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Abstract
The predictions proposed by the Revised Hierarchical Model about the routes
established for L2 words by L2 learners have been thoroughly tested. Many of these studies
have predominantly used nouns as stimulus material and therefore, information about the
representativeness and fitness of the model is only available for this particular word class.
Verbs have been found to be a much more complex word class than nouns. Not only do they
differ morphologically, but also in their degree of meaning overlap across languages. In
addition, the divergent characteristics of verbs, in comparison to nouns, is thought to affect
their underlying processing mechanisms (e.g., Bultena, Dijkstra and van Hell, 2012;
Federmeier, Segal, Lombrozo and Kutas, 2000). Hence, they are expected to influence the
way L2 learners establish their connections for L2 words.
Because the model has not been tested specifically with verbs as stimulus material, it
is not clear whether the Revised Hierarchical Model can be used as a blueprint for the
connections that are made when meaning is being accessed. Therefore, to test the
representativeness and also the fitness of the model regarding the word classes of nouns and
verbs, the present study replicated and extended the studies conducted by Talamas, Kroll and
Dufour (1999) and Poarch, van Hell and Kroll (2015) who looked at nouns only. In order to
successfully test the models’ assumptions, two groups of Dutch native speakers with differing
levels if proficiency in English (high and low) were included in the experimental design.
They were presented with a backwards translation recognition task with stimulus items that
were manipulated to trigger the activation of lexical as well as conceptual connections during
L2 word processing (the critical conditions). Accordingly, the critical conditions incorporated
into this study consisted of nouns and verbs assembled into word pairs wherein the second
word matched the correct translation in meaning (noun: church – pastoor ‘pastor’; verb: to
pay – kopen ‘to buy’) and word pairs wherein the second word matched the correct
translation in form (noun: church – kers ‘cherry’; verb: to pay – bepalen ‘to determine’).
Results revealed that the Revised Hierarchical Model can be regarded as representative of the
connections established by highly proficient L2 learners when processing either L2 nouns or
verbs. Results for the low proficient L2 group were not conclusive. They showed similar
patterns for both word classes, but these patterns did not agree with the assumptions put
forward by the Revised Hierarchical Model. Patterns, even though not all consistent with the
predictions, were similar between word classes for both proficiency levels. Therefore, it was
suggested that the Revised Hierarchical Model possibly has the potential to be generalized
across the word classes of nouns and verbs.
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Introduction
Nowadays, it is more common to encounter a bilingual than a monolingual. A large
part of the world communicates by means of only a few dominant languages and it is not
uncommon for people to speak another language than their first on a daily basis. Everyone
who speaks a second language has been through the period of acquisition so to be able to use
it successfully. One of the classical ways of acquiring a language is via the acquisition of
vocabulary. This way of learning can be said to be one of the classical language learning
strategies since the Middle Ages when it was used to teach Latin by means of long lists of
words accompanied by their translation equivalents in the first language and has remained
one of the most common ways of learning and teaching a language. It is a kind of strategy
wherein the lexicon of a language is expanded on purpose through the memorization of new
words. To be able to produce the newly acquired words, they must be given a place in the
mind of the learner, so they can be easily accessed at a later moment in time. To achieve this,
the mind is thought to have its own strategy. For new words to be remembered, the mind
works with orthographic words in combination with pictures representing them.
Learning a second language can be said to be more difficult than learning a first
language. We often learn a second language (L2) when we are already fluent in our first
language (L1) and this intervenes with its acquisition. In our first language, retrieving the
meaning of a word is easy and often quickly accomplished (if familiar to the speaker). Doing
the same for a L2 word typically requires more time because the mind is not as familiar with
these new words. It is working on establishing routes for quick access and therefore, the more
proficient an L2 speaker becomes, the faster the meaning of a word is activated. These
connections that put together the word (orthographically or phonologically) and its meaning
are defined as word form-to-concept connections. One question dominating the field of
research of word form-to-concept connections (e.g., Brysbaert and van Duyck, 2010; Kroll,
van Hell, Tokowicz and Green, 2010) is the way meaning is established for L2 words within
the already established meanings of L1 words. The proposed architecture many researchers
adhere to assumes a separate lexicon for the two languages and a shared conceptual store
between them. Taking this approach as a starting point, studies examining the L2 word formto-concept connections have mainly focused on how connections are established between the
L2 lexicon and the shared conceptual store between the L1 and the L2. Would an L2 learner
who acquires the L2 word for ‘chocolate’ access its meaning by relying on the conceptual
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representation that is linked to the L1 word for ‘chocolate’ or would the learner establish a
new connection to access its meaning directly?
Hierarchical models of L2 processing, in their attempt to answer questions like these,
put forward possible blueprints that captured the nature of the word form-to-concept
connections established by L2 learners (e.g., Potter, So, von Eckardt and Feldman, 1984;
Kroll and Stewart, 1994). The rise of these models facilitated research within this domain as
it enabled researchers to test L2 connections while departing from a relatively fixed
framework of assumptions. The most recent one of these models, the Revised Hierarchical
Model (RHM), has been thoroughly tested by a number of studies but predominantly on
concrete nouns. Studies that have taken into account the possible influence of different word
types, like for example abstract nouns, are few, and even a smaller number of studies have
examined the effect of different word classes within the context of the assumptions made by
the RHM (e.g., van Hell and De Groot, 1998; Sunderman and Kroll, 2006). The wide range
of evidence, showing that verbs are in many ways different from nouns, reinforces the
possibility of them also showing differences in word form-to-concept connections established
for L2. Hence, there have been studies focusing on the differences between the word class of
nouns and the word class of verbs but, not one has specifically compared their performance
in a translation recognition task within the context of the assumptions made by the Revised
Hierarchical Model. The present study introduces the word class of verbs as well as the
widely examined word class of nouns into its experimental design. By doing so it
investigates, by means of a translation recognition task, the different influences they may
have on the word form-to-concept connections of L2 learners, as predicted by the RHM.

The Hierarchical Models of interlanguage processing
Early studies investigating the word form-to concept connections for L2 words have
typically assumed separate lexicons and a shared conceptual store between them (e.g., Potter,
So, Eckhardt and Feldman, 1984; Kroll and Stewart, 1994). In other words, they assume that
different languages in the mind of the learner are stored separately but that they share one and
the same meaning representation. Taking this organizational assumption as a starting point,
studies investigating the word form-to-concept connections of L2 words have tried to capture
and make concrete the findings on bilingual representation.
A first attempt to assemble the existing knowledge about interlanguage connections in
the mind of an L2 learner into a representative model, was made by Potter, So, von Eckhardt
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and Feldman (1984). They proposed two possible models to represent the connections
leading from the L2 word to its conceptual representation: the Word Association Model and
the Concept Mediation Model (see Figure 1). The Word Association Model assumed that
learners activate the L1 translation equivalent to exploit its stronger connection with the
conceptual store in order to retrieve the corresponding concept/meaning of the L2 word. In
other words, to access meaning for the L2 word, the learner relies on the already existing
connections of their L1. The Concept Mediation Model assumes a direct connection from the
L2 word to its conceptual representation. This latter model therefore proposes no reliance on
the L1 translation equivalent to access meaning, but an independent route to the conceptual
store in order to retrieve the corresponding concept. In addition to these two separate models,
Potter, So, von Eckardt and Feldman (1984) introduced the possibility of a developmental
change in the nature of the word form-to concept connections by stating that over time, when
a learner becomes more proficient in the L2, connections via word association become less
common and connections via word association become the norm instead.
The development of these models triggered many researchers into testing the
assumptions of the two previously introduced models (e.g. Potter, So, von Eckardt and
Feldman, 1984; Kroll and Curley, 1988; Chen and Leung, 1989). Potter, So, von Eckhardt
and Feldman (1984) tested their own proposed models on two differing groups: a group of
native Chinese speakers who were fairly fluent in English (high proficient) and a group of
non-fluent American English high school students with two to three years of experience with
French in a classroom setting (low proficient). They participated in three different tasks:
reading words aloud, naming pictures, and translating words. Half of the words that were
read aloud and named through a picture were presented in Chinese and the other half in
English. For the translation task, half required forward translation (Chinese – English) and
the other half backward direction (English – Chinese). The variable to be measured in this
task was the time participants took to read, name and translate the presented words because,
due to their differing architecture of connections, different reaction times were expected for
each of the models. If the connections established by the participant were to be consistent
with the Concept Mediation Model than little difference was expected to be found between
picture naming and word translation because the model proposed that for both images and
translation form L1 to L2 the necessary steps were the same, from the image/L1 word to the
conceptual store and then to the L2 word. For the word association model, naming pictures
was thought to require more time because, unlike for translation, it included an extra step
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through the conceptual store (see Figure 1, model A and B for a visualization of both the
models). The results for the reading aloud task served as the controlling factor.
Reaction times for the picture naming task and the forward (L1 – L2) as well as
backward (L2 – L1) translation production task showed similar levels, as predicted, and this
was only in accordance with the predictions proposed by the Concept Mediation Model,
regardless of participants’ proficiency levels and not with the predictions proposed by the
Word Association Model (translating from L1 to L2 is expected to take less time than naming
pictures in L2; and naming a word in L1 is expected to take less time than to name a picture
in L1).
The results showed no indication of connections via the L1 translation equivalent and
led Potter, So, von Eckardt and Feldman (1984) to discard the Word Association Model in
favour of the Concept Mediation Model. Consequently, they assumed that the meaning of L2
words are always accessed directly and not via the L1, regardless of the level of L2
proficiency. A replication of Potter, So, von Eckhardt and Feldman’s (1984) study by Kroll
and Curley (1988) also tested the models on two groups with differing levels of proficiency.
However, unlike in the design from Potter, So, von Eckardt and Feldman (1984), the low
proficient group consisted of beginning L2 learners with less than two years of experience in
the L2. According to Kroll and Curley (1988), the group labelled as low proficient by Potter,
So, von Eckardt and Feldman (1984) had been too proficient to be able to show any tendency
towards the Word Association Model. Their own results corroborated this suspicion by
showing that both the Word Association as well as the Concept Mediation routes were used
to establish connections between form and meaning. Their beginning L2 learners, unlike the
group labelled as low proficient used by Potter, So, von Eckardt and Feldman (1984), showed

A.

B.

Figure
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B: Concept
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1.1.Word
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B: B:
Concept
Mediation
Model
Stewart,
1994)
1984)
(Adapted from Kroll & Stewart, 1994)
(Adapted from Kroll & Stewart, 1994)
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evidence for the connections via word association. The results for the high proficient
group were similar to the results from Potter, So, von Eckardt and Feldman (1984) and put
forward evidence for the concept mediation model. In this way, Kroll and Curley (1988) not
only found evidence for both the routes that were initially proposed by Potter, So, von
Eckardt and Feldman (1984), but also for the developmental change which assumes a change
from word association to concept mediation with increased proficiency. Only a year later,
Chen and Leung (1989) made a similar replication of the original study by Potter, So, von
Eckardt and Feldman (1984) and found similar results to Kroll and Curley (1988). For their
experimental design they selected three groups of native Cantonese speakers with differing
levels of English proficiency (proficient with more or less 12 years of experience in English;
adult beginning English learners with 2 to 3 years of experience; and child beginning L2
learners with 2 years of experience). Chen and Leung (1989) presented them with the three
tasks from the original study: reading words aloud, naming pictures and translating words.
Results for the proficient L2 speakers were in line with the Concept Mediation Model and
similar to the results for the high proficient group from Kroll and Curley (1988): they showed
little difference between performance on picture naming and word translation. These results
suggest that these highly proficient groups make connections via concepts and not via the L1
translation equivalent. Similar to Kroll and Curley (1988), Chen and Leung (1989) found that
their low proficient groups both made use of the Word Association route to access the
meaning of L2 words: they were faster at translating words than they were at naming
pictures. Accordingly, the results from Kroll and Curley (1988) and Chen and Leung (1989)
countered the results Potter, So, von Eckardt and Feldman (1984) found for their beginning
L2 learners.
As a result of the evidence found in favour of both models, and not merely the
Concept Mediation Model as proposed by Potter, So, von Eckardt and Feldman (1984), Kroll
and Stewart (1994) proposed to expand and revise the former models (Word Association and
Concept Mediation) into a single one: the Revised Hierarchical Model. The RHM presents an
architecture of the word form-to-concept connections that assumes a combination of the
models proposed by Potter, So, von Eckardt and Feldman (1984), the word association and
the concept mediation model. By combining the models, they were able to integrate the
developmental change that had been found to occur in the word form-to-concept connections
established as proficiency of the L2 learner increases.
The RHM proposes that the models put forward by Potter, So, von Eckardt and
Feldman (1984) cannot be regarded as two separate representations of interlingual
9
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connections because both routes are present
in the mind of the L2 learner, be it at
different moments in time (e.g., Kroll and

Curley, 1988; Chen and Leung, 1989). Kroll
and Stewart (1994) observed that one of the
two proposed routes (word association and
concept mediation) is more dominant than
the other, depending on the learners’ level
of L2 proficiency. According to the RHM,
low proficient learners predominantly
access meaning via the L1 translation

Figure 2. The Revised Hierarchical Model

equivalent (word association). As

(Adapted from Kroll & Stewart, 1994)

proficiency of the L2 learner increases, a

direct route is established for the L2 word and its corresponding concept (concept mediation).
The transition from word association towards concept mediation is explained as a shift in the
balance of the L1 and L2 connections (developmental shift). At the beginning, the L1 lexicon
is assumed to have stronger connections to the conceptual store than the L2 lexicon, at least
for the majority of beginning L2 speakers. This lack of fluency in the learners’ L2 is
expressed by the use of the word association route or the lexical links via the L1 which are
often established by low proficient L2 learners. With increased proficiency, the links between
the L2 lexicon and the conceptual store become stronger so that conceptual mediation
becomes more and more common. Both lexical and conceptual links continue to be activated
by L2 learners, regardless of their levels of proficiency. Hence, it is the strength of these links
and not their existence that differs along the different levels of proficiency (Kroll and
Stewart, 1994).
Initially, it was the observed asymmetry between the two directions of translation
(forward: L1 – L2; and Backward: L2 – L1) that triggered the revision of the Hierarchical
Models. Kroll and Stewart (1994) said to have observed, in earlier studies carried out by
themselves, but which were not published (Kroll and Stewart, 1986; Kroll and Curley, 1989),
that L2 learners are able to translate faster in the backward direction (L2 – L1) than in the
forward direction (L1 – L2). Therefore, in addition to combining the two models, proposed
by Potter, So, von Eckardt and Feldman (1984), into one developmental model (RHM), Kroll
and Stewart (1994) also incorporated the concept translation asymmetry. The Revised
Hierarchical Model proposes that the lexical links from the L2 to the L1 (backward
10
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translation) will be stronger than the lexical links in the reversed direction (L1 -L2: forward
translation). In the beginning, L2 learners mostly rely on the stronger L1 connections to
access meaning and activate the L1 translation equivalent to use the stronger links from the
L1 lexicon to the conceptual store. Consequently, translating a word from the L2 into the L1
does not necessarily require conceptual links, but rather lexical links to get to the L1
translation equivalent and its corresponding concept. Translating in the opposite direction,
from the L1 into the L2, is more time consuming because, as mentioned earlier, in the first
place the lexical links from the L2 to L1 are not as strong as in the opposite direction (have
not been trained as thoroughly) and, this direction necessarily requires conceptual mediation
and thus, a detour to the conceptual store. Due to the intensity of use in early acquisition,
many of the early established lexical links remain intact (but slowly decrease in strength)
even when proficiency increases. L2 learners are, regardless of their proficiency levels,
expected to be faster in backward translation (L2 – L1) than in forward translation (L1 – L2)
even though the asymmetry between the two translation directions slowly, but never entirely,
draw level. Following the assumptions of the translation asymmetry, the translation
equivalent and the concept will be active depending on the translation direction that is being
performed (see e.g., Kroll and Tokowicz, 2005 for a more detailed review of the Revised
Hierarchical Model).

The translation recognition task
The reliability of the assumptions made by the Revised Hierarchical Model were
thoroughly tested by a large number of behavioural studies using a translation recognition
task (e.g., Altarriba and Mathis, 1997; Talamas, Kroll and Dufour, 1999; Ferré, SánchezCasas and Guasch, 2006; Comesaña, Perea, Piñeiro and Fraga, 2009; Poarch, van Hell and
Kroll, 2015). The translation recognition task (De Groot, 1992) is one of the tasks typically
used to test the predictions of the RHM. During the task, participants are exposed to word
pairs in which the first word is presented in a different language than the second (L1 – L2
and/or L2 – L1). These word pairs consist of true translations and false translations.
Participants then have to decide whether the second word was the correct translation of the
preceding word or not. The task is deliberately made more complicated by introducing
manipulated false translations to trigger semantic and/or form processes. By also introducing
true translations or translations that are unrelated to the true translation, the task offers a
control variable. Then, the differences between the performances on the control word pairs
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and the manipulated word pairs (as they are not expected to trigger any complications in their
processing) can be interpreted as semantic and/or form interference effects. (e.g. for a more
detailed description of the task, see de Groot and Comijs, 1995).
Initially, translation production was the most common task to test interlingual
connections. During this task, the translation is not given and unlike in the translation
recognition task, participants are expected to produce the correct translations themselves.
However, de Groot and Comijs (1995) proposed that the translation production task may not
be the best way of obtaining usable results for unbalanced L2 speakers. Due to its difficulty,
it led to many “omissions and errors” (de Groot and Comijs, 1995). An explanation for the
large number of mistakes was that translation production required the unbalanced L2 learner
to use knowledge that was still too weak to be used successfully. As a result, the collected
data from unbalanced L2 learners was often incomplete and incapable of giving a detailed
account of the used connections while accessing meaning for the L2 word. The translation
recognition task does not require any production skills and is therefore able to elicit and make
visible even the very weakly rooted knowledge. Consequently, the translation recognition
task is a good task to assess groups with lower proficiencies in the L2 and has therefore often
been used by studies testing the interlanguage connections established by different levels of
proficiency (de Groot and Comijs, 1995).

Evidence of behavioural studies testing concrete nouns
Talamas, Kroll and Dufour (1999) examined the developmental sequence which,
according to the RHM, occurs in the word form-to-concept connections of L2 words as a
result of increased proficiency. Two adult groups with differing levels of proficiency,
beginning and advanced levels, were administered the translation recognition task. The task
consisted of forward as well as backward translation of word pairs in the English and Spanish
languages. To trigger semantic as well as form interference effects, Talamas, Kroll and
Dufour (1999) introduced manipulated word pairs that were used as the critical stimulus
items. These were incorrect translation pairs wherein the second word either matched the
correct translation in form (e.g., SNOW – NUEVO ‘new’, instead of SNOW – NIEVE
‘snow’) or in meaning (e.g., SNOW– LLUVIA ‘rain’ instead of SNOW – NIEVE ‘snow’).
To measure the semantic and form interference effects, they introduced word pairs wherein
the second word was unrelated to the correct translation or the prime, so as to serve as control
pairs to the critical items (e.g., SNOW – COMIDA ‘food’ instead of SNOW – NIEVE
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‘snow’). They found that the low proficiency group showed a significant interference effect
for the form related word pairs but not for the semantically related word pairs. Their reaction
speed during the task was slowed down much more due to similarity in form than to
similarity in meaning to the L1 translation equivalent. The high proficiency group was very
sensitive to meaning and showed a large interference effect for the semantically related word
pairs while revealing a marginally significant form interference effect. These results were
interpreted as evidence for the representativeness of the RHM: beginning L2 learners
predominantly make use of the word association route to access meaning for L2 words while
high proficient L2 learners access meaning directly without reliance on the L1 translation
equivalent (concept mediation route).
Ferré, Sánchez-Casas, Piñeiro and Fraga (2006) also examined the developmental
sequence as predicted by the RHM. In their study they tested three different groups of
Spanish natives who differed in their proficiency levels and ages of acquisition of Catalan.
Two groups were proficient but varied in their ages of acquisition (early vs. late) and the third
group was not proficient and acquired the L2 at a late age. The translation recognition task
presented word pairs in the backward translation direction to ensure the non-proficient L2
learners would also be able to perform the task. Their critical stimulus items in the translation
recognition task consisted of word pairs matched to the correct translation in form (RUC
‘donkey’ -RIEGO ‘watering’); word pairs that were very closely matched to the correct
translation in meaning (RUC ‘donkey’ – CABALLO ‘horse’) and word pairs that were less
closely matched to the correct translation in meaning (RUC ‘donkey’– OSO ‘bear’). Both
form as well as semantic interference effects were found for all three groups, but in different
degrees. The results were found to be similar to those of Talamas, Kroll and Dufour (1999):
Low proficient L2 learners access meaning via the L1 translation equivalent while highly
proficient L2 learners access meaning directly for L2 words. The two proficient groups (early
and late acquisition) were, in contrast to the non-proficient group, more sensitive to meaning
than to form and all participants showed to be more sensitive to the very closely matched
semantic word pairs than to the less closely matched pairs.
Behavioural studies deviating from the predictions proposed by the RHM
Studies testing the predictions of the RHM have not always found results that
supported the assumptions of the model in all its small details. Even the studies from
Talamas, Kroll and Dufour (1999) and Ferré, Sanchéz-Casas, and Guasch (2006), though
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overall consistent with the models’ predictions, did observe some slight deviations from the
expected patterns. Instead of finding only form interference effects for the low proficient
participants, both Talamas, Kroll and Dufour (1999) and Ferré, Sanchéz-Casas, and Guasch
(2006) also found, although to a lesser degree, semantic interference effects for their low
proficient L2 learners. Moreover, the highly proficient L2 learners in both these studies
showed to also be sensitive to form and not, as expected, only to meaning. As a result, the
nature of the word form-to-concept connections established by L2 learners has caused a great
deal of controversy. There is evidence that suggests that the direct route to the conceptual
store is not only reserved for high proficient L2 learners but also for low proficient L2
learners. In addition, there is evidence suggesting that high proficient L2 learners still activate
the L1 translation equivalent when processing L2 words to access meaning, or merely as a
side effect due to the lexical links they established earlier in acquisition (e.g., Altarriba and
Mathis, 1997; Sunderman and Kroll, 2006; Comesaña, Perea, Piñeiro and Fraga, 2009; Guo,
Misra, Tam and Kroll, 2012; Poarch, van Hell and Kroll, 2015; Ammerman and van Hell,
2015; Ma, Chen, Guo and Kroll, 2015; Meade, Midgley and Holcomb, 2018).
Altarriba and Mathis (1997) tested the word form-to-concept connections in two
separate experiments (1a and 1b). Experiment 1a specifically tested the word association
route while experiment 1b specifically tested the concept mediation route. To this end, they
tested a group of English speakers with a low L2 proficiency in Spanish and a group of
proficient English-Spanish speakers. Only the low proficient group was taught new Spanish
words and both groups performed a backward translation recognition task in both
experiments. Experiment 1a included the critical stimulus items that were manipulated to be
similar to the correct translation in form or orthographically (RELOJ ‘clock’– CLOAK
instead of RELOJ – CLOCK) and experiment 1b included the critical stimulus items that
were manipulated to be similar to the correct translation in meaning (RELOJ ‘clock’ – TIME
instead of RELOJ – CLOCK). The results for experiment 1a, which tested the word
association route to meaning, showed a form interference effect for both the high and low
proficiency groups. However, the effect was larger for the low proficient L2 learners.
Experiment 1b revealed a semantic interference effect for both groups and this effect was
higher for the highly proficient L2 learners. These results suggested that low proficient L2
learners also made use of the direct connections to access the meaning of the L2 word and
that high proficient L2 learners do activate the conceptual links when processing L2 words.
Talamas, Kroll and Dufour (1999) criticised the experimental design from Altarriba and
Mathis (1997): they argued that their participants had been primed with the same items as
14
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they were tested on. However, in spite of this, the results have been regarded as
counterevidence to the predictions of the Revised Hierarchical Model.

Behavioural studies testing the predictions of the RHM on children
Besides adult L2 learners, children were also included in experiments testing the
assumptions of the Revised Hierarchical Model. Comesaña, Perea, Piñeiro and Fraga (2009)
performed a backward translation recognition task with Spanish native children with no
knowledge of the Basque language. The Basque language is not related to any other language
and could therefore function as a completely new language without overlaps with the Spanish
language. Their critical experimental conditions consisted of word pairs wherein the second
word was related to the correct translation of the firstly presented word in meaning (AULKIA
‘chair’ – MESA ‘table’). Comesaña, Perea, Piñeiro and Fraga (2009) introduced two types of
training preceding the backward translation recognition task: L2 picture association wherein
children learned the new L2 words with pictures and L2 – L1 vocabulary association in
which children learned the new L2 words with the L1 translation equivalent. Their results
revealed a semantic interference effect for both training types, but a higher interference effect
for the children who had learned the new L2 words with pictures. These results are in line
with those from Altarriba and Mathis (1997) and Ferré, Sánchez-Casas, and Guasch (2006) in
that low proficient L2 learners are able to establish conceptual connections in the early stages
of L2 acquisition, for both adults as well as children. Consequently, at the same time, they
suggest that these results contradict the overall predictions of the RHM which states that low
proficient L2 learners access meaning via the L1 translation equivalent, instead of via the
conceptual route.
Similar to Comesaña, Perea, Piñeiro and Fraga (2009), Poarch, van Hell and Kroll
(2015) performed a backward translation recognition task on children. The children were
Dutch native speakers with 8 months of classroom experience in the English language. Their
critical condition consisted of word pairs related to the correct translation in meaning
(ARROW – BOOG ‘bow). Results were also similar to the ones found by Comesaña, Perea,
Piñeiro and Fraga (2009): a semantic interference effect was measured as participants had
more difficulty in rejecting the word pairs related in meaning than the unrelated word pairs
which served as the control factor. Accordingly, in line with the results from Comesaña,
Perea, Piñeiro and Fraga (2009) and Sunderman and Kroll (2006), also Poarch, van Hell and
Kroll (2015) suggest that L2 learners (children as well as adults) are, even in the early stages
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of L2 acquisition, able to access meaning directly. Thus, also Poarch, van Hell and Kroll
(2015) put forward evidence that counters the predictions of the Revised Hierarchical Model.
The results of these studies, concerning low proficient L2 learners, therefore go against the
assumptions proposed by the Revised Hierarchical Model as well as the results put forward
by Talamas, Kroll and Dufour (1999) and Ferré, Sánchez-Casas and Guasch (2006).
Evidence of electrophysiological studies testing concrete nouns
In addition to behavioural studies, also studies who incorporated ERP (event related
potential) measures have tested the RHM and found evidence for as well as against its
presumptions (Guo, Misra, Tam and Kroll, 2012; Ma, Chen, Guo and Kroll, 2015; Meade,
Midgley and Holcomb, 2018). Event Related Potentials measure brain activity and lexical
and semantic activation have been found to show different types of peaks in brain activity.
Very briefly, activity related to semantic processing produces a N400 and activity related to
lexical processing produces a P200. The level of semantic or lexical activity can then be
deduced from the size of the activity peak. In this way, ERPs are able to give a much more
detailed account of the word form-to-concept connections that are established for L2 words
by L2 learners as they can place the activation of the different connections within a particular
time span. Altogether, ERPs are not only able to show whether activation of particular
connections have taken place but also, when, what kind, how large and in what order they
have taken place.
In two backward (L2 – L1) translation recognition tasks, Guo, Misra, Tam and Kroll
(2012) tested two groups of Chinese native speakers who were highly proficient English
learners in a translation recognition task. Both behavioural (reaction times and accuracy
rates) as well as ERP measures were incorporated. Their critical conditions were both word
pairs related in form as well as word pairs related in meaning to the correct translation. As the
two languages used in the experiment had different scripts, phonological similarity was used
for the form related word pairs. The two tasks differed in their stimulus onset asynchrony
(SOA) as the study tested two different longitudes. That is, the time between the two
presented words of each word pair in the translation recognition task were, during the first
task, visible during a longer period (750 ms) and, in the second task, during a shorter period
(300 ms). The results were in line with the predictions of the RHM in that high proficient L2
learners access meaning directly for L2 words. Also form interference effects were found in
the analysis of reaction times and accuracy rates, a result earlier and similar studies have also
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revealed (e.g., Talamas, Kroll and Dufour, 1999; Ferré, Sanchéz-Casas, and Guasch, 2006).
However, the ERP measures were able to reveal that the L1 translation equivalent was only
activated after meaning had already been retrieved. This was concluded after a number of
studies had found a P200 at the long SOA’s and not in the short SOA’s which suggests that
activation of lexical processing devices in the brain was not a necessary requirement to
access meaning but rather something that happens automatically when enough time is given.
A result that suggests that high proficient L2 learners, in spite of apparently making use of
the lexical route, do not rely on the L1 to access meaning. In addition, the activation of the L1
equivalent was considerably stronger during the task with long SOAs which means that
lexical links have a higher chance of being activated when the L2 learner has enough time.
This latter finding underlines the needlessness of lexical links to access meaning of L2 words
for high proficient L2 learners. Therefore, in support of the RHM, the results were seen as
evidence that highly proficient L2 learners mainly access the conceptual store directly to
retrieve the meaning of L2 words. This study by Guo, Misra, Tam and Kroll (2012) was
however a one-sided investigation into the representativeness of the Revised Hierarchical
Model. No insight is given into the connections established by beginning L2 learners who
make up a considerable part of the predictions made by the model. Later studies filled this
gap by also examining less proficient L2 learners with ERP measures. Ammerman and van
Hell examined native English adults as well as children with low proficiency in Spanish in a
backward translation recognition task using only ERP measures. The critical conditions in
this study were word pairs wherein the second word was related to the correct translation in
meaning (PERRO ‘dog’ – CAT). The degree of interference was measured by the control
condition that consisted of word pairs in which the second word was unrelated to the correct
translation (PERRO ‘dog’ – TABLE). Semantic interference effects were found for both
adults as well as children. A result indicating that low proficient L2 learners are, in fact, able
to establish direct conceptual links to access meaning for L2 words. These results were seen
as counterevidence against the Revised Hierarchical Model because, unlike the results from
this study, the model predicted that low proficient L2 learners would not access meaning via
the conceptual route.
A later ERP as well as behavioural study by Moldovan, Demestre, Ferré and SánchezCasas (2015) tested the assumptions of the RHM on highly proficient Catalan – Spanish
bilinguals who had been exposed to both languages since early childhood but were more
familiar with the Catalan language than the Spanish language. This study only incorporated a
short SOA of 250 ms in a translation recognition task. They introduced three critical
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conditions into their experimental design: the second word of the three types of word pairs
was manipulated to become similar in form or meaning to the correct translation: word pairs
highly related in meaning (BURRO ‘donkey’ – CABALLO ‘horse’) and word pairs less
related in meaning (BURRO ‘donkey’ – OSO ‘bear’). The word pairs related in form were
created from the stimulus items used for the form related word pairs, but the translation
direction was reversed. Then, the Spanish word was translated into Catalan (BURRO
‘donkey’ became RUC ‘donkey’) and a word pair related to the correct translation of ‘ruc’
was added so that the word pair became (RUC ‘donkey’ – BERRO ‘watercress’ instead of
RUC ‘donkey’ – BURRO ‘donkey’). Analysis of reaction times and accuracy rates revealed a
semantic interference effect for both semantically related conditions, but a stronger effect was
measured for the word pairs highly related in meaning. The same analysis also revealed a
form interference effect but, similar to Guo, Misra, Tam and Kroll (2012), the ERP measures
showed that the activation of the L1 translation equivalent only happened after the activation
of the concept (even with a short stimulus onset asymmetry). This study therefore supports
the assumptions of the RHM for high proficient L2 learners form the same reasons as Guo,
Misra, Tam and Kroll (2012): they are able to access meaning directly without relying on
their L1.
A more recent study by Ma, Chen, Guo and Kroll (2017) also investigated the
predictions of the RHM using behavioural as well as ERP measures. In their experimental
design they took into account the conceptual as well as the lexical links, the short and long
SOAs and also level of proficiency. They tested English natives who were learning Spanish
and divided them into two groups based on their proficiency levels, high or low. Participants
performed a backward translation recognition task with manipulated word pairs that made up
the critical conditions. The second word of the word pairs were either related to the correct
translation in form (PERRO ‘dog’ – DOT instead of PERRO ‘dog’ – DOG) or in meaning
(PERRO ‘dog’ – BONE instead of PERRO ‘dog’ – DOG). Both conditions had their own
control conditions that consisted of word pairs in which the second word was unrelated to the
correct translation. In addition, stimulus items were divided to have either a long (750 ms) or
a short (300 ms) SOA. The results of the ERPs revealed a larger semantic than form
interference effect and thus showed that low proficient L2 learners are able to access meaning
directly. Contrary to the high proficient groups from Guo, Misra, Tam and Kroll (2012), the
low proficient group showed that the L1 translation equivalent was active even when the
given time to react was short. This suggests that for low proficient L2 learners, the translation
equivalent plays a more important role than for highly proficient L2 learners. Moreover, it
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suggests that, contrary to the assumptions of the RHM, low proficient L2 learners are not
limited to merely accessing meaning via the L1 translation equivalent.
Finally, a very recent study by Meade, Midgley and Holcomb (2018) tested the
predictions of the RHM on participants with little knowledge of any other language than their
native English language. In this way they were able to be taught new words of an artificial
language and hence, be regarded as true beginning L2 learners. They found similar results to
Ma, Chen, Guo and Kroll (2015): both form and meaning interference effects were present
but participants showed more meaning than form interference. According to Meade, Midgley
and Holcomb (2018) the activation of the translation equivalent is the activation of the word
association links that were established earlier in acquisition that are slowly decreasing in
strength to be replaced by the concept mediation links. As both types of interference effects
were found, they suggest that some L2 word meanings were still accessed via the translation
equivalent but, it is still unknown whether particular types of words are slower than others to
leave behind the reliance on the L1.
The previously discussed studies present a good overview and insight into the degree
of representativeness of the Revised Hierarchical Model. The majority of the evidence
suggests that the model has its limitations concerning the word form-to-concept connections
established by L2 learners. The connections established by L2 learners for L2 words don’t
seem to be as black and white in nature as the model tends to portray them. Studies put
forward the arguments that, contrary to the predictions put forward by the Revised
Hierarchical Model, direct access to meaning may not only be reserved for the high proficient
L2 learners and activation of the L1 equivalent to access meaning may not only be limited to
beginning L2 learners.

Overview of the representativeness of the Revised Hierarchical Model on nouns
The predictions the model puts forward for the word form-to-concept connections for
highly proficient L2 learners seem to be supported by all the previously discussed studies
who tested participants with a high L2 proficiency level (Altarriba and Mathis, 1997;
Talamas, Kroll and Dufour, 1999; Ferré, Sánchez-Casas and Guasch, 2006; Guo, Misra, Tam
and Kroll, 2012; Moldovan, Demestre, Ferré and Sánchez-Casas, 2015; Ma, Chen, Guo and
Kroll, 2017). Not only did they all put forward evidence of a high sensitivity towards
meaning but, the ERP measures were also able to show that, despite the fact that the lexical
routes were strongly activated, they were subordinate to the concept mediation routes. On the
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other hand, results on the connections established by beginning L2 learners did seem to,
often, diverge from the expected predictions. Beginning L2 learners showed to be much more
sensitive to meaning than was previously expected. Behavioural studies have been able to
show high interference effects for semantically related word pairs in both analyses of reaction
times as well as accuracy rates. In addition, ERP studies were able to substantiate these
findings with even more detailed evidence of meaning activation during the processing of L2
words. Hence, the proposed assumption that low proficient L2 learners merely access
meaning via the L1 translation equivalent is often assumed to have been superseded.
However, the paper in which the Revised Hierarchical Model is originally presented
(Kroll and Stewart, 1994) says: “According to the model, both lexical and conceptual links
are active in bilingual memory, but the strength of the links differ as a function of fluency in
L2 and relative dominance of L1 to L2” (p.157). With this particular sentence, Kroll and
Stewart (1994) clearly delineate their expectations concerning form and meaning activation
in the mind of the learner: Form as well as semantic interference effects for all levels of
proficiency are expected but, with a higher semantic interference effect for the high proficient
L2 learners and a higher form interference effect for the low proficient L2 learners. From this
point of view, the predictions of the model are more flexible than studies tend to portray
them. Sixteen years after the introduction of the Revised Hierarchical Model, (Kroll and
Stewart, 1994), Kroll, van Hell, Tokowicz and Green (2010), in a critical review and
assessment, again make clear that the Revised Hierarchical Model does not predict that there
will be no semantic effects measured for low proficient L2 learners but that these connections
are merely weaker than the lexical connections. Consequently, finding evidence of semantic
activation when testing low proficient L2 learners does seem to be in line with the predictions
of the Revised Hierarchical Model and not something that can be used as a counter-argument
to its claims.
In this abovementioned critical review and assessment of the Revised Hierarchical
Model, Kroll, van Hell, Tokowicz and Green (2010) discuss the results and evidence found
by studies testing its proposed predictions and react to counter-arguments. As already
mentioned above, one of the main arguments against the predictions of the Revised
Hierarchical Model is that L2 learners with low levels of proficiency are able to access
meaning directly instead of merely via the activation of the L1 translation equivalent (e.g.
Comesaña, Perea, Piñeiro and Fraga, 2009; Poarch, van Hell and Kroll, 2015; Kroll and
Sunderman, 2006). In defence of the RHM, Kroll, van Hell, Tokowicz and Green (2010)
argue that it was primarily a model for word production rather than for word recognition. In
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an example, they put forward that participants with low levels of L2 proficiency often show
to be very much capable of accessing a word directly in a translation recognition task but that
when they are presented with a translation production task, they are unable to lexicalize their
knowledge, or successfully complete the task. This argumentation suggests that, by using the
translation recognition task, studies testing the RHM should take into account the manner in
which the facilitating effect of this task affects the nature of the measured data. As production
is more difficult than recognition and the Revised Hierarchical Model is primarily based on
results for the more difficult task of production, then it might be expected that results for the
translation recognition tasks have the tendency to show slightly higher effects as those
predicted by the model, for both high as well as low levels of L2 proficiency. Another
argument Kroll, van Hell, Tokowicz and Green (2010) put forward in defence of the RHM
was that, in the examined literature, they observed a considerably stronger developmental
sequence with increased proficiency when the task asked participants to produce rather than
to recognize a translation. This again underlines the idea that the model was primarily meant
to represent the processes underlying translation production. Moreover, it implies that the
developmental shift tends to be weaker and the obtained effects tend to be stronger when
measured via translation recognition instead of translation production (Kroll, van Hell,
Tokowicz and Green, 2010).
An additional factor of influence within the context of type of task and higher results
is word frequency. The majority of the studies testing the Revised Hierarchical Model by
means of a translation recognition task, have used words with high frequency levels to
guarantee usable results. However, according to De Groot and Comijs (1995), the high
sensitivity of the translation recognition task enables the researcher to test very low proficient
L2 learners with very low frequency words while still being able to obtain effects. Very high
accuracies and few mistakes might therefore be a possible result for the combination of the
translation recognition task with highly frequent words and this should also be taken into
consideration by studies testing the RHM.

Influencing factor on the nature of the L2 word form-to-concept connections
Studies testing the assumptions of the Revised Hierarchical Model, who employed a
translation recognition task, have often found a large variety of results in favour as well as
against its predictions (especially against the predictions based on the connections established
by low proficient L2 learners). Over the years, it has become clear that differences in the
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level of proficiency (e.g. Ferré, Sánchez-Casas and Guasch, 2006), type of training (e.g.,
Comesaña, Perea, Piñeiro and Fraga, 2009; Meade, Midgley and Holcomb, 2018), type of
measure (e.g., Guo, Misra, Tam and Kroll, 2012; Moldovan, Demestre, Ferré and SánchezCasas, 2015; Ma, Chen, Guo and Kroll, 2017) time of acquisition (e.g., Ferré, Sánchez-Casas
and Guasch, 2006) and type of task (e.g., De Groot, 1992; Kroll, van Hell, Tokowicz and
Green, 2010) are all factors that should be taken into account as possibly influencing the
processes of L2 word form-to-concept connections for L2 learners.
In addition to the abovementioned factors, also the effects of word type and word
class have been found to have an influence on the processing of L2 words. Concrete words
have been found to be processed faster than abstract words (e.g., van Hell and de Groot,
1998; Basnight-Brown and Altarriba, 2015) and nouns have been observed to be processed
faster than verbs (e.g., Bultena, Dijkstra and van Hell, 2012; Sunderman and Kroll, 2006).
The faster processing of certain word types, of concrete and abstract words or nouns and
verbs, has been attributed to different degrees of cross-linguistic meaning overlap they share
between them.

Nouns versus verbs
Nouns are learned earlier during language acquisition than verbs (e.g., Gentner,
1981). The thought underlying this statement lies in the complexity of the word class of verbs
as opposed to the word class of nouns. The complex nature of verbs can be attributed to their
broad meanings as well as the forms they take on. Besides a very wide range of meanings,
one single verb changes its form in agreement with the meaning it wishes to convey. Nouns
are simpler and therefore easier to acquire: they have a well-delineated meaning(s) and few
different forms to represent it in different contexts. Dissimilarities between verbs and nouns
have led studies to look into the influence this might have on processing form and meaning.
Within grammatical structures, verbs and nouns belong to different word classes, they are
physically dissimilar, they are subject to different grammatical rules, they play different
syntactic roles in a sentence and they represent meanings of different types of elements in the
world. The roles nouns and verbs take on are often distinguished by what they refer to: nouns
point towards objects while verbs refer to actions or happenings. In other words, nouns define
specific things (‘chocolate’) while verbs determine the possible relations between those
things (‘unwrapped’ or ‘eaten’) (Gentner, 1987). Consequently, nouns can be said to be more
concrete and verbs more abstract in their meanings. This can be explained by saying that
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nouns are more constrained by elements in the physical world than verbs causing them to
have a more fixed meaning as opposed to verbs who have a more variable one (Gentner,
1987). By having more possible meanings, which are activated depending on the relation the
verb wishes to establish, verbs tend to be more reliant on the context in which they appear.
When, however, a verb is presented on its own it will activate the most straightforward
interpretation, that is, the meaning that has most often been associated with it or which is the
most common to the speaker (Gentner, 1981). Nouns however, more specifically concrete
nouns, are easily understood when presented out of context. They do not require extra
information because their meanings are all gathered within one single node of meaning and
therefore, unlike for verbs, the most common meaning is often the only one (Gentner, 1987).
Gentner (1981) looked at the number of word senses for dictionary entries of frequent nouns
and verbs and found that verbs have more word senses per entry than nouns and that the
frequency rate per million was much higher for the frequent verbs than for the frequent
nouns. This supports the idea that multiple relations can be defined by one single verb and
that nouns outnumber verbs as they represent every word with a single meaning.
Besides having less straightforward conceptual representations, verbs are also
morphologically more complex. English nouns tend to be orthographically similar across the
different contexts in which they appear. Besides an additional (-s) at the end of the word to
denote the plural form, no other changes are made regarding their morphology. Verbs
however, change their morphology continuously to be able to include the tense and aspect
(e.g., past continuous), the person and the number (1st person singular) into their physical
appearance. This results in verbs with different endings in differing situations that take the
form of (-s, -ed or -ing). Due to the more complex architecture of verbs which gathers
multiple aspects of meaning into one single verb form, many more decisions have to be made
to make sure they fit the context in which they appear (Vigliocco, Vinson, Druks, Barber and
Cappa, 2011).

Studies who have tested both nouns and verbs
Van Hell and De Groot (1998) examined the conceptual representations of concrete
and abstract, cognate and non-cognate nouns and verbs. This was examined in a word
association task with highly proficient Dutch L2 learners of English. They were asked to say
out loud the first word that came into mind once they read the word from the screen. Both
English as well as Dutch words were part of the stimulus items and the language of their
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responses depended on whether within (Dutch -Dutch; English -English) or between
(English-Dutch; Dutch -English) language associations were expected. The idea behind the
experiment was that if the responses for abstract, non-cognate verbs would yield fewer
translations than for concrete, cognate nouns, it could be assumed that their meanings have
less overlap within the conceptual store. Their results showed that verbs indeed have less
conceptual overlap, both within as between languages than nouns, as less translations were
found for the former than for the latter word classes. Moreover, the translations for verbs
required more time than those for nouns, a result that is in line with the idea that verbs have
less semantic overlap across languages than nouns.
In a translation recognition task, Sunderman and Kroll (2006) tested the assumptions
of the Revised Hierarchical Model on two groups of English natives with different levels of
proficiency in Spanish. The critical word pairs were incorrect translations wherein the second
word was similar to the correct translation in form or in meaning. To test the effect of word
class on L2 word processing, Sunderman and Kroll (2006) incorporated nouns as well as
verbs into their experimental design. In this way, there were matched pairs which consisted
of nouns (e.g., CASA ‘house’ – CASE) or verbs (e.g., PIENSA ‘think’ – PAINT) but there
were also unmatched word pairs that consisted of both a noun and a verb (e.g., GATO ‘cat’ –
GAVE). Both high and low proficiency groups showed similar levels of sensitivity towards
meaning related word pairs, regardless of the different word classes and the combination of
word classes. Sensitivity towards form related word pairs was only found for the low
proficient group in the word pairs with the same word classes. There was no form
interference effect when words in the word pairs belonged to different word classes. These
results suggest that both high and low proficient L2 learners are sensitive to meaning and that
sensitivity for form decreases with increasing proficiency as proposed by the RHM. The
different results obtained for the matched and unmatched word pairs suggests that, unlike
meaning, the word form is recognized by the grammatical information it carries. Recognizing
the grammatical form of the words has a facilitating effect on processing. Unfortunately,
Sunderman and Kroll (2006) did not look at the results for the matched word pairs separately
for nouns and verbs. Whether different patterns would have become visible for the two word
classes is therefore unknown.
In short, verbs are in form as well as semantically more complex than nouns and this
difference in complexity is said to influence processing for both monolinguals as well as L2
learners. Nouns, as they are more concrete in their meaning may have more meaning overlap
between languages while verbs have less meaning overlap due to being more abstract. In
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addition, processing may also be influenced by the earlier acquisition of nouns as opposed to
verbs. In this way, learners might have established stronger connections for nouns than for
verbs which consequently may also explain the differences in processing speed. A similar
observation was made by Francis et al. (2013) who mentioned that the more a learner is
exposed to a word, the stronger its representation will become and the more efficient its
processing will be.

The Distributed Features Model
The Distributed Features Model, which was originally presented by De Groot (1992),
is based on the idea that words share conceptual nodes of meaning between them and that
their processing depends on this overlap: the more meaning nodes are shared between words,
the easier and faster the concept can be accessed and processed. The model was originally
based on the differences in processing of concrete and abstract words (De Groot, 1992): how,
CONCEPTUAL REPRESENTATIONS FOR L2 WORDS
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particularly interesting for the present study is that Bultena, Dijkstra and van Hell (2012)
observed that, in general, verbs required more processing time than nouns. In this way, also
the variable of word class (e.g., van Hell and De Groot, 1998; Sunderman and Kroll, 2006;
Bultena, Dijkstra and van Hell, 2012) revealed itself as one of the factors influencing
interlingual processing of L2 words.
Even though studies have not directly tested the Distributed Features Model on the
difference between nouns and verbs, a number of studies have put forward that the
differences between these word classes are relatable to those between concrete and abstract
words. Verbs are often said to be abstract in their meaning while nouns are more concrete in
the meaning they represent (e.g., Bultena, Dijkstra and van Hell, 2012; Fisher, 2002; Gentner,
1978). Moreover, verbs are thought to have less meaning overlap between languages than
nouns and; according to van Hell (2002), nouns are semantically more similar between
languages than verbs. Consequently, the idea of shared conceptual nodes across languages,
that have the effect of delaying or speeding up processing, might also be attributed to
differences between nouns and verbs. The following studies have, among other things, tried
to explain their difference in the light of more or less meaning overlap. In other words, that
across languages, the meaning of verbs is said to be more language specific than the meaning
of nouns (Choi and Bowerman, 1991; van Hell, 2002) and that therefore overlap as well as
faster processing is more likely for nouns.
When regarded within the framework of the RHM, these dissimilar characteristics
between nouns and verbs might be of influence on the predicted patterns. Bultena, Dijkstra
and van Hell (2012) put forward that “processing differences between nouns and verbs may
be related to the mapping of L2 representations onto L1 representations during L2 learning”
(p. 1369). Nouns would then be expected to be processed faster than verbs due the higher
number of nodes sharing meaning between them.
The present study
In replication of the experimental designs put forward by Talamas, Kroll and Dufour,
(1999) and Poarch et al., (2015), the present study will test the predictions of the Revised
Hierarchical Model. No studies have yet tested whether the predictions of the RHM are able
to include other word classes than just nouns. Moreover, expanding on the work from
Talamas, Kroll and Dufour, (1999) and Poarch, van Hell and Kroll, (2015), this study will
test the predictions of the RHM on nouns as well as on verbs to, in this way, investigate the
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divergent patterns that may arise due to the complexity of verbs as opposed to nouns and the
familiarity of nouns as opposed to verbs. The present study puts forward the following
research question: To what extent can the predictions of the Revised Hierarchical Model be
generalized to the word class of verbs when tested on a group of high and low proficient
Dutch-English speakers in a translation recognition task?
To test the predictions of the RHM and to simultaneously observe the difference in
behaviour of the grammatical classes, both nouns as well as verbs were introduced as
stimulus items. In order to test the assumed lexical as well as conceptual connections,
stimulus materials were manipulated to trigger form and semantic interference in the L2 word
processing of Dutch L2 learners of English. To test these two proposed connections and the
developmental shift that is predicted to occur between them, two groups of Dutch native
speakers with different levels of proficiency in English were selected to take part in the
experiment, a high proficient group and a low proficient group. The experiment consisted of
a backward translation recognition task with L2 English nouns and verbs followed by a
Dutch translation. During this task, all participants were presented with correct and incorrect
translation word pairs and were asked to judge them on their correctness with a yes or no
answer. Half of the used word pairs were correct translation pairs, 50% verbs and 50% nouns.
The other half were incorrect translation pairs, 50% verbs and 50% nouns, which formed the
critical word pairs for this particular study.

Predictions
The research questions proposed by the present study culminates into 2 hypotheses.
Hypothesis 1 joins the predictions of the Revised Hierarchical Model adapted to variables of
the present study. Hypothesis 2 focusses on the differences between the two tested word
classes: in what way these differences are expected to influence the results.
The Revised Hierarchical Model proposes that beginning L2 learners rely on their L1
to access meaning. By activating the translation equivalent in the L1, the learner is able to
retrieve the meaning for the L2 word via the routes of the L1. The learner goes through a
developmental shift meaning that as proficiency increases, they start establishing connections
to access meaning directly for the L2 word (see Figure 2). In line with this model the
predictions for the results for the nouns as well as the verbs in the present study are as
follows: Hypothesis 1: If L2 learners go through a developmental shift from lexical
association to concept mediation as their proficiency increases, then we predicted that the LP
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L2 learners will show a higher sensitivity towards form related word pairs and the HP L2
learners to semantically related word pairs. That is, for the LP L2 learners, RTs are expected
to be longer and accuracies lower for word pairs related in form than for the unrelated word
pairs; and for the HP, RTs are expected to be longer and accuracies lower for word pairs
related in meaning than for the unrelated word pairs. The interference effects will be the
result of the difference between the two related conditions (form related and semantically
related) and the unrelated condition as the latter served as the control condition for both the
related conditions. The magnitude of interference will represent the level of sensitivity
towards form and meaning.
This study will look at the differences between the word classes of nouns and verbs
in light of the word form-to concept connections predicted by the RHM. As mentioned and
outlined before in this study, the most important differences between the word classes of
nouns and verbs, that may be of influence, are the familiarity of the noun which may have
resulted in stronger connections and the complexity of the verb. These concepts are expected
to cause different results between the word classes and the prediction reads as follows:
Hypothesis 2: If higher familiarity of nouns and the complexity of the verb influences the
connections established between word forms and their concepts for L2 words then both
proficiency groups are expected to show longer RTs and lower accuracies for the word class
of verbs.

Method
The present experiment focussed on the word form-to-concept connections established
by high and low proficient English speakers for both nouns and verbs to test the predictions
made by the RHM. The experiment consisted of a translation recognition task. The task was
preceded by a short language background questionnaire based on questions from Leap-Q, the
language experience and proficiency questionnaire (Marian, Blumenfeld, and Kaushanskava,
2007) and followed by the Lextale (Lexical Test for Advanced Learners of English) test of
English proficiency (Lemhöfer and Broersma, 2012).
All participants were informed about how the collected data would be treated and gave their
consent via a ‘consent form’ that was included in the experimental design before the start of
the actual experiment. The consent participants gave included permission to use the collected
data for the purpose of a Master Thesis, permission to view and analyse the data in detail (the
researcher and the thesis supervisor), permission to save the data for as long as necessary by
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the researcher and permission for the university database to save the thesis for as long as
necessary.

Participants
43 Dutch native speakers took part in the experiment. No dyslexia or other confounding
characteristics were found among the participants and therefore no further exclusions were
necessary. Participants were all either pursuing a university degree (Radboud University,
University of Amsterdam or University of Utrecht) or a degree in higher professional
education (Hogeschool Arnhem Nijmegen or Hogeschool van Amsterdam): university degree
following a Bachelor (N = 3) = 7,5%; university degree following a Master (N = 18) = 45%;
Higher professional education: (N = 19) = 47,5%. Participants were divided into high and low
English proficiency group based on their English proficiency level which was assessed with
the Lextale English test of proficiency. It was determined that those with a score higher than
50% and lower than 70% would be placed into the group representing the low proficient L2
English speakers and that participants with a score above 80% would be placed into the group
of highly proficient English speakers. Based on these scores, three participants were excluded
to ensure a large difference in proficiency levels. It was determined that all participants
scoring between and equal to 70% and 80% were to be excluded from the analysis. As the
three excluded participants showed a Lextale score of 70% they were 1% above the cut-off
score. From the remaining 40 participants, two groups of twenty participants were formed,
one with high proficiency in English (4 male and 16 female, Mage = 25.6, SD = 2.1; Mlextale
score = 89.2%, SD = 4.5) and one with low proficiency in English (5 male and 15 female,
Mage = 25.2, SD 2.7; Mlextale score = 61.8%, SD = 3.9). The difference in proficiency
between the two groups was 27.4% and this difference was significant, t (38) = 20.518, p =
<.001.
Initially it was thought that educational background, a higher professional education level
versus a university level, would be a good indicator for the level of proficiency of the
participants. However, the language background questionnaire in combination with the
Lextale scores showed that this was not the case. A number of university graduates who had
followed a master in English scored lower than predicted on the Lextale test and a number of
higher professional education graduates scored much higher than predicted according to their
educational background. Due to this asymmetry between educational background and Lextale
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scores, the latter became the primary criterion for the division of the participants and
functioned like a placement test for the high and low proficiency groups.

Materials
The study tested for both nouns and verbs in a backward translation recognition task with
English primes and Dutch translations. To this end, items for both word classes were
gathered. The English primes, both the nouns and the verbs, were taken from the Longman
communication 3000 list which contains the 3000 most commonly used written and spoken
words in the English language. The Dutch translations were gathered from the Hazenberg
and Hulstijn 0 - 4000 most common Dutch word list (Hazenberg and Hulstijn,1996).
In the backward translation recognition task participants were asked to judge whether the
Dutch word that followed the English prime was the correct translation of the first word or
not. Incorrect translations were created by manipulating the word to match the correct
translation in form, meaning (semantically) or to be unrelated. The form related word pairs
were orthographically and, in some cases, also phonetically related to the correct Dutch
translation. Care was taken to ensure that all form related items had the same onset as the
correct translation. For the semantically or meaning related word pairs, the items were
checked for semantic relatedness to the correct translations on Snaut (see Mandera, Keuleers
Table 1. Example of stimuli items in the different conditions

and Brysbaert,
for further
details on semantic relatedness measures). Snaut generates a
and2017
different
word classes.
Condition
Nouns

Examples of word pairs

Correct translations
False translations:
Form
Semantic
Unrelated
Verbs
Correct translations
False translations:
Form
Semantic

church - kerk

to pay - bepalen (to determine)
to pay - kopen (to buy)

Unrelated

to pay - harken (to rake)

church - kers (cherry)
church - pastoor (pastor)
church - theedoek (tea towel)
to pay - betalen (to pay)

Table 1. Example of stimulus items in the different conditions and word classes.

score between 0.00 and 1.00 to define the semantic relatedness between two words. The
lower the score, the higher the semantic relatedness between two words. Semantically related
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words with very high scores were revised and replaced for words with lower scores to ensure
the highest possible levels of semantic relatedness. Moreover, to ensure semantic relatedness
would be much higher for the semantically related word pairs than for all other word pairs, a
mean semantic relatedness was calculated for each condition and word class. For both nouns
and verbs, the mean semantic relatedness was higher than 0.85 in the form related and
unrelated conditions and lower than 0.60 for the semantically related conditions. The words
belonging to the unrelated condition were added to serve as control items against the two
manipulated conditions.
Word sets of 5 words each were created (see Appendix A). These word sets consisted
of an English prime word and 4 translations of that same prime: one correct translation
(Noun: church - kerk; Verb: to pay - betalen) and three incorrect translations of the English
prime. Two of the three incorrect translations were related to the correct Dutch translation:
one in form (Noun: church - kers ‘cherry’; Verb: to pay – bepalen ‘to determine’) and one in
meaning or semantically (Noun: church - pastoor ‘pastor’; Verb: to pay - kopen ‘to buy’); and
one of the three incorrect translations was unrelated to the Dutch translation or prime (Noun:
church - theedoek ‘tea towel’; Verb: to pay - harken ‘to rake’). See Table 1 above for an
example of the stimulus materials.
Altogether, the stimulus set used in this study consisted of 576 word pairs (made up of
the 144 English primes combined with the 4 different types of possible translations): all of
the four experiments included 144 word pairs. Of these 144 word pairs, 96 pairs were
experimental word pairs (form related, semantically related and unrelated word pairs) and 48
were filler pairs. The 96 experimental word pairs, of which half were nouns and the other half
were verbs, consisted of 24 correct Dutch translations, 24 form related, incorrect translations;
24 semantically related, incorrect translations and 24 unrelated and incorrect translations. The
48 filler items were included to equal the amount of correct and incorrect translations. These
pairs consisted of a new English prime and a correct Dutch translation, (24 nouns and 24
verbs) and were the same for all four experiments. The five types of stimulus items that made
up the 144 word pairs (English prime, correct translation, form related, semantically related
and unrelated) were controlled for word length for both the verb and noun stimulus groups
separately. Word length was measured by number of syllables and number of letters.
According to the statistical calculations, items were matched in both number of letters as well
as number of syllables (see Appendix B for an overview).
To ensure there were no significant differences between the 5 different stimulus groups
in number of syllables and number of letters, a one-way ANOVA was run for each of these
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variables for both verbs and nouns. The four analyses of variance showed that there were no
significant difference between the five groups in number of letters for the nouns, F(3,212) =
1.7, p = 0.16, only just (marginally significant) not significant for the verbs, F(4,283) = 2.40,
p = 0.06, and that there was no significant differences between the five groups in number of
syllables for both nouns, F(4, 283) = 1.92, p = 0.11 and verbs, F(4,283) = 1.53, p = 0.19.
The frequency levels of the English prime words were based on their prevalence scores
(Brysbaert, Mandera, McCormick & Keuleers, 2018). This database contains word
prevalence values of 61,800 words. They range from negative values lower than 0.0 that
correspond to less than 50% of people knowing the word and 2.5 corresponding to a
percentage higher than 98%, meaning that nearly everyone knows the word. All prime items
used in this study had a score of > 1.0. In other words, all primes in this study were known to
84% or more people (see Brysbaert et al, in press) for further information on word
prevalence) and could therefore be regarded as frequent words in the English language.
The frequencies for the Dutch nouns and verbs were based on the Subtlex-NL database
(Keuleers, Brysbaert, and New, 2010). For the four groups of Dutch nouns and verbs, word
frequency was controlled (see Table 2 for an overview). To ensure there were no significant
differences between the four groups of stimulus in terms of frequency levels for nouns and
verbs, two one-way ANOVA were run and showed that there indeed was no significant
difference between the four groups of Dutch stimulus in word frequency for nouns, F(3, 212)
= 0.39, p = 0.76 nor for verbs, F(3, 212) = 1.47, p = 0.22.
To make sure there were no differences between the four assembled experimental
versions, word length and frequency, one-way ANOVAs were run. They showed that there
was no significant difference between the four experiments on number of syllables, F(3, 572)
= 0.01, p = 1.00, number of letters, F(3, 572) = 0.09, p = 0.9, and frequency F(3, 572) =
0.07, p = 0.98.
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Apparatus and Procedure
The experiment created for this study was based on the design from Poarch et al. (2015)
and Talamas et al. (1999). It was set up in OpenSesame (Mathôt, Schreij and Theeuwes,
2012) on a Macbook Air and reaction times were measured with keyboard responses.
It is said that keyboard responses are not the most accurate measures for reaction times
because they have the tendency to deviate a couple of milliseconds from the real reaction
times (e.g., Damian, 2010; Mathôt, Schreij and Theeuwes, 2012). However, as this study was
looking at reaction times between 500 and 1000 milliseconds, this deviation would not have a
major impact on the measurements (Damian, 2010). To control for the deviation as much as
possible and to elicit comparable keyboard responses, all participants were tested using the
same computer and hence, the same keyboard.
Participants were tested individually at different locations as a result of having to
complete the experiment on the personal computer of the researcher. To create similar
conditions for all, participants were tested in a quiet place: at home or in a study location of
the university. They were equipped with the Bose QuietComfort 35 wireless, a noise
cancelling headphone, in combination with a seating spot facing the wall.
Participants were pseudorandomly assigned to one of the four versions of the
experiment so that every experiment would be run for the same amount of times. The
experiment consisted of three steps, a questionnaire, the experimental translation recognition
task and the Lextale test of English proficiency and was always carried out in this order.
As already mentioned, the whole experiment consisted of three parts: the language
background questionnaires, the backward translation recognition task and the Lextale English
test of proficiency. The questionnaires were distributed as paper versions and consisted of 12
questions (see appendix 3). During the translation recognition task participants were
presented with 144 word pairs in a translation recognition task in which they had to decide
whether the second Dutch word was or was not the correct translation of the first English
word. The keyboard responses were programmed so that the ‘z’ would be registered as the
‘yes’ response and the ‘m’ as the ‘no’ response. However, as the response times would not
benefit from doubts concerning the response keys, the ‘z’ key was made red and the ‘m’ key
was made green. These colours made the ‘yes’ and ‘no’ options more straightforward and
might have avoided some unnecessary errors. The word pairs were divided into three blocks
of 48 word pairs so that there were two opportunities to take a short break. These breaks were
introduced to avoid the influence of fatigue and boredom on response times and lasted until
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the participant clicked on the ‘OK’ button on the screen. During the try-outs of the
experiments, it became evident that the breaks needed a different button or key response than
the ‘z’ or the ‘m’. In the stress of trying to answer as quickly as possible, people would press
through the break and, in this way, miss it.
The word pairs in the three experimental blocks were generated in a sequential order to
control for repetition of more than four consecutive nouns, verbs or conditions. That is, the
order of appearance of each word pair was manually created. Nouns and verbs were not
separated into different blocks. In each experiment, participants had to make decisions for 12
noun + 12 verb form related incorrect word pairs, 12 noun + 12 verb semantically related
incorrect word pairs, 12 noun + 12 verb unrelated incorrect word pairs, 12 nouns + 12 verb
correct translations and 24 noun + 24 verb correct translation filler items.
To familiarize the participants with the key responses and the experimental procedure,
6 additional word pairs were created to be presented to them before the actual experiment
started. These training items were only used for training purposes. The stimulus items were
presented in white letters on a black background as this made the quick succession of words
on the screen better readable. The font was ‘mono’, size 18 and both words in the word pairs
were presented in lowercase letters. The experimental trials had a fixed sequence with fixed
transition times in which stimulus items were presented. First, a fixation dot which remained
in the middle of the screen (1000 ms), then a blank screen (200 ms), then the English prime
word (300 ms) followed by another blank screen (200 ms) and then the Dutch translation
word. For the Dutch translation word, reaction time until the keypress was recorded and if no
key was pressed, the experiment would continue to the next word pair after 3000 ms. At the
start of each of the three blocks of 48 word pairs, a blank screen would be shown for 2000ms
so that participants would not miss the first word pairs due to lack of focus.
The final step consisted of the Lextale test of English proficiency. The test was
consistently carried out on an Apple iPad Air 2 for all participants. They were presented with
the online version of the test wherein they were asked to judge for 60 different words whether
it was a real English word or not. After completing the test, they were presented with their
score on the screen and the results were sent to the email address of the researcher and to
their own if they wished. The result in the email was always linked to the same subject
number the participant was given earlier for the experimental task. The Lextale test was
intentionally administered after the experimental task to avoid participants to activate English
words beforehand. In addition, knowing they would receive a score for their English
proficiency at the end of this test made participants more motivated to do well.
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Results
All data were analysed using the statistical package IBM SPSS Statistics (version 24).
Only the results for the incorrect translation word pairs (‘no’ trials) were included in the
analyses. Before starting the analysis, all data corresponding to the correct translation word
pairs and the filler items was removed. To ensure the calculated means would be
representative, missing values and outliers were removed beforehand. Outliers consisted of
reaction times that were shorter than 300 ms and longer than 2500 ms. In this way, also the
measured RTs of 3000 ms were excluded which stood for word pairs that were left
unanswered. The total excluded outliers made up 2.9%. Of the total percentage of excluded
outliers, 1.3% were nouns: 1.7% in the form related condition; 1.9% in the semantically
related condition and 1% in the unrelated condition. Within the stimulus group of verbs,
outliers made up 1.6%: 2.5% in the form related condition; 1.9% in the semantically related
condition and 0.8% in the unrelated condition.
Regarding the accuracy levels, there was a 50% probability that participant might
select the correct answer by chance during the task: responses consisted of two possibilities,
yes or no. Poarch et al. (2015), to control for this chance performance, included an arbitrary
cut-off score of 60% accuracy on all critical conditions. This study, following Poarch et al.
(2015) introduced a cut-off score of 70% accuracy. The choice of raising the cut-off score
was based on the fact that Poarch et al. (2015) was dealing with participants with a mean age
of 10.5 and a beginning level of English proficiency. As this study focussed on participants
around the age of 25 with much more experience with the English language, a cut-off score
of 70% was more fitting. In this way, participants with an accuracy score below 70% on each
of the critical conditions would be excluded from the final analyses. All 40 participants
managed an accuracy score of 70% or higher on each of the three critical conditions. Hence,
all participants were included in the final analysis.
Mean reaction times (RTs) and mean accuracy rates were calculated for all 40
participant and 72 items in two separate datasets. One for each of the three conditions of
verbs and nouns: form related condition (nouns and verbs); semantically related condition
(nouns and verbs); and the unrelated condition (nouns and verbs) while also taking into
account a third factor: proficiency (high/low).
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Analysis of mean reaction times
Figure 3. Mean reaction times (in ms) across the three translation conditions by word class
and proficiency.

Figure 2 provides an overview of all results for the mean RTs across the three levels
that were included in the experimental design and subsequent analysis: proficiency (high or
low) word class (nouns or verbs) and a bar for each of the three critical conditions (form
related, semantically related and unrelated). From the graph, it can be seen that there is an
overall difference in RTs between proficiency groups: the low proficient group seems to
show longer RTs than the high proficient group. In addition, the proficiency groups seem to
show different patterns across conditions and word classes. While for the low proficient
group the patterns seem similar in both word classes, for the high proficient they look
divergent due to the relatively high difference between the RTs for the semantically related
conditions.
To evaluate the reliability of the preliminary descriptive analysis of the results for the
mean RTs, GLM repeated measures analyses of variance (ANOVA) were run in combination
with Bonferroni corrections to assess the significance of pairwise comparisons between
conditions, proficiency levels and word classes. When the assumption of sphericity was
violated for one of the effects, Greenhouse Geisser or Huyn-Feldt corrections were reported
accordingly. For an overview of the descriptives see Table 2.
A three-way repeated measures analysis of variance was performed by participants
(F1) and by items (F2) on the mean RTs. For the between-subjects (F1) analyses, word class
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(noun or verb) and critical condition (form, semantic, unrelated) were treated as withinsubject factors and proficiency (high or low) as a between-subjects factor. For the betweenitems (F2) analysis, condition and proficiency were treated as within-subject factors and word
class as a between-items factor. The analysis of the RT data revealed that the main effect of
condition was significant, F1(2, 76) = 52.003, p = <.001, ƞp2 = .578, F2(157.7, 1.678) =
72.422, p = <.001, ƞp2 = .435. The main effect of word class was also significant, F1(38, 1) =
4.798, p = .035, ƞp2 = .112, F2(94, 1) = 4.910, p =.029, ƞp2 = .050, nouns were reacted to 38
ms faster than verbs. Also, the main effect for proficiency revealed to be significant in the F2
analysis, F2(94, 1) = 93.952, p = <.001, ƞp2 = .500, but not in the F1 analyses, F1(38,1) =
2.804, p = .10, ƞp2 = .069), the high proficient group was 121 ms faster than the low proficient
group.
Moreover, the three-way interaction between condition, word class and proficiency
showed to be significant, F1(63.093, 1.660) = 5.237, p = .012, ƞp2 = .121, F2(172.563, 1.836)
= 8.195, p = .001, ƞp2 = .080. To further analyse this three-way interaction, a subsequent
repeated measures ANOVA was run by proficiency group. Results revealed that the main
effect of condition was significant for the high proficient group, F1(22.738, 1.197) = 38.947,
p = <.001, ƞp2 = .672, F2(148.917, 1.568) = 81.851, p = <.001, ƞp2 = .463; and also for the low
proficient group, F1(25.477, 1.341) = 24.185, p = <.001, ƞp2 = .560, F2(168.084, 1.769) =
34.944, p = <.001, ƞp2 = .269. The main effect for word class was however not significant for
the high proficient group, F1(19, 1) = .764, p = .34, ƞp2 = .039, F2(94, 1) = .196, p =.66, ƞp2 =
.002. For the low proficient group the main effect for word class was significant in the F2
analysis, F2(94, 1) = 9.166, p =.003, ƞp2 = .089, but not in the F1 analyses, F1(19,1) = 4.119,
p = .06, ƞp2 = .178. The two-way interaction between condition and word class was
significant for the high proficient group F1(26.643, 1.402) = 10.394, p = .001, ƞp2 = .354,
F2(188, 2) = 11.030, p = <.001, ƞp2 =.105. The semantically related conditions showed longer
reaction times for nouns (1143 ms) than for verbs (1033 ms). Bonferroni corrected pairwise
comparisons revealed that this difference was statistically significant, p = .04. For the low
proficient group this two-way interaction between type of condition and word class was not
significant, F1(34.593, 1.821) = 1.915, p = .16, ƞp2 = .092, F2(166.027, 1.766) = 1.840, p
=.17, ƞp2 =.019. These results suggest that, unlike for the low proficient group, for the high
proficient group, word class did influence RTs and that there were differences in the
conditions between word classes. More specifically, for the high proficient group, a
significant difference was observed for the semantically related condition between word
classes.
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To follow up the two-way interactions, subsequent repeated measures ANOVAs were
run separately for each proficiency group. To observe the main effects of the type of
condition for each type of word class and the two proficiency groups, the conditions with
nouns and the conditions with verbs were introduced separately for each group.
NOUNS: For the high proficient group, the type of condition had a large effect on
RTs for nouns, F1(21.406, 1.127) = 31,308, p = <.001, ƞp2 = .622, F2(66,160, 1.408) =
78.099, p = <.001, ƞp2 =.62. Bonferroni corrected pairwise comparisons revealed that this
large effect was due to significant differences between all three types of conditions: a
significant interference effect was found for the semantically related condition (434 ms) as
well as for the form related condition (156 ms). These interference effects were obtained by
subtracting the reaction times of the critical conditions from the reaction times of the
unrelated control condition. For the low proficient group, type of condition also had an effect
on RTs, F1(38,2) = 25.166, p = <.001, ƞp2 = .570, and F2(94,2) = 29.599, p = <.001, ƞp2 =.386.
Bonferroni corrections showed a significant interference effect for the form related condition
and also for the semantically related condition (for both effects, p =<.001). The related
conditions revealed very similar RT levels and the difference between them was not
significant, p =.09.
VERBS: Type of condition also revealed to have a large effect on the word class of
verbs for the high proficient group, F1(38, 2) = 28.672, p = <.001, ƞp2 = .601,
F2(82.853,1.763) = 20.862, p = <.001, ƞp2 = .307. Bonferroni corrections revealed a
significant interference effect for the semantically related condition (231 ms) and also for the
form related condition (129 ms) (result for both effects, p= <.001). Type of condition also
showed a significant but small effect for the low proficient group, F1(38,2) = 7.346, p = .002,
ƞp2 = .279, F2(94,2) = 9.993, p = <.001, ƞp2 = .175. Pairwise comparisons revealed that, just
like for the nouns, there were interference effects measured for both the form related (166
ms) as well as the semantically related conditions (133 ms) and these effects were both
significant, p <.02. The difference between the levels of these effects was almost nihil and,
unsurprisingly, not significant (p = 1).
More specifically, the high proficient group showed a larger interference effect for the
semantically related condition (noun: 1143 ms; verb: 1033 ms) than for the form related
condition (noun: 865 ms; verb: 930 ms) in both word classes. These patterns suggest an
overall higher sensitivity towards meaning than towards form. Within the word class of
nouns, they were 278 ms slower when reacting to semantically related word pairs
(interference effect: 434 ms) then when reacting to form related word pairs (interference
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effect: 156ms). Within the word class of verbs, the form related word pairs (interference
effect: 129 ms) were reacted to 102 ms faster than to the semantically related word pairs
(interference effect: 231 ms). Even though the difference in reaction times between the two
critical conditions was not as large as for the word class of nouns, the overall expected
pattern (higher semantic than form interference for high proficient L2 learners as evidence for
conceptual mediation instead of L1 word association of L2 words) was fulfilled for both
word classes. Across the two word classes, the high proficiency group showed a larger form
interference effect for nouns (856 ms) than for verbs (930 ms): they reacted 65 ms faster to
the form related pairs consisting of nouns than to those consisting of verbs. Finally, they
reacted 110 ms faster to the semantically related word pairs consisting of verbs (1033 ms)
than to semantically related word pairs consisting of nouns (1143 ms).
The low proficient group showed a larger interference effect for the form related
condition than for the semantically related condition when word pairs consisted of nouns:
they were 91 ms faster when reacting to semantically related word pairs (1021 ms) than to
form related word pairs (1111 ms). This latter result corroborates the expected pattern for low
proficient L2 learners. However, when word pairs consisted of verbs, the low proficient
group showed similar levels of interference for both the critical types of word pairs. The
difference in the interference effects between the semantically related word pairs (1086 ms)
and the form related word pairs (1119 ms) revealed to be only 33 ms faster for the
semantically related pairs. The low proficient L2 learners were, as the results suggest, not
particularly sensitive to form when presented with verbs, a result that counters the priorly set
expectations for this group.
Differences in reaction times for conditions between word classes were minimal for
the low proficiency group: a difference of 9 ms between the form related condition in favour
of the word class of nouns (nouns in this condition were reacted to faster than verbs).
Moreover, a difference of 65 ms was revealed between the semantically related conditions,
also in favour of the word class of nouns (faster reaction times). An overview of the
descriptives are shown in Table 2 where reaction times and interference effects are given for
each word class, proficiency level, critical condition (form and semantically related
conditions) and unrelated condition by which interference was calculated.
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Analysis of mean accuracy rates
Figure 4. Mean accuracy rates (in %) across the three conditions x word class x proficiency

For the mean accuracy rates analysis, a General Linear Model (GLM) three-way
repeated ANOVA was performed. Apart from the mean accuracy rates for participants(F1)
and items (F2), the design was equal to the analysis of mean reaction times. For the F1
analysis, word class and condition were within-subject factors and proficiency a betweensubjects factor. For the F2 analysis, proficiency and condition were within-items factors and
word class a between-items factor. Bonferroni corrections were made for pairwise
comparisons between all factors to determine the levels of form and semantic interference
(see table 2 for an overview of the descriptives).
The three-way repeated measures ANOVA revealed a significant main effect of
condition, F1(55.893, 1.471) = 26.996, p = <.001, ƞp2 =.415, F2(158.396, 1.685) = 23.256, p =
<.001, ƞp2 =.198. The main effect of proficiency was also significant, F1(38, 1) = 11.611, p =
.002, ƞp2 = .234, F2(94, 1) = 31.588, p = <.001, ƞp2 = .252, the high proficient group was 5.5%
more accurate than the low proficient group and this difference was significant, p = .002. The
main effect for word class was however not significant, F1(38, 1) = 2.398, p = .13, ƞp2 = .059,
F2(94, 1) = 1.559, p = .21, ƞp2 = .016. The three-way interaction between type of condition,
proficiency and word class was significant, F1(67.642, 1.780) = 4.339, p = .020, ƞp2 = .102,
F2(188, 2) = 4.514, p = .01, ƞp2 = .046. A follow-up repeated measures ANOVA by
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proficiency group revealed a simple main effect of condition for the high proficient group,
F1(22.884, 1.204) = 14.122, p = .001, ƞp2 = .426, F2(171.309, 1.822) = 7.413, p = .001, ƞp2 =
.073. Bonferroni corrections revealed a significant interference effect (8%) for the
semantically related condition (p = .001) and also a significant interference effect (2%) for
the form related condition (p = .02).
The low proficient group also showed a significant main effect for type of condition,
F1(38, 2) = 14.424, p = <.001, ƞp2 = .432, F2(188, 2) = 17.467, p = <.001, ƞp2 = .157.
Bonferroni pairwise comparisons were able to reveal a significant interference effect for the
semantically related condition (p = .001) but no significant interference effect (5%) for the
form related condition (p =.30). The interactions between type of condition and word class
were not significant for either of the proficiency groups (both interactions, p > .28). This
suggests that conditions showed similar behaviour across word classes and that level of
Table
1. Mean response
ms) and
meanonaccuracy
rates (in %) for the translation recognition judgments
proficiency
did nottimes
have(in
a large
effect
accuracy.
across condition (form, semantic and unrelated), word class (noun and verb) and proficiency level (high or low).
Nouns

Verbs

Conditions
Related
Form
Semantic

865
1143

(98)
(89)

1111
1021

(93)
(86)

930
1033

(96)
(93)

1119
1086

(89)
(79)

Unrelated

709

(99)

837

(96)

801

(99)

953

(97)

Interference effect:
Form
156

(2)

274

(2,4)

129

(2,4)

166

(7,8)

(10,9)

183

(1,6)

231

(6,1)

133

(17,5)

Semantic

High

434

Low

High

Low

Table 2. Mean reaction times (in ms) and mean accuracy rates (in %) for the translation
recognition judgments across conditions (form, semantic and unrelated), word class (noun or
verb) and proficiency level (high or low). Interference effects are the differences between the
unrelated condition and the two related conditions.
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Discussion
The present study examined the predictions proposed by the Revised Hierarchical
Model on the nature of the word form-to-concept connections established by L2 learners
when processing L2 words. In a backward translation recognition task, it was tested whether
the predictions were equally valid for the word class of verbs as they are for the word class of
nouns. Contrary to nouns, not much is known about the word class of verbs within the field
of L2 word form-to concept connections. The present study tested the lexical as well as the
conceptual connections that are established by the L2 learner when retrieving the meaning of
an L2 noun or verb. Moreover, testing the RHM also included examining the reliability of its
assumed developmental shift, the shift from lexical to conceptual links when proficiency
increases.
According to the Revised Hierarchical Model, low proficient L2 learners are more
likely to activate the L1 translation equivalent to access meaning because the direct route is
not yet available. In contrast, high proficient L2 learners are more inclined towards retrieving
meaning directly from the conceptual store without the mediation of the L1 translation
equivalent To examine these assumptions, about the alternative routes that can be taken by
L2 learners to retrieve the meaning for L2 words and how these routes have the tendency to
shift when the level of proficiency goes up, the present study selected two native Dutch
groups with differing levels of English proficiency (high and low) and introduced them to a
backward translation recognition task. The task contained word pairs of which half were
incorrect translations pairs which were manipulated to match the correct translation of the
English prime word in either form (CHURCH (kerk) – KERS (cherry)) or meaning
(CHURCH (kerk) – PASTOOR (pastor)). In addition, unrelated word pairs were introduced
to serve as the controlling factor (not expected to trigger any effects) with which effects for
the form and meaning matched word pairs could be measured.
Then, in accordance with the predictions of the Revised Hierarchical Model, low proficient
L2 learners (as those in the present study) should be more sensitive to the word pairs that
match the correct translation of the English prime in form than to the ones that are matched in
meaning. On the contrary, high proficient L2 learners should be more sensitive to the word
pairs that match the correct translation of the English prime in meaning.
In order to observe the fitness of the results within the framework of the predictions
made by the Revised Hierarchical Model, the present study presented two main hypotheses:
one of the hypothesis was based on the RHM predictions and were applicable to both the
results for the word class of nouns as well as the results for the word class of verbs. The
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second hypothesis presented the expectations made about the differences in results between
the two word classes that was thought to be caused by their natural differences. Together,
these hypotheses are supposed to be able to answer the research question that was put
forward by this study: To what extent can the predictions of the Revised Hierarchical Model
be generalized to the word class of verbs when tested on a group of high and low proficient
Dutch-English speakers in a translation recognition task? To answer the question as fully as
possible, results will be discussed for each word class and proficiency levels in light of the
first and second hypothesis and will finish by answering the main research question.
Hypothesis 1: If L2 learners go through a developmental shift from lexical
association to concept mediation as their proficiency increases, then we predicted that the
low proficient group of L2 learners will show a higher sensitivity towards form related word
pairs while the high proficient group of L2 learners will show a higher sensitivity towards
semantically related word pairs. More specifically, for the high proficiency group to be able
to support hypothesis 1, they must show longer reaction times and lower accuracy rates for
both critical conditions than for the unrelated condition and, longer reaction times and lower
accuracies for the semantically related condition than for the form related condition. To fulfil
the expectations of hypothesis 1, the low proficient group is, equal to the high proficient
group, expected to put forward longer reaction times and lower accuracies for both the
critical conditions in comparison to the unrelated condition. Between the critical conditions,
the low proficient group is expected to show longer reaction times and lower accuracy rates
for the form related condition. These expectations are supposed to hold for the results of both
word classes.
Nouns: Form as well as meaning interference effects were found for both proficiency
groups. For the high proficient group, the interference effects showed to be higher for the
semantically related condition. Accordingly, their results revealed to be in line with the
expectations of the hypothesis and therefore also with the prediction put forward by the
Revised Hierarchical Model. For the low proficient group, the difference between the levels
of the form and semantic interference effects were very similar. Thus, they revealed to be as
sensitive to form as to meaning and, as a result, their established connections counter the
predicted pattern proposed by hypothesis 1 and the RHM.
High proficient group
The obtained results for the high proficient group did not deviate from the typical
results found for highly proficient L2 learners in similar studies who tested the RHM.
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Therefore, the results of the present study were in line with the behavioural results for the
highly proficient L2 learners from the studies performed by Altarriba and Mathis (1997),
Ferré, Sánchez-Casas and Guasch (2006), Guo, Misra, Tam and Kroll (2012), Moldovan,
Demestre, Ferré and Sánchez-Casas (2015) and Ma, Chen, Guo and Kroll (2017) who also
tested nouns. Moreover, not only were the results in line with the abovementioned studies
because of the similar level of semantic interference that was found, but also because of the
relatively high level of form interference they were all able to reveal. In this way, also this
study becomes part of the growing number of studies that counter the findings of Talamas,
Kroll and Dufour (1999) who found no form interference whatsoever for their group of
advanced L2 learners. Activation of the L1 translation equivalent, at higher levels of
proficiency, has been explained as the slowly decaying lexical links to meaning that are still
automatically activated, even when the learner is already able to access meaning directly
from the L2 (e.g., Ferré, Sánchez-Casas and Guasch, 2006). Moreover, ERP studies who
encountered these high levels of form interference for advanced L2 learners, in the same way
as Ferré, Sánchez-Casas and Guasch (2006), explained them as being indeed the remains of
the lexical links but that they are now no longer a necessity to access meaning, as their
automatic activation takes place after meaning is already retrieved, and especially when
enough processing time is allowed (e.g., Guo, Misra, Tam and Kroll, 2012; Moldovan,
Demestre, Ferré and Sánchez-Casas, 2015; Ma, Chen, Guo and Kroll, 2017). In other words,
for advanced L2 learners, lexical activation is a needless extra that occurs automatically
during processing of L2 words. In addition, another possible explanation may be that the high
sensitivity of the translation recognition task (this is an easy task that is able to measure weak
knowledge) employed in the present study caused these results. They were not included in the
predictions made by the Revised Hierarchical Model because the model is based on typical
results from the translation production task (Kroll, van Hell, Tokowicz and Green, 2010), a
far less sensitive task (de Groot and Comijs, 1995), which would probably not have yielded
such high form interference effects for a group with a low level of proficiency. Many other
studies have similarly employed the translation recognition task and this might serve as a
possible counter-argument to the above presented explanation.
Low proficient group
This group revealed an interference effect for both semantic as well as form related
word pairs. In other words, they were sensitive to both the word pairs matched to the correct
translation in form and meaning. Considerably high effects for both types of critical
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conditions have been observed by other studies testing the lexical as well as the conceptual
routes towards meaning for beginning L2 learners. In most cases though, the form
interference effect showed to be higher than the semantic interference effect (e.g., Altarriba
and Mathis, 1997; Ma, Chen, Guo and Kroll, 2017; Ferré, Sánchez-Casas and Guasch, 2006)
and this is also what is expected by hypothesis 1 as well as the Revised Hierarchical Model.
The low proficient group in the present study however showed to be as capable of
establishing a direct route to retrieve the meaning of L2 words as of accessing meaning via
the L1 translation equivalent. Even though the form interference effect was slightly higher
than the semantic interference effect, the difference between them was not significant. No
known studies who tested both the lexical as well as the conceptual route for low proficient
L2 learners in a similar way have yet found such parallel patterns. Studies testing only the
conceptual link have found evidence that even learners with the lowest levels of L2
proficiency often have the tendency to employ direct links from the L2 word to the
conceptual store (e.g., Comesaña, Perea, Piñeiro and Fraga, 2009; Poarch, van Hell and Kroll,
2015; Meade, Midgley and Holcomb, 2018).
Possible explanations for results low proficient group
There are a number of possible explanations for this relatively high level of semantic
interference for the low proficient group. Firstly, it may have been that their proficiency level
was too high to render valid results. This same critique was given to the study by Potter, So,
Von Eckardt and Feldman (1984), who, when testing the word association and concept
mediation routes on high and low proficient learners, only found evidence for the concept
mediation route for both levels of L2 proficiency. This result was later explained as a
sampling error after other studies (e.g., Kroll and Curley, 1988; Chen and Leung, 1988) did a
replication study and introduced lower levels of L2 proficiency into their designs. This slight
change of the participants composition yielded evidence for the word association route as the
predominant one used by beginning learners to retrieve the meaning of an L2 word. The
participants that were selected for the low proficient group in the present study had a Lextale
score between 50% and 70%. According to Lemhofer and Broersma (2012) these scores can
be regarded as representing the B1 to B2 level of the Common European Framework of
reference (CEFR). These levels both belong to the category that is defined as “independent
user” of the English language.
Secondly, and related to the first explanation, these participants may have been on the
verge of going through the developmental shift of becoming more proficient learners. More
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specifically, they may have established a considerable number of direct routes to access
meaning but also still have very strong lexical links that access meaning via the L1
translation equivalent. Unfortunately, the behavioural measures employed in the present
study are unable to unravel the underlying sequence of activation of the two distinct routes.
As a result, contrary to several studies who did employ ERP measures (e.g., Ma, Chen, Guo
and Kroll, 2017; Meade, Midgley and Holcomb, 2018), no conclusions can be drawn about
which of the two was more dominant. Thirdly, this study, as well as many other studies who
tested the Revised Hierarchical Model with a translation recognition task (e.g., Altarriba and
Mathis, 1997; Ferré, Sánchez-Casas and Guasch, 2006; Comesaña, Perea, Piñeiro and Fraga,
2009; Poarch, van Hell and Kroll, 2015; Ammerman and van Hell, 2015; Moldovan,
Demestre, Ferré and Sánchez-Casas, 2015; Ma, Chen, Guo and Kroll, 2017) presented nouns
with a relatively high frequency level. That is, nouns that are quite well known and often
used in that particular language. De Groot and Comijs (1995) put forward the suggestion that
due to the facilitating nature of the translation recognition task, also less frequent words could
be introduced into experimental designs and presented to low proficient L2 learners. This was
suggested because this task is able to measure knowledge that is still weakly rooted in the
mind of the learner and requires no ready knowledge (complete and ready to be produced).
Therefore, introducing frequently used nouns in a translation recognition task raises the
possibility of a double facilitation effect wherein the low proficient L2 learners might obtain
very high results for the administered experiment. Hence, the high frequency of the nouns
used in this study may have influenced (increased) the results of the low proficient L2
learners. In sum, for the reaction times in the word class of nouns, the high proficient group
showed to be exemplary in that they did not deviate from the typically found patterns. Their
patterns of word form-to-concept connections supported hypothesis 1 and therefore also the
prediction of the Revised Hierarchical Model about advanced learners. The low proficient
group showed a more unusual pattern of results which does not fit hypothesis 1 nor the
prediction made by the RHM about beginning L2 learners.
Lastly, the accuracy rates of the performances on the word class of nouns showed
completely different trends as the ones observed in the analysis of reaction times. Both the
high and low proficient group revealed a semantic interference effect but no form
interference effect: lower accuracies were found for word pairs in the semantically related
condition than for word pairs in the unrelated condition; and the level of the accuracy rates
between the unrelated condition and the form related condition were very similar. A possible
explanation for these high accuracy levels may have been the nature of the stimulus. The
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nouns that were selected for the present study may have been too familiar to the participants
as they were chosen from the list of most commonly used nouns.
Verbs: Form as well as meaning interference effects were found for both the high and
low proficiency groups. These results are in line with the original predictions (Kroll and
Stewart, 1994) as well as the later prediction (Kroll, van Hell, Tokowicz and Green, 2010)
who put forward that both routes are active in the mind of the L2 learner and that their degree
of activation is dependent on the learners’ level of proficiency. Reaction times for the high
proficient group were in line with hypothesis 1: they showed a higher semantic interference
effect than form interference effect. Reaction times for the low proficient group did however
not support hypothesis 1: they showed equal levels of form as well as semantic interference.
Reaction times in general
The nature of the word class of verbs does not seem to have influenced the patterns
obtained for either of the two proficiency groups. An exception might be the relatively long
reaction times that were measured for the low proficient group on the unrelated control
condition. This group was slow at all three the conditions which explains their low levels of
interference effects. The control condition is especially set up to not trigger an interference
effect related to form or meaning. The pairs in this condition should be easy to reject as false
translation pairs as the second word of the presented pair has no relation to the English prime
or the correct translation. However, it seems like they were almost as difficult to reject as the
critical pairs. Therefore, the use of verbs may have had an impact on processing that was
unrelated to form or meaning.
Accuracy rates for both groups
The pattern of accuracy rates for the high proficient group partially corroborated their
reaction time pattern as it put forward an interference effect for the semantically related
condition (6.1%) but no interference effect for the form related condition. The low
proficiency group put forward both a semantic as well as a form interference effect in their
accuracy rates. These effects did not corroborate their result for the reaction times and neither
did they support hypothesis 1. Contrary to the expectations, they revealed a much higher
semantic interference effect than form interference effect. In other words, their accuracy rates
showed that they were more sensitive to form than to meaning which is a result more fitting
the predictions made for the high proficient group. Moreover, their accuracy rates did not
reflect the overall difficulty in processing verbs that was found for the reaction times. On the
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contrary, the unrelated control condition showed a very low error rate in comparison to the
critical conditions.
Altogether, the high proficient group showed a higher sensitivity towards meaning
than towards form and therefore, their results supported hypothesis 1 as well as the
predictions made by the Revised Hierarchical Model about advanced L2 learners. The low
proficient group, equal to their results for the word class of nouns, revealed to be as sensitive
to form as well as to meaning. Thus, also when reacting to verbs, they were as likely to
activate the L1 translation equivalent as to take the direct route from the L2 lexicon to the
conceptual store in order to retrieve the corresponding meaning. Unsurprisingly, just like the
results for the word class of nouns, also these results go against the expectations of
hypothesis 1 and the assumption made by the Revised Hierarchical Model about the L2 word
form-to-concept connections established by low proficient L2 learners.
It is difficult to relate the findings for the verbs in this study to previous literature
because no study has specifically tested the Revised hierarchical model on verbs using a
translation recognition task. Sunderman and Kroll (2006) did test verbs as well as nouns in a
translation recognition task but did not look at the different influences the word classes might
have had on the results. As the verbs did show similar results to the nouns, they do replicate
earlier findings for nouns. However, before beginning to generalize the findings of the nouns
over the verbs, more research should be done on verbs.
Hypothesis 2: If higher familiarity of nouns and the complexity of the verb influences
the connections established between word forms and their concepts for L2 words then both
proficiency groups are expected to show longer reaction times and lower accuracies for the
word class of verbs.
Nouns versus verbs: Overall, in spite of the complexity of the verb and the higher
familiarity of the noun, no significant differences were found between them. These results
run counter to the prediction of hypothesis 2 as well as the existing evidence that verbs
require more processing time than nouns (e.g., van Hell and de Groot, 1998; Bultena, Dijkstra
and van Hell, 2012). As already mentioned, both the high and low proficient groups reacted
similarly on word pairs in both word classes. For both nouns and verbs, the high proficient
group showed to be slower when reacting to word pairs in the semantically related condition
than when reacting to word pairs in the form related condition. The low proficient group
showed to be as sensitive to form as to meaning.
A possible explanation for the obtained results may be the nature of the verbs used in
the experiment. The majority of these verbs were action verbs (e.g., to run) and these types of
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verbs are regarded as being more concrete in their meaning (Bultena, Dijkstra and van Hell,
2012) than, for example, emotion verbs (e.g., to feel). Consequently, as a result of their
concreteness, the action verbs may have been processed similarly to nouns (which are also
regarded as being more concrete in their meaning (e.g. Gentner, 1978) and, in this way,
caused the similar patterns that were observed for the two word classes.
In addition, an unexpected result that was observed between word classes were the
reaction times of the high proficient group when reacting to the semantically related
conditions. They showed longer reaction times for nouns than for verbs, a result that, not only
counters but, is completely at odds with the prediction put forward by hypothesis 2 as well as
the prevailing evidence that predict higher processing demands for verbs and hence, longer
reaction times. A reasonable explanation might be that this group was more familiar with the
particular verbs than with the nouns selected for this study. Very briefly, hypothesis 2 was
not supported by the differences found for the nouns and verbs in the present study.
Research question: To what extent can the predictions of the Revised Hierarchical
Model be generalized to the word class of verbs when tested on a group of high and low
proficient Dutch-English speakers in a translation recognition task?
The results of the present study suggest that the predictions of the Revised
Hierarchical Model are representative of the word form-to-concept connections established
for verbs in the same way as they are for nouns. This would mean that the complexity of the
verb in terms of their morphology and their multiple meanings have no influence whatsoever
on the connections established by L2 learners for L2 words. However, some limitations of the
present study have to be taken into account before drawing any conclusions.
Firstly, the low proficient group might have been too proficient to yield results that
could be regarded as representative for beginning L2 learners. Their accuracy rates showed
results that matched the predictions for advanced L2 learners (as predicted by the RHM).
Secondly, it is difficult to pinpoint what exactly caused the results of the two word classes to
be so similar, especially because the predictions were all focussed on different outcomes due
to their differences. However, the most likely explanation is that the concreteness of the
action verbs has made them more similar to nouns (as they were mostly action verbs) and this
probably facilitated their processing. By being more concrete, action verbs have a more welldelineated representation of meaning and they probably share more nodes of meaning, as put
forward by the Distributed Features Model, between languages than more abstract verbs
would. Consequently, it may have been the cause of this observed similarity between the two
word classes of nouns and verbs.
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Taking the abovementioned limitations into account, the present study puts forward
that nouns and verbs (action verbs) are processed similarly by high proficient L2 learners.
More research into the L2 word form-to-concept connections established for verbs (L1 as
well as L2) is necessary to find out to what degree the Revised Hierarchical Model can be
regarded as representative of this word class. The present study found typical results for the
connections established for the word class of nouns which can be related to previous studies.
For the word class of verbs, no such studies yet exist and therefore it is hard to say whether
the results are typical or not. If regarded from the point of view of the predictions made for
the word class of verbs then, it is more straightforward to say that these results can hardly be
regarded as reliable evidence for the connections established for verbs. More research should
be conducted to determine the nature of the verb and its workings within the architecture of
word form-to-concept mappings. Future research may benefit from directly testing action
verbs and more abstract verbs as this might shed some light on whether it is the concreteness
of the action verb that makes them yield results so similar to nouns. Moreover, to get some
insight into the connections established for verbs by low proficient L2 learners, future
research should carefully select this group to ensure its low level of proficiency.

Conclusion
This study tested the predictions made by the Revised Hierarchical Model to
determine their representativeness over the word form-to-concept connections established by
L2 learners. It set out to examine whether these predictions about the architecture of
connections for l2 learners could be generalized over the word form-to-concept connections
established for nouns as well as for verbs. By means of a backward translation recognition
task administered to both high as well as low proficient L2 learners of English, this study
found the results of the nouns and the verbs to be similar, the low proficient group to be too
proficient and, the verbs possibly too concrete in their meaning (as they were action verbs).
Hence, this study can conclude that, at least action verbs may be processed in the same way
as nouns by high proficient L2 learners and that the connections proposed by the Revised
Hierarchical Model probably have the potential to represent these verb types in the same way
as it represents nouns.
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Appendix A
Stimulus material

Verbs
English Prime

Translation

Form

Semantic

Unrelated

to abandon

verlaten

verklaren

scheiden

kleien

to approve

goedkeuren

goedmaken

doorvoeren

schaven

to arrive

aankomen

aankijken

vliegen

snijden

to blame

beschuldigen

beschadigen

aanklagen

lakken

to blow

blazen

blaffen

fluiten

wachten

to boil

koken

kotsen

braden

stuiteren

to carry

dragen

drogen

sjouwen

persen

to climb

klimmen

klikken

stijgen

werken

to crawl

kruipen

kruisen

verplaatsen

doden

to cry

huilen

huiveren

voelen

varen

to drag

slepen

slapen

trekken

denken

to drown

verdrinken

verdringen

zinken

verbeteren

to fight

vechten

verslaan

stompen

groeien

to fold

vouwen

verbouwen

plakken

morsen

to frown

fronsen

foppen

Afkeuren

afwassen

to hear

horen

hopen

ruiken

zeilen

to hike

wandelen

wachelen

joggen

snurken

to hit

slaan

staan

meppen

parkeren

to hold

vasthouden

vastbinden

beschermen

verstoppen

to hunt

jagen

juichen

schieten

bewaren

to ignore

negeren

naderen

pesten

bestellen

to judge

beoordelen

bespelen

waarderen

schenken

to jump

springen

sprinten

zwemmen

timmeren

to kick

schoppen

schommelen

raken

plonzen

to look

kijken

knijpen

zien

hoesten

to lose

verliezen

verdiepen

gokken

drinken

to notice

opmerken

optrekken

betrappen

roeien

to paint

schilderen

schipperen

kleuren

gapen

to pay

betalen

bepalen

kopen

harken
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to play

spelen

spelden

vermaken

inpakken

to pray

bidden

binden

geloven

plukken

to quit

stoppen

stoeien

pauzeren

krijgen

to read

lezen

leven

leren

bakken

to recognize

herkennen

herstellen

bekijken

mopperen

to refuse

weigeren

weifelen

accepteren

scheppen

to rip

scheuren

scheren

barsten

blozen

to send

versturen

verstoren

leveren

kauwen

to shake

schudden

schuiven

bewegen

fietsen

to slide

glijden

grijpen

wiebelen

graaien

to surprise

verrassen

verkassen

schrikken

klutsen

to talk

praten

prakken

bespreken

hangen

to throw

gooien

gorgelen

vangen

verven

to travel

reizen

reiken

bezoeken

staren

to vote

stemmen

stekken

kiezen

grazen

to walk

lopen

loven

rennen

zinken

to whine

zeuren

zeulen

gedragen

hakken

to whisper

fluisteren

fluiten

mompelen

breien

to write

schrijven

schijnen

studeren

porren

Nouns
English Prime

Translation

Form

Semantic

Unrelated

key

sleutel

slungel

slot

koning

luggage

bagage

baguette

rugzak

kast

fuel

benzine

benzeen

auto

boek

mountain

berg

berm

rots

tapijt

flower

bloem

bloed

tuin

wekker

tap

kraan

kraag

water

riem

glasses

bril

bron

lenzen

paard

trousers

broek

broer

riem

bos

blanket

deken

degen

slaapzak

vis

box

doos

doolhof

cadeau

schildpad
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bucket

emmer

emotie

dweil

school

bycicle

fiets

file

wiel

vliegtuig

bottle

fles

flat

sap

onkruid

tree

boom

boog

fruit

kaas

curtain

gordijn

gordel

stof

potlood

chair

stoel

stoep

tafel

spin

wood

hout

houder

zaag

vlinder

cabin

hut

huls

tipi

eend

coat

jas

jam

kapstok

straat

hairdresser

kapper

kater

schaar

slang

basement

kelder

kelner

ruimte

kauwgom

church

kerk

kers

pastoor

doek

button

knoop

knol

blouse

taart

suitcase

koffer

koper

achterbak

regenboog

bowl

schaal

schaar

servies

roos

newspaper

krant

kraai

artikel

plank

artist

kunstenaar

kubus

kwast

pijl

boot

laars

laan

schoen

toren

spoon

lepel

lepra

soep

mand

girl

meisje

meiklokje

jurk

vlag

afternoon

middag

middel

pauze

trui

wall

muur

muse

behang

schil

breakfast

ontbijt

ontmoeting

muesli

heks

war

oorlog

oogkas

soldaat

ui

window

raam

raaf

kozijn

tandarts

scarf

sjaal

sjans

muts

stad

candy

snoep

snoek

suiker

douche

mirror

spiegel

spier

badkamer

oog

time

tijd

tijm

klok

varken

autumn

herfst

hert

lente

horloge

stairs

trap

tram

ladder

perzik

story

verhaal

verhoor

boek

zand

enemy

vijand

vijzel

strijder

zee

frog

kikker

kist

hagedis

schip
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bird

vogel

vonnis

nest

klant

store

winkel

wikkel

etalage

wol

soap

zeep

zeem

shampoo

pot

stove

fornuis

fortuin

oven

balkon

Filler Items

Verbs

Nouns

English Prime

Translation

English Prime

Translation

to dare

durven

teacher

leraar

to touch

aanraken

lake

meer

to understand

begrijpen

pie

taart

to change

veranderen

pineapple

ananas

to answer

antwoorden

heater

kachel

to announce

aankondigen

garden

tuin

to clean

schoonmaken

sink

wastafel

to taste

proeven

towel

handdoek

to hurt

pijnigen

candle

kaars

to float

drijven

carpet

tapijt

to sweep

vegen

stamp

postzegel

to use

gebruiken

bathtub

badkuip

to heal

genezen

fence

hek

to joke

grappen

cloud

wolk

to witness

getuigen

swamp

moeras

to cough

hoesten

beatle

kever

to rub

wrijven

jar

pot

to occupy

bezetten

queen

koningin

to ordain

bevelen

gown

japon

to suffer

leiden

silk

zijde

to smoke

roken

alley

steegje

to shrink

krimpen

syrup

stroop

to strike

staken

veil

sluier

to defend

verdedigen

eyebrow

wenkbrauw
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Appendix B
Word length and frequency
Word length (number of syllables and number of letters) and frequency per million
(Keuleers, Brysbaert and New, 2010) for the different groups of stimulus items.
(*frequency based on prevalence scores (see Keuleers, Stevens, Mandera and Brysbaert, in
Table 2. Mean word length (number of syllables and number of letters) and mean word frequency per
press)
million (Keuleers, Brysbaert, & New, 2010) for the different groups of stimuli items.

Measure

Nouns
Primes (English)
Correct translations
False translations:
Form
Semantic
Unrelated
Verbs
Primes (English)
Correct translations
False translations:
Form
Semantic
Unrelated

Nr of syllables

Nr of letters

Frequency

Mean

SD

Mean

SD

1.6
1.6

(0.6)
(0.7)

5.5
5.5

(1.7)
(1.5)

>.10*
1.1
(0.7)

1.5
1.7

(0.7)
(0.7)

5
5.5

(1.2)
(1.4)

1.2
1.1

(0.7)
(0.7)

1.4

(0.6)

5.1

(1.7)

1.2

(0.6)

2.3
2.5

(0.6)
(0.6)

7
7.5

(1.4)
(1.7)

>.10*
1.3
(0.7)

2.4
2.4

(0.6)
(0.6)

7.6
7.1

(1.5)
(1.5)

1
1.2

(0.7)
(0.8)

2.2

(0.5)

6.8

(1.2)

2.2

(0.5)

Mean

SD

*frequency based on prevalence scores (see Keuleers, Stevens, mandera & Brysbaert, in press)
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