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The present study investigates the relations between L2-English proficiency and L1-Turkish
lexical property evaluations. We asked whether L2 proficiency affects lexical properties,
including imageability and concreteness ratings of 600 Turkish words selected from the
Word Frequency Dictionary of Written Turkish. Seventy-two participants (L1-Turkish -
L2-English) provided ratings of concreteness and imageability for 600 words on a 7-point
scale. In order to assess their L2 proficiency, we administered Peabody Picture Vocabulary
Test-IV (PPVT-IV). We divided categories into two subcategories as high and low for the
frequency, concreteness, imageability, and age of acquisition (AoA). The relationship
between these subcategories and imageability-concreteness was examined by mixed
effects linear regression analyses. We found that L2 proficiency and imageability ratings
were positively correlated and specifically, this positive association was evident for
low-frequency words and later acquired words. Results are in line with the interaction of
bilingual representation under the dual-coding theory which suggests that bilinguals
develop an interconnected imaginal representation for two languages as opposed to
separate verbal representations. As L2 proficiency increased, the imageability also
increased. These findings have implications for literature investigating the relationship
between L2 proficiency and linguistic outcomes. Additionally, findings point to the
importance of considering the L2 proficiency of participants when lexical tasks that involve
cue words or word lists are used.

Keywords: bilingualism, imageability, concreteness, frequency, L2 proficiency

INTRODUCTION

Cognitive tasks that require a certain level of lexical processing have always played a critical
role in studies of psychology and psycholinguistics. To name a few, tasks such as lexical
decision, semantic organization, picture naming, word recognition along with word evaluation
tasks such as word rating have been widely used in the field (Meyer and Schvaneveldt,
1971; Forster and Chambers, 1973; Johnson et al, 1996). However, when working with
verbal stimuli, there may be a variety of factors that can result in processing differences
and in turn influence the overall performance. Hence, that is why psycholinguistic variables
such as frequency (Forster and Chambers, 1973), word length (Baddeley et al., 1975),
concreteness (Walker and Hulme, 1999), and imageability (Paivio, 1971) have drawn a special
interest of researchers throughout the past decades. There is a considerable amount of
information regarding how these lexical properties may affect task performance and in which
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ways they may be related to one another. However, no study
has taken into account how second language (L2) proficiency
might affect evaluations of these lexical properties.

Previous research suggest that words with higher frequency
are processed faster or more accurately on a wide variety of
different tasks compared to low-frequency words due to the
fact that lexical access for those items is easier (Carroll and
White, 1973; Forster and Chambers, 1973; Whaley, 1978). Same
is true for words that are acquired at an earlier age compared
to later acquired ones (Gilhooly and Logie, 1980; Morrison
and Ellis, 1995; Bonin et al., 2002) and for more concrete
words (Paivio, 1971; James, 1975; de Groot et al.,, 1994) as
well as words that are more imageable (Holmes and Langford,
1976; Schwanenflugel et al., 1988; Cortese and Schock, 2013).
In other words, those words, respectively, hold an advantage
to be accessed and processed easier than less frequently used,
later learned, abstract, and less imageable ones. Furthermore,
several lines of evidence demonstrate that these lexical properties,
including concreteness, frequency, and imageability are so closely
related that it is often challenging to measure and distinguish
the effect of one variable from the other (Gernsbacher, 1984;
Goz et al., 2017). For instance, Morrison and Ellis (1995)
argue that earlier studies that showed frequency effects (ie.,
faster processing of commonly used words) demonstrated such
results as they failed to control for AoA. The two variables
(i.e., frequency and AoA) are highly correlated since words
acquired earlier are also commonly used later in life (Gerhand
and Barry, 1998). Similarly, concreteness and imageability are
also two variables that have been almost used interchangeably
by many researchers due to their high correlation as concrete
items are easier to evoke an image in mind than abstract
items (McMullen and Bryden, 1987; Fliessbach et al., 2006;
Reilly and Kean, 2007). Besides, AoA can also pose as a
confounding variable for concreteness and imageability measures
based on the fact that early acquired words are mostly concrete,
and hence, mostly imageable (Bird et al., 2001; Bonin et al,,
2004; Goz et al, 2017).

According to the aforementioned literature, it has been
illustrated that lexical properties can critically influence speed
and accuracy, and additionally can affect one another during
word processing. In light of this information, it can be concluded
that these variables need to be controlled for to ensure the
internal reliability of the experiment and have a better
comprehension of the results. Traditionally, it has been an
established practice to measure and control these variables.
For that reason, a considerable amount of normative studies
has collected norms for frequency (Desrochers and Thompson,
2009), AoA (Davies et al., 2016), concreteness, and imageability
(Yao et al., 2018) ratings of a large set of verbal material
across different languages. However, while paying close attention
to the potential effect of these properties, one important factor
that often goes overlooked is the prevalence of bilingualism.
In a world where almost half of the population is bilingual
(Grosjean and Li, 2013), still very little is known about whether
or to what degree these lexical properties in the first language
(L1) can be influenced by L2 knowledge. From bilingualism
studies that examine bidirectional transfer between languages,

we know that L2 can have an impact on L1 lexicon and
semantics (van Hell and Dijkstra, 2002; Pavlenko, 2003) as
well as conceptual representations (Shimron and Chernitsky,
1995; Kecskes and Papp, 2003) even in late bilinguals. In
understanding bilingual lexicon, the Distributed Feature Model
(De Groot et al., 1994) suggests that bilinguals translate concrete
words faster than abstract ones (Kroll and Stewart, 1994; Van
Hell and De Groot, 1998). This implies that representations
of concrete words are shared largely across languages, while
representations of abstract words share fewer semantic elements.
As the L2 proficiency increases, the links between L2 words
and concepts become stronger (Potter et al., 1984). A more
recent model, the Shared Asymmetrical Model (Dong, et al,
2005) suggests that there are two separate stores of L1- and
L2-specific conceptual items, as well as a common large
conceptual store shared by these stores of L1 and L2. This
model suggests that some concepts might be more salient in
some languages compared to others. For instance, they propose
that the concept of “color” red might be common for both
English and Chinese, whereas the concept of “danger” would
be more salient in English word red than in than in the Chinese
word hongsé, and concept of “bride” will be more salient in
Chinese word héngsé than in English word red. In their empirical
study, Dong, et al. (2005) suggested that L1-Chinese L2-English
bilinguals’ conceptual representations for Chinese words were
different compared to monolingual Chinese individuals. Thus,
adding an L2 to L1 had projections on L1 conceptual-lexical
organization. Finally, the Modified Hierarchical Model (Pavlenko,
2009) adds the developmental dimension (i.e., developmental
sequence from lexical to conceptual mediation in acquiring
L2) to the picture which is closely related with L2 proficiency.
Consequently, L2 proficiency may be another variable to consider
along with lexical properties in word processing tasks. In the
present study, we ask how these lexical properties (i.e., frequency,
concreteness and imageability, AoA) are related to one another
and how L2 proficiency affects this relationship. Our research
aims to fill the gap in the literature by investigating how and
to what degree L2 proficiency may have an influence on
concreteness and imageability ratings of words in L1 taking
frequency and AoA into account.

Relationship Between L2 Proficiency,
Concreteness and Imageability

Concreteness and imageability are the two main terms that
refer to the image evoking property of lexical material. Generally,
in word evaluation tasks, concreteness is defined as “the extent
to which the item can be experienced by senses” while
imageability is defined as “the extent to which the item evokes
a mental image” (Richardson, 1975, p. 235). For instance,
concreteness effect, which can be defined as the faster and
more accurate processing of concrete words, can be observed
in a large variety of different tasks including memory tasks
(Walker and Hulme, 1999; Cortese et al., 2015), and lexical
decision tasks (Schwanenflugel et al., 1988; Cortese and Schock,
2013). Although, some studies used the concreteness and
imageability terms interchangeably due to their similarities
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(Fliessbach et al., 2006; Reilly and Kean, 2007) the two concepts
are in fact dissociable despite the positive correlation between
them (Paivio et al., 1968). As Richardson (1975) argues that
they cannot be used alternatively to reflect the image-evoking
property of words, as concreteness may rather be “just a feature
of lexical organization,” many recent studies are also in the
same line, arguing that the two concepts are distinct as
concreteness reflects word’s degree of perceptibility while
imageability refers to image arousing capacity (Connell and
Lynott, 2012; Brysbaert et al., 2014).

One of the theoretical approaches that attempts to explain
the concreteness effect which might also be related to L2
proficiency is the Dual-coding theory (Paivio, 1971). The Dual
coding theory suggests a representational system in which there
are two separate but related systems: while one processes verbal
material, the other processes imaginal material. Consequently,
concrete words which are believed to have both verbal and
imaginal properties have representations in both verbal and
imagery systems in contrast with abstract words which only
have verbal representations. As a result, the concreteness effect
occurs due to the fact that one-to-many mapping is more
powerful than one-to-one mapping during lexical processing
(Altarriba et al, 1999). In other words, additional mapping
for concrete items eases the access. Furthermore, according to
the Dual-coding theory, bilingual individuals have acquired
different verbal systems for different languages while only having
one imagery system connected to them. This implies that a
bilingual’s imagery system might be more enhanced as there
is more than one verbal representation which an imaginal
representation can connect with, potentially leading to a higher
imageability of words especially in their native language in
which the link between words and their representations
is stronger.

Although this theory has been widely known in the field
for over five decades, to the best of our knowledge, there are
only a few studies that examine whether concreteness effect
is more pronounced in bilinguals than monolinguals (Paivio
and Desrochers, 1980; Ransdell and Fischler, 1989). While
Paivio and Desrochers (1980) suggest a concreteness advantage
for bilinguals, (Ransdell and Fischler, 1989) in their experiments
find no evidence to support this claim. Surprisingly, despite
the importance of the abovementioned implication of the theory,
no previous study has investigated how L2 proficiency may
influence the perceived imageability as well as concreteness of
words in L1.

Relationship Between L2 Proficiency and
Age of Acquisition and Frequency

Word frequency, among other factors that are associated with
word processing efficiency, has drawn the most attention in
the literature. It is now well established by a number of studies
that word frequency effect is reflected in lexical decision tasks
(Balota and Chumbley, 1984), word naming tasks as well as
a number of memory tasks (Brysbaert et al., 2018) in many
different languages (e.g., Desrochers and Bergeron, 2000; Alonso
et al, 2011). Similarly, AoA can also be a reliable predictor

of the processing speed and accuracy in word naming (Gilhooly
and Logie, 1981; Gerhand and Barry, 1998; Elsherif et al,
2019), lexical decision tasks (Morrison and Ellis, 1995; Arnon
et al,, 2017) and memory tasks (Morrison and Conway, 2010).
However, frequently used words are also typically acquired
earlier in life which leads to a strong correlation between the
two variables. For that reason, some researchers put particular
emphasis on the possibility that the frequency effect demonstrated
in these tasks can merely be an outcome of AoA effect (Morrison
and Ellis, 1995; Gerhand and Barry, 1998; Izura et al., 2011).
Nevertheless, there are a considerable amount of studies that
prove otherwise by demonstrating the two effects independently
when the correlated properties are controlled (Butler and Hains,
1979; Barry et al, 1997; Brysbaert et al., 2016). Additionally,
data from several studies suggest an interaction between the
two which implies that AoA can be related with low-frequency
words but not with high-frequency words (Bonin et al., 2002;
Brysbaert et al, 2016). In sum, although being related, AoA
and frequency have independent influences in lexical processing.

There is a growing body of literature that recognizes the
importance of examining frequency effect among bilinguals
(Duyck et al, 2008;Gollan et al., 2008 ; Ivanova and Costa,
2008). In one of the studies that focused on frequency effect
in word production in a bilingual context, Gollan et al. (2008)
used picture naming tasks to examine the frequency effect
demonstrated by English-Spanish bilinguals and English
monolinguals. Data from the study have identified a larger
frequency effect in bilinguals as opposed to monolinguals,
especially for low-frequency words. The authors explained these
results in light of the weaker links hypothesis (Gollan et al,
2008). According to weaker links hypothesis, bilinguals divide
their language use between two languages which consequently
leads to using words in each language less often than monolinguals
do. This decreased frequency-of-use causes weaker links between
semantics and phonology, as the less you produce and
comprehend a word the harder it is to access. Furthermore,
low-frequency words are more likely to be influenced by the
differences of usage between bilinguals and monolinguals than
high-frequency words since the links are even weaker for
low-frequency words. In the same vein, Duyck et al. (2008)
demonstrated a larger frequency effect in bilinguals’ L2 as
opposed to their L1. Yet, when compared, in a second experiment,
bilinguals showed a frequency effect in their L1-Dutch similar
to the effect displayed by monolinguals in English. In contrast
with these findings, other researchers reported that bilinguals
demonstrated a larger frequency effect in their native language
than monolinguals did. (Gollan et al., 2008; Ivanova and Costa,
2008). In sum, literature shows that bilinguals and monolinguals
differ in terms of frequency effect which might be explained
by the weaker links hypothesis.

One of the implications of Gollan’s findings and weaker
links hypothesis for the present study is that any kind of
change to any lexical property among bilinguals will be more
pronounced for the low-frequency words since links are weaker
and thus more adept to change than high-frequency words
which may have stronger links. In terms of AoA, the same
might be expected for later acquired AoA words, as they might
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have weaker links compared to earlier acquired AoA words.
Thus, along the same lines, if a change in perceived lexical
properties such as imageability can be seen in bilinguals’ L1,
it is more likely to be manifested in later acquired words
rather than early acquired ones.

The Present Study

In light of the literature reviewed here, we asked how lexical
properties represented in frequency and AoA are related to
subjective ratings of concreteness and imageability. We are
specifically interested in how L2 proficiency affects this
relationship. Previous studies often neglect the role of L2 on
such evaluations in a world where bilingualism is widespread.
This study aims to examine whether L2 learning provides a
more enriched world view for bilinguals. We hypothesized
that L2 proficiency would lead to more enriched processing
in line with the Dual-coding theory reflected higher imageability
evaluations, depending on close relations between imageability
and concreteness, our first prediction is that imageability and
concreteness ratings will be positively associated with the L2
proficiency in line with the Dual-coding theory. As imageability
and concreteness are often found to be related, we will also
investigate the unique relation between L2 proficiency and
imageability controlling for concreteness as well as the unique
relation between concreteness and L2 proficiency controlling
for imageability. Secondly, we expect that the relation between
imageability ratings and L2 proficiency will be more pronounced
compared to the association between concreteness and L2
proficiency. The reason for this expectation is our assumption
that imageability ratings might be more subjective than
concreteness ratings. Both concepts are closely related; however,
on the one hand concreteness is more a feature of lexical
organization, on the other hand imageability reflects the
imaginal processes, and therefore more open to change by
L2 proficiency (Richardson, 1975). For low-frequency words,
we expected the relation between imageability and L2 proficiency
to be higher compared to high-frequency words. Lastly,
we predict that the relation between imageability and L2
proficiency will be more pronounced for later acquired words
(AoA>6) compared to earlier acquired words (AoA<4).
We expect to see these differences since low-frequency words
are usually required later in life, and both low-frequency
words and later acquired words are more open to the influence
of second language.

MATERIALS AND METHODS

Participants

Seventy-two undergraduate students (83% female) between 19
and 27years old (M =20.81, SD=1.74) participated in the study
for course credit. All our participants knew English as their
L2 and were enrolled in English-taught courses. They practiced
English as their main language in their education. The Ethics
Committee of [Blinded] University approved the present study
(Ethical approval number: 17446481-050.06.04-E.2034).

Materials

We used 600 Turkish words from Turkish Word Norms (Tekcan
and Goz, 2005) which provides the imageability and concreteness
ratings of the words upon completion of a norming study by
100 university students on a 1-to-7 point scale. The word
frequency figures of 600 words were provided from the Word
Frequency Dictionary of Written Turkish (Go6z, 2003). The
600 words consist of both concrete (51%) and abstract (49%)
words which are mostly nouns (88%), and the rest are adjectives
(12%). The words were selected as 200 words of all types in
the form of low (<20 per million), medium (50-99 per million),
and high-frequency (=100 per million) words (Tekcan and
Géz, 2005).

Lexical Property Evaluation Task

Lexical property evaluation task was administered online with
survey prepared via Qualtrics®. Words were given in completely
counterbalanced order, in two blocks, each containing 300
words. The purpose of having two separate blocks was to
avoid mental fatigue and allow participants rest in between
the two blocks. Participants first evaluated the concreteness
and then imageability of 300 words on a 1-to-7 point scale,
and in the second block, they completed the ratings for the
rest of the 300 words. At the beginning of the second block,
instructions were given again.

Language Task

In order to assess participants’ L2 English proficiency, Peabody
Picture Vocabulary Test (PPVT)-IV was administered. The test
intends to measure receptive vocabulary skills in English which
is an indicator of proficiency. The test consists of 228 test
items. Four pictures were shown on each page in the test,
and participants were asked to tell the number of the correct
picture according to the word they heard. The test was adapted
into an online format, where all words were recorded by a
single research assistant, thus participants listened the same
voice for different words. All stimuli were shown on a screen
via the Zoom Platform. Scoring was completed online by the
research assistant.

Demographic Form
A demographic-linguistic form was provided to the participants
in order to gather more information about L2 practices, including
L2 acquisition age, and the number of years studying L2. The
form was completed online by participants upon completion
of Lexical Property Evaluation Task and PPVT-IV.
Descriptive information for participants with respect to their
L2 exposure, L2 age of onset (AoO), i.e., the information
regarding when they first exposed to L2-English and Peabody
Picture Vocabulary Test- IV (PPVT-IV) scores are represented
in Table 1.

Procedure

Participants were first provided the link for Lexical Property
Evaluation Task. All participants completed concreteness and
imageability ratings for 600 words which totaled up to 1,200
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TABLE 1 | Means and standard deviations of L2 exposure, age of onset (AcO), and PPVT-IV scores.

L2 Exposure (years) PPVT-IV
Mean AoO % of participant Mean (SD)
Mean(SD) Min Max
5-9 31.94 13.17(2.17) 117.70(33.97) 67 163
10-14 54.79 9.85(2.73) 103.64(26.72) 43 154
15-18 12,5 4.33(2.23) 83.00(20.40) 49 121

evaluations. After completing 300 words, participants were
allowed to take a 15-min break and continued the rest of the
300 words. Completion of the survey took around 1.5h.

Upon completion of the survey, participants were invited
to an online session where PPVT-IV was administered. Research
assistants administered PPVT-IV involved by displaying test
items on screen while giving instructions. For each item
displayed, research assistants took notes of the answers by the
participants in record forms. Each session of PPVT-IV
administration took approximately 20-30 min. Upon completion
of PPVT-IV administration, participants were sent a link where
they were asked to complete the online demographic form
prepared via Qualtrics®.

RESULTS

In order to examine the relation between L2 proficiency and
L1 lexical property evaluations, as preliminary analyses, we first
computed zero-order correlations. Our main analyses involved
linear mixed effects model investigating the relation between
L2 proficiency and lexical properties. We ran two models using
linear mixed-effects in R (R Core Team, 2021), taking lexical
property ratings (for imageability and concreteness as dependent
variables). One model investigated relations for L2 Proficiency,
Frequency, Concreteness, and Imageability, and the other model
for L2 Proficiency, AoA, Concreteness, and Imageability. We did
not introduce AoA and frequency in the same model
simultaneously for two reasons: First, AoA and frequency are
two variables that are closely related, which might have caused
multicollinearity. Second, introducing high/low AOA and high/
low-frequency information into the model simultaneously would
cause a smaller number of words left, thus only intersecting
words would remain (for instance, neither and nor high/low
AoA words would be omitted although they might be high
or low frequent). The details of the models tested are given
in section “Relations Between L2 Proficiency, AoA, Frequency,
and Lexical Evaluations”

Data Preparation

For correlations, we computed a total of 16 different subscores
(high/low) for subjective ratings of concreteness and imageability
(8 subscores for each) based on previous measures of frequency,
concreteness, imageability derived from Turkish word norms
(Tekcan and Goz, 2005) and AoA from Goz et al. (2017). For
instance, we computed 8 subscores of subjective ratings of
concreteness based on high/low frequency, high/low concreteness,

high/low imageability, and high/low AoA. We computed the
same subscores for imageability ratings as well.

High/Low-Frequent Words

Following Tekcan and Goz (2005), words are categorized as
low-frequency words if the frequency for the word is less than
20 and as high-frequency words, if the frequency of the word
is over 100. Within the 600 words, there are 153 words (25.5%)
in the low-frequency group and 201 words (33.5%) in the
high-frequency group.

High/Low Imageable Words

In the 7-point scale, the midpoint “4” corresponded to neither
imageable / nor nonimageable, and so we categorized those
less than or equal to “3” as low imageable, and those greater
than or equal to “5” as high imageable (Tekcan and Goz,
2005). There are 90 words (15%) in the low imageability group
and 265 words (44.2%) in the high imageability group.

High/Low Concrete Words

Similar to imageability, depending on concreteness, words are
divided into two groups (“4” correspond to neither concrete/
nonconcrete, less than or equal to “3” to low concrete, and
greater than or equal to “5” to high concrete; Tekcan and
G0z, 2005). There are 147 words (24.5%) in the low concreteness
group and 337 words (56.2%) in the high concreteness group.

High/Low AoA Words

In two groups of age-of-acquisition (AoA); there are 170 words
(28.3%) in the low AoA group (age of <4) and 48 words (8%)
in the high AoA group (age of >7).

Preliminary Analyses

We performed a paired samples t-test in order to compare
imageability ratings of high vs. low imageable words. There
was a significant difference in the ratings for high imageability
words (M =6.45, SD=0.55) and low imageability words (M =2.62,
SD=1.02); #(71)=27.45, p<0.001. Additionally, we ran paired
samples t-test to compare concreteness ratings of high vs. low
concrete words. There was a significant difference in the scores
for high concrete words (M=6.11, SD=0.60) and low concrete
words (M=2.28, SD=0.94); #(71)=2595, p<0.001. Thus
we confirmed that high imageable words were rated more
imageable than low imageable words. Additionally, high concrete
words were rated as more concrete than low concrete words.
Descriptive statistics of PPVT-IV and all main and subscores
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of imageability and concreteness ratings are represented in
Table 2.

Relations Between L2 Proficiency, AoA,
Frequency, and Lexical Evaluations

We asked whether L2 proficiency reflected in PPVT-IV is
associated with L1 lexical property evaluations for imageability
and concreteness ratings. In order to investigate this question,
as a preliminary analysis, we first computed zero-order Pearson
correlations between L2 proficiency, concreteness, and
imageability ratings. The results indicated that overall concreteness
ratings were not correlated with L2 proficiency, 7(71)=0.11,
p=0.39. On the other hand, imageability ratings were correlated
with L2 proficiency, r(71)=0.27, p=0.03. There was also a
correlation between imageability and concreteness, (71)=0.63,
p<0.001. We then computed zero-order correlations between
L2 proficiency and all subcategories of lexical property ratings
(see Tables 3, 4 for details).

Relationship Between L2 Proficiency,
Frequency, Concreteness, and
Imageability

In order to investigate the relation between L2 proficiency,
frequency, concreteness, and imageability, we fitted a linear
mixed-effects model in R (R Core Team, 2021) using the lmer()
function from the lme4 library (Bates et al., 2015). In the
model rating type (concreteness—-imageability), frequency (high-
low) and L2 proficiency were the fixed factors, and lexical
ratings (for concreteness and imageability) were the outcome
variable. We took subject and word as random intercepts in
order to control for subject variability and word variability
(which incorporates a specific word being high or low on
concreteness and imageability). We centered all the fixed factors
to avoid convergence problems in the model. We used the

TABLE 2 | Descriptive values of PPVT-IV and all main and subscores of
imageability and concreteness ratings.

Mean (SD) Min Max
PPVT 105.71(30.54) 43 199
Overall imageability 4.83(0.64) 3.19 6.23
hi_freq_image 5.16(0.63) 3.49 6.52
lo_freq_image 4.40(0.68) 2.71 5.87
hi_conc_image 6.12(0.56) 3.84 6.82
lo_conc_image 2.64(1.12) 1.00 5.37
hi_image_image 6.46(0.55) 4.07 7.00
lo_image_image 2.63(1.02) 1.09 5.21
hi_AoA_image 3.78(0.79) 1.96 5.48
lo_AoA_image 5.99(0.53) 3.95 6.83
Overall concreteness 4.72(0.52) 3.52 5.64
hi_freq_concrete 5.01(0.52) 3.81 6.06
lo_freq_concrete 4.38(0.63) 2.97 5.71
hi_conc_concrete 6.11(0.60) 3.91 6.90
lo_conc_concrete 2.28(0.94) 1.02 5.01
hi_image_concrete 6.37(0.60) 3.89 6.95
lo_image_concrete 2.50(0.90) 117 5.04
hi_AoA_concrete 3.86(0.76) 2.10 5.38
lo_AoA_concrete 5.85(0.52) 4.05 6.56

ImerTest package (Kuznetsova et al., 2017) in R to obtain p
values for the fixed effects. All model estimates are presented
in Table 5. The model revealed significant fixed effect of rating
type, frequency, as well as a significant interaction of rating
type x frequency x L2 proficiency. L2 proficiency was not a
significant fixed effect. However, the significant three-way
interaction indicates that the association between frequency
and imageability is unique. We used sim_slopes function to
probe simple slope estimates for interactions with continuous
predictor (L2-proficiency). Again results indicated that L2
proficiency was associated with increased imageability ratings
by 0.20£0.06 a only for low-frequency words t=3.26, p<0.001.
Significant interaction is presented in Figure 1.

Relationship Between L2 Proficiency, AoA,
Concreteness, and Imageability

In order to investigate the relation between L2 Proficiency,
AoA, concreteness, and imageability, we again fitted a linear
mixed-effects model in R (R Core Team, 2021) using the lmer()
function from the Ime4 library (Bates et al, 2015). In this
model, rating type (concreteness-imageability), AoA (high-low),
and L2 proficiency were the fixed factors, and lexical ratings
(for concreteness and imageability) were the outcome variable.
We again entered subject and word as random intercepts.
We again centered all the fixed factors. We used the ImerTest
package (Kuznetsova et al, 2017) in R to obtain p values for
the fixed effects. All model estimates are presented in Table 6.
The model revealed a significant fixed effect of rating type,
AoA, and a significant interaction of rating type x AoA x L2
proficiency. L2 proficiency was again not a significant predictor
as a fixed effect. There was a significant three-way interaction
of AoA, L2 proficiency, and rating type, which indicates the
association between AoA and imageability. We ran simple slope
analyses to reveal estimates for the interaction effect. Again
results indicated that L2 proficiency was positively associated
with imageability ratings only for high-AoA words (#=0.12,
SE=0.05, p=0.02; See Figure 2; Table 6).

DISCUSSION

The first goal of this study was to reveal the significance of
bilingualism reflected in L2 proficiency on lexical property
evaluations. Previous research found that these lexical properties
influence several task performances and that they are closely
related to each other. However, perceiving and representing
the words in an additional language and its consequences
lexical evaluations did not receive much attention in the
literature. In order to examine the relationship between lexical
property evaluations, frequency, AoA, and L2 proficiency,
we computed eight different subscores for each concreteness
and imageability ratings based on high/low frequency, high/
low concreteness, high/low imageability, and high/low AoA.
We asked whether (1) lexical properties such as frequency,
concreteness, and imageability, AoA are related to each other,
and (2) whether L2 proficiency is associated with this relationship.
We computed correlations as preliminary analysis based on
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TABLE 3 | Correlation between PPVT-IV and main and subscores of concreteness ratings.

1 2 3 4 5 6 7 8 9 10

1. PPVT-IV 1
2. Overall concreteness 0.102 1
3. hi_freq_concrete 0.091 0.966%** 1
4. lo_freq_concrete 0.089 0.943%* 0.836%* 1
5. hi_conc_concrete 0.068 0.624%#* 0.682%** 0.5247%%* 1
6. lo_conc_concrete 0.076 0.537%#* 0.427%* 0.578%* —0.295% 1
7. hi_image_concrete 0.039 0.466%* 0.564%* 0.3307%* 0.967#*%  —0.444%* 1
8. lo_image_concrete 0.091 0.589%* 0.457#* 0.664%* —0.235* 0.975%*%  —0.411%** 1
9. hi_AoA_concrete 0.118 0.849%* 0.726%* 0.9307%* 0.291* 0.6807* 0.088 0.779% 1
10. lo_AoA_concrete 0.047 0.708:#* 0.788** 0.566%* 0.964**+  —-0.159 0.935%+  -0.128 0.333#* 1
*Correlation is significant at the 0.05 level (2-tailed).
#*Correlation is significant at the 0.01 level (2-tailed).
TABLE 4 | Correlation between PPVT-IV and main and subscores of imageability ratings.

1 2 3 4 5 6 7 8 9 10
1. PPVT-IV 1
2. overall imageability 0.265%* 1
3. hi_freq_image 0.217 0.979%* 1
4. lo_freq_image 0.300% 0.938%* 0.863** 1
5. hi_conc_image 0.259%* 0.735%* 0.747%* 0.678%* 1
6. lo_conc_image 0.180 0.769%* 0.725%* 0.719%:* 0.149 1
7. hi_image_image 0.199 0.567%#* 0.609%* 0.463%** 0.954# —0.040 1
8. lo_image_image 0.188 0.770%* 0.708*:* 0.7671 % 0.155 0.982:#:* —0.056 1
9. hi_AoA_image 0.254% 0.835%* 0.742%* 0.94 1% 0.506%* 0.720%* 0.264* 0.7947%% 1
10. lo_AoA_image 0.230 0.826%* 0.863** 0.698:* 0.947 % 0.338:#* 0.907** 0.312%* 0.510%* 1

*Correlation is significant at the 0.05 level (2-tailed).
#*Correlation is significant at the 0.01 level (2-tailed).

different subscores; we then computed two models using linear
mixed-effects regression analyses. The first model investigated
the unique relations between the L2 proficiency, frequency,
and lexical ratings. The model incorporated subjective ratings
(for concreteness and imageability) of participants as outcome
variables while taking into account fixed effects of L2 proficiency,
rating type (either concreteness or imageability), and interaction
effect of L2 proficiency x frequency X rating type. We also
added subject and word as random intercepts. The significant
interaction effect followed by simple slope analyses revealed
a positive relationship between L2 proficiency and imageability
ratings only for low-frequency words. The second model tested
by linear mixed-effects regression analyses investigated the
relations between the L2 proficiency, AoA, and lexical ratings.
This model again incorporated subjective ratings (for concreteness
and imageability) of participants as our dependent variable,
with fixed effects of L2 proficiency, rating type (either concreteness
or imageability), and interaction effect of L2 proficiency x
AoA x rating type. We again added subject and word as a
random intercept. Results indicated that L2 proficiency was
positively related with imageability ratings but for only
low-frequency words and later acquired words and not for
others. Thus, the unique relationships of L2 proficiency were
confirmed for both frequency and AoA. It is worth noting
that the results indicated a significant but weak relationship

due to the small effect size. However, this weak relationship
might be due to the fact that imageability ratings might
be related to additional factors other than L2 proficiency.
Overall, our findings for imageability were in line with the
interaction of bilingual representation under the Dual-coding
theory. Dual-coding theory suggests that bilinguals have two
verbal representations connected to the imaginal representation,
which may lead to better imageability for bilinguals than
monolinguals (Paivio and Desrochers, 1980). Hence, as L2
proficiency increased, the imageability also increased. These
findings might be considered within the context of the Shared
Asymmetrical Model (Dong, et al., 2005). This model proposes
that some concepts might be more salient in some languages
and that L1 and L2 share common and independent stores.
Thus, adding an L2 in someone’s repertoire might enhance
the salience of some lexical concepts and thus reflect on lexical
evaluations. Our results might also be related to Pavlenko’s
(2009) the Modified Hierarchical Model. The model proposes
the developmental dimension is influential in forming lexical
links between L1 and L2. As L2 learners develop through
lexical to conceptual mediation, L2 proficiency, as well as AoA,
suggest key roles. Our findings also contribute to this literature
in highlighting the importance of these concepts. Specifically,
our results for relations between frequency/L2 proficiency and
AoA/L2 proficiency and imageability points to the fact that

Frontiers in Psychology | www.frontiersin.org

March 2022 | Volume 13 | Article 820702


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Altin et al.

L2 and Lexical Property Evaluations

TABLE 5 | Linear-mixed effects regression model summary for frequency, imageability, and concreteness.

Coefficient SE t value p
Fixed effects
Intercept 4.393 0.063 29.84 <0.001 ik
L2 proficiency 0.056 0.006 0.89 0.38
Frequency (hi/lo) 0.612 0.036 3.44 <0.001 *xk
Rating type (concreteness/imageability) 0.015 0.021 0.72 0.46
L2 proficiency * frequency * rating type —-0.059 0.002 -2.17 0.038 *
Random effects Variance SD
Subject Intercept 0.27 0.52
Word Intercept 2.71 1.65
##%p < (0.001; *p<0.05.
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lines represent 95% confidence intervals.

FIGURE 1 | The relationship between L2 proficiency and scaled scores of concreteness, imageability ratings of hi-lo frequency words. The hues around regression

frequency and AoA dimensions should be taken into account
separately. The present study involved AoA and frequency of
L1 words; however, our results also point to future directions
about these concepts taken into account for L2 as well. In
other words, the acquisition of words might be following
different orders for L2 as high-frequency words might not
be always acquired earlier. Therefore, the interplay between
L1 and L2 is more complex than that might have been considered.

Although there is a relation between the L2 proficiency
and imageability, the strength of the association is not high.
This might be due to possible differentiation of imagery ability
and other individual differences between participants in addition
to their second language proficiency variance. Imagery is a
multidimensional experience comprising several aspects.
Evaluating the words in terms of imageability not only requires
the ability to process words and evaluate them within a scale

but also requires a visual retrieval that is related to their visual
and memory capacities. While re-generating and imaging the
words, individuals can use various operations reflecting their
verbal and visual capabilities. For instance, greater imagery
strength was positively associated with greater visual working
memory (Keogh and Pearson, 2014). The relationship between
reported imagery vividness and individual differences is found
to be related to many aspects, including background experience
in a related activity such as sports (Di Corrado et al., 2014),
music (Aleman et al., 2000), and video games (Floridou et al.,
2021). Especially for less frequent words, the individual differences
between vocabulary and world knowledge word processing
speed might be another underlying factor for the imageability
ratings. Briefly, since the only factor is not L2 proficiency
during the evaluation of lexical properties, the relationship
between L2 proficiency and imageability might be lower than
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TABLE 6 | Linear-mixed effects regression model summary for AoA, imageability, and concreteness.

Coefficient SE t value P
Fixed effects
Intercept 5.847 0.110 53.03 <0.001 ok
L2 proficiency 0.024 0.051 0.47 0.63
A0A (hi/lo) -1.982 0.209 -9.46 <0.001 ook
Rating type (concreteness/imageability) 0.143 0.018 7.96 <0.001 FkK
L2 proficiency * AoA * rating type 0.063 0.027 2.33 0.02 *
Random effects Variance SD
Subject Intercept 0.17 0.42
Word Intercept 1.61 1.27
##%p <0.001; *p<0.05.
similarity and distinction between concreteness and imageability.
Concreteness Imageability As stated, while some authors used these two concepts

Score

0 1 2

-2

2 <
L2 Proficiency

w

-~ low-aoa — high-aoa

FIGURE 2 | The relationship between L2 proficiency and scaled scores of
concreteness, imageability ratings of hi-lo AoA words. The hues around
regression lines represent 95% confidence intervals.

expected. Future studies should investigate other possible
explanations that could relate to individual differences
demographic factors between the participants.

Contrary to the significant association between L2 proficiency
and imageability, concreteness ratings were not significantly
correlated with L2 proficiency. One possible explanation of
the lack of association between L2 proficiency and concreteness
might be since concreteness might be more inherent and might
not be open to subjective evaluation as much as imageability.
Thus, in early works, concreteness was regarded as a feature
of the lexical organization but not an indication of imageability
of the verbal material (Richardson, 1975). The results of the
linear mixed-effects analysis enabled us to confirm the relation
between imageability and L2 is indeed unique and evident.

Although our results show that imageability and concreteness
are positively associated in line with the previous findings
(Paivio et al., 1968; Yao et al, 2018), L2 proficiency was not
found to be positively related to concreteness while it was for
imageability. This result addresses previous literature on the

interchangeably, Paivio et al. (1968) stated that they are, in
fact dissociable despite the positive correlation between the
ratings. This dissociation is based on the argument that the
nature of two concepts differs from each, so that they cannot
be used alternatively since concreteness is more categorical
when it is compared to imageability, which can be rated along
a scale. This implies that there may be words that are not
concrete but imageable. Although concrete items may easily
evoke an image in mind than abstract items (Altarriba and
Bauer, 2004), despite being regarded as abstract, some words
are found to be highly imageable such as “affection” and “anger”
which arouse emotions (Paivio et al, 1968). In our data,
we found a similar trend where emotionally laden words tend
to have higher imageability ratings than their concreteness
ratings (e.g., mutluluk “happiness,” korku “fear”) which can
also be confirmed by the Turkish Word Norms (Tekcan and
G0z, 2005).

Another underlying reason might be the argument that
concreteness is “just a feature of lexical organization” while
imageability reflects the image-evoking property of words
(Richardson, 1975). One other explanation for lack of association
between concreteness as L2 proficiency might be related to
the fact that representations of concrete words are shared largely
by languages; therefore, this might not be prone to L2 proficiency.
Additionally, in our stimuli of 600 words, there were 337 high
concrete words and 147 low concrete words, which implies
the dominance of high concrete words over low concrete words
on overall basis.

We found a positive relationship between L2 proficiency
and imageability ratings for low-frequency words but not for
high-frequency words. The reason why participants had higher
imageability as L2 proficiency increased for low-frequency words
but not for high-frequency words might be explained by the
weaker link hypothesis (Gollan et al., 2008), which proposes
that bilingual disadvantage stem from dividing frequency-of-use
between two languages. According to this hypothesis,
low-frequency words are more prone to be affected by L2
proficiency (Gollan et al., 2008). Since dividing frequency
weakens the link with the words for bilinguals, low-frequency
words might be affected by this division more than
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high-frequency words, which have stronger links that are harder
to change.

There was a positive relationship between L2 proficiency
and imageability ratings for high-AoA words but not for
low-AoA words. The lack of association between L2 proficiency
and imageability for low-AoA words might be explained by
learning an L2 after age five for all participants. Thus, the
effect of the exposure to words in L2 was more powerful for
the later acquired words. This finding might also be related
to the nature of the interaction between frequency and AoA. As
many researchers suggest, early acquired words are also commonly
used later in life, leading to a higher frequency (Gerhand and
Barry, 1998). Thus, in line with this view, our two findings
demonstrated a positive relationship between L2 proficiency
and imageability for both low-frequency words and concordantly
for later acquired words. Additionally, data from several studies
show that AoA can be associated with low-frequency words
but not with high-frequency words (Bonin et al., 2002; Brysbaert
et al, 2016), which can also be another factor that might
have impacted our results. The common ground for these two
variables might be having weaker mapping than high-frequency
words and early acquired words, which makes any change in
representation easier. These findings might suggest that L2
proficiency would be linked to imageability, and this link is
also connected with other psycholinguistic variables that may
catalyze or suppress the connection. While imageability is
positively related with L2 proficiency, this relationship is not
independent of the frequency ratings and AoA of target words
as previously suggested by some researchers (Bonin et al., 2004;
Brysbaert et al., 2016; Goz et al., 2017).

Our results also reflect on the literature that focuses on
the relationship between lexical properties and task performance.
Many studies examine how lexical properties such as frequency,
word length, concreteness, and imageability may affect task
performance and be related to one another. This study not
only confirms the previous findings demonstrating the influence
of AoA and frequency on word evaluations (Gerhand and
Barry, 1998; Bonin et al., 2002) but also shows that L2 proficiency
is another crucial variable that should be taken into account.
Thereafter, L2 should be controlled for future studies that
require lexical processing.

Working with verbal stimuli has many factors that can make
a difference in the task performance which makes psycholinguistic
variables (e.g., frequency, word length, concreteness, and
imageability) remarkable in psychological research. Although
previous studies revealed the importance of frequency, AoA,
and concreteness in processing words faster or more accurately
(Carroll and White, 1973; Forster and Chambers, 1973; Whaley,
1978), the current study extends this information with their
relationship between L2 proficiency and how learning an L2
is related with L1 lexical property evaluation. Based on our
findings, individuals with higher L2 proficiency have more
enriched view reflected in higher imageability ratings over less
proficient ones. Although we directly did not test any bilingual
lexicon model, the Modified Hierarchical Model (Pavlenko,
2009) suggests as L2 proficiency increases, there will be greater
overlap between conceptual representation, which further implies

an enriched conceptualization. Looking from a broader
perspective, studies showing the association between improved
comprehension by L2 acquisition support the idea that learning
a new language may provide us with a more enriched worldview.

In addition to positive findings, lack of relationship would
also provide insight for future research. Not finding an association
between L2 proficiency and concreteness unlike the imageability,
might tell us that we should consider and control the two
properties separately. Using the two terms interchangeably and
assuming the same results might be misleading. Although they
are correlated, imageability does not always predict concreteness
as we mentioned above (i.e., emotion-laden words).

We did not find any main effect of L2 proficiency in the
models we have tested, however, we found the interaction
effects which points to where L2 proficiency is influential.
Since our sample consisted of adults having diverse range of
proficiency (e.g., PPVT-IV scores between 43 to 199), we think
this result is not a consequence of having a non-diverse group.
We think L2 proficiency affects to certain extents and for
certain contexts. In order to reveal the effects of L2 proficiency
on lexical property evaluations in greater detail, future research
should focus on experimental designs, especially by comparing
monolingual and bilingual groups. Although we did not compare
these two groups, within bilinguals which we recruited, there
was a diverse range of L2 proficiency.

In conclusion, the unique relation between L2 proficiency
and imageability is strengthened by running several analyses
to test our predictions. This study contributes to the literature
by emphasizing the importance of L2 proficiency for research
where lexical properties are taken into account.
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