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In this article we present two lexical decision experiments that examine the 
role of base frequency and of derivative suffix productivity in visual 
recognition of Spanish words. In the first experiment we find that complex 
words with productive derivative suffixes result in lower response times 
than those with unproductive derivative suffixes. There is no significant 
effect for base frequency, however. In experiment two, the same procedure 
was undertaken with pseudowords, showing that when they are composed 
by productive derivative suffixes they take longer to be rejected than when 
they are composed by unproductive derivative suffixes. Again, the role of 
base frequency fails to reach significance. These results endorse the view 
that derivative suffixes have a relevant role in visual recognition of complex 
words. According to our results, derivative suffixes create the conditions for 
taking a lexical candidate as a legal lexical entry and therefore they 
contribute decisively to the lexical decision.  

 

 

In recent years, morphological processing and its role in lexical 
recognition have become a major focus of research activity within 
psycholinguistics, as demonstrated by the large amount of work published 
on the subject. This processing has been studied in both normally 
developing children and those presenting some sort of pathology (e.g. 
Beyersmann, Castles, & Coltheart, 2012; Burani, Bimonte, Barca, & Vicari, 
2006; Carlisle, & Katz, 2006; Lázaro, Moraleda & Garayzábal, 2013, 
Lázaro, Burani & Camacho, 2013; Schiff, Raveh, & Kahta, 2008 
Verhoeven & Schreuder, 2012), as well as in adults (e.g. Badecker, & 
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Allen, 2002; Deutsch, Frost, Pollatsek, & Rayner, 2000; Domínguez, Alija, 
Rodríguez-Ferreiro, & Cuetos, 2010; Feldman, 2000; Giraudo & Grainger, 
2000; Lehtonen, Cunillera, Rodríguez-Fornells, Hultén, Tuomainen, & 
Laine, 2007; Marslen-Wilson, Tyler, Waksler, & Older, 1994). The 
literature also includes studies with and without priming, masked or 
otherwise. We have access, then, to a myriad of information, although, as 
Amenta and Crepaldi (2012) note in their recent review of findings, much 
more information is needed in order not only to make progress in possible 
fuzzy areas, but also to clarify results that appear to be contradictory.  

One result that might seem to contradict our understanding of 
derivational morphology in adults looked at the role of Base Frequency 
(henceforth BF) and Affix Productivity (henceforth AP) using an unmasked 
lexical decision task. The BF is the lemma frequency of a given stem 
(Baayen, Wurm & Aycock, 2007) –a count based on tokens. Concerning 
AP, it is clear that some derivative suffixes appear in more words than 
others. The derivative suffix –ero appears in many Spanish words, e.g. 
jornalero (casual labourer), portero (goalkeeper), monedero (purse), 
whereas, say, –azgo appears in relatively few, e.g. cacicazgo (chiefdom), 
hartazgo (surfeit). Here we are referring not to the frequency with which a 
lemma appears, but rather to the number of words that contain the 
derivative suffix, regardless of frequency – in other words, a count based on 
types. Burani, Thornton, Iacobini & Laudanna (1995) call this variable 
numerosity, and demonstrate a very high positive correlation with 
calculations based on tokens.  

Nevertheless, this is not the only way productivity can be 
operationalized.  Laudanna, Burani and Cermele (1994), for instance, posed 
that productivity can be computed as the proportion of complex words that 
present a particular suffix over the total words that end with the same letter 
pattern, i.e., for Spanish, the suffix “-eza” is present in simple words as in 
“cerveza” (beer) or “cabeza” (head) as well as in complex words as in 
“extrañeza” (strangeness) and “rareza” (rarity). The simple words that 
present this letter ending are called pseudoaffixed. Laudanna et al., (1994) 
obtained relevant results in an experimental series in which they computed 
the proportion between real affixed words and pseudoaffixed words. 
Although this strategy might be interesting in general, it goes beyond our 
scope in this contribution given that   appropriate empirical materials for 
such computations are lacking. Accordingly, we operationalize productivity 
as type frequency. We will come back on this issue in the discussion. 

 The role of BF and AP has been studied in different languages using 
different methodologies. The research of Baayen et al. (2007) in English, of 
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Burani and Thornton (2003) in Italian, and of Lázaro (2012) in Spanish is 
particularly relevant to our present purposes. It is rather clear that cross-
linguistic comparisons are relevant since differences across languages might 
contribute to account for some of the empirical findings. Although in some 
cases different theoretical frameworks might result more suitable for some 
languages than for others (Smolka, Preller & Eulitz 2014), the benefit of 
comparing results across different languages can primarily come from the 
analysis of somewhat different methodologies.  

In Burani and Thornton’s (2003) research, three unprimed lexical 
decision experiments were carried out. In the first experiment, they 
combined real derivative suffixes with inexistent stems, thus creating 
pseudowords. The suffixes were categorized into three groups: highly 
productive, regularly productive and highly unproductive. They were then 
compared with pseudowords that contain no existing morphological 
elements. The results show that response latencies were only significantly 
longer for pseudowords with highly productive suffixes, when compared to 
pseudowords containing no valid morphemes, thus showing a significant 
AP effect. In the third experiment, focused on words, base frequency and 
affix productivity (with two levels each –high and low) were manipulated 
altogether. They noted that the variable BF played a key role, since words 
with frequent stems elicited significantly faster responses than those with 
infrequent stems. Nonetheless, in this experiment no significant results were 
obtained for the variable AP –words evoked response latencies 
independently of the productivity of their suffixes. From the results of this 
experiment, the authors drew the logical conclusion that BF plays a 
fundamental role in the visual recognition of complex words, not so AP, 
thus defending the notion that words with common lexemes share 
representations in the lexicon (Ford, Davis and Marslen-Wilson, 2010).  

In Spanish, Lázaro (2012) conducted a study similar to Burani and 
Thornton’s (2003) third experiment, obtaining a different pattern of results. 
Lázaro (2012) observed a significant facilitative effect for AP, but no main 
effect for the variable BF – the BF effect was only significant when words 
had high AP.  

Lastly, Baayen et al. (2007) carried out two experiments. In the first 
experiment they obtained an AP effect, whilst the BF effect was not 
significant. However, in contrast to Lázaro (2012), the interaction between 
the two variables was not significant. In their second experiment both 
variables presented significant main effects. The difference between both 
experiments lays in the stimuli presented: in the first only low frequency 
stimuli were used, while, in the second, stimuli of all frequencies were used. 
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These results imply that the BF effect depends on the linguistic context (see 
also Andrews, 1986) –in particular it depends on the frequency not only of 
the stimuli under study, but also on the frequency of those presented as 
fillers, which therefore contribute to generate the context. Because all the 
studies of Burani and Thornton (2003), Lázaro (2012) and Baayen et al.’s 
first experiment (2007) were carried out with low frequency words, the 
observed differences cannot be attributed to the frequency of the stimuli. 
Necessarily, other methodological differences should be related to the 
findings observed. In fact, these methodological differences might have 
biased the results in different ways. Whereas Burani and Thornton (2003) 
controlled their stimuli for familiarity, neither Lázaro (2012) nor Baayen et 
al. (2007) did so. Taking together the results of the Burani and Thornton’s 
(2003) second and third experiments, it can be shown that stimulus 
familiarity seems to play an important role. In fact, they observed that when 
this variable is controlled -in the third experiment-, the BF effect persists 
while the AP effect –which was significant in the second experiment  
disappears; stimulus familiarity was not controlled in the other experiments. 
Burani and Thornton (2003) and Baayen et al., (2007) introduce low 
frequency filler items that reflect the regularity of Italian and English 
vocabulary –both complex words (stem and derivative morpheme) and 
simple words (stems). In sharp contrast, Lázaro (2012) does not introduce 
fillers that reflect the same properties of the Spanish vocabulary; Lázaro 
chose, instead, pseudowords in the lexical decision task. This 
methodological difference may have had serious consequences, because the 
context created by the Lázaro’s (2012) test might have facilitated the 
development of some reader strategies. This sounds unlikely when the 
words are different each other.  

In order to better understand these discrepancies and shed light on the 
different role of stems and derivative suffixes in lexical recognition of 
complex words, two new experiments were conducted in Spanish. In the 
first experiment, both variables AP and BF were manipulated by using 
words; the main effects of these variables and its interaction were 
examined. In the second experiment, in order to explore these effects in 
depth, the same manipulation was carried out by using pseudowords. Our 
expectation was that the results should be consistent with those of the first 
experiment.  
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EXPERIMENT 1 
The exam of BF and AP is intended in this first experiment. A 2    

(BF: High vs. Low) × 2 (AP: High vs. Low) factorial design is used. 

METHOD 
Participants. Twenty-nine right-handed native Spanish readers (25 

women, 4 men of age 21 years in average) completed the experiment on a 
voluntary basis. All students were Speech and Language Therapy students. 
They received course credits for their participation. All students had normal 
or corrected-to-normal vision. 

 
Stimuli. A total of 80 low frequency words were selected, 20 words 

per experimental group. There were 20 high BF and high AP words, 20 high 
BF and low AP words, 20 low BF and high AP words and 20 low BF and 
low AP words. Additionally 80 simple words were included as filler items, 
each consisting of a single lexeme. For the lexical decision task another set 
of 160 pseudowords were created. Half of them had no derivative suffix 
while the other half did. These stimuli were obtained using real words, 
changing one or two letters to convert them into pseudowords (see 
Appendix 1).  

The experimental variables –shown in Table 1– are word frequency 
(frequency per million 0.1-13.5), neighborhood density (0-5), family size 
(FS; 5-10), number of letters (5-11), suffix letter length (see Kuperman, 
Bertram, & Baayen, 2010; 2-4), familiarity (3.5-6.6) and frequency of the 
initial bigram. The calculations were performed using data from the ESPAL 
database (Duchon, Perea, Sebastián-Gallés, Martí & Carreiras, in press). To 
calculate affix productivity (AP), we used the reverse dictionary (Bosque 
and Pérez, 1987) which lists Spanish words in alphabetical order starting 
from the last letter and ending with the first. 

 
Procedure. A lexical decision task was programmed by using the 

software E-prime (Schneider, Eschman & Zuccolotto, 2012). Participants 
were instructed to judge as quickly as possible whether the letter strings 
were existing words or not, reducing errors at minimum. Participants were 
placed about 70 centimeters from the laptop screen in a quiet room. As Ford 
et al., (2010) did in their experiments, the experiment sequence proceeded 
this way: the screen showed a fixation point "+" for 250 ms. to claim 
attention on the point where the stimulus was to appear. After this signal the 
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target was presented for 500 ms. or until participants responded, moment in 
which the letter pattern disappeared and a blank screen was shown for 1 
second; responses were collected at that very moment. The order of 
presentation was randomized across stimuli. Prior to the experiment, ten 
trials were presented in the same manner. None of the five stimuli presented 
in this training session were used in the subsequent experiment.  

 
 

Table 1. Descriptive statistics of experiment 1. 

	  

 

RESULTS 
Response times associated with incorrect responses, response times 

more than two and a half standard deviations above the mean for the 
condition, and responses faster than 300 milliseconds were not included in 
the statistical analyses. The elimination of these latencies accounted for 
3.6% of the total data set included in the analyses. 

The results can be viewed in table 2. The results involving words 
show a close-to-significant effect for BF in the analysis by participants 
(F1(1,28)= 3.01, MSe=32500, p=.09) but a non significant effect in the 
analyses by items (F2(1,79)= 1.79, MSe=16976, p>.1). The difference 
between words regarding BF is not significant (578 vs. 588 ms.). However, 
a significant AP main effect emerges both in the analyses by participants 
and by items (F1(1,28)= 24.67, MSe=53280, p<.01), (F2(1,79)=21.01, 
MSe=180479, p<.01), respectively. Complex words with productive 
suffixes were responded faster than complex words with unproductive 
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affixes (563 vs. 603 ms. respectively). The interaction between the two 
variables did not reach significance (F2 < 1), (F2 < 1). 

The analysis conducted on error rates shows a significant BF effect 
(F1(1,28)= 7.1,MSe=1.38, p<.05), as well as an AP effect (F1(1,28)=22.82, 
MSe=4.04, p<.01) in the analysis by participants. However, in the analysis 
by items only the effect of AP reaches significance (F2(1,79)=1, MSe=4, 
p>.05) and (F2(1,79)=3.7, MSe=.81, p=.05). Words with high frequent 
suffixes were better classified than words with infrequent suffixes. The 
interaction between these variables did not reach significance (F1 < 1).  

 
 

Table 2. Results from experiment 1. 

	  

  
  
With regards to pseudowords, the t tests performed by items and 

participants show that complex stimuli required more time to be rejected 
than simple pseudowords (t(28)= -2,89, p<.01); (t(79)=-101, p<.01). They 
also produced more errors than simple words (t(28)= -3,11, p<.01); 
(t(79)=100, p<.01). 

DISCUSSION 
In the first experiment, the results obtained clearly show a relevant 

role for derivative suffixes in the recognition of complex words. Our 
findings are totally coherent with those of Baayen et al. (2007), who 
showed no significant effect for base frequency, as opposed to a significant 
effect for affix productivity. Our results opposed those obtained by Burani 
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and Thornton (2003), who observed a significant BF effect but not a 
significant AP effect. Moreover, our results do not show the significant 
interaction between the two variables found by Bertram et al. (2000a), Ford 
et al. (2010) and Lázaro (2012).   

 To explain our results we can reasonably use Baayen et al.’s (2007) 
arguments. These authors argue that stems show weaker (or even null) 
effects compared to derivative suffixes because they offer little information 
in the probabilistic decision of the word identity in complex words. Highly 
productive derivative suffixes actually create the conditions for judging a 
letter string as a word, even in cases in which its combination with a letter 
string does not constitute a legal word. Therefore, derivative suffixes play a 
major role in judging lexicality.  

Morphological processing assumes that the stem activates candidates 
that are compatible with it; in other words, it activates the morphological 
family of the stem itself. The number of morphological family members is 
called Family Size (FS), defined as the number of words that share a given 
stem. This variable  has been studied repeatedly in different languages (e.g. 
Bertram, Schreuder & Baayen, 2000b; Dijkstra, Moscoso del Prado Martín, 
Schulpen, Schreuder & Baayen, 2005; Moscoso del Prado Martín, Deutsch, 
Frost, Schreuder, De Jong & Baayen, 2005; de Jong, Nivja, Schreuder &  
Baayen, 2000; Lázaro & Sainz, 2012; Schreuder & Baayen, 1997) and its 
facilitative effect has been demonstrated.  

Nonetheless, once the morphological family becomes active, the most 
frequent or most productive candidates facilitate lexical access inducing 
more rapid responses. The stronger the activation, i.e. the bigger the family, 
the greater the facilitation. In our experiment the stem of complex words 
activate morphological candidates associated to them and, as a 
consequence, generate faster responses. Notwithstanding, since the same 
number of candidates exist for each item in this experiment (see table 1), 
the facilitatory effect should be neutralized, and this is what actually 
happened. Though, in the context of our experiment the same number of 
candidates become active, their relative frequency might have an impact on 
response latencies. It sounds reasonable to expect that the most frequent 
candidates should be responded faster than less frequent candidates. In this 
experiment surface frequency was controlled, as well. Therefore the surface 
frequency should not have any relevant role. The only variable linked to 
stems that remains, for which an impact on the results might be expected, is 
the general activation level represented by the frequency of the 
morphological family.  However this study reveals that the level of 
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activation level of morphological families by itself does not play a 
substantial role. 

 Under this interpretation of the data, the mutual relationship between 
stem and both FS and BF becomes evident – in fact, Burani and Thornton 
(1997) have shown the high positive correlation between the two variables. 
This view confers greater importance to the FS effect, an effect supported 
by numerous studies showing its significance. Nonetheless, the stem 
triggers not only the activation of candidates, but also the actual level of 
activation of the stem with which suffixes are to be concatenated –the BF 
effect. This factor, the level of stem activation, is what seems not to play a 
fundamental role in our experiment, although, as Baayen et al. (2007) 
explicitly point out, with robust experimental designs, this variable can have 
a significant effect (as they found to be the case in other tasks, such as 
naming). This is due, in fact, to the facilitation offered by a highly activated 
stem when a suffix comes to be concatenated, i.e. higher BF stems activate 
lexical candidates more easily, and therefore faster. 

For our first experiment, we might assume, in accordance with 
Baayen´s et al.’s proposal, that with more participants and items (more 
statistical power), the BF effect should have emerged. The close-to-
significant effect of BF in the analysis of latencies and errors by participants 
partially support this view. It is important to realize that, yet in Lázaro’s 
(2012) experiment, the effect of BF was reported as not significant, since it 
did not reach significance in the analysis by items, but only in the analysis 
by participants. The current results are closed to what then it was observed. 
Altogether the results are consistent with the claim we pose. A more 
powerful design should be implemented to capture significant differences in 
this respect. There is, however, a relevant difference between Lázaro’s 
(2012) results and ours: the lack of a significant interaction between BF and 
AP. As we have seen, the literature shows results consistent with this 
interaction when it emerges and when it does not. The different results in 
Spanish might be a result of the control of familiarity (Burani & Thornton 
2003), the  use of fillers and higher frequency items -that affects the lexical 
context (Baayen et al., 2007)–, and the affix length –not reported in their 
experiment. All these differences strongly suggest the interest of conducting 
more research in Spanish to systematically relate the results obtained with 
the methodological manipulations performed in previous studies. 

The rationale for conducting a new experiment is to examine whether 
the use of pseudowords instead of words would produce results coherent 
with the results obtained in the previous experiment. If we use pseudowords 
composed of real stems and derivative suffixes whose concatenation does 
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not result in words, e.g. “futbolura” (footballness), then, the joint activation 
of morphological families of stems and of derivative suffixes should 
become decisive in determining letter-string lexicality. Thus, when stems 
are read we might assume that only those derivative suffixes which generate 
real words should be activated, not those that cannot be lexically 
concatenated with those stems. Therefore, the final decision is only 
performed when all possible derivative suffixes are discarded or inhibited.  

By using pseudowords, we can expect that productive suffixes will 
show an inhibitory effect because of their strong activation level. This 
activation would be consistent with the “word” status and therefore this 
response has to be inhibited in the task. This inhibition would be more 
costly in the case of high productive suffixes than in the case of low 
productive suffixes because the more powerful activation of the former. Our 
prediction is then that pseudowords made up of productive suffixes will 
produce slower responses than pseudowords made up of low productive 
suffixes.  

EXPERIMENT 2 
In this second experiment, the effects of BF and AP are explored in 

pseudowords. As in the previous experiment, a 2 (FB: High vs. Low) × 2 
(AP: High vs. Low) factorial design is used. 

METHOD 
Participants. Seventeen right-handed native Spanish readers (15 

women and 2 men of average age 21.9 years) served on a voluntary basis. 
All of them were Speech and Language Therapy students. They received 
course credits for their participation. All students had normal or corrected-
to-normal vision. 

 
Stimuli. In order to form complex pseudowords, real stems and 

derivative suffixes were chosen and concatenated together such that no real 
words resulted from its concatenation. In this way, a total of 80 
pseudowords were created, 20 per experimental group: 20 high BF and high 
AP pseudowords, 20 high BF and low AP pseudowords, 20 low BF and 
high AP pseudowords and 20 low BF and low AP pseudowords. Another 80 
pseudowords were also prepared, each made up of a single real lexeme with 
one letter changed. For the lexical decision task, another 160 stimuli were 
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created, in this case words - half of them complex and the other half simple 
(see Appendix II).  

The controlled variables (shown in Table 3) were neighborhood 
density (0-5), number of letters (6-11), family size of stems (5-12), suffix 
letter length (2-5) and frequency of the initial bigram.  

 
 

Table 3. Descriptive statistics of experiment 2. 

	  

 
Procedure. The same procedure as in the first experiment was 

performed. 

RESULTS 
Response times associated with incorrect responses, response times 

more than two and a half standard deviations above the mean for the 
condition and responses faster than 300 milliseconds were not included in 
the statistical analyses. The elimination of latencies affected 16.1% of the 
total data set included in the analyses, but no participant or item was 
specifically removed. The high error rate can be accounted for by two 
different reasons. First, error rates are computed for pseudowords instead of 
for words.  Error rates for pseudowords tend to be higher than error rates for 
words. Second, these pseudowords are composed of real stems and 
derivative suffixes generating an activation consistent with “word status”. 
This kind of pseudowords are more difficult to reject than pseudowords 
without morphological structure (Caramazza, Laudanna & Romani, 1988). 

The results show a non-significant effect for BF (F1 >1 and F2 > 1). 
However, a significant AP effect emerges both in the analysis by 
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participants and in the analysis by items (F1(1,16)= 9.03, MSe=1883.1, 
p<.05), (F2(1,79)= 8.82, MSe=2083.1, p<.05). Complex pseudowords with 
productive suffixes were rejected more slowly than complex pseudowords 
with unproductive affixes (696 vs. 663 ms. respectively; 608 for simple 
pseudowords). (See table 4). The interaction between the two variables did 
not reach significance (F1 <1 and F2 <1).  

With regards to the analysis of error rates, the results show a lack of 
significance for the BF effect (F1<1 and F2 <1). However, the results show 
a significant effect of AP in the analysis by participants (F1(1,16)=7.33, 
MSe=3.55, p<.05), but it fails to reach significance in the analysis by items 
(F2(1,79)=1.65, MSe=1.8, p>2). Pseudowords with productive suffixes 
showed more errors than pseudowords with unproductive suffixes. The 
interaction between these variables did not reach significance 
(F1(1,16)=1.03, MSe=3.4, p> .3) (F2<1).   

 
 

Table 4. Results from experiment 2. 

 

 
Regarding words, the t tests performed by participants and items show 

no difference between complex and simple stimuli neither on latencies 
(t(16)= -.7, p<.5); (t(79)=.1, p>.05) nor on error rates (t(16)= -1,2, p<.3). 

DISCUSSION 
The results of this experiment show a significant AP effect whilst 

showing a lack of significance for both the BF effect and the interaction 
between these two variables. These results offer new evidence concerning 
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the role played by derivative suffixes in the visual recognition of complex 
words in Spanish. 

 Bearing in mind that the pseudowords were constructed using 
existing stems, we might suggest that the pseudoword stems had activated 
their morphological candidates, just as they would have done if they had 
formed part of real words. In this context, the morphological candidates 
should be pre-activated when suffix processing takes place. By definition, 
the suffixes of the presented pseudowords would not be among those 
activated, since they do not generate valid lexical entries when they become 
concatenated with the stem. Therefore, the AP effect may be due to the late 
stage described earlier. Once a stem has been processed, and some 
derivative suffixes have been preactivated or deactivated, the reader 
computes the likelihood of such stimulus to determine whether it is a real 
word or not. This process is even more difficult in cases where the 
derivative suffix is highly productive. The results suggest that highly 
productive suffixes lead to high activation, resulting in a tendency for 
readers to consider its presence as a cue of lexicality. Therefore, although 
items become activated strongly and easily, the result is inhibition since the 
readers have to press the pseudoword button instead of the word button. 
Activation of low productive derivative suffixes is also congruent with 
“word” status because they are existing suffixes and therefore they 
contribute to increase latencies on complex pseudowords as compared to 
simple pseudowords. This time, however, inhibition is less costly –lower 
activation provides the reader an indication of lexicality lesser than a more 
productive suffix. Thus, once existing derivative suffixes have provided a 
cue of lexicality, readers must inhibit the response “word” when it arises. 
The higher the affix productivity is, the greater the costs of inhibition are. 
Consistent with these results are the ones by Caramazza, Laudanna and 
Romani (1988) and Burani and Thornton (2003), who showed that 
pseudowords containing real morphemes took longer to be rejected than 
pseudowords that contained no morphemes (see Duñabeitia, Perea and 
Carreiras, 2008, for similar results in Spanish).  

GENERAL DISCUSSION 
The results presented in this paper show a relevant role for derivative 

suffixes in visual lexical recognition of complex words in Spanish. 
Although the methodology used is similar to that of Burani and Thornton 
(1997) and Lázaro (2012) (an unmasked lexical decision task), our data are 
not identical to theirs. Burani and Thornton observed a different effect for 
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derivative suffixes and stems, but, in contrast to our findings, they figured 
out a significant effect for BF but not for AP. Our results show an AP effect 
in both experiments; this effect was previously observed by authors such as 
Bertram et al. (2000a), Ford et al. (2010) and Lázaro (2012), although these 
authors obtain a significant interaction between BF and AP, an effect that 
does not reach significance in our experiments. Our data do fully coincide 
with those of Baayen et al. (2007), which in some ways underline current 
difficulties in this complex field, where the researcher is faced with data 
that sometimes produce inconsistencies. The data available support Simona 
and Crepaldi’s (2012) statement that we have strong evidence in favor of 
the role played by morphological analysis, although it remains to be seen 
whether we will be able to construct a processing model to the underlying 
processes and integrate all the evidence.  

 The results obtained seem of show that the stems are involved in 
activating candidates; these candidates accelerate recognition. If we assume 
two fixations for seven- or eight-letter complex words (e.g. Hyönä and 
Pollatsek, 1998; Baayen et al., 2007) like those in our experiment, then we 
are confronted with a reading process that does not end with reading the 
stem, but must continue with the next segment fixated upon. It is in this 
context that the system awaits processing of the final element –the affix– in 
order to take a lexical decision. The stem, then, can activate candidates to a 
greater or lesser extent depending on its family size, but the lexical decision 
is to be deferred until the derivative suffix is processed, determining the 
lexicality of the letter-string.  

 At this point we should distinguish between the variables FS and BF 
in terms of their impact in our results. In our experiments, the former was 
controlled while the latter was manipulated. Thus, with the presentation of 
stems, approximately the same number of candidates was activated in each 
case; the only variable was the activation of the stem itself (BF effect). In 
the Burani and Thornton’s (1997) paper, the positive correlation between 
these two variables is made explicit (see also Carlisle & Katz, 2006). These 
variables account for that frequent stems tend to have larger families than 
less frequent stems. In their experiment words with high base frequency 
have more family members than words with low base frequency. In our 
view, this means that the BF effect might be confounded with the FS effect 
in their results, even though they have been shown to be independent (Ford 
et al., 2010). This cannot occur in our study since the variable FS was kept 
constant throughout the corpus.  

 The BF effect, then, does not consist of activating a given number of 
candidates (FS variable), but rather the activation of the stems with which 
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suffixes should later be concatenated. This stem frequency effect seems less 
powerful than the word frequency effect (Baayen et al., 2007; Ford et al., 
2010; Plag & Baayen, 2009) but its significant value cannot be discounted if 
the design features sufficient strength (Baayen et al., 2007). In our first 
experiment, the design cannot be considered extraordinarily powerful with 
29 participants and 20 items per experimental condition, and hence the BF 
effect does not reach significance, although signs of significance are present 
in the analyses by participants of latencies and errors, showing partial 
evidence for the facilitative effect attributed to stem activation level.   

 Concerning the AP effect, it seems to have proved significant in 
several studies, with the exception of that of Burani and Thornton (1987). 
The lack of significance for the variable FS in their study may have more to 
do with the stimuli chosen than with the methodology. 

 One additional important remark to discuss is the way the variables 
BF and AP have been computed. In the case of AP, we count the number of 
words sharing a derivative suffix (which is identical to the count of FS for 
stems), but we count the BF as the frequency of the lemma. Therefore, we 
are comparing results based on tokens and type counts. This has to do with 
the general lack of databases and resources in Spanish to better control 
psycholinguistic variables. It is hard to imagine summing one by one the 
frequencies of more than 2500 words that contain the derivative suffix –ero. 
This manipulation has probably been decisive in the results obtained, even 
more if we consider that, as a consequence, the range and differences 
between high and low values for AP and BF were very large (1850 vs. 173 
vs. 133 vs. 13 respectively, see Table 1). The fact that Burani et al. (1995) 
demonstrated the expected significant positive correlation between 
frequency and productivity does not imply that counting of stems and 
derivative suffixes as tokens or types respectively does not play a relevant 
role. Given the fact that differences between low and high BF values were 
much lower than differences between low and high AP, it is understandable 
that the statistical results for BF were weaker and that very powerful 
designs have to be performed to obtain significance. We adhere to Lázaro 
(2012) claiming for new software and tools for Spanish psycholinguistic 
research. It is clear that broader investigation is needed in the field of 
morphological processing, both with and without priming and in different 
languages, as there is currently a clear disparity between findings that 
confounds the understanding of the processes under examination. 
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RESUMEN 
El papel de la productividad de los sufijos derivativos en el 
reconocimiento visual de palabras complejas. En este artículo 
presentamos dos experimentos de decisión léxica que examinan el rol de las 
variables de frecuencia de base y de la productividad de los sufijos 
derivativos en el reconocimiento visual de las palabras. En el primer 
experimento encontramos que las palabras complejas con sufijos derivativos 
productivos tardan menos tiempo en ser respondidas que aquellas otras con 
sufijos derivativos improductivos. Se observa también la falta de 
significación para la frecuencia de base. En el experimento dos se lleva a 
cabo la misma metodología pero con pseudopalabras, mostrando que cuando 
éstas están compuestas por sufijos derivativos productivos tardan más 
tiempo en ser rechazadas que cuando están compuestas por sufijos 
derivativos improductivos. De nuevo la variable de frecuencia de base no 
alcanza valor significativo. Estos resultados respaldan la visión de que los 
sufijos derivativos tienen un rol relevante en el reconocimiento visual de las 
palabras complejas. De acuerdo a nuestros resultados, los sufijos derivativos 
crean las condiciones para tomar un candidato como una entrada léxica legal 
y por lo tanto contribuyen decisivamente a la decisión léxica. Estos 
resultados se interpretan finalmente a la luz de estudios previos centrados en 
las mismas variables.   

REFERENCES 
Amenta, S., & Crepaldi, D.  (2012). Morphological processing as we now it: an analytical 

review of morphological effects in visual word identification. Frontiers in 
Psychology, 3, 1-12. http://dx.doi.org/10.3389/fpsyg.2012.00232 

Andrews, S. (1986). Morphological influences on lexical access: Lexical or non lexical 
effects? Journal of Memory and Language, 25, 726–740. 

Baayen, R.H., Wurm, L.H., & Aycock, J. (2007). Lexical dynamics for low-frequency 
complex words: A regression study across tasks and modalities. The Mental 
Lexicon, 2, 419–463. 

Badecker, W., & Allen, M.  (2002). Morphological parsing and the perception of lexical 
identity: A masked priming study. Journal of Memory and Language, 47,125-144. 
doi: http://dx.doi.org/10.1006/jmla.2001.2838 

Bertram, R., Schreuder, R., & Baayen, H. (2000). The balance of storage and computation 
in morphological processing: The role of word formation type, affixal homonymy, 
and productivity. Journal of Experimental Psychology: Learning, Memory and 
Cognition, 26, 489–511. 

Bertram, R., Schreuder, R., & Baayen, H. (2000). Effects of family size for complex word. 
Journal of Memory and Language 42, 390-405. 

Beyersmann, E., Castles, A., & Coltheart, M. (2012). Morphological processing during 
visual word recognition in developing readers: Evidence from masked priming. The 
Quarterly Journal of Experimental Psychology, 65, 1306-1326. http://dx.doi.org/ 
10.1080/17470218.2012.656661 

Bosque, I., & Pérez, M. (1987). Diccionario inverso de la lengua española. Madrid: 
Gredos. 



Visual word recognition 181 

Burani, C., & Thornton, A. M. (2003). The interplay of root, suffix and whole-word  
frequency in processing derived words. In Baayen, R. H., & Schreuder, R. (Eds.), 
Morphological structure in language processing (pp 157-207).  Walter de Gruyter.  

Burani, C., Thornton, A., Iacobini, C., & Laudanna, A. (1995). Investigating morphological 
non-words. In Crossdisciplinary approaches to morphology, Wolfgang U. Dressler 
and Cristina Burani (eds.), 37–53. Wien: Verlag der Österreichischen Aka-demie 
der Wissenschaften. 

Burani, C., Bimonte, D., Barca, L., Vicari, S. (2006). Word morphology and lexical 
comprehension in Williams Syndrome. Brain and Language, 99, 208-219. 
http://dx.doi.org/10.1016/j.bandl.2006.06.065 

Caramazza, A., Laudanna, A., y Romani, C. (1988). Lexical access and inflectional 
morphology. Cognition, 28, 297-332. 

Carlisle, J., & Katz, C. (2006). Effects of word and morpheme familiarity on reading a  
derived word. Reading and Writing, 19, 669-693. http://dx.doi.org/10.1007/s11145-
005-5766-2 

Deutsch, A., Frost, R., Pollatsek, A., & Rayner, K. (2000). Early morphological effects in 
word recognition in Hebrew: evidence from parafoveal preview benefit. Language 
and Cognitive Processes, 15, 487-506.  

Dijkstra, T., Moscoso del Prado Martín, F., Schulpen B., Schreuder, R., & Baayen, R.  
(2005). A roommate in cream: morphological family size effects on interlingual 
homograph recognition. Language and Cognitive Processes, 20, 7-41. 
http://dx.doi.org/10.1080/01690960444000124 

Domínguez, A., Alija, M.,  Rodríguez-Ferreiro. J., & Cuetos, F. (2010). The contribution of 
prefixes to morphological processing of Spanish words. European Journal of 
Cognitive Psychology, 22, 569-595. http://dx.doi.org/10.1080/09541440903007792 

Duchon, A., Perea, M., Sebastián-Gallés, N., Martí, A., & Carreiras, M. (In press). EsPal: 
One-stop shopping for Spanish word properties. Behavior Research Methods. 

Duñabeitia, J.A., Perea, M., & Carreiras, M. (2008). Does darkness lead to happiness? 
Masked suffix priming effects. Language and Cognitive Processes, 23, 1002-1020. 
http://dx.doi.org/10.1080/01690960802164242. 

Ford, M.A., Davis, M.H., & Marslen-Wilson, W. (2010). Derivational morphology and  
 base morpheme frequency. Journal of Memory and Language, 63, 117-130.: 

http://dx.doi.org/10.1016/j.jml.2009.01.003 
de Jong, Nivja., Schreuder, R., &  Baayen, R. (2000). The morphological family size  
 effect and morphology. Language and Cognitive Processes, 15, 329-365. 
Giraudo, H., & Grainger, J. (2000). Effects of prime word frequency and cumulative root 

frequency in masked morphological priming. Language and Cognitive Processes, 
15, 421-444. 

Kuperman, V., Bertram, R., & Baayen, H. (2010). Processing trade-offs in the reading of 
Dutch derived words. Journal of Memory and Language, 62, 83–97. 

Laudanna, A., Burani, C., & Cermele, A. (1994). Prefixes as processing units. Language 
and Cognitive Processes, 9, 295-316. 

Lázaro, M. (2012). The effects of Base frequency and Affix productivity in Spanish. 
Spanish Journal of Psychology, 15, 505-512. 
http://dx.doi.org/10.5209/rev_SJOP.2012.v15.n2.38861 

Lázaro, M., & Sainz, J. (2012). The effect of family size on Spanish simple and complex 
words. Journal of Psycholinguistic Research, 41, 181-193.  

 http://dx.DOI.org/10.1007/s10936-011-9186-y 



 M. Lázaro, et al. 182 

Lázaro, M., Moraleda, E., & Garayzábal,E. (2013). Differences on morphological and
 phonological processing between typically developing children and children with 
Down syndrome. Research in Developmental Disabilities, 34, 2065–2074. 
http://dx.doi.org/10.1016/j.ridd.2013.03.027 

Lázaro, M., Camacho, L., & Burani, C.,  (2013). Morphological processing in reading  
 disabled children and skilled Spanish children. Dyslexia, 19, 178-188. 

http://dx.doi.org/10.1002/dys.1458 
Lehtonen, M., Cunillera, T., Rodríguez-Fornells, A., Hultén, A., Tuomainen, J., & Laine, 

M. (2007). Recognition of morphologically complex words in Finnish: Evidence 
from event-related potentials. Brain Research, 1148, 123-137. 
http://dx.doi.org/10.1016/j.brainres.2007.02.026 

Moscoso del Prado, F., Deutsch, A., Frost, R., Schreuder, R., Jong, N; Baayen, H. (2005). 
Changing places: A cross-language perspective of frequency and family size in 
Dutch and Hebrew. Journal of Memory and Language, 53, 496-512. 
http://dx.doi.org/10.1016/j.jml.2005.07.003 

Plag, I., & Baayen, C. (2009). Suffix ordering and morphological processing.  
 Language, 85, 109- 152.  
Schiff, R., Raveh, M., & Fighel, A. (2012). The development of the Hebrew mental 

lexicon: When morphological representations become devoid of their meaning. 
Scientific Studies of Reading, 16, 383-403.   
http://dx.doi.org/10.1080/10888438.2011.571327 

Schneider, W., Eschman, A., & Zuccolotto, A. (2012). E-Prime User's Guide. Pittsburgh: 
Psychology Software Tools, Inc. 

Schreuder, R., & Baayen, R. H. (1995). Modeling morphological processing. In L. B. 
Feldman (Ed.), Morphological aspects of language processing (pp. 131–154). 
Hillsdale, NJ:Lawrence Erlbaum. 

Schreuder, R., & Baayen, R.H. (1997). How complex words can be. Journal of Memory  
 and Language, 37, 118-139.  
Smolka, E., Preller, K., & Eulitz, C. (2014). Morphological structure overrides semantic 

compositionality in the lexical representation of German complex verbs. Journal of 
Memory and Language, 72, 16-36. 

Verhoeven L., & Schreuder, R. (2012). Morpheme frequency effects in Dutch complex 
word reading: A developmental perspective. Applied Psycholinguistics 32, 483–498. 
http://dx.doi.org/10.1017/S0142716411000178 

 
  



Visual word recognition 183 

APPENDIX 1. STIMULI FOR EXPERIMENT 1 
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APPENDIX 2. STIMULI FOR EXPERIMENT 2 
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