50 ms) or long enough for the prime to be
detectable (usually above 200 ms). Research in different
languages (e.g., Amenta et al. 2015; Grainger et al. 1991;
Drews and Zwitserlood 1995; Miller, Liran-Razan and
Vaknin, 2016) points to evidence of morphological prim-
ing effects. Pairs of morphologically related words pre-
sented shorter reaction times in comparison to pairs of
unrelated words or pairs that only had orthographic
similarities or only semantic similarities. In reviewing
those studies, Amenta and Crepaldi (2012) argue that
questioning whether or not morphological priming in
skilled readers happens does not make sense anymore.
The evidence of its existence in certain situations is un-
controversial; the remaining question is which variables
affect morphological priming.
One of the variables that might modulate morphological

priming is the SOA. Rastle and Davis (2008) revised re-
search conducted in different languages and concluded
that the time to recognize a word preceded by a pseudo-
derived prime (e.g., return, research) compared to the time
to recognize a word preceded by a morphological prime
(e.g., study, student) is not different for short SOAs.
Nevertheless, in studies where the SOA was longer, words
preceded by morphological primes were recognized faster
than words preceded by a pseudo-derived prime. In order
to explain these results, Rastle and Davis (2008) proposed
two distinct moments in the visual processing of words: a
morpho-orthographic moment, which would happen dur-
ing the initial phase of perception (usually measured in
studies with short SOAs), and a morpho-semantic mo-
ment, which would happen after that (usually measured in
studies with longer SOAs).

The morphological priming effect has also been inves-
tigated in young readers as a way to identify its onset.
For instance, Casalis et al. (2009) used a priming para-
digm with the LDT to investigate the SOA and morpho-
logical prime effects. Fifty-three French fourth-grade
children were part of that study. They were divided into
two groups, according to SOA duration: 75 or 250 ms.
The prime words were selected under three conditions
according to the relation with the target: morphological,
orthographic, and unrelated. All words were regular
regarding grapheme-phoneme mapping. There was a
priming effect of similar size for both morphologically
and orthographic-related pairs in the 75 ms SOA. How-
ever, for the 250 ms SOA, the prime effect was only
observed for morphologically related pairs.
Quémart et al. (2011) performed three experiments

with the priming paradigm in LDT to investigate the
development of morphological processing in French.
Children from third, fifth, and seventh grades and adults
took part in this study. The prime manipulation consisted
of four different types of relation between the prime and
the target word: morphological, pseudo-derivative, ortho-
graphic, and semantic. The SOA manipulation was be-
tween subjects and had three levels: 60, 250, and 800 ms.
For the two shortest SOAs, only morphological and
pseudo-derivative primes had effects, that is, target words
preceded by these primes were recognized faster. For the
longest SOA (800 ms), participants were faster for words
preceded by morphological, semantic, and orthographic
primes but not for pseudo-derivative primes. There was
no difference in the priming patterns between the
grades. These results from Quémart et al. (2011) study
suggest that morphological processing occurs from
third grade and that developing readers present both a
morpho-orthographic priming effect (when the SOA is
short) and a morpho-semantic priming effect (when the
SOA is longer).
It is important to consider that, although there is evi-

dence of morphological priming in young readers (Casalis
et al. 2009; Quémart et al. 2011), it is still not clear when
the effect starts and if it occurs in more transparent lan-
guages. For example, the youngest group of children from
Quémart et al. (2011) study had a mean age of 8 years and
10 months. Thus, one may argue that those kids have
been exposed to systematic reading teaching for at least
2 years. Furthermore, the participants from Casalis et al.
(2009) and Quémart et al. (2011) studies were French-
speaking children and adults. Therefore, it is also import-
ant to investigate if morphological priming occurs (and if
so, when it occurs) in Brazilian Portuguese, considering
the grapheme-phoneme mapping, is a more transparent
language than French (Seymour 2005). This is relevant be-
cause, as previously argued by Chomsky and Halle (1968),
in less transparent languages (such as English and French),
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morphology would be important for reading irregular
words (that is, words that do not follow the languages’
grapheme-phoneme conversion rules). Since in Brazilian
Portuguese there are few irregular words, it is possible that
morphological processing does not play an important role
in reading this language. Therefore, the central goal of the
current study is to investigate the development of mor-
phological priming in the reading of Brazilian Portuguese
children from second to fifth grade. Since the second
grade is officially the period when the systematic teaching
of reading starts in Brazil, the present study would be able
to clarify when priming processing has its onset.
Currently, there have only been two studies about mor-

phological priming performed in Brazilian Portuguese
speakers, which are Garcia et al. (2012) and Moraes,
Angela Mafra De. (2015) In Garcia et al. study, the re-
searchers performed a LDT experiment using the priming
paradigm with a short SOA (38 ms). The priming manipu-
lation had four conditions: morphological relation
(FILA—fileira), strictly semantic relation (ORDEM—fi-
leira), strictly phonological relation (FILÉ—fileira), and
neutral relation (MATO—fileira). Considering the pseudo-
words, the manipulation had two conditions: with mor-
phemes (ZALA—zaleira) and without morphemes
(FUBO—fubila). The participants were college level stu-
dents. When compared to all other conditions, faster reac-
tion times were observed for the morphological prime
condition. The other conditions did not differ from the
neutral condition, which suggests that the morphological
relation was the only one to facilitate the response to the
target. In addition, the pseudowords with morphemes
took longer to be rejected. Those findings show that in
Portuguese, the presentation of a prime stimulus that is
morphologically related to the target word significantly
contributes to the recognition of this word. However, as
the participants of the study were undergrad students, it
does not clarify when the morphological prime effect has
its onset in Brazilian Portuguese.
The Moraes, Angela Mafra De. (2015) study was con-

ducted with Brazilian adolescents, and its main goal was
to compare dyslexics and controls in LDT performance.
The LDT was conducted using a priming paradigm in
which prime-target pairs shared four relationships: mor-
phological, pseudoderivation, orthographic control, and
semantic control. There was an overall difference in re-
action time between the two groups with dyslexics being
slower, but there was no difference between priming
conditions. However, it is important to notice that the
study sample was very small consisting only of 12 partic-
ipants: six dyslexics and six controls. Therefore, it is not
clear if de Moraes results are representative and, as the
participants of the study were adolescents, it does not
clarify when the morphological prime effect has its onset
in Brazilian Portuguese.

Although there are no studies regarding morphological
priming in Brazilian Portuguese-speaking children when
learning to read, there are many studies showing that
morphological awareness may contribute to the reading
process in this language (Mota, Anibal et al. 2008; Mota
and Silva 2007; Mota et al. 2012; however, see Justi and
Roazzi 2012 for a failure to replicate such findings).
Morphological awareness is the ability to manipulate
and reflect upon the morphological structures of the
language (Carlisle 1995). Many studies conducted in
different languages have shown a significant relation
between scores in morphological awareness tasks and
scores in reading tasks (Carlisle 2004; Carlisle and Fleming
2003; McBride-Chang et al. 2005; Kirby et al. 2012). To
our knowledge, however, the relation between morpho-
logical awareness and morphological priming has never
been investigated. Nor is there an explicit theoretical
model about this relationship. It is surprising because it is
possible to wonder that a good morphological awareness
would facilitate the abstraction of morphological units
during reading resulting in earlier morphological priming
effects. Therefore, an additional goal of the present
study is to explore if there is any correlation between
morphological priming and morphological awareness
in Brazilian Portuguese.

Methods
Participants
One hundred and forty-one children participated in the
present research; 35-s graders (mean age = 8.0 years; SD
= 0.32), 33 third graders (mean age = 8.9 years; SD =
0.41), 33 fourth graders (mean age = 9.8 years; SD =
0.41), and 40 fifth graders (mean age = 11.0 years; SD =
0.39). They were enrolled in two different private schools
in a median size Brazilian city. This study is part of
the first author’s master’s dissertation and was ap-
proved by the Ethics Research Committee of a Brazilian
Federal University.

Materials
Lexical Decision Task (LDT) stimuli. The experimental
stimuli consisted of 60 words that followed a 3 × 2 fac-
torial manipulation of prime and SOA. SOA had two
levels: 60 and 250 ms. Prime had three levels: morpho-
logical prime (e.g., fraqueza-FRACO); orthographic
prime (e.g., franqueza-FRACO), and non-related prime
(e.g., espelho-FRACO). All target words are of average
frequency according to Pinheiro (1996) norms. The pairs
of words with morphological relation had in average the
same number of letters shared in comparison to the
pairs of words with orthographic relation. For each
school grade, a different list of words was created in
order to control the frequency of the pairs of prime-
target words. Each list also contained 60 pseudowords
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that were created for the purpose of the lexical decision
task and had a similar number of letters compared to
the target words. Moreover, the primes of the pseudo-
words were formed by real words (e.g., papel-CADIA);
thus, the type of prime would not indicate the type of
target. All together, each list had 120 target stimuli
(Additional file 1). In addition to those, the experiment
also included 12 other pairs of stimuli for the training
session. These pairs had similar characteristics to the
words and pseudowords used in the experimental ses-
sion. Finally, the 60 words that correspond to prime and
SOA factorial manipulation were subdivided into six lists
so that in each list, a word was preceded by a type of
prime (morphological, orthographic, or non-related) and
a type of SOA (60 or 250 ms). The order of presentation
of those lists was counterbalanced across the six experi-
mental conditions. That way, each participant was ex-
posed to only one list by experimental condition.
Therefore, during the experimental session, each student
was exposed to 60 words and 60 pseudowords.
Derived Word Analogy Task—(task by Nunes, Bryant,

and Bindman 1997, adapted by Justi and Roazzi 2012).
In this task, when given a pair of morphologically related
words, e.g., library—librarian, a new word is presented,
e.g., music, and the child must answer using analogy
which word completes the second pair, in this case, mu-
sician. The score for this task is the number of items
answered correctly. According to Mota, Gontijo et al.
(2008), the Derived word anology task is one of the best
tasks to evaluate morphological awareness in Brazil. It is
important to note that Justi and Roazzi (2012) reported
a Cronbach’s alpha of 0.65 for this task, which is virtually
identical to the 0.64 Cronbach’s alpha reported by
Mota, Gontijo et al. (2008). In the present study, we
also applied a Morpho-Semantic Decision task as rec-
ommended by Mota et al. However, this task resulted
in a clear ceiling effect. Therefore, in order to save
space, we opted to present and discuss only the De-
rived Word Analogy task.

Procedure
The tasks were applied on different days in individual
sessions. Considering the Lexical Decision Task, the in-
struments used were two 15.4-in. screen laptop com-
puters and the DMDX software (Forster & Forster, 2003)
was used for the presentation of stimuli and data registry
(reaction time and error percentage). The participant sat
on a chair at approximately a 40-cm distance from the
computer, depending on their posture. After finding a
comfortable position, the task procedures were explained
to them. They were explicitly told to press the green
button on the keyboard only upon seeing a known word
written in CAPITAL letters. After that, the participant
was asked to read the instructions and had the

opportunity to ask any questions before the training ses-
sion or right after it. The goal of the training session was
to make the participants familiar to the buttons and the
task, and it was repeated if the participant had an error
percentage higher than 35%.
The stimuli were presented on a screen configuration

of 640 × 480 pixels, font “fixedsys,” size 10 in capital let-
ters. The font color was white and the background was
blue. The presentation of stimuli complied the following
steps: First, a fixation mark (+) was presented for
500 ms, which was followed by a blank screen presented
for 500 ms. Then, a mask (######) appeared for 500 ms,
being immediately followed by the prime word in lower-
case letters that could last for 60 or 250 ms (according
to the SOA manipulation). The prime was substituted by
the target (a word or a pseudoword) in capital letters.
The participants had 4 s to decide if the target was a
word by pressing the green button. The stimulus disap-
peared when the participant pressed the button or after
4 s. The participants were told that if the stimulus was a
pseudoword, they just had to wait until the stimulus dis-
appears. The training session followed the same steps;
however, there was also a feedback. The total testing
time, including training and experimental sessions, was
about 12 min per participant.

Results
Since chance performance in the LDT is about 50%, all
participants whose error percentage was over 40% in this
task were excluded from data analysis. This resulted in
the exclusion of nine participants: 3-s graders, 3 third
graders, 1 fourth grader, and 2 fifth graders. As recom-
mended by Perea (1999), all reaction time scores of a
participant above or below two standard deviations were
restricted to these values. After those procedures,
Kolmogorov-Smirnov tests were conducted on LDT’s re-
action time data and their distribution was normal. Table 1
presents the descriptive statistics of these variables.
An ANOVA was used to analyze the second-grader

data, and the results show that neither the main effect of
SOA nor the interaction SOA × Prime were statistically
significant (all p values >0.77). There was a significant
effect of Prime, F(2,62) = 3.69, p = 0.031. Planned com-
parisons were performed in all school grades between
the morphological prime and the non-related prime
and between the morphological prime and the ortho-
graphic prime for each type of SOA. The results indi-
cate that the difference between non-related prime and
morphological prime was significant when the SOA
was 250 ms: t(31) = 2.62, p = 0.01. The words preceded
by morphological primes were recognized 119 ms faster
than those preceded by non-related primes. No further
significant results were yielded for the other compari-
sons (all p > 0.12).
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For third graders, ANOVA analysis indicates that the
main SOA effect and the SOA × Prime interaction were
not statistically significant (values of p > 0.20). The only
statistically significant effect was that of Prime, F(2,58) =
3.19, p = 0.05. Planned comparisons indicated that in the
250-ms SOA condition, the morphological prime statis-
tically differed from the non-related prime [t(29) = 2.14,
p = 0.04] and from the orthographic prime [t(29) = 2.42,
p = 0.02]. The words preceded by morphological primes
were recognized 86 ms faster than those preceded by
non-related primes, and were recognized 109 ms faster
than those preceded by orthographic primes. No further
significant results were yielded for the other compari-
sons (all p > 0.10).
The ANOVA on fourth-grader data showed no main

effect of SOA (p > 0.18). The Prime effect (F(2,62) = 6.7,
p < 0.01) and the SOA × Prime interaction (F(2,62) =
3.22, p = 0.05) were significant though. Planned t tests
showed that words preceded by morphological primes
during the 250-ms SOA were recognized 110 ms faster
than those preceded by non-related primes [t(31) = 3.25,
p < 0.01] and were recognized 125 ms faster than those
preceded by orthographic primes [t(31) = 3,9, p < 0,01].
No further significant results were yielded for the other
comparisons (all p > 0.5).
For fifth graders, neither the main effect of SOA nor

the SOA × Prime interaction were statistically significant
in the ANOVA analysis (all p values > 0.52). The only
statistically significant effect was that of Prime F(2,74) =
6.76, p < 0.01. When compared to words preceded by
orthographic primes, words preceded by morphological
primes were recognized 86 ms faster in the 250-ms SOA
and 76 ms faster in the 60-ms SOA [t(37) = 3.69, p < 0.01
and t(37) = 2.42 p = 0.02, respectively]. When compared to
words preceded by non-related primes, words preceded

by morphological primes were recognized 76 ms faster in
the 250-ms SOA [t(37) = 2.67, p = 0.01] and 62 ms faster
in the 60-ms SOA (p = 0.059 being just significant).
Finally, in order to verify if there is any relation be-

tween morphological priming and morphological aware-
ness, a correlation analysis was made between the effect
of morphological priming and the scores in the Derived
Word Analogy task. The effect of morphological priming
was operationalized as the difference between the reac-
tion time for words preceded by morphological primes
and the reaction time for words preceded by ortho-
graphic primes or non-related primes, divided by the
standard deviation of overall reaction time. For instance,
if a participant responded to words preceded by mor-
phological primes with reaction time “X” and responded
to words preceded by orthographic primes with reaction
time “Y,” the morphological priming effect for this par-
ticipant would be the difference between Y and X, di-
vided by the standard deviation of the participant overall
reaction time in the LDT. Using this rationale, it was
possible to calculate morphological priming effects in re-
lation to non-related and orthographic primes by each
type of SOA for each child. Table 2 presents the Pearson
correlations between these data and the scores in the
Derived Word Analogy task. There were no significant
correlations between any morphological priming effect
and morphological awareness scores in any school grade
(all p values >0.09).

Discussion
The central goal of the current study was to investigate
the development of morphological priming in the read-
ing of Brazilian Portuguese children. As observed in the
ANOVA analysis, it is possible to find that morpho-
logical priming effects in Brazilian Portuguese have its

Table 1 Descriptive statistics of lexical decision task

SOA 60 ms SOA 250 ms

NR_P Ort_P Morp_P NR_P Ort_P Morp_P

2nd grade Mean RT 1628.4 1573.4 1530.8 1652 1581.6 1533.0

SD 440.7 324 304 355.8 285.7 372.3

N 32 32 32 32 32 32

3rd grade Mean RT 1404.2 1322.7 1334.7 1350.5 1373.1 1264.2

SD 312.7 308.2 336.1 303.9 312.5 308.5

N 30 30 30 30 30 30

4th grade Mean RT 1238.7 1244.3 1223.2 1237.7 1252.8 1127.2

SD 361 373.2 364.1 318.5 347.1 350.4

N 32 32 32 32 32 32

5th grade Mean RT 1134 1134.9 1071.8 1146.9 1156.5 1070.7

SD 339.1 319.2 310.8 352.5 330.6 342.1

N 38 38 38 38 38 38

Abbreviations: NR_P non-related prime, Ort_P orthographic prime, Morp_P morphological prime, RT reaction time, SD standard deviation
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onset as early as the second grade. After all, second graders
recognized target words preceded by morphological primes
faster than target words preceded by non-related primes in
the 250-ms SOA. However, it is possible to argue that in
this school grade, the morphological priming effect is very
small, once it does not differ from the orthographic prime.
Probably, morphological priming starts to develop in this
school grade, but it is still poorly developed due to the
child’s lack of experience with reading.
From third to fourth grade, in the 250-ms SOA condi-

tion, primes with morphological relation to the target
words are recognized faster than non-related or ortho-
graphic primes. This can be taken as evidence that, in
these school grades, the child’s reading experience is suf-
ficient to decompose the words into its morphemic
components during reading. This decomposing process
is not limited to the extraction of the root properties of
the words by simple letter sequencing, given that there
is a significant difference between the orthographic and
the morphological prime conditions. For example, the
word “abriu” is facilitated by the prime “abriam” but not
by the prime “abril”. Since both prime words (“abriam” e
“abril”) share the same number of initial letters (four let-
ters) with the target word (“abriu”), it is probably the
morphological properties shared between “abriam” and
“abriu” which boost the recognition of “abriu.” Thus, it
seems that children from third and fourth grades are
already able to process morphological units during visual
word recognition.
The fifth grade seems to be the period of reading de-

velopment in which the participants are sensible to mor-
phological primes in both SOA conditions: 60 and
250 ms. In this school grade, when compared to words
preceded by orthographic primes or by non-related
primes, words preceded by morphological primes were
recognized faster in the 250-ms SOA and in the 60-ms
SOA. The fact that the p value (0.06) for the comparison
between morphological and non-related primes in the
60-ms SOA was just close to the desired alpha level can
be explained by lack of power considering that the sam-
ple size was not big.
The present results concerning morphological priming

corroborate the view that there is some degree of

morphological processing during visual word recognition
(Domínguez et al. 2000). However, what is the nature of
this morphological processing? Rastle and Davis (2008)
proposed two distinct moments in visual word recognition:
a morpho-orthographic moment, which would happen
during the initial phase of perception (usually measured in
studies with short SOAs), and a morpho-semantic mo-
ment, which would happen after that (usually measured in
studies with longer SOAs). Assuming that Rastle and Davis
are correct, we could argue that it is only in the fifth
grade that morpho-orthographic decomposition has its
onset in Brazilian Portuguese readers. After all, it was
only in this school grade that morphological and ortho-
graphic primes statistically differed in the 60-ms SOA
condition. Therefore, the morphological priming effects
in the earlier grades were probably a result of morpho-
semantic processing.
It makes sense to think of morpho-semantic processing

developing earlier than morpho-orthographic processing
because to benefit from morpho-orthographic units, the
reader would need to have abstract orthographic patterns
stored in his or her lexicon, and the abstraction of these
units would depend on reading experience. As Rastle and
Davis (2008) pointed out, morphological processing is
likely related to the child’s experience with oral language,
which permits the identification of repeated patterns that
occur in the structures of words, as well as their experi-
ence with written language. A possible explanation for this
developmental pattern is, once children already has some
morphological knowledge derived from oral language,
when they begin to read (by phonological recoding), they
tend to “sound out” the words and to recover their mean-
ing after it, and this would lead to a higher benefit from
the semantic aspects of morphemes. As children acquire
more reading experience, morphosyntatic patterns are ab-
stracted and become automatic, boosting the processing
of morphologically complex words.
It is important to notice that Casalis et al. (2009) re-

sults presented the same pattern of the current study
considering the fourth graders, that is, fourth graders
only presented morphological priming effects in the
250-ms SOA. Although Quémart et al. (2011) did find
morphological priming effects in the 60-ms SOA in an

Table 2 Correlations between morphological priming scores and morphological awareness

Morphological
awareness

SOA 60 ms SOA 250 ms

NR-Morp Ort-Morp NR-Ort NR-Morp Ort-Morp NR-Ort

2nd grade −0.29 −0.28 0.00 −0.09 −0.20 0.11

3rd grade −0.03 −0.18 0.18 −0.02 −0.28 0.28

4th grade 0.23 0.27 −0.02 0.22 0.10 0.15

5th grade 0.21 −0.07 0.28 −0.08 −0.02 −0.07

There were no significant correlations between morphological priming effects and morphological awareness (all p values >0.09)
Abbreviations: NR-Morp difference between the reaction time (RT) for morphological primes and the RT for non-related primes, Ort-Morp difference between the
RT for orthographic primes and the RT for morphological primes, NR-Ort difference between the RT for non-related primes and the RT for orthographic primes
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experiment with third graders, it is important to notice
they used different words in each prime condition, and
this could confound word and priming effects. In the
present study, lists were created and counterbalanced
across experimental conditions so that in each list, a
word was preceded by a type of prime and by a type of
SOA. This procedure guarantees that each word works
as its own control resulting in a better control of word
effects. If the differences found between the present re-
sults and those of Quémart et al. were due to simple
transcultural and linguistic factors, Casalis et al. would
have found the morphological priming effect in their
study’s short SOA condition, once it was also conducted
in French-speaking children. Thus, it seems reasonable
to conclude that morpho-orthographic priming probably
occurs only after fourth grade.
In short, the present research suggests that morpho-

logical priming has its onset as early as the end of the
second grade. In addition, the results suggest that mor-
phological priming effects in the earlier grades are prob-
ably a result of morpho-semantic processing and that
morpho-ortographic processing is a later acquisition,
since only fifth graders were sensible to morphological
primes in the 60-ms SOA condition. This is important
evidence because as pointed out before by Chomsky and
Halle (1968), it is reasonable to think that morphology
would be important for reading in English because of its
irregularities concerning grapheme-phoneme mapping.
Thus, the present study shows that morphological pro-
cessing plays a role in reading even in a more transpar-
ent language like Brazilian Portuguese.
An additional goal of the present study was to investigate

if there is any correlation between morphological priming
and morphological awareness in Brazilian Portuguese. No
statistically significant correlation between the scores in
the morphological awareness task (word analogy) and mor-
phological priming effect during the LDT were observed in
this study. More important, this lack of correlation holds
for every school year investigated, that is from second
to fifth grade. We do not have knowledge of other stud-
ies investigating the correlation between morphological
awareness and morphological priming effects. There-
fore, we cannot predict if these correlations should
have been statistically significant. Thus, it seems to be a
matter for further research.

Conclusions
The present study is the first to investigate the develop-
ment of morphological priming in Brazilian children in
the beginning years of reading instruction. This is a very
important cross-linguistic information, once other stud-
ies, which investigated morphological priming in chil-
dren, were conducted in French. The present findings
that morpho-semantic processing develops earlier than

morpho-orthographic processing are important evidence
for visual word recognition models to take into account.
In addition, the fact that morphological processing has
its onset as early as the end of the second grade high-
lights the importance of morphological processing for
beginning readers and suggests pedagogical practices
that foster morphological knowledge in children.
Finally, it is important to consider the limitations of the

present study. The fact that the study used only one meas-
urement of morphological awareness (derived word analogy
task) might be considered a limitation as the hypothetical
use of more measures might have made it possible to calcu-
late a composed and more accurate measure of this vari-
able. In any case, it is also relevant to point out that the
Derived Word Analogy task used in this study did not
present any outliers and had normal distribution. Another
limitation of this study is the sample restricted to students
from private schools. Thus, an important issue for future
research would be to evaluate if public school students
present the same developmental pattern for the morpho-
logical priming effect.

Additional file

Additional file 1: Lists of lexical decision task stimuli. (DOCX 55 kb)

Funding
The first author received a scholarship from CAPES.

Authors’ contributions
BSFO collected most of the data, contributed on the data analysis, participated
in its design, and wrote the manuscript. FRRJ made substantial scientific
contributions helping in formulating the hypotheses; he also structured the
experimental design and contributed on the data analysis and on the discussion
of the results. Both authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 21 October 2016 Accepted: 18 January 2017

References
Amenta, S., & Crepaldi, D. (2012). Morphological processing as we know it: an

analytical review of morphological effects in visual word identification.
Frontier in Psychology, 3, 1–12. doi:10.3389/fpsyg.2012.00232.

Amenta, S., Marelli, M., & Crepaldi, D. (2015). The fruitless effort of growing a
fruitless tree: early morpho-orthographic and morpho-semantic effects in
sentence reading. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 41(5), 1587–1596. doi:10.1037/xlm0000104.

Carlisle, J. F. (1995). Morphological awareness and early reading achievement. In
L. Feldman (Ed.), Morphological aspects of language processing (pp. 189–209).
Hillsdale: Erlbaum.

Carlisle, J. F. (2004). Morphological processes that influence learning to read. In C.
A. Stone, E. R. Silliman, B. J. Ehren, & K. Apel (Eds.), Handbook of language and
literacy: Development and disorders (pp. 318–339). New York: Guildford Press.

Carlisle, J. F., & Fleming, J. (2003). Lexical processing of morphologically complex
words in the elementary years. Scientific Studies of Reading, 7, 239–253.
doi:10.1207/S1532799XSSR0703_3.

Casalis, S., Dusautoir, M., Colé, P., & Ducrot, S. (2009). Morphological relationship
to children word reading: a priming study in fourth graders. British Journal of
Developmental Psychology, 27, 761–766. doi:10.1348/026151008X389575.

Chomsky, C., & Halle, M. (1968). The sound pattern of English. New York: Harper & Row.

Oliveira and Justi Psicologia: Reflexão e Crítica  (2017) 30:4 Page 7 of 8

dx.doi.org/10.1186/s41155-017-0058-8
http://dx.doi.org/10.3389/fpsyg.2012.00232
http://dx.doi.org/10.1037/xlm0000104
http://dx.doi.org/10.1207/S1532799XSSR0703_3
http://dx.doi.org/10.1348/026151008X389575


Domínguez, A., Cuetos, F., & Segui, J. (2000). Morphological processing in word
recognition: a review with particular reference to Spanish data. Psicológica,
21, 375–401. Retrieved from http://www.uv.es/revispsi/articulos3.00/mono/
monoL4.pdf.

Drews, E., & Zwitserlood, P. (1995). Orthographic and morphological similarity in
visual word recognition. Journal of Experimental Psychology: Human Perception
and Performance, 21(5), 1098–1116. doi:10.1037/0096-1523.21.5.1098.

Forster, K. I., & Forster, J. C. (2003). DMDX: A windows display program with
millisecond accuracy. Behavior Research Methods, Instruments, & Computers,
35, 116–124. doi:10.3758/BF03195503.

Garcia, D. C., Maia, M. A. R., & França, A. I. (2012). The time course of word
recognition: evidence from Brazilian Portuguese. Revista Virtual de Estudos
da Linguagem, 10 (18). Retrieved from http://www.revel.inf.br/files/
e320179f9b9e1ae52f7b98bb6cc0e061.pdf.

Grainger, J., Cole, P., & Segui, J. (1991). Masked morphological priming in visual
word recognition. Journal of Memory and Language, 30, 370–384. doi:10.
1016/0749-596X(91)90042-I.

Justi, C. N. G., & Roazzi, A. (2012). A Contribuição de Variáveis Cognitivas para a
Leitura e a Escrita no Português Brasileiro. Psicologia: Reflexão e Crítica, 25(3),
605–614. doi:10.1590/S0102-79722012000300021.

Kantowitz, B., Roediger, H., & Elmes, D. (2006). Psicologia experimental (p. 2006).
São Paulo: Thomson Learning.

Kirby, J. R., Deacon, S. L., Bowers, P. N., Izenberg, L., Wade-Wooley, L., & Parrila, R.
(2012). Children’s morphological awareness and reading ability. Reading and
Writing, 25, 389–410. doi:10.1007/s11145-010-9276-5.

McBride-Chang, C., Wagner, R. K., Muse, A., Chow, B. W., & Shu, H. U. A. (2005). The
role of morphological awareness in children’s vocabulary acquisition in English.
Applied PsychoLinguistics, 26(3), 415–435. doi:10.1017/S014271640505023X.

Miller, P., Liran-Hazan, B., & Vaknin, V. (2016). Morphological decomposition in
reading hebrew homographs. Journal of Psycholinguistic Research, 45, 717–738.
doi:10.1007/s10936-015-9364-4.

Moraes, A. M. D. (2015). O processamento da morfologia derivacional durante o
reconhecimento visual de palavras por disléxicos. Florianópolis: Unpublished
master’s thesis. Universidade Federal de Santa Catarina.

Mota, M., & Silva, K. (2007). Consciência morfológica e desenvolvimento ortográfico:
Um estudo exploratório. Psicologia em Pesquisa, 1(2), 86–92. Retrieved from
http://www.ufjf.br/psicologiaempesquisa/files/2009/11/v1n2008.pdf.

Mota, M., Anibal, L., & Lima, S. (2008). A Morfologia derivacional contribui para a
leitura e escrita no português? Psicologia: Reflexão e Crítica, 21(2), 311–318.
doi:10.1590/S0102-79722008000200017.

Mota, M., Gontijo, R., Mansur-Lisboa, S., Olive, R., Silva, D., Dias, J., & Kamisaki, R.
(2008). Avaliação da consciência da morfologia derivacional: fidedignidade e
validade. Avaliação Psicológica, 7(2), 151–157. http://pepsic.bvsalud.org/scielo.
php?script=sci_arttext&pid=S1677-04712008000200006&lng=pt&tlng=pt.

Mota, M., Vieira, M., Bastos, R., Dias, J., Paiva, N., Mansur-Lisboa, S., & Andrade-Silva,
D. (2012). Leitura contextual e processamento metalingüístico no português
do Brasil: um estudo longitudinal. Psicologia: Reflexão e Crítica, 25(1), 114–120.
doi:10.1590/S0102-79722012000100014.

Perea, M. (1999). Tiempos de reacción y psicología cognitiva: dos procedimientos
para evitar el sesgo debido al tamaño muestral. Psicológica, 20, 13–21. Retrieved
from http://www.uv.es/psicologica/articulos1.99/perea.pdf.

Pinheiro, A. (1996). Contagem de frequência de ocorrência e análise psicolinguística
de palavras expostas a crianças na faixe pré-escolar e séries iniciais do 1 o grau.
São Paulo: Associação Brasileira de Dislexia.

Quémart, P., Casalis, S., & Colé, P. (2011). The role of form and meaning in the
processing of written morphology: a priming study in French developing
readers. Journal of Experimental Child Psychology, 109, 478–496. doi:10.1016/j.
jecp.2011.02.008.

Rastle, K., & Davis, M. H. (2008). Morphological decomposition based on the
analysis of orthography. Language e Cognitive Processes, 23(7/8), 942–971.
doi:10.1080/01690960802069730.

Seymour, P. (2005). Early reading development in European orthographies. In M.
Snowling & C. Hulme (Eds.), The Science of Reading: A Handbook (pp. 296–315).
Oxford: Blackwell.

Taft, M., & Forster, K. I. (1975). Lexical storage and retrieval of prefixed words.
Journal of Verbal Learning and Verbal Behaviour, 14(6), 638–647. doi:10.1016/
S0022-5371(75)80051-X.

Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

Oliveira and Justi Psicologia: Reflexão e Crítica  (2017) 30:4 Page 8 of 8

http://www.uv.es/revispsi/articulos3.00/mono/monoL4.pdf
http://www.uv.es/revispsi/articulos3.00/mono/monoL4.pdf
http://dx.doi.org/10.1037/0096-1523.21.5.1098
http://dx.doi.org/10.3758/B1F03195503
http://www.revel.inf.br/files/e320179f9b9e1ae52f7b98bb6cc0e061.pdf
http://www.revel.inf.br/files/e320179f9b9e1ae52f7b98bb6cc0e061.pdf
http://dx.doi.org/10.1016/0749-596X(91)90042-I
http://dx.doi.org/10.1016/0749-596X(91)90042-I
http://dx.doi.org/10.1590/S0102-79722012000300021
http://dx.doi.org/10.1007/s11145-010-9276-5
http://dx.doi.org/10.1017/S014271640505023X
http://dx.doi.org/10.1007/s10936-015-9364-4
http://www.ufjf.br/psicologiaempesquisa/files/2009/11/v1n2008.pdf
http://dx.doi.org/10.1590/S0102-79722008000200017
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1677-04712008000200006&lng=pt&tlng=pt
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1677-04712008000200006&lng=pt&tlng=pt
http://dx.doi.org/10.1590/S0102-79722012000100014
http://www.uv.es/psicologica/articulos1.99/perea.pdf
http://dx.doi.org/10.1016/j.jecp.2011.02.008
http://dx.doi.org/10.1016/j.jecp.2011.02.008
http://dx.doi.org/10.1080/01690960802069730
http://dx.doi.org/10.1016/S0022-5371(75)80051-X
http://dx.doi.org/10.1016/S0022-5371(75)80051-X

